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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 spectrometers installed at the research reactor
JRR-3 (20 MW), JAEA (Tokai, Ibaraki). Furthermore, NSL owns
stateof-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 since 1984.
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Neutron scattering studies on magnetic skyrmions and their dynamics
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Magnetic structure analysis by means of polarized neutron scattering
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Control of magnetic and dielectric properties in multiferroics by means
of anisotropic stress
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Time-resolved neutron scattering studies on nonequilibrium and
transient phenomena
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App. Phys., Eng.
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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 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.
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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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HiZE T —< Research Subjects
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Nontrivial hybridized mode in frustrated magnet near quantum critical
point
B I £ B A VA Y VHOMI
Detection of spin wave spin current by neutron
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Nontrivial acoustic magnon in multiferroics
B X € ViEkIREOBR
Search of spin liquid
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Adv. Mat., Frontier Sci.
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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 magnetoelectric
effect in multiferroic compounds and/or relaxor magnets. Figure
shows inelastic neutron scattering spectrum measured on multiferroics
BaxMnGesO7. Energy gap at £ = 0 of acoustic magnon (T1) mode
originates from spin nematic interaction, and its temperature dependence
is scaled by electric polarization instead of magnetic moment. The
nontrivial behavior of the anisotropy gap can be rationalized as change
of the hybridized d-p orbital with temperature.

0.10
B (meV)

(1, k. 1/2) (r.LLu.)

BayMnGe 07 DHMEFIEMRELANY k)L, (2)0.05 KTRIEENIEANY bl
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Inelastic neutron scattering (INS) spectra on Ba;MnGe;0O7. (a) False color plot of the INS
spectrum measured at 0.05 K. (b)-(e) The INS spectra focused on the low-energy range
measured at (b) 0.05 K, (c) 0.9 K, (d) 1.8 K and (e) 2.5 K. (f) Temperature evolution of
constant-g cuts.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/masuda_group.html
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Toughening mechanism of tough polymeric materials
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Structure of multi-component polymer and soft matter systems by
small-angle neutron/X-ray scattering
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Dynamics of multi-component polymer and soft matter systems by
quasi-elastic neutron scattering
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Associate Professor MAYUMI, Koichi
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Adv. Mat., Frontier Sci.
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under
stretching

{(x13)

stretching

BRY B EBDFHMERLL. HOMMZHCESWET IV ERRE L, T
DfFRFEERIE. DZRYBRS EBELL. BEMRY IVISTOREE 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.html

The research goal of our group is to reveal molecular mechanisms for
macroscopic properties of soft matter systems. One of our targets is to
understand toughening mechanisms of polymeric materials. Recently, the
fine control of nano-structure has improved significantly 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. We study nano-structure and
dynamics of the tough polymeric materials by means of small-angle and
quasi-elastic neutron scattering measurements with deuterium labelling.
The deuterium labelling technique enables us to observe separately each
component in multi-component systems. By combining the nano-scale
structure/dynamics measurements, 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

BEOBDFTIVDBE. BREANHBREZ5|0k2 L. TCICBRNE
BLT. BHILTLE S, —AT. BEHETILTIE. BROFDICEVWTS
DFEDF|ELEEENTRERILT 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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Yamamuro Group

HiZE T —< Research Subjects

75 A LWAHIRORE L 541 F 37 A
Structure and dynamics of glasses and supercooled liquids

KIS KU BHEWEL GHKZ ARSI E) ORSIEE XA FI TR
Structure and dynamics of water and related materials (e.g., gas
hydrates)
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Thermal and dynamical properties of ionic liquids
LA OT A M A O L XA F 37 X
Structulre and dynamics of guest molecules and ions in porous
materials
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Phys., Sci.
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X-ray diffraction patterns of the vapor-deposited glass (red curve) and crystal (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.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yamamuro_group.html
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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 porous materials. 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 generated by competing electrostatic and van der
Waals interactions. Molecules and ions confined in porous materials such
as MOF (Metal Organic Framework) 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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Quasielastic neutron scattering data and the result of the fitting with a Lorentz function
for a MOF (Metal Organic Framework) called MIL-53. This material is a proton conduc-
tor with carriers of water molecules.
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Visiting Associate Professor  ENDO, Hitoshi

The neutron spin echo (NSE) is a quasielastic neutron scattering
technique with the highest energy resolution, and is suitable to measure
nm and ns-scale dynamics in materials, which are difficult to access by
other techniques. A neutron spin echo instrument, iNSE is located at
C2-3-1 port of the guide hall of the neutron reactor JRR-3, and covers
a time range up to 50 ns. After the great earthquake in 2011, iNSE has
been under commissioning. We set up iNSE and apply the instrument
to measure nano-dynamics of soft and hard matters, such as monomer /
segmental/collective motions of polymer chains, domain dynamics of
proteins, membrane fluctuation of self-assembled surfactants, and spin
fluctuation of skyrmions, which dominate the functions and properties of
the materials. In order to cover a wider time regime from ps, we will also
use a NSE spectrometer with a pulsed neutron source, MIEZE installed
at BL06 of J-PARC/MLF.
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