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A neutron has dual nature of a wave with a wave length of about 1 A
and a particle with a kinetic energy of about 100 meV. A neutron also
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 1993, 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
spectrometers installed at the research reactor JRR-3 (20 MW), JAEA
(Tokai, Ibaraki). Furthermore, NSL owns a cutting-edge inelastic
neutron scattering spectrometer HRC in J-PARC, which started its
operation in 2009 and has been managed with KEK. Major research
areas supported by the NSL user program are solid state physics
(superconductors, topological materials, novel quantum phases, etc.),
soft matter (polymers, gels, etc.), complex systems (glass, liquid,
clathrate materials, etc.), material science (ionic conductors, hydrogen
systems, etc.), biological physics, and fundamental physics on
neutrons. The NSL also operates the US-Japan cooperative program
on neutron scattering since 1984.
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Leader SATO, Taku J
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Deputy Leader MASUDA, Takatsugu
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HiZE T —< Research Subjects

LIS OKEE KD FORXAF 7 X
Dynamics of hydrogen atoms and hydrogen-containing molecules in a
wide range of materials

AY Y 7T ADEFE
Excitation characteristics of spin glasses

B FRADAE Y 2 A F IR
Spin dynamics of single-molecule magnets

PR HOELAEE DR FE R K UHIE DBk
Development of neutron scattering instruments and challenges to new
measurements

B ME B

Research Associate
AKIBA, Hiroshi

B EHF RKF
Professor KOFU, Maiko

FI Course
TITERYETSE
App. Phys., Eng.
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Hydrogen state in palladium hydride nanoparticles studied by neutron diffraction, inelas-
tic, and quasielastic scattering. Our comprehensive studies showed that some hydrogen
atoms near the surface of the nanoparticles are accommodated at the tetrahedral sites,
which is different from the bulk state, resulting in anharmonic vibrations and fast diffu-
sion.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kofu_group.html

We study the dynamics of atoms, molecules, and spins in various
materials using neutron scattering techniques, to discover novel
phenomena and universality inherent in a wide range of materials.
Neutron is a powerful probe to detect hydrogen atoms. Observation of
hydrogen quantum dynamics and proton/hydride ion conduction is one
of our major research interests. Hydrogen is known as a quantum atom,
but the quantum nature of hydrogen is rarely manifested. We will try
new measurement techniques, such as coherent/incoherent separation of
light hydrogen using polarized neutrons, and find dynamics that have not
been captured so far. Hydrates, functional liquids, spin glass, and single-
molecule magnets (which behave like nanomagnets) are also within
our scope. These studies require measurements over a wide dynamic
range, and we are using a variety of neutron spectrometers in domestic
and foreign facilities, as well as developing a neutron scattering
spectrometer.
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Bose-scaled localized magnetic excitation was commonly observed in various classical
spin glasses. The excitation is highly reminiscent of localized vibrational modes (“boson
peak™) in structural glasses. The broad spectrum with the high-energy tail can be attrib-
uted to elementary excitations in a multitude of metastable states.

ISSP Digest 2025

69

ERBNRNE

=
=

z
a

dnop goyy i} S HIFIH



RAEE

>

S

&

NN
(o]

th
2L
X
Z
@
g
=
w1
&
g
a
o
e
g
g
g
2

dnoin ows WSS SRS

70

1E % m % % Sato Group

HiZE T —< Research Subjects

B & TREMERIC 350 B BRI R TEIS
Macroscopic quantum phenomena in quantum magnets
B RS 2 R OREME R DRGSR XA F 2 7 A
Magnetic structures and dynamics of quasiperiodic magnets
B39 % A M 0 R g IE P ke
Nonequilibrium steady state of spins under current flow

B 57 Lo e EGEL TR OB

Development of new neutron scattering techniques

BiR ki =
Professor SATO, Taku J

FI Course
B REY
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DWFFEEZITE > TV %o BRI RS IR ED BN 721,
PTKIC BT 2 IR~ 7 VI OB, Bfedh 72 Ff D &+
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i IE 20 MARHHERS SR TEIRIC 51 2 RER BN SRR D 7
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(H, 0) or (0, K)

E (meV)

E (meV)

QI (H, -1)or (-1, K)
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TN ROIAIL ) TOVINY RoE

Topological triplon bands in quantum dimerized antiferromagnet BayCuSi2O6Cl2
observed by inelastic neutron scattering

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sato_group.html
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Geometrical arrangement of spins and their interaction bonds in
magnetic materials is one of the decisive factors for their magnetic
states. We are interested in nontrivial magnetic ground states and
excitations originating from the crystalline symmetry and its breaking, as
well as those in the quasiperiodic magnets where spin arrangement loses
apparent translational invariance. Representative examples of our recent
findings include observation of nonreciprocal magnons in a magnet
without inversion symmetry, confirmation of topological triplon bands in
a quantum dimerized antiferromagnet with screw axis, and observation
of long-range magnetic order in an icosahedral quasicrystal. Those
results have been obtained by maximal utilization of neutron scattering
technique, being our primary investigation tool. To further advance this
technique, we are also working on the development of novel neutron
scattering methods, including inelastic spectrum retrieval using energy-
dependent diffuse scattering measurement, and improvement of large
curved two-dimensional neutron detector for efficient magnetic structure
analysis.

KEBRZBRT AL VRS SHEIN M) 7OV NY RO ERKRITHE
Ehiz fictitious BZDAE (KED)

Calculated triplon band dispersion based on the spin model, and similarly calculated ficti-
tious magnetic field shown by the arrows
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HiZE T —< Research Subjects

B r L X 2 R Y VSRR DR A F IR
DI

Neutron scattering studies on topological magnetic orders and their
dynamics
B (it P TG TR 2 R O T BEME R O RE SRS AT

Magnetic structure analysis by means of polarized neutron scattering

SUTNIERIE 2 PO T3 A BAVITEB S D B h

Exploration of novel cross-correlated phenomena induced by
anisotropic stress

IR PR RGELYE 2 PO T2 7 OL ARG T O R S URE S T2
Study on magnetic structures in high fields by means of time-resolved
neutron scattering with pulsed magnetic fields

UL G
Research Associate
SAITO, Hiraku

HHE e 28
Associate Professor NAKAJIMA, Taro

FI Course
TITERYETSE
App. Phys., Eng.
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(@) BRAFIVZ A VIRFREILH T B A VEFIOBRRAK (b) BKAFILIA
B MnSi DET - ARERER, 02 T OHIZHTRMER - BATSHT &
THEREAFIVIH VIREHRIRT 2,

(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 of 0.2 T.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakajima_group.html

Magnetism in solids has been extensively studied in the field of
condensed matter physics. 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.
Besides the ferromagnetism, there are various types of orders of
magnetic moments, such as collinear antiferromagnetic and helical
magnetic orders. Among them, non-collinear or non-coplanar magnetic
orders have recently attracted increasing attention because they can
lead to time-space symmetry breaking which may dramatically alter
electronic properties of the systems. We study emergent phenomena
induced by the non-collinear/non-coplanar spin orders by means of
neutron and X-ray scattering techniques. 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 topologically-nontrivial spin texture, the magnetic skyrmion induces
an effective magnetic field acting only on conduction electrons. We are
also exploring new methodologies in neutron and X-ray scatterings, such
as time-resolved neutron scattering, to investigate the unconventional
magnetic orders in detail.

t=0.50's, Tnom

. (swun “qe) (o

1=0.54 s, Tnom=25.8 K

Q102 A")

1=0.34 s, Thom: t=0.70 s

4 0 4 4 0 4
Q (102 A)

MnSi DERERXF IV F VIEFHB UV RICE > THBR L. ZOEBEREN
21812 & BN BT/ VAaEELIC & > TERIAI L TR,

The results of time-resolved neutron scattering measurement on MnSi in a magnetic field;
the hexagonal diffraction patterns correspond to a triangular lattice of metastable sky-
rmions.
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Masuda Group

HiZE T —< Research Subjects

B =S5 ReMk=< 2 ) v DI A S Vs

Chiral split of altermagnetic magnon

B v BERORAF I TR

Dynamics of spin supersolid

[ 3 ISP Tl i

Development of neutron spectrometer

BH EH B
Research Associate
ASAI, Shinichiro

B RM EH
Professor MASUDA, Takatsugu

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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(a) SRS MnTe DFRMEFINY b b, 2 meV DT/ U HHAERIEN
Teo (b) SHEINcEFIEERFDOAA ZIVE, DRI/ VHELSDH
A1) TF4%Z/FDTEERLTVS,

(a) Neutron spectrum of the altermagnet MnTe. A magnon splitting of approximately
2 meV was observed. (b) Calculated chiral term of the neutron structure factor. The split
magnons have different chiralities.

ISSP Digest 2025

Magnetic materials, which are studied across a wide range from
fundamental research to applications, have also attracted significant
interest as a frontier for exploring quantum phenomena. Our group aims
to experimentally discover novel quantum phenomena and quantum
states in various magnetic materials and to elucidate their underlying
mechanisms. While our research has primarily utilized the HRC
spectrometer installed at J-PARC (see left figure), in recent years we
have also expanded our efforts to include the development of a new
neutron spectrometer, the Horizontally Defocusing Analyzer Concurrent
data Acquisition (HODACA, see right figure (a)), designed for highly
efficient measurements of magnetic dynamics. In fiscal year 2023, a
test operation using the frustrated magnet CsFeCl; was conducted. As
shown in the right figure (b), Bragg peaks were correctly observed, and
magnetic excitations consistent with previous studies were detected,
as shown in the right figure (c). It was found that HODACA offers a
measurement efficiency 70 times higher than conventional spectrometers.
Going forward, by complementarily utilizing the HRC and HODACA
spectrometers, we aim to explore new phenomena such as chiral magnon
splitting in alternating magnets, the dynamics of spin supersolids, and
spin-wave spin currents.

oW s

[LOL ST AR )
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(a) HODACA 73 7¢28 &=, (b) HODACA TERAIE N T T X b L — MBI
CsFeCls DT 5wy E—2 70774 b, (c) HODACA TEAIE Nz CsFeCls D
BESREEANY b b, BIRIGFTITHRIC K HIBREIR.

(a) Overview of HODACA spectrometer. (b) Bragg peak profiles measured in a frustrated
magnet CsFeCl; by HODACA. (c) Magnetic excitation measured by HODACA. White
curve is a theoretical curve reported in a previous study.
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HiZE T —< Research Subjects

T ORI 0 TN DBRIN L A g = X L DR
Toughening mechanism of tough polymeric materials
HET - XM LR 2 T T2 20800 i or
MR OKEE AT
Structure of multi-component polymer and soft matter systems by
small-angle neutron/X-ray scattering

PR ELIE 2 O e 2RO K& T § - VT b & —
MRID R A F 3 7 A figh
Dynamics of multi-component polymer and soft matter systems by
quasi-elastic neutron scattering

VT RRZ—
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Bh# /N OEER
Research Associate
F ODA, Tatsuro

B

HHE BES
Associate Professor MAYUMI, Koichi
I Course

HEEMER
Adv. Mat., Frontier Sci.
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under
stretching
(x13)

before
stretching

BRY B BN FHIMERLL, HOWMZH BRIV EMRE LT, T
OfFRFEERIE. DZERYBRC EELL. BEMRYT IVISTORES TET
ER:N

We have developed self-reinforced gels in which polymer chains are crystallized under
stretching. The crystalline domains disappear immediately after the strain is released. The
reversible strain-induced crystallization simultaneously realizes high toughness and rapid
recoverability under repeated deformation.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mayumi_group.htm]

The research goal of our group is to understand molecular mechanisms
for macroscopic properties of soft materials. One of our targets is to
understand toughening mechanisms of polymeric materials. Recently,
the fine control of nano structure has significantly improved the
mechanical toughness of polymer-based materials. The tough polymeric
materials are expected to be applied for biomaterials, soft robots, and
structural materials for automobiles and airplanes. To reveal molecular
mechanisms of their macroscopic mechanical properties, we study
nano-structure and dynamics of the tough polymeric materials under
deformation by means of in-situ light, X-ray, and neutron scattering
measurements. Especially, small-angle and quasi-elastic neutron
scattering measurements with deuterium labelling enable us to observe
separately each component in multi-component systems. By combining
the nano-scale structure/dynamics measurements with macroscopic
mechanical tests and molecular dynamics simulations, we aim to
establish molecular understandings of toughening mechanisms for
polymeric materials and discover novel molecular designs for tough
materials.

self-reinforced gel

—gli— stretch

BEOBDFTIVDBE. BREANHREZ5|0k2 L. TCICBRNE
BLT. BMILTLE S, —AHT. BEHETILTIE. BROFIICEVNTS
DFEDFELEEENTRERILT 2T LT BROERHIHIENS,

When we stretch a pre-notched specimen of a conventional polymer gel, the crack
propagates immediately and the sample is broken. For the self-reinforced gel, the strain-
induced crystallization of polymer chains near a crack tip suppresses crack propagation.
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Ea E{ % % Seki Group

AR T, P (M RaY— - Rk - X
U E) I Ui E Rt E U, e L o
fo= R A€ b =7 AREZ KRBT 5 L2 HIEL
TW5, i, BFORSEEVIINEL S 52 5NI-ER
BHC K-> THIIE NS, —75. b RaYh)ViatkFhiEz
PES IR T BTN > 22T S T Lic kb T8
FEMY | EHIN S ERNEEISNE TS T ERA
TN, Z ORI RGP E OB O filE T 72 MUK A
SAEZZAREMEMD TS, T LIERO MR Y— - 3
PRIk« oTEIC sk U 7z RS O B TSN RIS 2 9WE O
A B, MBI ER G UD &I 2O )5 &
EW I UTHEMET % L & &I, RN TR ZERE L 7z 1
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DFBNCHL D LS,

ZEHR B
Visiting Professor SEKI, Shinichiro

B8

Our group develops novel electronic and spintronic functions through
the exploration of new materials with nontrivial topology and symmetry.
Usually, the behavior of electrons is controlled by the external electric
and magnetic fields. On the other hand, in materials with topologically
nontrivial orders, electrons feel giant “emergent” electromagnetic fields
due to the curved geometry, and their effective use can dramatically
change the way to control electron dynamics. In collaboration with Prof.
Nakajima group and other members of ISSP, we design and synthesize
new material systems to realize such unique quantum phenomena. By
employing the state-of-the-art crystal growth and micro-fabrication
techniques, we develop novel electronic functions potentially suitable
for various applications such as information processing with ultra-low
energy consumption or information detection with ultra-high sensitivity.
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