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PREFACE

This is the 24th issue of the “Activity Report on Neutron Scattering Research”
which describes the experiments performed under the General-User Program of
Neutron Science Laboratory, Institute for Solid State Physics, The University of
Tokyo. The General-User Program is conduced with 14 university-owned
spectrometers installed at the research reactor JRR-3 of Japan Atomic Energy
Agency (JAEA) in Tokai. The Activity Report was first issued in 1994 (vol. 1) as a
booklet form, and lasted until 2008 (vol. 15). Since 2007 (vol. 14), the activity
report has been issued as a digital form, i.e., a compact disk or web file.

However, due to the Great East Japan Earthquake, JRR-3 has not been
operated and is waiting for the permission for resumption. Tentatively, the
General-User Program runs a program that supports neutron scattering users to
conduct their experiments at facilities overseas. 47 scientists have conducted
their experiments during the fiscal year of 2018, FY2018. The current issue is a
collection of experimental reports in JFY2018 and a list of publication of those
researches during the period from April 2010 through March 2019.

The General-User Program is supported by Nuclear Professional School,
The University of Tokyo which is a university representative to interface with JAEA.
We thank both Nuclear Professional School Center and JAEA for their strong
support. The present volume cannot be issued without the devoted contribution

from users, contact persons and editors.

.

Mitsuhiro Shibayama

Director,

Neutron Science Laboratory
Institute for Solid State Physics
The University of Tokyo
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Activity Report on Neutron Scattering Research: Experimental Reports Vol. 24
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This volume contains experimental reports submitted in the following period of time: 2018/8/1 to 2019/7/31.
Visit our on-line database for updated information.

Structures and Excitations

e Phonon dynamics on thermoelectric material of Mg3Sb2
C.H. Lee, H. Kunioka, H. Mori, T. Hasegawa
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1903

e Structure and catalytic activity of PdRu alloy nanoparticles
O. Yamamuro, H. Akiba, K. Kusada, M. Haneda, H. Kitagawa, D. Keen
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1915

e (Crystal structure analysis of high temperature neutron diffraction data of novel oxide-ion conductor
HoGaTi207
Kotaro Fujii, Yuta Yasui, Masatomo Yashima
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1916

Magnetism

e Magnetic structure of Spin S=1/2 linear trimer system Na2Cu3Ge4012
Yukio Yasui, Rusei Toma, Lukas Keller, and Jonathan White
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1897

e [ow Energy Excitations of Magnetic Skyrmions in MnSi
M. Soda and H. Furukawa
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1905

e Uniaxial-stress-control of domain growth kinetics in isosceles-triangular lattice Ising magnet
CoNb206
Setsuo Mitsuda, Yutaro Shimoda
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1913
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e Determination of the Magnetic Structure under Magnetic Field of the Noncentrosymmetric Heavy-
Electron Metamagnet CePtSi3
Daichi Ueta, Yoichi lkeda, Takatsugu Masuda, and H. Yoshizawa
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1919

e Spin excitations in the magnetic skyrmion-lattice phase
Seno Aji, Shinichiro Yano, and Taku J Sato
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1922

e Neutron diffraction study on the Pd-Ga-Tb 2/1 quasicrystal approximant
Taku J. Sato, Maxim Avdeev, Kyohei Takagi, and Yeong-Ge So
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1923

e Neutron diffraction study on the Yb3Ru4Al12 itinerant kagome antiferromagnet
Taku J Sato, Noriyuki Kabeya, Maxim Avdeev, Shintaro Nakamura, and Akira Ochiai
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1924

e Dynamics of the magnetic skyrmion under an alternative current in MnSi
D. Okuyama, M. Bleuel, Q. Ye, A. Kikkawa, Y. Taguchi, Y. Tokura D. Higashi, J. D. Reim, Y. Nambu,
and T. J. Sato
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1925

e Determination of the spin system in Ni2V207 using neutron diffraction in magnetic fields
Masashi Hase Matsuo, James R. Hester, and Kirrily C. Rule
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1931

e Full control of magnetic moment in multiferroics Ba2CoGe207
Shunsuke Hasegawa and Takatsugu Masuda
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1933

e Quantum spin liquid state of Tb2+xTi2-xO7+y
H. Kadowaki, B. F{aa}k, J. Ollivier, T. J. Sato
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1935

Strongly Correlated Electron Systems

e Investigation of vortex lattices on non-centrosymmetric superconductor LaNiC2
M. Soda, V. Ryukhtin, P. Strunz, and H. Furukawa
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1901

e Investigation of magnetic ordering in high pressure phase of DyMnO3
Noriki Terada, Navid Qureshi, Mechthild Enderle, Fabio Orlandi, Dmitry Khalyavin, Pascal
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Manuel and Dharmalingam Prabhakaran
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1906

e Nesting features and the superconducting mechanism in Ce(Co,Rh)In5
Kanae Shinohara
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1914

Biology

e Elucidation of tri-ubiquitin dynamics concerning about status of interaction interfaces
Masaaki Sugiyama, Rintaro Inoue, Ken Morishima, Maho Yagi-Utsumi, Methanee Hiranyakorn,
Michihiro Nagao, Hiroshi Nakagawa
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1926

Soft Matters

e Solvent dependence in Platonic structures of resorcinarene-based capsule
Shota Fujii, Kazuo Sakurai
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1900

e Elucidating hydration state of poly (propylene oxide) in the glyco polymer vesicle membranes by
SANS measurement.
Tomoki Nishimura
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1904

e Distribution of Additives in Ordered-Bicontinuos-Double-Network Structure Formed in Block
Copolymer Systems Revealed by Small Angle Neutron Scattering
Katsuhiro Yamamoto, Tsukasa Miyazaki, Isamu Akiba
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1908

e Investigation of Microscopic Structural Changes in Poly(oligo-ethylene glycol methyl ether
methacrylate)-Based Hydrogels
Takuma Kureha, Xiang Li
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1911

e Structural Characterization of DNA-module gel by Small-Angle Neutron Scattering
Masashi Ohira, Xiang Li, and Mitsuhiro Shibayama
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1920

e Length dependent effect of added alkane on fluidity and inter-leaflet coupling of lipid membranes
Hatsuho Usuda, Mafumi Hishida, Elizabeth Kelley, Michihiro Nagao
Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018) Report Number:
1928
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e Investigation of Microscopic Structural Changes in Poly(oligo-ethylene glycol methyl ether
methacrylate)-Based Hydrogels

Takuma Kureha, Xiang Li
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Phonon dynamics on thermoelectric material of Mg3Sb2

C. H. Leel, H. Kuniokal, H. Mori2, T. Hasegawa3
1AIST, Japan, 20saka Univ., Japan, 3Hiroshima Univ., Japan

Thermoelectric power generation is ex-
pected to contribute to energy conservation
through the generation of electricity from
waste heat. To realize this technique, in-
tense efforts have been devoted to improv-
ing the performance. The difficulty in im-
proving material performance comes from
the conflicting requirements to exhibit high
electrical conductivity while keeping the
thermal conductivity low.

Mg35b2 is one of promising candidate ex-
hibiting high thermoelectric performance.
It shows high value of the dimensionless
figure of merit ZT ~ 1.65 with quite low lat-
tice thermal conductivity of kKL 7 0.7 W/mK
at T = 725 K [1,2]. Great attention has been
attracted in this compound for the origin
of its low kL. One assumption is based on
the existence of lone pairs around Sb atoms.
It has been argued that interatomic poten-
tial could be anharmonic due to lone pairs,
thus, heat carrying phonons can be heav-
ily scattered. But there is no clear evidence
about the claim. Therefore, phonon must be
studied using inelastic neutron scattering.
In this experiment, we aim to clarify the
origin of low kL of Mg3Sb2 by examin-
ing phonons at FRM2 using PUMA. The
weight of Mg3Sb2 single crystal was 1.21
g. Measurements were done on scattering
planes of (hk0) and (hhl) to cover wide
range of Brillouin zone. Phonon calcula-
tions were performed using the ABINIT
program.

Mg3Sb2 has CaAl2Si2-type crystal struc-
ture with the P-3m1 space group. Mg atoms
occupy both Ca and Al sites. Thus, it is ba-
sically a 122 Zintl phase compound. Charge
density calculations on SrZn2Sb2 that has
the same crystal structure as Mg3Sb2 reveal
the existence of lone pairs around Sb atoms
[3].

Figure 1 shows phonon dispersion at T =
298 K. Solid lines are results of calculations.

Overall, observed peaks agree well with
the calculations, ensuring the correctness
of the mode assignment. Observed modes
are demonstrating by colored lines. Gray
lines are remaining modes that we must
measure next time. To find anharmonic
phonons that can be the origin of low lat-
tice thermal conductivity in Mg35Sb2, we
will measure temperature dependences in
the near future. Further experiments are re-
quired to obtain overall picture of phonon
dynamics and to clarify the role of lone
pairs that are believed to be responsible for
the anharmonicity.

[1] H. Tamaki et al., Adv. Mater. 28, 10182
(2016). [2] J. Zhang et al., Nature Commun.
8, 13901 (2017). [3] E. S. Toberer et al., Dal-
ton Trans. 39, 1046 (2010)
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Fig. 1. Phonon dispersions of Mg3Sb2 at T = 298K.
Solid lines are results of calculations. Color and gray
lines depict observed and unobserved modes, re-
spectively.
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Structure and catalytic activity of PdRu alloy nanoparticles

O. Yamamuro?, H. Akiba4, K. Kusada®?, M. Haneda®, H. KitagawaB ,D. KeenP
AISSP-NSL, Univ. of Tokyo, BKyoto Univ., © Nagoya Institute of Technology, PISIS, RAL

Recently, metal nanoparticles attract
much attention as catalytic systems for
chemical reactions of gasses. We focus
our attention on PdRu-based alloys since
they are expected to be high-performance
and low-cost catalysts to remove CO and
NOx in exhaust gas of cars. Pd and Ru
form bulk solid solutions only at much
higher temperatures than room tempera-
ture. This is mainly because Pd has an fcc
structure while Ru has an hcp one. We have
found that PdRu;_, with a diameter of 5-
7 nm are miscible in the whole composition
range around room temperature [1]. How-
ever, there is still microscopic phase sepa-
ration between the fcc and hcp phases in
a single nanoparticle and transpiration of
Ru atoms occurs at higher temperatures.
It is the present largest problem why the
endurance of catalytic ability strongly de-
pends on the composition of the flow gases
which are similar to actual exhaust gases of
cars:

Stoichi: NO:0.15%, 0,:0.3%, C0O:0.35%,
C3H:0.033%, H»:0.1%

Rich:  NO:0.15%, 0,:0.15%, C0O:0.35%,
C3H4:0.033%, H3:0.1%

Lean: NO:0.15%, 0,:0.45%, C0O:0.35%,
C3H4:0.033%, H:0.1%

Rich and lean correspond to amounts of
CO gas compared with the stoichiometric
compositions for the CO and C3Hg oxi-
dization and NO reduction; we change the
ratio of Oy gas in the actual experiments
as shown above. In this study, we have
performed the neutron powder diffraction
(NPD) experiments on PdRu nanoparticles
supported on CZ (CeO,-ZrO,) to eluci-
date the structural change of nanoparticles
caused by the catalytic reactions with the
three gases given above. The NPD mea-
surements were performed using the high-
intensity neutron powder diffractometer
(GEM) installed at RAL, ISIS. NPD is pow-

erful to distinguish between neighboring
atoms in the periodic table such as Pd and
Ru.

Figure 1 shows the NPD patterns of
Pdps5Rug 5 nanoparticles supported on CZ
before and after the Rich and Lean gas
treatments at 673 K. The black, blue and
red bars represent the peak positions cal-
culated for the fcc structure of CZ, and the
fcc and hep structures of PdRu nanoparti-
cles, respectively. The Lean sample (blue
curve) has larger fcc intensity than the
Rich sample (red curve). This result indi-
cates that Ru atoms inside the nanoparti-
cles move to the surface and the Pd-rich fcc
phase increases in the interior region. This
is consistent with our previous IR study
and will be more definite by an on-going
pdf (pair-distribution function) analyses. It
should be noted that this is the first in-situ
NPD data showing the structural change of
nanoparticles due to catalytic reactions.

[1] K. Kusada et al., ]. Am. Chem. Soc. 136,
1864 (2014).

0.15

T T

—— PdRu_before
— PdRu_after_rich
— PdRu_after_lean

0.10

1 CZcal
1 feccal

1 hcpcal

0.00

1 1 1 1
20 25 3.0 35 4.0
Q/A™

Fig. 1. Neutron diffraction patterns of PdgsRugs
nanoparticles supported on CZ before (black) and
after (red and blue) the catalytic reactions with Rich
and Lean gases.
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Crystal structure analysis of high temperature neutron diffraction data of novel
oxide-ion conductor HoGaTi207

Kotaro Fujii, Yuta Yasui, Masatomo Yashima
Tokyo Institute of Technology

Oxide-ion conductors, which include
pure ionic conductors and mixed oxide-
ion and electronic conductors, attract sig-
nificant interest because of their varied
uses in oxygen separation membranes and
cathodes for solid-oxide fuel cells (SOFCs).
The oxide-ion conductivity is strongly de-
pendent on the crystal structure. At
present, several structures, such as fluo-
rites, perovskites, K,;NiF,, mellilites, and
apatites, are known to show high oxide-
ion conductivities. For further develop-
ment of oxide-ion conductors is investi-
gating materials with new types of struc-
tures.  According to such background,
we are exploring new structure family of
oxide-ion conductors. For example, we
have discovered a new structural family
of oxide-ion conductor BaNdInO4 which
has a monoclinic P2;/c perovskite-related
phase with a layered structure, in 2014.
More recently, we found novel mate-
rial, SrYbInO, with CaFe,Oy-type struc-
ture, showed higher oxide-ion conductivity
compared to the other CaFe,Oy-type ma-
terials. In order to understand the mech-
anism of oxide-ion conduction, it is nec-
essary to precisely determine the crystal
structure (particularly position, occupancy
factor, and anisotropic displacement pa-
rameters of oxygens) at high-temperature
because oxide-ion conductors are generally
used at high-temperature. In the present
study, we investigated the crystal structure
of HoGaTi,O7 at high temperature using
high resolution neutron powder diffrac-
tometer Echidna installed at the research
reactor OPAL, ACNS, ANSTO. The mate-
rial was prepared by the solid-state reac-
tion. Sintered pellets of the reaction prod-
ucts were introduced into a vanadium can
and used for the neutron diffraction ex-
periment. The measurements were car-

ried out from room temperature to high
temperature (1000 °C). Each measurement
took about 6 hours. The structural anal-
yses for these data are carried out by Ri-
etveld method using the program RIETAN-
FP. The Rietveld structure refinements of
the diffraction data of HoGaTi,Oy taken at
the room temperature 23 °C, and 1000 °C
using the orthorhombic Pbcn GdGaTiyO7-
type structure gave good quality of the fit
and the reliability factors (Rqpy =2.31 %, Rp
= 1.48 % for 23 °C data, and Ryp = 2.07
%, Rg = 2.44 % for 1000 °C data). The
unit-cell parameters and unit-cell volume
V of HoGaTi,Oy at 1000 °C (a = 9.8658(3)
A, b=74117(2) A, c = 13.6497(4) A, V =
998.09(5) A3) are larger than those at RT
(a = 9.77095(16) A, b = 7.35349(13) A, ¢
= 13.5334(2) A, V = 972.38(3) A3), due to
the thermal expansion. The bond lengths
and equivalent isotropic atomic displace-
ment parameters of HoGaTi,O7 at 1000 °C
are higher than those at RT, which indi-
cates the larger thermal vibration at 1000
°C. The higher equivalent atomic displace-
ment of oxygen atoms at 1000 °C suggests
higher oxide-ion conductivity at 1000 °C
compared to RT.
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Magnetic structure of Spin S=1/2 linear trimer system Na2Cu3Ge4012

Yukio Yasui (A), Rusei Toma (A), Lukas Keller (B), and Jonathan White (B)
(A) Meiji University, (B) Paul Scherrer Institut

Low dimensional quantum spin systems
attract much attention. In particularly, the
frustrated quantum spin systems due to
geometrical arrangement or competing in-
teractions are expected to exhibit various
interesting properties. Na2Cu3Ge40O12 has
a Cu308 trimer formed of edge-sharing
three CuO4 square planes [1]. For Cu2+
spins (S=1/2) within the Cu308 trimer, the
second-neighbor exchange interaction ]2 is
antiferromagnetic (J2 >0) ,and the nearest-
neighbor exchange interaction J1 is weak
ferromagnetic or antiferromagnetic (AF).
Such competing interactions between J1
and ]2 can lead to novel quantum magnetic
phenomena.

The T-dependence of magnetic susceptibil-
ity x of Na2Cu3Ge40O12 in the T-region 70
K < T < 650 K can be explained by the iso-
lated S = 1/2 Heisenberg trimer model, and
it is obtained J2/kB = 340 £ 20 K (AF), and
J1/kB =30 %= 20K. [2] On the other hand, T-
dependence of x of Na2Cu3Ge4O12 in the
T-region 4 K < T < 70 K can be explained
by the S = 1/2 uniform Heisenberg chain
model called as Bonner-Fisher model [3],
and it is obtained J3/kB =18 = 1 K where J3
is an inter-trimer exchange interaction.[2]
The ground state of the isolated S = 1/2
trimer is found that two spins of the edge in
the Cu308 trimers form a nonmagnetic sin-
glet state by strong AF interaction ]J2. The
center spin of the Cu308 trimer only sur-
vives in low T-region T < 70K. The behav-
ior of the specific heat in the T-region 4 K
< T < 70 K can also be explained by the S
=1/2 uniform Heisenberg chain model. As
results of measurements of magnetic sus-
ceptibility, specific heat, and dielectric con-
stant, the center spin of the Cu308 trimer of
Na2Cu3Ge4012 exhibits an antiferromag-
netic transition at TN = 2 K accompanied
with a ferroelectricity (called multiferroic
phenomenon). From the detailed magneti-

zation measurements, we found the exis-
tence of dM/dH anomaly at Hc = 0.37 T at
T =19 K (< TN). It is indicating that the
magnetic structure changes at Hc. The de-
termination of the magnetic structure at H
=0and H=1T (> Hc) give us important in-
formation to understand the magnetic be-
havior of the S = 1/2 linear trimer system.
We investigated the magnetic structure of
Na2Cu3Ge4012 below TN through pow-
der neutron diffraction experiments using
cold neutron powder diffractometer DMC
at PSI. We used amount of 15 g of powder
for Na2Cu3Ge4012. The superconducting
magnet and the dilution refrigerator waer
used to reach down to 0.1 Kandupto1T.
We obtained powder neutron diffraction
patterns at T = 0.1 K, 3K, and 12 K, re-
spectively, in H = 0 as well as that of T =
0.1 K applied the magnetic field H = 1T.
The figure (a) show the diffraction patterns
at T=0.1 K and 12 K, respectively. We can
clearly observe the super-lattice magnetic
Bragg peaks below TN assigned by the ar-
rows. The figure (b) show the intensity pro-
file of difference between at T = 0.1 K and
12 K, I (0.1K) ? I (12K). We also found the
possible magnetic Bragg peaks assigned by
the short arrows. By applied the magnetic
field H = 1T, no difference found the mag-
netic Bragg intensities at T = 0.1 K'in the er-
ror bar. Then, changing the magnetic struc-
ture at Hc seems to be small. Recently, the
aligned powder of Na2Cu3Ge40O12 can be
obtained in the magnetic field H = 9T. For
determination of the magnetic structure of
Na2Cu3Ge4012, the results of the various
measurements of the aligned powder give
us important information. We are analyz-
ing the neutron diffraction data and vari-
ous measurements data.

[1] X. Mo et al.: Inorg. Chem. 45 3478 (2006).
[2] Y. Yasui et al.: J. Appl. Phys. 115 17E125
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(2014).
[3] J. C. Bonner et al.: Phys. Rev. 135 A640
(1964).
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Fig. 1. (a). Neutron powder diffraction patterns
measured at 0.1 K and 12 K. The arrows indicate the
magnetic Bragg peaks. (b). Intensity profile of dif-
ference between at T = 0.1 Kand 12 K.
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Low Energy Excitations of Magnetic Skyrmions in MnSi

M. Soda and H. Furukawa
RIKEN, Ochanomizu University,

Topological spin textures have been ex-
tensively investigated both experimentally
and theoretically. Among them, a vortex-
like spinswirling texture of so-called mag-
netic skyrmions has attracted much at-
tention. A helimagnet MnSi possesses a
magnetic skyrmion phase in a small mag-
netic field and temperature region.[1] Since
the magnetic skyrmions in MnSi have a
long periodicity ("18 nm), the structure has
been examined by using small angle neu-
tron scattering (SANS) and Lorentz Trans-
mission Electron Microscope (LTEM) tech-
niques. On the other hand, the dynamics of
magnetic skyrmions has not been clear be-
cause inelastic neutron scattering measure-
ments with an energy scale of 1°5 micro-eV
in a small q region is not easy. Then mag-
netic excitations only in the helical phase
has been reported.

Recently, a theoretical study on the mag-
netic skyrmions has been carried out by
our theoretical group[2]. The string of
skyrmions appears to be parallel to the
magnetic field. Not only the difference be-
tween the magnetic dispersions for the he-
lical and skyrmion structures but also the
different q dependence of magnetic exci-
tations along +qz and -qz have been pre-
dicted.

We have carried out the neutron spin-echo
experiment with IN15 installed in ILL in
MnSi to clarify the low energy excitation
of skyrmion. Figure 1 shows the experi-
mental setting in IN15. The profiles ob-
tained by spin-echo experiment had the
large phase shift which corresponds to the
energy transfer. This behavior becomes op-
posite with changing the magnetic field di-
rection. The obtained results mean that the
skyrmion has the asymmetric dispersion.

reference

[1] S. Muhlbauer et al., Science 323 (2009)
915.

[2] W. Koshibae et al. private commun.
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Fig. 1. Experimental setting in neutron spin-echo
measurement

Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018)

15

Report Number: 1905


中島多朗�
15


Uniaxial-stress-control of domain growth kinetics in isosceles-triangular lattice
Ising magnet CoNb206

Setsuo Mitsuda, Yutaro Shimoda
Department of Physics, Faculty of Science, Tokyo University of Science

The isosceles triangular lattice (ITL) Ising
antiferromagnet is characterized by the ra-
tio of exchange interactions defined as 7
= J; (along the base direction) /], (along
the equilateral direction), and its magnetic
property dramatically changes, depending
on whether 7 is larger than 1.0 or not.
As one of the model materials, we have
studied an Ising magnet CoNby;Og, where
the quasi-1D ferromagnetic zigzag chains
along the c axis form a frustrated antifer-
romagnetic ITL with ¢y ~ 1.33 in the a-b
plane. If the exchange ratio 7y can be con-
trolled in CoNbyOg via anisotropic defor-
mation of ITL by uniaxial pressure, variety
of interesting magnetic features intrinsic to
v would be observed.

Actually along this context, we suc-
ceeded in crossing the Wannier point (y =
1) and providing access to the region of y
< 1 by applying uniaxial pressure p up to
1.1GPa along the c axis, where entirely dif-
ferent H).-T magnetic phase diagram with
ground-state AF-I magnetic ordering ap-
pears, as is in the experimental reports of
No.1802 and No.1841. Note that in those
experiments we used a good single crys-
tal of CoNb,Og prepared by the floating
zone(FZ) technique, instead of the sample
prepared by flux method, which is accom-
panied by extrinsic magnetic ordering due
to crystal imperfection.

As a continuation of the proposal, we
performed the neutron-diffraction mea-
surements at the two-axis diffractometer E4
installed at the Berlin Neutron Scattering
Center in the Helmholtz Centre Berlin for
Materials and Energy, using transverse- as
well as longitudinal- uniaxial pressure de-
vice so that we can provide access to the
(HKO) scattering zone under applied verti-
cal magnetic field to the c axis.

As is in the experimental reports of No.

1683, the uniaxial pressure dependence of
the ratio ¢ along both the a- and b-axes
were already measured but using the flux-
sample with crystal imperfection. There-
fore, in present experiment, changing the
original plan of “ uniaxial-stress control of
magnetic domain-growth kinetics charac-
teristic to ITL " , we re-measured these up
to 0.6 GPa using FZ-sample. Results shown
in Fig.1 are qualitatively agree with these of
flux-sample, but are quantitatively differ-
ent, which are crucial to estimate the uni-
axial pressure dependence of coupling con-
stants [; and ], in combination with mag-
netic phase transition fields obtained by dc-
and ac-susceptibility.

As shown in Fig.2(al-a3), we also inves-
tigated temperature variation in the mag-
netic correlations at vy ~ 1.3 (p|. = 0 MPa),
v~ 1 (p) =08 GPa)and v ~ 0.9 (P(QC
= 1.1 GPa) in detail. Because of unavoid-
able inhomogeneity of uniaxial pressure,
at pj. ~ 0.8 GPa (y ~ 1), AF-l and AF-II
magnetic LRO coexist so that unfortunately
we were not able to investigate magnetic
correlations specific to Wannier point (y =
1) at the lowest temperature. As shown
in Fig.2(b), however, the temperature de-
pendence of propagation wavenumber g
of sinusoidally-amplitude- modulated in-
commensurate (IC) state at specific y is
qualitatively consistent with Stephenson” s
exact calculation for 2D isosceles triangular
lattice Ising antiferromagnet.

In contrast to that both AF-I and AF-
II magnetic orderings coexist at p. ~ 0.8
GPa (7 ~ 1) as is seen in Fig.3(a), almost
flat diffraction profile can be seen at p|; ~
0.6GPa (y ~ 1) as shown in Fig.3(b), sug-
gesting good “spot” to investigate field-
induced magnetic states specific to Wan-
nier point (v = 1) . Further beam experi-
ments are desired.

Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018)

16

Report Number: 1913


中島多朗�
16


N~

0.8

0 200 400 600 800 1000 1200
p[MPa]

Fig.1 Uniaxial-pressure dependence of the ratio of exchange interactions
Y along the a-, b- and c- axes.

OMP: 800MPa
al) s (@2) *7 (@@3) %"
320K M"M—- q=1/3 Nﬁ‘: q=1/3 320K
E :N-d:
PN o AN
250k | TR T RS Dapanstevaiey " 250K
i
1.72¢ B B s 172¢
2K0 2K0 2K0
(b) T T T T T T
1.0 091
af o ]
reisy 'y
" E E
§2- E
=
IS 4
£
1F 3
0 L

0.5 014 0:3 0:2 0.1
gq(along Jy)

Fig.2 Temperature dependence of (2 k 0) scan profiles in zero magnetic field
at (a1) y~1.33 (p.=0GPa), (a2) y~1.0 (p,=0.8GPa) and (a3) y~0.9 (p/=
1.1GPa), respectively. (b) Temperature variation of propagation wavenumber
q of short range magnetic correlation at specific y, which is obtained from
Stephenson’s exact calculation for 2D isosceles triangular lattice Ising
antiferromagnet.

Fig.3| T T 1
i | pr=0,081.1GPa |

2000
1500
1000

500

R i
04 05 06 07 08 09 1 11
(2K 0)

4000 T T T

8500 (b)/ \ Ip//b= 0,0.6,1.1 GPaI

Intensity

1
\
1

0.4 0. 6

Fig.3 (a) (2 k 0) scan profiles in zero magnetic field at T=1.7K and ps= 0,
0.8 and 1.1GP, (b) (0 k 0) scan profiles in zero magnetic field at T=1.7K and
pw=0,0.6 and 1.1 GP.

Fig. 1.

17


中島多朗�
17


Determination of the Magnetic Structure under Magnetic Field of the
Noncentrosymmetric Heavy-Electron Metamagnet CePtSis

Daichi Ueta, Yoichi Ikeda®, Takatsugu Masuda, and H. Yoshizawa
ISSP-NSL, the University of Tokyo, IMR, Tohoku University®

Non-centrosymmetric f-electron materi-
als have attracted much attention because
the lack of inversion symmetry leads to
significant and interesting physical prop-
erties. Recently, we observed that the
non-centrosymmetric BaNiSnz-type com-
pound, CePtSi3, exhibits successive mag-
netic transitions, multiple metamagnetic
transitions, yielding an unusually complex
H — T phase diagram. We defined three
phases (III, II and I) at elevated tempera-
ture. From elastic neutron diffraction ex-
periments at zero field performed last sum-
mer, we found that the magnetic peaks
observed at the commensurate position in
phase III and at the incommensurate posi-
tion in phase I. In addition, the /- and k-
domains coexist in CePtSi3 at zero field.

In order to determine magnetic struc-
tures in CePtSiz under fields in the next
step, we performed elastic neutron scat-
tering experiments at BL-09 (CORELLI),
SNS in Oak Ridge National Laboratory. A
single crystalline sample of CePtSiz was
grown using a flux method at the Institute
for Solid State Physics. The sample was
mounted on a Cu pin such that both the a-
and c-axes set into the equatorial plane and
installed in SlimSam. Temperature was set
to 1.8 K, and a magnetic-field was applied
from 0 to 50 kOe along the h-direction (the
a-axis).

We succeeded in observing clear and
interesting field-dependence of magnetic
peaks (Figure 1). It was suggested that the
field region from 5 to 20 kOe can be clas-
sified into two phases. The k-domain in
the magnetic field region of 5 to 14 kOe
is still in the commensurate phase, but the
h-domain changes to the incommensurate
phase, and its magnetic propagation vec-
tor, qpy,, changes from 0.283 to 0.31 and the
scattering intensity decrease sharply. In the

magnetic field region from 14 to 20 kOe, the
h-domain saturates at qp;, = 0.31, and the
scattering intensity of magnetic peaks fur-
ther decreases and disappears at 20 kOe.
On the other hand, in the k-domain at 14
to 20 kOe, an incommensurate phase of
qux = 0.283 appears, which is a crossover
region between the incommensurate and
commensurate phase. Finally, all mag-
netic superlattice peaks disappear above
45 kOe because of forced ferromagnetism.
We are in the process of determining the
mechanism of such magnetic structures in
tield. Travel expenses were supported by
General User Program for Neutron Scatter-
ing Experiments, Institute for Solid State
Physics, The University of Tokyo (proposal
no. 18508), at JRR-3, Japan Atomic Energy
Agency, Tokai, Japan.
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Spin excitations in the magnetic skyrmion-lattice phase

Seno Aji, Shinichiro Yano(A), and Taku J Sato
IMRAM, Tohoku University, (A) NSRRC

MnSi attracts renewed interest because
of the recent discovery of the mag-
netic skyrmion-lattice structure under fi-
nite magnetic field [1]. The magnetic
skyrmion is a topological spin texture
made of swirling magnetic moments. The
magnetic skyrmion carries integer topo-
logical number, called skyrmion number.
In the real magnets, such as MnSi, the
skyrmion forms a triangular lattice. The el-
ementary excitation of ordered magnet is
“magnon”, which is a propagating quan-
tized wave of spin fluctuations. The
magnon would exists in the skyrmion-
lattice phase, forming magnon bands with
the Brillouin zone set by the periodicity
of the triangular lattice. In addition, the
topological nature of the scatterers (i.e.
skyrmions) will give rise to non-trivial
characters to the magnon bands, forming
the topological magnon band [2]. Such a
topological magnon is of current interest
and are under active scrutiny, recently.

In search for the topological magnons, it
was necessary to use Ge-doped MnSi, as
Ge-doping increases the magnetic modula-
tion vector k, relaxing Q-resolution require-
ment for the experiment. A single crys-
tal sample MnSip 9gGey g2 of 15.5 grams was
grown using Bridgman method. We per-
formed elastic and inelastic neutron scat-
tering using the cold-neutron triple-axis
spectrometer SIKA, ANSTO. The collima-
tions were Open-20"-20"-60" with vertically
focusing monochromator. The final neu-
tron energy was fixed to 2.75 meV. Py-
rolytic graphite 002 reflections were used
for monochromator and analyzer. The sam-
ple was mounted on the aluminum plate,
aligned with 110 and 001 in the scattering
plane. The vertical superconducting mag-
net was used in the experiment, applying
external magnetic field along the 110 direc-
tion.

From elastic neutron measurement, we
obtained the modulation vector and the
helical ordering temperature as k =
0.0462 A~land T, = 32K, respectively. The
obtained modulation vector and the helical
ordering temperature are larger compared
to MnSi (k = 0.036 A~! and T. = 29.5 K).
In the inelastic neutron measurement, the
magnetic excitation in the skyrmion-lattice
phase was measured at I, M, and their
midpoint at T = 305 Kand H = 02 T.
Shown in the figure is the representative
magnetic excitation spectrum observed at
the midpoint. Broad inelastic peak can
be seen around fiw ~ 0.13 meV. We con-
firmed that this excitation is intrinsic in
the skyrmion-lattice phase, by comparing
it to the excitation spectra both in the fully-
polarized and helical phases. Detailed
analysis, including theoretical estimation
of the magnon scattering intensity in the
skyrmion-lattice phase, is in progress.

[1] S. Miihlbauer et al. Science 323, 915-919
(2009); [2] K. A. van Hoogdalem et al., Phys.
Rev. B 87, 024402 (2013).
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Fig. 1. Neutron inelastic spectrum at the mid point
of the I' and M points observed in the magnetic
skyrmion-lattice phase
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Neutron diffraction study on the Pd-Ga-Tb 2/1 quasicrystal approximant

Taku J. Sato, Maxim Avdeev(A), Kyohei Takagi(B), and Yeong-Ge So(B)
IMRAM, Tohoku University, (A)ANSTO, (B)Akita University

Quasicrystal is a substance with long-
range quasiperiodic atomic arrangement,
nonetheless, with the rotational symmetry
that is prohibited in the periodic crystals,
such as the five-fold symmetry. The qua-
sicrystal is, therefore, different from peri-
odic crystals and random glasses, and now
is regarded as the third form of solids.
There is a class of crystals, called “ap-
proximants ” , in which the high-symmetry
(such as icosahedral) atomic clusters, iden-
tical to those in the quasicrystals, form pe-
riodic array, and thus being approximation
of the quasicrystalline structure. The de-
gree of approximation is expressed by the
fractional numbers, such as 1/1 and 2/1.
The 1/1 approximant is the lowest order
approximation, in which the atomic clus-
ters form a bcc cubic lattice. The 2/1 ap-
proximant has a larger unit cell, becoming
a better approximation to the quasicrystal.
As the fractional number becomes the irra-
tional golden ratio T ~ 1.618..., the unit cell
becomes infinitely large, i.e. quasicrystal.

Recently, for the first time we have de-
termined magnetic structure of the antifer-
romagnetic 1/1 Au-Al-Tb approximant us-
ing ECHIDNA [1], which turns out to be
a very intriguing non-collinear and non-
coplanar whirling order. Quite recently,
one of the proposers further found a mag-
netic 2/1 approximant in the Ga-Pd-Tb sys-
tem, which orders antiferromagnetically at
5.8 K [2]. This is definitely the first 2/1
approximant that shows antiferromagnetic
long-range order, which excites us enough
to perform this neutron powder diffraction
study.

A polycrystalline alloy of the Pd-Ga-
Tb 2/1 approximant was prepared by arc
melting with high purity (> 99.9 wt%) Pd,
Ga and Tb elements. The neutron pow-
der diffraction experiment has been per-
formed using the high-resolution powder

diffractometer ECHIDNA installed at the
OPAL reactor, Australian Nuclear Science
and Technology Organisation [3]. For most
of the magnetic diffraction measurement,
neutrons with A = 2.4395 A was selected
using the Ge 311 reflections, whereas for
the structure analysis, to obtain reflections
in a wide Q-range, we select A = 1.622 A
using the Ge 335 reflections. The sample
was set in the ¢6 mm vanadium sample
can, and then set to the cold head of the
closed cycle *He refrigerator with the base
temperature 3.5 K.

Figure shows the overall diffractograms

at various temperatures ranging from the
base (~ 3.5 K) to the paramagnetic temper-
ature 7 K. One can clearly see the develop-
ment of sharp magnetic reflections below
5 K. They are the clear indication of mag-
netic long-range order in this 2/1 approx-
imant. We further note that the magnetic
reflection appearing at 20 ~ 21.9 degrees is
relatively weak, compared to that observed
in the Au-Al-Tb 1/1 approximant [1]. On
the other hand, quite a few magnetic re-
flections can be seen in the Pd-Ga-Tb 2/1
approximant, number of which is much
larger than that in the Au-Al-Tb 1/1 ap-
proximant. These results suggest that the
magnetic structure would be much more
complicated in the Pd-Ga-Tb 2/1 approx-
imant, and is of significant interest in view
of larger unit cell of the 2/1 approximant.
The magnetic structure analysis using the
representation analysis is in progress.
[1] T. J. Sato et al. (submitted); [2] Y. -G. So
et al. (in preparation); [3] M. Avdeev and
J. R. Hester, J. Appl. Crystallogr. 51, 1597
(2018).
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Fig. 1. Neutron diffraction patterns obtained in the
temperature range 4 < T < 7 Kat ECHIDNA.
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Neutron diffraction study on the YbsRu4Al» itinerant kagome antiferromagnet

Taku J Sato, Noriyuki Kabeya(A), Maxim Avdeev(B), Shintaro Nakamura(C),
and Akira Ochiai(A)
IMRAM Tohoku University, (A)Dept. Phys. Tohoku University, (BJANSTO,
and (C)IMR Tohoku University

Geometrically frustrated spin systems
have been studied extensively for decades
because of many intriguing phenomena,
exemplified by the non-magnetic quantum
disordered states. Despite a large number
of both experimental and theoretical stud-
ies, the ground states and excitations in ge-
ometrical frustrated quantum magnets are
still largely unrevealed. This is the case
for kagome compounds where even theo-
retically the ground state is controversial
with gapped (such as Z2 spin liquid) or
gapless (U(1) Dirac spin liquid) states. Ex-
perimentally, on the other hand, due to
the small number of model compounds,
the work is further less conclusive, and
much efforts have been devoted to find out
new model materials possessing the geo-
metrically frustrated lattices. Recently, a
new direction has been taken to discover
new frustrated systems in Yb®>* rare-earth
ions; several reports indicate quantum na-
ture of the Yb>' rare-earth magnetism,
such as spinon continuum in quasi-one-
dimensional YbgAs; [1] and Yb,Pt,Pb [2].
The key ingredient of such quantum spin
formation is doubly degenerated ground
states (pseudo spin 1/2) made of strongly
coupled L and S. Hence, there now appears
a chance to study geometrically frustrated
quantum magnetism using Yb-based com-
pounds. The present proposer group found
a Yb>" based compound YbsRuyAly, [3],
which has an archetypal frustrated lattice,
called breathing kagome lattice. This com-
pound shows intriguing low-dimensional
frustrated behavior [3], and hence, we have
investigated microscopic magnetism using
powder neutron diffraction.

A polycrystalline alloy of YbsRugAlj
was prepared by crushing the single crys-
tals.  The neutron powder diffraction

experiment has been performed using
the high-resolution powder diffractometer
ECHIDNA installed at the OPAL reactor,
Australian Nuclear Science and Technol-
ogy Organisation [4]. For most of the mag-
netic diffraction measurement, neutrons
with A = 2.4395 A was selected using the
Ge 311 reflections, whereas for the struc-
ture analysis, to obtain reflections in a wide
Q-range, we select A = 1.622 A using the
Ge 335 reflections. The sample was set
in the ¢4 mm Cu sample can, and then
set to the cold head of the >He one-shot-
type refrigerator with the base temperature
0.37 K. For the high-T (6.5 K), base-T and
intermediate-T (Tset = 1.6 K) scans, the to-
tal data acquisition time was 15 hours.
Figure shows the comparison of the
diffraction patterns in the 20-range of 10 <
20 < 60 degrees observed at the three tem-
peratures. Clearly, magnetic signal devel-
ops at 260 ~ 15° and 18.5° at low tem-
peratures. We note that 20 ~ 15° corre-
sponds to the (0,0,1) (forbidden) nuclear re-
flection position, indicating that the mag-
netic structure is antiferromagnetic along
the c-axis. The 18.5° peak corresponding
to the (1,0,0) position. While magnetic sig-
nal was clearly observed in the low tem-
perature phase, the nature of the interme-
diate phase is still unclear, but some hints
may be obtained by carefully analyzing the
present dataset. Magnetic structure anal-
ysis of the base-temperature phase is in
progress, while we look for a way to eluci-
date nature of the intermediate phase, too.
[1] M. Kohgi, K. Iwasa, J.-M. Mignot, A.
Ochiai, and T. Suzuki, Phys. Rev. B 56,
R11388 (1997); [2] L. S. Wu, W. J. Gannon,
I. A. Zaliznyak, A. M. Tsvelik, M. Brock-
mann, J.-S. Caux, M. S. Kim, Y. Qiu, J. R.
D. Copley, G. Ehlers, A. Podlesnyak, and
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M. C. Aronson, Science 352, 1206 (2016); [3]
S. Nakamura, S. Toyoshima, N. Kabeya, K.
Katoh, T. Nojima and A. Ochiai, Phys. Rev.
B 91, 214426 (2015); [4] M. Avdeev and J. R.
Hester, ]. Appl. Crystallogr. 51, 1597 (2018).
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Fig. 1. Neutron diffraction patterns at the base tem-
perature, 1.6 K and 6.5 K obtained at ECHIDNA.
The temperatures are the “set” temperatures, and
actual temperatures were slightly lower.

24


中島多朗�
24


Dynamics of the magnetic skyrmion under an alternative current in MnSi

D. Okuyama(A), M. Bleuel(B), Q. Ye(B), A. Kikkawa(C), Y. Taguchi(C), Y. Tokura(C,D)
D. Higashi(A), J. D. Reim(A), Y. Nambu(E), and T. J. Sato(A)
(A)IMRAM, Tohoku Univ., (B)NCNR, NIST, (C)RIKEN-CEMS, (D)Univ. of Tokyo, (E)IMR,
Tohoku Univ.

A magnetic skyrmion is swirling spin
texture characterized by a discrete topo-
logical number, called the skyrmion num-
ber. In experiment, magnetic skyrmions
quite often condensate in the triangular-
lattice form, giving rise to six-fold mag-
netic Bragg reflections in small angle neu-
tron scattering (SANS) patterns, as first dis-
covered by Muhlbauer et al. in the proto-
typical chiral magnet MnSi [1]. To date, the
skyrmion lattice structures are widely con-
firmed in various magnets ranging from
metallic to insulating compounds. There
are several prominent characteristics in
magnetic skyrmions that make them quite
intriguing. One of such characteristics is
its topological protection; once created, the
skyrmion can hardly be annihilated. In
metallic skyrmion compounds, there is an-
other important characteristic, i.e., its sur-
prisingly large coupling with the electric
current flow. The electric current density
required to realize the skyrmion lattice mo-
tion is considerably small as j ~ 1 MA/m2
[2]. Hence, the magnetic skyrmion attracts
growing attention recently, and is under in-
tense scrutiny for elucidating its dynamical
behavior under electric current.

To investigate the dynamics of the mag-
netic skyrmion lattice under the electric
current flow, we performed SANS exper-
iment with suppressing the thermal gra-
dient as much as experimentally achiev-
able. SANS experiments were carried out
at NG7 (National Institute of Standards
and Technology). The incident neutron
wave- length was selected using the veloc-
ity selector as A i=6 . An direct or al-
ternative electric current with square wave
was applied along the [0 0 1] direction. The
sample mount was attached to the sample
stick, and was installed in the horizontal

field magnet with the magnetic field ap-
plied along [1 -1 0] parallel to the incident
neutron beam.

We observed the six-hold magnetic
skyrmion reflections at 28.6 K, respectively,
under B =02 T and j = 0 MA/m2. By
comparing to SANS data at j = 0, one can
clearly see considerable broadening of the
skyrmion-lattice peaks in the azimuthal di-
rection. The peak broadening is appar-
ently temperature dependent; the width
is considerably larger at T = 28.3 K com-
pared to that at T = 28.6 K. This re-
sult clearly indicates significant deforma-
tion of the skyrmion lattice under large
electric current. To investigate the origin of
the broadening of the skyrmion reflections,
we performed SANS measurements on the
left-edge (+) or right-edge (-) of the sam-
ple. The size of the neutron illumination
area is approximately 0.2 mm (width) X
1.0 mm (height). The observed patterns are
identical for the two edges. In marked con-
trast to the zero-current condition, under j
= 2.7 MA/m2 the reflection patterns taken
from the left- and right-edge parts exhibit
counterclockwise and clockwise rotations,
respectively. The effect of inverting the cur-
rent and magnetic-field directions was also
investigated. The rotation direction does
not change by inverting the magnetic field
direction. On the other hand, the inver-
sion of the current direction (from j = +2.7
to -2.7 MA/m2) results in a sign change
of the rotation angle. This indicates that
the skyrmion-lattice rotation observed in
the thermally homogeneous condition de-
pends not on the magnetization direction,
but only on the current direction [3]. To ob-
serve the time dependence of the magnetic
skyrmion rotation, we also performed the
SANS experiment with applying the alter-
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native electric current. The observed relax-
ation time of the skyrmion rotation is sev-
eral seconds order, which is the very slow
dynamics as a magnetic material.

In summary, we have used SANS
to study skyrmion-lattice motion in bulk
MnSi under electric current flow. The
azimuthal width of the skyrmion-lattice
peaks shows significant broadening above
a threshold current density jt ~ 1 MA/m?2.
We show this peak broadening originates
from a spatially inhomogeneous rotation of
the skyrmion lattice, that shows opposite
senses of rotation at the sample edges.
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Determination of the spin system in Ni,V,07 using neutron diffraction in magnetic
fields

Masashi Hase Matsuo!, James R. Hester?, and Kirrily C. Rule?

'National Institute for Materials Science (NIMS), 2 Australian Nuclear Science and Technology
Organisation (ANSTO)

Neutron diffraction has made great con-
tribution to studies of magnetism because
magnetic structures can be determined. We
can also study magnetism in paramagnetic
states by combing neutron diffraction and
magnetic fields. Magnetic moments are
induced by magnetic fields and generate
magnetic reflections. In a magnet with plu-
ral crystallographical magnetic-ion sites,
we can evaluate a field-induced magnetic
moment (magnetization) on each site from
analyses of the magnetic reflections.

Our objective in this study is to show that
neutron diffraction in magnetic fields is a
powerful tool to determine spin systems.
We investigated NiyV,0O7 as an example.
We briefly summarize the magnetism of
Ni;V,07 [1]. Magnetic phase transitions
occur at Ty = 6.7 and Ty = 5.7 K
The magnetic structures have not been de-
termined. A 1/2 quantum magnetization
plateau was observed between 8 and 30
T at 2 K. There are two crystallographi-
cal Ni?*-ion sites having spin-1. There are
three types of short Ni-Ni pairs having an-
tiferromagnetic exchange interactions. A
few sets of the values were reported and
were inconsistent with one another [1,2].

In order to determine the spin system
(the values of the exchange interactions)
in Ni; V707, we performed neutron diffrac-
tion experiments on Ni,V,0; pellets us-
ing the WOMBAT diffractometer and the
AVM-1 magnet. We can see several mag-
netic reflections in a difference pattern
made by subtracting a neutron powder
diffraction pattern at 10 Kin 0 T from that
at 1.8 K in 0 T. We infer an incommensu-
rate magnetic structure from the positions
of the magnetic reflections.

Figure 1 shows a difference pattern made

by subtracting a neutron powder diffrac-
tion pattern at 20 K in 10 T from that at 1.8
Kin 10 T. As described, the 1/2 quantum
magnetization plateau appears above 8 T at
low temperature. Therefore, the state at 1.8
K'in 10 T is a kind of paramagnetic state
(without magnetic long-range order). We
can see several magnetic reflections gener-
ated by field-induced magnetic moments.
The red circles indicate intensities of mag-
netic reflections calculated in the case that
M2/M1 = 5. Here, M1 and M2 are the mag-
nitude of field-induced magnetic moments
on Nil and Ni2 sites, respectively. The cal-
culated intensities seem consistent with the
experimental ones. Several reflections indi-
cated by triangles, however, cannot be ex-
plained by the field-induced magnetic mo-
ments. The magnetic reflections at 1.8 K in
0 T seem to remain, suggesting the coexis-
tence of the two phases.

We measured difference patterns at 1.8 K
in several magnetic fields. As the magnetic
field increases, the intensities of the mag-
netic reflections at 1.8 K in 0 T and those
generated by field-induced magnetic mo-
ments decrease and increase, respectively.
We can see magnetic reflections that are dif-
ferent from those in 0 and 10 T at 1.8 K.
Probably, the indices of the magnetic re-
flections are integers. The intensity of the
magnetic reflections increases with increas-
ing magnetic field and is strongest around
6 to 8 T, suggesting another magnetic long-
range order in finite magnetic fields below
the magnetization-plateau fields. The mag-
netic reflections disappear in 10 T.

We will determine the magnetic struc-
tures in zero and finite magnetic fields and
evaluate M1 and M2 at 1.8 K in 10 T. We
will be able to determine the spin system

Activity Report on Neutron Scattering Research: Experimental Reports 24 (2018)

27

Report Number: 1931


中島多朗�
27


(the values of the exchange interactions).
[1] Z. W. Ouyang et al., Phys. Rev. B. 97,
144406 (2018).
[2] Y. C. Sun et al., Eur. Phys. J. Plus 131,
343 (2016).
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Fig. 1. A difference pattern made by subtracting a
neutron powder diffraction pattern at 20 Kin 10 T
from thatat 1.8 Kin 10 T.
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Full control of magnetic moment in multiferroics Ba2CoGe207

Shunsuke Hasegawa and Takatsugu Masuda
ISSP, the University of Tokyo

Electric control of magnetic moment is
an intriguing topic in condensed mater
physics since it can be applied to a novel
device. Coexistence of magnetic order and
electric polarization, multiferroicity, has a
possibility to realize such a control. So
far spin helicity was controlled in TbMnO3
[1] and magnetic domain was controlled in
Hexaferrite [2], but controlling local mag-
netic moment by applying electric field has
not been demonstrated yet. BayMGeyOy
(M = Co, Mn) are multiferroic compounds
with spin-dependent p — d hybridization
mechanism [3]. The crystal structure is a
tetragonal and the space group is P-421m.
Below Ty = 6.7 K, the spin antiferromag-
netically lies along the crystallographic a
axis, and the electric polarization antifer-
roelectrically lies along the c axis. It is ex-
pected that the applying electric field along
the c axis changes the antiferroelectric state
to ferroelectric state with the magnetic mo-
ment rotating from [100] to [110]. Soda et
al. demonstrated the rotation of the mag-
netic moment in the ab plane [4], but the
moment did not make complete rotation by
45 degrees due to a large in-plane magnetic
anisotropy. It was only 6 degrees at T =
1.5 K and E = 1.5 MV/m at best. Then
we performed a similar experiment on
BayMnGe;O7 [5] having smaller anisotropy
energy at PSI. The rotation of the magnetic
moment was observed at 1.5 K, and the
angle as large as 20 degrees was achieved
by increasing the temperature. The perfect
rotation of 45 degrees was, however, not
achieved because of the short of the electric
field. It should be noted that a non-linear
behavior was observed in the field depen-
dence of the rotation angle, and a non-
trivial plateau was found at 2 MV/m < E
< 5 MV/m, even though a simple linear
behavior was expected [4]. Even though
the anisotropy energy of BaMnGe,Oy is

smaller than that of Ba,CoGe,Oy, the elec-
tric polarization is also smaller, result-
ing in the smaller rotation angle at the
same electric field at the base tempera-
ture: 1.5 degree for Ba,MnGe,O7 and 6 de-
grees for BayCoGe;O7 at E = 1.5 MV/m.
Use of BayCoGe,Oy7 is better choice. We
have done the Polarized Neutron Diffrac-
tion to achieve the perfect rotation by
applying stronger electric field on thin-
ner Ba;CoGe,O7 sample and by reducing
the anisotropy energy at high temperature.
Then we tried to detect non-trivial field de-
pendence of the rotation angle of the mag-
netic moment to understand. A single crys-
tal sample was grown by the floating-zone
method. The single crystal was aligned so
that the crystallographic ab plane was in
the horizontal plane. For the single crys-
tal with a thickness of 2.65 mm, aluminum
electrodes were deposited onto the faces of
(001) to apply the electric field. The sam-
ple was set in the Al sample can, and then
sample space was vacuumed. Maximum
voltage in the used equipment was 7.0 kV.
Heusler alloy was used to obtain the po-
larized neutrons with the energy of 13.5
meV. Magnetic Bragg peaks are observed
below Ty. From the analysis of the peaks,
it is found that the easy-plane type anti-
ferromagnetic structure having a magnetic
propagation vector ky,q = (0,0,0) is real-
ized, which is consistent with the previous
report [6]. Since the sample has crystal-
lographic domains, we performed the 0 —
20 scan at maximum point of omega scan
in order to estimated integrated intensity.
(h,k,1)= (2, 1, 0) and its equivalent reflec-
tions were measured to investigate the elec-
tric field and temperature dependence. We
assume that the magnetic moments contin-
uously rotate from [100] (or [010]) to [110]
directions when the antiferroelectric state
becomes the ferroelectric state retaining an-
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tiferromagnetic structure by applying the
electric field along the c axis as same as the
previous report [4]. Under this assumption
the intensity variation at (2, 1, 0) and its
equivalent position is represented by the si-
nusoidal curve as follows:

I 1+ sin 20 sin 2w (1)

where [ is the intensity of each magnetic re-
flections, and the w is a rotation angle of
the magnetic moment from [100] or [010]
to [110]. The 6 is the angle between the
scattering vector and a axis. The rotation
angle of the magnetic moment is evaluated
from the amplitude of the sinusoidal curve.
Figure 1 shows electric field dependences
of the normalized magnetic intensities as
a function of 6 at 1.5 K. Normalized mag-

—_
[
S

netic intensities were got from intensities ‘é —=~ E=0.IMV/m
.. . e . 3 —&— E=0.9MV/m
divided by the average of intensities which = 125 = E=13MV/m
were evaluated from magnetic intensities ) \
divided nuclear intensities at same Q po- ey Lool ? t
sition. The data show a sinusoidal curve g e i
at each electric field like equation (1). The k= 7 /
amplitude increases with increase of the s 0.75¢ ¥ -
electric field, which means that the rota- =
tion angle of magnetic moment increases 2 0.5(_)45 045 90 135 130

with. From fitting the data by equation (1),
we obtained the rotation angle of magnetic
moment against the electric field at 1.5 K,
6.0 K and 6.3 K. At 1.5 K data, the rotation Fig. 1. Electric field dependences of normalized
angle is almost consistent with previous re- magnetic intensity at 1.5K.
port. The rotation angle at 6.0 K and 6.3
K was reproduced by the theoretical calcu-
lation at 1.5 K in previous study [4], even
though we apply higher electric field. This
means that the controllability of magnetic
moment is independence of temperature.
Furthermore, non-trivial field dependence
of the rotation angle of the magnetic mo-
ment was not observed.
[1] Y. Yamasaki et al., Phys. Rev. Lett. 98,
147204 (2007). [2] S. Ishiwata et al., Science
319, 1643 (2008). [3] H. Murakawa et al.,
Phys. Rev. B 85, 174196 (2012). [4] M. Soda
et al.,, Phys. Rev. B 94, 094418 (2016). [5]
T. Masuda et al., Phys. Rev. B 81, 100402
(2010). [6] A. Zheludev et al., Phys. Rev. B
68, 024428 (2003).
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Quantum spin liquid state of Thy,,Ti> 07,

H. Kadowaki?, B. Fak?, J. Ollivier?, T. J. Sato®
ADepartment of Physics, Tokyo Metropolitan University, Hachioji, Tokyo 192-0397
BInstitute Laue Langevin, BP156, F-38042 Grenoble, France
CIMRAM, Tohoku University, Sendai

Geometrically frustrated magnets have
been actively studied in recent years
[1]. These include classical and quan-
tum spin systems on two-dimensional tri-
angle [2] and kagome [3] lattices, and three-
dimensional pyrochlore-lattice systems [4].
For classical systems, prototypes of which
are the trianglar-lattice antiferromagnet [2]
and the spin ice [5], many investigations
have been performed for a few decades us-
ing a number of theoretical and experimen-
tal techniques [1]. Possibilities of quan-
tum spin liquid (QSL) states in frustrated
magnets, which date back to the theoret-
ical proposal of the RVB state [6], are re-
cently under hot debate. Highly-entangled
many-body wave functions without mag-
netic long-range order (LRO), anticipated
in QSL states, provide theoretically chal-
lenging problems [7]. Experimentally, find-
ing out real QSL substances, e.g. [8], and
investigating QSL states using available
techniques, e.g. [9], have been attracting
much interest. However, to date, nobody
has found clear evidence of a QSL state, de-
spite many trial experiments performed in
the past decade [7,9].

A non-Kramers pyrochlore system
Tb,Ti,O7 (TTO) has attracted much atten-
tion since an interesting report of absence
of magnetic LRO down to 0.1 K [10], which
could be interpreted that TTO is a QSL
candidate or quantum spin ice (QSI) [11].
On the other hand, a phase transition at
Tc ~ 0.5 K detected by a specific heat peak
suggesting a hidden LRO [12], seemed to
contradict with the QSL interpretation. We
resolved this contradiction by showing that
ground states of TTO are highly sensitive
to off-stoichiometry, i.e., x (and/or y) of
Tby 4 TizxO74y [13], and that there are
two ground states: an electric quadrupole

ordered (QO) state (x > x. ~ —0.0025) and
the putative QSL state (x < x.) [14] (Fig. 1
inset).

We now think that the QO state pro-
posed in Ref. [14] or its variant likely ac-
count for the hidden LRO of TTO. On
the other hand, the long-standing ques-
tion of “what is the putative QSL state
of TTO?” or even a simpler question of
“is it really a QSL state?” are still diffi-
cult problems for present-day experimen-
tal techniques, which are not well opti-
mized for studying QSL states. For ex-
ample, in Fig. 1 we show inelastic neu-
tron scattering (INS) spectra of TTO sam-
ples carried out at 0.1 K on IN5 and AMAT-
ERAS, which are normally known as good-
energy-resolution spectrometers [16]. The
energy spectrum of the QSL powder sam-
ple with x = —0.005 shown in Fig. 1 looks
as though there are both elastic and inelas-
tic scattering contributions. However, if
this sample is in a QSL state at 0.1 K, this
elastic scattering should be (at least partly)
inelastic scattering with a very small en-
ergy scale [17,18].

Recently we proposed to perform INS ex-
periments on x = —0.005 (QSL) and 0.005
(QO) powder samples using the extremely
good energy-resolution (AE ~ 1 ueV) spec-
trometers IN16B and HFBS, which have not
commonly been used for studies of QSL
states. Thereby, we have a good chance
to observe that the seemingly elastic scat-
tering shown in Fig. 1 is (partly) inelastic
scattering, which consequently proves that
the putative QSL TTO sample is definitely
in a QSL state at T = 0. In addition, by
simply comparing quasi-elastic spectra of
the QSL and QO samples, distinct differ-
ence due to the two ground states can be
we observed. We performed an ILL-DDT
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experiment (2018 May) of the QSL sample
using IN16B, which shows interesting ex-
perimental data. However an NCNR-QAP
experiment (2018 Aug.) of the QO sample
using HFBS was not successful owing to
large instrumental background. Now we
are waiting for another experiment of the
QO sample using DNA (J-PARC) to answer
the questions.
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Fig.1 Energy spectra S(Q,E) averaged in a wide Q-range taken using crystal samples
(x=-0.007, 0.000, 0.003) and powder samples (x = -0.005, 0.005) [16]. Inset shows
the x-T phase diagram of Ref. [15].
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Investigation of vortex lattices on non-centrosymmetric superconductor LaNiC2

M. Soda, V. Ryukhtin, P. Strunz, and H. Furukawa
RIKEN, Nuclear Physics Institute, Ochanomizu University,

Non-centrosymmetric superconductor
LaNiC2 attracts high interest in last decade
due to rather unusual nature of supercon-
ductivity. It was supposed that lanthanum
atoms participate to Cooper pair creation,
because C is non magnetic and Ni mag-
netic contribution is practically zero [1].
Although, conventional superconductors
can only have one spin states (either singlet
or triplet) due to Pauli’s principle and law
of parity conservation, superconductors
without inversion symmetry, however,
can have a mixed spin states [2]. It was
concluded from resistivity measurements
at low T that the non-centrosymmetric
compound LaNiC2 as a nonmagnetic and
weakly-correlated superconductor with
two-gap Bardeen-Cooper-Schrieffer.

We have used SANS-1 instrument installed
at PSI for vortex lattice (VL) structure
of mixed state in LaNiC2 measurements.
Magnetic field H was applied along main
crystal axes during the measurements. An-
gular scans were performed at 20 m from
sample to detector. Wavelength was set to
12 \AA or 8 \AA depending on magnetic
field value.

Structures of VL measured at H = 0.1 T is
shown in Fig. 1. The data were collected
with scanning over vertical axis by 0.2 de-
gree, summed up, and corrected by back-
ground data collected using same scan.

The observed measurements show that
vortex structure changes from triangle at
H parallel to a-axis (Fig. 1(a)) to square
lattice at H//c or H//b (Figs. 1(b) and
1(c)). One can see that VL structure is cor-
related with positioning of La atoms in
orthorhombic cell for corresponded pro-
jection. The plane with lanthanum atoms
(green spheres in Figs. 1 (d-f)) in triangu-

lar symmetry form triangular VL (Fig. 1 (a,
d)) as it was measured by H//a. In case of
orientations H/ /b, H/ /c lanthanum atoms
arranged rectangular in plane perpendicu-
lar to H (Fig. 1(e), (f)) and resulted VL struc-
tures contain four spots.

Temperature dependencies of vortex spot
intensities were measured for several mag-
netic fields in order to study important
characteristic of superconductivity: coher-
ence length, penetration depth, full gap/
nodal state and superconducting symme-
try. At this moment, we try to analyze the
data.

[1] P. Kotsanidis, ]J. Yakinthos, and E.
Gamari-Seale: J. Less-Common Met. 152
(1989) 287.
[2] V.M. Edel’stein: Sov. Phys. JETP68
(1989) 1244.
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Fig. 1. VL as measured at 1000 Oe with magnetic
field applied along main axis of LaNiC2 (a-c) and
corresponding projection of crystal (d-f).
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Investigation of magnetic ordering in high pressure phase of DyMnQOj3;

Noriki Terada(A), Navid Qureshi(B), Mechthild Enderle(B), Fabio Orlandi(C), Dmitry
Khalyavin(C), Pascal Manuel(C) and Dharmalingam Prabhakaran(D)
(A)National Institute for Materials Science, (B)ILL, (C)ISIS and (D)University of Oxford

Abstract: In the experiments, we have
succeeded in measuring the pressure de-
pendence of the magnetic k-vector and po-
larization matrices of multiferroic DyMnOs
under high pressure condition, by us-
ing the WISH TOF diffractometer and the
CryoPAD apparatus on IN20 beamline in
combination with our developed Hybrid-
Anvil-Cell (HAC). This experiment deter-
mined the pressure dependence of some
of neutron polarization matrices as well as
magnetic propagation vector up to 5 GPa.

Unpolarized and polarimetry neutron
experiments were carried out using WISH
at ISIS and IN20 at ILL. Single crystal sam-
ples of DyMnOs for both the experiments,
grown by the floating zone technique, were
cut into rectangular shapes with dimension
of 0.5 X 0.5 X 0.2 mm3 for experiments up
to 5 GPa. The crystal qualities were kept
even under pressure up to 5.0 GPa, by us-
ing glycerin as the pressure transmission
medium. The cut samples were mounted
in the HAC with the a-axis vertical, in order
to provide access to the monoclinic (0, K, L)
reflections. For the polarimetry experiment
on IN20, the incident neutrons are polar-
ized and monochromatized at the Heusler
monochrometer. The incident wavelength
1.53  was employed. A sapphire anvil
with a 2.4 mm diameter culet, supported by
MP35N was used.

In the experiment on WISH and IN20 in
July and September 2018, we succeeded in
measuring the pressure dependence of k-
vector and neutron polarization matrix up
to 5 GPa. We could observe tendency that
one of matrix elements, Pyy, significantly
changes above 4 GPa, which indicates that
Dy spin ordering gradually changes from
spiral to collinear structure. However, in
the previous experiments on IN20, due to
limitation of machinetime, I have not mea-

sured the complete set of pressure depen-
dence beyond 5 GPa.

In conclusion, we have determined the
pressure dependence of the d-vector and
polarization matrix elements. However, it
is necessary to perform additional exper-
iments to make this complete and clarify
the magnetic ordering for higher pressure
phase with the giant electric polarization in
DyMnO3.
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Fig. 1. Pressure dependence of propagation wave
number k and polarization matrix element Pyy. The
data were measured in the previous measurements
on IN20.
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Nesting features and the superconducting mechanism in Ce(Co,Rh)In5

Kanae Shinohara
Ochanomizu University

Heavy-fermion superconductor CeMIn5
(M=Co, Rh, Ir, tetragonal structure, space
group P4/mmm) has been studied to un-
derstand relationship between the mag-
netism and the unconventional supercon-
ductivity. Neutron experiments revealed
that CeColIn5 (Tc ~ 2.3 K)) shows a resonance
peak at (1/2 1/2 1/2) [1], and CeRhIn5
(TN ~ 4K) has an incommensurate mag-
netic order with a propagation vector of q =
(1/2,1/2,0.297) [2]. Mixed crystal CeRh1-
xCoxIn5 in the middle x region possesses
a commensurate magnetic order with the q
=(1/21/2 1/2), and this requests that the
superconductivity realized in the middle x
region uses a different fermi surface if they
use and that the resonance peak should
move to some other q position.

To check the q position of the resonance
peak in CeRh1-xCoxIn5 with the middle x
region, we carried out an inelastic neutron
scattering experiment. For this experiment,
we prepared a co-aligned mosaic of the sin-
gle crystals of CeRh0.6C00.4In5 with the to-
tal volume ~ 3 g with (h h 1)-scattering plane
because we expected that resonance peak
would appear in q =(1/2,1/2,1). Neutrons
with Fi = 3.8 meV and Fermi chopper speed
240 Hz were used.We measured scattering
data at 0.3 K, 2 K, 5 K, 50 K which corre-
spond to the SC + AFM phase, the AFM
phase, normal phase, nomal phase at high
temperature using for background, respec-
tively. We are now analyzing data care-
fully.

This travel was done with a financial sup-
port by ISSP, University of Tokyo. We ap-
preciate it pretty much since it could not be
done without it.
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Elucidation of tri-ubiquitin dynamics concerning about status of interaction
interfaces

Masaaki Sugiyama (A), Rintaro Inoue (A), Ken Morishima (A), Maho Yagi-Utsumi (B,
C), Methanee Hiranyakorn (B, C), Michihiro Nagao (D), Hiroshi Nakagawa (E)
(A) Kyoto University, (B) National Institutes of Natural Sciences, (C) SOKENDAI, (D) NIST,
(E) Japan Atomic Energy Agency

Ubiquitin is a small protein with 76
residues and regulates many functions
in a cell: proteolysis, DNA-repair, post-
translational modification, signal transduc-
tion and so on. The ubiquitin has a hy-
drophobic interface, and through the in-
terface, the ubiquitin makes connection
with a protein having ubiquitin-interaction
motif. The functions depend upon which
Lys-residue are used for the connection.
When Lys48 is used for the connection,
this poly-ubiquitin (K48 poly-ubiquitin)
works as a degrading index of protein in a
proteasome-ubiquitin system.

We investigated the structure and dynam-
ics of K48 di-ubiquitin (K48-di-Ub) with
NMR [1]. K48-di-Ubs are in an equilibrium
and/or has transit dynamics between open
and closed forms in solution. In the closed
form, the activity of K48-di-Ub becomes
low due to store of the interaction interface
and, therefore, this conformational change
regulates the ubiquitin functions. The aim
of the NSE experiment is to reveal an in-
ner domain motions between Ub domains
in K48-tri-Ub in the closed and open forms.
The equilibrium between the two confor-
mations is dependent on temperature; the
closed and open ones are dominant in the
higher (42 degrees) and lower (10 degrees)
temperature.

We measured NSE of K48-tri-Ub at the two
temperature of 10 and 42 degrees at about
10 mg/ml. An incident neutron wave-
length of 6 and 8 angstroms was used to
cover fourier times up to 20 ns in a g-range
from 0.06 to 0.22 inverse angstroms. Inter-
mediate scattering functions for both states
were successfully obtained. The effective
diffusion constants (Deff) were obtained by
exponential fittings at each g. Deff should

include translational and rotational diffu-
sion as well as internal domain motions.
The experimentally obtained Deffs are con-
sistent with the MD simulation derived
ones at 10 degrees (see Fig.). Based on these
results, the contribution of the internal mo-
tions can be estimated. The analysis on the
temperature dependence of the internal dy-
namics is on progress. We are trying to an-
alyze the NSE data combined with compu-
tational analysis to observe the functional
domain motions of K48-tri-Ub.

Reference:

[1] T. Hirano, M. Yagi-Utsumi, K. Kato, et
al., J. Biol. Chem., 286, 37496 (2011).
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Fig. 1. Q-dependence of effective diffusion con-
stants (Deff) from NSE experiment and MD simula-
tion (translational diffusion, translational diffusion
+ rotational diffusion + internal motion, and inter-
nal motion).
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Solvent dependence in Platonic structures of resorcinarene-based capsule

Shota Fujii, Kazuo Sakurai
Department of Chemistry and Biochemistry, University of Kitakyushu

Resorcinarene-based  amphiphiles  in-
cluding ~ C-Methylresorcinarene  and
C-undecylresorcinaren (Figure 1a) self-
assemble into spherical hexameric struc-
tures in apolar solvents such as chloroform
and benzene.[1] The pioneer work for the
characterization of the hexametric struc-
ture based on single-crystal X-ray diffrac-
tion was demonstrated by MacGillivray
and Atwood in 1997.[1] The X-ray analysis
was conducted for the single-crystal pre-
pared from nitrobenzen, which elucidated
the formation of a capsule-like structure
consisting of 6 resorcinarene units and 8
water molecules with incorporating 60 hy-
drogen bonding. This resorcinarene-based
hexameric capsule possesses high applied
potential for catalysis carriers and still gets
attention as interesting supramolecular
aggregates.[2] The structural configuration
of C-undecylresorcinarene capsule is as-
sociated with core-shell structures where
undecyl-tails are placed on the surface on
the core composed of hydrogen bonding
network and solvent molecules, which
might be categorized into reverse micelle
structures.

As mentioned above, the structure of
resorcinarene-based hexameric capsule has
been clarified by single-crystal X-ray struc-
tural analysis. Though the way is extremely
useful in elucidating the real structure in
molecular level, the greatest problem is
that the effects of environmental condi-
tions such as various temperature and sol-
vent composition on the aggregate struc-
ture are ignored when preparing single
crystals. As an alternative method for vi-
sualizing the aggregate structure in solu-
tions as it is, small angle neutron scat-
tering (SANS) is very useful and can be
conducted at the required experimental
conditions (e.g. various temperature lev-
els and solvent compositions). Atwood,

Kumari , and coworkers have revealed
that C-alkylpyrogallolarene, whose struc-
ture is almost identical with that of C-
alkylresorcinarene, forms hexameric cap-
sules with a core-shell geometry in chlo-
roform by using SANS measurements.[3]
The SANS study also have illuminated the
structure of metal-organic pyrogallolarene-
based capsules whose morphologies can
be controlled by metal ion species. In
this experiment, we investigate the sol-
vent effect on the Platonic structure of C-
undecylresorcinarene capsules using SANS
measurements.

Figure 1b shows SANS profiles of C-
undecylresorcinarene capsules in deuter-
ated apolar solvent including toluene-d8
and chloroform-d. The scattering intensity
approached to q0 at low-q region in the
both systems, indicating the formation of
spherical scatterers. The oscillation behav-
iors of the both profiles are similar to
each other, but the q value at minimum
position in toluene-d8 is larger than that
in chloroform-d, indicating a difference in
their structures. Since the inside of the C-
undecylresorcinarene capsule contains the
apolar solvent, and the large difference in
the values of SLD between the deuterated
solvents and the C-undecylresorcinarene
molecule, we employed spherical hollow
model as the fitting model where solvent
molecules are located in the core. The fit-
ting model could reproduce the experimen-
tal data, indicating the presence of sol-
vent molecule in the capsule core. The size
of the solvent pool in the capsule core in
chloroform-d is almost consistent with re-
ported value. However, it is relatively large
compared to that in toluene-d8, which in-
dicates the difference in the network struc-
ture through the hydrogen bonding among
the hydroxyl groups in resorcinarene moi-
ety and water molecules in each apolar
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solvent. In toluene-d8, the full-stretched
length of resorcinarene molecule (1.6 nm)
almost agree with that of shell thickness
while the shell thickness in chloroform-d is
smaller than the actual molecular size. This
presumably suggests that the alkyl chains
are flexibly mobile in the hexamric struc-
ture and efficiently cover the capsule core
to minimize the interfacial free energy be-
tween the capsule core and the outer sol-
vent.

[1] Leonard R. MacGillivray et al. Nature,
1997, 389, 469?472

[2] Qi Zhang et al. Acc. Chem. Res. 2018, 51,
2107 — 2114

[3] Harshita Kumari et al. J]. Am. Chem.
Soc., 2011, 133, 18102718105
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Fig. 1.  Figure 1. (a) Chemical structure of
C-undecylresorcinarene. (b) SANS profiles of C-
undecylresorcinarene capsule. The red curves were
calculated using spherical hollow model whose
cross-sectional images are inserted.
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Elucidating hydration state of poly (propylene oxide) in the glyco polymer vesicle
membranes by SANS measurement.

Tomoki Nishimura
Kyoto University, Graduate school of engineering, Department of polymer chemistry

We have recently developed intrinsically
permeable polymer vesicles based on
maltopentaose-b-poly(propylene  oxide)
block-co-polymers (Figure 1a).[1] In aque-
ous solution, the polymer self-assembles
into unilamellar vesicles. In contrast to
other vesicles, the vesicles show molecular-
weight-dependent molecular permeability.
Low-molecular-weight compounds (< 5 X
10"3 g/mol) diffuse into the vesicles. We
also proved that the permeability is due
to the partition of solute molecules into
the polymer membrane. Accordingly, we
hypothesized that this permeation should
be ascribed to the weakly hydrophilic
nature of the PPO block. Specifically, the
degree of hydration of the PPO layer in the
membrane should contribute to facilitat-
ing the partition and, therefore, enhance
molecular permeation.

To determine the degree of hydration of
the PPO layer in the membrane, we previ-
ously used SAXS measurements in a pre-
liminary study to obtain the corresponding
electron-density profile using a theoretical
fitting equation from a bilayer membrane
model. The model fit of the SAXS data was
consistent with an electron density of the
hydrophobic layer (330 e/nm"3) that is al-
most identical to that of solvent (H20; 334
e/nm"3). Given that the electron density of
PPO is comparable to that of H20O, the de-
gree of hydration in the PPO layer cannot
be quantified using SAXS measurements.
We therefore proposed to subject
carbohydrate-b-PPO vesicles to SANS
measurements in order to quantify the
degree of hydration of the PPO layer in the
polymer-bilayer membranes of such poly-
mer vesicles. Figure 1b shows SANS profile
from maltopentaose-b-poly(propylene ox-
ide) block polymer vesicles in D20. The
scattering curve showed a slope of -2 at

low q region, suggesting the presence of
thin plate structure. To gain further struc-
tural information, the scattering curve was
fitted with the bilayer membrane model,
which provide information on a bilayer
cross-sectional structure. The model fits
the SAXS data almost overall g-range and
is consistent with a hydrophobic layer
thickness of 9.3 nm, hydrophilic layer
thickness of 2.0 nm, SLD of a hydrophobic
layer (PPO layer) of 1.0 X 10”10 cm”-2 and
SLD of a hydrophilic layer (maltopentaose
layer) of 6.4 X 1010 cm™-2 (Figure 1c).
The size of hydrophobic and hydrophilic
segment was identical to the data obtained
from the previous SAXS analysis. It should
be noted that SLD of the PPO layer was
much higher than theoretical SLD value of
PPO (3.43 X 109 cm™-2). This difference
can be attributed to the hydration of PPO
with D20. To obtain volume fraction of
D20 in PPO layers, we assumed that all the
entire polymers are included in the bilayer
region of the vesicles. We also imposed the
hydrophobic layer is composed of all the
PPO group and of a small amount of D20.
Based on these assumptions, we are able to
calculate the volume fraction of D20 in the
PPO layer by using following equation.

0 _core=y_core p _ppo+(1l-y_core) p D20

, where p _core, p _ppo, p_D20O, ycore is
experimental SLD value of PPO layer, the-
oretical SLD value of PPO, theoretical SLD
value of D20, and volume fraction of PPO
in the hydrophobic layer, respectively. The
volume fraction of D20 in PPO layer was
calculated to be ca. 11% by above equa-
tion. More interestingly, in the presence
of kosmotropic salt such as Na2504, the
SLD of hydrophobic layer was decreased
to 55 X 10”10 cm”-2, indicating that the
degree of hydration in the hydrophobic
layer reduced. Since the degree of hydra-
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tion would affect on the molecular per-
meability as mentioned above, the rate of
molecular permeation would be controlled
by changing external environment.

In summary, we conducted SANS
measurements of maltopentaose-block-
poly(propylene oxide) in D20. We suc-
cessfully obtained a clear evidence for the
hydration of the hydrophobic PPO layer
in the polymer bilayer membrane and
were able to quantify the volume fraction
of D20 in PPO layer. To the best of our
knowledge, this is the first observation
showing the hydration of hydrophobic
layer in polymer bilayer membranes.

[1] T. Nishimura, Y. Sasaki, K. Akiyoshi,
Adv. Mater., 2017, 29, 1702406
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Figure 1 a) Chemical structure of maltopentaose-b-PPO, b) SANS profile of
maltopentaose-b-PPO vesicles and a theoretical curve from the bilayer membrane
model, ¢) SLD profile of maltopentaose-b-PPO vesicles
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Fig. 1. a) Chemical structure of maltopentaose-b-
PPO, b) SANS profile of maltopentaose-b-PPO vesi-
cles and a theoretical curve from the bilayer mem-
brane model, ¢) SLD profile of maltopentaose-b-
PPO vesicles
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Distribution of Additives in Ordered-Bicontinuos-Double-Network Structure
Formed in Block Copolymer Systems Revealed by Small Angle Neutron Scattering

Katsuhiro Yamamoto(A), Tsukasa Miyazaki(B), Isamu Akiba(C)
(A)Nagoya Institute of Technology, (B)CROSS, (C)The University of Kitakyushu

Introduction. It is well known that block
copolymer forms several periodic net-
work structures due to phase-separation
with nanoscale features. Well-defined net-
work nanostructures have been expected
to be utilized as hybrid porous filtration
membranes, photonic crystals, and opti-
cal metamaterials, etc. There are two types
of defined bicontinuous network struc-
ture in a block copolymer: gyroid (Gyr)
and Fddd. Gyr is constructed from 3-
fold nodes connected with Ia3d symme-
try, whereas Fddd also has 3-fold nodes
but has an orthorhombic unit cell. Recently,
an ordered-bicontinuous- double-diamond
(OBDD) structure which is constructed
by 4-fold nodes connected with Pn3m
symmetry was discovered in syndiotactic
polypropylene(sPP)-polystyrene(PS) block
copolymer [1,2]. The reason why the OBDD
in this copolymer was thermodynamically
stabilized was that the higher packing frus-
tration of block copolymer chains in nodes
was relaxed due to the existence of the
population of helical segments of sPP. We
also discovered OBDD structure in PS-
b-polyisoprene(PI) (PS-b-PI) blended with
PI. OBDD structures in Block copolymer
(BCP)/HP systems was theoretically pre-
dicted [3,4] and experimentally observed
[5]. Pure BCP melt never forms OBDD ex-
cept for those with a favored helical confor-
mation of sPP as mentioned above. How-
ever, in a BCP/HP system, the addition of
the HP may reduce the frustration due to
localization of the HP in the nodes, which is
likely to occur when HP is longer than the
identical chain in a BCP. The localization
of the HP at the specific site is the key to
understand the stabilization of OBDD. We
aim to elucidate this point experimentally.
SAXS experiment for such a system gives
only morphological information, i.e., emer-

gence of the OBDD. On the other hand,
SANS expectedly gives not only morphol-
ogy but also information of the distribu-
tion of the HP added when deuterated HP
is used. We expect that the SANS profile
will be very different from SAXS one if the
added deuterated HP is located in specific
sites.

Experimental. PS-b-PI (Mn,PS = 32800,
Mn,PI = 18500, Mw/Mn = 1.03, volume
fraction of PS = 38.6 vol%, NMR) syn-
thesized by anionic polymerization. Fully
deuterated PI (dPI) (Mn = 20,000) was
purchased from Polymer Source Incorpo-
ration. Block copolymer PS-b-PI and ho-
mopolymer dPI were mixed in toluene
and blended film samples were made from
slow casting at 25 degree C for a week.
Dried film samples were further dried at
140 degree C in a vacuum oven for 72 h.
The films were cut into diameter of 1.5 cm
and thickness of 0.5 mm. Blend ratios of dPI
relative to PS-b-PI was 15, 20, and 25 wt%.
Chain length ratio of BCP to dPI and the
blend ratio was chosen to be form ordered
double diamond network structure, which
was predicted in literature [3,4] and our
previous work [5]. SAXS and SANS mea-
surements were conducted at BL10C (wave
length of X-ray 0.Inm, camera length 3
m) in Photon Factory KEK (Tsukuba) and
at BILBY (time-of-flight) in ANSTO (Aus-
tralia), respectively.

Result and Discussion. Figure 1 shows
SAXS and SANS profiles of PS-b-PI/dPI
with a blend ratio of 25wt%. SAXS pro-
file of the original PS-b-PI was also indi-
cated in Figure 1. Original PS-b-Pl indicates
a hexagonally packed cylindrical morphol-
ogy. As dPI was blended in PS-b-PI, the
morphology changed to others depending
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on the blend ratio of dPI. When the blend
ratios of 15 and 20 wt%, the microphase
separated structure was Gyr. At higher the
blend ratio, the morphology was the cylin-
ders with a larger lattice constant. (the pe-
riodicity became large). SANS profiles also
indicated the identical structures observed
in SAXS. In the case of blend ratio of 15 and
20 wt%, the difference in scattering profile
between SAXS and SANS was small, in-
dicating dPI was distributed uniformly PI
domain. On the other hand, the significant
difference was clearly observed at blend ra-
tio of 25 wt%, e.g., the intensity of the first
order peak in SANS was relatively smaller
than that in the SAXS. This difference can
be interpreted by taking into account for
homopolymer distribution in the PI do-
main. Chain length of dPI was larger than
that in BCP, meaning the “dry-brush” sys-
tem. The dPI can be distributed preferen-
tially in the core-region of the PI domain.
SAXS and SANS profile were fitted with
calculation (paracrystal distortion theory)
of cylindrical model as shown in Figure
1 for the PS-b-PI/dPI (25wt%) sample. As
for pure BCP, the estimated volume frac-
tion of cylindrical domain was 33.3 vol%
that is slightly deviated from the value es-
timated from NMR because of a larger er-
ror in NMR. In the blend system, the ra-
dius of the cylinder obtained in SANS fit-
ting was found to be smaller than that in
SAXS. Based on the volume fraction (40
vol%) of cylinder obtained from SAXS af-
ter blending, added dPI was mostly dis-
solved in PI domains. In the SANS mea-
surement, the scattering contrast between
deuterated region and hydrogenated mate-
rials is enhanced. Thus dPI distributed re-
gion was shown up. Thinner cylinder indi-
cates the dPI should distribute in the core
of the PI cylinder. From the value of the
volume fraction of thin cylinder, most of
the dPI was located in the core-region. Un-
fortunately, we did not get morphology of
OBDD. This may be caused by inappro-
priate chain length ratio of dPI to BCP for
forming the OBDD.
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Fig. 1. SAXS (symbols) and SANS (lines) profiles
of PS-b-PI/dPI with dPI blend ratio of 25wt% and
PS-b-PI. The solid lines were obtained from the cal-
culation. Blue lines indicate the form factor of the
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Investigation of Microscopic Structural Changes in Poly(oligo-ethylene glycol
methyl ether methacrylate)-Based Hydrogels

Takuma Kureha, Xiang Li
The Institute for Solid State Physics

Polymer hydrogels are soft and water-
swollen materials. Physicochemical prop-
erties, such as polarity and softness of gels,
can be changed greatly by the stimuli-
responsiveness of hydrogels, which make
hydrogels promising materials for the
advanced applications, including con-
trolled uptake/release and actuators. More
recently, poly(oligo-ethylene glycol methyl
ether methacrylate) (POEGMA)-based
polymers have been developed as a new
type of thermo-responsive polymer (Lutz
et al., Macromolecules 2006, 39, 893-896.).
They offer a potential alternative to the use
of thermo-responsive polymers and PEG
for a design of hydrogels for biomedical
applications.

However, to the best of our knowledge,
very few studies have been reported on
the physical properties of POEGMA-based
gels, especially for the volume transi-
tion during changes in temperature. So
far, we have investigated the dynamics
of POEGMA-based gels by dynamic light
scattering (DLS) (Kureha et al., Macro-
molecules 2018, 51, 8932-8939). Here, the
formation mechanism of hydrophobic do-
mains in the gels was investigated from the
slow mode in the correlation functions. The
hydrophobic domains composed of poly-
mer aggregation grew in the gels by rising
temperature and they were copolymeriza-
tion ratio dependent. The domain forma-
tion was suppressed as the copolymeriza-
tion ratio of the longer side chain was in-
creased.

In this study, in order to investigate the do-
main formation mechanism in the molec-
ular level, we carried out a systematic
study of network structural changes in
POEGMA gels by small-angle neutron scat-
tering (SANS) as a function of temperature.

SANS results of POEGMA gels show the
peak (Fig. 1), which correspond to the char-
acteristic distance between the hydropho-
bic domains. Moreover, with increasing
temperature, the scattering contribution of
the peak was gradually decreased, suggest-
ing that the correlation of the distance be-
tween domains disappeared because the
heterogeneity of the polymer network was
increased due to the growth of domain.
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Fig. 1. Temperature dependence of SANS profiles of
POEGMA-based gels.
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Structural Characterization of DNA-module gel by Small-Angle Neutron Scattering

Masashi Ohira, Xiang Li, and Mitsuhiro Shibayama
The Institute for Solid State Physics, The University of Tokyo

Physical gels such as gelatin gel or agarose
gel, which exist generally like natural ma-
terials, are used in various fields, such
as food, industrial and medical applica-
tions. They are composed of polymer net-
works crosslinked with physical bonding
such as hydrogen bonding, Coulomb ’ s in-
teraction or hydrophobic interactions. In
conventional chemical or physical gels, it
is restricted to control the polymer net-
work of physical gels due to the random-
ness of crosslinking (branching) and the
network structure became very heteroge-
neous. However, by a simple strategy, just
mixing two mutual four-arm polyethylene
glycols carrying reactive end-groups to-
gether, the network will be homogenized
because the branching point in each tetra-
PEG macromer is uniformly distributed in
the network (Figure 1). Our previous SANS
study has proved the excellent homogene-
ity of networks of tetra-PEG gels.

Recently, we have applied the strategy of
tetra-PEG gel into physical gels by mod-
ifying the chemically reactive end-group
on each arm of tetra-PEG to a physically
reactive end-group: sense and anti-sense
single-stranded DNA (Figure 1). Because
of the high specificity of hydrogen bind-
ing between two complementary DNA,
the reproducible sol-gel transition was ob-
served by rheological measurement. We
carried out small angle neutron scattering
with Quokka at ANSTO to investigate its
thermo-dependency of the structure. In the
previous study, the data is a bit compli-
cated because it contains both PEG and
DNA information. In this proposed experi-
ment, in order to focus PEG polymer and
DNA crosslinkers exclusively and obtain
more accurate information about PEG and
DNA structural change such as associa-
tion and dissociation of double-helix along
with the sol-gel transition. Thus, we inves-

tigated this gel with SANS measurement
with a contrast matching technique.

The SANS measurement result is shown in
Figure 2. With elevating temperature, scat-
tering intensity becomes bigger but SANS
profiles do not change clearly at the sol-gel
transition point (Tgel ~ 60 °C) and the melt-
ing point of double-stranded DNA. There-
fore, this gel has a homogenous structure.
Additionally, the SANS profile does not
have hysteresis.

I(g) [nm"]

Fig. 1. The SANS profiles of DNA-module gel at
various temperature
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Length dependent effect of added alkane on fluidity and inter-leaflet coupling of
lipid membranes

Hatsuho Usuda!, Mafumi Hishida!, Elizabeth Kelleyz, Michihiro Nagao3
'Dept. Chem. Univ. Tsukuba, 2NIST Center for Neutron Research, 3Dept. Phys. Indiana Univ.

[Background] In biomembranes, vari-
ous kinds of small organic molecules, such
as sterols and fatty acids, regulate the phys-
ical properties of lipid bilayers to main-
tain cell functions. One of the typical ef-
fects of these organic molecules is on mem-
brane fluidity, which has long been an im-
portant topic in biomembranes. Studies
in biologically relevant systems have sug-
gested that membrane fluidity affects var-
ious cell functions, such as enzyme activ-
ity, transport process, hormone action, and
immune response. [1] Not only the bi-
layer’s fluidity itself but also the dynamic
coupling/decoupling of the outer and in-
ner leaflets of bilayers is possibly controlled
by such small organic molecules. However,
the effects of small organic molecules on
the bilayer fluidity and the inter-leaflet cou-
pling have not been fully understood.

The inter-leaflet coupling is known to
connect the elastic bending modulus, «,
and the area compressibility modulus, Ka,
in a thin elastic sheet theory. [2] As ex-
plained more in detail in the following sec-
tion, recent neutron spin echo (NSE) stud-
ies start to measure both ¥ and K, in-
dependently by measuring both bending
and thickness fluctuations in a lipid bilayer.
[3/4]

In this experiment, we investigated the
effect of small organic molecules on the
membrane fluidity utilizing NSE. We used
synthetic lipid bilayers with n-alkanes. The
effects of n-alkanes on the phase behav-
ior, the bilayer structure, and its elasticity,
have been extensively studied by us. [5,6]
Change in the phase behavior of the lipid
bilayers strongly depends on the alkane
length.[5] We speculated that the mem-
brane fluidity also relates to the intermolec-
ular force in the membrane. For the sys-
tematic understanding of the effects of var-

ious organic molecules on the membrane
properties, the alkane length dependence
of the membrane fluidity will be an ideal
system to explore.

[Methods] The NSE technique has
been traditionally used to determine mem-
brane’s elastic bending modulus, x. How-
ever, the recent development of mem-
brane theories and experimental tech-
niques started to shed light on more de-
tailed membrane properties. [7,8]

Recently, thickness fluctuations in lipid
membranes have been successfully mea-
sured using NSE, [3,4,9] and this technique
was shown to be potential means to ac-
cess 3, which characterizes the inter-leaflet
coupling. [4] The bending fluctuations
have been modeled by Zilman and Granek
[10] as the intermediate scattering function
decays following a stretched exponential
function with a stretching exponent of 2/3.
The decay rate I'(g), where g is the momen-
tum transfer, follows g° for bending fluctu-
ations, while the thickness fluctuations are
seen as a peak in I'(g)/g> with an underly-
ing g°> dependence as follows: [4]

T _ 00069,/ BT kel |
q ko

where the first term indicates the contribu-
tion from the bending fluctuations and the
second term represents the thickness fluc-
tuation contributions. # is the solvent vis-
cosity, Trr represents the relaxation time for
the thickness fluctuations, gy denotes the
peak location in T'/4® representation which
is identical to the dip location of the bi-
layer form factor measured by SANS, and
¢ indicates the half width at half maximum
(HWHM) of the Lorentz function. The frac-
tional change in the thickness, oy, is ex-

(Treqg) !
1+ (q — q0)%¢>
1)
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pressed as 0, = Ah/h = 2(qo&)~!, where
h represents the bilayer thickness. Neglect-
ing changes of the molecular volume, ¢y, is
compensated for by the fractional change
in the area, oa, as (7][21 = (Ti, and a sim-
ple statistical mechanical relation connects
area compressibility modulus K and oy, as
Ky = kgT/ (rﬁAo. [4,11] Therefore, the mea-
surement of the thickness fluctuation am-
plitude yields to estimate K5. On the other
hand, in a thin elastic sheet theory, a re-
lation between x and K, is formulated as
Ka = Bx/d?, where d is the thickness of
the hydrocarbon region of the membrane.
[2] These two independent measure of x
and Ky by the bending and thickness fluc-
tuations, respectively, allows one to esti-
mate a change in g if any.

[Results] We have performed an NSE
experiment on the NGA-NSE and SANS
experiment on the NG7, NIST, using di-
palmytoylphosphatidylcholine (DPPC) bi-
layers with and without alkanes. We
measured the cases for n-octane (C8), n-
decane (C10), n-dodecane (C12) and n-
tetradecane (C14). We independently mea-
sured the bending and thickness fluctu-
ations by using protiated and alkanes in
D, O for the bending fluctuations, while the
thickness fluctuation measurements were
performed by employing tail-deuterated
DPPC, deuterated n-alkanes and D,O.

As the alkane length increased, ¥ became
lower, which means that the membrane be-
came more flexible. This trend is very inter-
esting considering SANS results indicating
that membrane thickness increases with in-
creasing the alkane length. The thickness
change is also supported by the results of
thickness fluctuations (Fig. ??). The peak
derived from thickness fluctuation shifted
to lower-g with increasing alkane length.
x should be larger as membrane thickness
becomes larger if the membrane viscosity
and molecular volume are not changed by
the incorporation. Therefore, the decrease
in x suggests the possibility of changes in
them. As peak width ¢ is inversely propor-
tional to thickness fluctuation amplitude

49

(0, = 2(go&)~ 1), the observed increase in
¢ indicates that the thickness fluctuation is
suppressed by n-alkanes. The results also
show the alkane length dependence of ¢.
It is possible that shorter alkane changes
the membrane structure or viscosity more
largely, resulting in the larger suppress.
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Fig. 1. T'(q) /> for DPPC with and without alkanes
(C8 C10, C12 and C14). Red diamond: our unpub-
lished previous result. Black diamond: result from

[4].
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Investigation of Microscopic Structural Changes in Poly(oligo-ethylene glycol
methyl ether methacrylate)-Based Hydrogels

Takuma Kureha, Xiang Li
The Institute for Solid State Physics

Polymer hydrogels are soft and water-
swollen materials. Physicochemical prop-
erties, such as polarity and softness of gels,
can be changed greatly by the stimuli-
responsiveness of hydrogels, which make
hydrogels promising materials for the
advanced applications, including con-
trolled uptake/release and actuators. More
recently, poly(oligo-ethylene glycol methyl
ether methacrylate) (POEGMA)-based
polymers have been developed as a new
type of thermo-responsive polymer (Lutz
et al., Macromolecules 2006, 39, 893-896.).
They offer a potential alternative to the use
of thermo-responsive polymers and PEG
for a design of hydrogels for biomedical
applications.

However, to the best of our knowledge,
very few studies have been reported on
the physical properties of POEGMA-based
gels, especially for the volume transi-
tion during changes in temperature. So
far, we have investigated the dynamics
of POEGMA-based gels by dynamic light
scattering (DLS) (Kureha et al., Macro-
molecules 2018, 51, 8932-8939). Here, the
formation mechanism of hydrophobic do-
mains in the gels was investigated from the
slow mode in the correlation functions. The
hydrophobic domains composed of poly-
mer aggregation grew in the gels by rising
temperature and they were copolymeriza-
tion ratio dependent. The domain forma-
tion was suppressed as the copolymeriza-
tion ratio of the longer side chain was in-
creased.

In this study, in order to investigate the do-
main formation mechanism in the molec-
ular level, we carried out a systematic
study of network structural changes in
POEGMA gels by small-angle neutron scat-
tering (SANS) as a function of temperature.

SANS results of POEGMA gels show the
peak (Fig. 1), which correspond to the char-
acteristic distance between the hydropho-
bic domains. Moreover, with increasing
temperature, the scattering contribution of
the peak was gradually decreased, suggest-
ing that the correlation of the distance be-
tween domains disappeared because the
heterogeneity of the polymer network was
increased due to the growth of domain.

10

Ag)/ em
Q00000 QOQ0

s 2
0.01 0.1
g/ J.\.l

Fig. 1. Fig.1. Temperature dependence of SANS pro-
files of POEGMA-based gels.
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA PR RS BL (2 4F) HEERS REES £E FIREEE REREFRE REREKA iz
1 I D23 HEAS 1% R & | 08 5G  |[RAFITA/UIMIB0ADBHEBEERIHFBRERIIDE HEAE EEIL £ | 2012.0622-06.29
2 ILL FIGARO AMKE D2 B | oo | G123 [RABALEMULESTFREORERE AINKZE Mt = | 201207.07-07.12
3 ISIS Let RRERKZE HHIR #=E PR 12573 c1-1 [Cu2(bza)d(py2)Inl=$ 1+ HRFEE RS FDHS AR REKF EHH & 2012.05.17-05.26
4 ISIS Let HREAF B EFA & 12573 c1-1 [Cu2(bza)d(py2)Inl= 1+ HRFEF RS F DHS AR REKF EHH & 2012.05.17-05.29
5 | ANSTO ECHIDA HERIEKRE D3 EX s 12723 fth T1-3 A —E B4 TBBRHBHORBSEELFEN 1 HREI¥KRE J\E IEAN 2012.05.09-05.17
6 ILL D11 BRDKEFRE iz CIUNr s 12581 c1-2 P RIRIEEBaFe2(AS P2 DHIRIAR BRODKEFKRE wl [&DF | 2012.06.24-06.29
7 ANSTO ECHIDA RRIZEKRY M2 RE X# 12723 fth T1-3 T —EBR=A TBBRHHORBSEELFENS REIEXRE J\E IEAN 2012.05.09-05.17
8 | ANSTO TAIPAN HitK% HEHIR BE & 12539 6G FHT R L IPr2-xCaxCuO4I= B+ BRSO R —LE—TH R RKZE BmEH £& 2012.05.29-06.05
9 | ANSTO TAIPAN BN D1 i’ @z 12539 6G FHT BB L IPr2-xCaxCuO4I= B+ BRSO R —LE—TH R RKZE BEH £& 2012.05.29-06.05
10 ILL IN5 G2 P B BE | e | C3-1-1 [KEACKL—bORo A LiRGER HEAY WE ¥ | 2012.07.26-08.02
11| ANSTO ECHIDA REKRZE B Ik HAR 12700 T1-3 BEBERTHERED(Ba SHFe03DHIS ik L1RE RO EH REKRZE (=41 2012.06.27-07.04
12 | ANSTO ECHIDA REKRZE D3 Wiz BEX 12700 T1-3 BEBERTHEED(Ba SNFe03DHS ik L1RE RO EH REKRZE (=41 2012.06.27-07.04
13| FRM-II PUMA HitK% M2 B it 12540,12680 6GTI-2 |RE&RMEEEMNISIZEITHEBRE R RilKZE FE AL 2012.09.02-09.11
14 | FRM-II PUMA iKX= B ER WA 12540,12681 6GT1-2 |RMAMMEEEMN3SICHHEEBRERIE RilKZE FE AL 2012.09.02-09.11
5] 1L IN5 BB A ] WE BF | o | 3171 |[BEATEABRIULS I OKEEOT AR HERERAY LE HF | 2012.07.23-08.03
16 | HANARO 4CD BN M2 Hil EE 12730 T2-2 TLF IOV EBIEOMN2050 E hFRHMEKE SRH BN RKZE AW Rz 2012.06.14-06.19
17 | HANARO HRPD BN M2 e B 12701 T1-3 B&RTILFITALYR(1-x)BiFe03-xPbTIO3MMPBIR 5 0 ik & & L B S M RKZE AW Rz 2012.06.03-06.09
18 | HANARO 40mSANS RREKZE D2 H BE 12597 c1-2 REGEEEIERT STetras L OIEERH REKE BEH RE 2012.07.08-07.14
19 | HANARO 40mSANS HEAF M2 B’X B 12606 c1-2 B BISANSIRIZ R BA 1A D7 ML RIS AH =X LR REKRZE il FEah 2012.07.08-07.14
20 ILL IN5 BHHBRFERER HHIR Pl IREA (st';gg;%gg) c1-1 BFREVTAIROHE BHEHRERR PR TRBA 2012.09.25-10.01
21 1L IN14 O e B8 MY | ooieee | ClF1 [EMRENHEOBEEEHCSIOMTRIE WA F% HX | 20121021-1031
22| ANSTO ECHIDA REKRZE D3 Wiz BEX 12699 T1-3 BRBRESALSTEARMEILY REKRZE (=41 2012.10.24-10.29
23 ILL IN11 BEKZE iz o #5 12629 C3-1-1  |EHEM/ N\ATYIRAYR—SRIYAIZBLADIKEAR/ — LD AFIIR B XE R #%E 2012.10.22-11.04
24 | HANARO HRPD HREIEKRE M2 ®F BEA 12723 fth T1-3 SO —EER-ATHBRAMMOBREELSEN 1t REIEXRZ J\E IEAN 2012.11.21-11.26
25 [ HANARO HRPD HRIZK® M2 | K 12723 fth T1-3 SOU—EBRATBMBRHBOBSEELFEN 1 REIEXR? J\E IEAN 2012.11.21(#£ %)
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA PR RS BL (2 4F) HEERS REES ®E RIRRES REREFRE REREKA iz
26 | HANARO 40mSANS EIH MEE 25 E—H 12596 ci1-2 REFEHEOBEES ZREEMH B a8 5 | 20121202 ()
27 PSI TriCS RIRERKZE HIIHMRA R BA 12694 T1-3 #—RTTE TS AL —S 3 HEERSrCo2v208M d i F AT REKE R KA 2012.10.20-10.27
28 L D33 BEOKEFARE Hiz H (D= ggg; c1-2 ﬁ?fEﬁ?&ﬁ%ﬁﬁgfﬁgﬁﬁmmam BREOKEFRE T E5% | 2012.1202-12.13
29| FRM-I TOFTOF HRAS B B BRT 12626 Ca-1-1  [WOMNbde ®) (WoFe, Al bdesterenhthalate, RENH2 OH(COOMBALAS F OB REAZ H0 & | 2013.0203-02.12
30| FRM-I TOFTOF HRAZ M1 B 12626 Ca-1-1  [WOMNbde ®) (WoFe, Al bdesterenhthalate, RENH2 OH(COOMBALAS F OB REAZ H0 & | 2013.0203-02.12
31 ISIS IRIS REXZ B o BREKF 12632 C3-1-1  |#BRERRE/IHTEKOLAFIIR HRERKZ IWE & 2013.02.17-03.11
32 ISIS IRIS RRERKRZE HEHIR W= % 12632 C3-1-1  |#BRERRE/IHTEKOLAFIIR HRERKZ IWE & 2013.02.28-03.11
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA TR B (2 5) HEERS REES £E FIREEE REREFRE REREKA iz
1 NIST HFBS HREAF iz IE % 13620 C3-1-1  [H2-SF6/\ARL—FhDKFEDILESF 1F35R REKE WA FKF | 2013.05.28-06.11
2 NIST HFBS HRKF B# o BRT 13620 C3-1-1  [H2-SF6/NTRL—FHhDKFEDILES 1352 RRERKF HF FRKRF | 2013.05.28-06.11
3 | HANARO SANS AHBRKRE HHIR mE ¥& 13604 ci1-2 HUBEETIBRESFOBREPOIL T A=y AEEBRRE B & 2013.06.02-06.05
4 | HANARO SANS AHBRRE D1 1B s 13604 c1-2 HUBEETIRABED FOBRP DIV T A—ay AEEBRRFE B & 2013.06.02-06.05
5 | ANSTO ECHIDNA RRIEKRE M2 s B— 13679 T1-3 FRAANBOAR R E L DR A AV RHEDHEREE LA AV IRERBEORY RRIEKRZF B ZFAE | 2013.06.06-06.14
6 | ANSTO ECHIDNA HERIEKRE M2 LA F&EH 13679 T1-3 HRANBOAREEE L DR A (A VEEADREHEL A+ U EERHEORHA HEIEKRE B ZAER | 2013.06.06-06.14
7 | HANARO 40mSANS RIRKZE D2 HEH mE 13596 c1-2 PR B BB AR A2 ) OHERRAT REKE el FE8h 2013.06.30-07.06
8 | HANARO 40mSANS RIRKZE M2 ®H 28 13596 c1-2 PR B BB AR A L) OISR REKE el FE8h 2013.06.30-07.06
9 PSI SINQ TASP BRKE B EEH & 13532, 13570 | 5G, C1-1  |A2C0Si207(A=Ca and Ba)l=$+3TLYrOTY /v HEAS 5@ B 2013.08.25-09.04
10 PSI SINQ TASP BRERKRZE M1 A FE 13532, 13570 |  5G, C1-1  [A2C0Si207(A=Ca and Ba)l=$ (13 IL4rORY /> E PN EEH B 2013.08.25-09.04
11| HzB E4 HRER A M2 EE W% 12058 TIH A R R MR i e RRER A BE Hi£ | 201300.17-1006
12| HzB E4 RRER AL M1 BiR WA 12058 TIH R R e R MR i e RRER A BE HiE | 201300.17-0024
13| ORNL SNS NSE ES PN iz S FEEh 13612 C2-3-1  |Tetra-PEG 47424 JL -\ RO4 L DB IZE B D ARHT RRERKF gl FE5A 2013.08.12-08.19
14 ORNL SNS NSE RRERKZE M2 ®H 28 13612 C2-3-1  |[Tetra-PEG 1A L4 L NAROS L OBIRIZB D FRAT REKZE el FE8h 2013.08.12-08.27
15 | HANARO HRPD HRIEKRE % B FXH 13699 T1-3 HBFRBREERALAA TGRSV DR E LA A IR HRI%KRE AN | 2013.07.14-07.20
16 ORNL SNS CNCS RREKZE HHIR #E PR 13531,13569 | 5G, C1-1 |hTAM&F - A FHIEHRYBaCodOTDHS I HEAY kE5HE B 2013.08.21-08.27
17 ORNL SNS CNCS REKF B EFA & 13531,13569 | 5G, C1-1 |hTAM&F A FHIEHRYBaCodOTDHS I E 3PN k5@ B 2013.08.18-08.24
18 PSI SANS-1 BRDKEFRE iz wml (&3F 13578 c1-2 FIAERE RIS T BCeMIn5S(M=Co, NDHENDHEHRETO RS BRODKEFKRE wl [EDF | 2013.09.04-09.18
19 PSI SANS-1 BRDKEFRE D2 8 WEF 13578 c1-2 FIRAENREHBIZH 1+ SCeMIn5(M=Co, NDHE DB KEFORE BRODKEFRE @l [EDF | 2013.09.04-09.19
20 LB 612 Rox AR BIE MR | 1055 13702 | 011 100 [Dvreematio B AR AR R E RS R RALX BE R 2013101271021
21| ANSTO ECHIDNA RREKZE D1 B %X 13559 c1-1 REY - RTT 4T OBE REKZE IHH R 2013.10.06-10.14
22| ANSTO ECHIDNA ES N2 M1 HE ME 13559 c1-1 REY 2T T4y A DR REKE IHH R 2013.10.06-10.14
23 ISIS OSIRIS BERBKF B FE XF 13615 C3-1-1  |GeTe RIS LMEHIRFHEEL BESBKE FE X | 201309.29-10.10
24 ISIS OSIRIS JAEA FEMEE MRER s 13615 C3-1-1  |GeTeR MR & BRI R F LK BEEZRKE FE X% 2013.09.29-10.10
25 ORNL |HFIR GP-SANS| HEDKEXFKZE D2 8 WEF 13576 C1-2 ZRIRER DN BIZEIRDAYH IV REF OER BRODKEFRE @l [&DF | 2013.10.07-10.14
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA PR RS BL (2 4F) HEERS REES £E FIREEE REREFRE REREKA iz
26 | HANARO FCD Rilk= 6 H Bz 12730 T2-2 TLF IO VY EBIEOMN2050 E hFRHMEKE SAH BN RKZE AW Rz 2013.11.04-11.14
27 NIST BT-7 BHHBRFERR B mE A 13558 ci-1 EFREVTIROHE BHEHRERR Pk TREA 2014.01.26-02.03
28 | HANARO 18mSANS MAEERE B Ra E—# 13589 c1-2 REFEEOBEES ZREE MR M AEERE a8 5B | 2013.12.19-1222
29 | HANARO 18mSANS MR RE M2 K Ef 13589 c1-2 REFEEOBEES ZREEMH M AEERE a8 58 | 2013.12.19-1223
30| FRMI TOFTOF KBRKZE HHIR &F X8 13617 C3-1-1  [FRMBAFORFED~DORBEBER _MEREOLE KBRKZE &F X# 2014.01.15-01.25
31 NIST HFBS LN 6 IE % 13627 C3-1-1  |BAMERMES FMIL-551=513TOMATES 1 FI5R REKZE IE & 2013.12.01-12.10
32 NIST HFBS HRKE M2 = 13627 C3-1-1  |SAMERMES FMIL-551=513TOMATES 1 FI5R REKZE ILE & 2013.12.01-12.10
33 | HANARO 40mSANS HREKZ M1 EE M 13592 c1-2 PEG/PDMSHEE#IEHEEET B0 F5 L OBER REKE BH RE 2014.01.05-01.11
34 | HANARO 40mSANS RRERKZE M2 B 2R 13592 c1-2 PEG/PDMSHEE#IEHEEET B0 F5 L OBERT REKE BH RE 2014.01.05-01.11
35 | HANARO SANS AHBRKRE M2 AT WX 13604 c1-2 HUBEETIRABED FOBRP NIV T+ A—ay AEBRRE B & 2014.01.09-01.14
36 | HANARO SANS LHEBAF M2 I & 13604 c1-2 HUBEETIRRABED FOBRP DIV T+ A—ay AEEBRRE B & 2014.01.09-01.14
37 NIST DCS HRKZE B o FRTF 13408 C3-1-1  |AGNES(EH L/ LRATHETF 545 IRTRE HEKE R RRF | 201401.16-01.23
38 NIST DCS RRERKRZE 6 W= & 13408 C3-1-1  |AGNES(E /A LR A Th{E T4 3#38) IRTEE REKZE HHF BERF | 2014.01.18-01.23
39 | ANSTO WOMBAT REKRZE HHIR BE RT 12693 T1-3 —ATBYTF Y LEEEEL DOEREBRILYOHMSHEE REKRZE HE %7 2014.02.04-02.09
40 | ANSTO WOMBAT REKRZE D1 AR g 12693 T1-3 —ATEYTF Y LEEEEL OEREBRILYOHMSHEE REKRZE HE %7 2014.02.04-02.09
41 LLB 6T2 IN=P N R we ® 13547 6G Ce0.5La0.5B61Z #5112 Ri S/ \IBF Bk FF DAREE IN=P NS wH B 2014.02.25-03.11
42 ISIS IRIS RRERKRZE B o HRT 13626 C3-1-1 |[#BRBBERETOKDFAFIVR REKZE IE & 2014.03.12-03.21
43 ISIS IRIS HRERKZE HRE BE xXth 13626 C3-1-1  |[#BRBBERETOKDF(FIVR REKZE IE & 2014.03.12-03.21
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B ek A HEEA PR RS BL (2 4F) HEERS REES £E FIREEE REREFRE REREKA iz
1 ORNL | SNS HYSPEC RRAH B 68 & 13570 Cl1-1  |A2C0Si207(A=Ca and Ba)l<&1HHILYATY /v RRAE EHAMB B | 2014.0505-05.13
2 PSI SINSR[;"T"C’ W - BB R WEE EA IEH ]1283 5G ﬁﬁ%ﬁ%ﬁ%g%ﬁﬁ%ﬁ;;ﬁ%gmﬁ*ﬁﬁ‘D’*E 4?3%5#%? E# EF | 201407.10-07.23
3 ORNL SNS HYSPEC HRAF HEHIR M R 13570 c1-1 A2C0Si207(A=Ca and Ba)l&[FBTLoOTY /v HEAS 5@ B 2014.05.05-05.10
4 ISIS MERLIN HRKZE HHIR #=E PR 14559 c1-1 EARFHRIEAICS T HRRAAOER REKRZ A FER 2014.06.10-06.16
5 ISIS MERLIN HRKZE D2 B #&X 14559 c1-1 ERRFHRIEEICS T HRRAAOER el B %X 2014.06.10-06.17
6 ISIS MARI RREKZE B EFA & 14522 5G S=1/2 EME{k%$DBadYb2Zn501 1 DK REKZE EHH & 2014.07.16-07.23
7 NIST NCNR BHHBRFERER HHIR Pl IREA 14564 C1-1 BFREVHEDHR BEHAFERR PR TEBA 2014.05.21-05.27
8 PSI SANS-1 BRDKEFRE iz CIUNr s 14573 c1-2 FeRBIZBADHIREAR BRODKEFKRE Il [&DF | 2014.05.27-06.03
9 | ANSTO ECHIDNA RRIZAY M2 Wil T 14657 Ti-3 [y (MERAMBOIREEELORA (T RRRORAREL L& HEIZAS B ZAE | 2014.05.21-05.31
10| ANSTO ECHIDNA HERIEAS D2 NiE £87 14657 Ti-3 [y (MERAMBOIREEE L ORA (T RRRORAREL 1L & HEIZAS B ZAE | 2014.05.21-05.31
11| ANSTO QUOKKA M EEERE B# Ra E—# 14592 c1-2 REFFHEOBEET HREEIEHA M EERE a8 E—H | 2014.08.17-08.23
12 PSI FOCUS BEKZE iz o #5 14609 C3-1-1  [AUR—SZRMEICFALRAD=SA FH — KZEAERP DK FOFAFIVR B XE A #%5 2014.08.10-08.19
13 PSI FOCUS BEKZE M2 THED HRE 14609 C3-1-1  [AUR—SZRMEICFALRAD=SAFH — KZEAERP DK FOLAFIVR B XE A #%5 2014.08.10-08.19
14 NIST DCS RRERKRZE iz IE & 14607 C3-1-1  [H2-SF6/\ARL—FHhDKFEDILES 1352 REKZE R BKF | 2014.08.03-08.10
15 NIST DCS HRKZ B o FRT 14607 C3-1-1  [H2-SF6/\{RL—FHhDKFEDILES 1F35R RERERKF HF BRRF | 2014.08.03-08.13
16 ISIS MARI HREAF D2 B %X 14522 5G S=1/21E P E{k%$DBadYb2Zn5011 DG R HEAY kE5HE B 2014.07.15-07.23
17 NIST NSE BEKZE B &HEH FR 14601 C2-3-1  |[UFYLAA ERBEOHEREM BRXE HH TR 2014.09.05-09.13
18 NIST NSE LHEBKRE B (11 3 14601 C2-3-1  |[UFYLAA ERBEOHERM BRXE HH TR 2014.09.17-09.27
19 | ANSTO ECHIDNA RRERKXE B BIR KA 14656 T1-3 —RFETSARL—NH AM(VO4)(OD) (A=Ca,Sr:M=Co,Ni)D i St it RRERKXE R KA 2014.08.17-08.25
20 | ANSTO ECHIDNA RRERKXE iz B R 14656 T1-3 — RIS AL —NH AM(VO4)(OD) (A=Ca,Sr:M=Co,Ni)D i S 1 it RRERKXE R KA 2014.08.17-08.25
21| ANSTO WONBAT RIRFILKRE ¥R B WA ##th 14902 T1-3 FRSEAROT RN MM O RERHEE - HAEEDRE ABREFILKRE I #th 2014.08.10-08.16
22| ANSTO WONBAT KBRFFILKZ M1 #LE W 14902 T1-3 FRSEAROT RN MM O RERHEE - HAEEDRE AREFILKRE I #th 2014.08.10-08.16
23 ILL IN4 HRKZE HHIR M MR 14528 5G NaBa2Mn3F1 1 DRES K AE REKE IHEH R 2014.09.18-10.01
24 ILL IN4 RREKZE M2 HE ME 14528 5G NaBa2Mn3F11DRES X i REKZE IHEH R 2014.09.18-10.01
25| ANSTO ECHIDNA RRERKZE M2 HE ME 14903 T1-3 EAH#F R AA2FeGe20TDHE M1 REKE IHH R 2014.10.07-10.12
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA PR RS BL (2 4F) HEERS REES £E FIREEE REREFRE REREKA iz
26 [ ANSTO QUOKKA RRERKZE D1 ®H 28 14587 c1-2 PR A FERES LOSBFEREH DBE T COMB MERT REKE el FE8h 2014.08.26-09.03
27 | ANSTO QUOKKA RRERKZE M2 wmE P& 14587 c1-2 BB A FERES LOSBFEREF DOBE T COMB MERT REKE el FE8h 2014.08.26-09.03
28 | ANSTO QUOKKA REKRZE B# Kig R 14900 c1-2 IR L BRI Cutl F D E TR D T REKRZE Ki5 ERER | 2014.11.24-12.06
29 | ANSTO QUOKKA REKRZE B =k EL 14570 c1-2 PHEFINERELRIC LD S FMERSHRE R L D F /AR REKRZE L 2014.11.24-12.06
30 [ ANSTO QUOKKA LERRERE D3 By 2 14570 c1-2 PHEFINERELRIC LD S FLMERSHRE R L D/ AR REKRZE L 2014.11.24-12.06
31 NIST NSE RRERKZ B2 W= % 14611 C3-1-1  |Dynamics of an ionic liquid C16mimPF6 in SmA liquid crystal and liquid phases HEKZE IWE & 2014.10.06-10.23
32 NIST NSE HERAZ HRE HE xXth 14611 C3-1-1  |Dynamics of an ionic liquid C16mimPF6 in SmA liquid crystal and liquid phases HRERKZE W= & 2014.10.06-10.19
33 NIST HFBS HRKZ B o FRT 14610 C3-1-1  [New process of hydrogen diffusion in palladium hydrides RERKF thE 18 2014.10.06-10.23
34 NIST HFBS HRKZE M1 ®/T EH 14610 C3-1-1  |New process of hydrogen diffusion in palladium hydrides REKF Iz & 2014.10.06-10.19
35 PSI SANS-1 BRDKEFRE iz wml (&JF 14573 c1-2 FeRBIZBADHIREAR BRODKEFKRE wl [&DF | 2014.10.01-10.08
36 | ANSTO ECHIDNA EBERIAE B Nl #B3} 14901 T1-3 T ELI & BSr1-xLaxRUO3D H TR E—F S RIEDFR EERMIKF NG #B3F | 2014.11.29-12.08
37 L IN8 BERETT S WEE WE EA 14801 4G ég;__ﬁg%@@’ﬁg‘_gfrﬂmc“[N<°N)2]°":B”%’_"“’”I”477“%?‘?’ BERETISE HE BEA | 2014.12.08-12.19
38 | ANSTO ECHIDNA TP KRE HHIR M F 14901 T1-3 i P ERELIC L BSr1-xLaxRUOBD ISR E— 4 S RN TR EERIKRZE Nl& AR 2014.11.29-12.08
39 NIST BT-1 REKFE B#% WA pEX 14650 T1-3 REHREETMEE D (Ba,Sr) FeO3NH S S LB R DA REKREFE A BEX | 2014.11.23-11.30
40 NIST BT-1 RERE D1 LD 3 14650 T1-3 BEEBERTFEERD (Ba,Sr)FeO3D M S E LABER OMRH REKRZE TP N34 2014.11.23-11.30
41| ANSTO ECHIDNA BN iz =ik = 14904 T1-3 S=2 FERHRTFRAEHMIEEOHSEE RERIEXR? A FH 2014.12.07-12.15
42 | ANSTO ECHIDNA RRIFEXRE M1 BEH £h 14643 T1-3 BARROTZAA ML Y DR RS & A 7 R BRI REIEXRE J\E IEAN 2014.12.13-12.23
43 ILL D23 BRDKEFRE iz CIUNr s 14573 c1-2 FeRBIZBADHIREARE BRODKEFKRE wl [EDF | 2014.11.13-11.18
44 | ANSTO ECHIDNA RRIFEXRE M1 11]:: |~ 7 N 14643 T1-3 BARROTRAA ML Y DR RS A 7 R BRI REIEXR? J\E IEAN 2014.12.13-12.23
46 LLB 6T2 e -2 HHR BiE MR 14536, 14554 | 6G, C1-1  |PrT2Zn20(T=Ru,Rh,0sIn)I=#5 (% JEKramers = B E AR 2D T2 b OE — RGBS RKZE BiE MR 2015.02.20-03.03
47 NIST NSE i:ﬁ":j(? E)f"?‘?é *E* XH}. 14905 C3-1-1 Ss/\\set:‘tlil\i/:ed:':\::;cs of alkyl-methyl imidaozlium based ionic liquids with liquid i:?:j:pq_‘. UJ? ﬂ% 2015.02.03-02.16
48 ORNL  |HFIR GP-SANS RREKZ M2 EE 14906 c1-2 AFVRIKRICE T DRBGEMER D FORETERES REKE el FE8h 2015.03.04-03.10
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA PR RS BL (2 4F) HEERS REES £E FIREEE REREFRE REREKA iz
1 HzB E4 RREHKE D2 Fi& E% 15522 T1-1 REVETFHEERICHITDMTRER LB MED — 8IS NI RRERKXE b= R 2015.04.19-05.02
2 HzB E4 RREMKE M2 bR XE 15522 T1-1 REVIRFHARICET DRGSR LBLSEO — 8IS NHIH RRERKXE b= R 2015.04.19-05.02
3 ANSTO TAIPAN HRKE M1 Ell R 15523 5G Magnetic structures of 1D frustrated chain compound NaCuMoO4(OH) PN #*H MR 2015.04.26-05.05
4 ANSTO TAIPAN HRAE HRTEE EH B 15523 5G Magnetic structures of 1D frustrated chain compound NaCuMoO4(OH) HEKE HH R 2015.04.26-05.05
5 | ANSTO WOMBAT Pl N2 iz HE £ 15631 T1-3 THARBILYOBIZERT LR EDBIF el BmEH £& 2015.05.03-05.07
6 ISIS LET RERKRZE iz W= © 15589 C3-1-1  |#BBEEREICETEKOLAFIIR REKZE IE & 2015.04.26-05.03
7 ISIS LET BERKRZE B o FRTF 15589 C3-1-1  |#BBEEREICETEKOLAFIIR REKZE IE & 2015.04.26-05.03
8 ISIS Osiris LN B EFA & 15590 C3-1-1  |[USHH —HiMEIKLUFeCoO4I=HITBF/RALLDE A FIHR REKZE EHH & 2015.07.11-07.22
9 psI HRPT mEA TR E BHT—E 15807 Ti-3 TEARNMEEEETAEARFRIEAT AU BIELNOMEE EREDOHE R A HREE 2015.06.04-06.08
10 PSI HRPT MEM R REE THEHARE dx 15807 Ti-3 TESERMEEEETHEARFRIEAT AU BIELNOMEE EREDOHE R A HREE 2015.06.04-06.07
11| ANSTO QUOKKA REKRZE iR ®#ll EH 15554 c1-2 INERMETFEELICED a-YYRBY S OH T Iy REKRZE FH ERAER 2015.05.27-06.04
12| ANSTO QUOKKA REKRZE HHIR FH LRAER 15554 c1-2 INE R FEELICED -2 RBYL OB T 1Y REKRZE FH ERAER 2015.05.27-06.04
13| ANSTO ECHIDNA RREIEXZ M2 HE X# 15616 T1-3 FBIRROTRDA FEBE YDk BB & A A U IEERIRER HREI¥KRE J\BIEAN 2015.05.30-06.08
14| ANSTO ECHIDNA RRIFEXRE M1 BHHFEHR 15616 T1-3 BARROTZAA ML Y DR RS & A 7 R BRI REIEXR? J\BIEAN 2015.05.30-06.08
15 HzB E4 RRERMKZE D2 Fi& 8% 15900 T1-1 2%50 = 1% F ROHEIE RCoNb2061 23513 538 R E 4 A 72 $ D — BS 1 2 & & il RRERKE b= R 2015.07.04-07.28
16 HzB E4 RREMKZE M1 MINVAF 15900 T1-1 2%50 = 1% F ROHEIE PRCoNDb2061 24513 53X A L 4 A 72 $ D — BS 1 (2 & B il RRERKE GH HiE 2015.07.12-07.28
17 | FRM-II DNS KBRKZE B PHE{C 15516 5G PEFEFICEDT LAY BT /IS RE—BHMEIED B KBRKZE FEEC 2015.09.06-09.17
18 | FRM-II DNS KBRKZE M1 L2 NG 15516 5G PEFEFICEDT LAY BT /IS RE—BHMEIE DB KBRKZE FEEC 2015.09.06-09.17
19 | FRM-II SPODI HRKZE HEIMES B 15628 T1-3 Magnetic structures of frustrated magnets REKZE IHH R 2015.07.30-08.05
20 | FRM-II SPODI HREKE M1 TH £t 15628 T1-3 Magnetic structures of frustrated magnets REKE IHEH R 2015.07.30-08.04
21 ANSTO PELICAN HEAL e MR 15543 C-1-1 f;&ﬂxt"yvz TY—= 7 18407 a7 B 1RBa3Yb2Zn5011 0D JEFE 14 oh 14 F B EL BF A HE ER 2015.08.05-08.15
22 PSI TriCS RREAF B EFA & 15518 5G T LFITAL Y9 ABa2CoGe207I=H1H BIL YOS /o DIRIBMRHT HEKZ kEEH & 2015.09.06-09.15
23 PSI TriCS RRERKZE B EFA & 15519 5G TILFTIOAvCa2C0Si20TDELS T 126 1+ 2 ERR S AR REKZE EHH & 2015.09.20-09.29
24 PSI SANS-1 BRDKEFRE iz TESE | 15559 (14573) c1-2 FeRBIZBADHIREARE BEODKEKFKRE wEoE 2015.06.23-06.29
25| ANSTO PELICAN HEAL D3 Bk 15543 C-1-1 f;&ﬂxt"yvz TY—= 7 18407 a7 B 1RBa3Yb2Zn5011 0D JEFE 14 o 14 F B EL BF A S ER 2015.08.09-08.18
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA PR RS B (2 5) HEERS REES £E FIREEE REREFRE REREKA iz
26 PSI TriCS RREKZE M1 oAt 15519 5G TILFTTOAvYCa2C0Si20TDELS T IZH 1+ 2 ERR S AR REKZE EHH & 2015.09.21-09.30
27 | ANSTO QUOKKA RREKZE B Li Xiang 15568 c1-2 BIS NG O L TODNADIEERRHT REKE el FE8h 2015.08.17-08.23
28 | ANSTO QUOKKA ES N2 D1 EE 15568 c1-2 BIS NG D4 L TODNADIEERR AT REKE el FE8h 2015.08.17-08.23
29 [ ANSTO QUOKKA REKRZE iR KigHERER 15563 c1-2 HPTII LIS &Y FIRY Dskch DR RAH TS DB REKRZE Kig¥RER | 2015.10.07-10.20
30 [ ANSTO QUOKKA LERRERE D2 Lz R AR 15563 c1-2 HPTII LIS &Y FIRY Dskch D RAH S AEE D REH REKRZE KiZ¥RER | 2015.10.07-10.20
31| ANSTO QUOKKA LERRERE MRE By & 15901 c1-2 BHEHICEYMRT ZEBASRAO T —HERT BRERMHERE B 2 2015.10.07-10.20
32 [ ANSTO QUOKKA LERRERE R FHE&— 15901 c1-2 BHEHICEYMRT ZEBASRAO T —HERR BRERMHERE B 2 2015.10.07-10.20
33 NIST HFBS LN 6 IW=E & 15902 C3-1-1  |[K/HBBEROEBNTAFIVR REKZE Iz & 2015.08.02-08.15
34 NIST HFBS HRKZ B o FRT 15902 C3-1-1  |[K/#BBEEROENTAFIVR RERKF thE 18 2015.08.02-08.15
35| FRM-II AN BEOKETFKRE i3 wlESE | D oy e h Rl T DR BEOKETFRE HESE | 201507.27-08.09
36| FRM-II AN BEOKETFKRE D1 1 I T ALl IR EP RN S ol e i OR M it BEOKETFRE HESE | 201507.27-08.09
37| ANSTO SIKA Hitx B MR 15611 T1-2 ABHLI-La2 4R ALY BB EEARO RS A THF R IEEOHZR RilKZE AN 2015.11.15-11.24
38 | ANSTO ECHIDNA HiX=# B Bl X 15621 T1-3 REEFRE D B F- R {ARe5RUBAI2(Re=Ce, Pr,Nd) (D Bk & B # it RKZE Byl KE 2015.10.20-10.29
39 | ANSTO ECHIDNA BN D1 HE Rth 15621 T1-3 REEFRE O B F- R {ARe5RUBAI2(Re=Ce, Pr,Nd) (D Bk & B # it RKZE Byl KE 2015.10.20-10.29
40| ANsTO QUOKKA A B R 15555 c1-2 ggzﬁ%%ﬂ&mlzgﬁ(%ﬁﬁ‘r&%ﬁ?%%L‘f)bﬂ)éhﬁtqlTi%IJ\ﬁﬁiiLii(:;éﬁ A R 2015.10.22-11.02
41| ansTO QUOKKA A iz BHaT 15555 c1-2 ggzﬁ%%ﬂ&mlzgﬁ(%ﬁﬁ‘r&%ﬁ?%%L‘f)bﬂ)éhﬁtqlTi%IJ\ﬁﬁiiLii(:;éﬁ A R 2015.10.22-10.30
42 | ANSTO QUOKKA REKRZE HHIR FHLMARR 15577 c1-2 RN BELICE DR/ SO BB OB SRR REIEXRE HEEt 2015.10.22-11.02
43 HzB V4 BRERDKEFKRE iz TE3E | 15560 (14574) ci1-2 FIAEMR 515 CeColn5 DREFHE IS D HES A Ik 7714 BRODKEFRE wEoE 2015.09.27-10.08
44| FRM-II TOFTOF RRERKRE B o FRT 15588 C3-1-1  [STHLF/HFRDARREFDERNT(FIVR REKZE = & 2015.09.26-10.07
45| FRM-II TOFTOF HREKE M2 7YX | 15588 C3-1-1  [STHYLF/HFRDARREFDERNT(FIVR REKZE IE & 2015.09.26-10.07
46 NIST HFBS LN B o FRT 15904 C3-1-1  |ROM-11.5D20M;:BLF A F3HR REKZE = & 2015.10.18-10.25
47 ILL IN5 BHHBRERER HHIR PR IREA 15545 C-1-1  |[BFREVEAOHE BHAFERR LA 2015.11.13-11.25
48 ILL IN5 HEMRERR M2 WAXE 15545 c-1-1 BFREVHEEDOHE BHEHBRERR PRI B8R 2015.11.13-11.25
49 LLB 4F2 RiKZ R BEMR 15528 6G Ce3T4Sn13 (T = Co, Rh) IZB T SHRBE TRIET ZEX vy TEFRE S N2 BIEMR 2015.11.16-11.30
50 LLB 4F2 RiK= M2 AREF 15528 6G Ce3T4Sn13 (T = Co, Rh) IZB T SHRBE TR ZEX vy TEFRE S N2 BIEMR 2015.11.22-11.30
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B ek A HEEA PR RS BL (2 4F) HEERS REES £E FIREEE REREFRE REREKA iz
51 ORNL SNS CNCS RRERKZE B EFA & 15541 c-1-1 JIOA Y9 RBa2CoGe207I28 (1 BRER B A D BB REKZE EHH & 2015.12.13-12.21
52 ORNL |HFIR GP-SANS| HHEODKLKFKE D1 miE =R 15559 c1-2 FeRBIZBADHIREAR BRODKEFRE wEoE 2015.11.15-11.25
53 NIST NSE HRERKZE 6 IE & 15587 C3-1-1  [AIFVUILRIAVBRALB LV EZDRBADENT 1 FIR REKZE IE & 2015.11.08-11.25
54 NIST NSE BRERKRZE B HRFRKF 15587 C3-1-1  [ASFVUILRIAVRALE LV ZDRBADENT 1 FIR RREKZE IE & 2015.11.08-11.25
55| ANSTO ECHIDNA HERIEAS e AR 15630 Ti-3 [ A MRRAMBOIRREE L ORI (T RRRORRRES 1 HEIZAS BAZAE | 2015.11.21-1201
56 HzB E4 RREHKE B BR BR 15903 T2-2 M MEKEFRES ROHET LIMEKICUA0CT 0D TAEE RRERKXE BmR By 2016.01.08-01.21
57 HzB E4 RREMKE M1 ®E R 15903 T2-2 M MEKEFRES ROHET LIMEKICUA0CT 0D TAEE RRERKXE BmR By 2016.01.08-01.21
58 ISIS Wish REKRZE D1 H#E ME 15905 c1-1 HT A= BT R R ANaBa2Mn3F 11 DS E REKE IHEH R 2016.03.06-03.10
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USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

BIMEHE R KBS TR B (2 5) HEERS REES £E FIREEE REREFR REREKA iz
1 ANSTO | PELICAN, SIKA RRERKXE B WR BR 16900 c1-1 Hi—RTEF AL HK20u30(S04)3DEFEIKAE RRERKXE BmR By 2016.04.05-04.16
2| ANSTO | QUOKKA RRAS B Li Xiang jo R I e AR e R - AU HRAS LiXiang | 2016.04.28-05.00
5 | ANSTO ECHIDNA WE - MR THE TEHARE dx HE 16808 T1-3 FIE 54 FREMEARSr2Cr03X (X = F & Cl) DRSS ARAT ME - R X HE 2016.05.18-05.26
6 | ANSTO ECHIDNA HRERKZE BAmES BH B 16808 T1-3 HHRE A4S FHPEIRSr2Cr03X (X = F & CI) DR SHEE MR ME - R X HE 2016.05.18-05.26
7 ORNL SNS CORELLI RRERKXZE IEEE SR xE B 16903 4G fth BSR4 2 ot F LRI IS R SRR A 2 1L BT DR BSANE B RRERKXE JTE E—H0 | 2016.04.18-04.27
8 | ANSTO ECHIDNA RERIEKRY B [ 5 N 16595 T1-3 FBIRROTRDA FEBE YDk R ABIE & A A U IRERIRER HREI¥KRE \B E 2016.05.28-06.04
9 LLB 6T2, G4l IR iz B MR ]gggi]gggi’ TI-3 | T O R S BRI = AL BEMR | 2016.06.04-06.14
10 NIST NSE Hilkz HHIR i B 16570 C2-3-1  |#FiFRMEBaFe2Se3DHEFRAEL TO— RKZE A M 2016.07.19-08.04
11| ANSTO QUOKKA REKRZE HHIR FL RAH 16547 c1-2 KIEHEDYIMA o VR OHT Iy TRICRIFS EE REKRZE FLE HAES | 2016.05.31-06.07
12| ANSTO QUOKKA REKRZE 6 #Ill EH 16547 c1-2 KIEHEDOYIMA o VR DY T Iy RICRIFS EE REKRZE FLE HAER | 2016.05.31-06.05
13| ANSTO QUOKKA RERIEXRE D1 BHHFEHR 16595 T1-3 BARROTRAA ML Y DR RS & A 7 R BRI REIEXRE \B E 2016.05.28-06.04
14 NIST VSANS _'%'_I*)L;jﬁg*éuﬁgﬁﬁ BrHMEE BAXH 16562 C1-2 Structure of imidazolium-based ionic liquid under shear flow %I*}?%guﬁﬁﬂ RBATH 2016.07.13-07.20
15 ORNL HFIR WAND BREXF B E@A H 16606 T1-3 R4 R5— B ERu20rSiD RABEEKAE BREXZ EH H 2016.06.28-07.06
16 ORNL HFIR WAND BIRKE iz Hig B3h 16606 T1-3 KA RS —A&Ru2CrSID REERIME K AE BREXZE M@ 2016.06.28-07.06
17 | ANSTO QUOKKA REKRZE B RA#HH 16567 ci1-2 INA TR TFERELIZEBRY (F/FHY2-23-C4 L) DDHAREAN=X LD REKRZE RHE#BEN 2016.06.18-06.27
18| ANSTO QUOKKA REKRZE iR #IIEHA 16567 c1-2 INA TR TFERELIZEBRY (F/FHY2-23-C4 L) DDHAREAN= X LOFEE REKRZE RHE#BEN 2016.06.19-06.26
19 HzB E4 RRERNKZE M3 & 8% 16904 T1-1 TILFITOA Y CuFe02(Z485 1+ B35 Bt O —BRE 1 51 RRERKE b= R 2016.07.03-07.22
20 HzB E4 RRERMKZE D1 BE BEX 16904 T1-1 TILFTTOA Y CuFe02(Z485 1+ B35 Bt O —BRE 11 51 RRERKE b= R 2016.07.03-07.22
21| ANSTO |SIKA, PELICAN “ﬁgﬁgffgﬁqaﬁ MEE fRE —& 16802 c1-1 S = 3/2/%—J 7 h T ARKLi2Cr3SbO8 D RIS AR %ﬁgggfﬁﬁmi BREH —f 2016.11.05-11.15
22| ANSTO |SIKA, PELICAN timEXRE Bi% & BT 16802 c1-1 S = 3/2/%—J 7 h T ARKLi2Cr3SbO8 D RIS AR %ﬁgggfﬁﬁmi BREH —f 2016.11.05-11.15
23 ORNL HFIR CTAX Bit K D2 HHRN 16905 4G Chiral magnetic structure determination in non-centrosymmetric PrSRu3AI2 RilKZE EAlpN 2016.06.19-07.02
24 ILL D33 BRDKEFRE iz wIETE 16551 c1-2 FeRBIZBADHIREARE BEODKEKFKRE ElEsek 2016.07.05-07.12
25| ANSTO m‘sng FEl LR 6 HhE E 16906 5G BRI FETIC & DEBEIE R L= YbFe2+x04DH S DFAE CROSS MEH A | 2016.07.31-08.17

62



中島多朗�
62


20165 (F K284 )

USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

BIMEHE R KBS TR B (2 5) HEERS REES ®E FIREEE REREFR REREKA iz
26| ANsTO | JARAN LK M1 BB Rz 16906 56 |[BEPETERICESHAHE ML YbFe2n O ST CROSS MAH FA | 201607.31-08.17
27| ANSTO SIKA EF &N HHIR B #E 16912 C1-1 ZREUOZHRMEYIGDET R L E—HSRIE S N2 A M 2016.10.16-10.24
28| ANSTO |  QUOKKA RRAS HEA I AR 000 i [ B PR ST TN BATRRA T N ORE REAE fi2 /)il {EA] 2016.08.18-08.30
29| ANSTO | QUOKKA HRAE B Li Xiang 000 i [ s B PSR ST TN BATRRA T N ORE HEAS fi2 /)il {EA] 2016.08.18-08.30
30| ANSTO | QUOKKA RRAS i) T @ ooa i [ s B PSR ST TN BATRRA T N ORE REAE fi2 /)il {EA] 2016.08.18-08.30
31 ORNL SNS CNCS ?’“32'5_33“%%43& MRE fRE —& 16908 c1-1 kapelasite| 235115 8 F AL KR ED B KRR ?@,ﬁ?ﬁ@fﬁﬁdﬂli BREH —f 2016.12.11-12.18
32 ORNL HFIR C-TAX BRDKEFRE M2 ik =8 16503 4G BEMBEEAICE T ARt EBEEOHE BRODKEFRE wEoE 2016.08.04-08.17
33 ORNL SNS CORELLI RIRERKZE B xFA & 16909 5G HT A S A FERE DLuBaCoAOTDHES BB ALEL REKZE EHH & 2016.09.19-09.27
34| ANSTO QUOKKA MEM T REE TEHARE ME KA 16910 c1-3 FR=vr LT —F—RT+ A RODSEH DT /M I F OHE MEM P M= JE8 2016.10.12-10.20
35| ANSTO QUOKKA MEMHTTHE D2 KOWALSKA Agata| 16910 c1-3 FR=vr LT —F—R T+ A RODSEH DT /M I F OHE MEM P M= JE8 2016.10.12-10.20
36 | ANSTO ECHIDNA HRKZE D2 H#E ME 16911 5G TILFITAL B CeFe3(BOAD G HEE REKZE 7 HFERA 2016.12.13-12.18
37| ANSTO ECHIDNA RRERKZE M1 Nk K¥E 16911 5G TILFITAL B CeFe3(BOAD G HEE REKE 7 HFERA 2016.12.13-12.18
38 | ANSTO QUOKKA REKRZE B# KigHERER 16554 c1-2 HPTINTIZ&Y RIS BEAMARSHORIR REKRZE KiZ¥RER | 2016.11.02-11.09
39 [ ANSTO QUOKKA REKRZE IR By £ 16566 c1-2 HPTI I L= Mk DSBS R IFT BEERTFRMOTE REKRZE B Z# 2016.11.02-11.08
40 [ ANSTO QUOKKA LERRERE HHIR Fe &— 16566 c1-2 HPTI I L= Mk DS EIC R IFT BEERTFRMOTE REKRZE B Z# 2016.11.02-11.09
41 [ ANSTO SIKA BN M2 HHERR 16912 c1-1 REVAOZHZRMBEYIGDEL R L E—HK IR RiLKRZ A M 2016.10.16-10.24
42 ORNL HFIR WAND FEl LR M1 BB Rz 16918 T1-3 SRIBEHIELF-LuFe204 DB S EEREDHT & K= e B 2016.11.25-12.08
43| ORNL SNS CNCS dtimEXRE B# & BT 16908 c1-1 kapelasite| 23511 % 8 F AL KR ED B KRR ?@,ﬁ?ﬁ@fﬁﬁdﬂli BREH —f 2016.12.11-12.18
44| FRM-I KWS-3 BEOKEFKRE w2 HESE 16549 ci1-2 hETFINERELERICEBS2RUOAD BE S BREDHE BEDKEZFKRE EEsek; 2016.10.25-11.01
45 HZB E4 RREMKE D1 EREX 16917 T1-1 — 8IS H1= & B2%50 = Ak F RARHEPE A CoNb206 0D 32 #uH FL1F A TE B 0D il RRERKZ E OEE 2017.01.16-01.30
46 | ANSTO PELICAN RREKZE MEE B B 16914 5G IR B R OB SR REKZE 7 HFERA 2016.12.05-12.18
47| ANSTO ECHIDNA BETEAS M1 hREE 16604 Ti-3 (RO A MRRAMBOIRREE L ORI (T RRRORRRES 1 HRIEAS BHZAE | 2016.1206-12.16
48| ANSTO ECHIDNA HETEAS M2 E 16604 Ti-3 [ A MRRAMBOIRREE L ORI (T RRRORRRES (1 HEIZAS BHZAE | 2016.1206-12.16
49 PSI SINQ HRPT WE-HMHBAEEE | JL—T)—4—| RS EF 16801 5G HE3% o 00 R 4 T E 47 % FI AL 7-Cud(P2060D)2 D R SR BED B 22 ME - R 8 EF 2016.12.06-12.14
50 ORNL SNS HYSPEC HitK% M2 HHERR 16915 C3-1-1  |[REUFOZHRMBEYIGO [FHBch it FIEREtEELE RKZE A M 2016.11.22-12.03
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20165 (F K284 )

USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

BIMEHE R KBS TR B (2 5) HEERS REES £E BRRES REREFR REREKA iz
51 | ANSTO PELICAN RREKZE B# E6H & 16914 5G REBFRIEOHIRIE RIEKE 7 F PE A 2016.12.05-12.18
52 | ORNL HFIR PTAX BEODKZKFKRE M2 =iE X8 15505 4G SRR REAICES T AR LR IR H DO BEODKEKFKRE wEDE | 2017.01.12-01.22
53 | ANSTO QUOKKA RRKA% HRE )il AR 16919 c1-2 Y- LREEEEE T HREREE \1FOT LOHEE RIEKE thJIl fEAER | 2017.03.14-03.23
54 | ANSTO QUOKKA RERAZ B#% Li Xiang 16919 ci1-2 Y- LREEEEE T HREREE \1FOS LOHEE REKE Il fEAER | 2017.03.14-03.23
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2017 (F k294 E

USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA TR B (2 E) HEERS REES kB RIREESE REREFRE REREKA iz
1| ANSTO ECHIDNA PN B B ME 17584 T1-3 40407 #iE%H T HNa3Mn(CO2CID S S N2 BE MR 2017.04.23-05.01
2 ORNL | SNS CORELLI q;gf*‘fgff?ﬁ MEE RE—& 17806 c1-1 La5Mo4016 1285113 RIS B BRDBER éﬁfﬁﬁgfﬁﬁ AR — 2017.05.02-05.08
3 ORNL SNS CORELLI J-PARC MREEH BE x— 17806 ci-1 La5Mo4016 I=3317 5 REFRABEL BTN L BRE DR éﬁfﬁﬁgfﬁﬁ AR — 2017.05.02-05.09
4 ISIS IRIS EF &N iz kit = 17501 4G IEREAE B FCeRhSnD B FEERMSAIZH S N2 &% =2 2017.04.30-05.07
5 ISIS IRIS Bit K M1 =% A 17501 4G SEFEFEE 4 FCeRhSnD B FEER M SIEH) RiLKRZ &% =2 2017.04.30-05.12
6 NIST DCS Ezkﬁ;j;g;ﬁﬁﬁ%% HRE o BRT 17563 C3-1-1  |REMERBEL DA VRADENT 1FIVR RRERKF ILE & 2017.04.11-04.18
7 NIST DCS HREKZ M2 wWH R=E 17563 C3-1-1  |RHMBERBEL DA VREDENT(FIVR REKE IWE & 2017.04.10-04.22
8 ORNL SNS CORELLI RREKZE HEIMEA &E BF 17507 4G B AR E R T EMREN FHE DN F-CePdSi3IZH 1 DM HEDRE REKE EHH HE 2017.04.08-04.15
9 ORNL SNS CORELLI ES N2 M2 EA Kih 17507 4G B ARG % R T 2R REN FIE DN F-CePdSi3IZH 1T DM HEDRE REKE EHH HE 2017.04.06-04.15
10 | ANSTO ECHIDNA X B Bl X 17584 T1-3 A RYOFHEEEE T HNa3Mn(CO)2CIDRE S I i RitKR=Z BE MR 2017.04.23-05.01
11| FRM-T TOFTOF RRERKZE M2 W W= 17562 C3-1-1  |[EBEIES FHRAMCUZN(CNM-IZBESNFK+KERDT A FIVR REKE IWE & 2017.06.25-07.03
12 | FRM-T TOFTOF RRERKZE iR s M— 17562 C3-1-1 (BB FIRRMCUZN(CONMI-IZBESNIKKFRDS (TR REKE E & 2017.06.25-07.03
13| ANSTO QUOKKA REAL B RE #f 17556 Cl-p  |TABLERETHUARIERT R (F/ X IV 25200 DINBRIETRE AL EME #th | 2017.04.28-0505
14| ANSTO QUOKKA REAL i #I EH 17556 Cl-p  |TABLERETHUARIERT AR (F/ X IV 25200 DINBRIETRE AL EME #th | 2017.04.28-0505
15| ANSTO Wombat ME-HHFREE |5 — RAIER 17803 5G RE1/27 5T —WE CulnVOS DR SIS DR E ME - R RS EAER 2017.05.29-06.04
16 | ANSTO Wombat PN D2 IREXR 17803 5G REU1/27 5 —WE CulnVOS DRSS DR E ME - MR RAER 2017.05.29-06.04
17 ISIS GEM HRAF 6 W= & 17579 T1-3 Pd/RuF/BEDIEE REKE IWE & 2017.05.25-06.02
18 ISIS GEM REKRZE HEBH EHEF 17579 T1-3 Pd/RuF/BEDIEE REKE IWE & 2017.05.25-06.02
19 ORNL HFIR HB-3A RRERKZE HEIMEA BHE—ER 17514 5G TILFITOA Y YERFe3(BO3)4 (R=Ce,Sm) REKE IHH R 2017.06.15-06.25
20 LLB 5C1 RFKF 6 Bk R 17519 6G Ce3T4Sn13 (T = Co, Rh, Ru) [ZRN BN TN I TILEA VIS BRESHEE LIS REKF &k TR | 2017.06.17-06.30
21| FRM-I MLZ HibX=# SAEAHERIFAZEE| Johannes Reim 17568 T1-1 Switching the magnetic order in CaBaCo2Fe207 using magnetic field RiKZE Johannes Reim | 2017.08.06-08.20
22 ORNL HFIR HB-3A RRERKZE M1 B8N g 17514 5G TILFITOA I YERFe3(BO3)4 (R=Ce,Sm) REKE IHH R 2017.06.16-06.25
23 | ANSTO QUOKKA REKRZE HHIR FH ERAER 17537 c1-2 CrowdingB I FIZHEHFET L IT7IURRL DY T 1=y Bk REKRZE FH EMMAER | 2017.05.21-05.27
24 | ANSTO QUOKKA REKRZE iR #ll EH 17537 c1-2 CrowdingB I FIZHEHFETLIT7IURRYL DY T 1=y Bk REKRZE FH EMMAER | 2017.05.21-05.27
25 NIST NSE Ezkﬁ;j;g;ﬁﬁﬁ%% HREIEEH I 17809 C2-3-1  [RILFEALLEEEMUrDDATPIRIFRIHEREN R AL BT E'Kﬁ%j;gﬁgﬁ%% =yl1p=S 2017.07.05-07.14
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2017 (F k294 E

USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012-2017)

B ek A HEEA PR RS BAL (B2 4F) HEERS REES KB RIREESE REREFRE REREKA iz
26 NIST NSE AN B i B 17559 C2-3-1 |BFSFEBEEMEBaFe2S3DhHEFRAEL Ta— RiKZE A M 2017.08.31-09.10
27 | ANSTO QUOKKA RREKZE M2 i 17547 c1-2 INF R T ERELIS L ADNAE S — LA L O f s R AT REKZE Xiang Li 2017.09.08-09.16
28 | ANSTO QUOKKA HERA% D3 EZE M 17901 c1-2 NP FERELIC LD RIGEEER S LIS R A— DB AT RRERKF Xiang Li 2017.09.11-09.20
29 [ ANSTO QUOKKA RRERKZE M1 ®E RT 17901 c1-2 NPT EELIC R D RIGREER Y V95 R a—DHERRAT RREKZE Xiang Li 2017.09.11-09.20
30 NIST NSE FRKZE B ¥EH N® 17902 C2-3-1 |IREEOEEICRETTILICOHE FRKE ZEH BER 2017.08.22-09.05
31 NIST NSE FRKE D1 [=]:: [ E 17902 C2-3-1 |REEOEEICRETTILICOHE FRKE ZEH BER 2017.08.22-09.05
32 HZB E4 RRENKZE 6 e HE 17903 T1-1 2 %i0lsing =A% FHIMEIACOND206 1235135 — 8 7112 & SRR 1 A D I RREHKF JHE A4 | 2017.08.07-08.18
33 HzB E4 RRENKZE D2 BE BEX 17903 T1-1 2 %illlsing = f & FREMEIACOND206 128142 — Bl 112 & H4R 3 HuAa 4 A D il 80 RRERKE b= R 2017.08.07-08.18
34 [ ANSTO QUOKKA RREKZE M2 Bl E=E 17900 ci1-2 INE TP TFEEL(SANS RIS & BB 5 F47 LI B 19—t O 5 ERIFHE REKZE Xiang Li 2017.09.05-09.13
35 PSI ZEBRA HRERKE D2 FREAMHF 17515 5G CsFeCI3I=H T B E NFRMAKF REDH T H:E REKE IHH R 2017.08.22-09.09
36 [ ANSTO QUOKKA RREKZE M1 i B 17547 ci1-2 INF R T ERELIS L ADNAE S — LA L O f s R AT REKZE Xiang Li 2017.09.08-09.16
o] omu (snscomwr| A | wEmmA | mmms | D0 | (SAUSEESCATSMSEARSORLLOOSOSMISRIMAONE | mmxy | smomE | 000s0sn
39 NIST HFBS ES- PN iz WE & 17564 C3-1-1  |[BEIVFAE—&IKCECI-TFFSTTZURL I DRVTLFLBEFT(FIVR REKRZE ILE & 2017.08.17-08.27
40 NIST HFBS ES- PN M2 HH K= 17564 C3-1-1  |[BEIVFAE—&IKCECI-TFFSTTZURL I DRVT LFLBEF (FIVR REKRZE IWE B 2017.08.17-08.27
41 PSI ZEBRA RREKZE 6 i FAER 17513 5G TLFIOA YW EBa2MnGe20TDHETE— A2 D B RREKZE HH KR 2017.08.30-09.07
42 | ANSTO QUOKKA REKRE B TH R 17900 ci1-2 INE TP TFEEL(SANS RIS & BB 5 F47 LI B 19—t O 5 ERIFHE REKZE Xiang Li 2017.09.05-09.11
43| FRM-I SANS-1 BRDKEFRE D1 WA Fx 17546 c1-2 FRESHIVBIZEEDOHFEF BRODKEFRE @l [&DF | 2017.08.15-08.24
44| NIST NSE E‘*’%%j;gﬁ%ﬁ%% o] EH BRT 17810 C3-1-1  [Znlnzn#AFREDRELF(FI5R Ezsﬁ%j;g%ﬁﬁ%% HRF BKTF | 2017.09.06-09.13
45| ANSTO QUOKKA WE - MR HE FHTAEE M= 8§ 17808 c1-2 /N BEL B (2 & BT EAER & & o 0 B HUIAAT 4 O SR ME - R RS M= K89 2017.10.08-10.13
46 PSI ZEBRA RREKZE M1 B8N g 17513 5G TLFIOA Y EBa2MnGe20T DI E— A2 D B REKE IHH R 2017.08.22-09.09
47 | ANSTO QUOKKA RitX=# B Bl X 17578 T1-3 Powder diffraction experiment on chiral magnetic Re5Ru3AI2 RiKZE BLKE 2017.10.14-10.21
48 | ANSTO QUOKKA X SAEAHERIFAZEE| Johannes Reim 17578 T1-3 Powder diffraction experiment on chiral magnetic Re5Ru3AI2 RiKZE BLKE 2017.10.15-10.20
49| ORNL | SFIRHOIA B LTHRA HEE £68 B 110 G [ e NSPI= o1} B S ELEBRAR EAE B[ 2017.11.26-1200
50 | ANSTO ECHIDNA RRIFEXRE EEZER:UE= AP KR 17576 T1-3 FBIRROTZDA FEBL Y D4t RABIE A A IR EIR RS HREIEKRE \B IEA 2017.11.11-11.21
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2017 (FE K295 E USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012 -2017)

B ek A HEEA PR RS BAL (B2 4F) HEERS REES KB RIREESE REREFRE REREKA iz
51 | ANSTO ECHIDNA RRIEXRE M1 sOkse 17576 T1-3 BARROTRAA MREL Y DR RS A 4 R EUE B REIEXRY \B EA 2017.11.11-11.21
52 LLB 4F2 RFKF 6 BiE MR 17519 6G Ce3T4Sn13 (T = Co, Rh, Ru) (TN BN TV I TILEAVIZLBRESHEE LIS REKF HiE IR | 2017.1209-12.17
53 ORNL HFIR CTAX BitKE M1 =% A 17524 ci-1 SEFEFEE 4 FCeRhSnD B FEER M SIEH RiLKRZ &% =2 2017.11.26-12.07
54 | ANSTO ECHIDNA BN iz =ik = 17500 4G B SEERPORN-REBEORR RiEKRZ &% =2 2017.12.04-12.10
55 NIST NG7 EElA N2 B Bl X 17548 c1-2 Current driven motion of skyrmions in helical magnets R KF Bl KE 2018.01.23-01.31
56 NIST NG7 X iz kil = 17548 c1-2 Current driven motion of skyrmions in helical magnets RiKZE BLKE 2018.01.25-01.30
57 | FRM-I SANS—1 BRDKEFRE D1 WA Fx 17546 c1-2 FRAESHIVBIZEEDOHFEF BRODKEFRE wl [&DF | 2018.02.13-02.21
58 | FRM-I MIRA BRDKEFRE iz CIUNr e 17504 4G MM RIZ RIS T DR LRIZE DR BEODKEKFKRE @l [&DF | 2018.03.12-03.20
59 | FRM-I MIRA BRDKEFRE M3 wi% =R 17504 4G BEMBEEAIC S ARt BEEOHE BRODKEFRE @l [£DF | 2018.03.12-03.20
60 | ANSTO WONBAT RRERKZE HIIHMRA BHE—ER 17906 5G TG RTS8 MBI L AE IS Co120 19D BR-HER REKZE EHT—HE | 2018.03.14-03.19
61| ANSTO WONBAT RREKZE M1 ik = 17906 5G TG RTS8 MBI L E IS Co12019D BR-HER P REKE EHT—HE | 2018.03.14-03.19
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20184 (FRL305E)E USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012 - 2018 )

B ERR A £EBS PR AL (2 4F) HEERA FEES %E RIREES REREFME REERS g
1 NIST CHRNS FURKF B# E-1:: k] 18560 C2-3-1 VBB QRS SURBEMAY TV T ISR T 27 LAY OMR  EREKEYE FURKE EHESE 2018.05.10-05.23
2 NIST CHRNS FIRKE D1 [=]:: k= 18560 C2-3-1 UUBREB OB S S CEBEMAY T T IS0 57 LAY DR R KN FIRKE EHEE 2018.05.10-05.23
3 ANSTO QUOKKA RRKZ M2 %= BF 18901 c1-2 SERERRTFEBT R T — DS T RRERKZ Li Xiang 2018.05.16-05.25
4 ANSTO QUOKKA REKE M2 it EE 18902 c1-2 H—HEER OB T ILICHE I B EEAMAEOER L REKE Li Xiang 2018.05.13-05.21
18901 c1-2 SRERRFRM TR —OHERAT
5 ANSTO QUOKKA RIEKE B#% Li Xiang REKE Li Xiang 2018.05.13-05.25
18902 c1-2 WS ERDBH FLIICH T B ARMEEORE L
6 ORNL HFIR WAND RiEKE M2 =iE A 18574 T1-3 AR FHT AT RYbINI11Ged DT IEH AL~ 48RT RLKE % = 2018.05.12-05.20
7 ANSTO ECHIDNA RRIEXRZ M2 #E BX 18584 T1-3 FRRICOA U EBRORRBERIT LAV EERBORY HRIEXRZ =51 ¥ N-|] 2018.06.23-07.03
8 ANSTO ECHIDNA REIEXRF M2 i+ /E 18584 -3 FIRBAL YA BRI DR BSR4 RO RS RERIEKRZF R F AR 2018.06.23-07.03
9 | ANsSTO BILBY SEETEAY AHiE W WE 18900 ciz  |PEEMEARESSTRARAROIBRS T —IRRAMBENISI SEN EEETEAY WA B%E | 2018.05.31-06.08
| ansto BILBY P wm W & 18900 Gi-2 2%;?%;‘;;;6?13~y7é¥§%ﬁi0)$§i§ﬁ9’j)l«'7—7@*5%%&%5@@:6[16%7111% EEETEAS Lk B 2018.05.31-06.08
" ILL IN16B B#MAERE YR Fks 58 18534 C1-1 BFREVBEOHE HMRFRE PR 1583 2018.05.27-06.01
12 ORNL HFIR CG-2 BEODKEFKRE M1 R mEEk 18548 Cc1-2 (CeNd)Coln5D RE L EE K &R E DRI BEODKEFKRE wl EDF 2018.06.17-06.24
13 ISIs WISH WE - MRS FEHRE SFH S 18800 4G DyMnO3(D & E W DR S DR E ME - MRS FHE Al 2018.06.25-07.02
14 ORNL HFIR RELLI HEAS D3 EE K 18508 4G gf;;‘ﬁ@ogﬁ?éﬁg’éi?’ﬁl’aﬁ}iiﬁi‘fﬂﬁﬂ)ﬁ&hf:Ce%1|:%%CeTSi3(T:Pd, POIZH 1T DHE BRIk *E EE 2018.06.21-07.01
15 HZB E4 RRERKE iR WE & 18903 T1-1 — IS N1 H2% 0 = A F AR EACONb206 DB B KB D HI1H RRERKE mE L 2018.06.30-07.16
16 HzB E4 RRENKE M1 TH X 18903 Ti-1 — BTG 112 & %2550 = F s F R AR CoNb206 0D Bt X R B 72 O il 1 RRERKE daE HiE 2018.06.30-07.16
17 PsI Eiger ME - MHRE T—F)—45— B4 ER 18804 5G i35 th 0O o4 F B 4% %I AL 1=Cu3(P2060D)2 0D £ 4R AEDFF R ME - MHRME EA EA 2018.08.25-09.01
18 NIST NCNR HHMRERR B FARs k8 17532 C1-1 BFREVHRAOHE EMAFER [l NG| 2018.08.06-08.15
19 NIST NCNR LK iR &l = 17532 C1-1 BFREVBEDHR HMRFRE PR TRBA 2018.08.06-08.15
20 ORNL HIFR HB-1 BEODKEFKRE M2 RHE TR 18507 4G FROCHIL BB DI IEREL BEODKEFRE wl EDF 2018.08.09-08.19
21 ANSTO QUOKKA REKRE HEHER 3L AR 18542 c1-2 GV-SANSI= &L HDNATFTE T TO IR FREE R DFRHT REKE H L HAER 2018.07.25-07.31
22 | ANSTO QUOKKA REKE iR 2l EH 18542 c1-2 CV-SANSIZ & HDNATETE T TOHIIR S AREE R D ARHT REKE F £ fRAER 2018.07.25-07.31
23 ILL IN20 WE - MR R FEHARE FH fub 18800 4G DyMnO3D & E N DM S DFE WE - MRS FH A 2018.09.23-10.05
24 | ANSTO SIKA LK iR &k = 18527 C1-1 BRAN—IFUEFITEFBMRASHL TS /o DRE LK 3 2018.10.16-10.26
25 | ANSTO SIKA R K% D1 Seno Aji 18527 C1-1 HRAN—IAUEFICEHFBMRATHIL TS /o OR%R REKZ = 2018.10.16-10.30
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2018 (FFRRI0F)E

USER-PROGRAM SUPPORT FOR OVERSEAS EXPERIMENTS (2012 - 2018 )

B ERA KB [t B (F6) HEERA REES ®E RHRGRESR REREFTRE RERERA iz
26 ANSTO ECHIDNA REKE B R TR 18904 5G AT WY=L EHIMgMn307 - 3D20 DEES LR RREKE EH E—H 2018.08.26-08.31
27 ORNL HFIR HB-2A RitK= M2 g & 18587 T1-3 BRE1/2/3409 07 RS MEANaSCo(CO3)2CIDHET IR BlKZ K MR 2018.09.02-09.07
28 ORNL HIFR CG-3 RRKZ M1 RE fER 18539 c1-2 SANS-DSCRIBBITEIZ & B2 A 4EDNAIZ K Y BRIEE NI E T ILIIES )L DREERRT RRERKZ Li Xiang 2018.09.23-09.30
29 ORNL HFIR HB-1 REKZE M2 B8N B 18519 5G TILF IOV MEBa2CoGe20 T DHAE— A2 DT L EIBHIE REKZE #H FER 2018.09.10-09.26
30 ILL IN15 L ERAZRT MEA iEHAE & 18812 C2-3-1 BRAF LA MnSIxGexI 25T BH 1F3HR BEEHERAR EHHE & 2018.10.16-10.26
31 PSI DMC BARE E2d BRI FTX 18578 T1-3 BFREL D= BAHEEHDNa2Cu3Ge40 12D HESHEE AR RH EX 2018.11.28-12.04
32 PSI DMC Biia K% M1 BN B 18578 T1-3 BFREL D= EHHEE S DNa2Cu3Ce40 12D B KA E BHAKRE TH EX 2018.11.28-12.04
33 PSI SINQ B2 MREE &HE B 18546 c1-2 R RERR L QBN BB IREA DAY D L BEFAE F ORI BEOKEFRE wil EoF 2018.11.19-11.27
34 ORNL BL-14B HYSPEC BRODKEFKE M1 #IR 4K 18908 c1-1 Ce(CoRMINSD R AT 24 ERBIRH T BROKEFKRE EINES kS 2019.01.21-01.29
35 ISIS GEM ZEHBIEXS Hi% SFIHE HKH 18579 T1-3 PdRuF/#1F Dt SRR E 1 RIRAE W= & 2019.02.10-02.17
36 ISIS GEM REKRZE B# ¥H KT 18579 T1-3 PdRuF/HIF D& LBILETE HREKE W= & 2019.02.10-02.18
37 ANSTO QUOKKA REKZE HMEA A3 I[N 18905 C1-2 ERBEEUAR AU TITFLUY Ua—LAESYL—b CLOREIEETIEORE HRERKE 5% hE 2019.02.26-03.06
38 ANSTO QUOKKA HRERKZ B Li Xiang 18905 c1-2 ARBEEHA UAYT TIFLUY UI—LARYUL—T L OBEEEELORE HRAZ By hE 2019.02.26-03.03
39 FRM-1 PUMA KBRKZE D1 # £E 18801 4G BB EIMBSO20 T4/ H A FIHR EERITREWRR FHRER 2019.02.11-02.20
40 | FRM-I PUMA IN=P N B#% R8I 75 18801 4G BB FIM3Sb2D T /U F A FIHR EEEMREHER FHER 2019.02.11-02.21
4 NIST NG-7 RitKXZ B# Bl X# 18907 c1-2 MnSi 1285 FRZEHEARFOMIAFILIALOF(FIVR SN2 ESITRPN | 2019.03.17-03.27
42 NIST NG-7 RiLX=Z Bi% kil = 18907 c1-2 MnSi 25T B EHER FOMARAFILIAL DI (FIVR RiLK=E Bl K 2019.03.18-03.23
18909 T1-3 FATHEBHTFEERIEAYbIRUAAN2 DR SEE
43 ANSTO ECHIDNA RitX=Z iz kil = RiKZE £ = 2019.03.24-04.02
18910 T1-3 Ga-Pd-Tb 2/1 iR AR DB THEE
44 ANSTO ECHIDNA RiLX=Z B# BEn fE 18909 T1-3 FALFER B TFBEMMEAYDIRMAIL2 DHSHEE RiLK=E £ = 2019.03.26-04.02
45 ANSTO BILBY JEAMTHILKRE 51 B AKX 18912 c1-2 RLITHABAEI L OME TR JEAMTILIKRE BF WA 2019.03.20-03.31
46 ANSTO BILBY RBKRFE B#% i ER 18911 c1-2 SANSHIEIZ& 55 FBiBHEA 4 L DPoly(propylene oxide) & M KFIR DR E REKRE i & 2019.03.20-03.29
47 ANSTO BILBY LEBIERE BT W W& 18911 c1-2 SANSHIEIZ &35 FBiBIE 2L DPoly(propylene oxide) &t DK FIEDRE REKZE ER ER 2019.03.20-03.31
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ACTIVITY REPORT ON NEUTRON SCATTERING RESEARCH : VoL.24 (2018)

PUBLICATIONS AND DISSERTATIONS

(2010 - 2019)
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Publications and Dissertations: 2010 - 2019

Published by:

Neutron Science Laboratory,
Institute for Solid State Physics,
University of Tokyo

106-1, Shirakata, Tokai,

Ibaraki 319-1106,

JAPAN

This list is generated automatically from our database at: 2019/08/16 11:35:56 JST.
Visit our on-line database for updated information.

Publications

2019

e Magnetic states of coupled spin tubes with frustrated geometry in CsCrF4
Hagihala M., Hayashida S., Avdeev M., Manaka H., Kikuchi H., Masuda T.
npj Quantum Materials 4 (2019) 14-1-9

e Nano-structure of organic-inorganic layered hybrids characterized by small-angle
scattering of X-rays and neutrons
Harada M.
Materials Letters 253 (2019) 102-104

e Coexisting spin resonance and long-range magnetic order of Eu in EuRbFe4As4
Iida K., Nagai Y., Ishida S., Ishikado M., Murai N., Christianson A. D., Yoshida
H., Inamura Y., Nakamura H., Nakao A., Munakata K., Kagerbauer D., Eisterer M.,
Kawashima K., Yoshida Y., Eisaki H., Iyo A.
Phys. Rev. B 100 (2019) 14506-14506

e Progress in High Resolution Chopper Spectrometer HRC by improving collimator and
Fermi chopper
Itoh S., Yokoo T., Masuda T., Asai S., Saito H., Kawana D., Sugiura R., Asami T.,
Ihata Y.
Physica B 568 (2019) 76-80

e Spin correlations of quantum spin liquid and quadrupole-ordered states of
Tb2+xTi2-x07+y
Kadowaki H., Wakita M., Fak B., Ollivier J., Ohira-Kawamura S., Nakajima K., Lynn
J. W.
Phys. Rev. B 99 (2019) 14406-14406

e Neutron scattering studies of static and dynamic correlation lengths in alkali
metal borate glasses
Kojima S., Novikov V.N., Kofu M., Yamamuro O.
J. Non-Cryst. Solids 518 (2019) 18-23

e Sinusoidally modulated magnetic structure of Kramers local moments in CePd5Al2

Onimaru T., Inoue Y. F., Ishida A., Umeo K., Oohara Y., Sato T. J., Adroja D. T.,
Takabatake T.
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J. Phys.: Condens. Matter 31 (2019) 125603-1-8

e Controlling the stoichiometry of the triangular lattice antiferromagnet
Lil+xZn2-yMo308
Sandvik K. E., Okuyama D., Nawa K., Avdeev M., Sato T. J.
J. Solid State Chem. 271 (2019) 216-221

e Precision polymer network science with tetra-PEG gels—a decade history and future
Shibayama M., Li X., Sakai T.
Colloid Polym. Sci. 297 (2019) 1-12
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