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In the fiscal year 2005, The research reactor JRR-3 was operated 7 cycles (cycle operation :
26days/cycle) for utilization sharing of the facility. And JRR-4 was operated 37 cycles (daily
operation : 137 days).

JRR-3 is used for the purposes below;

- Experimental studies such as neutron scattering, prompt gamma-ray analyses,
neutron radiography
- Irradiation for activation analyses, radioisotope (RI) productions, fission tracks
- Irradiation test of reactor materials
etc.
JRR-4 is used for the purposes below;
- Medical irradiation (Boron Neutron Capture Therapy : BNCT)
- Prompt gamma-ray analyses
- Sensitivity measurement of radiation detectors
- Experiment in the nuclear reactor training
- Practice of Reactor operation
- Irradiation for activation analyses, RI productions, fission tracks
etc. ’ '
_ The volume contains 100 activity reports, which are categorized into the fields of neutron
scattering (9 subcategories), neutron radiography, neutron activation analyses, RI productions,
prompt gamma-ray analyses, and others submitted by the users in JAEA and from other

organizations.

Keywords: JRR-3, JRR-4, Research Reactor, Neutron Scattering, Neutron Radiography,

Neutron Activation Analysis, Neutron Beam, Irradiation
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Hexagonal-to-squared Vortex Lattice Transition in the Mixed State of Nb3Sn
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We report on the study of vortex (flux
line) state in NbsSn using small-angle neu-
tron scattering (SANS). The magnetic field
dependence of the SANS diffraction pattern
was obtained at 2.6(1) K. Figure 1 shows the
typical SANS-J data at 2.6(1) K after sub-
tracting background data obtained at 30 K
(> T¢), where scattered neutrons from an in-
cident beam with a mean wavelength Ao = 6.5
A are detected by a position-sensitive detec-
tor at a distance of 10 m (1-2 T) or 4 m (3-
4 T) from the specimen. The cryostat (in-
cluding the magnet) and specimen are rotated
slightly (+0.2°, in several steps) around the
vertical axis to obtain a sum of diffraction
patterns over Bragg angles for both triangu-
lar and square FLL structure. It is clear in
Fig. 1 that there is a difference in the pattern
of angles between data at 1-2 T and those at
3-4 T. Since the patterns at lower fields sug-
gests an overlap of two (possibly distorted)
hexagonal domains due to the tetragonal crys-
tal structure, their change into the nearly
. four-fold symmetric pattern at higher fields
demonstrate the occurrence of triangular-to-
square lattice transformation at 2-3 T. The
field range of transformation is considerably
higher than that in V3Si, where the transi-
tion to square lattice is nearly complete at
1.5 T (with H [{0,0,1}).)) The apex angle
of the real space unit cell is evaluated to be
close to 60° and 90° for the respective data.
Furthermore, the spots on the {1,0,0} axis
at high fields (Figs. 1lc, d) is absent at lower

fields. This clearly indicates that the diagonal
of the real space rhombic unit cell, which is
aligned to {1,1,0} or {1,1,0} direction in each
domain, rotates to a {1,0,0} direction with in-
creasing field. A similar domain structure at
lower field has been observed in V3S1.1:%) The
present result was used together with uSR
data to reconstruct a detailed field profile in
the mixed state of Nb3Sn.?

Figu;'e 1: SANS diffraction patterns obtained by sub-
tracting the background data at 30 K from the data
taken at 2,6(1) K.
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1. Introduction

Nitrogen addition to austenitic steel is well
known to improve several mechanical and
chemical properties ). For instance, the
yield strength and work-hardening are in-
creased with increasing of nitrogen concen-
tration. The effect of nitrogen on strength is
much effective than carbon. However, the re-
lationship between strengthening mechanism
and nano-sized microstructure has not been
made clear. In this study, the change in nano-
scaled microstructure during plastic deforma-
tion was examined by using a small angle neu-
tron scattering (SANS-J).

2. Experimental Procedure

The chemical compositions of materials
used are shown in Table 1. The speci-
mens were quenched into water after solution
treatment to obtain single austenite struc-
ture. Change in nano-structure was exam-

ined in situ during tensile deformation by us-

ing SANS-J.

Table 1: Chemical compositions of materials used

C Si | Mn | Cr Ni N
N1 0048 [ 0.33|0.80 ] 25.1 | 19.8 | 0.023
N3 |[0.048 | 0.31 { 0.84 [ 25.0 | 20.1 | 0.325

3. Results and Discussion

The result of the small angle neutron scat-
tering is shown in Fig. 1. As seen, the scatter-
ing intensity increases with increasing of ten-
sile strain at ¢~! indicating the evolution of
dislocation structure in a low nitrogen bear-

ing steel (N1). On the other hand, in case of
a high nitrogen bearing steel (N3), the inten-
sity decreases with strain in the beginning and
then increases. There seems to be two con-
tributing factors to the scattering intensity:
one is evolution dislocation of structure and
the other is destruction of nano-sized cluster. -
The size, shape and amount of the clusters
will be analysed quantitatively in a near fu-
ture.

Res! scale {nm)
100, 50

Scaltering cross section (em™ str™)

a (nm™)

Scattering cross section (cm” str”)

Figure 1: Scattering profiles of N1:(a) and N3:(b) ob-
tained by in situ SANS-J measurement during tensile
deformation.
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LiNiOy and LiCoOs are important mate-
rials that can be applied as cathode mate-
rials for lithium-ion batteries b.
based on its advantages LiNiO, becomes par-
ticularly attractive as cathode material in
lithium-ion batteries. In this study we report
the neutron scattering study of LiNiOs. The
average crystallite size of LiNiOg is discussed
and the amount of crystalline LiNiOgy pro-
duced in the annealing process is estimated.

The sample was prepared by dry mixing of
starting materials LiOH and NiO then milled
by high-energy planetary milling for 3 hours
at frequency 3 Hz to perform a ground prod-
uct. After that, the mixture was heated at
temperature 400°C for 5 hours. The whole
sample was divided into three parts: sample A
‘“which had no further heating process, sample
‘B annealed at 500°C for 5 hours and sample
C annealed at 650°C for 5 hours. Neutron
scattering measurements at room tempera-
ture have been performed for LiNiOy compos-
ites (sample A, B and C) by HRPD installed
at JRR-3 in JAEA. The data were collected
in the 26 range from 10° to 150° with step
angle 0.05°.

Figure 1 shows the neutron scattering in-
tensity from LiNiOy composites (sample A, B
and C). Rietveld analysis has been performed
on the neutron scattering intensities of sample
A, B and C using RIETAN-2000 2. The crys-
tal of LiNiOs is assumed to belong to hexago-
nal type structure with space group R3m 3.
The average crystallite sizes of LiNiOy which
were calculated using Scherrer equation for

Presently, -

three different samples A, B and C are about
3, 4 and 13 nm, respectively. Assuming that
100% of starting materials change to crys-
talline LiNiOg in the sample C, the percentage
of crystalline LiNiQ, formation in sample A
and B are about 61 and 87%, respectively.

Intensity

7 77 ample A
'lqd ," J : Mmplefi

- = ————~ sample €
80 100 120 140
26

Figure 1: Neutron scattering intensities of LiNiOg
composites at room temperature.
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The unique cage structure of methane hy-
drate (MH) gives interesting physical prop-
erties such as thermal conductivity V). The
properties can be affected its host-guest inter-
actions. For a correct understanding of such
phenomena we need exact information of the
host and guest molecular dynamics. In our
previous experiments using TAS-1 and TAS-2
the rotational motion of methane molecule co-
incides with almost free quantum rotation of
spherical top shape molecular, and there ex-
ist some S(Q,E) peaks assigned as methane
translational motions hindered by the wa-
ter cages. The latter motions appear as the
intense broad peaks under 10 meV region,
which can separate from S(Q,E) using the
free rotation model of a methane molecule.

In this experiment we tried to appear the
existence of such hidden peaks which charac-
terizes the hydrate structure. The host frame-
work constructed light water molecules shows
almost same lattice and librational peak po-
sitions with light water ice. In the normal
ice the lattice and librational modes are sep-
arated clearly, but the MH spectrum can be
seen that there are some modes between ice
lattice and librational mode. The purpose
of this experiment was to separate these un-
known peaks from S{Q,F) using TAS-1.

The prepared MH (CH4-D20) sample had
80% of the methane inclusion density. Fig-
ure 1 shows the experimental S(Q,E) at Q@ =
6 A~1 for CHs-D20 with TAS-1 and for DO
ice with MARI at ISIS. As shown in the figure

1000 LI B B B RS B B AN B MR SN BN S
5 O TAS-1 (CHe~Dy0, 10K)
200 ====-— MARI (D;0, 15K)
- == Calc. (MARI D,O
2 + two Gaussian)
S5 1 OR o ~ 0 e Gaussian 1&2
_g 600 1O
>
g o
g L N T
g N/
200 |- 4 -
P
e e 1
ot U e
40 45 50 55
Energy [meV]

Figure 1: An example of peak analysis of S(Q,E) at
10 K obtained by TAS-1.

the gap between lattice and librational modes
in the ice is filled up in the MH. The subtrac-
tion of the D20 ice spectrum from the present
S(Q,E) leaves the excess peaks in the differ-
ence. The excess peaks are fitted with two
Gaussian function. In the fitting result the
lower energy peak position corresponds with
the TO mode in the ice lattice. The higher en-
ergy peak at 46.5 meV is a new peak which is
characteristic in MH obviously. The position
of this peak is on a Q2-line calculated with
the effective inertial mass of CHy molecule.
This suggests a possibility that the peak ori-
gin comes from the CHy rotation, although
the intensity has large discrepancy with the
CHy, free rotation model.
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Structural Transition of Kj5Co0,
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Ko5Co09 with the triangular lattice of
Co atoms exhibits two transitions accompa-
nied with magnetic anomalies at tempera-
tures 1,1 ~60 K and T ~20 K. K ions or-
der at Ty ~550 K. These transitions are
very similar to those of NagsCoQOs. For
Nag.5Co04, the structures both above and be-
low T have been reported and it has been
presumed that the order of Na ions play an
important role to two phase transitions at T
and Teo.

In the present work, neutron diffraction
studies have been carried out on a polycrystal
sample of Kg.5C003 to investigate its detailed
structures at 423 and 573 K using the high-
resolution powder diffractometer (HRPD) in-
stalled at JRR-3 of JAEA in Tokai.

A number of superlattice peaks arising from
the potassium order were observed at 423
K. These peaks can be indexed by using
the orthorhombic space group Pnmm, as for
Nag5Co0s. Then, the diffraction patterns
were taken at 573 K. At the temperature, the
superlattice peaks observed at 423 K disap-
pear and all reflections can be indexed by the
hexagonal space group P63/mmec. At both
temperatures of 423 and 573 K, the error bars
of the positional parameters of K atoms (at 6h
sites of the space group P63/mmc at 573 K
and 2a and 2b sites of the space group Pnmm
at 423 K) obtained by the fitting were rather
large, though the positions of O atoms can be
determined well.

In Fig. 1, the structure of Ko5Co0O2 de-

termined by the present Rietveld analyses is
shown, where K1 and K2 and O1, 02, and 03
represent crystallograghically distinct K and

O sites, respectively. K1 atoms are on the
lines along c through the center of gravity of
a triangle formed by three Co atoms within
a CoOz plane and K2 atoms lie above the Co
atoms (or on the same line along ¢ through the
Co atoms). The arrows indicate the atomic
shifts from the positions corresponding to the
hexagonal symmetry described by thin bonds.
In the figure, because the atomic shifts of oxy-
gen atoms along ¢ are very small as compared
to those of potassium atoms, they are drawn
five times longer than the actual ones.

In the present experiments, we could deter-
mine the structure of Kq5Co09 system above
and below T, and we found that this system
has the qualitatively similar order pattern to
that of Nag;Co0s. Although there are some
differences between two systems, these may be
explained by the difference between the dis-
tances of CoOs layers.

Figure 1: Structure of Ko.5C002.
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Structural Studies of Pyrochlore-related Spin-1/2 System Ag;Cu,0;
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In AgeCus0j3, edge-linked CuQy4 squares
form the CuQOy chains with their square-
planes parallel to the ac-(or be-) planes, and
the chains align parallel to the a-(or b-)axis.
We can also see a network of corner shar-
ing Cuy tetrahedra, or a pyrochlore-related
lattice, in which the geometrical frustration
is expected to induce strong magnetic fluc-
tuations, if the exchange coupling energies J
among the spins (§=1/2) of these Cu?* ions
are antiferromagnetic.

In order to study the relationship be-
tween the structural and magnetic properties
of this pyrochlore-related system AgsCuyOs,
neutron and X-ray Rietveld analyses and
measurements of the magnetic susceptibil-
ity x and specific heat C have been car-
ried out. Samples were prepared by the co-
precipitation method.

Powder neutron diffraction measurements
were performed by using a high resolution
powder diffractometer (HRPD) in JRR-3 of
JAEA in Tokai with the neutron wavelength
of 1.8233 A.

In the Rietveld refinements at several tem-
peratures by using the tetragonal space group
I4; /amd (origin choice 2) reported previously
1), all hkl peaks with nonzero k and k have the
slightly broader widths than the correspond-
ing resolution ones, while those of the A0l and
0kl peaks have the resolution widths. Espe-
cially at 10 K, where temperature T' < Tn,
the width of the hkl reflections with nonzero
h and k are much larger than the calculated
widths, while the widths of the R0l and 0kl
peaks are T-independent and resolution lim-
ited. This clearly indicates that the mono-

clinic distortion is enhanced at low 7. In
the analyses of this distorted structure, we
have found that C2/c is the appropriate space
group to the present system, though further
detailed considerations are required to obtain
satisfactory results at 10 K, as described later.
In the actual analyses, we adopted one of
the choices in the space group C2/¢, 1112/b
(unique axis ¢ or 7#90°; choice 3) in order to
make it easy to compare the atomic positions
with those of the above tetragonal cell.

We have found that the monoclinic distor-
tion begins to increase rapidly with decreas-
ing T at the magnetic transition temperature
Tn~T70 K. Because the system undergoes the
magnetic ordering at T, it is quite plausible
that the structural distortion and the mag-
netic transition couple to each other.

Observing the T-dependence of the v value,
one can realize that the Cuy tetrahedron is
more twisted about the ¢ axis at T < T than
above Ty. We think that the release of the .
geometrical frustration inherent in the present
spin systems is induced by the twisting of the
tetrahedra.

In the present experiment, we have not de-
tected the magnetic reflections within the ex-
perimental accuracy so that we do not know
the actual ordering pattern of the spins be-
low Tn. It is desirable to search the magnetic
reflections by using single crystals, though
it is difficult to prepare them by the co-
precipitation method.
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Phase transitions of nucleoside and
nucleotide hydrates are induced by hu-
midity or temperature, where recon-
struction of hydrogen-bonding networks
participates. In the case of disodium uri-
dine 5-monophosphate (CoHy3NoQgPNag,
NapUMP) heptahydrate, disorder of sodium
ions and crystal water molecules is observed
at room temperature (RT) and a phase
transition, which would be related with the
ordering of hydrogen-bonding networks, pro-
ceeds around -50 °C. Thus neutron diffraction
analysis of NapUMP heptahydrate at RT
was carried out following the previous work

for disodium cytidine 5-monophosphate

(NagCMP) hydrate V).

NaoUMP was crystallized from deuterated
aqueous solution in order to reduce incoherent
scattering from hydrogen atoms. An as-grown
crystal with approximate dimensions of 1.6 x
1.4 x 1.1 mm? was sealed in a quartz capillary
tube. The neutron intensity data were col-
lected using a BIX-III diffractometer installed
at 1G-A port of JRR-3 in JAERI (Tokai) with
the wavelength of 1.51 A. Crystal data are;
orthorhombic, P212121, a = 22.987(4), b =
8.890(1), ¢ = 58.091(8) A, Z = 24. Hydro-
gen positions were determined by iteration of
difference Fourier syntheses starting from the
coordinates of non-hydrogen atoms obtained
by X-ray analysis using non-deuterated sam-
ple. The R factor is 0.25 for 13734 observed
reflections (| Fp| > 40(F,)) up to 0.85 A at the
present stage.

The crystal structure is shown in Fig. 1.
There are six UMP molecules and 48 sites of
42 crystal water molecules in an asymmetric
unit. All hydrogen atoms of UMP molecules
and 51 hydrogen atoms of 34 crystal water
sites were determined. All exchangeable hy-
drogen atoms such as bonded with N and O
in UMP molecules and those of all crystal wa-
ter molecules were deuterated: Further refine-
ment is in progress.
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Figure 1: Crystal structure of NaUMP heptahydrate.
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Li doping into a quantum paraelectric
KTaO3 induces relaxor behavior. Though
it is expected that a large off-center dis-
placements of Li ions trigger polarized nano-
regions (PNR’s) and hence the relaxor behav-
ior, detailed study of the lattice dynamics and
atomic displacements in K;_;Li;TaO3 (KLT)
has been sparse.

We have performed neutron scattering ex-
periments at the TAS-1 and LTAS spectrom-

eters using a single crystal of Ko g5Lig.05TaO3 -

where a small amount of a Ca impurity (~
15 ppm) was incorporated during the sin-
gle crystal growth. From dielectric measure-
ments, dynamics of Li ions which is order-
disorder type nature, has been observed as
a relaxation starting below ~ 200 K. Neu-
- tron scattering experiments reveal that diffuse
scattering ridges appear around the nuclear
Bragg peaks along the [100] direction below
~ 150 K (Fig. 1) and phonon line broad-
ening starts to appear at even higher tem-
peratures ~ 200 K. These facts suggest that
PNR’s start to from around 200 K accompa-
nying with the relaxational behavior of the
Li ions. From analyses of the diffuse intensi-
ties at different zones, we have derived atomic
displacements inside PNR’s. We find that the
displacements include a uniform phase shift of
all of the atoms in addition to the condensa-
tion of the TO soft ferroelectric mode, that is
analogous to the prototypical relaxor material
Pb(Mg;/3Nby/3)0s3.
In summary, we draw the following picture
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Figure 1: (a) Temperature dependence of the (2,0, 0)
nuclear Bragg peak (black circles) and the diffuse scat-
tering intensity measured at (1.05,1,0). (b)-(d) Con-
tour maps of the diffuse intensity around (1,1, 0).

for KLT. At the Burns temperature ~ 200 K,
PNR’s start to form triggered by off-center
displacements of the Li ions. The ionic dis-
placements consist of the displacements as-
sociated with the soft FE mode superim-
posed on a uniform phase shift, which should
be an energy barrier to the bulk FE tran-
sition. Below the Burns temperature, the
dynamics of Li.atoms appears as the relax-
ational behavior in the dielectric response.
As temperature decreases dipolar fluctuations
are reduced and stronger correlations develop
among the PNR’s that grow in volume, as ev-
idenced by the growth of diffuse scattering in-
tensity.
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Ba3Caiy;Nba_z0g_35/9 is a candidate for
high temperature proton-conducting elec-
trolyte, since a large amount of wa-
ter /hydrogen can be solved and the electri-
cal conductivity would be comparable to that
of the best oxygen-ion conductors. The pro-
ton solubility and the conductivity have been
studied extensively. However, the mechanism
of the conductivity has not been clarified yet.
In the present study, the effects of the wa-
ter /hydrogen dissolution on the crystal struc-
ture have been studied by the neutron diffrac-
tion measurements.

Polycrystalline sample of BagCa; 18Nbi.ga
Og.7s (BCN18) was synthesized by a solid
state reaction method. BaCO; (RARE
METALLIC Co., Ltd., 99.99 %), NbsOg
(MITSUI MINING SMELTING Co., Ltd.,
99.99 %) and CaCOsz (RARE METALLIC
Co., Ltd., 99.99 %) were weighed in stoichio-

- metrically ratio and mixed in an alumina mo-

tor with small amount of ethanol. The mix-
ture was dried in the air and pressed into
disks, and them calcined in an alumina cru-
cible at 1000 ‘C for 20 h. The product was
ground, pressed into disks, and then sintered
at 1500 °C for 24 h in the air. The dry sample
(no water/hydrogen; denoted as dry BCN18)
was prepared by heating the specimen at 900
°C for 20 h in vacuum. The deuterated water-
solved sample (BCN18-D) was prepared by
holding the dry sample in D,O vapor of about
.3 kPa (saturated vapor pressure of water at
room temperature) at 350 °C for 60 h. The
amount of D20 solved in the sample was de-
termined to be 26.0 mol% by the weight mea-
surements. :

The powder neutron diffraction measure-
ments were carried out using the high resolu-
tion powder diffractometer (HRPD) installed

‘at the Japan Research Reactor 3 of the Japan

Atomic Energy Agency (JAEA) with a wave-
length of 1.8233 A. The neutron diffractionn
data were collected with constant monitor
counts and a step angle of 0.05°over the 2 0
range of 2.5 160".

The results of diffraction patterns obtained
at room temperature for dry BCNI18 and
deuterated water-solved sample (BCN18-D)
are shown in Fig. 1. The peaks of BCN18-D
are shifted to lower angles compared to those
of dry BCN18. The relative intensity is also
different in between the two, which should be
caused by the introduction of oxide ions at the
oxygen vacancy sites and the deuterons at in
the interstitial sites of BCN18-D. The lattice
constant and the atomic displacement param-
eter B of BCN18-D are larger than those of
the dry BCN18. The detailed analysis using
Rietveld method is under way.

g
L@

BCN18-D (26.0 mol%s)

Insonsity /arb, units

Figure 1: Neutron diffraction patterns of dry BCN18
and BCN18-D(26.0 mol%).
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Crystal Structure of Carbon Dioxide Hydrate

N. Igawa, T. Taguchi and Y. Ishii
Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

Clathlate hydrates are solid-state sub-
stances and consists of two types of cages
(called “large” and “small” cages) formed by
- water molecules that are hydrogen-bonded in
a manner similar to ice and trapped encaging
gas molecules inside each cage. Although
many studies on the clathrate hydrate includ-
ing carbon dioxide hydrate were carried out,
no detailed crystallographic property has yet
been cleared. The purpose of this study is
the precise crystal structural analysis of car-
bon dioxide hydrate, one of those clathrate
hydrates, focused on the temperature depen-
dence on the motion behaviors of the inclusion
carbon dioxide gas molecule in the two types
of cages.

Powder sample of carbon dioxide hydrate
was synthesized from powdered ice and pres-
surized carbon dioxide. Instead of HyO, D20
was used to synthesize the sample for the re-
duction of the high incoherent neutron scat-
tering from H atom. The neutron diffrac-
tion patterns of carbon dioxide hydrate were
measured by using a High Resolution Pow-
der Diffractometer (HRPD) installed at JRR-
3, JAEA in the temperature range from 10 K
to 185 K. The powder sample was contained
in a vanadium cylinder of 10 mm in diame-
ter and 40 mm-high, and the cylinder was set
in an Al container filled with He gas, which
was attached to the Displex type refrigerator.
A neutron wavelength of 0.1823 nm was used
and diffraction data were collected in the 26
range from 20%o 165°with a step-angle of ap-
proximately 0.05°. Obtained diffraction pat-
terns were analyzed by the Rietveld method
using the program “ RIETAN-2000" .1

Figure 1 shows the result of a profile refine-

ment of the neutron diffraction pattern at 10
K. The top and bottom rows of tick marks
in the figure represent calculated peak posi-
tions for the carbon dioxide and for carbon
dioxide hydrate, respectively. There are some
extra peaks in the profile; all of those extra
peaks were attributed to the crystal of car-
bon dioxide which is a starting material gas
and remained in the sample. The experimen-
tal patterns attributed to the carbon dioxide
hydrate are fitted well to the model with the
space group Pm3n and a lattice constant a
= 1.1815 nm at 10 K: the reliable factors are
Ryp = 3.86 %, Ry = 6.07 % and “ goodness-
of-fit ” indicator § = 1.37. We estimated that
both the cages are almost fully occupied by
a carbon dioxide moleclure at 10 K. The pre-
cious analyses are in progress.

14000

Intensity
W o g o0 b=y
s 88 ECE

>

261/°

Figure 1: Profile refinement of carbon dioxide hydrate
at 10 K.

References

1) F.Izumi and T. Ikeda :“Mater. Sci. Forum”, 198,
321 (2000).

JFFJF : JRR-3  #%f8 : HRPD(1G)

B PHEFREL ()



JAEA-Review 2007-018

MEF—~ . a7 A A MNE{H T e s o REEPOKEEBEME (2)
% B 10 KIZRBIT BB ERPHEFEITNC XL 2D BaSngsIng 500,75 P OEKEBAMEOHRE

1-1-11

Location of Deuterium Atoms in BaSngsIng 509 75
by Neutron Powder Diffraction at 10 K

T. Tto!, T. Nagasaki®, K. Iwasaki', M. Yoshino!, N. Igawa® and Y. Ishii3

I Department of Materials, Physics and Energy Engineering, Graduate School of Engineering,
Nagoya University, Nagoya 464-8603
2 EcoTopia Science Institute, Nagoya University, Nagoya 464-8603
3 Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

Aliovalently-doped perovskite oxides often
show significant proton conductivity in a hu-
mid atmosphere at high temperature ). To
understand the state and transport of hydro-
gen in these materials, it is essential to lo-
cate protons in them. While several compu-
tational approaches 2 have yielded consistent
results with respect to the hydrogen site, none
of the neutron diffraction studies 3% have ver-
ified the results. In the present study, we try
to locate deuterium atoms in DyO dissolved
BaSng 5Ing 50975 by neutron powder diffrac-
tion at 10 K. The data are analyzed by the
maximum entropy method (MEM, program
PRIMA) as well as the Rietveld method (pro-
gram RIETAN-2000) %6).

The BaSngslngs509.75 samples were pre-
_ pared by the solid-state reaction of BaCOs,
Inz 03 and SnO, powders at 1673 K for 204-20
h in a dry oxygen flow. The BaSng 5Ing 50275
powder was loaded in a thermobalance and
held at 673 K in a wet oxygen flow containing
12.8 kPa D50O. The deuterium concentration
in the sample was evaluated to be 0.15 D/Ba.
The sample without dissolved D20 was pre-
pared by the same procedure, except that the
final heating was done in a dry oxygen flow
instead of a wet one. The neutron powder
diffraction data (A =1.823 A) of the samples
were collected at 10 K using the High Reso-
lution Powder Diffractometer (HRPD).

The diffraction data were analyzed first by
the ordinary Rietveld method and then by
the iterative procedure named REMEDY cy-

cle 9 which includes MEM-based whole
pattern fitting. Figure 1 shows the distri-
bution of neutron scattering length density
of the samples obtained by the final MEM
analysis. We conclude that the deuterium
atoms occupy the 12h site of the cubic per-
ovskite structure (Fm3m) with an O-D dis-
tance of 0.97 A. This hydrogen position is sim-
ilar to those suggested by the previous com-

putational studies ).
(a) ®)

Z N4 &
\
Ba

/"
O
N\ N (@

Figure 1: Distribution of nuclear scattering length
density on (100) plane of BaSng.s5Ing.502.75 (a) with
and (b) without dissolved D20.
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Growth Process of Methane Hydrate from Powder Ice

A. Hoshikawa, H. Fukazawa, N. Igawa, H. Yamauchi and Y. Ishii
Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

There is less quantitative information con-
cerning nucleation of gas hydrates from ice
relative to nucleation from water. We mea-
sured growth process of methane hydrate
from D0 ice particles under pressurized CHy
gas by in situ neutron powder diffraction.

The neutron diffraction measurements were
carried out on HRPD installed at JRR-3. A
single-crystal sapphire cell was used as a high-
pressure sample cell. The Bragg peaks of the
sapphire cell were excluded by the 3rd colli-
mator of HRPD.

100 N\ Counts

400
200

Time / hour

50

30 40
10 20 Two theta / deg.

Figure 1: In situ time resolved diffraction patterns.

Figure 1 shows time resolved diffraction
~ patterns of methane hydrate. Each measure-
ment was done for 45 min. The background
increased according to introducing CHj; gas
because H atoms show strong incoherent scat-
tering. Analysis was based on the previous
crystal structure data »'?). The temperature
and pressure dependence of mass fraction was
obtained as shown in Fig. 2.

To avoid melting ice, the CHy gas was grad-
uvally applied at 240 K as isothermal pro-
cess. The diffraction peaks of methane hy-

drate were observed at 2 MPa. The pressure
was kept at 2 MPa for several hours. After
that, the pressure was increased until 6 MPa.
However, the growth rate of methane hydrate
did not change. Accordingly, the pressure did
not affect the growth rate under the sufficient
pressure for the growth.

Following, the temperature was changed
under nearly isobaric process (6-7 MPa).
When temperature was changed from 265 K
to 270 K, an increase of the growth rate was
observed. At 275 K, the DO ice was melted
and the growth rate drastically increased. Af-

. ter 4 hours, almost all of the D30 ice was

changed to methane hydrate. It was success-
ful to observe the growth process from the ice
to methane hydrate. '

270

08+

ryeIsd
T
-
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Mass Fraction of MH

02+

002

Figure 2: Mass fraction of methane hydrate.
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Magnetic Field-induced Martensitic Transformation of Heusler-type
Off-stoichiometric Ni;MnGa Single Crystal

K. Inoue, Y. Yamaguchil, Y. Ishii?, H. Yamauchi? and T. Shishido!

Faculty of Science and Technology, Ryukoku University, Otsu 520-2194
LIMR, Tohoku University, Sendai 980-8577
2 Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

Magnetic field effect on a martensitic trans-
formation of a Heusler-type off-stoichiometric
Nig 16Mnp.78Ga1.06 single crystal has been
investigated. ~ This off-stoichiometric alloy
has a martensitic transformation temperature
around 293 K, which is coincident with a
Curie temperature. It is paramagnetic in
the mother phase and ferromagnetic in the
martensitic phase. By temperature depen-
dent powder neutron diffraction we have ob-
served a cubic Heusler structure (Fm3m) in
the mother phase and coexistent structures
of tetragonal (I4/mmm) and orthorhombic
(Pbca) in the martensitic phase. In the
present experiment a single crystal of 2 x 6
x 10 mm?® and triple-axis neutron spectrom-
eter, TAS-2, were used. Behavior of peaks
around cubic (200) on the reciprocal plane,
cubic (h k 0), due to increase in magnetic
field up to 8 [T], was investigated at 293
K. The results are shown in Fig. 1, where
the vertical axes are enlarged, to see pre-
cisely the change of small peaks around cubic
(200). We see that a small peak correspond-
ing to the martensitic structure is recognized
even in no magnetic field. This small peak
and the other newly appearing peaks become
stronger according to the increase in magnetic
field. These peaks are all due to the marten-
. sitic structures. After removing the field, all
new peaks again disappear and the pattern
returns to the original one before applying
the filed. The result shows that the mag-
netic field causes the martensitic transforma-
tion. Comparing the transformation process

Counts/3sec

with a usual transformation process caused
by temperature decrease, which was measured

by triple-axis neutron spectrometer, AKANE

{Tohoku univ.), we can conclude that the pro-
cess of the transformation caused by the in-
crease in magnetic field is quite similar to the
process caused by the decrease in tempera-
ture.

Counts/3s

Counts/3s
Counts/3s

Counts/3s

Figure 1: Magnetic field dependence of the peaké
around cubic (200) on the reciprocal plane of cubic
(h k 0).
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The Growth and Structure of Ferroelectric Ice XI

H. Fukazawa, A. Hoshikawa, N. Igawa, H. Yamauchi and Y. Ishii
Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195

The complex behavior of water and the un-
usual properties of proton ordering in ferro-
electric ice crystal continue to attract much
interest. Neutron diffraction studies pro-
vide firm structural evidences that at high-
pressure ices VIII and IX, which are the pro-
ton ordered phases of ices VII and III, exist
as stable low-temperature phases. The disor-
dered protons of the high-pressure ices move
to ordered positions as ices are cooled. On the
other hand, structure analysis about proton
arrangements in ice XI, which is considered
to exist as the proton-ordered phase of nor-
mal ice Th at atmospheric pressure, has not
succeeded because of lack of a bulk crystal of
ice XI. The difficulty in obtaining the bulk of
ice XI is due to a difficulty in the transition
from ice Th to XI.

Why is the transition so difficult? This is
directly related to the intrinsic nature of ice
at low temperatures. The interesting proper-
ties of ice XI has been long discussed in the
condensed matter physics. In addition, sur-
face scientists tried to reveal the nature of
the proton ordering in thin ice film on spe-
cific metal. Furthermore, the existence of ice
XTI on outer planets recently becomes an im-
portant subject in planetary science. We have
revealed the growth and structure of ice XI
using our high resolution powder diffractome-
ter, HRPD.

In 05’ we measured neutron powder diffrac-
tion from ice doped with minute impurities
(0.001-M and 0.01-M KOD, 0.001-M and 0.01-
M NaQOD, 0.001-M and 0.01-M LiOD, 0.001-
M NDgs, 0.001-M DCI, etc). We repeatedly
measured diffraction from the doped ice sam-
ples at several temperatures, and sought for

a suitable condition to get a large amount of
ice XI. We happily obtained a well ordered
ice. More than half of the ice sample becomes
ice XI when the growth was finished by 5 days
annealing. It is the highest value in previous
neutron studies. Our result provides the re-
liable evidence of the proton ordering in the

-doped ice. Furthermore, since the mass frac-

tion of ice XI is much higher than the mole
fraction of the impurity, the dopant is consid-
ered to act as a catalyst. Thus, we conclude
that ice XI is stable form of ice at low tem-
perature 1,2),

The evidence of the ferroelectric structure

1in doped ice obtained by our neutron diffrac-

tion suggests the existence of ferroelectric ice
in the universe. We expect that planetary ex-
ploration will find ferroelectric ice XI in the
solar system. A millimetre-sized particle of
ice XI has a ten thousand volt charge. Ice
XI on outer planets should become a huge
source of electric field. The real dangerous
ice in our solar system will become a shock-
ing news item, as a fictional ice in Kurt Von-
negut’s novel.
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Intrinsic Dielectric Loss of LaAlO; at Microwave Frequéncy

T. Shimada, H. Yamauchi?, Y. Ishiil, J. Breeze? and N. McN Alford?

R&D Center, NEOMAX, Osaka Shimamoto 618-0013, Japan
! Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195, Japan
2 London South Bank University, London SE1 0AA, UK

A millimeter wave wireless communication

will be perfectly realized within 10 years. In
the same time, the loss problem in the dielec-
tric materials will be also picked up. Then
it is expected to clear the mechanism of the
dielectric loss at millimeter wave frequencies.
In the present study, we chose the single crys-
tal LaAlOj3 as a target material and measured
inelastic neutron scattering. Also low temper-
ature dielectric loss was measured to compare
between the obtained dispersion curves and
the temperature dependence of the dielectric
loss.

LaAlQjs single crystals were prepared by
Czochralski method. The microwave dielec-
tric properties were measured by TEQ14 res-
onant mode in dielectric resonator. Also the
peutron inelastic scattering data collected us-
ing TAS-1 equipped in JRR-3 of JAEA.

It is known that LaAlOj shows extremely
low dielectric loss at microwave frequency and
its loss is strongly depend on the incidence
direction of electromagnetic wave in the crys-
tal and the difference between the dielectric
losses measured in the disc crystals having

different top surface was found?. Also Spark

et al. reported that phonon creation at the
Brillouin zone boundary of the material con-
tributed to the dielectric loss at microwave
frequencyQ). Figure 1 shows the phonon dis-
persion curve of the LaAlO3 measured by
TAS-1. Figure 2 also shows the tempera-
ture dependence of the dielectric loss of the
LaAlQs. It is inferred that the loss peak at
220K is corresponding to the excitation of the
acoustic phonon having energy of 25 meV at

04 03

05 04 01 00 01

03 02 02 03
a/q max (110) a/q max (100}
Figure 1: Phonon dispersion of LaAlO; at 100 and
110 directions.
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Figure 2: Temperature dependence of the dielectric
loss of a LaAlOjz single crystal.

the Brillouin zone boundary to the optical
phonon. In this stage it is not cleared why
the dielectric loss increased at 75K. In order
to clear the cause of this dielectric loss, it is
necessary to collect the furthermore phonon

data in the future. '
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Polarized Neutron Inelastic Scattering Study of Anisotropic Magnetic
Fluctuations in Quasi-1D Ising-like Antiferromagnet TICoCl;

A. Oosawa, K. Kakurai!, Y. Nishiwaki? and T. Kato®

Department of Physics, Sophia University, 7-1 Kioi-cho, Chiyoda-ku, Tokyo 102-8554
! Quantum Beam Science Directorate, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195
2 Department of Physics, Tokyo Institute of Technology, Oh-okayama, Meguro-ku, Tokyo 152-8551
3 Faculty of Education, Chiba University, 1-38 Yayoi-cho, Inage-ku, Chiba 273-8522

In 1D Ising-like antiferromagnets, it is
. known that the transverse magnetic fluctua-
tion Sz4(Q,w) and the longitudinal magnetic
fluctuation S,,(Q,w) are quite anisotropic
due to the Ising anisotropy?. For the spin-
wave excitation continuum, the S..(Q,w)
could not be observed so far in unpolar-
ized neutron inelastic scattering experiments
because the intensity of S,,(Q,w) is much
smaller than that of Sz;(Q,w) such that
522(Q,w) is masked by Szz(Q,w) out of the
scattering plane which is always observed.

In a year ago, we demonstrated the advan-
tages of polarized neutron inelastic scattering
experiments, which enables the separation of
Szz(Q,w) and S,,(Q,w), and reported on a
polarized neutron inelastic scattering investi-
gation of quasi-1D Ising-like antiferromagnet
TICoCl3?). However, the statistical error of
the obtained data is large so that we could not
conclude the existence of the S,,(Q,w) for the
spin-wave excitation continuum in T1CoCl3.
Because the new polarized neutron monochro-
mator and analyzer have been recently in-
stalled in TAS-1%), we retry the investigation
with the same sample and experimental con-
ditions as the previous experiments?.

Figure 1 shows the energy dependence of

the SF scattering intensity and the NSF scat-
tering intensity multiplied by 0.13 at Q =
(1.5, 1.5, 1). The observed intensities in
the present experiments are much larger than
those in the previous experiments2). At
Q = (1.5,1.5,1), we can expect that the

50 ]
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Figure 1: Energy dependence of SF intensity and NSF
intensity multiplied by 0.13 at @ = (1.5,1.5,1). Both
intensities are subtracted by background.
intensities corresponding to S;.(Q,w) and
0.1352(Q, w)+0.875..(Q, w) are observed for
NSF and SF scatterings, respectively?). We
can see the difference between the SF scatter-
ing intensity and the NSF scattering inten-
sity multiplied by 0.13 in Fig. 1, which is at-
tributed to the 0:875,,(Q,w). We compared
the obtained intensities with those calculated
by Ishimura and Shiba?), and could conclude
the existence of the weak longitudinal mag-
netic fluctuation S,,(Q,w) and find a semi
quantitative agreement between them. The
details are presented in Ref. 4.
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Spherical Neutron Polarimetry Study of Magnetic Structure in
Distorted-triangular-lattice Ising-like Antiferromagnet T1CoCl;

A. Oosawa, K. Kakurail, M. Takeda!, Y. Shimojo!, Y. Nishiwaki® and T. Kato®
Department of Physics, Sophia University, 7-1 Kioi-cho, Chiyoda-ku, Tokyo 102-855/
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TICoCl; has a CsNiClg-type hexagonal
crystal structure at room temperature, in
which magnetic Ising Co ions form linear
chains along the c-axis and these chains make
a triangular lattice in the c-plane. From
magnetization measurements, two anomalies
were observed at TiN1=29.5 K and Tz = 15
KY. The magnetic Bragg reflections indica-
tive of the up-up-down-down-type magnetic
" structure have been observed below TN; at
Q = (%,2,1) with odd h and odd I, while
no changes of the magnetic Bragg reflections
were observed at T2 by means of the neu-
tron diffraction measurements?), Recently, it
was suggested that the ordering of weak trans-
verse magnetic moments may occur at TNo-
Such weak ordered moments can be hardly
detected in diffraction measurements. In or-
der to detect the weak ordered moments, we
performed spherical neutron polarimetry ex-
periments using CRYOPAD on TAS-1%).

Figure 1 shows the summary of the spher-
ical neutron polarimetry results of TICoCls.

The scattering plane is (4, h,l) in the present
experiments so that the z-direction is perpen-
dicular to c-axis. Py & —P,, & —FPp; in-
dicates that there is large ordered moments
along the c-axis. When the ordering of weak
transverse magnetic moments occurs together
with the large moments along the c-axis, we
can expect that the polarizations Py, and P,
also become finite. As shown in Fig. 1, finite
polarizations were observed for Py, and P,y.
However, no magnetic structure with overall
agreement of polarizations observed at vari-
ous @ was found. Moreover, the finite polar-
izations for Py, and P,y were also observed at
T = 20 K, which is above Tn3. The observed
finite polarizations for P, and P,, have to be
investigated in more detail.
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Figure 1: Summary of the spherical neutron polarimetry results of TICoCls. The open circles and full triangles
denote the data at T = 4 and 20 K, respectively. The data points indicate the measured nine polarizations Py,
Py, Pis, Py, Pyy, Pyz, Pox, Py, P.. for each magnetic Bragg reflections at Q = (h, h, 1).
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Magnetic-field Induced Commensurate Spin State in Multiferroic Compound of
HoMn205

H. Kimura, Y. Kamada, Y. Noda, K. Kaneko!, N. Metoki! and K. Kohn?

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577
L Advanced Science Research Center, JAEA, Tokai, Ibaraki 319-1195
2 Department of Physics, Waseda University, Tokyo 169-8555

Recent discovery of a colossal magneto-
electric (CME) effect in manganese oxides
of RMnO3 and RMnyOs (R = rare earth
elemen’cs)lﬂ) opens a possibility of new can-
didates for multifunctional devices such as a
magnetically controlled ferroelectric memory.
These systems show a multiferroic behavior
where an antiferromagnetic order and a fer-
roelectric order coexist, which might be rel-
evance with the CME effect. However, mi-
croscopic mechanisms of the CME effect is
not fully understood yet. We have conducted
neutron diffraction measurements under high
magnetic fields in the multiferroic HoMnyOs5
and found unambiguous relation between the
microscopic magnetism and the field-induced
ferroelectricity.

Neutron diffraction measurements were
performed using the thermal neutron triple-
axis spectrometer TAS-2. The single crys-
tal of HoMnyOs was mounted on the (h 0 1)
scattering plane with a vertical-field super-
conducting magnet, which results in applying
a field up to 13 T along the b-axis. The inci-
dent and final energies of neutrons were fixed
at 14.3 meV.

We have found in the present study that
with applying the magnetic field, a first or-
der phase transition from the incommensurate
magnetic (ICM) order to the commensurate
magnetic (CM) one occurs, where a sponta-
neous electric polarization arises’). Figure 1
shows magnetic (H) — temperature (T') phase
diagram for ICM and CM states in HoMnyOs,

obtained in the present study. In this figure,

HoMn,Os, H // b-axis, Field cooling

Temperature (K)

4 s 8 10 12
Magnetic field (T)

=)
)

Figure 1: H — T phase diagram for ICM and CM
states in HoMn2Os, shown as the contour map of in-
tensity for ICM and CM magnetic signals. The dielec-

tric phase diagram taken by Higashiyama et al. 3) s
superposed in this figure.

H - T phase diagram for dielectric property
reported in Ref. 3) is superposed, showing
that the ferroelectric (FE) state is only in-
duced in the CM phase. This one to one cor-
respondence between the magnetic phase dia-
gram and the dielectric phase diagram under
magnetic field clearly indicates that the elec-
tric polarization is magnetically induced and
the commensurate magnetic structure is in-
dispensable to the ferroelectricity in the mul-
tiferroic RMn2QOs system.
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Magnetic Structure of the Kagome Staircase Compound Co3V,0g
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Co3V,Og is an insulating system with Co®*
ions (spin S=3/2) arranged in a kagome stair-
case or in a buckled kagome plane. It is in-
teresting to investigate the magnetic behav-
ior of this two-dimensional spin system at low
temperature, because it has the geometrical
frustration inherent in its crystal structure.

By measuring the magnetic susceptibility
x and specific heat C on single crystals of
CogVo0g, three phase transitions have been
found at H=0 and the transition tempera-
tures are 11.2 K, 8.8 K, and 6.0-7.0 K. We
call these temperatures T,1, Teo, and T3, Te-
spectively. At T,; and T,s, a small drop of x
with decreasing T and an anomaly in the C-
T curve have been observed, indicating that
the system undergoes the second order tran-
sition to antiferromagnetic phases. At T3,
the system undergoes the first order transi-
tion to ferromagnetic phases with decreasing
T. The occurrence of the successive transi-
tions are considered to be due to the geo-
metrical frustration. The iso-structural sys-
tem NigVoOg has turned out to be multifer-
roic, i.e., the phase is not only magnetically-
but also ferroelectrically-orderd.) Because
the origin of the appearance of the multifer-
roic phase is proposed in relation to the in-
commensurate magnetic structure,»? it is ex-
pected that it exhibits the multiferroic phase
transition for-CozV,QOg. Here, the magnetic
structure of Co3V,0g has been investigated
by powder neutron diffraction studies down
to 2.7 K at the high resolution powder diffrac-
tometer (HRPD) of JRR-3 of JAERI in Tokai.

Neutron powder patterns were taken at 2.7
K, 7.0 K, 89 K and 30 K, where parts of

1

g

Intensity (arb. units)

30K T 020 0211!l 002
Yo 20 30
26 (deg.)
Figure 1: Neutron powder diffraction patterns of

CosV20s at 2.7 K, 8.9 K and 30 K.

the obtained pattern are shown in Fig. 1.
In the T-region of T3 < T < T, superlat-
tice reflections 0k £ 8l (k=even) have been
found, besides the fundamental ones. The
magnetic structure seems to be spiral in the
ac-plane. With decreasing T, § (or periodic-
ity of the spiral) changes from the incommen-
surate (IC) value to the commensurate (=0.5;
C) one at To. In the data at 2.7 K, all the su-
perlattice reflections disappear and additional
intensities at fundamental Bragg points ap-
pear. At 2.7 K, the Co moments have the
collinear ferromagnetic structure parallel to
the g-axis. These results indicate that the
T-regions of T < T3, Te3 < T < Twp and
Tz < T < Ty correspond to the ferromag-
netic, antiferromagnetic C- and antiferromag-
netic IC- phases, respectively.
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Magnetic Behavior of Frustrated s=1/2 System of the Pyrochlore Lattice
ngClle es

S. Kawabata, Y. Yasui, Y. Kobayashi, M. Sato, N. Igawa! and K. Kakurail
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Pyrochlore oxides A3B20gO’ have the fcc
structure with the space group Fd3m, in
which two individual 3-dimentional networks
of corner-sharing A4 or By tetrahedra are
formed. Because these networks can be con-
sidered to be the 3-dimensional version of the
triangular lattice, effects of the strong mag-
netic frustration are expected, if spins with
the antiferromagnetic nearest neighbor inter-
action exist at the corners of the tetrahe-
dra. However, there have not ever been found
ideal pyrochlore compounds for the study
of the frustrate quantum spin (s=1/2) sys-
tems. We have prepared iso-structural system
Hg>CusFgS which has Cu?* ions with s=1/2
(3d%). Polycrystalline samples of HgaCuaFgS
were prepared by a solid reaction in a simi-
lar manner to that described in Ref. 1. They
were checked by X-ray measurements, where
no impurity peaks were detected. In order to
obtain the magnetic and structural informa-
tion at low temperatures, we have carried out
the powder neutron diffraction studies down
to 2.4 K at the high resolution powder diffrac-
tometer (HRPD) of JRR-3 of JAERI in Tokai.
Rietveld analyses were carried out by using
the computer program Rietan 2000.

The magnetic susceptibility x exhibits
Curie-Weiss-like behavior with Weiss temper-
ature 6§ ~100 K in the high temperature (7))
region, which indicates that the exchange in-
teraction among Cu spins is antiferromag-
netic. In the low T region, x exhibits a rather
rapid increase with decreasing T'. From the
specific heat data, we have found no experi-
mental indication of a structural and/or mag-

netic phase transition(s) down to 3 K much
lower than 6. By the powder neutron Ri-
etveld analysis, we have found followings. Hg
and Cu sites seem to have no defect, whereas
F and S sites may have slight amounts of
defects. The Debye-Waller factors seem. to
be slightly larger than those of other py-
rochlore compounds. No indication of the
structural change and magnetic phase tran-
sition has been found down to 2.4 K, which
indicates that the geometrical frustration is
not released down to the lowest temperature
studied.

To extract microscopic information, we
have also carried out *F-NMR. The Knight
shift 19K increases slightly with decreasing T
from room temperature and then decreases af-
ter having a broad maximum at around 100 K,
as the short-range spin correlation grows. The
different T-dependences between x and °K
indicate that the y-increase observed with de-
creasing T in the low T region is not intrin-
sic. The frustrated s=1/2 pyrochlore system
HgoCugFgS has been studied by the neutron
diffraction and F-NMR and measurements
of the magnetic susceptibility x and specific
heat C. No indication of magnetic phase tran-
sitions and structural distortions has been ob-
served down to 2.4 K much lower than the
Weiss temperature 8 (~100 K). It seems to
be important to prepare clean samples for the
accumulation of ideal behaviors of this geo-
metrically frustrated spin system.
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Search for Magnetic Fluctuations in Na,CoO; - yH,O by Neutron Scatterin'g

T. Moyoshi, M. Soda, Y. Yasui, M. Sato and K. Kakurail

Department of Physics, Nagoya University, Chikusa-ku, Nagoya 464-8602
! Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195

Na; 3C002-1.3H50 exhibits the supercon-
ducting transition at 4.5K.1) Because the
strong magnetic fluctuation expected for cor-
related electrons on the 2-dimensional trian-
gular lattice may play an important role in re-
alizing superconductivity, the system, which
may have such electrons attracts much inter-
est.

In the present work, neutron scattering
studies have been carried out on aligned sin-
gle crystals of Na,CoOs-yD20 containing bi-
layer (y ~1.3), monolayer (y ~0.6) and non-
deuterated (z ~0.44) phases. The volume
fractions of systems were estimated to be 64,
- 10 and 26%. Neutron measurements were car-
ried out using the spectrometer TAS-1 with
the triple-axis condition installed at JRR-3 of
JAEA in Tokai. The [110] and [001] axes were
aligned in the scattering plane.

The data taken at 5.5 K by scanning along
(1/2, 1/2, 1) with AE=2.5 meV show a very
weak modulation, which has a periodicity of
¢* of the non-deuterated parts. It becomes
maximum at points with odd Ps and min-
imum at even [’s, indicating that the mag-
netic correlation in the non-deuterated parts
is antiferromagnetic both in-plane and inter-
plane directions. The scattering intensity ob-
tained by the elastic scan along (1/2, 1/2, 1)
exhibits a modulation with a periodicity of ¢*
of the bi-layer system. It can be understood
as the DO short-range order. (Analyses of
the D20 short-range order are discussed in
ref. 2.) By the h-scans along (h, h, [) at
fixed I’s for AE=2.5 meV at 5.5 and 50 K,
we have found two peaks around hA=1/2 and
these peaks spread widely along [ and pre-

vent us from seaching antiferromagnetic fluc-
tuations by the h-scans.

Then, we have carried out h-scans along
(h, h, 2.4) at 5.5, 50 and 100 K, where a
peak has been observed at h~0. It seemed,
at first sight, to be due to the in-plane fer-
romagnetic fluctuations. However, both the
width and height of the peak remain constant
with increasing T at least up to 100 K. It
indicates, for the following reasons, that the
peak is not magnetic. If it is magnetic, the T-
independent behavior of the integrated inten-
sity should be understood by the cancellation
of the increasing Bose factor and the decreas-
ing spectral weight x”(Q, w=AE). There-
fore, with increasing T' from 5.5 K to 100 K,
X" (Q, w=2.5 meV) have to be changed by a
factor of 4, indicating that the magnetic corre-
lation are changing rather drastically with 7.
However, we have not observed the apprecia-
ble change of the profile width, even though
the resolution width is much smaller than the
observed peak width. This probably excludes
the possibility that the peak has a magnetic
origin.

The present results indicate that mag-
netic fluctuations are rather weak in

- Naz;CoO2-yD20O which exhibits supercon-

ducting transition, if any. It can be said
especially for ferromagnetic fluctuations.
For a much more quantitative estimation of
the strength of the magnetic fluctuations in
Na,CoQs - yD2O, further studies have to be
carried out.
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Magnetic Structure of YBaCo40; with Kagome and Triangular Lattice
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RBaCo407(R=Ca, Y and rare earth el-
ements) with the alternating stack of the
kagome and triangular lattices of CoOy tetra-
hedra along the c-axis presents us an opportu-
nity to study a question how the magnetic cor-

relation grows in this geometrically frustrated -

system with decreasing temperature 7.2
In the neutron diffraction studies on a
single crystal of YBaCosO7, superlattice re-
flections have been observed at @-points
(h’/2,0,) and (h’/2,n/2,’) (Q-group A),

(W /3,n” /3,1”) (I"=o0dd; Q-group B;) and

(h”/3,h” /3,”) (I”=even; Q-group By) in the
reciprocal space of the hexagonal unit cell
(a=b ~6.2982 A, ¢ ~10.2467 A) at low T (~10
The reflections at @Q-group A appear at
Teo ~105 K with decreasing T' and their
profiles consist of two components, (narrow)
~Gaussian and (broad) Lorentzian ones. The
reflections at Q-group Bj, which have only
the Gaussian component, are observed below
T ~70 K. The reflections at Q-group B
have only the Lorentzian component in the
region Ty; < T < Ty and the Gaussian com-
ponent appears at T3 with decreasing T'.

From the |Q|-dependence of the integrated
intensities, the Gaussian and Lorentzian com-
ponents can be regarded to have nuclear and
magnetic origins, respectively. In the present
studies and the detail structural analyses us-
ing the high resolution powder diffractometer
HRPD, we have found that the Gaussian com-
ponents at @Q-group A and at Q-group B; and
By are associated with the distortions of the
kagome and triangular lattices, respectively.

The Lorentzian (magnetic) components of

the reflections at Q-group A and Bz begin to
grow gradually at around T¢p with decreasing
T. These reflections do not grow up to sharp
Bragg reflections even at 7.;. Even at 10 K,
the correlation lengths estimated by using the
widths of the Lorentzian profiles at both Q-
group A and Bj are ~150 A.

With decreasing T, the structural transi-
tion at Ty is expected to release, more or
less, the geometrical frustration through the
distortions of the triangles and enhances the
magnetic correlation. The structural transi-
tion at T is also expected to enhance, with
decreasing T, the growth rate of the magnetic
short-range order. The existence of the cor-
related behaviors between the occurrence of
the structural transitions and the growths of
the magnetic reflections with the Lorentzian
shape suggests that couplings of the lattice

- distortions with the magnetic correlation are

important in the present system.

At 10 K, the patterns of the magnetic short-
range order have been determined for both
sites of the kagome and triangular lattices. In
the present analyses, a model is used, where
the Lorentzian components at @-group A and
B, can be considered as the contributions
from the moments on the kagome and triangu-
lar lattices, respectively. We have found that
the moments on the triangular lattice have
the 120° structure and that the structure of
the kagome lattice is closely related with the
120° structure at 10 K.
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Determination of Magnetic Structure under High Pressure in KCuClj
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Recently, it has been observed that the spin
gap in TICuCls collapses under applied hy-
drostatic pressure, so that this system under-
goes quantum phase transition (QPT) from a
gapped singlet state to an antiferromagnetic
state at a critical pressure P. %) This study
is concerned with a pressure-induced QPT in
KCuCls, which is a three-dimentionally cou-
pled spin dimer system with a gapped ground
state and has the same crystal structure as
TICuCl;. We have performed magnetization
measurements on KCuClz up to 10 kbar ap-
plied pressure, and the pressure dependence
of the gap up to P, = 8.2 kbar was obtained.
To investigate the antiferromagnetic ordered
state for P > P, we performed neutron elas-
tic scattering experiments on KCuCls under
hydrostatic pressure.

The sample of single KCuCls crystal with
volume of ~ 0.2cm® was set in a McWhan-
type high pressure cell. ¥ A mixture of Flu-
orinert FC70 and FC77 was used as pressure
transmitting medium. The hydrostatic pres-
sures P = 11, 14, and 21 kbar ware applied
at helium temperatures. The pressure was
determined from the pressure dependence of
the lattice constant of NaCl crystal placed in
the sample space. Neutron elastic scattering
measurements were performed using the TAS-
1 spectrometer installed at JRR-3 in JAEA,
Tokai. The sample was mounted in the cryo-
stat with its a*- and c*-axes in the scattering
plane.

Above P,, Bragg reflections indicative of
antiferro magnetic ordering were observed at
Q = (h,0,1) with the integer h and odd !,
which are equivalent to those reciprocal points
where we observe the lowest magnetic exci-
tation at ambient pressure. This confirms
that the pressure-induced magnetic ordering

observed arises from the closing of the spin
gap energy. The magnetic structures, very
similar to those of the pressure induced mag-
netic ordering in T1CuClz, were determined
and the pressure dependence of the transi-
tion temperature was obtained(for details see
Ref.6). The transition temperature increased
with increasing pressure as shown in Fig.1.

25 ! ! 15
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g
20 T':I,SK_.- 12
Hjpoy ™
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Figure 1: Pressure dependence of critical field Hg and
critical temperature 7.

References

1) K. Goto, M. Fujisawa, T. Ono, H. Tanaka and Y.
Uwatoko:“ J. Phys. Soc. Jpn”, 73, 3254 (2004).

2) A. Ocsawa, M. Fujisawa, T. Osakabe, K. Kakurai
and H. Tanaka:“ J. Phys. Soc. Jpn.”, 72, 1026
(2003).

3) A. Oosawa, K. Kakurai, T. Osakabe, M. Naka-
mura, M. Takeda and H. Tanaka:“ J. Phys. Soc.
Jpn.”, 73, 1446 (2004).

4) Ch. Riiegg, A. Furrer, D. Sheptyakov, Th. Strissle,
K. W. Kramer, H. -U. Giidel and L. Mélési:*
Phys. Rev. Lett.”, 93, 257201 (2004).

5) D. B. McWhan, C. Vettier, R. Youngblood and
G. Shirane: “ Phys. Rev. B 7, 20, 4612 (1979).

6) K. Goto, M. Fujisawa, H. Tanaka, Y. Uwatoko, A.
Oosawa, T. Osakabe, and K. Kakurai:“ J. Phys.

. Soc. Jpn.”, 75, 064703 (2006).

JFF . JRR-3

£ : TAS1(2G) 28 :

PiEFEEL (Bt



JAEA-Review 2007-018

WFE T —< : FeaCueGesO13 BT AR
£ : FeoCuyGeyO13 ITHIT DBESTIBLE

1-2-9
Magnetic Excitations in CusFe2Ge ;O3
T. Masuda, K. Kakurai! and M. Matsuda!

International Graduate Schools of Arts and Sciences, Yokohama City University
! Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

CugFeyGegO13 is known for weakly coupled open-80-80-open
spin chains and dimers compound V. In the Cu,FeGe0,,
cooperative ground state the Cu?* dimers are 200 ’
strongly bound to singlet ground state and 100 Qs40iss
disordered by quantum fluctuation. In addi- 5, 5ogo” 80,0%040 5
tion the magnetic staggered field is applied by 20‘; ) °

the neighboring Fe ions. Therefore this mate-
rial is rare experimental realization of S = 1/2
spin dimers model in the staggered field.
The material includes two subsystems: Fe
chains and Cu dimers. The energy scales are

100 03(301.65}
3 2 o8

© Q=(201.65)

¢

g o

Intensity (counts/5min)
3

well separated. The excitations up to 10 meV 0
is explained by effectively coupled Fe chains. .8 %
On the other hand, narrow band excitation 1000 o 1o m
that could be ascribed to Cu dimers was ob- 0 2
served by using powder sample 2). In this note 200 ) _
we report the observation of Cu dimers mode 100] 000159
by using single crystal. nm
As is shown in Fig. 1 well defined sharp % % % @
peaks are observed at fw ~ 25 meV where bo (meV) '

the scattering vector is (h 0 1.65). The inten-
sity dramatically changes with ¢q. The peak
position is almost the same for all scans. The
narrow band excitation suggests that the peak

Figure 1: Constant g scans in CuzFe;GesOis.

is due to Cu dimers. Indeed the energy scale 300 -
is consistent with previous study on powder mpm iﬁ?ﬁmmmx
sample 2. Figure 2 shows constant energy g |Pe-263mev %
scan at fiw = 26.3 meV. Enhanced modula- § 200 T
tion is observed in wide q range. The data -
is well reproduced by spin dimers model as- g so0l.
sumed from crystallographical consideration g
(solid line). =
0
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Magnetic Structure of Shastry-Sutherland Type Frustration System ErB; under
Magnetic Fields
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Geometrical spin frustration causes vari-
ous anomalous magnetic behaviour. RB4 (R:
rare earth ) system, which has the tetrag-
onal ThB, type structure, attracts our in-
terests recently because the arrangement of
rare earth atoms in the c-plane can be
treated as a Shastry-Sutherland lattice U, in
which spin frustration between R-R dimers
is caused. ErBy is a simple antiferromagnet
(Tn= 15,4K) under zero magnetic field; 2
the magnetic moments, which are parallel to
the c-axis, has the ++- type alignment with
k=(1,0,0). ¥ Recently, Michimura et al. re-
ported that ErB, shows some anomalous be-
haviour in magnetisation: (1) 1/2 plateau of
M-H for H//[001], (2) the complicated M-T
phase diagram for H//[110]. 4

To determine magnetic structures in each
phase in ErBy, we performed neutron diffrac-
tion experiments under magnetic field on the
triple axis spectrometer, TAS-2, of JAEA.
Magnetic filed was applied along [001] and
[110] directions with a He free 10T supercon-
ducting magnet developed by JAEA.

We observed magnetic reflection at 3T at
4.T=4.7K where the 1/2 plateau was ob-
served; all the observed magnetic reflections
can be indexed with k=(1,0,0), which is the
same as that below H=2T. This directly in-
dicates that the magnetic unit cell in the
1/2 plateau phase is the same as the crys-
tal unit cell; therefore, the 1/2 plateau is
caused by flip of one magnetic moments which

is antiparallel to the magnetic field below

H=2T. However, the intensity of the mag-

netic reflections can not be represented by any
spin flip models. Figure 1 shows the tem-
perature dependence of the magnetic reflec-
tions of (100), (010) and (110) for H//[001].
As shown in Fig.1, the intensity changes at
H=2T, and rapidly decreases above 4 T. Note
that anomalous enhancement were observed
at H=2T. A possible reason of the anomalous

enhancement fields is extinction effect of the

single crystal, which may be suppressed by
spin fluctuation around the transition points.
Magnetic structure refinement is in progress.
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Figure 1: Magnetic filed dependence of magnetic re-
flections of ErB4 at T=4.7K for H//[001].
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Magnetic Excitations in CuyFe;Ge Oq3 IT
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CugFesGeyO13 is bicomponent compound
that combines classical Fe3* chains and quan-
tum Cu?t dimers 1. As is shown in Fig. 1,
crankshaft chains of Fe3t ions run in b di-
rection. Cu?t dimers are located between Fe
chains. The energy scale of chains and dimers
are well separated. From neutron inelastic
experiment, it is estimated that Jg, ~ 25
meV, Jpe = 1.6 meV, and J4, = 0.12 meV 2.
JCu—Fe and Jf are indirectly estimated to be
small by neutron diffraction measurement. If
the estimate is correct, the Cu dimers between
Fe chains behave as media that transfer ex-
change integral and consequently the low en-
ergy excitation can be explained by effectively
coupled Fe chains in a direction. To verify this
scenario, we performed neutron inelasitc scat-
tering experiment to obtain the dispersion in
a* direction.

Figure 2 shows typical constant g scans.
Well defined sharp peaks are observed. At
AF zone center of ¢ = (2 1 —0.5), anisotropy
gap is observed at fuw ~ 1 meV. Two peaks
at 1.0 meV and 2.4 meV is explained by the
twinning of the crystal. As is reported in Ref.
2 two domains share a common a* - b* plane.
Peak at low energy is slightly wider than res-
olution limited. This can be explained by
anisotropy in the exchange interaction. We
assumed empirical neutron crosssection for ef-
fectively coupled chains in @ direction and do

- the fitting by the model with resolution con-
volution (solid curves). Twinned crystal ef-
fect, anisotropy gap, and anisotropy exchange
interaction are included. The calculation re-
produce the data very well. Hence the disper-

sion in a* direction is well explained by weakly
coupled spin chains model.

3 Cn-F:J Cu2+ ]
i Jeu (S=1/2)

Figure 1: Crystal structure of CuzFeaGesOnas.
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References

1) T. Masuda et al, :“Phys. Rev. Lett. ”, 93, pp.
077202 (2004).

2) T.Masuda et al., :“Phys. Rev. B.”, 72, pp. 094434
(2005). : ‘

B4 : JRR-3 %8 : LTAS(C2-1)

S A ()



JAEA-Review 2007-018

BT —< « SIREEPHETBEIC L2 A Y — BTt ORE
£ E PHEFEITIEIC L D o-TheS; DERBESIRERS DI

1-2-12

Successive Magnetic Phase Transitions in a-Tb,;S3 Studied by Neutron
Diffraction Technique
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o-RS3 (R=Gd, Tb and Dy) consists of a
stacking of square lattice R1 and triangular
lattice (TL) R2 planes. ) Matsuda et al. pre-
viously carried out a neutron diffraction study
on a powder sample of a-GdsS3, in which
there is no orbital degree of freedom. 2 It was
found that the magnetic structure is collinear
with easy axis along the b-axis. The struc-
ture is unexpectedly simple in spite of the TL
structure, which may cause frustrating inter-
actions in the magnetic system.

Recently, macroscopic magnetic properties
of a-TboS; were investigated using single
crystal. 3 It was reported that a-TbyS3
shows anomalies in magnetic susceptibility at
Tt ~13 K and T2 ~4 K, indicating succes-
sive magnetic phase transitions. ) It was also
found that the susceptibility is anisotropic
(xyp > xu1») above Tn;. Even below Tii,
the susceptibility is still highly anisotropic.
X|jp decreases below ~ Tyi, while x 14 keeps
increasing without anomaly and finally de-
creases below ~ Tyy. This behavior is quite
different from that in a-Gd,Ss.

Neutron diffraction measurements on a
powder sample of a-TbsS3 were performed on
TAS-1. 4 It was found that the Tbl and Tb2
moments behave quite independently. The
Tbl moments show a collinear antiferromag-
netic ordering at ~12 K with the magnetic
unit cell same as the chemical one. On the
other hand, the Thb2 moments start to order
at ~3.5 K without affecting the magnetic or-
der of the Tbl moments. The magnetic struc-
ture is noncollinear with a magnetic unit cell

double of the chemical one along the a- and
c-axes. The ordered moments of the Tb1 and
Tb2 moments are ~8up, similar to the full
moment for the free Th3* ion. These results
indicate that the Tbl and Th2 moments are
completely decoupled due to an orbital con-
tribution, which probably gives rise to a non-
collinear structure in the TL plane.
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Figure 1: The temperature dependence of the peak
intensities at the (1 0 1) and (3 0 1) magnetic reflec-
tions. The intensity, which mostly consists of a param-
agnetic component, was also measured at Q=1.6 A~1.
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Magnetic Excitations from the Singlet Dimerized State in NayCo2(C204)3(H20)-

M. Matsuda, Z. Hondal, S. Wakimoto, K. Kakurai and K. Yamadal
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! Faculty of Engineering, Saitama University, Urawa, Saitama 338-8570

Low-dimensional spin system exhibits var-
ious interesting phenomena originating from
quantum fluctuations. Magnetism of spin-
ladder has attracted much attention because
the spin-ladder is a system between one- and
two-dimensional. 1) Interestingly, the ground
state depends on the number of legs. The an-
tiferromagnetic ladder with even numbers of
legs shows a singlet ground state with a spin
gap. On the other hand, the antiferromag-
netic ladder with odd numbers of legs shows
a gapless ground state.

Recently, macroscopic magnetic
properties have been measured in
NasCos ( Cs 04) 3 (HzO) 2 (abbreviated to

SCO, hereafter), which consists of two-leg
ladders of Co?t jons. %) It was reported that
SCO can be well described as the fictitous
1/2 system with anisotropic g values and
exchange interactions at low temperatures.
Therefore, SCO is a model compound for
the two-leg ladder with an Ising anisotropy.
Susceptibility measurements show a broad
maximum around 20 K and show an expo-
nential decay down to ~5 K. Below ~5 K,
the susceptibility is almost independent of
temperature. No anomaly was observed in
heat capacity measurements. In Ref. 2 the
results were discussed in the context of the
quantum phase transition. It was suggested
that a magnetic ordering occurs because the
inter-ladder coupling is slightly larger than
the critical value in SCO.

In order to clarify the ground state in SCO, .

it is important to measure the magnetic prop-
erties from a microscopic point of view. We
carried out neutron scattering experiments on

TAS-2 and LTAS using polycrystalline sample
to study the magnetic correlations and the

‘energy level scheme of the Co?t moments.

Since the excited state were found to be al-
most dispersionless, we could get useful infor-
mation on the magnetic excitations even with
the polycrystalline sample. Typical magnetic
excitation spectra are shown in Fig. 1. We
found that the system is well described by an
almost isolated dimer model, in which dimers
are formed between spins along the rung di-
rection and the interaction along the rung di-
rection is much larger than that along the leg
direction. The intra-dimer coupling constant
is determined to be 5.2 meV. Other interac-
tions were found to be very small.
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Figure 1: Magnetic excitation spectra in polycrys-
talline SCO measured on LTAS with AE~(0.2 meV
at Q=09 A~! and at T=3.6 and 50 K.
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Magnetic Structure in the Half-magnetization Plateau State
in a Heisenberg Pyrochlore Antiferromagnet HgCr,0,4

M. Matsuda, H. Uedal, Y. Ueda! and S.-H. Lee?
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! Institute for Solid State Physics, The University of Tokyo, Kashiwa, Chiba 277-8581
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Geometrically frustrated magnets exhibit
interesting properties at low temperatures
because of their macroscopic ground state
degeneracies.  Cr-based spinel compounds
ACry04 (A=Mg, Zn, Cd and Hg) are so
far the best model systems for a network
of corner-sharing tetrahedrons with isotropic
nearest-neighbor antiferromagnetic interac-
- tions. The systems exhibit novel spin-Peierls-
like phase transitions from cubic spin lig-
uid to non-cubic Néel states at low temper-
atures. Recent bulk magnetization studies
on CdCry04 and HgCryO4 revealed the mag-
netic field-induced half magnetization plateau
states that are stable over a wide range of
field. 2 It was theoretically proposed that
the plateau phase is induced by spin-lattice
couplings. 3

We performed neutron diffraction measure-
ments using a powder sample of HgCroOy
~on TAS-2 to determine magnetic structures
both at ambient and high magnetic fields.
The measurements in magnetic fields were
performed up to 13.5 T using a new type
of split-pair superconducting magnet cooled
by cryocoolers. Upon cooling without field,
HgCroO4 undergoes an orthorhombic distor-
tion with Fddd symmetry at 6 K. 2 Elas-
tic magnetic neutron scattering data obtained
with zero field shows that in the low tem-
perature orthorhombic phase the spins order
long range with two characteristic magnetic
wave vectors @=(1/2, 0, 1) and (1, 0, 0).
Strikingly, above ~10 T the {1/2, 0, 1} mag-
netic peaks that were present at H= 0 have

completely disappeared, while the {1, 0, 0}
magnetic peaks became stronger, as shown in
Fig. 1. Furthermore, new magnetic peaks
appeared at several nuclear Bragg reflection
points such as (1, 1, 1), (1, 3, 1), and (2, 2,
2) but not at other nuclear Bragg reflection
points such as (2, 2, 0). From the magnetic
structural analysis, it was found that a ferri-
magnetic structure with a collinear three spin-
up and one spin-down configuration of each
Cr3t tetrahedron is realized. Among possi-
ble structures, we determined one with P4332

symmetry.
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Figure 1: H-dependence of the neutron scattering in-
tensities at (3/2, 0, 1), (0, 1, 1) and (2, 1, 1) measured
at 3.2 K.
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Small-angle Neutron Scattering Study of Magnetic Structure of Transition
Metal Nanoparticles

‘T. Shinohara, Y. Obal, T. Sato!, T. Oku and J. Suzuki
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I Department of Science and Technology, Keio University, Yokohama, Kanagawa 223-8522

The magnetic properties of nanoparticle
system are significantly affected by the sur-
face. Because a large number of atoms are lo-
cated near the surface of a particle, changes in
electronic and crystal structures occurred at
the surface sometimes cause a different mag-
netic properties from the core of a particle.
However, in many case, the details of intra-
particle magnetic structure such as the thick-
ness of surface magnetic layer or the magnetic
volume of a nanoparticle is not clear, due to
the difficulty in the direct observation. For
the investigation of the magnetic structure, a
neutron scattering experiment is most pow-
erful method. Furthermore, small-angle neu-
tron scattering (SANS) contains fruitful infor-
mation of structures in the size between nano
meter and micro meter, so that SANS mea-
surement is very suitable to study the mag-
netic structure of nanoparticle. In this work,
we performed SANS measurements of transi-
tion metal magnetic nanoparicles, to clarify
the intraparticle magnetic structure.

SANS experiments were performed using
a SANS spectrometer, SANS-J, of JRR-3 in
JAEA. As the samples, we selected two metal
nanoparticles, one is Pd nanoparticle? and
another is FePt nanoparticle”, which is one
of the most promising material for the ul-
tra high-density recording media due to its
strong magnetic anisotropy. Pd nanoparti-
cles were confirmed to show the ferromag-
netic properties by the magnetization mea-
surements, and the magnetic ordering was be-
lieved to appear in the surface of a particle.
From SANS measurements using unpolarized

neutron beam on Pd nanoparticle, we could
not obtain the meaningful magnetic scatter-
ing intensity. This is because the sample con-
dition was not good in addition to the very
small intensity of the magnetic scattering rel-
ative to the nuclear scattering. Therefore,
SANS experiments using polarized neutrons
are in progress. Then, for FePt nanoparti-
cle, the mean nanoparticle size of 6nm was
derived from the g dependence of SANS in-
tensity. The magnetic scattering contribution
FZ, is 1/10 of nuclear scattering intensity Fg
(Fig. 1). Based on the chemical composition
of nanoparticle sample and nuclear scattering
length, the averaged magnetic moment of par-
ticle was estimated to be about 1.1 yup/atom.
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Figuré 1: I{g) profiles of FePt nanoparticles.
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Low Energy Magnetic Excitation in TbMnO3
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TbMnOj shows a sinusoidal spin order-
ing with a characteristic wave vector gy =
0.29b* below Ty = 42 K. Below T = 28 K,
the magnetic structure changes into an ellip-
tically distorted spiral ordering with qgy, =
0.28b*.1) Recently, this compound has much
attention because the spontaneous ferroelec-
tric polarization appears concomitantly with
the appearance of the spiral spin ordering.?
In our previous neutron scattering study us-
ing a thermal-neutron spectrometer, we have
found that in TbMnQOj, a magnetic excitation
exists over a whole Brillouin zone of the A-
type antiferromagnetic spin ordering at 10 K
(< Tc). Its dispersion relation can be well
explained by a Heisenberg model with finite
next-nearest-neighbor coupling except for a
- region around g = gg,,. There seemed to
be a complicated structure in the excitation
at g ~ QGgpin, but we could not see its details

because of the insufficient energy resolution.®)

In the present study, we have studied mag-
netic excitations at g ~ g, using the cold-
neutron triple-axis spectrometer LTAS to elu-
cidate detailed structure of the excitation
with a higher energy resolution. We have
found an unusual magnetic excitation with
three excitation branches at 10 K, as shown
in Fig. 1. The branches with the highest en-
ergy smoothly increases its energy as ¢ in-
creases, and it extends to the zone boundary.
On the other hand, the lower two branches
have minimum energies at ¢ = gq,;,- They
have appreciable intensities around g = 0 and
q = Qgpin, but they rapidly loose intensities

LTAS: E=3.5meV, G-M-open-80-80°

Energy Transfer (meV)

i T T i i
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Figure 1: Intensity map on a g-w plane with g || b".
Solid lines are guides to the eye.

as ¢ gets away from ggpin. The origin of this
unusual low energy excitation may be the pe-
culiar magnetic structure of the elliptical spi-
ral ordering. Alternatively, it may have some
coupling with the local symmetry of the lat-
tice that causes the electric polarization.
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Magnetic Structure of CuCr;_Mg, O,

R. Kajimoto, M. Matsuda and T. Okudal

Quantum Beam Science Directorate, Japan Atomic Eenergy Agency, Tokai, Ibaraki 319-1195
! Department of Nano-structures and Advanced Materials, Kagoshima University, Kagoshima 890-0065

CuCrQ5 has a delafossite structure, where
Cr3t jons form a triangular lattice. S = 3/2
spins of the Cr®t ions form a 120° structure in
the ac plane below Ty = 26 K.1'?) By substi-
tution of Cr3* ions by Mg?* ions (Cr;,Mgz),
holes are introduced. It was found recently
that only a few percent of the Mg doping dras-
tically decreases the resistivity.?) Though T
does not change by the doping, observation
of a kink structure in the resistivity at Ty
and that of a magnetoresistance effect below
Teross (Teross = 144 K for z = 0.03) evidence
the coupling between the doped holes and the
spins of Cr ions. In the present study, we per-
formed a neutron diffraction study on powder
samples of CuCr; Mg, O2 to see whether the
magnetic structure is affected by the Mg dop-
ing. The measurement was performed using
the triple-axis spectrometer TAS-2 with an in-
cident energy E; = 14.7 meV.

Figure 1 shows powder diffraction profiles
of the z = 0 sample and the z = 0.03 sample
measured at ~10 K. In z = 0, magnetic reflec-
tions are observed at the positions indicated
by vertical bars. These positions are indexed
as $31 or 22 with | = integer reflecting the
120° magnetic structure as revealed by Kad-
owaki et alD In 2 = 0.03, we observed that
the positions of the magnetic peaks are iden-
tical to those of = 0. This indicates the size
of the magnetic unit cell is identical for both
samples. However, intensities of the magnetic
peaks show considerable changes by the Mg
doping. In z = 0.03, magnetic peaks with
small I (e.g. %%O) lose intensity, while those
with large | (e.g. %%4) gain intensity. This

CuCr, ,Mg,O, TAS-2, E=14.7meV, G-open-PG-80-80-A-open
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Figure 1: Powder diffraction profiles of CuCrO,
(open symbols) and CuCro.o7Mgop.0302 (closed sym-
bols) measured at ~10 K. Vertical bars indicate posi-
tions of magnetic reflections. Ranges of the ordinates
are scaled so that the nuclear Bragg peaks (e.g. 006)
of each sample superpose each other. Peaks with as-
terisks may be due to contaminations in the samples.

suggests that the Mg doping rotates the di-
rections of the spins probably to the ab plane.
We also measured the z = 0.01 sample, and
the result is very similar to that of z = 0.03.

Present results indicate that the directions
of Cr3* spins in CuCr;_,Mg, O3 are very sus-
ceptible to the Mg doping. One of the pos-
sible origins of the spin rotation is coupling
between the doped holes and the spins. How-
ever, another role of the Mg doping is to in-
troduce non-magnetic ions into the Cr sites.
To clarify which is the origin of the spin ro-
tation, a measurement with a sample doped
by non-magnetic trivalent ions, such as A%,
should be required.
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Magnetization Process of Co-Pd-Si-O Nanogranular Soft Magnetic Film Studied
by Polarized Small-angle Neutron Scattering
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Metal-nonmetal nanogranular soft-
magnetic film is one of the most promising
soft-magnetic materials in high-frequency
region due to their high-B,, large elec-
tric resistivity and large induced magnetic
anisotropy (Hy). The induced anisotropy
is almost ten times larger than the one in
conventional nanocrystalline soft magnetic
materials (ex. FINEMET). Because it is
difficult to explain such large anisotropy by
well-known Neel-Taniguchi theory, some new
mechanisms must be underlying in it. For
making it clear, we are studying the response
of magnetic domain structure in the field
smaller than Hj, using Po-SANS.
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Figure 1: = Magnetization curves of as-deposited

- Cos9Pd118i8022 nanogranular films.

The composition of studied film is
Cos9Pd;15i802; which was made by the
following way; The Co-Si alloy target with

Pd chip were sputtered on the Si substrate
in the Ar + Og atmosphere in the field
of 0.01T V. Si is preferentially oxidized
and forms amorphous oxide matrix. Re-
maining part forms Co(Pd) ferromagnetic
particles which is embedded in amorphous
oxide matrix. Chemical micro-structure
were characterized by Mo-SAXS in NIMS.
Using local-monodisperse hard sphere model
), the average particle size is evaluated
as D=3.1 nm. A minimum interparticle

distance is almost same with the particle

size, indicating that the magnetic particles
contact each other. Theréfore, the film shows
soft-magnetic property because the magnetic
coupling occurs by physical contacts and the
magneto-crystalline anisotropy is averaged
out.

Figure 1 shows magnetization curve of the
as-deposited film. Although the H} reaches
about 240 Oe (= 24 mT), any indication
of anisotropy in microstructure has been
observed by SAXS. Therefore, the magnetic
domain structure has been studied using Po-
SANS to discuss the origin of the magnetic
anisotropy. Figures 2 and 3 show the two
dimensional scattering patterns measured in
the field lower than Hji (0, 10 and 20 mT)
in the ¢ region of 0.1 < ¢ < 1 nm™! and
the angular distribution of the intensity at
g = 0.12 nm™!, respectively. Because the
easy axis was settled along the horizontal
axis, the magnetization direction in zero field
locates along the horizontal direction. De-
spite of this geometric condition, the strong
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Figure 2: Two dimensional Po-SANS patterns of as-
deposited CosePd118ig092 nanogranular films mea-
sured in the field of 0, 10 and 20 mT.

anisotropic scattering was observed parallel
to the horizontal direction (Fig.2 and 3),
which is unexpected from the normal relation
‘between magnetization and scattering vector,
g expressed as

I(Q)zlnuclear(q>+Imagnetic(Q)Sin2 «a (a:angle
between magnetization direction and gq).
When the magnetic fileld of 10 mT was
applied to vertical direction, the intensity
maxima split into two and aligned about 45°
from horizontal direction.  In the 20 mT,
the intensity maxima converged into one
but it arrayed along horizontal axis; again,
- parallel to the magnetization direction.
These results indicate that the magnetic
moment of each magnetic domain has two
components; the major component is parallel
to the magnetization direction and the minor
component is aligned from 90 ° from the main
one. The shape of these scattering patterns
is independent of spin flipper conditions,
possibly suggesting that the polarity of minor
components is random and hence the total
magnetization along this direction is zero.
The anisotropic intensity became weak in
60 mT and disappeared in 0.6 T as shown
in Fig. 2 and 3. They indicate that the

51

g— field d.

bY

Plag— easy d.

——-a— field d.

Intensity

[T vetve s
I
40 0 40

- angle from horizontal axis (degree)

Figure 3:  Angular - distribution of the inten-
sity at ¢=0.12 nm~'of as-deposited CosePd11SisO22
nanogranular films measured in the field of 0, 10 and
20 mT.

minor component -is also ordered in the
high field, which is normal behavior of the
magnetization process.

As we described above, the behavior be-
low Hj is quite complex and unusual which
has not been reported before. Therefore,
it can be related to the origin of the large
Hy, of the metal-nonmetal nanogranular soft-
magnetic films. For confirming it, we are
now studying the magnetization behavior be-
low H}, for other soft-magnetic materials and
granular films.
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High-pressure Neutron Diffraction Study on the Filled Skutterudite PrFe P,
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Filled skutterudite compounds RT4X2 (R
= rare earth, T = transition metal, X =
pnictogen) have attracted much atention be-
cause of their various physical properties
such as magnetic ordering, mulitipolar order-
ing, heavy electron state, superconductivity
and metal-insulator transition. One of these
compounds, metallic PrFe P12 shows a non-
magnetic phase transition at T4 = 6.5 K
at ambient pressure, which is thought to be
caused by a mulitipolar ordering. Recent elec-
trical resistivity measurements under pres-
sure have revealed that T decreases gradu-
ally with increasing pressure up to 2.4 GPa.
Above 2.4 GPa, the non-magnetic transition
is completely suppressed and instead an insu-
lator phase appears at low temperature V. In
order to elucidate the order parameter of this
pressure-induced insulating phase, we have
performed high-pressure neutron diffraction
experiments using the triple-axis spectrome-
ter TAS-1 installed at 2G beam port of JRR-
3 at JAEA in Tokai. The high-pressure was
generated up to 3.2 GPa by a newly-developed
hybrid-anvil device composed of a large sap-
phire anvil and a tungsten carbide anvil. The
pressure transmitted by the glycerin medium
was hydrostatic well above 3.0 GPa. The sam-
ple size was about 0.8x0.6x0.2 mm3. The
pressure was applied along the [0,0,1] deirec-
tion of the sample. As shown in Fig. 1, in
spite of a small sample, we have successfully
observed the distinct magnetic Bragg peak at
(1,0,0) reciprocal lattice point at 3.2 GPa in
the insulating phase. The peak corresponds
to an antiferromagnetic long-range ordering
of g = (1,0,0). The magnetic moments are 2.0

puB /Pr ions, which are align along the [0,0,1]
direction. The inset in the figure shows the
temperature dependence of the (1,0,0) mag-
netic intensity. From the figure, Ty is es-
timeted to be 9 K at 3.2 GPa. This agrees
well with the metal-insulator transition tem-
perarure Tyir V. These result indicates that
the insulating phase corresponds to the an- .
tiferromagnetically orderd phase and the 4f
electronic states of Pr ions are magnetically
degenerate in low energy region.
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Figure 1: (1,0,0) magnetic Bragg reflection at 3.2 GPa.
The inset shows temperature dependence of the (1,0,0)
peak intensity.
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Effect of Substitution of Sr for Ba in Co,Z-type Hexaferrite on Magnetic
Moment Orientation and Its Temperature Dependence

Y. Takada, T. Nakagawa, M. Tokunaga, T. Tanaka, T. A. Yamamoto, T. Tachibanal,
. S. Kawano?, Y. Ishii® and N. Igawa3
Graduate School of Engineering, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871
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8 Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195

1. Introduction

CoyZ-type ferrite BagCooFe2s04 (BagZ)
has the easy magnetization direction lies in
the basal plane (c-plane)V). Therefore this
material maintains a high permeability even
in the UHF region and is regarded as a can-
didate for EM noise absorber in this region.
Substitution of Sr for Ba induce the changes
in direction and size of magnetic moments
and their temperature dependence. The
moments in BasZ and Baj 5Sr1 5CooFesq0yy
(Bay.55r1.5Z) lie in the c-plane at room tem-
perature and turn significantly from the di-
rection parallel to the c-plane to the c-axis in
the temperature range from 523 to 573 K. On
the other hand, moments in Sr3CosFeqs04;
(Sr3Z) deviate from the c-plane at room
temperature and turn in the range from
473 to 523 K?. In our present work, the
temperature dependence of moment direc-
tions in Bajy gSre.0CooFessO41 (Bal_osl‘z.oz)
and Bag 5512 5CooFe24041 (BagsSra5Z) and
the effect of substitution of Sr for Ba on
magnetic structure were investigated by high-
temperature neutron diffraction.

2. Experimental

Powder samples of Ba; oSr20Z and Bags-
Sro 57 were prepared by ceramic method. Sin-
tering conditions were as follows; [Baj ¢Sr2.0Z:
T=1513 K and Pp2=101.3 kPa| and [Bags-
SrosZ: T=1483 K and Ppy=21.3 kPa).
High-temperature neutron diffraction pat-
terns were obtained using HRPD at JRR-3
up to 773 K. Neutron wavelength was 0.1823
nm.

3. Results and Discussion

Figure 1 shows the temperature depen- °
dence of moment angles with c-axis of
Bay 551152, Baj 0Sro.0Z, Bag 5512 5Z and Sr3Z
determined from the Rietveld analyses. The
magnetic moments in Baj oSrg¢Z mostly lie
in the c-plane at room temperature and turn
significantly from the direction parallel to
the c-plane to the c-axis in the temperature
range from 498 to 523 K. On the other hand,
the magnetic moments in Bag 5Srg 57 deviate
from the c-plane at room temperature and
turns in the range from 473 to 498 K. These
results indicate that the substitution of Sr for
more than the half of Ba induces the gradual
decrease in temperature range in which mag-
netic moments turn to the direction parallel
to the c-axis.

—@&— Ba1 :Sn *Z
—#— Ba1sS120Z
—tr— Bap 51202
—O—SB:Z
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[

Moment Angle with the
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S 20
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Figure 1: Temperature dependence of moment angles
with c-axis of sample.
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Long Period, Incommensurate Longitudinal SDW State in UCu,Si,
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% Graduate school of Science, Osaka University, Toyonaka, 560-0043

- UCusSiy crystalizes in the body-centered
tetragonal ThCroSip—type (I4/mmm) struc-
ture. The magnetic structures and the phase
diagram of UCusSiy were controversial and
mysterious for a long time.!) Recently, a high
quality single crystal of UCuySia was grown
by a Sn-flux method and the magnetic sus-
ceptibility measurement revealed the antifer-
romagnetic (AFM) ordering below 106 K, and
the transition to a ferromagnetic (FM) ground
state at 100 K.?) The AFM structure of
UCu,Sis has not been confirmed yet. In order
to investigate the magnetism of UCusSi,, we
carried out neutron diffraction experiments.3)

The high quality sample allows us to per-
form reliable neutron diffraction experiments
even such a small sample. The experiments
were carried out on the cold and thermal
neutron triple-axis spectrometers LTAS and
TAS-2 installed in the guide hall of research
reactor JRR-3 at the Japan Atomic Energy
Agency (JAEA).

Figure 1 shows the (1 0 [) scattering pro-
file of UCu2Siz measured in (a) paramagnetic
(PM) at 110 K, (b) AFM at 101 K, and (c)
FM phases at 10 K. At 101 K, we observed the
resolution limited first and third-order mag-
netic satellite reflections at (1 0 1+ ¢) and
(1 0 1 = 36), respectively, indicating the in-
commensurate AFM state where § slightly de-
pends on temperature. FM scattering is ob-
served on (1 0 1) nuclear reflection below 100
K. The broad feature around | = 1.3 which is
seen whole temperature ranges is an unknown
polycrystalline signal.

The intensity of the third order satellite, ~
25 cts/600 s, is less than 1 % of the first order

T

UCu,Si,

T4 1-35

‘ Intensity ( counts / 600 sec )

1
0.6 0.8 LO 1.2 14
(107) (r.Lu)

Figure 1: Line scan profile around (1 0 I).

satellite peak, ~ 3000 cts/600 s. In case of the
anti-phase structure, remarkable third-order
satellites as large as 10% of the first order one
should be observed, which is shown as bars
in Fig. 1(b). The observed intensity for the
third order satellite is one order of magnitude
smaller than that for the case of anti-phase
structure. Thus, the AFM phase is an in-
commensurate longitudinal spin-density-wave
(SDW) state with a nearly sinusoidal mag-
netic amplitude modulation. The solid line in
Fig. 1(b) is the result of a model calculation
with the periodicity A = 85.7 A (g = [0 0 4],
§ = 0.116) and a modulation amplitude y; =
1.3 p/U and ps = 0.1 pg/U for the first and
third Fourier components, respectively.

The determined magnetic structures of (a)
FM and (b) AFM in UCu,Sis are shown in
Fig. 2, which are confirmed by a careful anal-
ysis of the integrated intensity of magnetic
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8

Figure 2: Magnetic structures in UCu2Siz at (a) FM and (b) AFM phases.

peaks. The moment amplitude is indicated
by the solid curve in the upper part of Fig.
2 (b). The remarkable feature of the AFM
" structure are the long periodicity A = 85.7
A corresponding to roughly 17 uranium basal
plane layers. In AFM phase, there is a large
FM region in each half period consisting of
more than 8 layers of uranium. Moreover, the
long-period incommensurate modulation ap-
pears only in a very narrow region in the mag-
netic phase diagram and it turns to be a FM
phase with further cooling and/or applying
very small magnetic field (< 1 kOe). Thus it
is evident that the ferromagnetic interactions
play a dominant role in this compound.
Figure 3 shows the temperature depen-
dence of the magnetic scattering intensities of
the first order satellite. The magnetic satel-
lite peak appears below T = 106 K, and in-
creases continuously with decreasing temper-
ature down to 100 K. The inset shows the

Intensity ( 10° counts / 60 sec )

100 105 110

Figure 3: T dependence of order parameter.

sublattice magnetic moment (u1) calculated
from the magnetic reflection, intensity with re-
spect to Ty — T in a logarithmic scale. The
obtained critical exponent of the order pa-
rameter, 8, is  0.48(4). The mean field-like
temperature dependence, 8 = 0.5, of the or-
der parameter reminds us a SDW state with
a gap as occasionally found in the itinerant
3d electron system like a chromium, implying
the SDW/CDW state in UCusSis.

A similar but rather short periodicity
incommensurate modulation is reported in
UPdsSis and UNisSis, where the magnetic
structures are interpreted with ANNNI (Ax-
ial Next Nearest Neighbor Ising) type model
based on frustrated short range interaction
between “localized” 5f electrons. However,
there is no way to explain the long sinusoidal
modulation in UCu,ySi; with ANNNI model
because of the long periodicity. The electronic
properties of these three compounds should -
be more or less similar, thus we suggest the
strong “itinerant” character of 5f electron as
a origin of the SDW state in UT2Si; system.
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The Detailed Temperature Dependence of Phase Slip Transition in Cr(001)/Sn
Epitaxial Film
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In epitaxial Cr(001)/Sn multilayers with
periodically embedded monatomic Sn layers
an exotic spin-density-wave (SDW) is real-
ized below Néel temperature’>?). For exam-
ple a film with multilayer structure of [Cr(10.0
nm)/Sn(0.2 nm)]x 24 has a commensurate an-
tiferromagnetic (CAF) structure at 300 K.
The phase transition from the CAF to incom-
mensurate SDW (ISDW) occurs with decreas-
ing temperature as shown in Fig. 1.

The wavelength of the ISDW is governed by
the artificial periodicity, A = 10.2 nm as a re-
sult of competition between the nesting vector
of the Fermi surface and the artificial period.
Since the antinodes of this ISDW are pinned
by the nonmagnetic Sn layers, another type
of phase transition between different number
of the node (between N = 1 and 3 ) was ob-
served in the ISDW state. This transition was
called phase slip transition. The CAF peak is
denoted by “C peak”, the satellite peak orig-
inating in ISDW with N = 1 by “S1”, and
that with N = 3 by “S3” in Fig. 1.

We measured detailed temperature depen-
dence of this phase slip transition by using
TAS-1 and TAS-2 in the 2-axis mode. The
scans were done along [00L] direction through
the (010) reciprocal point of the bct struc-
ture. The change of peak hight are plotted
as insets in each figure. Hysteresis was ob-
served in every peak, and the “S1” peak is
the most intense at 150 K during cooling pro-
cess while the intensity of the “S3” peak does
not have clear peaks. We are going to mea-
sure the other samples which do not show the
phase slip transition. These two results will

elucidate the detailed mechanism of the phase
slip transition.
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Figure 1: Temperature dependence of [01L] scans of
[Cr(10.0nm)/Sn(0.2nm)] x 24 epitaxial film at 300, 160
and 14 K. Note that the scales of vertical axes of these
figures are different from one another. Insets are the
temperature dependence of peak hight corresponding
to each peak.

References

1) K. Mibu, M. Takeda, J. Suzuki, A. Nakanishi, T.
Kobayashi, Y. Endoh and T. Shinjo :“Phys. Rev.
Lett.”, 89, 287202 (2002).

2) M. Takeda, K. Mibu, T. Shinjo, and Y. Endoh
:“Phys. Rev. B.”, 70, 104488 (2004).

B4+ JRR-3

$6@ : TAS-1(2G), TAS-2(T2-4)

5B REFRGEL (REE)



JAEA-Review 2007-018

HETHA 3 BEETS

1. Neutron Scattering 3) Superconductivity




This is a blank page.




JAEA-Review 2007-018

WRET —~ @ SRRETEFEELIC X 2 A B — R FoE0sE
£ B HEBREEA LSCO ORIBIEY & TORFIEESBIEREL

1-3-1

Incommensurate Lattice Distortion in the HT'T Phase of LSCO
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Structural inhomogeneity in high-T, 214
compounds has been reported by various ex-
perimental probes. In particular, by neutron
scattering, Kimura et al. V) have observed a
local LTO-type distortion in the HTT phase
of Lag—zSr,Cu04 (LSCO) with z = 0.12 and
0.18, evidenced by incommensurate diffuse
(ICD) peaks appearing around the LTO su-
perlattice peak position. In addition, no such
incommensurate diffuse feature can be de-
tectable in the non-superconducting x = 0.05
sample. 20 We have extended the study of the
ICD feature in the HI'T phase to a wider con-
centration range using LSCO with z = 0.07,
0.15, and 0.20, and LBCO with z = 0.125.

Neutron scattering experiments have been
performed at LTAS and TAS-2 for z = 0.07
and 0.20, while at TOPAN for the others. For
all compositions, a sharp superlattice peak of
the LTO structure is replaced by a pair of ICD
peaks above the LTO-HTT transition temper-
ature T;. The incommensurate modulation
direction is parallel to the CuQOg octahedral
tilting direction, that is, the diagonal Cu-Cu
direction of the CuO» plane. By comparison
of the structure factors at different zones, we
conclude that the ICD peaks originate from
LTO type displacements, which suggests that
a LTO type local lattice distortion remains
in a one-dimensionally modulated form in the
HTT phase.

The temperature dependences of the in-
commensurability § for all samples scale ap-

0.18
o Sr0.07
= Ba0.125 %
0.12} ¢ Sr0.15 *
4 Sr0.20 ; i; } I
E) o.osT é-}%égé iy d
- éﬁi
0.04 % * Sr0.05 (Ref.2)
* Sr0.12 (Ref.1)
Aj % Sr0.18 (Ref.1)
1 14 1.8 22 2.6
TTs

Figure 1: Incommensurability ¢ for all of the present
samples as a function of normalized temperature
T/T,, together with data of Sr z = 0.12 and 0.18 form
Kimura et al., and of £ = 0.05 from Wakimoto et al.

proximately as T'/T, (Fig. 1), while those of
the integrated intensity of the ICD peaks scale
as (T — T,)~!. Though understanding of a
coupling between the ICD feature and the su-
perconductivity requires more research, these
observations together with absence of ICD
peaks in the non-superconducting z = 0.05
sample evince a universal incommensurate
lattice instability of hole-doped 214 cuprates
in the superconducting regime (See Ref. 3 for
details).
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Polarized Neutron Scattering Study of Spin Excitations in LSCO

S. Wakimoto, K. Kakurai, M. Takeda and M. Matsuda
Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

It is widely accepted that magnetic fluc-
tuation plays a central role for the high-T,
superconductivity. However, apparent dif-
ferences in magnetic response in different
cuprates had provided a major challenge. Re-
cent discovery of the universal “hour-glass”
shaped magnetic dispersion observed in sev-
eral hole-doped cuprates have connected the
low-energy incommensurate magnetic excita-
tion which is intimate to the superconductiv-
ity in LSCO compounds and the commensu-
rate resonance feature which is dominant in
YBCO compounds. The origin of the hour-
glass dispersion is still controversial, however,
information of anisotropy of the low energy
incommensurate spin fluctuation should con-
tribute to the understanding.

We have performed polarized neutron scat-
tering experiments at the TAS-1 spectrom-
eter using the LSCO with z = 0.08.
The spectrometer was operated in a uniax-
ial polarization mode.
ing Heusler monochromator and a double-
focusing Heusler analyzer are used. Inelastic
measurements were done with fixed final en-
ergy at 14.7 meV and hence a spin-flipper and
a PG filter are placed after the sample.

Figure 1 shows profiles of low energy
(4 meV) incommensurate magnetic peaks at
2.7 K observed in vertical-field (VF) non-spin-
flip (NSF) and spin-flip (SF) channels. Solid
lines are results of fits to a resolution con-
voluted two-dimensional Lorentzian function,
which give almost same intensity for the NSF
and SF channels. Considering that the VF-
NSF channel probes fluctuation along the 2-
axis and the VF-SF channel probes that along
the y-axis, the results demonstrate that the
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Figure 1: Incommensurate peak profiles for LSCO z =
0.08 with energy transfer w = 4 meV at 2.7 K. Data for
vertical-field non-spin-flip and spin-flip channels are
shown. Scan trajectories are depicted in the right.

low-energy spin fluctuation in the underdoped
z = 0.08 sample is isotropic.

Current results shed new lights on the high-
T, research. First, we demonstrate that the
inelastic magnetic signal of the high-7, com-
pound is detectable by the polarized neutron
scattering which had been hardly successful
due to the low intensity. We believe that the
double-focusing Heusler analyzer made a ma-
jor contribution. Second, the isotropic fluc-
tuation implies that the in-plane spin-gap,
which is estimated to be ~ 4 meV in non-
doped LCO, is somewhat reduced in under-
doped samples. In this aspect, a comparison
to a stripe-ordered LBCO 1/8 sample should
be interesting. This is currently in progress.
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Ni-impurity Effects on Incommensurate Spin Correlations in Hole-doped
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Doped high-T, cuprates, one of the most
fruitful examples of doped Mott insulators,
provide us rich information on the interplay
between the doped carriers and the spin cor-
relations commonly underlying on the Cu-
O square lattices. In the superconducting
(SC) phase, the so-called parallel spin-density
modulation (P-SDM) persists entirely in hole-
doped Lag_5Sr;CuQy4 (LSCO), while the so-
called diagonal spin-density modulation (D-
SDM) takes place in the insulating spin-glass
(SG) phase.?) The detailed study in the vicin-
ity of the boundary between SG and SC
phases confirmed a D- to P-SDM transition
at the boundary.»% To clarify the origin of
the D-SDM, Matsuda et al. studied the impu-
rity effect in the SG phase.5) The results show
that Ni doping quickly destroys the incom-
mensurability and restores the Neel ordering,
indicating a strong effect on hole localization.

We further explored the Ni-impurity ef-
fects in the SC phase to study whether
the strong hole-localization effect of Ni-
impurity commonly exists in the entire su-
perconducting phase. In the present neu-
tron scattering experiments, Ni-impurity ef-
fects on the static spin correlations were in-
vestigated particularly in the vicinity of the
SG-SC boundary of LSCO. Single crystals
of L31‘94Sr0_060u1_yNiy04 with y = 0.03
and 0.06 were prepared. Magnetic neutron-
diffraction measurements were carried out
on the cold-neutron triple-axis spectrometer
LTAS installed in the guide hall of JRR-3 at

the Japan Atomic Energy Agency.

Similar to the result in the SG phase,> we
observed a drastic impurity effect in the SC
phase. Upon dilute Ni substitution of y =
0.03, both P-SDM and D-SDM considerably
shrink in incommensurability, associated with
degradation of bulk superconductivity. Sub-
sequent Ni doping up to y = 0.06 induces a
bulk three-dimensional antiferromagnetic or-
der with the same spin structure without Ni-
impurity. This suggests that Ni is doped as
Ni3* or as Ni2t with a hole forming a strongly
bound state. Based on the hypothesis of the
reduction of the effective hole concentration
by Ni-impurity, we propose that the previ-
ously studied impurity effects can be simply
interpreted.
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In-situ and Real-time Observation for Star Polymer Formation in
Ru(Il)-Catalyzed Living Radical Polymerization by
Small Angle Neutron Scattering (SANS)

T. Terashima!, R. Motokawa?, M. Kamigaito®, S. Koizumi?,
M. Sawamoto! and T. Hashimoto?

1 Department of Polymer Chemistry, Graduate School of Engineering,
Kyoto University, Kyoto 615-8510
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3 Department of Applied Chemistry, Graduate School of Engineering,
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Introduction. Living radical polymeriza-
tion is among the best methods for the synthe-
sis of polymers with well-defined structures,
such as block, graft, and star polymers. In
conjunction with our Ru(II)-catalyzed living
radical polymerization, for example, we have
already synthesized a variety of star polymers
via the polymer linking method ). The syn-
thesis is considered to follow the mechanism
schematically illustrated in Fig. 1: (i) Gener-
ation of linear living chains (2; “arms”); (ii)
In-situ addition of a small amount of a divinyl
compound (3; linking agent) to as-formed
arms 2; (iii) Formation of “block” polymers
(4) via one of the two vinyl groups in 2, while
the other vinyl group dangling in the pendant;
(iv) Inter- and intra-molecular “linking” of 4
via the growing ends and the pendent vinyl
groups, to form star polymers (5) with a mi-
crogel (“core”) on which multiple arm chains
are attached. Though proposed a long time
ago and seemingly consistent with some ob-
servations, the linking mechanism has not yet
been established nor confirmed.

Thanks to the high material permeability
and the low energy of neutron 2, small angle
neutron scattering (SANS) is powerful for ob-
servation of the phase transition and the self-
assembling of polymers, and it occurred to us
~ that it may also be applied to in-situ and real-
time direct observation of chemical reactions
including the star polymer formation.

[
o g gMA CH, J}ro\/\o»\r/
~o et CH,~C CiRu(lt) 0 .
RuCHL(PPhy)s ¢=0 Linking Agent (3}
Initiator (1) BuN Living Prepo yrrers
miiator
(PMMA Arms: 2) PMMA

Microge! JA"'"S
Core \

RR R ‘
2SS Linking '
N \.(\(Yvww L Intramolecular
R R Crosstinking

PMMA Microgel-Core
Star Polymers (§)

Figure 1: Synthesis of PMMA microgel-core star poly-
mers via Ru(II)-catalyzed living radical polymeriza-
tion.

In this report, the formation of microgel-
core star polymers in the Ru(II)-catalyzed liv-
ing radical polymerization was followed in-
situ by real-time SANS, to shed a new light
to the polymer linking mechanism.

Results and Discussion. Star Polymer
Synthesis. Methyl methacrylate (MMA) was
polymerized with a three-component initi-
ating system, ethyl 2-chloro-2-phenylacetate
(1) (initiator), RuCly(PPhs)s (catalyst), and
n-BugN (additive), in toluene-dg at 80 °C
(Fig. 2). The polymerization smoothly pro-
ceeded, to give linear living polymers (2:
PMMA arm) with relatively narrow molecular
weight distributions (MWDs) and controlled
number-average molecular weights (e.g., M,
= 11600; M, /M, = 1.33; conv. 91 %; 49 h).
A small amount of linking agent 3 ([3]/[1] =

JFFS - JRR-3 & : SANS-J(C3-2)
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10/1) was then added to induce the linking
reaction. The products at +5 h showed a bi-
modal MWD with a slightly higher molecu-

lar weight, indicating the formation of block-

polymers 4. Upon leaving the mixture un-
quenched (> 10 h), the MWD further shifted
to higher molecular weights, eventually giving
star polymers 5 in high yield (89%; 50 h).

(a) SEC Analysis
M, :

n
MM
6500

I}
Prepolymers (2) :

(+10 )
94/ 52%

(+50 h)
98/ 96%

O Yield (5)
Microgel St - 89 %
10° 10° 10° 10°
NVV(PMINIA)

Figure 2: SEC analysis of microgel-core star poly-
mer formation in the Ru(Il)-catalyzed living rad-
ical polymerization.  Polymerizations: [MMA]o/
[1]0/[RUC]2 [(PPh:g)s]o/[n'BugN]o = 2000/20/10/40
mM in toluene at 80 “C; Linking: [3] = 200 mM (2/3
= 2/1v/v).

In-Situ SANS. The identical reactions were
followed in-situ in toluene-dg at 80 °C by real-
time SANS in a quartz cell (2 mm thickness)
connected to a glass tubing and a three-way
stopcock and set into the neutron beam path
(Fig. 3). During the initial linear arm forma-
tion (Region 1; < 7 h), the g-profiles exhib-
ited an Ornstein-Zernike type scattering at-
tributed to a disordered PMMA solution. The
scattering intensity increased with conversion
due to the expansion of the polymer chains
(Region 2; > 13 h). Upon subsequent addi-
tion of 3 into 2, the g-profiles initially changed

little (Region 8), consistent with the block
copolymerization where polymer size hardly
changes. As 3 was further consumed (Region
4), the scattering intensity clearly increased,
indicating the arm linking into star polymers
5. The profile further changed in Region &

(> 29 h), developing a distinct peak possibly

due to some interaction among star polymers.
The peak maximum (¢mqz) shifted to higher
q as the linking proceeded, suggesting tighter
packing (or shorter distance of gravity) of star

polymers.

(b) SANS Profile

e
(after Addition of 3}
—e— +47 h(5)
—o~ 438 h
—5— 429 h
~te +1

. +1g R }Regiond
—o— +7 h (4) Regien 3

} Regian §

3 /A'm51h2
—
Cl —o— 13h( )}Region2
N —sw7h
2t —(f —s— 3h }Region1 -
—e— 0 h
Lt ) T A §
789 2 3 4 56788
01 a (o)

Figure 3: SANS profiles (absolute scattering inten-
sity) for microgel-core star polymer formation in the
Ru(Il)-catalyzed living radical polymerization. Con-
ditions: See Fig. 2.

Conclusions. For the first time to our
knowledge, in-sity and real-time SANS obser-
vations of microgel-core star polymer forma-
tion were achieved in living radical polymer-
ization to clarify the linking mechanism.
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~ In-situ and Time-resolved Small-angle Neutron Scattering Observation for
Reversible Addition-fragmentation Chain Transfer Living Radical Polymerization
of Poly(Methyl Mathacrylate)-block-polystyrene

R. Motokawa, Y. Zhao, T. Hashimoto and S. Koizumi

Research Group of Neutron-scattering Soft Matter, Advanced Science Research Center, Japan Atomic
Energy Agency, Tokai-mura, Ibaraki-ken, 819-1195, Japan

We investigate living radical polymeriza-
tion process of Poly(methyl methacrylate)-
block-polystyrene (PMMA-block-PS), i.e., re-
versible addition-fragmentation chain trans-
fer (RAFT) radical polymerization method,
which is observed by in-situ and time-
resolved small-angle neutron scattering (tr-
SANS) measurements.

RAFT polymerization method has been de-
veloped in the past decade, which can be used
to synthesize narrowly-dispersed and well-
- defined sequential block copolymer. The liv-
ing process is achieved by employing a spe-
cial chain transfer regent, so-called RAFT re-
gent having dithioester function in its chemi-
cal structure. Here, cumy! dithiobenzoate was
‘used as a RAFT regent. There exist a lot of
researches. about the polymerization and ki-
netics for the RAFT systems, however, the
meso-scale structure appeared in polymeriza-
tion process (“polymerization-induced molec-
ular self-assembly”) have never investigated
up to now. tr-SANS is extremely powerful
method to explore the polymerization pro-
cess 1) because of low energy and high perme-
ability of incident cold neutrons for the sam-
ple specimens. In this study, we aim to eluci-
date the relationship between the propagation
reactions occurring at around local chain end
radical and “polymerization-induced molecu-
lar self-assembly” formed by reaction prod-
ucts.

To obtain PMMA-block-PS, as a first
step, PMMA having the dithioester func-
tion at chain end was synthesized in ben-

zene at 60°C in the presence of initiator,
2,2-Azobisisobutyronitrile (AIBN), where the
number averaged molecular weight (M,) and
polydispersity (M,,/M,) of PMMA are 17,000
and 1.1 at the monomer conversion of 34%.
In the second step, the isolated PMMA mix-
ture obtained from first step, 1.19 g was dis-
solved in 15.7 g (0.14 mol) of Styrene-dg in a
100-mL round bottom flask. After conduct-
ing degas operation by freeze-thaw method,
diblock copolymerization was carried out at
130°C under a bulk condition without initia-
tor. Then styrene monomer was polymerized
from radically activated chain end. Radicals
generate from a self-initiation of styrene dim-
mer. The molar ratio of [MMA]/[Styrene-dg]
segment was adjusted for 1/10. In order to ac-
quire sufficient difference of scattering length
density between PMMA and PS block chains
for. tr-SANS experiment, deutrated styrene
monomer was used. Next, a typical tr-SNAS
operation was carried out by following proce-
dure. The prior polymerization solution, 1.5
mL of PMMA /Styrene-dg mixture, was intro-
duced into quartz cell (2 mm thickness) con-
nected a glass tubing and three-way stopcock
under Ar stream by a syringe, and then set
into the heat block at 130°C. Immediately,
by irradiating on quartz cell with cold neu-
trons monocromatized with a velocity selec-
tor to have a mean wavelength A=0.65 nm
and AM/A = 13%. In-situ and time-resolved
observations were started with the SANS-J-
IT spectrometer installed at 20 MW JRR-
3 research reactor at JAEA, Tokai, Japan.
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Pinhole type small-angle neutron scattering
(PSANS) spectrometer mode enables us to
cover a g-range of 0.03 <g¢< 0.25 nm~! and
0.1 <g< 1.65 nm™! at two detector positions
10 m and 2.5 m, respectively. The scattered
neutrons were detected by a two-dimensional
position-sensitive *He detector of 0.58 m di-
ameter. The data were corrected for counting
efficiency, instrumental background, and air
scattering. After circular averaging, we con-
verted the scattering intensity to absolute in-
tensity unit of cm™! using a secondary stan-
dard of irradiated Al. Focusing ultra-smali-
angle neutron scattering (F-USANS) spec-
trometer mode with SANS-J-II is capable of
acsessing a lower g¢-region of 0.005 < ¢ < 0.04
nm~! by using MgFs lenses to collimate inci-
dent neutrons, where the set-up is very pow-
erful method to investigate mesoscopic length
scale structures 2.

- In the first step, ¢-profiles obtained by
tr-SANS are well reproduced by Ornstein-
Zernike (OZ) formula during polymerization,
indicating that polymerization of PMMA pro-
ceeds in the disordered solution state from
first to last of reaction. Figure 1 shows scat-
tering g¢-profiles obtained by tr-SANS mea-
surements in second step. These g¢-profiles
can be exhibited four regions, which are de-
fined by Region 1 to 4 with proceeding di-
block copolymerization. In Region 1, an
 OZ type scattering originated from disordered
PMMA /styrene-dg mixture at initial stage of
polymerization was observed. In Region 2,
the g-profiles exhibited scattering broad max-
imum due to a correlation hole effect 3) for in-
tramolecular interaction of PMMA-block-PS,
gradually moving peak position toward lower
g-region. In Regions 3 and 4, the scattering
upturn abruptly appeared at lower g¢-region
(g < 0.5 nm™!). It seems that the macrophase
separation between PMMA-block-PS and PS
homopolymer (sub-products) is occurred, and
then the turbid solution was confirmed by
eyes. Here, it should be noted that the

propagation rate constant abruptly decrease
with appearing upturn of scattering profile at
lower g-region interestingly. At the almost
same time, scattering maximum at around
¢=0.15 (nm™!) and its higher order peaks
originated from microdomain structure were
clearly observed, suggesting that the disorder-
order transition occurred due to exceeding
critical vakues of YN as a consequence of in-
crease of both M,, and concentration in solu-
tion, where the x and N are Flory interaction
parameter and degree of polymerization.
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Figure 1: Polymerization time dependence of the tr-
SANS profiles during the RAFT polymerization of
PMMA-block-PS.
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The First Success of Detailed Structure Analysis of a Giant Polymer Single
Crystal by Wide-angle Neutron Diffraction Data Collected with a 2-dimensional
Imaging Plate Detector

K. Tashiro, M. Hanesaka, T. Ohharal, K. Kurihara!, R. Kuroki?,
T. Tamadal, S. Fujiwara!l, I. Tanaka? and N. Niimura?

Department of Future Industry-oriented Basic Science and Materials, Toyota Technological Institute,
Tempaku, Nagoya 468-8511
L Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195
2 Faculty of Engineering, Ibaraki University, Hitachi, Ibaraki 316-8511

In these several years we have collected the
neutron diffraction diagrams of uniaxially-
oriented synthetic polymer samples using a
2-dimensional imaging plate detector system
(BIX-3) installed in the JRR-3 of Japan
Atomic Energy Research Institute. For ex-
ample, we succeeded for the first time in
the highly-accurate determination of hydro-
gen atomic positions in the crystal lattice
of orthorhombic polyethylene by using the
uniaxially-oriented fully-deuterated (and hy-
drogeneous) polyethylene samples?). The de-
termination of hydrogen atomic positions in
polymer crystal lattice is absolutely necessary
for the precise and quantitative prediction of
physical properties. The neutron diffraction
data from the deuterated polymer samples are
useful for this purpose. However, we some-
times encounter the serious problem of crys-
tal structure analysis of polymers: a general
polymer gives only small number of broad re-
flections because of small and imperfect crys-
tallites. This situation is seen in both of the
X-ray and neutron diffraction measurements.
The best way of getting the most precise
structure information is to use the single crys-
tal with the size treatable by hand. But, there
have been reported quite limited number of
giant single crystals so far, the crystal struc-
tures of which were analysed only by the X-
ray diffraction method?. Therefore the deter-
mination of hydrogen atomic positions is not

enough reliable. In the present study we have
been challenged for the first time in analyz-
ing the crystal structure of these giant single
crystals by the neutron diffraction method in-
cluding the determination of hydrogen atoms.
The thus determined crystal structure can be
compared with the X-ray diffraction result.
This comparison allows us to estimate the
electron cloud distribution because neutron is
scattered by atomic nuclei while X-ray is scat-
tered by electron cloud. In the present study
we report the structure analysis results ob-
tained for polydiacetylene single crystal based
on the X-ray diffraction and neutron diffrac-
tion methods. It might be valuable to empha-
size here that our trial is the first success in -
the direct comparison of the structural infor-
mation obtained by these two different meth-
ods for the synthetic polymer substance.

The sample utilized here is poly (1, 6-di(N-
carbazolyl) -2, 4-hexadiyne or PDCHD, which
was prepared by irradiating y-ray onto a sin-
gle crystal of the corresponding monomers.
The large single crystal of ca. 5 mm X 5 mm
x 0.5 mm was set on the goniometer head
of BIX-3 cylindrical camera built up in JRR-
3 reactor hall of the Japan Atomic Energy
Agency. The wavelength of incident neutron
beam is 1.51 A. The diffraction patterns were
taken by oscillating the sample at every 2° for
30 min for one shot. The thus collected reflec-
tions were analyzed using a software DENZO

¥4 : JRR-3 & : BIX-3(1G-A)
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for indexing and evaluation of integrated in-
tensities. The structural analysis was made
using a software Shelx. The reliable factor
was 0.113 for 1654 reflections and 0.122 for
1822 reflections with F > 40(F) where F is
a structure factor and o is the standard de-

viation. The X-ray reflections were taken us-

ing a RIGAKU R-axis Rapid X-ray diffrac-
tometer system with an imaging plate detec-
tor. The reliable factor was 0.035 for 1055
reflections and 0.109 for 2363 reflections with
F > 40(F). The unit cell parameters are a
= 12.840 (6) A, b (fiber axis) = 4.880 (2)
A, ¢ = 17.304 (10) A and 8 = 108.31 (2)°
with the space group P2;/c - C3,. Figure 1
shows the crystal structure viewed along the
chain axis. Using the atomic coordinates of C
and N atoms determined by X-ray diffraction
method, the hydrogen atoms were extracted
clearly as negative peaks in Fig. 1. From the
thus obtained initial structure we could refine
the structure with the reliable factor of 0.113
(The relatively high factor might come from
the sample quality.) As mentioned above, the
neutron diffraction data should give us the po-
sitions of atomic nuclei, while the X-ray anal-

ysis corresponds to the electron density dis-

tribution. We compared the atomic density
map obtained by the neutron diffraction data
with the electron density map or the Fo-Fc
density map calculated on the basis of X-ray
diffraction data. The result is shown in Fig.
2 which is the z-axis projection of Fo-Fc elec-
tron density map compared with the atomic
positions. The detailed interpretation of this
map is now being made in parallel with the
quantum chemical calculation of the electron
density distribution.
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Figure 1: Crystél structure of PDCHD analyzed by
neutron diffraction data.

Figure 2: Fo - Fc map calculated from the K-ray
diffraction data (z-axis projection). ~
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" In-situ Small-angle Neutron Scattering Studies of Mesoporous Silica Films

H. Itoh, N. Miyamotol, H. Miyata, T. Noma, T. Watanabe, S. Koiz_u,mi1 and T. Hashimoto'

Canon Research Center, Canon Inc., Tokyo 146-8501, Japan
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Mesoporous silica films prepared through
self-assembly of surfactants are promising
materials for future applications in optical and
electronic molecular devices because of their
high transparency and high structural regularity
on macroscopic scale. Recently, Miyata et al.
succeeded in the preparation of a
three-dimensional (3-D) hexagonal mesoporous
structure (space group of P6y/mmc), in which the
in-plane arrangement of the mesopores is
macroscopically controlled D, They have
proposed a model that a two-dimensional (2-D)
hexagonal mesoporous structure, which is
initially formed on a rubbing-treated polyimide
surface, is transformed to the 3-D hexagonal
structure. In the present study, an in-situ
small-angle neutron scattering (SANS) has been
performed to investigate the formation
mechanism of the mesoporous structure. High
transmittance of neutron beam compared to
X-ray beam allows in-situ observation of the
formation process of the aligned mesoporous
films in an aqueous reactant solution.
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SANS experiments were performed on
SANS-J-II at research reactor JRR-3 of Japan
Atomic Energy Agency (JAEA), Tokai.
SANS-J-II covers a g-range of 0.14 nm ™' < g <
1.16 nm™" at the detector position 2.35 m and
with the incident neutron of A = 0.65 nm (AVA =
13%). The scattered neutrons were detected by a
*He position-sensitive detector of 0.58 m
diameter. Silica glass substrates with 200pm
thickness coated with a rubbing-treated
polyimide were introduced into a rectangular
quartz cell with dimensions 10 mm X 10 mm
X 45 mm. A precursor solution with a
composition of polyoxyethylene 10 cetyl ether
(Brij56) 0.012 polyoxyethylene 20 cetyl ether
(Brij58) 0.006: tetracthoxysilane 1.0: DO 396:
HCI 12.2 were filled in the cell. The sample
temperature was controlled at 60 °C by
circulating water bath within the accuracy of
0.1°C.
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Figure 1: Time resolved scattering g-profiles at 60 °C. Figure (b) is an enlargement of figure (a) in the

g-range between 0.5 and 1.3 nm™".
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Figure 2: The 2-D scattering pattern for the five substrates after draining the reactant solution.

Figure 1 shows the time-resolved g-profiles at
60 °C from the cell containing the five substrates
and the solution. A broad scattering band in a
low-g region was observed until 15 minutes, and
then the intensity drastically decreased from 15
to 20 minutes. Subsequently, a peak at 1.05 nm™,
which indicates a lattice distance of 6.0 nm, was

~observed at 20 minutes. This suggests that
initially formed spherical micelles in the
solution assemble to the ordered mesostructure
in a relatively early stage of the film formation.
To confirm the 3-D hexagonal mesoporous

structure with a controlled in-plane arrangement
on the substrates, a 2-D scattering pattern was
obtained from the substrates after draining the
solution. In Fig. 2, the 2-D scattering pattern
shows diffraction spots with a 60° interval
indicating the oriented mesoporous structure.
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Neutron Crystallographic Analysis of Endopelygalacturonase I
. from Stereum Purpureum at a 1.5 A Resolution

M. Sato, T. Shimizu', T. Nakatsu' and H. Kato'
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Endopolygalacturonases ~ (endoPGs, EC Table 1: Crystal data and current refinement statistics
3.2.1.15) are a-inverting glycosidases and
catalyze the hydrolysis of the a-1, 4-glycosidic Space .GTOUP. P1
linkages between -adjacent a-D-galacturonic acid Cell Dimensions

residues within the pectin main chain. Reaction alblc 47.1A/526 A/37.7A
catalyzed by the inverting glycosidase proceeds ol/Bly 107.6°/109.9°/ 70.9°
by a general acid base catalysis, in which a Z 1

general acid catalyst donates a proton to the Resolution 200A-1.5A
glycosidic oxygen and a catalytic base guides the No. of reflections

nucleophilic attack of water molecule on the Work set 41,976

anomeric carbon of the galacturonate. The X-ray Test set 2,202

crystal structure analyses of endoPG I from R 22.5%

 Stereum purpureum in complex with GalpA Reee  26.2%
(B-D-galactopyranuroic ~ acid) and  GalfA No. of atoms :
(B-D-galactofuranuroic acid) have identified C,O,N,S 2,385
catalytic residues and puroposed for general H/D 1,702/111
acid-base catalysis of the enzyme D,

To identify the general base and acid, we
carried out the neutron crystallographic
analysis of endoPG I in complex with GalpA.
The single crystals of endoPG I were prepared
at pH 5.0 with hanging-drop vapor diffusion

- method using PEG4000 as the precipitant, and
grown by macroseeding. The crystals were
then soaked for 30 days in a D,O-prepared
reservoir solution, containing 2% GalpA, 25 %
PEG-4000 and 10% MPD, and then subjected
to neutron experiment.

Neutron diffraction data were collected at
room temperature using a single-crystal
diffractometer (BIX-4) at JRR-3 in JAEA, -
Tokai, and processed using Denzo-Scalepack Figure 1: 1.5 A resolution neutron map (2Fo—Fc) of
program. The initial structure was obtained Tyr243 of endoPG I and a water molecule.
from X-ray analysisl), and refined using the
program SHELXS. Figure 1 shows a typical
1.5 A resolution 2Fo-Fc neutron map.
Crystallographic data and current refinement
statistics are given in Table 1. Structural
analysis of the complex is now in progress.

Reference :
1) T. Shimizu, T. Nakatsu, K. Miyairi, T. Okuno and

H. Kato: “Biochemistry”, 41, 6651-6659 (2002).
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The Influence of Oxidation Stress on the Abnormal Tau Aggregation

S. Naito'?, H. Mochizuki?, T. Yasuda®, Y. Mizuno?, M. Furusaka’, S. Tkeda',
M. H. Shimizu’, J. Suzuki® and S. Fujiwara®

'KEK, Tsukuba, Ibaraki 305-0801, *Dept. of Neurol., Juntendo Univ. Sch. of Med., *Dept. of Mech. Intell.,
Eng., Grad. School of Eng., Hokkaido Univ., Kita 13, Nishi 8, Kita-ku, Sapporo 060-8628, * Japan Atomic
Energy Agency, Ibaraki 319-1195

Tau is one of the microtubule-associated
proteins.  Mainly, 4-repeat tau  (4Rtau)
containing two cysteine residues and 3-repeat tau
(3Rtau) lacking one repetition domain
containing one cysteine residue are expressed in
normal brain. The abnormal aggregation of tau
often observed in Alzheimer’s disease brain
causes cellular degeneration and death. We are
examining the influence of post-translational
modifications, e.g., oxidation, phosphorylation,
and proteolysis, on the formation of the
abnormal aggregation. Here, we report the
influence of oxidation stress on the 4Rtau and
3Rtau (Fig.1) by dynamic light scattering (DLS)
and small-angle neutron scattering (SANS).

4-repeat-taw (MW 47kDa, pKa=8.85)

e

SH SH
3-repeat-tau (MW 43kDa, pKa=6.92)

| sH

Figure 1: Diagram of 4-répeat—tau and 3-repeat-tau.

We' prepared the tau aqueous solution
suggesting the monomeric dispersion” by DLS
and confirmed that the conformation was
unchanged if reductive atmosphere was
maintained. Figure 2 shows the variation of the
characteristic decay time distribution after
loading oxidation stress by adding excess
hydrogen peroxide (H,O,). 4Rtau and 3Rtau
form huge clusters comprising of several
thousands molecules before oxidation. The size
distribution of 4Rtau was small compared to that
of 3Rtau. A growth of cluster size was observed
on only 3Rtau during loading oxidation stress.
SANS were conducted at SANS-J and at SWAN
situated at the KENS to elucidate the variation of

[wavelength (A=104), sample distance (L=10 m)]

fon 3h 23h
SR §
1 i 1? ?)
%
'J [p s
]
I
8o k P
02
000! 0681 0.1 3 10 160000] 001 01 1 1 100 000} 00) O} 1 10 100
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Figure 2: The variation of characteristic decay time
distribution function, G(I'"), of 4Rtau and 3Rtau afier
loading oxidation stress.

the shape of the tau aggregatés. Figure 3 shows
the SANS profiles of 4Rtau and 3Rtau before
and after loading oxidation stress.

. before oxidation b. afier oxidation
100}

Q) /e (@av)

Q) e (o)

0.001 001 01 000 001 01
qiAly qh

Figure 3: SANS profiles of 4Rtau and 3Rtau
before/afier loading oxidative stress.

Before oxidation, 4Rtau may form a huge
cluster (Rg =ca. 230A), on the other hand, 3Rtau
may form random coil (slope = -2). After
oxidation, the cluster size of 4Rtau was scarcely
changed and the variation of the cluster size of
3Rtau could not be unfortunately estimated in
this ¢ range although the growth of cluster size
could be detected by DLS. It was obvious that
3Rtau was subject to be oxidized and changed
the size of network. We will clear further the
shape and the size of tau clusters by ultra-SANS
this year.

Reference
1) S. Naito, et al. :“JAEARI-Review” 2005-045, 56
(2005).
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Hydration Water Dynamics at Protein Dynamical Transition

H. Nakagawa, Y. Joti! , A. Kitao' , K. Shibata, N. Go and M. Kataoka?

Quantum Beam Science Directorate, Japan Atomic Energy Agency, Tokai, Ibaraki, 819-1195
L Institute of Molecular and Cellular Biosciences, The University of Tokyo, Yayoi, Tokyo, 118-0032
2 Graduate School of Materials Science, Nara Institute of Science and Technology, Nara, 630-0192

A protein dynamical transition around 180.

~240 K has been observed for the hydrated
protein V. It is reported for various proteins
that function is suppressed with the loss of
anharmonic dynamics by dehydration or by
cooling down below the transition tempera-
ture. It is essential to elucidate the role of
water at the protein-water interface to under-
stand protein dynamics and function prop-
erly. The incoherent neutron scattering has
been used to study hydration related pro-
tein pico-nano second dynamics with DyO-
hydrated protein. The scattering from the hy-
dration water on the protein can be selectively
estimated by the subtraction of the scatter-
ing profile of a D9O-hydrated protein from
that of a HoO-hydrated protein. The neutron
elastic scattering experiments were performed
with the triple axis spectrometer, LTAS, in
the JRR-3 reactor in Tokai, which has an en-
ergy resolution of 170ueV. The Q-range cov-
ered was from 0.4 to 2.0 A~1. The data were
then collected from 10 K to 300 K. The mean-
square displacements were estimated with the
dehydrated sample and the hydrated samples
with the hydration level of h=0.08, 0.16, 0.26
and 0.45 (g H2O/g protein). The dynami-
cal transition was observed at ~240 K above
- h=0.26 hydration level. Figure shows the
temperature dependent changes of the mean-
square displacement of the protein and its hy-
dration water at h=0.16 and 0:26. With lower
hydration, the mean-square displacement of
hydration water is almost the same as protein.
With higher hydration, the displacement of
water is again almost the same as that of pro-

tein in the lower temperature range, while it
deviates significantly from that of protein at
the protein dynamical transition temperature
~240 K. It was reported that a relaxation
time of the protein-water hydrogen bond net-
work is 18ps at 300 K 2, which is within the
experimentally observable time scale ~24ps.
This suggests that such a network relaxation
is involved in the hydration water dynamics.
It is also indicated that the hydration affects
the protein collective modes 3%, Therefore,
we conclude that the couplings between hy-
dration water dynamics and protein collective
modes are essential for the protein dynamical
transition.

=0. 16 h=0. 26

0.8} [ ——protein 4 0.8} [——protein ” ‘
. hydrationwater - hydration water

0.6

0.4

w® [AY

0.2

O S SH— —
50 100 150 200 250 30

Temperature [K]

Figure 1: Mean-square displacement of protein and
hydration water at h=0.16 and 0.26 hydration levels.
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Neutron Structure Analysis on Water Nano-tube Cluster
Stabilized by Molecule-based Porous Crystal

M. Tadokoro, K. Kurihara®, T. Ohharal, I. Tanaka? and R. Kurokil

Department of Chemistry, Faculty of Science, Tokyo University of Science, Shinjuku-ku, Tokyo
162-8601 A
! Neutron Biology Research Center, Quantum Beam Science Directorate, Japan Atomic Energy
Agency, Tokai, Ibaraki 319-1195
2 Department of Biomolecular Functional Engineering, College of Engineering, Ibaraki University,
Hitachi, Ibaraki 316-8511

The dynamics and structure of water clus-
ters confined to nanometer-scale surroundings
are different from those of bulk water and
ice under ambient pressure. We have pro-
grammed the creation of a new nanometer-
scale water cluster in the molecule-based
nano-porous crystal in order to inspect the
dynamics and behaviors of water molecules
under the specific conditions.

We already placed nanometer-scale water

~ clusters, a unit of which is constructed from
60 water molecules, inside a porous crys-
tal formed from specially designed molecu-
lar blocks ([Co??? (Habim)s[>* and [TMAJ?-)
to investigate the molecular dynamics of the
confined water molecules. 1 X-ray crystal-
lography of a crystal filled with water has
revealed that the water clusters (a water
nanotube) found in a one-dimensional nano
channel with approximately 1.4 nm diame-
ter comprise a multi-layered water structure
with hydrogen bonding networks. The water
nanotubes exhibit dynamics that resemble a
water-ice transition, which produces an “ice
nanotube” state below ca. -38 °C.

In the ice state, we observed fragments of
water clusters in a cubic ice phase Ic of sim-
ilar structure. Each fragment was recognized
as a distinct structural model of the crystal
embryo in heterogeneous nucleation on an ice
phase Ic (Fig. 1).

The existence of confined H20 (1) or D2O
(2) molecules was also confirmed by ther-

Figure 1: The structure of an ice nanotube obtained
by X-ray crystal analysis below the phase transition
temperature. The spheres of hydrogen-bonded water
oxygens were connected with the lines.

mogravimetry (TG) measurements, which
were carried out after coating the fragile

crystals 1 and 2 with parafin liquid in

air. As a result, the number of H,O and
D20 molecules for [Col!f(Hybim)s](TMA)
and [Co/!!(Dybim)3](TMA) units in crystals
1 and 2 are determined to be more than
twenty, respectively. Further, the differen-
tial scanning calorimetry (DSC) thermograms
were performed between -10 °C and -60 °C at
a scan rate of 10 °C per minute. We observed

FF4F : JRR-3  #fE : BIX-3(1G-A)
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Figure 2: A view of an electron density map for the [Co™?! (H2bim)3](TMA)n crystal along the ¢ axis: a white
circle indicates apploxymatery the width of a channel, in which a water nanotube exists. In the channel, the
net parts of the electron densities represent oxygen atoms of the water, and the hydrogen-bonded protons in the

circle.

*. a reversible phase transition for 1 and 2 that

showed exothermic peaks at -38.8 ‘C and -33.4
°C during cooling and endothermic peaks at
-28.3 °C and -22.8 °C during heating, respec-
tively. The difference in the temperatures of
these phase transitions for 1 and 2 are almost
comparable to the isotope effect (ca. & °C
‘under ambient pressure) on the freezing and
melting of HoO and D;O. This similarity sug-
gests that the peaks of the phase transitions
in DSC are related to the condensation and
fusion of water molecules inside the channels.
The irreversible endothermic peaks of 1 and
2 were also observed at 101.7 ‘C and 105.0
°C, respectively. The values of the freezing
enthalpies of 1 (65.89 cal/mol) and 2 (58.22
cal/mol) were rather low compared with that
of bulk ice (1436.3 cal/mol), indicating that
only a limited number of water molecules in
the channels participate in the water-ice tran-
sition. Therefore, the strong H-bonded water
molecules in the primary water tube probably
play a less important role in this transition,
since in the primary domain, these molecules
are strongly H-bonded with the oxygen atoms
of TMA3~ on the surface of the channels.
In this study, we have measured a neu-

tron structure analysis for the water nan-
otube crystal at room temperature in order
to reveal some proton positions of hydrogen
bonding water molecules stabilizing a water
nanotube in the channel. Water nanotube
is constructed from intrinsic disordered water
molecules, and those around a central axis of
the tube were not observed because of heavy
disordering. However, the water molecules
near an outer wall in the channel were ob-
served as relatively localized electron density
by X-ray analysis. Therefore, we have inves-
tigated by a neutron structure analysis that
whether protons-of the water molecules have
hydrogen bonded with the outer wall or not.
As the results, existence of the protons con-
necting water oxygens with trimesic acid oxy-
gens containing into the porous frameworks

~ was revealed. The hydrogen bonded water

molecules would be contributed in stabilizing
the water nanotube clusters.

References
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layered Water Nanotube Confined to Nanochanne,
“ Chem. Commun. ”, pp.1274 (20086).
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Neutron Fiber Diffraction of Muscle Thin Filaments
Containing Deuterated Troponin I

» S. Fujiwara and F. Matsumoto .
Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

Muscle contraction occurs by sliding of the
“thin” filaments and the “thick” filaments in
muscle cells. Ca?*-sensitive regulation of con-
traction in skeletal and cardiac muscles is con-
ducted through the interactions of the thin fil-
ament based proteins, troponin (Tn) C, Tnl,
TnT, tropomyosin, and actin. To understand
this regulatory mechanism, it is important to
obtain information of the structure of these
proteins within the thin filaments.

We studied the structure of TnC within
the thin filament by neutron scattering!) and
diffraction?), and showed that conformational
changes of TnC occur by binding of Ca’*.
We also measured neutron scattering pat-
terns of deuterated Tnl within the thin fil-
aments with and without Ca?*, and obtained
the results suggesting large conformational
changes®). Here we employed neutron fiber
diffraction to obtain information on the ar-
rangement of Tnl within the Tn-complex.
T'nl was deuterated and reconstituted into the
thin filaments purified from cardiac muscles.
These reconstituted thin filaments containing
deuterated Tnl (dTnI-RTF) and the native
thin filaments (NTF) were sealed in quartz
capillaries, and oriented in magnetic field of
18 Tesla. Neutron fiber diffraction patterns
of these oriented samples were measured with
SANS-J instrument at the guide hall of JRR-3
in Japan Atomic Energy Agency.

Obtained patterns were processed by tilt
correction, isotropic background subtraction,
and quadrant folding. Intensity distributions
of meridional reflections from Tn were then
extracted. Figure 1 shows the intensity dis-
tribution obtained. Analysis with model cal-

culation of projected density to the orienta-
tion axis suggested relative movements of the
domains of Tnl as well as Tnl within the Tn-
complex. The detailed analysis is currently
underway.

(@)

R o ey
0000 0002 0008 0008 0008 0010
‘ Z[A™]

Z[A™]

Figure 1: Meridional intensity distributions of Tn re-
flections (a) without Ca®*, and (b) with Ca?*.

Supported in part by Special Coordination
Funds for Promoting Science and Technol-
ogy from the Ministry of Education, Culture,
Sports, Science and Technology, the Japanese
Government, and also 'supported by the Min-
istry of Education, Science, Sports and Cul-
ture, Grant-in-Aid for Exploratory Research,
16657032, 2004.
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Neutron Diffraction Experiment of TAKA Amylase

Y. Morimoto, T. Tamada!, K. Kurihara!, T. Ohhara!, K. Inaka? and R. Kurokil

Research Reactor Institute, Kyoto University, Kumatori, Osaka 590-0494
! Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195
2 Mol-logics, inc., Yamato-koriyama, Nara 639-1128

a-amylase  (a-1,4-glucan-4-glucanohydro-
lase, EC 3.2.1.1) catalyses the hydrolysis of
internal a-1,4 glycosidic linkages of amylose.
Neutral a-amylase from Aspergillus oryzae
(TAKA amylase) is a glycoprotein consisting
of a single polypeptide chain of 478 amino
acids. Although the tertiary structure has
been investigated by X-ray structure analysis,
hydration and hydrogen structures has not
been determined experimentally. Neutron
structure analysis is the only method to
determine hydrogen and hydration of protein
structures at medium resolution range. In
order to investigate the role of hydrogen and
hydration on the function of TAKA amylase,
we carried out the neutron diffraction study
of TAKA amylase.

Crystals of TAKA amylase were prepared
using counter-diffusion device composed of
only a silicon capillary and the agarose gel
inside.!) Single crystals were grown to the
maximum size of 0.7 mm? (3.9 x 0.9 x 0.2
mm) under 40 % PEG4000 and 2 mM CaCls
in 0.1 M acetate buffer (pH6.0). After the
crystal was soaked into DO solution (pD6.0)
during three months for neutron diffraction
experiment, the crystal was sealed in quartz
capillary for the neutron diffraction study
(Fig. 1). Diffraction images were collected
at room temperature using monochromatic
neutron beam (A = 2.9 A) and recorded on
a neutron imaging plate on a single-crystal
diffractometer (BIX-3) at JRR-3 in JAEA?),
The crystal of TAKA amylase belongs to
the space group P2;2;2; with cell dimen-
sions of ¢ = 51, b = 67, ¢ = 133 A. Some

diffraction spots were observed beyond 3.1
A resolution after six hours irradiation. Full
data collection was stopped because several
beam dumps occurred during assigned beam
time at JRR-3. Since present data set
was insufficient to determine hydrogen and
hydration structures in detail, production of
larger crystals aimed to re-collection of data
set is in progress.

Figure 1: TAKA amylase crystal used for neutron
diffraction study.
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Neutron Diffraction Study of Porcine Pancreatic Elastase with Its Inhibitor

T. Tamada, K. Kurihara, T. Ohhara, T. Kinoshita!, T. Tada! and R. Kuroki

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195
1 Graduate School of Science, Osaka Prefecture University, Sakai, Osaka 599-8531

Porcine pancreatic elastase (PPE) is a ser-
ine protease classified in the chymotrypsin
family that is possibly the most destructive
enzymes having the ability to degrade virtu-
ally all of the connective components in the
body. Uncontrolled -proteolytic degradation
by pancreatic elastase (EC 3.4.21.36) causes
the fatal disease pancreatitis. Inhibitor for
PPE is typical subject of development by
structure based drug design (SBDD) because
some elastases have similar structures of ac-
tive sites. Nevertheless, many inhibitors de-
signed by SBDD using X-ray structures still
have side effects. More detailed structure in-
cluding hydrogen and hydration information
is useful to develop highly selective inhibitors.
Neutron structure analysis is the only method
to determine hydrogen and hydration of pro-
tein structures at medium resolution range.
We carried out the neutron diffraction analy-
sis of PPE with its inhibitor.

The single crystals of PPE were prepared
under 0.2 M sodium sulfate in DO solu-
tion (pD 5.0) using sitting-drop vapor diffu-
sion method. The crystal was grown to the
size of 1.8 mm? for neutron diffraction ex-
periment by repeating macro-seeding of the
crystal, and then sealed in quartz capillary
for the diffraction study. Diffraction data
were collected at room temperature using
monochromatic neutron beam (A = 2.9/2.6
A) and recorded on a neutron imaging plate
on a single-crystal diffractometer (BIX-3/4)
at JRR-3 in JAEA.Y) The crystal of PPE be-
longs to the space group P2,2:21 with cell di-
mensions of a = 51, b = 58, ¢ = 76 A. The to-
tal rotation ranges of 178.5° and 88.5° (around

Table 1: Data collection and processing statistics

Resolution (A)
No. of reflections

2.4 (2.49-2.40)

obserbed 27,386

independent 7,605
Redundancy 3.6 (2.5)
Completeness (%) 82.6 (70.6)
Mean I/o(I) 13.0 (7.7)
Rinerge 0.130 (0.221)

another axis) were covered by 595 and 295 still
images with exposure time of 50 min./flame
by step scanning method at BIX-3 and 4, re-
spectively. Data were processed with the pro-
grams DENZO and SCALEPACK.? Data set
was integrated and scaled to 2.4 A resolution.
Data collection and processing statistics are
shown in Table 1. Structural analysis is now
in progress. Production of larger crystals is
also proceeding to collect higher resolution
data.
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pH Dependence Study of Insulin Structure by
Neutron Crystallographic Analysis

T. Ishikawal, Y. Oonishi’?, I. Tanaka!, T. Chatake®, K. Kurihara?, T. Tamada?,
R. Kuroki* and N. Niimural

1 Ibaraki Univ., Hitachi, Ibaraki 816-8511
2Kaken Co. Ltd., Mito, Ibaraki 310-0903
8 Chiba Scie.Univ., Choshi, Chiba 288-0025
4JAFEA, Tokai, Ibaraki 319-1195

Insulin is one of the well-known and impor-
tant hormones. Because it regulates glucose
in metabolism, it is used as one of medical
treatments for diabetes. It has about 5700
Da per a monomer, which is composed of
two peptide chains; A-chain (21 a.a.) and B-
chain (30 a.a.). This protein is synthesized
and stored in the pancreas as a hexamer with
zinc ions and secreted from there. In gen-
eral, biomacromolecules functions under var-
jous local conditions related to aqueous en-
vironments; such as hydrogen ion concentra-
tion (pH/pD), solvent concentration and so
- on. Some X-ray structure analyses under var-
jous pHs indicated that one of amino acids
of insulin from porcine, His10 in B-chain, un-
dergoes a change of conformation according
to a change of pH. Recent neutron structural
analysis of the same insulin under pD9 re-
veals that both N atoms of His10 in B-chain
are protonated and only one N of His 5 in B-
chain protonated »). The aim of this study is
to confirm these protonation states and con-
formation changes of Hisb and Hisl0 in B-
chain under other pHs such as pD6 and 7,
and to compare the structures between these
pDs and pDY. Sample was porcine insulin and
it was purchased from SIGMA (I-5523). Using
crystallization phase diagrams, metastable re-
gion was mapped. Under the condition of
the metastable region, large single crystals are
certainly grown. At first, crystals were grown
under pHY, then soaked into DyO buffer of
pD6 and 7 for some weeks to exchange HpO
for D20, respectively. As a result, large sin-
gle crystals of 2.7 mm® were obtained when
a precipitant was NagHPO4 and an additive
was EDTA at 298 K under both pD6 and
7, respectively. With these crystals, neutron
diffraction experiments were done at BIX-4 at
JRR-3, JAEA. Neutron wavelength was 2.6

A, step-scanned by 0.3°, exposure time were
about 90 min per one frame and 320 frames
(96°) were obatined for both pDs’ samples.
DENZO was used for data reduction. Finally,
for pD6 crystal, the crystal system was 1213,
a=79.0 A(cubic), and 2339 independent re-
flections were identified up to 2.5 A resolu-
tion. For pD6 data, structural analysis has
been carried out by CNS and Xtalview from
PDB ID:1B2A X-ray data (1.7 A) as an ini-
tial model. At present, it is at the stage of R-
factor = 23.2%, R-free=24.5% at 3.0 A resolu-

" tion. 2|Fol|-|Fc| nuclear density maps around

B5His and B10His were obtained as Fig. 1.
From these result the protonation states of
these Histidines under pD6 are the same as
those of pD9. Further analysis on pD6 crys-
ti,l and the analysis on pD7 will soon follow
this.

Figure 1: 2|Fol-|Fc| nuclear density map of B5His(left)
and B10His(right).
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Neutron Interferometry at PNO

Y. Hasegawal? and K. Aizawa
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Since its advent, neutron interferometric
experiments have provided elegant demon-
strations of the effects related to the funda-
mental aspects of quantum physics?). In par-
ticular, investigations of the property of spin-
1/2 system, i.e., one of the simplest quan-
tum two-level system, have been done in a
superior manner with the use of neutron in-
terferometer. In order to carry out experi-
ments of precise neutron optics (PNO), we
have developped a special multi-purpose ap-
paratus, called PNOQO-apparatus, at JRR-3.
The performance of the neutron interferom-
eter experiments were already reported to-
gether with several coherent neutron scatter-
ing length measurements®3),
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Figure 1: Typical sinusoidal intensity modulation ob-
tained by tuning the relative phase of the two beams.

Bell’s inequalities together with the EPR-

paradox have aroused considerable inter-
ests for many decades®®. Beyond local-
ity, a more general concept, i.e., contextu-
ality, is expected to describe striking phe-
nomena predicted by quantum theory. (Non-
contextuality is a simple classical deduction

for the quantum phenomena and implies the
independent results of measurements between
mutually commuting observables.) One of the
authors has accomplished a polarized neutron
optical experiment to demonstrate the viola-
tion of a Bell-like inequality in the study of
the quantum contextua.lityﬁ).

After an absence of neutron interferometer
experiments of late, a neutron interferometer,
which was used in the former experiments,
was again tested at PNO. The intensity of the
interfering beam is expected to exhibit a sinu-
soidal modulation as

I(¢)=T-(1+Ccos¢) (1)
where C and ¢ represent a contrast and a rel-
ative phase in the interferometer. Typical in-
terference oscillation is shown in Fig.1. A con-
trast of higher than 40% was achieved.

We have now prepared two other new in-
terferometers of larger dimension and going
to test them at PNO. These interfereomters
are expected to be used for further quantum
optical experiments at the J-PARC.
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Current Status of the Neutron Beta Decay Experiment in JRR-3
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Neutron beta decay measurements have
been served as a probe for fundamental
physics via the weak interaction between d
and u quarks during the reaction. From
the decay parameters, such as lifetime or en-
ergy spectra of decay products, we can obtain
Vad, & matrix element of Cabbibo-Kobayashi-
Maskawa (CKM) matrix, which describes the
mixing between quark mass eigenstates and
weak eigenstates. The CKM matrix element
obeys unitarity in the standard model of par-
ticle physics. Our research goal is to deter-
mine the CKM matrix element V,q precisely
to check the unitarity by measuring the pro-
ton energy spectrum in the neutron beta de-
cay.

Before the measurement of the proton
spectrum, we have performed a preliminary
experiment!) in which we aimed at measur-
ing neutron beta decay events from a ther-
mal neutron beam. This experiment was
taken place at the T1-4-5 NBD port in JRR-
3, where we had introduced straight and
parabolic supermirror guides to increase a
beam flux.?) The experimental setup is shown
in Fig. 1(a). We used a channel electron mul-
tiplier (CEM) as a proton detector and a plas-
tic scintillator with a photomultiplier (PMT)
as an electron detector. These two detectors
are placed at the both sides of the neutron
beam. We measured arrival time of signals
from both the detectors and used the corre-
lation between them to eliminate the back-
ground events. We also measured an energy
spectrum by the electron detector to identify
the neutron beta decay events.

In Fig. 1(b), the difference of the ar-
rival time between CEM and PMT signals is
shown. A sharp peak at 0 ns indicates simul-
taneous events which come from gamma ray
background. A small peak in the region of
50-400 ns is due to neutron beta decay. The
arrival time of the peak can be explained by
the difference between the proton and electron
velocities. After this successful measurement
of the beta decay events, we have prepared for
the measurement of the proton energy spec-
trum with a newly developed superconducting
detector.
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Figure 1: (a) Schematic view of the experimental
setup. (b) Spectrum of the arrival time difference be-
tween CEM and PMT signals.
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Neutron Scattering Study on DyRhing Single Crystal
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DyRhlng is one of the isostructural deriva-
tive of the heavy fermion superconductors
CeTIns(T= Rh, Co, Ir)*3). DyRhlns is an
antiferromagnetic compound with the Néel
temperature Ty = 28.1 K. The magnetic sus-
ceptibility indicates an easy-axis along the
[001] direction. A characteristic metamag-
netic transition with two steps has been re-
ported for H || [001]9.

In order to reveal the ground state magnetic
structure for DyRhiIns, neutron scatteing ex-
periments have been carried out with use of
TAS-2 spectrometer. Nuclear and magnetic
“scattering intensities were measured by triple
axis mode with PG monochromator and an-
alyzer at the neutron energy £ = 14.7 meV.
We found an antiferromagnetic structure with
@1 = (3 0 }) in the ground state”. The in-
tensity of the (3 0 ) and (3 0 3) reflection
shows a continous temperature dependce of
the magnetic order paramater as shown in
Fig 1. From the reflection intensities, we de-
termined the magnetic structure as shown in
Fig. 2. The estimated moment size was 8(1)
up. The magnetic structure of DyRhlns is
the same as NdRhIn;® and TbRhins?.
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Figure 1: Temperature dependence of (3 0 1) and (3
0 2) peak intensity. The inset shows the magnetic
peaks in (3 0 L) scan.

Figure 2: Magnetic structure of DyRhlns.
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The Magnetic Structure Study of NthGas by Neutron Scattering
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Recently, systematic neutron experiments in
NpT'Gas (T = Fe, Co, Ni and Rh)¥™%) revealed
a wide variety of magnetic structure, and the suc-
cessive phase transition of 5f electronic state in
NpRhGas® and NpNiGas¥. The NpT'Gas crys-
tallize in the same crystal structure as unconven-
tional superconductor PuCoGas®. The succes-
sive phase transition observed at NpRhGas and
NpNiGas was discussed theoretically by Kiss et
al.® in terms of localized 5f electron picture.
They suggest that the 5f electronic state tran-
sition might be the consequence of the compet-
ing magnetic and quadrupolar interactions in the
multi-5 f orbital.

The NpPtGas is antiferromagnet below Ty = 27
K. The magnetic field, applied parallel to the [100]
direction, induces a second phase transition in the
temperature dependence of magnetic susceptibil-
ity. Neutron scattering measurements have been
performed to clarified the nature of the field in-
duced phase transition, and to determine the mag-
netic structure of NpPtGas.

The high quality single crystal sample of
NpPtGas was grown by the Ga-flux methods.
Neutron scattering experiments were carried out
at thermal and cold triple axis spectrometers TAS-
2 and LTAS installed at the research reactor JRR-~
3 in JAEA. Neutron scattering measurements un-
der magnetic field up to 5 T have been carried out
by using the superconducting magnet.

The magnetié structure of NpPtGas have been
clarified by elastic neutron scattering measure-
ments. For temperature below Ty, the NpPtGas
exhibits an A-type antiferromagnetic structure
with propagation vector ¢=(0 0 1/2), namely the
Np magnetic moment of 0.4 pp is parallel to the
<100> direction in the basal plane. This struc-
ture can be described with a ferromagnetic layer
on a basal plane, stacked along the tetragonal c-
axis in an antiferromagnetic sequence.

Figure 1: Magnetic structure of NpPtGas.

The neutron scattering measurements under ap-
plication of magnetic field parallel to the [{100]
direction, revealed that the field induced phase
transition observed in the magnetic susceptibil-
ity is due to a change of an antiferromagnetic
domain structure, from multi-domain to single-
domain case. The most intrigued result in this
study is the necessity of high magnetic field above
10 T at T =1 K, observed in the magnetic suscep-
tibility, to change the magnetic domain structure
to single-domain. Similar results have been ob-
served in NpRhGag, where the antiferromagnetic
domain became single-domain at 6 T (7=3 K)3).
The NpPtGas exhibits a identical magnetic struc-
ture as NpRhGas, with magnetic moment paral-
lel to the basal plane at low temperature. The
coexistence of ferroquadrupolar order with anti-
ferromagnetic order in the NpRhGas, predicted
theoretically by Kiss®, might be the hint to un-
derstand this problem.
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The Improvement of Triple-axis Spectrometer at JAEA:
The New Double Bent PG Monochromator for TAS-1
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Instrumental improvement of the triple-
axis spectrometers (TAS), installed in Re-
search Reactor, JRR-3 at JAEA, is in progress
for the study of strongly correlated electron
systems such as actinide compounds and high
Tc superconductors by neutron scattering.
JAEA has installed three characteristic TAS
spectrometers at JRR-3: TAS-1 at reactor
room, provides a high flux thermal neutron
beam with polarization / polarimetry option;
The low background and high resolution are
the advantage of TAS-2 installed at guide
hall; whereas cold source neutron spectrom-
~ eter LTAS has a high energy resolution.

High energy excitation and/or magnetic
form factor can be measured only at TAS-
1, where the incident beam for £ > 30 meV
is available. Therefore improvement of the
high energy neutron flux at TAS-1 spectrom-
eter is very important. For this propose, a
new double bent PG monochromator is un-
der construction.

The new double bent PG monochromator
was designed with Monte Carlo simulation us-
ing the software McStas (Ris¢ National Lab-
oratory / Institute Laue—La.ngeVin)l’z) . The
size of monochromator and the focusing con-
dition have been optimized by simulation.
The simulation was carried out by using 9
columns x 5 rows PG crystal array, (PG
crystal - 30 x 20 mm?). The total size of
monochromator with 270 x 100 mm? is nec-
- essary to use more efficiently the incident neu-
tron flux at high energy region. From simu-
lation results, we are expecting a gain of neu-
tron flux around 9 times as larger as the flat

monochromator with the same size by using
the double focusing. Figure 1 shows the pro-
jected double bent 9 x 5 PG monochromator,
where the vertical and horizontal focus will be
controlled independently by two step-motors.

Figure 1: The projected double bent monochromator
with 9 x 5 PG crystal array.

The new double bent PG monochromator
will be installed at the new monochroma-~
tor drum for TAS-1, with two others type
of monochromators: The double bent Cu
monochromator for high energy; and a flat
Cu monochromator for magnetic form factor

‘measurements up to high-Q range.
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Concept and Establishment of Extended Biconcave Lens for Cold Neutrons

T. Adachi!, T. Shinoharal?, K. Tkeda!, K. Hirota!, H. M. Shimizu®?,
T. Oku®, H. Sasao®, S. Yamada® and J. Suzuki®
! RIKEN, Wako, 351-0198

2 High Energy Accelerator Reserch Organization, Tsukuba, 805-0801
3 Quantum Beam Science Directorate, JAEA, Tokai, 319-1195, Japan

Recent development of neutron optical
devices has raised efficiency of neutron -
utilization!™3). Simple biconcave lens works
as focusing device for neutrons because of neg-
ative refractive index. The biconcave lenses
were used for focusing géometry small angle
neutron scattering instruments®5. Merit of
biconcave lens in several neutron optical de-
vices is comparatively fine focusing profile be-
cause of its simple shape. However, the bicon-
cave shape whose outer side is thicker causes a 108k
demerit of less transmission of neutron beam. °
Therefore, the biconcave shape is unsuitable
for large aperture lens. So far aperture of the
biconcave lens was less than 25 mm in diame-
ter practically. We have developed a ring-like
lens composing a concentric circle with the bi-
concave lens as shown in Fig. 1. The aperture
of the lens was enlarged up to 45 mm in diam- 100 g
eter and loss of neutrons absorbed should be 10 ‘g(nm.;) 10
reduced because thickness of outer part of the
lens decrease compared with single large aper-  Figure 2: Beam profile of intensity v.s. momentum-
ture lens. We obtained 1.5 times better inten-  transfer, ¢.
sity than the usual biconcave lens as shown in
Fig. 2. Comparison of preformances between
these two systems was summarized in Table
1. This can be one of the methods to improve

Ha) (arb. units)

Table 1: Comparison of performances

utilizing efficiency of neutrons. : Tnside Outside  Both
References Radius (mm)  0-13.5 16.5-23 ;)61553
. Oku and H. M. Shimizu : “Physica B”, 283, 314 -
Y ?2080)“’ and H. M. Shiriz :“Fhysica B, 263, Transmission 041 029  0.35
2) H. M. Shimizu, T. Oku and T. Adachi : “Physica FWHM (mm) 2.2 24 2.4
B”, 311, 123 (2002). Relative Area 1 14 2.4
3) H.M. Shimizu :“Appl. Phys. A”, 74, $326 (2002). Relative intensity 1 0.5 15

4) M. R. Eskildsen et aol. :“Nature”, 391, 563 (1998).
5) S.-M. Choi et al. :“J. Appl. Cryst.”, 33, 793 (2000).
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Development of a Magnetic Neutron Lens Based on an Extended Halbach-type
Permanent Sextupole Magnet
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K. Ikeda! and H. M. Shimizu'
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We have developed a magnetic neutron lens
(MNL) based on an extended Halbach-type
permanent sextupole magnet for the appli-
cation to focusing-geometry small-angle neu-
tron scattering (FSANS) experiments V. In
this study, we investigated the neutron fo-
cusing property of the MNL by using pulsed
polarized neutrons. Figure 1 (a) shows the
schematic cross section of the MNL. The
sextupole magnetic field distribution |B| =
(G/2) r?* with the magnetic field gradient co-
efficient G = 10,660 + 530 T/m? is gener-
ated inside the MNL. The experiment was
carried out at the beam line of C3-1-2-1
(NOP) of JRR-3 in Japan Atomic Energy
Agency (JAEA). The experimental setup is
shown in Fig. 1 (b). The neutron beam
pulsed by a chopper was polarized by using
a quadrupole magnet. The neutron wave-
lengths were determined by the time-of-flight
method with wavelength resolution AA/A =

0.03 in FWHM around A= 8 A. Figure 2

shows the radial average of the measured neu-
tron intensity distribution on the detector
plane. The intensity peak became sharpest
when the focal condition was satisfied at A =
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Figure 2: Radial distribution of the focused beam in-
tensity. :

8.07 A. The intensity peak with the ratio of
the peak height to the background level of
~ 4 x 10° was observed at the focal condi-
tion, so that the MINL was considered as the
applicable focusing device to the FSANS ex-
periments.
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Development of a Highly Efficient Neutron Polarizing Device
Based on a Quadrupole Magnet
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K. Ikeda!, H. Sato! and H. M. Shimizu!

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195
YRIKEN, Wako, Saitama 351-0198

‘We have developed a neutron polarization
device based on a Halbach-type permanent
quadrupole magnet (HQM) (Fig. 1 (a)). The
HQM consists of 12 segments of strong per-
manent magnet NdFeB, and has an aperture
size of 5 mm in diameter and the length of
600 mm (Fig. 1 (a)). Neutron absorbing Cad-
mium (Cd) cylinders with inner diameter of
3.5 mm were inserted into the HQM aperture
for the suppression of neutron reflection on
the inner surface of the HQM. According to
the magnetic field measurement, the magnetic
field gradient 0|B|/0r = 791.9 £ 8.3 T/m
is realized in the HQM aperture. By pass-
ing through the aperture of the HQM, posi-
tive and negative polarity neutrons are accel-
erated in opposite directions and are spatially
separated due to the magnetic field gradient.
Then, by extracting one spin component, we
can obtain a polarized neutron beam.

A cold neutron polarization experiment was
performed at the beamline of C3-1-2-1(NOP)
of JRR-3 in Japan Atomic Energy Agency
(JAEA). The experimental setup is shown in
Fig. 1 (b). A neutron beam with wavelength
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A=9.5+03A and size of 2 mm in diameter
is incident into the aperture of the HQM. In
this experimental condition, negatively polar-
ized neutrons are accelerated away from the
HQM center axis, and then expected to hit
the Cd cylinders, resulting in being absorbed.
On the other hand, positively polarized neu-
trons are accelerated toward the HQM cen-
ter axis, and expected to pass through the
HQM. The polarization degree of the neu-
trons passing through the HQM was measured
by using the superconducting sextupole mag-
net (SSM) » and the 2-dimensional position
sensitive detector (2d-PSD) 2 (Fig. 1 (b)). As
a result, an extremely high polarization de-
gree of P = 0.9993 & 0.0059 was obtained in
spite of the fact that the obtained value in-
“cluded the influence of the depolarization ef-
fect due to the imperfect adiabatic field con-
dition along the neutron beam axis.
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Figure 1: (a) A schematic of the cross section of the Halbach-type quadrupole magnet. (b) The experimental

setup.
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Development of Flatpanel Anger Detector
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Neutron optical devices such as a neutron
magnetic lens and material lens for a cold
neutron beam have been developed 1) re-
cently. These devices need good spatial res-
olution of less than 1mm? for the detector.
We have developed scintillation detectors 2),
which is called RPMT. This RPMT detector
has good performances for spatial resolution,
high signal-to-noise ratio and user friendli-
ness, but it is difficult to expand larger ef-
fective area. Therefore we have started to de-
velop a new neutron detector, called flatpanel
Anger detector.

This detector consists of neutron sensor,
DAQ system and a monitoring PC. A 64-
channel flatpanel PMT (FPMT), Hamamatsu
H8500 and ZnS(Ag)/SLiF scintillator are used
for the neutron semsor. The data taking
system is constructed using 10-bit 100 MHz
FADC and Xilinx FPGA chips. The 64 an-
odes and a dynode output signals are pulse-
shaped by amplifier and digitalized by FADC
chips in parallel. The trigger timing is used by
the dynode signal. The effective area of this
detector is around 25 cm?, and it is easy to
expand larger ares with small dead space by
multi-FPMT’s system. A ’center of the light
yield position’ calculation is used on the pulse

“height data of 9 pixels of the FPMT including
the brightest central pixel and its surrounding
'8 pixels. In the case of the brightest pixel is
in peripheral of the FPMT, the position is de-
cided by the ratio of the brightest pixel and
the next pixel.

The two-dimensional image of cold neutron
beam is shown in Fig. 1. This figure shows

collimated neutron beam with a 5 mm-gap-
comb-shaped cadmium slit. Neutron detect-
ing counts of the central region is the highest
because the neutron beam is not uni-field.

The spatial resolution was measured us-
ing a cadmium collimator with a diameter
of 0.5 mm and thickness of 1 mm. This
measured spatial resolution is originated from
both collimator size and detector resolution.
The neutron beam wavelength was 0.95 mm.
The measured spatial resolution is typically
0.8 mm FWHM in central region and getting
worse to around 1.5 mm in the peripheral
pixel region. This mesurement is consistent
with the result of Fig. 1. This is because the
calculating method is not so suitable in pe-
ripheral pixel region, and we should develop
new analyzing method.

Figure 1: Two-dimensional image of cold neutron
beam.
References
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Experimental Study on Neutron Control by Using Piezoelectric Single
Crystals

S. Kawamura!, J. H. Kaneko!, K. Tanabe!, K. Aizawa?, A. Homma?, Y. Otake?,
H. Fujimoto?, F. Fujita! and M. Furusakal

YHokkaido University, N138 W8, Kita-ku, Sapporo, 060-8628, Japan
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D-spacing of piezoelectric-crystal varies
with applying electric field. We have
been trying to develop novel neutron-optical-
devices using piezoelectric-crystals. As the

first step of this study, we carried out a

experiment using (1-x)(Pb(Mg;/3Nby/3)O03)-
x(PbTiO3)(PMN-PT) single-crystal whose
piezoelectricity is about 1000 times larger
than a-quartz single crystals. The sample
used in the experiment was purchased from
MTI Corp and its dimension was 10 x 8 x
0.5 mm3. The surface of sample was parallel
to the planes (001) and the piezoelectric co-
efficient ds3 was 2000 pC/N. Alminium elec-
trodes of about lum thickness were evapo-
rated on both faces of the sample and 25 um
diameter gold wires were attached to the elec-
trodes. The sample was poled at 180 °C for 30
min under a loaded electric filed of 14 kV /cm
and then field-cooled to room temperature 1.

Diffraction experiment was carried out us-
ing the PNO instrument equipped at the
JRR-3 reactor of the Japan Atomic Energy
Agency. The schematic diagram of experi-
mental setup is shown Fig. 1. The entire
setup was situated on the optical bench of
the PNO and monochromatic neutrons of 2.0
A were used for the experiment. Rocking
curves (RC) of the crystal were obtained un-
der various voltages from 100 V to 700 V,
which correspond to electric fields between
2 kV/em and 14 kV/cm. A 3He propor-
tional detector was used and the stastical er-

rors at each measuring point near the peak

were about 1.2 %.
detector
é PHN-PT

K7

Qo>
3

incident neutron

Ab elotrodss

Figure 1: Experimental layout of PNO. Monochro-
matic neutrons of 2.0 A were used and rocking curves
of PMN-PT were measured before and after applying
the electric fields.

As shown in Fig. 2, the angular position
of the diffraction peaks was changed by the
electric field. Changes in its full width at
half maximum were observed. The angular
position of the diffraction peaks related to
the rocking curve measurements showed time-
dependent variation after the applied electric
field was changed from one value to another.
As shown in Fig. 3, each variation was well
described by a single exponential decay func-
tion limiting to a saturated value. The time
constants had different values when applied
electric fields were changed, but they were on
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Figure 2: Rocking curve at electric field 0 V/cm and
4 kV/cm.

the order of hours. The origin of this time-
dependent variation of the diffraction angle is
considered to occur through a slow relaxation
of the domain configuration induced by the
electric field applied to the crystals.

Saturation values of the angular position of
the peaks of the rocking curves that were ob-
tained from curve-fitting are shown in Fig. 4.
A maximum diffraction-angle change of about
0.32 was obtained.
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Figure 3: Time-dependent variations of the peak po-
sition on the rocking curve after changing the electric
field of 0-4 kV/cm.
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Figure 4: Saturated value of diffraction angle variation
for different values of the applied electric field.

Dramatic changes of the d-spacing in the
piezoelectric single-crystal (PMN-PT) were
confirmed in this experiment. The Bragg-
angle variations attributable to the applied
electric field are sufficiently large and present
the possibility of the crystal’s use as a novel

‘neutron optical device. Further experiments

aimed at improving the characteristics of the
device are in progress. First, the form factor
of the (001)-reflection is intrinsically small be-
cause of the titanium it contains, which has a
negative scattering length. The following ex-
periments will be concentrated on the (111)-
reflection, which has a much larger form fac-
tor. Furthermore, some dynamic experiments
that apply a high-frequency electric field of
megahertz order are planned for the near fu-

. ture.
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Development of a Hybrid-anvil Type High-pressure Device for Magnetic
Neutron Diffraction Studies

T. Osakabe
Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

We have newly developed a hybrid-type
anvil device (HA) for high-pressure neutron
scattering studies beyond 3 GPa. The device
is composed of a sapphire anvil and a WC
anvil. Figure 1 shows a schematic drawing of
the HA. The essential point is a hollow in the
center of the culet of the WC anvil. This hol-
low highly suppresses deformation of the gas-
ket sandwiched between the two anvils, since
a part of the gasket is strongly caught by the
edge of the hollow when the gasket is pressed.
This gives three important effects. One is pre-
venting the sapphire anvil from cracking. An-
other is enlarging the sample chamber and the
other is improving the pressure generation ef-
ficiency. As a matter of course, the sapphire
is transparent for neutron and generates low
- background. Furthermore, we can easily mea-
sure the pressure value by a ruby-fluorescence
method through the sapphire anvil.

$14.0

Sapphire

Figure 1: Schematic drawings of a hybrid-anvil device.

Figure 2 shows the result of the feasibility
test of the HA and the sapphire-anvil device
(SA) for comparison V. The test conditions
are as follows. For the HA, the diameter of
the culet, the pressure medium and the gas-
ket material are 2.7 mm, glycerin and Al al-

loy (JIS A2017P, tensile strength : 0.38 GPa),
respectively. On the other hand, for the SA,
those are 2.35 mm, Daphne 7373 oil and brass
(JIS C6782B, 0.49 GPa), respectively. As
clearly seen in Fig. 2, the pressure genera-
tion efficiency of the HA is superior to that
of the SA. Furthermore, the available sample
volume determined by the initial diameter of
the sample chamber and the final distance be-
tween two anvils is about 2.5 times larger than
that of the SA. In the test, the pressure of 5
GPa was generated easily by the HA without
cracks in the anvils.

— I 1.1
5| HA device | _F
@ Pressure | [0.19mn]
— Diameter g
(A .....—1.0'9h
s g | pttmd @
o. 5 : 3
g Ami ] 0.9 0
3 racks ! g
:
o &
. Ho.84
; SA device 3
i A Pressure ~
0 - Diameter
‘ i i H0.7
0.0 05 1.0 1.5 2.0 25
Load (ton)

Figure 2: Generated pressure and diameter of the
chamber versus applied load for the HA and the SA.
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Development of a High-resolution Two-dimensional MicroStrip Gas Chamber

H. Takahéshi, P. Siritiprussamee, K. Fujita, T. Oku® and J. Suzukil

- Department of Nuclear Engineering and Management, Graduate School of Engineering, The
University of Tokyo 113-8656
~ YQuantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

High-resolution neutron imaging detectors
are required for future high-intensity neutron
sources. We are developing a high-resolution
gaseous neutron detector by using multi-grid-
type MSGC with floating pad readout method
1), Nowadays, Microstrip Gas Chambers
are successfully used in neutron applications.
However, conventional MSGCs with the vir-
tual cathode readout still have limited per-
formance at the high counting rate applica-
tions. A floating pad readout method does
not require a conducting glass whose resis-
tivity should be controlled between the lower
limit (for dark current) and the upper limit
(for counting rate performance) for the virtual
cathode readout method. In our floating pad
readout method, readout pads are separated
from the anode and induced charge is trans-
mitted through the insulator layer. Therefore,
the resistivity control is not a crucial issue
in our detector. We are testing detectors of
several different geometry and the electrode
configuration. Due to the pin limitation of
the pressure vessel, we used a charge-division
readout method for position localization. The
experiment was performed at the NOP beam
line of the JAERI JRR-3 neutron scattering
facility. A collimated neutron beam of 0.5 mm
diameter was incident on the detector. For a
3em x 3em MSGC filled with 5 bar CFy4 and
0.5 bar 3He, we could achieve a measured po-
sition resolution of 0.6 mm (FWHM) includ-
ing the beam size and the parallax error(see
Fig. 1). Example of the image is shown in
Fig. 2. The Global-Local readout principle )
can also be combined with this method.
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Figure 1:-Obtained neutron resolution at different gas
gain.

Figure 2: Sample neutron image taken with Cd plate.
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A New Tandem Crystal System for Bonse-Hart Ultra-small-angle Neutron
Scattering Spectrometer at JAEA

D. Yamaguchi, S. Koizumi, R. Motokawa, T. Kumada, K. Aizawa! and T. Hashimoto

Advanced Science Research Center, JAEA, Tokai, Ibaraki 819-1195
Y Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

A new tandem channel-cut crystal system
was introduced on Bonse-Hart ultra-small-
angle neutron scattering (USANS) spectrom-
eter at research reactor JRR-3, Tokai, Japan.
For conventional Bonse-Hart setup 1, it con-
sumes a considerable time ( 20hrs ) to mea-
sure a scattering profile of whole g-range (2
x 1074 < q < 7 x 1072 (nm™1), where q de-
notes magnitude of scattering vector) due to
the step scan system. To improve this situa-
tion, two analyzer channel-cut silicon (Si) per-
fect crystals were settled in tandem and op-
erated simultaneously and consequently the
. measurement time was reduced to half. As
schematically illustrated in Fig. 1, a new tan-
dem optical system consists of three triple-
bounce Si [111] channel-cut crystals and the
third one is employed for the second analyzer
crystal. The two analyzer crystals play differ-
ent parts in collecting the scattering; one is
for the smaller scattering angles whose corre-
sponding q value ranges 2 x 1074 < q < 4 x
1073 (nm™!) and the other is for the larger
scattering angles of 2 x 1073 < q <7 x 1072
(nm~!). In Fig. 2 an example of tandem
measurement is compared with conventional
one.. The specimen employed for the mea-~
surements was a polymer blend film, which
has phase separated structures of micrometer
scale and gives considerable scattering inten-
sity at the g-range of USANS. By compari-
son of two kinds of measurements shown in
Fig. 2, we discern that tandem measurement
gives nearly the same scattering profile with
the conventional measurement within half of
the measurement time.

Figure 1: New tandem USANS set-up.
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Figure 2: Example of tandem measurement. Symbols
of + mark and open square reprenent the data of tan-
dem scan, while symbol of filled circle represents the
data of conventional scan.
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Introduction of the 3-D Polarization Analysis Device CRYOPAD
on TAS-1 at JRR-3
I. New Polarizing Monochromator and Analyser System on TAS-1

M. Takeda, M. Nakamura, Y. Shimojo, P. Courtois', K. H. Andersen! and K. Kakurai

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195
1 Institut Laue-Langevin, BP 156, Cedex 9, F-38042 Grenoble, France

Recently the functional materials, such as
- glant magneto-resistance and multiferroic ma-
terials, are being widely investigated by both
the experimental and theoretical condensed
matter physicists. In these materials the
spin, charge and orbital degrees of freedom
often interact in intriguing ways to display
their macroscopic functional characteristics.
The neutron scattering sensitive both to stat-
ics and dynamics of the spin and lattice
systems is an ideal tool to gain fundamen-
tal understandings of these interesting sys-
tems often relevant to applications. Espe-
cially the use of polarized neutrons is expected
to play a key role due to the sensitivity to
the nuclear-magnetic interference term. The
Polarized Neutron Magnetism Group in the
Quantum Beam Science Directorate of Japan
Atomic Energy Agency (JAEA), former Re-
search Group for Neutron Scattering Studies
“on Spin-Lattice Correlations in the Advanced
Science Research Center, has therefore been
upgrading the polarized neutron capability of
the thermal neutron triple-axis spectrometer
TAS-1 over the last five years. The two main
objectives of this upgrade program were
1) the construction and installation of the new
polarizing monochromator and analyser, to
improve the polarized neutron flux and de-
tectability, and 7
2) the construction and installation of the
third generation CRYOPAD, called CRY-
OPADUM, to enable the 3-dimensional po-
larization analysis on TAS-1.

To replace the old flat CupMnAl Heusler

monochromator and analyser a pair of dou-
bly focusing Heusler polarizing monochroma-
tor and analyser has been constructed and
installed. The magnetic circuits for the de-
vices were carefully designed by using a 3D
finite-element-calculation program. The de-
tailed specifications such as reflecting area,
bent angles for each crystal have been opti-
mized by using the neutron ray-trace simu-
lation package, McStas, assuming a sample
size of 10 mm diameter and 20 mm hight.
The high-quality Heusler crystals with the di-
mensions approximately 20 x 21 x 6 mm?3
were produced at ILLY and were carefully
checked individually on their mosaicity, re-
flectivity and polarizing efficiency on TAS-1.
All the crystals confirmed to have single grain
and showed flipping ratios of 15-30 for 14.7
meV neutrons. The averaged reflectivity was
25% at peak position of the rocking scan. The
crystals were then ranked by the quality fac-
tor P x I, where P is the polarizing efficiency
and I is the integrated intensity. Figure 1
shows the rocking curves of the highest and
lowest ranked crystal used for the monochro-
mator. In both devices 5 Heusler crystals are
mounted on 7 columns with fixed vertical cur-
vature optimized for 30.5 meV neutrons.

After assigning the better quality crystals
to the near center positions of the reflect-
ing area, the crystals were finally cut into a
specific shape according to their positions to
make the composite vertical curvature with-
out air gap between the crystals. The hor-
izontal curvature can be varied by rotating
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Figure 1: The rocking scans for the best and lowest
ranked Heusler monochromator crystal.

the outer three columns on each side (see Fig.

-2). The performance of the new polarizing
monochromator including the horizontal fo-
cusing performance was reported earlier?.

Figure 2: The doubly focusing polarizing monochro-
mator for TAS-1. The inset picture shows the curved
boron nitride column plate with the crystals glued on.

Figure 3 depicts the comparison of the
vanadium incoherent scattering intensities as
measured with the old and new polarizing and
analyzing Heusler systems with Ei=14.7 meV.
The polarization under the same condition is
determined to be 92% by the flipping ratio
measurement on the (004) pyrolytic graphite
(PG) Bragg reflection. Hence an overall gain
factor of 30 is clearly achieved without loss
of the neutron polarization. The energy reso-
lutions for two different incident energies are
shown in Fig. 4 with optimized horizontal fo-
cusing.
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Figure 3: Comparison of the vanadium incoherent
scattering intensities as measured with the old and
new polarizing and analyzing systems.
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Figure 4: Energy resolutions for two different incident
neutron energies as measured using vanadium inco-
herent scattering with the new system with horizontal
focusing.

In summary the increased flux and im-
proved detectability of the polarized neutrons
by the new polarizing and analyzing system
enable the introduction of the elastic and
especially inelastic spherical polarimetry on
TAS-1, as will be reported in the following
report.
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Introduction of the 3-D Polarization Analysis Device CRYOPAD
on TAS-1 at JRR-3
II. Construction and Installation of the CRYOPADUM

M. Takeda, M. Nakamura, A. Oosawal, Y. Shimojo, E. Lelievre-Berna?, F. Tasset?,
L.-P. Regnault® and K. Kakurai

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195
1Dep. of Physics, Sophia University, Chiyoda-ku, Tokyo 102-855/
2 Institut Laue-Langevin, BP 156, Cedex 9, F-38042 Grenoble, France
3 CEA-Grenoble, SPSMS-MDN, F-3805/ Grenoble Cedez 9, France

In the CRYogenic Polarization Analysis De-
vice, CRYOPAD, as proposed by Tasset?), the
different spin control magnetic field regimes
and the zero-field chamber are most ef-
fectively separated by the Niobium shields
cooled into the Meissner superconducting
state and the vectorial control of neutron po-
larization at high momentum transfer Q could
be achieved. In the historical CRYOPAD
(Cryopad-I) the precession angles were con-
trolled with small vertical coils, one being
moved inside the cryostat in order to intercept
the scattered beam. In the second generation
CRYOPAD (Cryopad-II) a monolithic sys-
tem based on a superposition of two horizon-
tal superposed toroidal coils was developed.
This second system was giving satisfaction to
within 2° of absolute precision when inter-
cepting an incoming beam less than 2 cm in
diameter. But, due to the very weak scatter-
ing cross-sections involved in inelastic investi-
gations we now seek at larger divergence for
the incoming beam and there is a correspond-
ing need to increase the size of the homoge-
neous region in the Larmor coil intercepting
the incident beam. According to recent com-
puter simulations at ILL by M. Thomas it
is possible to achieve a high homogeneity in
compact coils by combining Meissner shields
and p-metal yokes in their construction. This
new design will also remove the systematic er-
rors due to the superposition of the primary

and secondary fields present in the design
of Cryopad-II. This third generation CRY-
OPAD Using Mu(u)-metal, CRYOPADUM,
has been developed within the frame of the
ILL millennium programme, the European
ENPI network and the ILL/ASRC/JAERI

Memorandum of Understanding and three

copies are built for D3/ILL diffractome-
ter, the IN22/CEA and TAS-1/JAEA (former
JAERI) triple-axis spectrometers. The aim
of this collaboration is to open new fields of
investigation exploiting spherical neutron po-
larimetry in elastic and inelastic scattering
experiments® 3), '

To check the interference the CRY-
OPADUM is rotated by 135° from the nor-
mal position, where the primary coils faces
the incident beam. As can be seen in the
inset of Fig. 1, using Ei=14.5 meV and
PG(004) 20=90° Bragg reflection, both the
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Figure 1: The final polarization versus primary coil
current.
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incident and scattered neutrons pass only the
secondary coil. The final polarization Py was
measured as a function of primary coil cur-
rent. If the field produced by the primary
coil would interfere with the secondary coil
precession field, the Py would change by the
parasitic field of the primary coil. Figure 1
clearly indicates that there is no coupling be-
tween the primary and secondary precession
fields.

Successful elastic polarimetric investigation
of CdCrs0y, a frustrated pyrochlor antiferro-
magnet, revealing the existence of a ellipti-

cal magnetic ground state has been already
k reported?). Here we show inelastic scatter-
ing results demonstrating the potential of the
CRYOPADUM for spherical polarimetry on
spin excitations. As an example the spin ex-
citation in SrCu(BO3)2, a orthogonal dimer
system, so called Shastry-Sutherland system
is looked at. In this system an almost disper-
sionless excitation is observed at 3 meV en-
ergy transfer, when observed with an energy
resolution of 1 meV, a typical energy reso-
lution of the thermal neutron spectroscopy.
Figure 2 shows the spin flip and non spin flip
scattering of the spin excitation at Q=(1.5,
0.5, 0) when polarization is along the scatter-
ing vector, i.e. along x direction. The ex-
citation is interpreted as a non-propagating
triplet excitation due to the frustrated inter-
dimer exchange between the orthogonally ar-
ranged neighbouring dimers. Figure 3 depicts
all the nine polarization matrix elements for
the 3 meV excitation measured at Q=(1.5,
0.5, 0). One can clearly recognize the purely
magnetic character of this excitation, because
P,,=-0.9, 90% being the instrument polariza-
tion in accord with the results shown in Fig.
2. Within the accuracy of the measurements
there is no transverse component of the scat-
tered polarization, which are perpendicular to
the initial direction. The finite value in Py,
may indicate a slight deviation of the isotropic
fluctuation, which would cause a full depolar-
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Figure 2: The spin flip and non spin flip scattering
intensity of the spin excitation at @=(1.5, 0.5, 0).
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Figure 3: The nine polarization matrix elements for
the 3 meV excitation measured at Q=(1.5, 0.5, 0).

ization in Py, and P,,. A more detailed inves-
tigation of the anisotropy of the triplet exci-
tation and transverse component at different

-reciprocal positions are under consideration.

In summary the above results impressively
demonstrate the high performance of the new
CRYOPADUM on TAS-1 and its potential to
open new fields of investigation in the con-
densed matter magnetism.
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Effect of Lamellar Spacing on Internal Stress of a Pearlite Steel
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2 Superplasticity Research Center, Ibaraki University, Hitachi, Ibaraki 816-8511
8 Graduate School of Science and Engineering, Ibaraki University, Hitachi, Ibaraki 316-8511

1. Introduction

In a pearlitic steel, phase and intergranu-
lar stresses are yielded due to inhomogeneous
plastic flow between ferrite and cementite and
among differently oriented ferrite blocks, re-
spectively. Such internal stresses must be de-
pendent on microstructural factors. In this
study, we examined the effect of lamellar spac-
ing on internal stress after tensile test by
means of neutron diffraction.

2. Experimental Procedures

The chemical compositions of steels used
are 0.801C-0.01Mn-0.01Si-0.01P-0.01S  in
mass%. Specimens were austenitised at
1173K followed by holding at 673K (speci-
men A) or 823K (B) for 3.6 ks to complete
isothermal transformation from austenite
to pearlite. The average lamellar spacings
(So) determined from SEM micrographs are
68nm(A) and 10lnm(B). These specimens
were given a tensile strain of approximately
3.6% by tensile tests. After tensile tests,
specimens for the measurement of residual
strains were prepared by cutting from their
parallel part. The residual strains in the
ferrite matrix were measured along five
directions by using RESA at JAEA. Peak
positions of the diffraction profiles were
determined by curve fitting with a Gaussian
function.

3. Results and Discussion

Figure 1 shows the residual lattice strain
of the specimen A and B. Lattice planes of

ferrite (211) were measured, where a speci-
men was rotated by 0, 22.5, 45, 67.5 and 90
degrees with respect to the tensile direction
as illustrated in the insert in Fig. 1. As seen,
the residual lattice strain is compressive in the
axial direction (0 degree) while tensile in the
transverse direction (90 degrees). It is noted
that the absolute values of the intergranular
residual strains are increased with an increase
in Sy from comparison between specimens A
and B.

L i U 1

-6~ SpecimenA
00005 |~ 3~ SpecimenB -

0.0000

-0.0005 - Transverse(20°) -1
direction

A

o
E Ax®(0")
direction

1 1 1 ] 1
0.0 225 450 825 80.0

Angle ¢ (degree)

Residual lattice strain

~0.0010 =

Figure 1: (211) residual lattice strain as a function
of the angle between the measuring and the tensile
direction for specimen A and B, where the geometrical
arrangement for residual strain measurement is shown
in the insert.
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Neutron Diffraction Profile Analysis to Determine Dislocation Density and
Grain Size for Drawn Steel Wires

S. Ryuhuku, T. Shiratori, Y. Shiota, Y. Tomota®, H. Suzuki? and A. Moriai?

_ Graduate student of Ibaraki University, Hitachi, Ibaraki 8316-8511
! Graduate School of Science and Engineering, Ibaraki University, Hitachi, Ibaraki 316-8511
2 Japan Atomic Energy Agency (JAEA), Tokai, Ibaraki 319-1195

1. Introduction

The changes in dislocation density and cell
size as a function of plastic strain and car-
bon concentration in steel wires is needed
to measure quantitatively for development of
~ stronger wire. The p and d are usually de-
termined by using TEM observations, but the
macroscopic averages are difficult to obtain.
Hence, in this study, diffraction profiles for
bundles of steel wires with different carbon
contents were obtained by means of neutron
diffraction. The p and d were determined
by a profile analysis based on the integral
breadth method. The results were compared
with those by another profile fitting program
and TEM observations.

2. Experimental procedures

The specimens were subjected to about the
same drawing strain (true strain of 4.0), for
ferrite (0C) and pearlite (0.4C to 0.9C) steels.
Neutron diffraction measurements were per-
formed with RESA at JAEA by the angular
dispersion method. The (211) diffraction pro-
file was chosen for the analysis because it was
hardly influenced by cementite peaks. TEM
observations were performed for the determi-
nation of d. The integral breadth method
was based on De Keijser et al. (1982). And
the Fourier coefficients method was based on
Kuwano (1977) referring to Warren Aver-
bach and Garrod Auld. Lukas et al. (1997)
have proposed a transformation model fitting
method which belongs to the former group.

3. Results and Discussion
An example of profile fitting is presented in

Fig.1 where a ferrite steel annealed at 923 K
for 10.8 ks was used for a standard material.
The dislocation density and crystallite size in
drawn steels were determined by the profile
analyses developed in this work using the in-
tegral breadth method and the Fourier coeffi-
cients method. Calculated d was found to be
similar to those measured from TEM obser-
vations shown in Fig. 2. Considering Pearson
product-moment correlation coefficients, both
the Bailey-Hirsch relation and the Hall-Petch
relation have similar sensitivity in the drawn
wire conditions. Hence, these relation were
simultaneously confirmed in pearlite drawn
wires with different drawn strains and differ-
ent carbon contents.

om

Ceyetuliite size /

Uiffractivn sagle 19 ez

© Figure 1: Example of proﬁlé fitting.

Figure 2: Change of crystallite size with carbon con-
tent.
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Influence of Triaxial Stress State on the Neutron Stress Measurement using
Neutron Image Plate (NIP)

T. Sasaki, Y. Morii! and N. Minakawal

Department of Materials Science and Engineering, Kanazawa University, Kanazawa 920-1192
L Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195

The authors have been trying to develop
an area detector type neutron stress analy-
sis technique for industrial applications. A
fundamental attempt has been done to study
the possibility of the method through a sim-
ple experiment. In the experiment, a steel
plate with the thickness of 5 mm was used
for the tensile test. Stress in the specimen
was analyzed by applying the cos o method
to the neutron diffraction ring detected with
a neutron image plate (NIP). As a result, it
was found that stress obtained with an NIP
corresponds to applied stress involving con-
stant misfit stress. The misfit stress was un-
derstood as to be caused by the penetration
depth of neutron beams larger than that of
X-ray beams. It was also found that the mis-
" fit stress can be easily corrected using diffrac-
tion data obtained from a sample in stress free
state. A numerical simulation was also con-
ducted to make sure of the validity of the ex-
periment on the wide range of measurement
conditions. The result showed that the former
authors’ experiment was adequate to much
wider measurement conditions.

On the contrary, the method will be re-
quired to be applicable to samples in triaxial
stress state in order to increase the worth of
the authors method in practical use. Since the
experiment on trixial stress state is not easy
from the point of view of the facility, the au-
thors conducted a numerical simulation using
the similar way as the plane stress analysis
simulation mentioned above. The X-ray tri-
axial stress analysis method for an area detec-
tor type method, which was firstly proposed

by Sasaki et al. in 1995 Y for X-ray stress
analysis, was applied to stress determination.
As a result, the stresses obtained also showed
misfit stress as similar as the plane stress
analysis, but indicated the regularity against
the applied stresses. However, the correction
method which is effective in the plane stress
analysis was not enough for the triaxial stress
analysis. So the other new correction method
was tried. The correction method which was
finally succeeded was as follows. The diffrac-
tion data are obtained first from both a target
sample and stress free sample, Then, strains
are calculated for both results using assumed
lattice constant in stress free state. Since the
neutron diffraction ring does not become a cir-
cle even if in stress free state due to huge pene-
tration depth, strains obtained from each part
of the diffraction ring does not become to be
zero. So, strains of the target sample are then -
be subtracted from those of stress free sam-
ple. Then, calculate stress using these strains
applying the Sasaki et al. method. As a re-
sult, the traxial stress components obtained
by this process showed good agreement with
initial stresses.

References

1) T. Sasaki and Y. Hirose: “J. Soc. Mat. Sci. Jpn.”,
44, No.504, 1138-1143 (1995).
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Formation of Texture and Intergranular Strain in Cold Rolled Austenitic Plate

H. Suzuki, T. M. Holden', B. Clausen?, Y. Shiota® and Y. Tomota®

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195
 Northern Stress Technologies, Ontario, Canada
2Los Alamos National Laboratory, Los Alamos, NM, 87545, USA
8 Ibaraki University, Hitachi, Ibaraki, 816-8511, Japan

The formations of the texture and in-
tergranular strain in cold rolled type-316
austenitic stainless steel plate were evaluated
by measuring the intergranular strain pole fig-
ures using neutron diffraction.

Samples were prepared in the received con- -

dition and after reducing the thickness by
rolling by 25 % and 75 %. Discs with 10
mm diameter and 1 mm thickness were cut
from the center of the cold rolled plates with
25 % and 75 % reductions by using the wire
electric discharge machining. These were then
stacked and glued together preserving the ori-
entation of the discs. The only quarter pole
figure was measured in both of texture and
strain pole figures.

Figure 1 shows the gradation images of the
intergranular strain pole figure superimposed
on the texture contour map in each reflection

A
D

of the 25 % reduction. In the 200 reflection,
there is a ridge of tension around y=45"with
local maxima on the RD-ND and TD-ND loci,
not much at all at the ND and compression
along TD-RD peaking near n=30°". The 220
reflection has a valley where 200 reflection has
a ridge around y=45". There is tension at the
ND and at n=45"along RD-TD. The 111 re-
flection has less structure but a valley around
x=75"and tension at higher and lower x an-
gles. This relation of intergranular strains
among three reflections is very similar with
the relation of those with uniaxial deforma-
tion. The low strains for the 111 reflection
were in line with the recommendations of the
standard measurement methad.

Figure 1: Gradation images of the intergranular strain pole figure superiniposed on the texture contour map
(lines) for each reflection at 25 % reduction. Contour separation for the texture is 0.25 and dotted-lines indicate

levels below 1.0.

74 - JRR-3  35E : RESA(T2-1)

S8 pETFREL GREISH)

- 112 —



JAEA-Review 2007-018

WET —< « PHEFEELC & 2 EERYEM B OMERTT OB R
#F B PHETEITICE A3 —RAT T A FRAT U L ASRERIEEEM OR IS IFHE

1-8-5

Stress Measurement of Austenitic Butt Weld using Neutron Diffraction

H. Suzuki and T. M. Holden!

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195
1 Northern Stress Technologies, Ontario, Canada

The residual stress distribution in a double-
V butt weld plate of austenitic stainless steel
(SUS304) was measured using the neutron
diffraction technique, and the importance of
consideration of intergranular effects on the
stress measurement of weldment is discussed.

The double-V butt weld samples with size
of 100 mmx 100 mmx 10 mm were fabricated
by TIG welding with 308-type stainless steel
welding rod. To check for chemistry related
shifts in the weld metal and for intergranular
effects, 2x2x2 mm?3 coupons were wire-cut
from the mid-thickness of a companion weld
at distances of 2, 4, 6, 10, 20, 30 and 49 mm
from the weld centerline. In these coupons,
the macroscopic stress field is destroyed, but
chemical effects and intergranular effects are
retained, and then these are considered to give
an accurate, though not in general stress-free
reference.

Figure 1 shows the variations of lattice pa-
rameter derived from each reflection in the
three directions. The lattice parameter for the
002 reflection in the LD direction strongly in-
creases near the weld centre which definitely
affects the stress evaluation of the weldment.
There appear to be no changes in the lattice
parameter for the 111 and 220 reflections near
the weld although there is some scatter prob-
ably due to the large grain size. It was con-
cluded that the intergranular effects were not
significant for these reflections. The fact that
only the 002 reflection has this behaviour sug-
gests that chemistry is not the origin of the
increase in the weld center.

In order to correct for the intergranular
strains in this sample, the residual stress dis-

tributions were calculated by using the ob-
served lattice parameter of the coupons. Fig-
ure 2 shows the result of the longitidunal
stress distribution after correction. The resid-
ual stresses derived from 111, 002 and 220 re-
flections overlapped within the scattered band
of approximately = 35 MPa which was less
than twice the standard error of each mea-
surement. The consideration of intergranular
effects thus improves the accuracy of neutron
stress measurements of weldments.
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Figure 1: Lattice parameter distributions.
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Figure 2: Residual stress distributions in longitudinal
direction.
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Fatigue Damage Mechanism in Ultrafine- and Nano-grained Material Investigated by
Neutron Diffraction Method

Y. Akiniwa, H. Kimura, K. Tanaka, H. Suzuki! and Y. Morii?

Department of Mechanical Science and Engineering, Nagoya University, Nagoya 464-8306
! Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

1. Introduction

Nanocrystallization of metals by severe plas-
tic deformation techniques yields high strength
and toughness without embrittlement. Compared
with conventional strengthening by the addition of
alloying elements or the composition of reinforc-
ing materials, nanocrystallization is considered to
be superior in terms of the reduction in the pro-
duction cost and improvement in the recyclabil-
ity and weldability. While most of severe plas-
tic deformation techniques introduce nanocrystals
only on the specimen surface, equal channel angu-
lar pressing (ECAP) can produce large bulk sam-
ples with little residual porosity 1. Materials pro-
cessed by ECAP consist of nanocrystals and ul-
‘trafine grains. The deformation and fatigue dam-
age mechanism in the characteristic microstruc-
ture, especially in the nanocrystalline region, is
not clarified. Some reports on nanocrystals un-
der tensile load revealed that the value of full
width at half maximum in the diffraction profile
recovered to the initial level after unloading even
in the plastically deformed region. This unique
phenomenon ‘s attributed to the plastic deforma-
tion based on the grain boundary sliding with-
out leaving transgranular strain. The deforma-
tion mechanism of ECAP-processed materials is
considered to be influenced by both grain bound-
ary sliding in nanocrystalline region and accumu-
lation of transgranular strain in relatively coarse
ultrafine-grained region. However, the deforma-
tion mechanism is unknown especially in the mi-
croscopic level. X-ray diffraction measurement is
applicable to the analysis of nanocrystalline ma-

* terials because most of nanocrystals produced by
severe plastic deformation exist only on the sur-
face of the materials, with the typical depth of
about 10 micrometer. On the other hand, bulk
samples of ECAP-processed materials, with the
dimension more than 10 mm, are ultrafine-grained
or nano-grained even in the middle of the sam-
ple. Therefore, the neutron diffraction technique

is necessary to understand the deformation behav-
ior inside of the specimen. With the help of atomic
force microscopy and EBSD 2) on the specimen
surface, the deformation and damage mechanism
of the ECAP-processed materials will be clarified.
In this study, the change of the neutron diffrac-
tion profile of ECAP-processed copper was inves-
tigated at the fatigue crack tip.

2. Material and measurement

Annealed pure Cu was processed by ECAP with
12 rout Bc passes. A specimen with a single-edge
notch was fatigued to introduce a crack. The neu-
tron facility of JAERI (RESA) was used with the
size of the incident beam confined to 0.3 x 15
mm in order to measure the detailed distribution
around the crack tip. The diffraction plane of
Cu(111) was employed under the wave length of
0.2087 nm.

3. Experimental results and conclusion

The value of full width at half maximum in the
diffraction profile was calculated at 0, 0.3, 0.6, 1.0,
1.5, 2.0, 3.0 and 5.2 mm from the crack tip. Even
though the material has experienced severe plas-
tic deformation around the crack tip from 0 to 0.6
mm, the value dose not differ from that at the
other end at 5.2 mm without plastic deformation.
This result is in contrast to the conventional cop-
per with large grains, indicating that the trans-
granular strain distribution is different and that
grain rotation occurs in the nanocrystalline region
resulting in the decrease in FWHM value. With
the same measurements during loading and sur-
face analysis by AFM and EBSD, the deformation
and fatigue mechanism will be clarified.

References

1) R. Z. Valiev :“ Mat. Sci. Eng. A.”, 137, 35 (1991).
2) H. Kimura :“ JSME Int. J., A.”, 47-3,331 (2004).
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Residual Stress Measurements beneath the Surface of Laser Peened Steel

K. Akita, H. Tanaka, K. Takahashi, Y. Sano!, H. Suzuki? and A. Moriai?
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The laser peening introduces compressive
residual stress in surface layer, and it is effec-
tive for the improvements of fatigue strength
and the corrosion resistance and the preven-
tion of stress corrosion cracking (SCC).

Intergranular strains are sometimes oc-
curred in plastic deformed materials and it af-
fects the accuracy of the stress measurements
using the crystal diffraction technique. The
interglanurar strains may be occurred in the
laser peened material because the material is
deformed plastically. In this study, the inter-
granular effects generated in the laser peened
surface of a ferritic steel were evaluated using
neutron diffraction.

The material used for this study was a high
tensile strength steel, JIS SHY685. The size
of the specimen was 40 x40 mm? with the
thickness of 15 mm. The fundamental wave
of a Q-switched Nd:YAG laser was frequency-
doubled to a water penetrable wave (wave-
length = 532 nm). The specimen was driven
to - and y-directions in a water jacket during
laser irradiation. The diameter of the laser
spot was 0.8 mm. The pulse energy of the
laser beam was 200 mJ. The coverage was
5000 %. Our laser peening process in this
study did not use any coating materials.

The neutron diffractometer, RESA, in
JRR-3 was used to measure the residual
stresses. The direction of the measured strain
was the surface normal direction. The mea-
sured diffraction planes were a-Fe 110, 211
and 200. The wavelength of neutron beam
was 2.0725 A. The residual stresses were cal-

culated using the strain in the surface normal
direction under the assumption of equi-biaxial
stress state.
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Figure 1: Depth profiles of residual stress and FWHM
on laser peened sample (JIS SHY685).

Figure 1 shows the measured depth distri-
butions of residual stress and full width at half
maximum of diffraction profile (FWHM) be-
neath the laser peened surface. The residual
stress distributions derived from the strains of
the 110 and 211 reflections were good agree-
ment, while that of the 200 reflection, which is
sensitive to the intergranular effect, indicated
larger compressive stress by 100 MPa to 200
MPa in the surface layer until 0.8 mm depth
from the surface. It is probably intergranu-
lar effect, so that the residual stress measure-
ment with consideration of the intergranular
effect may be required to evaluate the resid-
ual stress generated in the surface layer of the
laser peened sample.
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Stress Measurement of Cast Aluminum Components using
the Neutron Diffraction Method with the Oscillation Technique

S. Yamashita, K. Onishi, M. Morikawa', H. Suzuki’ and A. Moriai’

Measurement Engineering Department, NISSAN MOTOR CO., LTD. Okatsukoku, Atsugi-shi, Kanagawa
243-0192
'Powertrain Evaluation and Test Department, NISSAN MOTOR CO., LTD. Tsurumi-ku, Yokohama-shi,
Kanagawa 230-0053
2 Quanium Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

1. Imtroduction

The importance of internal residual stress
measurement of vehicle components is growing
in recent years in the automotive industry. The
neutron diffraction method is known as a
non-destructive evaluation and is a promising
technique for the internal residual stress
measurement. However the method is not
available to the measurement of casting
aluminum components due to the large crystal
particle diameter. The oscillation technique,
which makes the specimen rotate cyclically, is
used to solve the problem in X-ray technique.
The measurement result of casting aluminum
components using neutron diffraction method in
conjunction with oscillation technique is
reported in this paper. '

2. Observation of crystal particle diameter
and direction using EBDP method

Before measuring the stress using the neutron
diffraction method, the crystal particle diameter
and direction was observed first using EBDP
(Electron Backscatter Diffraction Pattern) to
grasp the representative crystal circumstances of
casting specimen that was fragment of engine.
The measurement area was 600 square pm, and
the spatial resolution was 1.5 pm. The measured
particle diameter was 50-200 pm, and the
direction was biased. This proved that the crystal
circumstances were unsuitable for the
measurement of neutron diffraction data due to
few crystals in 3 mm’ gauged volume. A
potential solution is the oscillation technique that
will be able to increase the number of crystal in
appearance.

3. Measurement of casting engine fragment
using neutron diffraction in conjunction with
oscillation technique

The neutron diffraction in conjunction with
oscillation technique was tested using the RESA
(REsidual Stress Analysis) being located in
JRR-3 of JAEA. Two different areas on the
casting aluminum engine were measured. The
aluminum (111) was used, and the oscillation
range of the specimen was +/- 5 degrees. The
diffraction angle and peak width was obtained as
the following picture. The picture tells us that the
diffraction angle (left axis) and peak width (right
axis) at Positionl (a) were not converged on
definite diffraction angle in +/-5 degrees
oscillation range while both of them at Position2
(b) were converged on 52.69 degrees in +/-3
degrees oscillation range.

4. Conclution

The result of Position 2, conversing on constant
in diffraction angle, verified that the oscillation
technique was effective for the measurement of
aluminum casting part. However the result of
Positionl, diverging in +/- 5 degrees diffraction
angle, clarified that the optimum oscillation
angle differed with respect to various parts. It
can be inferred that the optimum oscillation
angle is depending on the shape and the crystal
structure of aluminum casting part. The optimum
oscillation condition will be clarified to ensure
the measurement method of aluminum casting
internal stress by using neutron diffraction.
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Figure 1: Relation between oscillation angle and diffraction angle, peak width.
(a) Position 1 (b) Position 2.
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Positional Structure Scanning by Neutron Diffraction Measurement

S. Shamoto, S. Iikubo, K. Kodama, H. Suzuki, H. Iikura,
A. Moriai, M. Matsubayashi and N. Igawa

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

The radiography is a technique to visual-
ize inside of a material by radioactive ray
transmission variation nondestructively. In
the case of large metallic alloys such as bronze
sculptures’), a white neutron beam is very
powerful because of the high transmittance
and the high total flux. On the other hand,
by using a monochromatic neutron beam, re-
fraction contrast and ultra small angle scat-

tering property can be imaged, although the
neutron flux is strongly reduced®3). Here,
we have studied the possibility of a positional
structure imaging by using diffractometers at
a continuous neutron source reactor, JRR-3.
By using a diffraction technique, a positional
structure scanning in a material was demon-
strated.

The sample was a copper block with a cylin- -

drical cavity where a SUS430 plate was in-
serted. Copper atom has 11.81 barn in the
total neutron cross section, while SUS430
with about 83 at% iron and about 17 at%
chromium has about 12.8 barn®. The thick-
ness of the SUS430 plate was reduced by a
factor of 0.92 in comparison with the copper
cavity depth, in order to match the attenu-
ation of neutron beam. In other words, the
thickness of SUS430 was set to be 7.4 mm in
the copper cavity with 8.0 mm depth. Neu-
tron radiography was measured at the Ther-
mal Neutron Radiography Facility (TNRF)
installed at 7R beam port in JRR-3 in Japan,
where the average neutron flux was about 1.5
x 108 n/cm?/sec . A radiography photo was
taken for 4 sec. Neutron diffraction measure-
ments were carried out at the Diffractome-
ter for the Residual Stress Analysis (RESA)

at T2-1 and the High Resolution Powder
Diffractometer (HRPD) at 1G in JRR-3. The
neutron fluxes for both diffractometers were
about 1 x 10° n/cm?/sec. The incident neu-
tron wave lengths were 0.2073 nm and 0.1823
nm for RESA and HRPD, respectively. At
the RESA, the sample was measured by A
260 =0.1 deg. step with silts of W2 x H15

'mm? before and after the sample for 100 and

220 sec on copper and SUS430, respectively.
At the HRPD measurement, the sample was
measured by 64 3He detectors with A 26
=0.05 deg. step for 130 sec with a slit of W4
x H10 mm? only before the sample. The col-
limation was Open (35’)-20’-Sample-6’.
Figure 1 shows the front and side views of
the test sample by the neutron radiography.
The material difference between copper and
SUS430 cannot be distinguished in both side
and front views by the attenuation contrast
regardless of the thickness. This kind of dif-
ficulty can be overcome by using a diffraction
technique, which is very sensitive to the struc-
ture. For example, copper has a face-centered
cubic (FCC) structure with a lattice param-
eter of 3.6149 A, while SUS430 has a body-
centered cubic (BCC) structure with a =2.803
A. Because of this structural difference, they
were easily detected by the neutron diffrac-
tion patterns measured at HRPD and RESA,
as shown in Figs. 2 and 3, respectively. De-
pending on the scattering area determined by
incident and final neutron beams, the diffrac-
tion pattern changed drastically. Since only
monochromatic neutron beam can be used for
the neutron diffraction at the reactor source,
the neutron flux at the sample position is re-

BT JRR-3 58 : 358 : RESA(T2-1),HRPD(1G),NRF(7R, C2-3-3-1) %% : T

gL (Z D)

— 121 —



JAEA-Review 2007-018

duced by 3 orders of magnitudes. Alterna-
tive way to get high intensity would be to
use broad neutron spectrum at the sacrifice
of the @-resolution to specialize the diffrac-
tion measurement for the positional structure
scanning.

This method can be used for x-ray, laser
light, and sound diffraction measurements de-
pending on the length scale or the material
which one is interested in. Among the vari-
ous beams, the neutron is the weakest. There-
fore, there was little thought for the scanning.
However, new coming pulse neutron source at
J-PARC may provide us a chance to explore
this type of scientific fields. So it is impor-
tant -to study the measuring time based on
the experiments at an existing neutron source.
Here, we showed a possibility of the positional
structure scanning by neutron diffraction at
existing diffractometers, RESA and HRPD at
JRR-3. By using multi-detector such as po-
sitional sensitive detector, the efficiency can
be dramatically improved even at the same
diffractometer. Neutron magnetic lens can
also increase the efficiency. Note that the syn-
chrotron x-ray diffractometer with large area
coverage of image-plate detectors is also a
powerful tool for this kind of challenging mea-
surements about the intensity®). The present
method would be useful for the short wave
length measurements, i.e., high real space res-
olution about structural information together
with a microscopic positional sensitivity.
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(a)

Figure 1: Radiography images (NRF) for the packed
sample of 3 pieces. (a) the side view, (b) the front
view.
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Figure 2: Neutron diffraction patterns (HRPD) of the
sample measured from 1.5 mm to 21.5 mm in 4 mm
step sliding along the gray axis in the inset. Inset:
Incident and final neutron wavevectors, k; and ky, are
shown by black arrows with beam widths relative to
the sample size. Positional scanning was carried out
by sliding the black parallelogram scattering volume
along the gray axis.
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Figure 3: Three-dimentional neutron positional
diffraction patterns of the sample (RESA). The
diffraction area was scanned by 0.5 or 1 mm step from
1 to 18 mm along the gray axis in the inset of (a).
(a) 220 reflection for the FCC copper block. (b) 211
reflection for the BCC SUS430 plate.
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Application of Neutron Topography to Protein Crystals

H. Koizumi, N. Ohya, M. Koishi, M. Tachibana, K. Kojima, K. Kurihara! and R. Kurokil

_ International Graduate School of Arts and Sciences, Yokohama City University, Yokohama 236-0027
1 Japan Atomic Energy Agency (JAEA), Tokai, Ibaraki 319-1195

The characterization of defects, especially
dislocations, in protein crystals is important
for the understanding of their crystallization.
The crystallization originating from disloca-
tions has been investigated using atomic force
microscopy (AFM). However, AFM is limited
to only the local observation of the crystal
surface. It is desired that the distribution of
dislocations in the whole crystal could be ob-
served.

Topograph technique (X-ray topography
and neutron topography) is one of the most
powerful tools for characterization of dislo-
cation in the crystal. Therefore, we have
performed the application of X-ray topogra-
phy to protein crystals!), and consequently,
we have succeed in clearly observation of the
dislocation images in hen egg-white (HEW)
lysozyme crystals 23).

On the other hand, the application of neu-
tron topography to protein crystals has not
been carried out so far. Especially, effect
of water around dislocations only can be ob-
served using neutron topography. Therefore,
to obtain the interaction between intracrys-
talline water and dislocations in protein crys-
tals, we tried to perform the application of
neutron topography to lysozyme crystals.

The used orthorhombic HEW lysozyme
crystals were grown by a liquid-liquid inter-
facial precipitation technique. To avoid the
high background coming from the incoher-
ent neutron scattering of hydrogen atoms, the
crystallization experiments were carried out
in DO solution. Neutron topography was
carried out using LAUE on C2-3-3-4 at JRR-
3. The camera length was 16 cm. Topographs

were recorded on imaging plate with exposure
times of a few days.

Figure 1 shows Laue topographs which were
recorded with the incident beam almost par-
allel to the [110] crystallographic direction of
orthorhombic HEW lysozyme crystal. This is
the first observation of neutron topography to
protein crystals. It should be noticed that a
topographic image corresponds to a shape of
crystals of the lysozyme crystal using X-ray
topography in spite of a bad resolution. In
addition, this topographic contrast attributes
to dislocations observed by X-ray topography.
The more detail observation using film should
be required to obtain fine structure.

Figure 1: Topographic image of orthorhombic HEW
lysozyme crystal obtained using neutron topography.
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Quantitative Neutron Radiography System with Honeycomb Collimator
for Controls of Scattered Neutron and y-ray Effects

M. Tamaki

Nuclear Engineering, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, JAPAN

1. Introduction

A wide dynamic range of the neutron
radiography using digital imaging systems is
preferred for quantitative analysis.

Based on the experiences and considerations,
new combination of converters is designed,
fabricated and examined. Present study reports
some experimental results using the new
converters and technical procedures.

2. Experimental Procedures

In the CCD-camera NR experiment, a set of
new  phosphor  converters, honeycomb
collimator (scattered neutron remover) and the
test samples are set at specified locations of the
TNRF I and II. For the direct exposure
experimental setup, a pair of Gd,03 / ZnS:Ag
converter and ZnS:Ag screen are set with and
without the position-controlled honeycomb
collimator system. Image of (neutron+y-ray) by
(GdyO3+Zns:Ag) and image of y-ray Dby
ZnS:Ag are taken by the CCD-camera for
exposure time of about 60s. For the indirect
exposure experimental setup, the Dy,0; /
ZnS:Ag converter and the test samples are set
on the neutron beam line in the TNRF I
irradiation room. After neutron irradiation,
shielding shutter between TNRF I and II is
open. The CCD-camera detects photons from
the luminescent converter due to y-ray and
y-ray of the Dy-165 and —165m decays.

3. Results and Discussion

(1) For the direct exposure experiment, using
Gd,03 / ZnS:Ag converter and ZnS:Ag screen,

a pair of images of (neutron+y-ray) and y-ray
are taken by the CCD-camera, respectively.
After sensitivity correction, y-ray free neutron
image is clearly obtained from the differential
of the pair images. In addition, by combining
the position-controlled honeycomb collimator
system and the image processing, net neutron
radiographic image (free from y-ray, scattered
neutron and honeycomb overlap) is obtained
experimentally. This means that physical
quantity such as neutron cross section and
density - of samples may be evaluated
quantitatively from the NR image.

(2) The conventional CCD-camera imaging
system is improved its quantitativeness by

removing background of scattered neutrons

from sample and surrounding exposure room
using position-controlled honeycomb
collimator. The neutron transmittances of the
samples are fairly consistent with theoretical
values, compared to ones by the conventional
system. Honeycomb image overlapped on

" samples is erased by image processing of a

series of relatively position-sifted images of the
honeycomb and the samples. No degradations
by image processing are observed in the
transmittance and spatial resolution.

(3) Radiation damage in the CCD NR system
is free by the indirect NR technique. In the
indirect exposure experiment, the CCD-camera
is isolated from neutron exposure. The system
detects only photons from the luminescent
converter due to the B-ray of the Dy-165 decay
and the vy-ray of the Dy-165m decay.
Preliminary NR image is obtained, but very
dark and high background due to geometrical
and experimental limitations of the available
system.
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2:2 Observation of Hydrogen Distribution in Hydrogen Storage Alloys Tank
by using Neutron-radiography Technique

H. likura, R. Yasuda, M. Matsubayashi, T. Ebisawa’, H. Kawanoz, H. Arashima’ and H. Ito?

* Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195
1 Machinery Research Laboratory Yokohama branch, The Japan Steel Works, Lid., Yokohama, Kanagawa
236-0004
’Muroran Research Laboratory, The Japan Steel Works, Ltd., Muroran, Hokkaido 051-8505

1. Introduction from the tank center to bottom. In this case, it
It is considered that hydrogen storage alloys was considered that an alloy moved through the
are remarkable for supply source of hydrogen gap in the convoluted buffer during the process
gas to fuel cells, which are regarded as clean of" hydrogen absorbing and releasing.
energy source in the next generation. However, Therefore, the idea to control the movement of
it is important to optimize the structure of a the alloy more tightly is necessary.
hydrogen tank, a filling-up method of the alloys
into the tank, and filling-up density of the alloys, 4, Future examination
because the hydrogen storage alloys expand the Those results show that movement behavior of
volume due to storing the hydrogen. In order to alloy particles under hydrogen release should be
investigate hydrogen concentration distribution investigated to design new tank with stable
in the tank, we applied neutron radiography performance. So, we ‘will try to establish the
(NRG) to the investigation. in-situ observation technique to the inside of the
tank.
2. Result of observation of hydrogen storage a) +  180cycle . 140cycle
alloy tanks in Last year E &
Last year, distribution of the alloys inside the
tank after performing the release and storage
process with 100 and 140 cycles was observed as
shown in Fig. 1. In the projection images and
tomographs (Fig. 1 a and b), the rich hydrogen
region is observed near a gas injection port for
the hydrogen release in both tanks. A ~b) o f ,
movemen’t of the alloy powder becomes. the Figure 1: a: Projection images of the tanks. b: Tomographs
cause which transforms a tank. So, the trial to of the dotted line in the projection images.
control the movement of the alloy was done.

10miom i

3. Restriction of alloy movement in the tank
The schematic diagram of the experimental
tank which simplifies a form and the NRG |
observation result are shown in Fig. 2. At the 1
time, a La-Ni system alloy was used as the

hydrogen storage alloy tanks. Also, foaming Tomm).

aluminum was inserted as a buffer to alloy

movement, though the method was known to

improve the heat-transfer property. In the Y _

projection images and tomographs in Fig. 2, a Sgi*;eg'p:gc Projection Tomographs
white part is an alloy and a black part is a buffer. images

The projection images and the tomographs Figure 2: Schematic drawing of the hydrogen storage alloy

showed that swelling of the tank was occurred tank and projection images, Tomography images.
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Water Movement Analysis in a Rose by Neutron Radiography

T. M. Nakanishi, Y. Ichimaru', H. Iikura® and M. Matsubayashi’

Graduate School of Agricultural and Life Science, the University of Tokyo, Bunkyo-ku, Tokyo 113-8657
'Nagasaki Agricultural and Forestry Experiment Station, Kaizu-cho, Isahaya-shi, Nagasaki 854-0063
2 Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

1. Introduction

Water plays an important role for plant physiology.
Since many biological process take place through water,
it is important to study water movement within an
intact plant. However little has been known for the role
or kinetics of water in plants, mainly due to lacking the
tools for the research. ‘

In this research, we tried to analyze the change of
water amovnt and distribution n roses during delivery
process by neutron radiography (NRG) method In
the case of roses, so called, ‘bent neck’ phenomenon is a
serious problem to ruin the commercial value of the cut
flowers. Only flower part bends down during long
delivery process. Though this phenomenon is estimated
0 be induced by the mhibition of water translocation to
the flower part, the mechanism has not been known

yet.

2. Materials and Methods ,

Roses (Rosa ‘Rote Rose’) grown in Nagasaki
 Prefecture were cut and transported to JAEA by a truck
with two methods, packed in a paper box and given
water in a bucket at low temperatire. When they
arrived at JAEA, the flowers were irradiated to get
NRG images.

All the samples were set vertically to neutron beams
from a research reactor, JRR-3, nstalled at JAEA
The irradiation was performed for 1.2 seconds and
neutrons, converfed fo light through fluorescent
converter (Kasei Optonix, Co.), were taken by a cooled
charge coupled devices (CCD) camera (Hamamatsu
Photonics, Co.) to get the image,

Figure. 1: The neutron image of rose.
The rose transported long distance cansed 'bent neck’ phenomenon
(right).

[ hour

Figure, 2: The successive neutron image of rose,

The rose was cut the stem and not supplied with wateratall  The
same sample was inradiated every one hour (shown every four hours).
Water content decreased by degrees, and the flower withered up
gradually.
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3. Results end Discussion ,

Neutron image of roses were shown in Fig 1.
Since there is a correlation between darkness in the
neutron image and water amount”, the relative
darkness in the figure was analyzed. Some roscs
packed in a paper box showed bent neck phenomena,
and water content in bent neck plant was decreased.
Especially at the bent stem, water content was found to
be about 85 to 90% compared to that of control sample
(indicated by circles). In addition, water decrease in the
pith part of a stem was remarkable (indicated by
arrows) . It was suggested that the decrease of water
pressure in each cells, induced by water-less stress, at
the stem caused bent neck phenomenon.

We were able to find out the difference in bent neck
sample of roses. Therefore, we tried to get the
successive image during bent neck induction by water
stress treatment (Fig. 2). The rose was cut the stem
and not supplied with water at all. The same sample
was irradiated every one hour.  Water content of rose
decreased by degrees, and the flower withered up
gradually.

Figure 3 showed the profile of relative water amount
along the center of the stem, At first, the water in
Pith-A (low more than about 2 cm from the sepal)
decreased remarkably for a few hours. The water in
Pith-B (beneath the sepal) has begim to decrease
conspicuously later for about 4 hours since cutting the
stem (Fig. 3 dry). It was suggested that there is a
structural and physiological difference between Pith-A
and Pith-B. :

Then, another rose was cut the stem and not supplied
only for 4 howrs. The water in Pith-A decreased
rapidly, same as the rose (dry), for a few howrs. But
~ . the water in Pith-B scarcely decreased (Fig. 3 +water).
After 20 hours, this rose (+water) did not show the bent
neck phenomenon In order not to cause the
phenomenon, we thought that it was necessary not to
decrease water in the Pith-B of the stem.

oo
{3

R Bk

bl i) |

[ 1

12

FE pvlatdr

hour

w‘ %::I After 4 hours, water was supplied 1
Figure 3: The change of water amount in rose.

The profiles were taken along the center line of a stem like the upper
image. These two graphs show the change of relative water amount
in the several parts of rose urtil 20 hours. The profile of 1ose, that
was pot supplied with water at all, was shown as the upper graph
(Dry).  The lower graph showed the one of rose that was supplied
with water after 4 hours since cutting the stem (+-water).
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Brief Void Fraction Measurement of Boiling Flow in Tight-lattice Rod Bundle

M. Kureta
Nuclear Science and Engineering Directorate, JAEA, Tokai, Ibaraki 319-1195

1. Introduction

Neutron tomography void fraction mea-
surement technique is developed originally in
order to make clear the boiling phenomenon of
boiling flow in tight-lattice rod bundles which
simulate the FLWR, Innovative Water Reac-
tor for Flexible Fuel Cycle, and to obtain the
fine-mesh 3D void fraction database. In this
review, the effect of power on void fraction
distribution in tight-lattice 14-rod bundle test
section is focused on. The experiments were
carried out in the TNRF of JRR-3.

2. Experimental Setup

3D void fraction distribution is measured
using the heated 14-rod tight-lattice bundle
test section with gap of 1.3 mm, heater-
rod diameter of 13.69 mm and heated length
of 240mm under atmospheric pressure con-
ditions. Inlet water temperature is set to
90 “C and power is controlled upon 60 kW.
Test section is rotated upon 180 degree by
1 degree and the neutron radiography im-
ages were recorded by the cooled CCD cam-
era. 3D void fraction is calculated using two-
phase flow data with water-filled, gas-filled,
shading and dark current data for calibration.
Data was processed on the parallel high-speed
computer with original software, NIPPON.
For tomography processing, the FBP (filtered
back-projection) and EM (expectation maxi-
mization) methods are examined.

3. Experimental Results

Effects of power input on the 3D void frac-
tion distribution are parametrically investi-
gated with the mass velocity as a param-

cross-sectional view along the vertical center
and transverse from the inlet to the exit etc.
When the power input is low as 20 kW, high
void fraction spots are generated at the rod
gap near the inlet, and then the vapor tends
to accumulate the center region of the rods
and flow channel at the exit. When the power
input increases as 60 kW, the region of high
void fraction spots becomes small and center
high void fraction region of exit part expands
to the inlet. These tendencies are observed
under wide range of mass velocity.

4. Summary
Void fraction of flow boiling of water in a

‘14-rod tight-lattice rod bundle was success-

fully measured and was very useful to the
phenomenological understanding and also to
verify the advanced thermal-hydraulic numer-
ical analysis code. The FBP method has an
advantage to calculation time but CT noise,
artifact, obstructs the view. On the other
hand, EM method has an advantage to the
CT quality, that is, low artifact noise. But
EM method needs very long calculation time
if we request the high quality CT data. There-
fore, as the next step, we are going to develop
the high-speed EM algorism.

eter. Results were visualized such as the
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Visualization of Oil Behavior Inside Air Conditioner Compressor

by Neutron Radiography

S. Yamashita, K. Onishi, M. Matsubayashi1 and H. Tikura'

Measurement Engineering Department, NISSAN MOTOR CO., LTD. Okatsukoku, Atsugi-shi,
Kanagawa 243-0192
'Ouantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

1. Introduction

The Neutron Radiography is well-known as
the non destructive evaluation method that has
an ability to observe water and oil as well as
metallic parts inside of the mechanical structure.
And also the Neutron Radiography is expected to
apply to the engineering field of vehicle
development as a potential measurement
technique for further quality improvement and
development timing reduction.

This paper shows the result of the oil behavior
inside the air conditioner compressor being in
operation  visualized by the Neutron
Radiography.

2. Neutron Radiography Method

First we tried to obtain the static image of air
conditioner using the facility of JRR-3 in JAEA.
Static images were taken by a CCD camera.

Figure 1 showed the oil level clearly, and the
 structure that looks like the piston.

Figure 2 showed the compressor was operated
by the electromotor mounted on the test-rig.

Figure 3 showed the dynamic images of which
‘area was 24 square cm, frame rate was 30 Hz,
and rpm was 360 approximately, which were
taken by SIT camera.

3. Conclusion

It was proved that the behavior of operating oil
and piston inside the compressor could be
visualized. It will be required to make sure the
feasibility in the actual operating conditions. In
addition, it is worth to pursue other applications

such as oil behavior of transmission and another
part of engine.

oil level

Figure 1 : Static image.

COmMpressor

Neutron

electromotor

Figure 3 : Dynamic image.
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Development of Neutron Imaging Techniques for Proton Exchange Membrane
Fuel Cells PEMFC)

M. Matsubayashi, H. Iikura and R. Yasuda

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

1. Introduction

The proton exchange membrane fuel cell
(PEMFC) is a promising power source and has
promising applications in transportation and
consumer electronics because of its efficient
energy conversion. This research used neutron
imaging as a non-destructive investigation tool
for a fuel cell, finally under operating condition.

2. Materials " k ) l

The Japan Automobile Research Institute Figure 1: Projection images of JARI standard type PEMFC.
(JARD) standard type PEMFC is commercially
available and applied to  visualization
experiments. The JARI standard type PEMFC
consists of a piece of membrane-electrode
-assembly (MEA) and pairs of fastening stainless
plates, collector electrode plates, carbon
separators and gaskets. A pair of fastening
stainless steel plates were exchanged for a pair
of aluminum plates prior to the experiment in
terms of neutron transmission -property and
radioactivation.

3. Experiments and results

Visualization experiments were conducted at
the JRR-3 thermal neutron radiography facility.
Neutron images of the non-operated JARI
standard type PEMFC for computed tomography
(CT) were captured by a cooled CCD camera
system.

Left side projection image in Fig. 1 c¢learly
shows the serpentine flow channel created in the
carbon separators. Right side projection image
shows both flow channels of cathode and anode
ones.

Figure 2 and Fig. 3 are 2-D vertical slices
reconstructed from computed tomograms. The
different flow channel pattern was observed in
each image even though stainless steel made
fastening bolts and nuts caused artifacts and
blurred images.

» \ ! 5{'

Figure 2: 2-D vertical slice reconstruction at the cathode side
carbon separator.

4, Future examination

Those results show the capability of neutron
imaging for non-operated PEMFC and also o _
suggest that replacement of stainless parts with Figure 3: 2-D vertical slice reconstruction at the anode

other low neutron cross section material improve side carbon separator.
computed tomograms.
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Installation of a Cooled-CCD Camera Imaging System at the JRR-3 Cold Neutron
Radiography Facility

M. Matsubayashi, H. likura and R. Yasuda

Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

1. Introduction

The JRR-3 cold neutron radiography facility
(CNRF) was originally installed at the C2-3
beam line. The machine time of CNRF was
shared among several neutron instruments. In
order to increase the machine time and the
number of instruments at the same beam line,
neutron bender system was installed at the end
of C2 beam line. This system worked well
for increase the number of instruments but lost
neutron flux. The neutron flux at the original
CNRF position was more than 10° n/em’s.
After the installation of bender system, the
neutron flux dropped by 1/100.

2. Comparison of imaging systems

Real-time neutron imaging using a silicon
intensifier target (SIT) tube camera was
originally available. Because the SIT tube
camera System requires 105 n/cm’®s order
neutron flux at Jeast, another imaging systems
must be considered. As integration mode
imaging systems, a neutron imaging plate and
a combination of a fluorescent converter and a
cooled charge coupled device (CCD) camera
are promising replacements. Neutron imaging
plates are expected to be most neutron
sensitive.

3. Experiments and results

NEA426 equivalent fluorescent converter
(LiF/ZnS:Ag) and Hamamatsu Photonics
C4880 CCD camera was used. To reduce
dark current noise, the CCD chip was cooled
down to -30 °C. Conventional high-gain
image acquire mode needs 6 min neutron
exposure, super high-gain image acquire mode
needs 90 s neutron exposure. Figure 1 shows
neutron image without any samples. Artifacts
due to the super mirror bender system were
observed in the image. Because artifacts are
convoluted in a captured image every time,
shading  correction  (image  arithmetic
operation) is essential for improvement of
images. Figure 2 shows raw neutron image

of a BNC connector, Fig. 3 shows shading
corrected neutron image of the same sample.
The artifact is well suppressed.

4. Future modification
Because 90 s exposure (high-gain mode) is
too long to collect projection images for

~computed tomography, optimization of a

fluorescent converter is Hhighly required in

“addition to the modification of bender system.

Reference
1) M. Matsubayashi and A. Tsuruno: JRR-3 neutron
radiography facility, “NEUTRON

RADIOGRAPHY”, 4, 415-422 (1994), Gordon
and Breach Science Publishers.

Figure 1: Neutron image without any samples.

Figure 2: Raw neutron image Figure 3:
of BNC connector.
connector.

B4 : JRR-3

4 : NRF(TR, C2-3-3-1)

SR EFITOFT T T 44— (F D)

134 —

Shading
corrected image of BNC



JAEA-Review 2007-018

Brges—=< . H 7703 w07 4O RHEFIZ
KE. H7rual

2-8

WX B R R
o 7T 4 NI BT R H R A

H7IraI s 74 vb%EBWEREFRHORL

R RR

LKA

B BBEEERFEHIL 5 —
! M FE I I AET

Hov, XBBRE L LTV TWAT T
7Oy I T ANBDRETA A =TT ~D
S ATHEPEIZ DWW TR D 2 & 93, ARFFZED B HY
T b, HD-810 7 A /LIRS BT &
AMEBHLTWARED, £l ar/\—F kil
EEIE, PHFREEZEDLLENTED, T
DEPE A ERATHI, |

FREHIL, JRR-4 D HHETF B — ARG RET I
Tol. BRI LTHEBOME ZH B2 Y b
T AHERRN D, BRI K 5 —REELZ R
ALk, T7bb, B2 EEER WA
BEICAN, BEHP, ZREEV ST EICE

WERBIT LBV ICEEESE, A7 /ey
77 4 V0, HD-810 & MD-55 % iV 7z, lcem
X5cm FEEIWCEIY . BEEIZARY =F L/ (PE).
B R =0 5+R Y =F L (CAH+PE), AX+R Y
xF L (Sn+PE), ZLARURBN)EE -7, B
Fhid, 2BFRIE 3REHI4 74D 2B ITo T,

WD ER EEEB Ui ol REE
I S DS E LT e 2 ORI % I RIE
WRER LML o e, B 1IE, BRPITHRET Lz
HD-810 D%, Ax ¥ F—2 AW THEALR>
7o B8 % TR, 455> I #2, BN, PE, Sn+PE,
CA+PE &M@z v L7z, Cd DEIET
TR T3, BN DEHFEE S EV OD E (%
JBE) BAR LIS, S, (a)RRSIC & B B
HFOREBLEBDLND, RFESHENTCD, 2

KREFORBIINENEBLLND, Cd DIE
SBFEBE OD HEE/R LA, Sn DEHIE
EEBEL oz Z Db, Zhid Cd D(nyy)
RS L DT ~HBOEEBLEZ NS, ODE
BN BRBEREC LI L 25, B 25Gy,
BN #B2% 35Gy, Cd &F43 100Gy DETh o7, #
HTHLFREINTZy BREL Y KEDP SOOI
PHEFORELEDND,
EEAHEFICH LTI, R = F L TRE R
R CE R oD BAPFHETILIEa v A=
EHIIBWIRERZBETHOZ L AR TEL R
HORBBFRE, Blis&SE5 Lvigh-7edd, @M
FEEETENVE, BEIXMETERLEZLN
5, HWEHMEHTEE Y BERW L Tholz,
o= OFJINEECTH D03, 100kGy FE
FCORBRIMELAZ L, Ve st —F—
DEVIBSMEEZTTHI 00, TOMME

1 HD-810 A¥ v iR

BE I
1) N. Nariyama, Appl. Radiat. Isot. 62, (2005)

pp-693-697

47 : JRR-4 EiE

s HHEF B — AR

N REFTIOAT T T 4 (FOfh)

— 135 —



This is a blank page.




JAEA-Review 2007-018

3,W%ﬁ>?ﬁﬁm

— 137 —



This is a blank page.




JAEA-Review 2007-018

WETF—< By Ry 7T —IER Y EOR T EORESTT~DIH
# BV VIREPORURFEROMFE Yy Ny ST —ERVBILLDX T 77 ¥~

va

3-1

Characterization of Boron Species in Apple Fruit by Doppler Broadening of
Prompt y-ray

Y. Sakai, Y. Watanabe, M. K. Kubo! and H. Matsue?

Daido Institute of Technology, Nagoya 457-8530, Japan
L International Christian University, Tokyo 181-8585, Japan
2 Japan Atomic Energy Agency, Ibaraki 319-1195, Japan

We revealed that the prompt «v-ray analysis
(PGA) can be applied to characterization of
boron-species states by probing the Doppler
broadened line shape of 478-keV +y-ray from
™ 1i produced in the 1°B(n,a)™ Li reaction .
“Degradation constant” denoted by D was
used as a key parameter, which reflects the
elemental composition and the average den-
sity of a material where "*Li ions move and
lose their kinetic energy.

Boron is known to be one of the essen-
tial micronutrients for plants. In the present
work, we investigated the boron species in
various sections of an apple fruit by apply-
ing the Doppler broadening method. Prompt
v -ray measurement was carried out for fruit
sections of an apple named “Fuji” as prepared
in the followings;

(1) The apple fruit was peeled using a knife,
and cut into four slices. One of the fresh slices
was submitted to the measurement as it was.
(2) The second slice was crashed and
grounded, and the resulting slurry fruit was

squeezed, being fractionated into residue and
juice, the weight percentages of which were
26.3 % and 73.7 %, respectively.

(3) The third and forth slices were dried in air
for a month and for a year, respectively.

The measurements were performed for sev-
eral hours using the PGA system at the
neutron-beam guide of JRR-3 2. We evalu-
ated the D values and boron contents by our
fitting procedure, which were summarized in
Table 1. The D values of fresh slice, residue,
and juice were obtained to be 1.1 to 1.2 X
102 571, which are close to that for aquaous
solutuon of boron species.

References

1) Y. Sakai et al. :“J. Radioanal. Nucl. Chem.”, 265,
287 (2005).

2) C. Yonezawa et al. : “Nucl. Instrum. Methods. Phys.
Res.”, A329, 207 (1993). ‘

Table 1: Degradation constants (D) and boron contents in apple fruit

ample of apple fruit Degradation constants (D) boron contents Remark
1012571 ppm
fresh slice 1.14 £ 0.14 6.5 £ 0.1
residue 1.22 = 0.05 10.2 = 0.1
juice 1.23 & 0.13 4.2 £ 0.1
dried slice(1) 1.48 = 0.07 25.1 £ 0.3 dried in air for a month
dried slice(2) 1.63 = 0.23 30.6 = 0.2 dried in air for a year

B+ JRR-3
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Non-destructive Analysis of the Ancient Egyptian Glass Relics by Neutron

S. Yoshida, K. Yamahana! and H. Matsue?

Department of Energy Science and Technology, Tokai University, Hiratsuka, Kanagawa 259-1292
! Department of Asian Civilization, Tokai University, Hiratsuka, Kanagawa 259-1292
2 Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 319-1195

Many glass relics called faience have been

excavated in ancient Egyptian relics. Gen- 10

erally, these faience were mainly made from . L

sand or stone containing rich silica (SiOg), § 11 4 8 T
and fired a mixture with addition of a dash of =~ § e O AUSI
lime (calcium oxide : CaQ) and alkali (sodium 3 ol g @Q i__. A TSI
oxide :NapO or potassium oxide:K20). And ;&’r ’ o QQ A Fe/Si
also, some kinds of natural coloring agent 5: 001 1 7 b4 ;::f;i
were used, such as blue, yellow and red E 3 I

was made by adding copper (CuO) or cobalt Y

(Co0), lead (Pb) or antimony (Sb), and iron o.001 o1 ; 10

oxide (FezOj3) or cuprite (CugO).

At present, in the study of the ancient 7
glass and faience, the scientific analysis of g0y, Gd/Si and K,AlTi,Fe,Co,Sm/Si distribu-
primary compositional element and a very  tion of Iraqi and Egyptian sand.
small amount of element becomes essential.

Neutron capture prompt gamma-ray analy-
sis (PGA) which is one of the qualitative and
quantitative analysis is in widespread use for

Gd/Si rate

the non-destructive evaluation of faience and I+
sand of their raw materials. The purpose of i
‘this study is to investigate the characteristics :;, A
of an age and an area by the measured distri- % o1 + © K/Si
bution of minor elements content rates. 4 E O AUSI
The distribution of Gd/Si, K/Si, Al/Si, 2;‘3;
Ti/Si, Fe/Si, Co/Si and Sm/Si rates of Iraqi ;{r .CO/S;
and Egyptian sand and Egyptian faience were & 0.01 ¢ O Su/Si
shown in Fig. 1 and Fig. 2. The relation S
between minor elements content rates in sand
were shown some interesting associations with 0.001
an area. ' 0.01 1
In the future, by further accumulation of G/ rate

measured data of sand and faience we are try-
ing to estimate the producing area and the Figure 2: Gd/Si and K,Al Ti,Fe,Co,Sm/Si distribu-
channel of trade. tion of Egyptian faience.
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Development of Neutron In-beam MGéssbauer Spectrometer

M. K. Kubo, Y. Tsuruoka, Y. Kobayashi', Y. Yamada?, Y. Watanabe3, Y. Sakai®, H. Shoji%,
W. Sato® and H. Matsue®

Department of Chemistry, International Christian University, Tokyo 181-8585
* Applied Nuclear Physics Laboratory, RIKEN, Saitama 851-0198
2 Department of Chemistry, Tokyo University of Science, Tokyo 162-8061
8 Daido Institute of Technology, Nagoya 457-8530
4 Graduate School of Science, Tokyo Metropolitan University, Tokyo 192-0039
5 Department of Chemistry, Graduate School of Science, Osaka University, Osaka 560-0043
8 Japan Atomic Energy Agency, Ibaraki 819-1195

Emission Mdssbauer spectroscopy is a use-
ful tool in the investigation of the trace
amount of chemical species formed by nu-
clear reactions and radioactive decays. The
large transmission power of y-ray used by
the Mossbauer effect enables non-destructive
analysis of the inside of solid materials in
which nuclear events occur. We have been de-
veloping a new %" Fe in-beam Méssbauer spec-
troscopic study in order to reveal the chemi-
cal and physical behaviors of the species pro-
duced after the neutron capture reaction of
6Fe in materials. Continuing from last year,
we studied iron disulfide!). We chose marca-
site, another polymorph of iron disulfide, this
year. :

Iron disulfide(FeS,), a simple binary com-
pound with relatively high iron concentration,
has no magnetism at room temperature. In
this compound, iron exists in its 2+ state
and sulfur in 82~ form. In pyrite, Fe>* and
Sg” are arranged in the cubic rock salt type
structure, while marcasite is orthorhombic of
slightly distorted structure. A marcasite sam-
ple was prepared from a naturally occurring
mineral collected in Hanover, Germany pro-
vided by Hori Mineralogy. A marcasite sam-
ple, a pressed powder disk of ca. 20 x 20
mm? and about 100 mg-cm™2 in thickness,
was placed at the target position of the PGA
setup at the beam hall of the JRR-3 reactor.

The spectrum was analyzed and decom-

-y -t -t
(o] [ (=]
- N (7]
T T T

Normalized counts

b
(=2
(=)

0
Velocity (mm/s)

Figure 1: A neutron emission M&ssbauer spectrum of
marcasite at room temperature.

posed into two Lorentzian doublets (Fig. 1).

_ The minor species had Mossbauer parameters

similar to the parent marcasite. The other
major product had larger IS and QS com-
pared with marcasite and its yield was larger
than the yield of the new species formed in
pyrite. The chemical form of the new species
in marcasite was not clear. We plan to estab-
lish a temperature variable measurement sys-
tem to do more detailed investigation of iron
disulfide and will apply it to study on other
iron containing compounds.

References

1) M. K. Kubo, Y. Kobayashi, Y. Yamada, Y. Nemoto,
T. Saito, Y. Sakai, H. Shoji, C. Yonezawa, H.
Matsue, M. Nakada: “AIP Conference Proceed-
ings”, 765, 348-351 (2005).
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Focusing Neutron Beam Induced Prompt Gamma-ray Analysis at JAEA

H. Matsue, M. Segawa, Y. Sekiya!, S. Yamada, T. Shinohara, H. Sasao!,
T. Oku, J. Suzuki and H. M. Shimizu?
Quantum Beam Science Directorate, JAEA, Tokai, Ibaraki 819-1195

! Radiation ApplicationDevelopment Association, Tokai, Ibaraki319 — 1106
2Institute of Materials Structure Science, KEK, Tsukuba, Ibaraki 305-0801

1. Introduction

Neutron-induced prompt gamma-ray anal-
ysis (PGA) system of JRR-3 has been set at
the thermal neutron port (T1-4-1). Instead
of a 3 m vacuum tube upstream of the PGA
system, we have recently installed a straight
guide with a 3Qc mirror and a focusing guide
in parallel. This modification allowed us to
chose one of the two types of beam, high
density focused beam or wide homogeneous
beam, depending on the PGA experimental
demands. In 2005, the focused and straight
neutron beams became available on the PGA
system 12),

410 arzontal
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Figure 1: Beam profiles at PGA measurement position
of the focusing and straight neutron beams (using 20
x 20 mm? LiF collimator).

2. Characteristics on the focused neu-

tron beam ;
The beam distribution profiles at the PGA

measurement position are shown in Fig. 1.
Using the focusing guide, it is confirmed by
a gold thin film activation method that the
neuron beam size of 20 x 20 mm? can be fo- .
cused to 1.5 x 4.8 mm? and neutron flux of
the 1.6 x 10® n.cm™2s~1 at the focal point
of beam position into 5.7 x 10% n-cm™2%s™1.
That means we have succeeded to take the
3.5 times higher neutron flux than the previ-

ous ones without using the focusing guide.

6000
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Figure 2: Prompt gamma-ray spectra from a BCR-680
sample measured by using the focusing and straight
beams,

3. Prompt gamma-ray measurement for
a small sample

The prompt gamma-ray spectra of a small
sample (BCR-680) measured with usin of the
focusing and straight beam are shown in Fig.

JFH - JRR-3  #EE : PGA(T1-4)
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Figure 3: 2D distribution of the gamma-ray yields of B peak at 478 keV for a B metal point like sample (0.8

mg, 0.2mm ¢).

2. The sample was a reference material of
polyethylene containing heavy-elements such
as Cd of 21.7 ppm. As shown in Fig. 2, the
counting rate for Cd at the 558-keV gamma-
ray peak was observed to increase by about 3
times using the focusing beam. The present
results imply that the focusing beam should
be effectual to PGA system using small sam-
ples.

4, Prompt gamma-ray 2D distribution
measurement

The focused neutron beam can be used on
the various fields. We developed the 2 dimen-
sional (2D) movable sample holder of 0.5 mm
in order to analyze various materials micro-
scopically. In Fig. 3 is shown the 2D distribu-
tion of the gamma-ray yields of B peak at 478

keV for a B sample (0.8 mg, 0.2mm¢) for the
purpose of evaluating ability of this system.
We could succeed for the first time to mea-
sure samples by our 2D prompt gamma-ray
analysis method, which has mm order spatial
resolution.
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Comparison of Data Sorting Methods in MPGA

Y. Toh, M. Oshima, M. Koizumi and A. Kimura
Nuclear Science and Energy Directorate, JAEA, Tokai, Ibaraki 819-1195

Most of nuclei emit two or more prompt
gamma rays simultaneously in the neutron
capture reaction. In multiple prompt gamma,
ray analysis (MPGA), the prompt gamma
‘rays are simultaneously measured by two or
more sets of gamma ray detectors, these
gamma rays are reconstructed in the pair of
two prompt gamma rays, and it is added to
the two dimensional spectrum which sets two
axes as the energy for every events. The
gamma-ray distribution corresponding to the
pair of the gamma ray which are emitted si-
multaneously will be obtained. By analyzing
this two-dimensional gamma-ray peak, inter-
ference has the tendency to decrease®?. Be-
cause the four crystals in a Clover Ge detec-
tor are packed very close, a Compton scat-
tered gamma-ray from a crystal is often ab-
sorbed by one of the other three crystals.
Consequently, summing up the all output sig-
nals from the four crystals, we can increase
the photo efficiency of a Clover detector from
about 100% to more than 120% for the 1.3-
MeV gamma-ray. This method, which was
called as “add-back” mode, improves the peak

A) Normal mode

" B) Addback mode

to total ratio, as well. On the other hand,
one can not neglect such events that one
Clover detector catches more than two cas-
cade gamma-rays, because the distance of the
detector to the target is close. The add-back
mode, therefore, sometimes makes a ghost
peaks in a two-dimensional spectrum as seen
in Fig. 1(b). In order to remove such un-
wanted ghost peak, we can analyze the same
data with a method named “anti-coin mode”,
in which we discard the events that contain
more than two data from a Clover detector.
Namely, the anti-coin mode uses the other
three Ge crystals as Compton suppressors.
The result of the anti-coin mode analysis is
shown in Fig. 1(c). Although this mode de-
creases the photo efficiency of a Clover detec-
tor, the peak to total ratio is improved signif-
icantly. If you have enough events, the data
can be analyzed with the anti-coin 'mode.

References

1) Y.Toh et. al. :“Appl. Radiat. Isot.”, 64, 751 (2006).
2) Y.Toh et. al. :“J. of Nucl. Radiochem. Sci”, 4, 197
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C) Anticoin mode

Figure 1: A part of two-dimensional spectrum: a) Nomal b) Addback c) Anticoin.
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AU, FEREITHERKFAES. AL I
1lpg/m® BU/NELFIXEH 10 g/n®, L8 190
g/m* TdhoTo, WUNELT/ RKRLF+HUINRLF)
OFHEEREEETO 0.7 & B L TEHR
0.5, %8013 0.6 &/h& <, FIEL LITHRRBTF
DEDBEIENREDST,

B1 FRIGGFEHERORFRE

(2) @BRY AT YU LARERBRETEY
BERICH D, BREBTERRESZ VW 2R
WLTW5, v H AR EEBERETEL
RBERBH o, BRIIAATHD, T
S=ULEINYY LITERKTFICE L FE
L. TR FOERBD LABREEZ LIS,
F Y U ALERITEBICGEVEKR T CRE
BELRY, HERTFOREBLEX LR, B
FIIPIERB ML TF CRENB WD, SEEOHK
BECREHORKRTF CEL Y., TORRI
FRATHD, KEMERS L OLEETIX, 7 hY
TALERRIZE-BL, INVVTLESTX
T LIHESHE ST ORE RS E . FEKEMERR
ARENEEZ LD,

JFF¥%  JRR- 3 ¥ B R

A

g 5y B AL GRED)

— 149 —



JAEA-Review 2007-018

WRT—< LS TIC L RS - FR’OLEEREHTE
&3 MRS FZEOITEEBRAZEMOAEIIRITTESE

4-3

THREARBRRHEAMEERMLELFOAH R I A XV UV EHORBRE

AR —

AIGRIE?

MUATEGEN  RFE - RAGERLNIECHILEE ZEEBFLET
1 BUTTEEAN BERGELMN I

FE RV THOMAE LB 2B
T5THE. BB LB EINLTVWSLES
BREBEBREEOEEWER T EEN L
TEEW~BITL, AME~DOFLRLAERS
Nb, L, 2OEBE+SIIRFENT
WV, ERR 1T EERARA VY LR ER
WE L LULTHW, B ok cwildo L
BERBECAH PO A A XV HOBRE
ERELE,

SR ORBEE (WEDOX Y B EEHOZE
B) Do HEBAEXRBENERDbDNS TMR
(REXTKROBRGHE} L HERSH A L—V
HORMAEZEA LGB L EEBARR
BWEEBELNATMRZ, BERABEINT
WHWHAE~ 45~60 ARB S L, BEAK
(38H) LIKBAK (2§H) OHk6BED
AHEHERLE, TMRBIUHSEE OARE
B TR L 2 T8 A R - iR L CEE
& L7, TMR (300mg). +# (100mg) 72
BWICIEEMED AN V0 KKIBERER
EIVEAMER) = F LU RIS —EH
A L. BARRETHFFRBR S JRR-4 1P 5
R (BB MEFE 5 3X107Xm™2) T, 20
SRS Lo, 30~45 BREIOAH%., SMUD
RY)Z2F L BEERZBmL, yBRARY b
APVICE-T 00 MBIE L, £, 4
Hfigt (TMR) BIOHHFDOF A X
VEEX YT ——EEEYRRRS b
NTTTETERLE,

TP OLBEBEFEEIR1IOLEBY T
Hole, THMEARDZERIFABFREH
DEWZEDZLDOT, HEODEFOFHEMN
THEARIIEZLEZbOLEDbNTI-,

#1 HEABOMYBRYEHE TEEFR

XD E Y R TREHE
1&XY 0.19 %
3FEXY 0.56 %
B PGCDDs & PCDFe O Co-PCBs
‘o6
0.5
a 04
S 0.3
o2 | 2
o | T
. :
HWTMR ETMR
THR
B TMROS A4S RMORE
®PCDDs @PCDFs D co-PCB)
0.8 "
o.14 | T
o2 P
§ LRI
g 0.08
c0s >4
0.0z o
o-ee WTMR HETMR

TMR

E2 SRR AHHF RO RMEE

/- EEEBEATMR & HEBIEKBEATM
ROFAIXUVEORBERRK1IOEEBDY
ThY, ZNE2BBRLERALFORLT R A
IX VBRI 20EBY Tho 1z, '

BRI E LB A A X o8I
FEE2ELTAH~BITL.

JRFWF : JRR— 4 RE: WERHAE

AL - (& - KE®)
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WET —~ R 2 R EFHRE O

* BE: KERHPER N Y F U ADMEIRAER
4-4

YF7 ATV AORNER

FDMEARR, BILERE, EEE
WITITBIEN AARIF TS T RAFTES RV E 75 1R 2-4

J-PARC OWE - AMFEERGRICIE, KE
PEMICAW R TFIRIREB I D,
TOKRBE—F v PRI, KEBERBFICLS
KEBOIBERRISC L o TABENDO AT RE
TOSEEER BB BN ER TS D, 2 b
B MEED S b, U F U LR0FH T A MEHE
B2 BITRETHBKBZ—7 v PP LIF
T AEEEENHD, FTH MY F UL, K
By —4y MUEBETAHEERAMED 5> D
KeBElx EDBERBELLNATHAE Y, 2 b)Y
F 7 hit, FOERICL » THRERENR—T
BLRZAIEETHY ., I HH#ERURET
MOBENLKBPCERTS MY FULOHE
PROTABTEBCET2MAS O TEETH
B, LDLBHEDEZA, KEBPFER NI F T L

OHEREICET 2HRILE L A LITDI TV,

AL, KRBEBFIZIVFEINDKAE
DERERES CHRBPICERTD PV FULOD
LR ITEN LALLM THZ L2 E
HE+sn, KEEBFHREN)FULEEET
Bz, KRIZLVEDOY F U LRERL TR
BT =AdLE L, ThEBdhitTBa+32
LICEVAKBPIC N FULEBERITDHE
BERLRL, KBEBTHEN) FUL LD
HFHE N F VAT, EREROES TRV
X CERBHDIINEBITEY T FATHD,
D FFRyF L EA TR T 5 DI EH T X
A —=PHFIIBDP L ThETHHI L EER
ThiX, AEOFHETKBRERFHENY F
TARBETETWBEEELD,

BHRBHISBAKRIZVEBOER Y TV LY
METEKBETHETHRELE, 85
VF I ADEIRMN I mol%d L, BBEITN] g
L, BRILEEENT, o MY FU AE
ERCHEATIEBICERERREREEAT
AEFICHA LT, 7. BEEEOMNEBIZEB
TARBARMTF T Ty AR TEREIIRD DD
AN TT I AT ERE LR, A
AN T T 9 REF B JRR-4 T E—
LBRBOE—LILIZREL. BAPHEFE—FI
BHETFT T v 7 ZAH2X10° s'om?) T6EF

%o YA A,

FIRBS L7z, BE#ZOREHIMN 3 BRIBHEIL,
ZO% b Y F U AERERIZAVZ, .
X 1 cEREEOEXKZ R, FUFUA
DILFERIINVFOLT A HT) £V F
7 ALK (HTO) DWW TFhhThb EEZ BND,
¥4 HTO %7K 37T TEINT 5, KT 5 %2
B L7 HT H &%, #9600 "C lZhnEh L /- Ee{LéR
(CuO) #35 L%Z VT HIO B L LTz, K
RIS TR LT, BErFL—arhy
VEERAVCTHRERBRIEERZIT =, £, an
NET 5w RE=FIT Ge FHEERHEYH
WTHEHEERIE 2TV, ZRED 75 v 7 R1E
$1.6X10°s'em? L RKE o 72,

BRIF (600°C)

Ar 90 ml/min
H, 10 ml/min

A

1 BEREEL N FULARNEE

AEBROEE. {LFHUOLHTOHT 752 ~ 7 &
20, HT £V b HTO BELFHETHZ ERHAL
Meipoi-, Fiime UTKBRIZBEFELTWAER
FRKBREDEBILDbDEEZLND,

AR HIS EE bk L. REFREOR
RESRBTARLLTREOmELZRY, &HH
BITRERDBTETH 5,

BEXRR

1) /NAREE, FhkTER, TBBEE, RTHE,
A —, BHETTIRAR, B EFREARR. JAERI-Tech

- 2002-005 (2002). 7

2) M. Enke, C.-M. Herbach, D. Hilscher, U.Jahnke,
O. Schapiro, A. Letourneau, J. Galin, F.
Goldenbaum, B. Lott, A. Péghaire, D. Filges,
R.-D. Neef, K. Niinighoff, N. Paul, H. Schaal, G
Sterzenbach, A. Tietze and L. Pienkowski, Nucl.
Phys. A 657 (1999) 317-339.

BERBETFF  JRR-4 BB : PHEFE-2RE  FAZE  BAHLST - TOf
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W7 —=< : RI - BRI E OFR
R R EE BaHba
4-5

LZARB LT POBBETR I

Neutron Activation Analysis of Trace Elements in Rice and Sesame

A8 B ¥

B EROHEE s —

FRRHE - RFHHE T 2 — T ENR
TOZRBHHE D —ADM, A, £V Fx¥
T XML EOEKEBT VT #HNEE S
WZIRF T HRICET 2 HHER hEE L2 1T
2 TW5, RERIZIZOT O HEEHEHHE )
ELTAR M ADLOHHEAZRS L LTI
STHHERBRTH B,
PHEARBES 2\ VIR BEEICRIT 518
BHELRDIRENBOATHY, KER%
B U CHEHEOHT O BAER & EBR O BAH
TR EERLEBEBLTCLLS 2L EER
LT3, EAERYE L BT
FMERORERBVICBRT A - L b EHE
RBETH D,
COERTIIEERBRERE LTEEB
LI~ ZBA, BRBRARY =F L i
ZEIZEAL.JRR-4PN XA 7T 10 B
L, Rt kichitr 75 v 7 2828 —
(&) 3L MnZHERB LB L,
BE#ORENT JRR-4 HBOERETY

SIZBAE L, Ge AIES THOFRER BIE Lz,

B ERRIPHEEN T LFREDIHER Y
D, BELET7—FOPTo, Zhit#
B2 RS RI BURVMEE TH Y, BLRP
BIL< DIRIMERK D 7228 5 T L7z,

SESWHE LT HRRIIEEMEETH
D, 2506 30 HDBREOKEFEZBNT
Ge BIEBRTZNLLH 300 BEE Lz, BIE
FEBEIT 5 cm,

COBRHFHAOFHEFEILH
3.2x1013/cm?2s THAN , T — | L HAE
Thd 8.73x1018/cm2s &\ S EE B,

ERT — & O OFE R, 24Na, 27Mg, 28Al,

88Cl, 42K, 56Mn, 59Fe, 66Cu 72 & Z 4 H L=,
ERFTROEERRELZER 1ITFT,
K1 EEMERSEERER

KK =4
Mg 749 1982
Al 6. 63 -
Na 5.21 =
Cl 123 24.6
K 1496 4610
Mn 15.9 48.6
Cu - 16. 4

ERLELTIE Mg BIOKBELEEN,

- Mn HHBEEIZZ o7,

LIRTORBRTIIZ AR E BkESHT L, ko

CHFOMERRIIERKICLEE XL LEXRD

HFREEELTELEENDZ LBt
B, SEK (KK &IvEahBT DL,
—REEm E LTKE D b I FRMES
BABEOEBEIEBSZNI LBHN5, i
AV LDEREENEHoT,
RKBLOIvHOMBETREHELY — R
WKERTAICIREBIZE L OF — FINER N
BTHIHIN, I CRFEERE LT, &E
Bl U CHHEED AL O O AR R
EREOFER o AZBMBTHIENT
i EBbh3,

FRF¥%F : JRR-4 B R

o B BEHEST (Zoff)
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e T — < i LS EI X B BREEEE O O1T
* & KETT O NRTFOXY TRV E—Vay

4-6 KETT 0V VKT HOTRRI NV T b EKEEES VT LOREK

FEEES #BE B
KIRAFSER e B A ) N— 3 B 7 —T599-8570 KERAFER T S X ZEET 1-2

BFgE B : 5.00

KA P EREL TWARITF(RE =7 0 Y VRLT) ]

DMK L OMEFERBEE R 5 mwic, B _ ]

BWCKRRT7 0 Y VAT 2R L TERA L T £ 4007

%, WEINERBOIZEA LI DONTA T VL ® ]
45(Cl, NOs, SO, Na*, NH*, K*, Mg?*, Ca?") D537 3, 00 HEEIAGSE 0.8

BRI oTND, ZORMT, HRETFORE 7 In=58 R
AKXV Ca2 iz DV T, RORBFATH S, S, 0o .
KB To D Cat* i E D L 5 7L &M TIHEL 49 i P
TVBD, DEEDHLY Y A, DEDTRRY S 1 ed o e |
A MITH LT 8 OREKISIE D LY 7 A(Cal) §1007 ol el

REEHELTU B, DEDAET LT BTcd 2 b

. EBE LT o VAT OLRRI VT Y A 0,00 e
@%’i’@ﬁ%ﬁﬁl?fﬂh%ﬁ&fﬁ% L. AFron 000 100 200 300 400 500
<> "S5 T 4 THT L Cat L ELEEL. AATT i Elemental Ca (1 g/m3)

A@i%iﬁr‘:*?’éﬁﬂ)%ﬂé\%*&)k? ] A § '
FUBHDOSHERLY . CaDLEFIIOVT  »57 bomid, BEE 052 OEARICITIEDA L,

HE L. ﬁr}j‘f‘ﬁ‘i o3, Lot Eb:ﬁfa@%;ﬁk@%?% Lwb
spun gy ; =R, TTRRIAT T LT DKEEL VY
B OB IE 7 A(Ca2")DE|E ([Ca-el)[CaZ ) DFIIE, 1R

KETT oY VEFE ., BHORRFLRFET v f 5Y Tholt
ﬁ%ifwéoﬁﬁ%#d~&®§®&50%% F . BAER. KOLBY ThHoL.

WHHET A NVE— VR DEW} A L
s DI EALE, ® l[ca-ely |58 |0.66 1021 1022 |1.0
MMM | BOAE-Y | TAR q[:cfaj?szi TH oD AL
: —— 1 EHfEIZ 0.66 ThoTedd, 022~1.0 DETEX
24 ¥5R(0-24 )| 20Umin ot et oo OBEDELOFMAIBHIL. REHS
RODT, BHONRD 2T,

A AV EBA A DENBEL THELIZS
FREHALATHT D ST S & CatioktT ABA A & LTNOsBIFEL T
AEOERT. B XSS THI Lz AlOSHT W FEEEATRENT., ZOZEX) . beb
EOREREFT D T2, Bt XBROOW 2T H k?%g&%g%g%%g;ggéé?ﬁg%éﬁ
Bk B 47 2000 4 & 2004 FF L SN CRBHT = oY JVRL N VRN 5
W THEHME ST 21T > 7, * FUt LT, Ca(NOs)zﬁ§Eﬁﬁéﬂ“L'Cb\Z)ﬁfﬁ*é'r@?%@

LT D&ETHETORFZITV. B Eh HHhi,

72BN 5 SRS RENBET 50 EFL. Ge
M R HHEE T v — A PV ERBIE L.

HE Zef
RFFE JRR-3
FRATIL PN-3
PR TR 305

ER

EHEAT TN LETRR I Yy DA T
s N7 5T 4 —Th LToKBEEI N T b
(Ca2") & R L 7= & LU FITR T,

JFF 47 :JRR-3 SE1E « U LS HT R A R 0 S8 LT (RE

(RE)
E+IF JRR-4 BT/ (T SSEF B e (RE)
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BT —< : BREILEICH T RO R E FE OB S - R

FAE ¢ C YREEORT
5-1

BH OB Kok B! BR W OBER

VARE LIS T A R E FEOM S - BEk —"C oRHEOBREN—
He e

IR

B OB KK EZT KR BN

HASEF I RIN 2 1 > FHEEESIF T BEFERE B BN R 27—
\ BRI N  2 x  FEE A MR E LIRS AR > 2 —

VERABE LS OO MCSSEEEE LT, TAS UM
RIEDHEAICHOWTHRE L, “C &8 T DHHE
TR E LA DS HTI DWW T RERIE & B L7z
R 7LH ) R YC O EBMIEIRDS TR
BNTSBETHIZ BT,
F—— N A, T, T Y B, K
HEERE

BE BARETHMERTEESE (R HEE <
1, FiRMEER TRAT BIK L~V U REE R BE
EYEABRELECEE LTI OANTHILE
HELTWVWS, A %ITH DICIIERBELEI
EENDBAMEREOSBN L FHEFIEORLY
kb, BE, TeFfLEEL ROBEICO
WTHE S D ORE RS FIEOBELZED TV D,
ek, BERE GO MC SBEEICE, 0, FEKT
MELL CO, & LTEIRT DML "SRV DT
W5, LlL, STROEABREHTHLEES
B RE A D EIRAIC C OB D7D
i, EbEORER(CFEEEERRICOMTE
AREHUBIEDBRBEE LWEEZDND, T
CCHREERENSD Ve SREEL LTT AR )
AMREOERIC OV TRET L, "C 2 B8R T HIEHER
VAR E LIRS E O OHTHERIZ OV THENRIE & DL
AT o7,

E£B(C SEEBERRBELERE OER)
Si.N,(17. 5wt%), Si0,(57. Twt¥%), Ca0(16.5wt%h),
AL,0,(8. 2wth) ZIRA L CT VI FHIIC AN, N,
BHSE T 1600°COBLIFHN TR LT, Bm Lk
R (NS A B Tuth) ZRIER 150 um LA TICRARR,
B 7114 JRR-3 TEPETF RS L “N(n, p) “C X
icEp M REETAEERRELERE 21
®L 7,

(T A ) BRTE R BV YC T AR E L AR
%} 0.1g & NaOH 2. 0g % Ni HRIZFt v Y, 550C
DOEBLIFFT 30 HEMEB L TT 0 Y @R LI,

ARSI & WA TSR L, N, 28—V LR b6
FHNO, AT pHI AT & L, WAL
72 CO, W7 = RFNT I (PA-RAF J — NI
v/v=D)ICRIN S| THRES Y FL—varhy
v E=IZ XY BERERBEIE L
BEE PA I~ CO, ORI DWW T RFRIKFIEZ
BT B8, BEAMBO VC it ie 1 (Na,00,) I
WE BWTHRE Lo, ERERR 120 45T M0 #
90% L EEIR &5 = &34 h D, I EIRER I
180 43 & L7z, KIZ MC BRI A ARE LA
< Y v 7 AOEBIZOWTHRTE L, FHEFR
HETo SiN, &EBERELEIC C BATREEE L EL
MEBERAL, 70 ER L T PABIRIZ CO, ZE
L7 & = ABINEIT 80%L 2Tz, T DEIRE
DIET 2B DI ERBE(CERE 0. 1g L
fA Na,C0, 0. 1g ZFMT 2 &, EIULFRIT 101%Z
FLC R EEMICEINTE 52 & 3G T, LA
Fokztzb iz, BPREFREICIVERLE
ue SHEEBERBELERBOSITZ2ITo
(Table 1), 7AWV BELZRWEZESE, “C O
ERMEIX 1.26X10°Ba/g &7V, LRBEREDFH
BAE(1.2X10°Ba/g) L BIE—& Lz, —F, 0, %
FTF 900°CT 1 BFRIMNEY B RBENE T, ERE
T AH VERIEDESLUT Tholz,
BE ABRETETAN ) BREEZRNDIET
ERELED b DERNL C OEINAFRE L 2
D, REREL Y bENE UC HBERITIERHEILTE
Vo
(117234, JAERI-TECH, 2003-071(2003).

Table 1 “CAHMIEERMB AR OLH

SEEE EEE (Ba/g)
TR Y BiRE (1.26+0.02) X10°
! (5. 7920. 08) X 10

SHE{E: 1. 2X10°(Ba/g)

FF47 : JRR-3

B AKNRIER

43E% : R1 O (£ Dfh)
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Woer — : PHFRIC LV ERT IR EATAERTOR e =V LEBITEET SHA
%8 - JRR-4 PHTF U ARBICE 588 E A XA ERBOPHET R

6-1

PERTADLERENBER =T AD=y FVICKT DIAERE

MR ER R

=Wk, Bx #

R LEA T LT FHILIT
! R TEAFA I T FIF

$he Av2dkSA 4 (LBE) 2 mHME L LTH
WIEBEF AV AT AT, EAT ADOPHEFHE
o Rooy AREREND, AR =V LRE
HERWEAROEDOERNAREEDI LT
BEge LT, Kr=y AOSBRRE KT 2BE
AT SN T DEBREAT o 7o, HEERERD
Ni BT R AEEICHLTHEITHT WO Z
LAEmLNTWAY, T TAERTII N &8
FRVTOREERYITV, SUS316 TOEERME
RHB LA,

5g @ LBE izxt L R ARTFHHEREERBED
JRR-4 HHEF E— AR T AV CRPETRY
PO, Ro =y Ak E A LBEREZIER LT,
FOREF MR ERBRER D TMAL, N &
BARCRE S¥ 7, EBREUHER 1ITTT, KB
B2 IC Ni &BiR. A A~ ARBIOES 2RE
L. EREI N SBE»OHREEND o RO

¥ (20hour) & a A7 bu A—F—THEL
7o

EROMRELFE 21777, LBEIRE 630°CDE
13 550°C D4 L T LBE DHERE. N &8
BA~DOREHDOENEL I2oTD, L LR
LA = AOEIL LBE BE 550CHBEDT
% 630CHHEAE LY bHLRoTVD I LI
RBTX T, BB OBV X5 EHEOE
WiAZR TR 22T, BICHMRERY
VBBV X A HEREDOELIZONT
OB EITI FETH S,

BE IR
1) M Kondo et al, Journal of Nuclear
Materials 343 (2005) 349-359.
2) =, #; AARTFHESR 12004 FEOFER
BZEH) O-11

%2 RBER
%1 ¥§§# £ER |LBESE | £BREE | 2RRER | LBE ER | XBRH&RO o RS
M °c). °c) ¥&i(me) FBP(me) | #(Counts/20hr)
£BiEHE | Ni, SUS316 ’ 630 280 61 793 24
BB | thour 320 13 566 34
BBAER 0.5~1Pa Ni 255 15 72 5835
LBE JNEGEE | 550, 630°C 205 3 16 1121
a 230~ -
SRIRBE 350°C 550 310~360 |13 82 5272
280 1 20 1652
SUS316 230 8 57 11148
245 1 24 931
EF4F - JRR-4  %E: PERETFE—LARE HOF  BRTERH - HH (BEEF)
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BREEIEICT 28 v RPETFERRE

EHFEA ' TR FEMRE

REMTEE ° NEFATY FER

N ERREH AR HE
DISERRFHHREZEE (68

S BART SRR R R

B R R T AR ERRET

[IELHIC]

FRSEID AR, AVRIRUIER. ORISR,
PUBAIRE D 3 2 BEIAL BT B HEN
ERTH D, FIBREOFMIIHE ShiBRE
FEELTETHAR, BEPEBNETES
BB OBRB T, 1Z& A EDEFIBHERD
BEETORREREME T LE L,
EEMS L - ERETORENREEER
IR TH Y, EROIBEETIX, FIEHEEER
bR AEITRE - BRRREZEERBLERD
LR BETERE. BEOXE AN
RO LIREBZOBEY QOL BHIfFTE %, €
Dk > RIBRERRIIEEN BB TH S,

7R BB TIE Lo BRI R
535 p-boronophenylalanine (BPA)% iV 7 H
MFMIERE (BNCT) 1%, EICEMERICER
L7-Hi% (°B) LBPHET L OBRIETELD
% LET M5 ( o RLFIC K 0 BRI 7Z i ic =%
NE-—HETSEIERTRETH Y BIEEORE
BBV, £ BPA DIEEAEET *F-BPA PET
 TOERNTET, TORBRD LHEEHFR
FRIFTRETH 6 2,

2 13 EERERICEVT, 2003 £ 10 ADD
) llﬂ#ﬂ%ﬂﬂt%{ﬁﬂéﬁéiﬁﬁm b &, EITHEHE
HEBREICFHEFHIERELTo TR, £0
HEEHET S,

[R& & FEE]
REIL 2003 4E 10 B 5 2006 52 8 A £ TORH
12, ()EESEMEBEREARIC THIEEEE, 2)PS
<2, QEREBERDHRZV., FLEBEDHTDH
FHIZKELBEE LAV, OPF—BPAPET BRE
I TR/ IEFBEML MR 25 LLE, S)XET

BEHREEICOWTRENMB LN, OFT T
e L BRESETE 36TH S,
PERNE B 9 B - Lotk 4 B, FERIX 31 B D
77% (F3y622) Thol=,

MBERIIRTE LR 76, BEEAHE3 A
ROGE 1 Fl, AERERE 1 5], SEMEERR

BB 1 BIThHoT, £ {ﬂ@@ﬁﬁﬁ?'ﬂti 6-42

7 B(FEH 144)THo T,

B H I BHENOR S 2 ER(CT £/
MRDIBE L7-b D%, BNCT ERAEE Y 7
k (SERA XIXJCDS) #HAWTEHE L. KE#R
B 15Gy-Eq. IRERHREAS 10Gy-Eq AT & RE
L. EE&IERES 20Gy-Eq LA EL LT,

BB 54 B 1Z BPAS0Omg/kg % 2-3 B¥EI A ) CATE
BEEZITV. RTERCBHRBEALDOE YT 1~
TiFot-, BREEMMCME R RBELZREL,
TOMGP R Y RBED DHEE LI F MO R Y

- RIREE L 15 HROFETRED b RIEHIRR

HEERZRE LTz,

(E]

£ 13 ERORESFRIZ. CR:3 fil. PR: 8
BI.NC:2 I THY . BHEIL84.5% ThH o7,
A6 FIOBREE TOFHBEMMIZ 173 7 A
ThHY FECIXTHTH o7, ETHONERIEL,
BRI 6 . fLIEZE 1 FITH 0 . FEHEFHE
iX11.8 » B ThoT,

BEHNZAES Gradell A EDOWBESLELE SN
DABHEIL. BEHREE - FIERD 2 BUIRRD
SNI-DHTHY, TOMDOEFHEEIRD LN
Rinolz, BIED L Z ABBIKAREEIIR
BTV,
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G OHE A ER A %

Case FHRE Sh/iE s oL (RTOG/EORTCscore) wxam ga
1 BTH 49/F MC(HG) CR Gl 42M ERER
2 S IHEE 73/M scc NC Gl 1M  BEiER
3 & 39/F SCC PR Gl 1M ERER
4 AR 71/M SCC NC Gl 12M BERER
5 BRER /M PAC PR Gl 2IM HFRLEHR
6 E N 7I/M scc CR Gl 20M ERER
7 R HER 73/M SCC PR GI 1M BRESR
8 B 64/M scc CR al ™ RngE
9 RIEER 31/M uc PR Gl 3M ZREB
10 R 57/M scc PR Gl 11M ARLEE
13 g 74/F MM PR Gl M HFRERE
12 ng 66/M MM PR GlI 9M HREE
13 -3 73/F MM PR GI &M HHREE

MC: mucoepidermoid carcinoma. SCC:squamous cell ‘ carcinoma.  UC:undifferentiated cancer. PA:papillary

adenocarcinoma. MM:Malignant Melanoma, CR:complete response. PR:partial response, NC:no change

1) 4% T BNCT #{F- =Ep—E

[BgErxLw]
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L TITo AR Cld, TThR 84.5% & HEEIC
BNLDOTholz, LiL, EFBLIUERE
DHEEE. BOMRRELINMCHESBREN
TWARERTETE T, BRx DEFTHIEERE
CHBALEGEBRENRTFEERELSERLE,
L Lensb, EEREBITROBERREIS
5 IRIER L LT OREITR A OKDDIE
Bl IXAKBERFEERNPSALMLTHY . MEE
LLEOEMMEEZELSTFMMLTNS 9, ZhE
TORREBEE X B4 IXBNCT % BRI IAH
D #E BN FREE D — D (Neoadjuvant therapy) i 41 7
AT ENTEREELTWS, BAERLITY
KREGHREBLAROL &, EREBBEORIE
FIZBNCT #BifA L TRV . TORRDRER
MNPTHB,
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