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Neutron Science Laboratory

A neutron has excellent transparency of matter
and a nuclear magnetic moment. Owing to these
properties, neutron scattering is a powerful method
to investigate the structure and dynamics of atoms
and electron spins in condensed matter. Since 1961,
the Neutron Science Laboratory (NSL) has been
playing a central role in neutron scattering activities
in Japan not only by performing its own research but
also by providing a general user program using the
university-owned 12 neutron scattering spectrom-
eters installed at the research reactor JRR-3 (20 MW),
JAEA (Tokai, Ibaraki). Furthermore, NSL owns state-
of-art inelastic neutron scattering spectrometer HRC
in J-PARC, which started its operation in 2009. Major
research areas supported by the NSL user program
are solid state physics (strongly correlated electron
systems, superconductors, heavy fermion systems,
topological materials, multiferroic materials, novel
quantum phases etc.), soft matter (polymers, gels,
membranes etc.), complex systems (glass, liquid,
clathrate materials, etc.), material science (ionic
conductors, hydrogen systems etc.), biological
physics, and neutron optics. The NSL also operates the
US-Japan cooperative program on neutron scattering
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Professor (Director) YAMAMURO, Osamu Research Associate LI, Xiang Technical Associate ASAMI, Toshio
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Associate Professor MASUDA, Takatsugu Research Associate ASAI, Shinichiro Technical Associate SUGIURA, Ryosuke
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Associate Professor NAKAJIMA, Taro Research Associate AKIBA, Hiroshi Technical Associate KAWANA, Daichi
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Visiting Professor TANAKA, Hidekazu Research Associate SAITO, Hiraku Project Researcher OHMASA, Yoshinori
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Project Researcher MIZUNO, Yuki
BIEMEES IR g
Project Researcher YAMANE, Ryo
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The university-owned 3 triple-axis spectrometers (4G, 5G, 6G) installed in
the reactor hall of the research reactor JRR-3 of Japan Atomic Energy
Agency (JAEA). Using these and 9 various types of spectrometers
installed in the guide hall, we are performing our own research and gen-
eral user program.
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https://www.issp.u-tokyo.ac.jp/maincontents/organization/
labs/yamamuro_group.html
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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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Professor Research Associate Research Associate

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 the 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 gener-
ated 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 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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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 T4 at the T-sites.

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

2. K& LUBEEYE (BXSILERERBE) OBEEI(FIIR

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

3. AAVREDHNZHNMEE YA FIIR
Thermal and dynamical properties of ionic liquids

4. KREBEET /RTFOBEET A FIIR

Structural and dynamical properties of nanoparticles of hydrogen storage metals
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Neutron Science Laboratory

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/masuda_group.html
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Masuda Group
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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,
a novel hybridized mode of longitudinal and transverse fluctua-
tions originated from noncollinearity of the magnetic structure
was discovered.
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Inelastic neutron scattering spectra. The spectra obtained at a
chopper spectrometer under (A) 0.0 GPa at 6 K, (B) 0.3 GPa
at 2.7 Kand (C) 1.4 GPa at 0.9 K sliced by the energy transfer
- wave vector (hw-q) plane for g = (-k, 2k, 0). The yellow cir-
cles, squares, and red diamonds are the peak positions of the
excitations obtained from the constant-q scans using a triple-
axis spectrometer. The solid yellow curves are the dispersions
calculated by ESW. Calculated neutron cross-section by the
ESW under (D) 1.4 GPa at 0 K. Calculated neutron cross-
section in the absence of the off-diagonal elements under (E)
1.4 GPa at 0 K. The black and red solid curves in (D) and (E)
are gapless and gapped modes, respectively.
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1. EFERARAEICE T2 75X ML — MNEEEDIEBRERE— R
Nontrivial hybridized mode in frustrated magnet near quantum critical point

2. FEFICL D REVIEAE Y ROKH
Detection of spin wave spin current by neutron

B XILFI7zOA I AYBICRIIZDRAEYOFEAKNIY AO—)L

Local control of spin moment in multiferroics
4. AV REREDIERR

Search of spin liquid
5. MIBHEIFERES T / > DA

Observation of field induced nonreciprocal magnon
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Neutron Science Laboratory

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakajima_group.html
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Nakajima Group
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state is realized by a rapid
temperature sweep in a
magnetic field of 0.2 T.
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Associate Professor Research Associate

Magnetism in solids has been extensively studied in the field
of condensed matter physics for a long time. A well-known
example is a 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 skyrmion, 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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Neutron scattering studies on magnetic skyrmions and their dynamics

. HDOBBRAICKHE T IHEME - TLo hOXT /Y -

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

. BFNBIGHZRAWCRILF 7 2 O1 Yy 7 YE ORI & FEEDFITEH

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

. BRI FEEL R Z VWIS 1T 2IFE - BERROMR

Time-resolved neutron scattering studies on nonequilibrium and transient phenomena
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Neutron Science Laboratory
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Tanaka Group
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Visiting Professor

Our aim is to elucidate quantum phase transitions in spin
systems and magnetic excitations with remarkable quantum
many-body effects using neutron scattering technique. We also
devote ourselves to the development of materials with the belief
that new materials have new physics and new physics are born
from new materials.

Spin dimer system often undergoes quantum phase transi-
tion from a nonmagnetic singlet state to a magnetically ordered
state in the magnetic field and hydrostatic pressure. We are
studying unconventional excitations such as amplitude mode
(Higgs mode) of ordered moment and localized excitations
caused by strong frustration of interdimer exchange interac-
tions. It is theoretically known that triangular-lattice quantum
antiferromagnet exhibits magnetization plateau at one-third of
the saturation magnetization owing to the synergy of frustra-
tion and quantum fluctuation. We verified the magnetization
plateau in Ba3CoSb;09 and Ba;CoTeOs, and investigated their
excitation spectrum in details. We observed the spectrum that is
much different from conventional spin wave theory and strongly
suggestive of fractionalized spin excitations. We are also investi-
gating the low-energy excitation spectrum in a-RuCls that is a

candidate of the Kitaev model to evaluate magnetic interactions.
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