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PP TIE 1ATREOHEDR & LTOMEE 100 meV 2
JEOMEE T IV F—DRi+ L L TOWEZHELD, iz,
PPk ER BN, MNRGONEEZE DD T, HT
K Z D0 DETNOL B ENZRIELES, Th
SOMEZFHE LU TWEIZ KB FOBE O S N TZ2 B
HIL. ENOE R E— X >~ ORCHSRET DR 1
B REBTEE TR TEEL & PItERigeaioh
MEFRIEZERERE TlE bR, s EF e, H
KT PR O W2 R 47 JRR-3 ICatiE S iz
12 B0 EELEE 2 D e LR 2 HEE LT & 72,
& BT, KEK & H:[F] TRyl [+ s fisg J-PARC I 7%
B S NIz @ RAEF 3 v 7 3—53¢8% HRC % FW Tz He AR
EHEL TS, THUCX D, BEER, NRa Y ) VYHE,
PSR 772 EOEAEYEIRZZCHE LT, HT AR
75 A L— NI R R, A A U AREARSO KT
YR EDOMBRE, @ TTIVIsEDY T h2—,
ERBEHYE F CTlRIAWYIER, E SIcid b=
R ENIRENT WS, £z, Yhaaid Kby 32 Th
MEFEGEL R ) O e LTHIEE L, OE O
THELIFZEOFERICEBR L T 5,

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.

mHRE tkE =
Leader SATO, Taku J

BlfEsR R M (&R
Deputy Leader MASUDA, Takatsugu
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EA ﬁm% % Kofu Group

HiZET —< Research Subjects

RSB OKKEFE TR TOEAFIT A
Dynamics of hydrogen atoms and hydrogen-containing molecules in a wide
range of materials

B 4 EERD A F VXA F IR
Ton dynamics of ionic conductors

BAEY T IARG FRMEEDRE Y ZAF 37 R
Spin dynamics of spin glasses and molecular magnets

PP LREE D B I K OHTIIE N DB
Development of neutron scattering instruments and challenges to new
measurements

Bh# ME H BhE C¥91 079511V A
Research Associate Research Associate
AKIBA, Hiroshi PIYAWONGWATTHANA, Pharit

Bk N BRKRF
Professor KOFU, Maiko

HIY Course
| THRIETY
App. Phys., Eng.

AFEE T, PEFRGELEE VT, M Eho 5
TR T AE Y OMNKEEZ TN, MELOIEICNIES B
ARG EEE BT e ZHIELTVS, HTETF
IKEZ EDBITEPAE Y OBMNEEE T a—TTH b,
IKELEYD, KR, A 4 A8k, RIEEEEZ A Lsn
AY VTS5 ARG F RN ENBEDOWIRNRTH %, T
NS OYWEDRT L)LV TOFNNIGGEZ NS Tz, ERS
DI FIFE AP TEELLEE RT3, BAAR, FHER,
WbRE D70 Ay 7% EOWIElE L A obe
BT llickb, BFHEPEMFENE 125 T HGHARICED
ATV, TRk 72 U7 Tk / IEF Rk sEL o
53 BRI FEIAT B BE A AN D ZE 75 £ DT LW TS0 T — R iR
HPETFBGEL A YERRDBAFE B 1T > TV B,

FPEFEIT. FEREME, AEBMEEELEIC K S TS DU Lok / f
FHROKEDRRE, ./ HFOREMAFETIE. /LT REE ISR S MHEEY
A MTHKENFEL. FRFREE L CENREDEC S,

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.

We study the dynamics and structure 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 scattering is a powerful probe for observing light elements
such as hydrogen and spins. Our current research focuses on hydrogen
compounds, hydrates, ionic conductors, and spin glasses and molecular
magnets that lack long-range order. To investigate the dynamic
structures of these materials at the atomic scale, we utilize various
neutron scattering instruments around the world. By combining with
macroscopic properties such as heat capacity, dielectric constant, and
magnetic susceptibility, we aim to understand phenomena arising from
quantum effects and disorder. We are also developing new scattering
techniques and data analysis, including the separation of coherent and
incoherent scattering using polarized neutrons and the transformation
into space-time correlation functions, as well as developing new neutron
scattering spectrometers.

TETELERRAL YIS AMET, R—XMEHRS 70— FEBPIREES
BEENMRAIE Nz, ZDRBIEEEN S ADBARERIE (R E—7) L8
BL. ZEOEZEREDTEMHEICEAT 5 EEI SN,

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.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kofu_group.html
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1E % m %‘hl.‘ % Sato Group

HiZE T —< Research Subjects

BFHIEAIC BT 2 BEHNRTBIR

Macroscopic quantum phenomena in quantum magnets

HE R RS 2 R DREE R DRESGRBE S 21 XU A

Magnetic structures and dynamics of quasiperiodic magnets

WEId % A Y EMIDRG I E H AR

Nonequilibrium steady state of spins under current flow

B L EEL TR OB

Development of new neutron scattering techniques

IR B =
Professor SATO, Taku J

HI Course
B RYEF
Phys., Sci.

WEMERIC B 2B A VB X O A VI HEAEH O
PRI E 7 OREEIRIEZ RE T 2 HHEZK TFDO—DTH %,
TR AT SRR 50 Z DAL K 9 B G AUR: I IRBE R it
REEDOWIZE, &SI G CELSR) IcEET N5,
& 5 D7 R F5 72 7 O RSE TP O REAURE - lEIRAE
DWIFREZT1TIR > TV D BARINT I S BRI OB 72 i
PEARIC B ZIEM S 7/ VOB, ez O T
B R A < = RIc B % MRa YL kU T a v O
B, 1E 20 mAMMERS SRETEIRIC T80 B BB EERE <R T O FE
RENDHIFEND, TNEOREIEFAL DOFEEHETFET
& 5P MEFEELZ R KIRICTEH T3 2 & THLNTEEDTH
%o WETHELE & HICRESY S 2o, Hihtt AL ik
DEFEBITR> T\ 5%,

PIEFIEEMERELIC K Y B FREERAE S 1 < —¥1E BaxCuSinOsCly ICHUWTEVA
EThiz bREYAILEY TaY Ny R

Topological triplon bands in quantum dimerized antiferromagnet BaxCuSi>O6Cl>
observed by inelastic neutron scattering

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.

RBABRTZ2AEVBRNSHEIN M) 7OV FOBERKITHE
Tz fictitious BEIHDAE (KED)

Calculated triplon band dispersion based on the spin model, and similarly calculated ficti-
tious magnetic field shown by the arrows

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sato_group.html
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I:III % b}lt % % Nakajima Group

HiZET —< Research Subjects

B EEIC & B M Ra Y VESRF 2 DA F I A
DU
Neutron scattering studies on topological magnetic orders and their dynamics
B R T IRELE A O T2 B R O B AR S AR AT
Magnetic structure analysis by means of polarized neutron scattering
LTINS 17 PO T 282 A B E B S D B
Exploration of novel cross-correlated phenomena induced by anisotropic stress
WRE 73 R BGELTE 2 B O T2 L ARG O R AU 5%
Study on magnetic structures in high fields by means of time-resolved neutron
scattering with pulsed magnetic fields

B W R
Research Associate
SAITO, Hiraku

HHE s ZH
Associate Professor NAKAJIMA, Taro

EI® Course
THERMETS
App. Phys., Eng.

R DR SIMEEIEIFRICH KB H5NTE D, KM
KR ENTERT—TH B, HIZIETRLDENTICH
AT, FARORE WEFNICE U RIS S TR
NEELTWS, ThAMch, 5S8RSR E R4 7%
WAFRFDEETS B0, EZND DA VIS D 241
K, EOFENE., 8%, HE20VIEHEEEZRKEL
ZETHEE T ENHFALNICIE > TE, AWFFEETIET D
K% TAEUHFIC K> THIFRT NS EIFYMEDIS:
EEGBMRT—<E LT3, fle LT, 58ARDREA
FIC K> TESMELE TSIV F T a1 v 759, b
R A )V IR A NEE TH B AF IV I A VR
EUT, HPETFEEEL & X RREGELZ IV TRES R & 2 il
IREZIASHMICT 5 EICIDHA TS, Fiz, AMETH
SR AR Z FE R S E 5 XL, ZEMREREE T ORE R
HER E, iz TERRIC & I s,
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(@) BRAFIVZ A VIBFREICS T2 A VEFIOBRRAE (b) BRKAFIVIA
B MnSi DEES - ERTEIRAER, 02 T DRUEHTRME - 2ATSHT &
THEREAFIVIF 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.
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MnSi DEREXF IV A VRFHBUNIVAICE > THR L. ZORBREMAIN
218127 BN BT/ VEEELIC & o 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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E& EEI 61: % % Masuda Group

HiZE T —< Research Subjects

LR D T A SIV= T ) v
Chiral magnon in altermagnet
MEREERDIFENGRAT< &7 VR
Nonrelativistic magnon splitting in compensated magnet
HEF e DR

Development of neutron spectrometer

B EH B
Research Associate
ASAI, Shinichiro

B RM EH
Professor MASUDA, Takatsugu

FI Course
HEEMER
Adv. Mat., Frontier Sci.

AR, MR IRREIEROH LB FESR - B IRER
FERMICHR L, ZOBMBZIRIAT 5 L 2HAEE LTV,
B~ 7 VAC VRO NTTH DA TV ) ik,
5 3 DM & UTHH NS B IEAIC IO TR T
GLICK DI L7z (ENBI) . SBIERBFHMEAD S HiE
REMERICEIP 2 LT, A SIV< 7 o RIEERN~ 7/
VOEBIIIL., ATV ) =7 ADERER R BT,
REPEAIIZE &7 L, MBEDR A F 27 A @R lEd %
Bl 53 Y648 HODACA (15K () ZH8) ZFIRL T\ 5%,
2023 - ZIC CsFeClz TE iR Z 110, A (b) DT T T
Y— 7 BRULHK (o) ORI EITIEE — KT b Lz
R LTz DERLE 70 f5OME DR 2 R Uiz, S1%IEmEH
JRFIRIC 3R E L 72 HODACA 70 )'t#s & J-PARC THIEIL T3
HRC 73 Y Ean ORI K O Filc i B TR E R T %,

(a) B MnTe DFREFANY bl 892 meV DY/ VHRHERIEN
feo (0) SHEENIRUEFIEERFOAHA SIVIE, DRLEIY/ VHEESZH
ASVTAZF/DOTEERLTWS,

(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.

Our group aims to experimentally discover novel quantum phenomena
and quantum states in a wide range of magnetic materials and to
elucidate their underlying mechanisms. Recently, we observed chiral
magnons—carriers of magnon spin current—in altermagnets, which have
attracted attention as a third class of magnetism, by means of neutron
scattering (see left figure). In the future, we will extend our scope from
altermagnets to compensated magnets, aiming to observe chiral magnons
and non-relativistic magnon splitting, and to establish the fundamental
principles of chiral magnonics.

In parallel with our studies of magnetic materials, we are developing a
new neutron spectrometer, HODACA (see right figure (a)), designed
for high-efficiency measurements of material dynamics. In FY2023,
commissioning experiments were carried out using CsFeCls, confirming
that the Bragg peaks shown in right figure (b) and the magnetic
excitations shown in right figure (c) are consistent with previous studies.
A measurement efficiency 70 times higher than that of conventional
spectrometers was achieved.

By complementary use of the HODACA spectrometer installed at a
research reactor and the HRC spectrometer operating at J-PARC, we will
continue to explore new quantum phenomena.

(a) HODACA 73 /t2a &=, (b) HODACA TEBIE N7 5 X b L — MEEMEAR
CsFeCls DT 5wy E—2 707 74 b, (c) HODACA TEIAIE iz CsFeCls D
HRBREEANY bb. BIRIGEITHZRIC K HIEREIR.

(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.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/masuda_group.html
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E % EI“ %“c]_‘ % Mayumi Group

HiZET —< Research Subjects

R R ) TIOR3 = X L R
Toughening mechanism of tough polymeric materials

PR XN ELE 2 O e 2 A R 7 1Y T b2 —
ORI DRSS AT
Structure of multi-component polymer and soft matter systems by small-angle
neutron/X-ray scattering

RGP BEL IR 2 T W e 2 RO R - VT R Z—
MRID XA F X 7 gt

Dynamics of multi-component polymer and soft matter systems by quasi-
elastic neutron scattering

B /N OEER
Research Associate
ODA, Tatsuro

HEE BS #—
Associate Professor MAYUMI, Koichi

HIY Course
EERCF | HEIMER

AWEZETIE, @ T2 CHELEY T M 22—
FEEBROMIAZAE L TV 5, Hl2R, TES/ - 57
AU T DRGNS K D #5559 TR O Bl 1 (X TREE I 17
LUDDHY. ZTO&K S ImEdEE s AR, A LRI
ANTIME R EDEFEL, V7 aRy "NHOT 7 F 2 T—
Z— H - AT EIC WV B RBEME & LT OIS DM
ENTWVD, HALE EsE s AN LT, ks -
X A INAEELE B K O A dEGH PERGELIE I K > TEE T
BUIBF MG - ZAF 7 A0 NET> T3, &TT
MENEZ D TR ENT VWA T e RINTHZH, it
THELEZ WS &, KRBT AN VI K > TEMERE
FEIRNNICBIET 5 EAFREL 755, BUELIEIC K> THH
SMMCENTFEERES « XA F I 7 A&7 ain)iy - s
F e OMBEZRIET % & &8I, FMRRRGHER O%R
EITo TV,

BRY 2 EBmOFHEMERL L. HOMIER CESHRT IV ERK LI, <
DERFEERIE. NDERYBRCEERL. BEMERY IVIZTORES TER
EREN

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 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.

BEDBDFTIVDBAE. BREANGHABRFZ305&2 L. T CICBRDIE
ELT. BUILTLES., —AT. BEHET VTR BROFIITBVTE
DFENFIELER TN THERILT BT LT, BROERHIG NS,

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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,J\ M ﬁ %% m % % G. Kobayashi Team

FERTATRE It 2 OREERIC I, FERTRED 1V F — DA
M AR O KB E D S DD RA] R TH D, ZDH
BV F— - MEARO SR B I TEEDOE T X
WEEEEARDEN TS, YR T, EREE AL
L BEKUL ORI U, SRR AT 5 1
R—HL— g vEMm, fiEEm, EREREREDA 4=
27 AR OBFICHL D $HA TV B, Wk ds & OHEBRE D FE B
DRI B BLALET INA ANDISH E T2 —E L THEE
U, BifzaFE) NI D <& - J65 - BT /N1 A
DfIMZHIFEL TS, BEHE L LTS hRFAR &@LU,
PR T HERE R 3S K O IEEBGEL Z Bk id 5 2 & T A
FIC I % A A AR IR S 2 1A A > OBEMEE) | & |
ZHUSHE S 2RI ORI ER D FHEs,
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FEER W K&
Visitting Professor KOBAYASHI, Genki

The realization of a sustainable society requires the effective use of
renewable energy and a transition away from the large-scale consumption
of fossil fuels. This demands highly efficient energy and material
conversion, as well as the development of high-energy-density storage
systems. Our laboratory conducts research at the interface of inorganic
solid-state chemistry and electrochemistry, focusing on the development
of advanced ionics materials, including intercalation electrodes, catalytic
electrodes, and solid electrolytes. We take an integrated approach that
spans from understanding the fundamental mechanisms of material
properties and functionalities to their applications in electrochemical
devices. Our long-term goal is to create next-generation technologies for
energy storage and energy/chemical conversion based on new operating
principles. In collaboration with Professor Kofu, we also employ
quasielastic and inelastic neutron scattering techniques to explore
collective ion motion and the many-body effects governing fast ion
diffusion in solids.
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