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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 Labora-
tory (NSL) is conducting the general user program.
Furthermore the NSL owns state-of-art inelastic
neutron scattering spectrometer HRC in J-PARC
which started its operation in 2009. Major research
areas supported by NSL user program are solid state
physics (strongly correlated electron systems, high-T.
superconductors, heavy fermion systems, low dimen-
sional magnetism, high-pressure physics, etc.), funda-
mental 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.
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High resolution chopper spectrometer installed in J-PARC. A white pulsed neutron
beam generated with the frequency of 50 Hz propagates inside the neutron beam
guide. The beam is monochromated by the Fermi chopper, scattered by the sample,
and detected by 2-dimensional detectors. The detectors detect all the scattered neu-
trons with all the energy, which makes the data acquisition drastically efficient.
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Shibayama Group
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An illustration for synthesis of asymmetric critical clusters by mixing two

different types of tetra-armed PEG prepolymers with mutual reactive end
groups (maleimide-tPEG (r) and thiol-tPEG (1 - r)).
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Professor Research Associate

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.

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. Current interests cover (1)
inhomogeneities in polymer gels, (2) structural characterization
and studies on deformation mechanisms of high-performance
polymer gels, (3) rheo-SANS of nanoemulsion and micelles,
and (4) development of ion-gel and structural analyses, (5)
fabrication of uniform-polymer networks and their structure/
property characterization, (6) development of high-performance
thermoset polymers by structure-designing and molecular

dynamics simulations.
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Small-angle neutron scattered intensity profiles of critical polymer clusters
at different tPEG ratio (r) and polymer volume fraction (¢).

Evaluation of structure and physical properties of uniform polymer gels

2. A AT I DRF & EIERIT

Developments of ion gels and structural characterization

3. BELAIC & 2B R L IERIEOBERIT E D FF (TSI VXY Zal—yaY
Structural analyses and molecular dynamics simulation of thermoset polymers

4. NABHRETEES & OB X IREELIC L 2@ F7 )L OBIERRT

Structural analyses of polymer gels by small-angle neutron and X-ray scattering methods
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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 bottom figure. The
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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
LasxSrxNiO4 which is one of the isomorphic compounds of the
High T. 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. Our recent pulse neutron studies
on the Ni system revealed that the characteristics of the spin
dynamics changes at x = 0.5, and further detail studies of such
unusual spin dynamics and their relation to the transport
properties are now ongoing.
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Triple-axis spectrometer installed at the JRR-3 in
the Japan Atomic Energy Agency, Tokai, Ibaraki.

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

Hole concentration ny, = x + 23

1. BEBRSEBRAYNRT B - ERAEGE L. TORICHRT 2HUSHKE - BEKE - BLBHER E OFMEFEELIC L 2%
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. FIOETMEDRIE UILBIRERICH T 2BMIBMF E ALY T A1+ XU ADHFR
Neutron scattering study of spin sturucture and dynamics in noncentrosymmetric magnetic superconductors
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Yamamuro Group
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Neutron powder diffraction pattern and the result of the Rietveld analysis
for nanoparticles of palladium deuteride (PdDg36). We found that D atoms
occupy not only the O sites (only this site for bulk samples) but also the
T-sites at around the surface of the nanoparticles.
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Professor

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, and nanoparticles of hydrogen
storage metals. Glass transition is a mysterious 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 nanometer-size
domains and hierarchical dynamics generated by competing
electrostatic and van der Waals interactions. Hydrogen atoms
in metal nanoparticles give rise to unusual structure and
dynamics caused by the surface effects and resultant distorted
potential energy surfaces. These substances are investigated by
neutron scattering, x-ray diffraction, heat capacity, and dielec-
tric 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.

-7 C8mimTFSI

-8 nanostructure
relaxation

ionic diffusion

A1k 4
Waﬁon

12k o000 00— i

alkyl reorientation

13 1 1 1
2.5 3.0 3.5 4.0

7'/ KK

A 7 ViR C8MIMTFSI DFEFIY v 7o N5 DIEMKFREIE 3 BDDHERICL D
REFEBERERRICL DRES N, 4 DDERBLEME—RH 1 psh5
100 ns DEWKREEICTFEL TW 2,

Overall relaxation map of C8mimTFSI. These relaxation times were deter-
mined by quasielastic neutron scattering experiments using 3 spectrometers.
Four different relaxation modes exist in a wide time range between 1 ps and
100 ns.
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Dynamics of disordered condensed systems, such as glass transitions and boson peaks

2. KB LUBEEYE (BXSILERERBE) OBEET1FIIR

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

3. BEA A VEREAORANFNEEES (IR

Thermal and dynamical properties of room-temperature ionic liquids

4. KERBEERORNFLNEEE YA F IV R

Thermal and dynamical properties of hydrogen storage solids
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Masuda Group
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Neutron spectrum and entropy of spin frustrated magnet
Ba3YbyZnsO11. The energy distribution of ground and
excited states can be seen in neutron spectra in the panel
(a) and (b). With decrease of temperature to absolute zero
entropy approaches to zero in the panel (c) and accordingly
the number of states changes from two to one.
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Associate Professor

One of the research goals in our group is to find a novel
quantum phenomenon and to reveal its mechanism in
low-dimensional spin magnets and frustrated magnets. Strong
quantum fluctuation or geometrical frustration disturbs the
development of trivial magnetic states and induces a non-trivial
quantum state. Furthermore such a state is sensitive to a
small perturbation and, thus, the area is frontier of quantum
phenomena. Our research topic includes spin liquid, RVB,
Cuboc structure, etc. Another goal is to observe a new magne-
toelectric effect in multiferroic compounds and/or relaxor
magnets. Figures (a) and (b) show neutron spectra of breathing
pyrochlore antiferromagnet Ba3Yb,Zns01; and the analyses
reveal that the ground state is quasi-doublet. In the measured
entropy in Fig. (c) we observe that unique ground state is

selected and a novel spin liquid is realized at very low tempera-

ture.
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Magnetic structure and excitations in frustrated magnets and quantum magnets

2. XIWF7xzO470 R
Multiferroics

3. RERBRERADHEIRIT

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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Hagita Group
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Otsuki Group
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Visiting Associate Professor

Polymer physics to describe behaviors of polymer chains and
polymer composite materials by computer simulations and data
analysis are the main subjects of our research.

The polymer nanocomposites filled with nanoparticles and/
or clays have useful mechanical properties with characteristic
aggregations of fillers in the present of polymers. They can be
regarded as multiscale phenomena because the size of the filler
is about a few ten nm and the single polymer chain is about 1
nm thick and about several hundred nm or longer. Small angle
scattering experiments provide us structural information in the
region of ten nm to several um and information on dynamic
behaviors under stretching and/or shear flow. Recent supercom-
puter performance enables us modeling (inverse problems) from
small angle scattering experiment data and forward problems
such as molecular dynamics simulation. Currently, we are
studying computationally-intensive data analysis and simula-
tions for small angle neutron scattering through investigations
of the polymer nanocomposite materials.
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Visiting Professor

Characterization of particle-particle interactions in concentrated
fine particle suspensions is one of the most important research
themes in the colloid and interface science. Such characterization can
strongly assist in the development of environmental friendly mineral
processing methodologies in which particle dispersion/liberation
is significantly important to achieve selective enrichment of the
target mineral particles. Such processes are closely correlated with
colloidal and interface science since many of the valuable elements
are enriched in fine mineral grains. On the other hand, charac-
terization of the particle-particle interaction in concentrated fine
particle dispersions is still a challenging task while the depression
of high grade ore and the necessity of complex and low grade ore
processing have been highlighted. Thus, more efficient processing
of concentrated fine particle suspension is a must to maintain our
limited natural resources with modest environmental footprint.

In this research, for concentrated fine particle suspensions
relevant to the mineral processing, different characterization
methods are being applied to precisely quantify the particle-particle
interaction. Those characterization methods include suspension
rheology, neutron/light scattering, electron microscope, and tomog-
raphy. In the Shibayama group, using the newly developed dynamic
light scattering microscope, I will characterize concentrated
inorganic fine particle suspensions and the mixture of inorganic-
polymer solution to aim the interdisciplinary research development.

THE INSTITUTE FOR SOLID STATE PHYSICS 2017



	中性子科学研究施設/Neutron Science Laboratory



