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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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Newly synthesized polymer gel without any spatial heterogeneity.

1. TIWLT—RTILOBIR & Z DEERET
Fabrication of ergodic gel and its structure analysis
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SHIBAYAMA, Mitsuhiro LI, Xiang
Bi% B
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 equipment,
SANS-U, a small-angle neutron scattering instrument. Other
techniques, such as small angle X-ray scattering, dynamic/static
light scattering, thermal analyses, and rheological studies, are
also employed. Current interests cover (1) Sol-gel transition (2)
inhomogeneities in polymer gels, (3) structural characterization
and studies on deformation mechanisms of high-performance
polymer gels, and (4) fabrication of uniform-polymer networks
and their structure/property characterization, (5) development
of high-performance thermoset polymers by structure-designing

and molecular dynamics simulations.

Homogeneous gel

Heterogeneous gel

] *108

H—7I () &R—7IIL (B) OZTRTL —HY—ZRY J)LINY — > OBEMER

Optical images of laser speckles from homogeneous gel and heterogeneous gel.

Development of 3-dimensional DNA architecture and its structure analysis

3. BRWEBSER OEDFEREY )L OBEHET

Structural analyses of polyelectrolyte gel with ideal polymer network

4. BV )EREREET I OEGEBRMETODY A F 3 v I X ENFRIEDFTE
Investigation of dynamics and mechanical properties of module thermoresponsive gel near the phase transition point
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Yamamuro Group
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X-ray diffraction patterns of the vapor-deposited glass (red curve) and crys-
tal (blue curve) of CO,. The pair-distribution function analyses revealed
that the nearest-neighbor configuration of CO, molecules is as shown in the
figure for both glassy and crystalline states.
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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.

T T T T L]
bulk PdHg 75
- O o NSE
m} HFBS
o ¢ DCS Ti5T3

g} nano PdHy 47
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A  TOFTOF

&

log(x [s])

1 2 3 4 5 6 7

1000 /T [K)
NIV BEOF/RFINTGITLKREPDOTLZUZRTOY b N5 DRETE
Bld 4 B DDIERIC & 2 FIEFEREBIERELIC & DIRES Nic. B D QIRFED 5.
T T2s BIEROYA M T4 ETHA MO HRFOBRICED Z &M DD 0T,
Arrhenius plots of bulk and nanoparticles of palladium hydrides. These
relaxation times were determined by the QENS experiments with 4 spec-
trometers. The Q dependence of the relaxation clarified that 7, T2 and 13
correspond to the H atomic diffusion at the O-sites while 74 at the T-sites.

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

2. KB LUBEEYE (BXSILEERBE) OBEET(FIIR

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

3. A AVBRBORNFHUEE Y1 F IR
Thermal and dynamical properties of ionic liquids

4. KERBERBF /NFOBEET A F IV R

Structural and dynamical properties of nanoparticles of hydrogen storage metals
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Masuda Group
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Spin d) namics of the frustrated quantum magnet CsFeCls under pressure. The
panels (a) - (c) show inelastic neutron spectra. The color plots are the data mea-
sured by a chopper spectrometer HRC in J-PARC, and the symbols are those
measured by a triple axis spectrometer CTAX in research reactor HFIR in Oak
Ridge National Laboratory. In the spectra at P = 0.0 GPa (a) and P = 0.3 GPa
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MASUDA, Takatsugu ASAI, Shinichiro
IR BhZK

Associate Professor Research Associate

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 show the experiment and calculation of
the pressure variations of the spin dynamics in the frustrated
quantum magnet CsFeCls. In the disordered phase at low
pressures single mode of singlet — doublet excitation is observed.
In contrast in the pressured induced ordered phase at 1.4 GPa,
it was discovered that the hybridized mode of longitudinal and
transverse fluctuations originated from noncollinearity of the
magnetic structure as well as Nambu-Goldstone and Higgs-

amplitude modes.
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(b) in the disordered phase, singlet-triplet excitations are observed. In contrast in the one at P = 1.4 GPa (c) in the
pressure induced ordered phase, magnon excitations are observed. The panels (d) - (f) show the calculated result
by extended spin wave theory. At P = 1.4 GPa (f) the hybridized mode of transverse and longitudinal fluctuations
(h-TL) does exist in addition to Nambu-Goldstone (NG) and Higgs-amplitude (L) modes. The h-TL mode is
ascribed to the noncollinearity of the magnetic structure, and it is observed in the neutron spectrum in the panel (c),

1. EFERARAEICE T2 7T A ML — MNEEARDIEERBMEE—

ke

Nontrivial excitation mode in frustrated magnet near quantum critical point

2. FEFICELBRAEVIRRAE Y ROGRE
Detection of spin wave spin current by neutron

3. NILFT7 OV RAYEIREFZRAEYOFRKWIY hO—)L
Local control of spin moment in multiferroics

4. AEVREREDERR
Search of spin liquid

5. WmAEIREREY T/ > D&

Observation of field induced nonreciprocal magnon
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(a) A schematic of magnetic
skyrmion lattice. (b) The
equilibrium and metastable
state diagram of MnSi. The
metastable skyrmion lattice
state is realized by a rapid
temperature sweep in a
magnetic field 0of 0.2 T.
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Magnetism in solids has been extensively studied in the
field of condensed matter physics for a long time. A well-
known example is ferromagnetism, which means that magnetic
moments in a solid are spontaneously aligned to be parallel
to each other owing to exchange interactions. It was recently
revealed that spontaneous ordering of the magnetic moments
can change not only magnetic properties of the system, but also
(di)electric or elastic properties. We study the emergent cross-
correlated phenomena induced by the spin orders. One example
is spin-driven ferroelectricity, where a spiral magnetic order
breaks spatial inversion symmetry of the system and leads to
spontaneous electric polarization. Another example is a vortex-
like spin texture called magnetic skyrmiom, which often appears
in a long-wavelength helimagnet. By the virtue of the topologi-
cally-nontrivial spin texture, the magnetic skyrmion induces an

effective magnetic field acting only on conduction electrons.
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The results of time-
resolved neutron scat-
tering measurement
on MnSi in a magnetic
field; the hexagonal
diffraction patterns cor-
respond to a triangular
lattice of metastable
skyrmions.
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1. FEFHEIC L DHIAFILI AV OBEEZDT 1 F I U ADHRE
Neutron scattering studies on magnetic skyrmions and their dynamics

2. KDBIZED |

GBI RHARE - TLy hOvYY /Y -

Magnetic excitations driven by the electric field component of light — electromagnons -

3. EANBISAZAWLCRILFZ 2O41 v 7 YEORMEEF

B DI

Control of magnetic and dielectric properties in multiferroics by means of anisotropic stress

. OB EFRELEZ BWcHBIEARIC B (T 5 I -

EEERDHZ

Time-resolved neutron scattering studies on nonequilibrium and transient phenomena
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Design, synthesis and investigation of nonvolatile, viscous,
and optoelectronically-active, functional molecular liquids
are the first priority in my research. Those liquids would be
promising soft matters towards wearable-, stretchable- sensor
and actuator applications.

Enveloping an optoelectronically-active functional m-core in
flexible and bulky branched alkyl side chains results in stable,
nonvolatile, functional liquid materials at room temperature.
Because the functional m-unit is wrapped with insulating bulky
alkyl chains, the isolated and stabilized nt-core unit can maintain
its intrinsic molecular/optoelectronic functions in the bulk state.
By studying of local nanostructures and molecular dynamics
of the liquid molecules at Nakanishi group, we would like to
understand deeply its fundamental science of the functional
molecular liquids as novel liquid matter.
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