JAEA-Review

Progress Report Neutron Science
(April 1, 2006 - March 31, 2007)

Quantum Beam Science Directorate

Advanced Science Research Center

March 2008

Japan Atomic Energy Agency | HARTF OIS




wd | % - A £A°

T wd ) — 4 - A ™ Y| e Ne=r,2% ™ 535 1 ™9
0% T owdl — | v +r dd> o http/iwww.jaea.go.jp/index.shtml
A d=maa0i—r% e 2] | Loy
=%{54°
s 319-1195 2 4

029-282-6387, Fax 029-282-5920

s 319-1195 2 4

This report is issued irregularly by Japan Atomic Energy Agency

Inquiries about availability and/or copyright of this report should be addressed to
Intellectual Resources Section, Intellectual Resources Department,

Japan Atomic Energy Agency

2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan

Tel +81-29-282-6387, Fax +81-29-282-5920

© Japan Atomic Energy Agency, 2008




JAEA-Review[] 2008-004

Progress Report on Neutron Science
(April 1, 2006 - March 31, 2007)
Quantum Beam Science Directorate "™
and
Advanced Science Research Center 7
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken
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1 There are 13 research groups in neutron science and technology in the Quantum Beam
Science Directorate (QuBS) and Advanced Science Research Center (ASRC) of Japan
Atomic Research Agency (JAEA). A wide variety of research is performed by these group:
neutron scattering (condensed matter physics, polymer science, biology, and residual stress
analysis), prompt gamma-ray analysis, neutron radiography, neutron optics, and development
of a neutron spectrometer, neutron beam handling device and neutron detector. This issue
summarizes research progress in neutron science and technology including activities of the
Nuclear Science and Engineering Directorate of JAEA, and of the COMMON USE
PROGRAM of JAEA utilizing the research reactor JRR-3 during the period between April 1,
2006 and March 31, 2007. This report contains highlights of research by these 13 neutron
research groups of QuBS and ASRC, introducing 68 experimental reports.
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Neutron Science Relations in JAEA

@ Organizati

Research and Development Sector

[ Advanced Science Research Center ]

[ Nuclear Science and Engineering Directorate ]

[ Quantum Beam Science Directorate ]

on Structure of JAEA
4

April, 2006- March, 2007

President
Executive Vice President

\___ Executive Director

Auditor

M

anagement Sector

8 Departments/Offices

(Research and Development Institutes/Centers

Promotion Sector

6 other Directorates

( Tokai Research and Development Center | 12 Departments/Office

9 Institutes/Centers

[Neutron Science Groups in JAEA]

Units Managers Group Leaders

Research Center

Director General : Y. Hatano
Deputy Director General : H. Ikezoe

—| Molecular Structural Biology Group H R. Kuroki |
Neutron Biology
Deputy Director Research Center —| Computational Biology Group |—| N. Go |
] N. Go
General: ﬂ Neutron Biophysics Group |—| M. Kataoka ONAISTD |
Y. Fuijii Neutron ﬂ Polarized Neutron Magnetism Group H K. Kakurai |
Quantgm Beam 1 Materials —| Nanomaterials Synthesis Group H S. Shamoto |
Science Research Center
Directorate K. Kakurai ﬂ Advanced Materials for Energy Group I_I Y. Ishii |
—| Neutron Imaging and Activation Analysis Group |—| M. Matsubayashi |
Director General: Invited Neutron —| Neutron Residual Stress Analysis Group H Y. Akiniwa ONagoya Univ.)|
Y. Kato Researcher: Technology R&D - -
. 1 Center —| Pulsed Neutron Instrumentation Group H M. Arai |
S.K.Sinha
ucsb) Y. Morii _| Neutron Detectors and Optical Devices R&D Group I—I K. Soyama |
ﬂ Neutron Optics Group H J. Suzuki |
6 other Units
(29 Groups/Office )
Group Leaders
Information Transmittance among .
. . ] ) | | . || Deputy Group Leader:
Advanced Science Hierarchical Structures in Strongly T. Hashimoto S. Koizumi

Correlated Supramolecular Systems Group

Principal Scientist:
N. Metoki

R. H. Heffner
(LANSCE)

Spin-Orbital Complex Dynamics
of -Electron Many-Body Systems Group

_|

6 other Groups

Nuclear Science and
Engineering Directorate

Director General : O. Oyamada
Deputy Director General : T. Ogawa

Division of Nuclear Data and Group Leader

_|

Reactor Engineering Innovative Nuclear Science )
M. Ohshima
Research Group
Unit Manager : H. Akimoto
3 other Units
General
Managers

Tokai Research and
Development Center

Director General : Y. Suzuki
Deputy Director General : N. Ogino

Director : H. Yokomizo
Deputy Director : Y. Yoshida
(Deputy Director : F. Sakurai)*

Department of Research
Reactor and

JRR-3 Operation

Nuclear Science Research i
Section

[1Y. Murayama

Institute

TandemAccelerator
Research Reactor

Utiization Section || T. Kusunoki

Director : F. Sakurai®?2
Deputy Director : K. Yamashita®3
Deputy Director :S. Takeuchi

—| 5 other Sections

U1 January 2007 O

*2 [J December 2006 , January 2007 O K. Yamashita

03 [J December 2006
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Neutron Science Relations in JAEA

@ Organization Structure of JAEA

Research and Development Directorates

[ President

Executive Director

[ Advanced Science Research Center

Executive Vice President

April, 2007-

] Auditor

)

Management Sector
8 Departments/Offices

[Nuclear Science and Engneering Directorate ]

M
L

Project Promotion Sector
11 Departments/Office

[ Quantum Beam Science Directorate ] Research and Development Institutes/Centers
6 other Directorates [ Tokai Research and Development Center ]
[ J-PARC Center ]

9 other Institutes/Centers

[Neutron Science Groups in JAEA]

Units Managers

Group Leaders

Molecular Structural Biology

Research Center

Director General : Y. Hatano
Deputy Director General : H. Ikezoe

) ] ] R. Kuroki
Neutron Biology Group
. ] Research Center —  Computational Biology Group  — H. Kono
Deputy Director
General:n2 R. Kuroki o
— Neutron Biophysics Group M'm\l‘(/_é\lltsa%ka
Y. Morii
ntum Beam - i i
Qua tl.J eal . Polarized Neutron Magnetism || K. Kakurai
Science Neutron Materials Group
Directorate - ] Research Center — Nanomaterials Synthesis Group [— S. Shamoto
K. Kakurai :
| [ Advanced Materials forEnergy | f \\/ \jyqmice
Group
i 01 .
Director General Invited Researcher: | [ Neutron Imaging and Activation |_| .
Y. Fujii ’ Analysis Group M. Matsubayashi
S.K.Sinha Neutron Technology
JucsD) R&D Center Neutron Residual Stress || K. Akita
Analysis Group OMi - Tech)
Y. Morii ]
1 Neutron Optics Group ] J. Suzuki
29Groups/Office
Group Leaders
. Research Group for Strongly Correlated . | | Deputy Group Leader:
Advanced Science Supramolecules T. Hashimoto S. Koizumi

Research Group for Megnetism and
Superconductivity in Actinide Compounds

Y. Haga

Principal Scientist:
N. Metoki

_|

6 other Groups

Nuclear Science and
Engineering Directorate

Director General : O. Ogawa
Deputy Director General : H. Akimoto

Engineering

Unit Manager : H. Akimoto

Division of Nuclear Data and Reactor

Group Leader

3 other Units

_|

Innovative Nuclear Science | | M. Ohshima
Research Group
General
Manager

Tokai Research and
Development Center

Director General : H. Yokomizo®™4
Deputy Director General : N. Ogino

Nuclear Science Research
Institute

Director : O. Oyamada
Deputy Director: Y. Yoshida
Deputy Director : F. Sakurai

Director : K. Yamashita
DeputyDirector : S. Takeuchi

Department of Research H
Reactor and

JRR-3 Operation |
Section

Y. Murayama

TandemAccelerator

|| Research Reactor ||
Utilization Section

T. Kusunoki

5 other Sections

Section Leaders

KEK & JAEA
J-PARC Center

Director: S. Nagamiya
Deputy Director : Y. Oyama

Materials and Life Science
Division

Division Leader : Y. Ikeda

_|

Neutron Source Section

|_| M. Futakawa®5 |

_|

Neutron Science Section

|_|

M. Arai |

—|Neutr0n Instrumentation Section |—|

K. Soyama |

|

4 other Divisions

*1 [] September 2007. Y.Kato *2 [0 September 2007. Y. Fujii *3 O September 2007. K. Kakurai *4 [0 September 2007. Y. Suzuki

*5 [ September 2007. T. Kato
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List of JAEA Instruments

A. Neutron Scattering Instruments

Beam Port Instrument Moderator Instrument Staff
1G High Resolution Powder Diffractometer Thermal Naoki lgawa,
(HRPD) (H,0) Hiroshi Fukazawa
1G-A Diffratometer for Biological Crystallography-Iil Thermal Taro Tamada,
(BIX-3) (H,0) Takashi Ohhara
1G-B Single Crystal Diffractometer for Biological Thermal Kazuo Kurihara,
Macromolecules (B1X-4) (H,0) Takashi Ohhara
2G Triple-Axis Spectrometer Thermal Kazuhisa Kakurai,
(TAS-1) (H,0) Masayasu Takeda
3G Apparatus for Precise Neutron Optics and Neutron Thermal Satoshi Koizumi,
Diffraction Topography (PNO) (H,0) Kazuya Aizawa
7R Thermal Neutron Radiography Facility (TNRF) Thermal (H,0) Masahito Matsubayashi,
C2-3-3-1 Cold Neutron Radiography Facility (CNRF) Cold (Liquid Hy) Hiroshi likura
m Prompt Gammalray Analysis System Thermal . .
T1-4-1 (PGA) (H,0) Hideaki Matsue
" Apparatus for Neutron Beta Decay Measurement Thermal o .
T1-4-5 (NBD) (H,0) Jun-ichi Suzuki
T2-1 Diffractometer for t?;g;z)dual Stress Analysis Thermal Hiroshi Suzuki,
a H . .
T2-3-2 (RESA-D)) (H,0) Atsushi Moriai
Multi-Purpose Thermal Neutron Application and Science Thermal .
T2-3-1 (MUSASI) (H,0) Naoto Metoki
To-4 Triple-Axis Spectrometer Thermal Masaaki Matsuda,
(TAS-2) (H,0) Shuichi Wakimoto
i Low energy Triple-Axis Spectrometer Cold .
Cc2-1 (LTAS) (Liquid H,) Koji Kaneko
C2-2 Apparatus for Surface and Interface Investigations with Cold Kazuhiko Soyama,
Reflection of Neutrons (SUIREN) (Liquid H,) Dai Yamazaki
C2-3-2-1 Multiple Prompt Gamma-ray Analysis Cold Masumi Ohshima,
(MPGA) (Liquid H,) Yosuke Tou
C2-3-3-2 (CHOP) Cold Kazuya Aizawa,
C2-3-3-4 (LAUE) (Liquid H,) Kentaro Suzuya
C3-1-2-1 Apparatus for Neutron Optics Cold Takayuki Oku,
(NOP) (Liquid H,) Jun-ichi Suzuki
C32 Small-Angle Neutron Scattering Instrument Cold Satoshi Koizumi,
(SANS-J) (Liquid H,) Jun-ichi Suzuki
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B-1. Cryostats, Magnets and Furnaces

Accessory Number Performance Instrument Staff
Dilution Refrigerator 1 Tmin= 10 mK, Hp.x =5 T (Vertical) Naoto Metoki
D"“t'o_n ?ef”gerator 2 Toin= 50 MK Naoto Metoki

(Lquid-"He-Free)
107 ':"ag”et 1 T,in= 100 MK, Hym = 10 T (Vertical) Naoto Metoki
(Liquid-"He-Free)
Orange Cryostat 1 Tmin=15K Toyotaka Osakabe
Horizontal Magnet 1 Tmin= 1.5 K, Hyax=5 T (Horizontal) Jun-ichi Suzuki
4 K Cryostat 2 Thin=4 K Yutaka Shimojo
10 K Cryostat 6 Thin=10K Yutaka Shimojo
Furnace for Soft Matter 1 T=0-300°C Satoshi Koizumi
800 K Displex 1 T=5-800K Masaaki Matsuda
Furnace 2 Tmax = 1100 K Yutaka Shimojo
Furnace 1 Tiax = 2000 K Yutaka Shimojo
B-2. Pressure Devices
Pmax= 2.7 GPa
McWhan Cell 3 Cell Size : 100 mmOx 140 mm Toyotaka Osakabe
Sample Size : 5 mmOx 6 mm
Prax= 6.5 GPa
Hybrid Anvil Cell 1 Cell Size : 45 mmOx 77 mm Toyotaka Osakabe
Sample Size : 1 mm@Ox 0.25 mm
Pmax= 1.0 GPa
Cu-Be Cell 1 Sample Size : 3 mmClx 18 mm Toyotaka Osakabe
(The cell is used with a standard orange cryostat.
Pressure is chngeable from the outside of the cryostat.)
Lmax= 2.0 ton
Uniaxial-Stress Cell 1 Sample Size : 10 mm0Ix 10 mm Toyotaka Osakabe
(The cell is used with a standard orange cryostat. Load
is changeable from the outside of the cryostat.)
Oscillatory Shear Machi 1 T =RT - 200 °C, Amplitude = 0.01 - 2 mm, Satoshi Koi .
scillatory Shear Machine Frequency = 0.1 - 100 Hz atoshi Koizumi

Stress Ri 1 Tensil Speed = 0 - 0.01 mm/sec, Atsushi Moriai,

g Range of Load = 50 - 1000 kgf + 1% Hiroshi Suzuki
B-3. Detectors
Neutron Imaging Plate several Resolution = 100 Om Ryota Kuroki
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1.1 X-ray and Neutron Crystallography for Structure Determination
of Biological Macromolecules
Molecular Structural Biology Group
R. Kuroki

Increasing the number of protein whose structures have been determined will enable us to understand
the protein function and also create new molecules. Neutron crystallography is a powerful tool for
determining the location of hydrogen atoms, and also enables us to obtain information about the ionization
status of amino acids and the structure of hydrating waters. Here, we introduce the latest developments in
protein crystallization techniques and structural determination using neutron diffraction.

In an attempt to crystallize a protein, we introduced a leucine zipper-like hydrophobic interface
(comprising four leucine residues) into a helical region (helix 2) of the human pancreatic ribonuclease 1
(RNase 1). This mutant RNase 1 was successfully crystallized and its structure was determined®. This
example shows that a crystal interface can be artificially created by protein engineering. We also succeeded
in determination of the neutron crystal structure of porcine pancreatic elastase (PPE) (EC 3.4.21.36) that is
classified in the chymotrypsin family, and this structure has been used as a model for structure based drug
design (SBDD). Previously, we succeeded in collecting neutron diffraction data of PPE with its inhibitor to
2.3 A resolution?. After improvement of the size of PPE crystal, we succeeded in collection of neutron
diffraction data to 1.75 A resolution, and the PPE structure was refined to a crystallographic R-factor of
21.2 % (free R-factor = 29.6 %) including the inhibitor, two ions (calcium and sulfate), and 141 deuterated
waters. Protonation of histidine at an active site was clearly confirmed by measurement of its nuclear
densities (Figure 1). Moreover, in collaboration with Prof. Ogo (Kyushu Univ), we succeeded in
determination of the crystal structure of Ni(O-H)Ru complex  [(Ni“L)(H.0)(0-H)Ru”
(0°-CMeg)[(NOsH[2](NO3)}, where L = N,N'-dimethyl-N,N'-bis(2-mercaptoethyl)-1,3-propanediamine by
single crystal neutron diffraction. A Ni(0-S)2(0-H)Fe species is one of the candidates for mimicing the
active form of the [NiFe]hydrogenase, which catalyzes the activation of H, into two protons(H") and two
electrons (0).

Figure 1: Tertiary structure of Porcine
Pancreatic Elastase determined by
neutron crystallography. (a) Overall
structure of PPE including hydrogens
and hydrating waters. (b) Nuclear
density of active site histidine residue.
PPE  structure includes carbon,
oxygen, nitrogen, sulfate and hydrogen
and deutreium.

References

1) H. Yamada 00O Protein Science, 16, p. 2458 (2007).

2) T. Kinoshita 0000.: Acta Crystallographica Ser. F, 63, p. 315 (2007).
3) S. Ogo 000 :Science, 316, p. 585 (2007).
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1.2 DNA Deformability and Hydration Studied by Molecular Dynamics Simulation
Computational Biology Group
H. Kono

DNA conformation and deformability depend on sequence composition. The variability in DNA
conformation and deformability is believed to be one of the most important factors in specific recognition
of DNA sequence by regulatory proteins. To investigate the differences in DNA conformation and
deformability among distinct DNA sequences, we have carried out molecular dynamics simulations and
found that AATT sequence is the most rigid and TTAA is the most flexible among all possible 136 tetramer
sequences”. To elucidate the causes for such mechanism, we analyzed the hydration patterns of the two
sequences?.

The probabilities of observing a water molecule in a minor groove of the sequences AATT and TTAA
are significantly different. In AATT, a water bridge is found with a high probability throughout the
simulation. On the other hand, in the TTAA case, the bridge-forming rate is relatively low, and in particular,
bridge formation at the central site is very rare. This tendency is in accordance with a previous
experimental observation made by Mack [0,

The above difference in bridge-forming rate can be explained in terms of the distance between two
acceptor atoms. At the central site of AATT with a high probability of bridge formation, the average
distance between acceptor atoms is 3.64 + 0.35A (one standard deviation) which is a suitable distance for
the bridge formation when considering the geometry of hydrogen
bonds participating in the bridge. On the other hand, this distance in
TTAA is 574 = 1.19 A, which is too long to make
bridge-constructing hydrogen bonds. We can clearly see such
characteristics in the figure where regions having three times higher
density than bulk water are shown by green meshes. In AATT, the
high density regions are aligned along the minor groove. On the AATT
other hand, in the TTAA minor groove, there are no high density
regions indicating the bridge water sites.

This study indicates that the conformational characteristics of
DNA are highly correlated with its hydration pattern. Our results are

not sufficient to thoroughly explain the relationship between DNA ,
hydration and deformability, but this will be elucidated through minor groove major groove

o - - TTAA
further systematic investigation of various sequences.

References

1) M. J.Arouzo-Bravo OII00: J. Am. Chem. Soc. 127, pp. 16074-16089 (2005).
2) Y. Yonetani O0I00.: Molecular Simulation 33, pp. 103-107 (2007).

3) D. R. Mack 00I0: J. Mol. Biol. 312, pp. 1037-1049 (2001).



JAEA-Review[] 2008-004

1.3 Protein Dynamics Studied by Neutron Scattering
Neutron Biophysics Group
M. Kataoka

When a protein functions, its structural changes inevitably occur. The structural changes of the protein are
possible because of structural fluctuations in the protein. Characterization of protein structure dynamics is
therefore of central importance in understanding the functions of the protein. Aiming at the elucidation of
the dynamics-structure-function relationship, we have been studying the dynamics and the structures of the
proteins by various methodologies of neutron scattering. Two examples, which focus on the protein
dynamics, from recent studies are described here.

Dynamics of hydration water around a protein
Thermal fluctuations, or internal dynamics, of a protein are closely

- (a) h=0.27 1

related to the dynamics of the water molecules hydrated to the protein. "
To characterize the hydration water dynamics, incoherent elastic neutron ;:
scattering experiments were performed on powder samples of the :‘%06 -
protein, Staphylococcal nuclease (SNase), hydrated with H,O or D,0. ’ :: _ 1 fm}
The scattering from the hydration water was extracted by subtracting the ool } ] f %} i ﬁ % %l H} T |
scattering profile of the D,O-hydrated sample from that of the : : : :

20 (b) h=0.37 b

H,O-hydrated sample. Figure 1 shows the temperature dependence of
the mean-square displacement (MSD) of SNase and the hydration water 08l i
at the hydration ratios, h, of 0.27 (g water/g protein) and 0.37,
estimated from the scattering profiles of the protein and the hydration

water. At h=0.27 the MSD’s of the protein and the hydration water Zz:in;gig;§55¥é“
behave similarly. On the other hand, the MSD of the hydration water at W 1 0 o

Temperature [K]

06 B

<I.l2> 5]

04 }} = b

h=0.37 is significantly larger than that of the protein above the
. .. _ . . Figure 1: Mean-square displacements
dynamical transition observed at ~240K. The dynamical behavior of the hydrated protein (0) and its

hydration water is coupled with the protein dynamics via the  hydration water (0) at (a) h=0.27
hydration level and (b) h=0.37

hydrogen-bond network at the protein-water interface, thereby driving hydration level.

the protein dynamical transition.

Internal dynamics of actin

Actin is one of the most abundant proteins in a cell; it plays crucial roles in various aspects of cell motility.
The actin monomers (G-actin) polymerize into a helical polymer (F-actin). Flexibility of this F-actin has
been suggested to be important for such a variety of functions. To provide a basis for elucidating the origin
of the flexibility of F-actin, we carried out elastic incoherent neutron scattering experiments on hydrated
powders of F-actin and G-actin and characterized their internal dynamics. Temperature dependence of the
MSD estimated from the experiments showed that F-actin and G-actin have different behavior. Analysis of
the results showed that two dynamical transitions occur at about 150K and about 245K, that G-actin is
“softer” than F-actin, and that the different behavior observed can be ascribed to the differences in the
dynamical heterogeneity of F-actin and G-actin.
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1.4 Investigation of Condensed Matter Magnetism by Polarized Neutron Scattering
Polarized Neutron Magnetism Group
K. Kakurai

The research objectives of the Polarized Neutron Magnetism Group are the development of novel
polarization analysis methods and the utilization of both unpolarized and polarized neutrons for the
investigation of condensed matter magnetism. For this purpose we upgraded the polarized neutron
capabilities of TAS-1 and installed the 3-D polarization analysis instrument, CRYOPADUM, in
collaboration with French scientists from ILL and CEA-Grenoble(Takeda D00 in the Progress Report on
Neutron Science 2006). Our research put emphasis on the investigation of correlation between spin and
other degrees of freedom such as those of charge, orbital and lattice, which play important roles in
explaining novel phenomena in condensed matter such as those observed in multiferroic materials (Kimura
00 O0., Kajimoto 01 O0.,Wakimoto [0 O0., Kakurai 00 00, Nishiwaki O O0. in this report), high-Tc
superconductors(Matsuda 0L 00., Wakimoto OIOL in this report), and low-dimensional(e.g. Takeda OIICL.,
Oosawa OI00. in this report), quantum (Goto 00000, Hase 0100, Ono 0100 in this report), and frustrated spin
systems(e.g. Soda 00 00., Kashi 00 00 and Miura 00 O0. in this report). Polarized neutron diffraction
experiments on ferromagnetic fine particles have been also

—_ 350 —r T T T T T T r:
E 300F fé’K’O\); 1 performed (Ishii 0T 00, Oitani 00 0L in this report) to
me - E . .
% 250F 4K . evaluate the magnetization of the core ferromagnetic
§ f$ material. To investigate the interplay between the different
Qo
2 1003 J degrees of freedom, a high magnetic field sample
‘@ ’ L . . .
& 50F 4 environment up to 13.5 T and a single crystal high pressure
E PRSP PRI (ST [U ST R —— —1 .- - . -
0" %2 -0.1 0 0.1 0.2 sample environment up to 6.8 GPa (Osakabe in this
- 250 ' ' T report)have been developed and are now in operation.
§ 200 (Matsuda 0700 in the Progress Report on Neutron Science
g 150 2006 and Osakabe 010 in this report).
8
> 100
2 sof SE===1.
£ : 177 ]
° i P—
. 250 . f f .
£ S 3t i 5 E
£ 200 2 |l | I
2 E || a=m01) Q=(0.0,2h+1)
S 150 m 2 4
: O |
g100 [, S— l —
2 KCuClj|
§ 500 | T=14K @
§ e | S—
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Figure 1: Typical constant-energy spectra in the Figure 2: Softening of the dispersion relation in KCuCl,
diagonal incommensurate phase in lightly-doped measured at P = 4.7 kbar applied pressure along (h,0,1)
La,.,Sr,CuO,4. The incommensurability decreases and (0,0,2h+1). Dashed line is the dispersion curve at
with increasing energy, similar to those observed ambient pressure. For more details see Goto OI0L. in this
in the parallel incommensurate phase compounds. report.

For more details see Matsuda O00L. in this report.
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1.5 Functional Materials Studied by Neutron Diffraction
Nanomaterials Synthesis Group
S. Shamoto

Physical properties of functional bulk materials depend on their crystal structures, i.e. whether they are
crystalline or amorphous. As an in-between case, disorder in a crystalline material sometimes plays an
important role in certain types of functionality. Recently developed high intensity quantum beams, such as
pulsed neutron and synchrotron X-ray beams, provide a total scattering measurement with simultaneous
high O-resolution and high intensity, creating a wide [-range atomic pair distribution function (PDF). By
using the wideld-range information, materials categorized between crystalline and amorphous materials can
be explored in terms of their nanometer-scale local structure. Based on this concept, we have studied
functional materials such as optical recording materials®, giant negative thermal expansion materials®,
thermoelectric materials®, ferroelectric materials*®, and fullerene related nanomaterials. As for the optical
recording materials, two types of the optical recording crystalline material Ge,Sh,Tes have been studied.
One is the crystalline rock-salt-type cubic-phase Ge,Sh,Tes. The other is the nanocrystalline-phase
Ge,Sh,Tes. In the former case, a large atomic displacement of Ge atom was found by the PDF analysis.
According to the electronic band structure calculation of the compound GeTe which is isoelectronic with
Ge,Sh,Tes (Fig. 1), the electrical conductivity with holes at the valence band is only weakly affected by
randomness at the cation site, whereas the

thermal conductivity is significantly reduced x obs

—cal
dif

’twﬁ'{ﬁ%wﬂww

by this randomness. For the nanocrystalline

phase, the local crystal structure and the _ \ 1\
particle size distribution were obtained A4 / g :
simultaneously by PDF analysis using a ' ) ..
spherical-particle form factor (Fig. 2). The ¥ m 15

|

lattice parameter is longer than that of the 15 = R T
I X WXK E L

G(r) (A?)
(=]

G0
r(A)

Figure 2: Observed and calculated
and difference pair distribution
function  profiles  of  nano-
crystalline-phase Ge,Sh,Tes.

crystalline phase, suggesting an composition
y P 99 g P Figure 1. Electronic

richer in antimony (GeSh,Te,) than the matriX.  band structure of GeTe.

The energy band broad-

ness is proportional to

of the nanoparticle formation in an amorphous  the contribution of Te 50
orbitals.

This compositional deviation would be a cause

matrix, resulting in nucleation-dominated
crystal growth of this compound.
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1.6 Neutron Scattering Studies on Advanced Energy-Related Materials
Advanced Materials for Energy Group
K. Kakurai

The research objectives of the Advanced Materials for Energy Group are the structural and dynamical
characterizations of proton-related materials, such as hydrogen clathrate (Igawa 00100, in this report), ice
(Fukazawa 00 OL., in this report), and proton-conducting materials (Nagasaki OIICL. in this report), and
materials with light elements, such as lithium-ion containing substances (Basar 000, and Yamauchi 0JI00. in
this report), which are often relevant as advanced energy-related materials. Neutron is the unique probe for
these research subjects, being very sensitive to protons, hydrogen, deuterium and other light elements often
difficult to investigate by other scattering methods. For these investigations, the group maintains the
high-resolution powder diffractometer HRPD at JRR-3 and develops sample environment accessories such
as a low-T, high-pressure cell and high-T furnace for powder diffraction experiments. The application of
the maximum entropy method (MEM) for powder diffraction analysis is also being investigated to
characterize the dynamical behavior of molecules in hydrate clathrates or deuterium atoms in proton
conductors. The high- intensity wide-angle diffractometer WAND at HFIR of Oak Ridge National
Laboratory, operated within the 'US-Japan Cooperative Program on Neutron Scattering’, is also actively
utilized to promote the investigations of ice, which recently resulted in the discovery of the conditions

under which ferroelectric ice XI forms.
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Figurel: Scattering length density map of CO, hydrate at 10K, as Figure 2: Ice XI with proton-ordered
obtained by MEM. Two unit cells are shown in this figure. Small arrangement. Since water molecules
cages are located at the corner and center of the unit cell and g??ecgg%?e?cea;an?s 1Se- r?)c()leslec(t\:iecmlggl
large cages are located at the faces of the unit cell.. In the more details see Fukazawa OO0 in
synthesized hydrate both cage types were found to be almost this report.

fully occupied with carbon dioxide molecules at 10K. For more

details see Igawa 07I0L. in this report.
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1.7 Diverse Studies on Neutron Imaging
Neutron Imaging and Activation Analysis
M. Matsubayashi

Neutron imaging is expected to be powerful non-destructive
inspection technique. The following studies were conducted using
the neutron radiography facility installed at JRR-3.

Projection images of the JARI (Japan Automobile Research
Institute) standard type PEMFC (proton exchange membrane fuel
cell) for computed tomography (CT) in three states were obtained :
1) dried, 2) anode side flow channel filled with water (“one-side
wet”), 3) anode/cathode side flow channels filled with water
(“both-sides wet”). Two types of reconstruction calculation were
applied : 1) conventional FBP (Filtered Back Projection) method,
and 2) FBP method using specialized shading images as projection
images for the dried state (specialized-FBP). As clearly seen in
Fig.1, the quality of the left image (specialized-FBP) is better than
that of the right one (conventional-FBP).

Hydrogen is expected to be an ideal clean energy source for the
future, but it is difficult to store hydrogen compactly, lightly and
safely. Metal hydride (MH) is one of the practical hydrogen storage
mediums, which can absorb and desorb a large amount of hydrogen
in its interstitial sites at ordinary temperatures and low pressure.
Two MH canisters, MH-1 and MH-2, were prepared for CT. Both
canisters’ rated hydrogen amount was 50 NL. Each canister
contained 330 g of MH grain and six tubular glass sleeves for
improving hydrogen ventilation. MH-1 had been charged with and
discharged of hydrogen once. On the other hand, MH-2 had
undergone 1000 cycles. Both canisters were discharged of almost
all the hydrogen and filled with 0.2 MPaG argon gas. As shown in
Fig. 2, tomograms carried out on MH canisters subjected to 1 cycle
and 1000 cycles revealed that the filled MH itself expands in
volume with the charge/discharge cycle, so that the glass sleeves for
hydrogen ventilation collapsed.

Neutron imaging technique was applied to improve estimation of
the amount of corrosion in iron-artifact left underground for
geologic isolation research and development. Carbon steel
(SM400B, 30 x 30 x 2 mm thick) was soaked in simulated seawater
under natural conditions for almost 5 years, and its surface became
corroded as shown in Fig. 3, a CT image. Reduction of the base
metal of the carbon steel plate was clearly observed in the computed
tomograms. Experimental results show the effectiveness of neutron
imaging in corrosion evaluation of carbon steel.

Figure 1: 2D vertical slice reconstructions
of PEMFC. the left image reconstructed
by specialized-FBP method, the right by
conventional-FBP method.

Figure 2: Neutron tomography
analysis result of 1 cycled (MH-1,
left) and 1000 cycled (MH-2,
right) canister.

Figure 3: Corroded carbon steel

sample.
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1.8 Residual Stress Analysis and Advanced Research in Materials Science
Neutron Residual Stress Analysis Group
K. Akita

Neutron diffraction methods can measure residual stresses inside materials at depths on the order of
centimeters nondestructively. Residual (O00) lattice strains can be determined from the shifts in the
diffraction peak positions from that of the stress-free condition. Residual stresses can be calculated from
lattice strains measured in three orthogonal directions according to Hooke’s law. The neutron stress
measurement method, in general, has been utilized for evaluation of the condition of various mechanical
components. Recently, it has been applied to the stress evaluation of functional and advanced materials, e.g.
superconducting tapes or metallic glasses, as well.

We used this method to investigate a BSCCO Bi2223 Ag sheathed tape with the characteristics of high Ic
(HIc) and high strength (HS). It is known that critical current in superconducting tapes has stress/strain
dependence; hence, it is important to know the phase stresses between the Ag sheath and Bi filament. We
measured the strain behavior in each phase under uniaxial tensile load using a neutron diffraction
technique®. Figure 1 shows the stress/strain behaviors of Bi(220) and Ag(110). It was confirmed that the
gradients of the Bi phase Hlc and HS are quite similar and show almost linear relationships with the
applied stress, while the strain behavior of Ag phase is not linear because of yielding.

This neutron diffraction method also enables us to measure microstructural factors such as texture,

intergranular strain, dislocation density, and S e e oA T |
R . . R (& * - M coupon for d, | - H HS)|
block size. The dislocation density and the @ ey, | e
block size can be evaluated by analyzing the 3 o P e A '
. . . . ‘5“; & ‘U.‘.‘\-Oa' g Y P 3002 | . '."'}\'\':iaﬁ“‘
diffraction profile. We have established a new g e | E o .
. . . RIS 1 E e =
technique which can evaluate various ; oo [
] ) . 1o | _“)f?\'?,'-i’;, [E aed
microstructural factors by superimposing them e ;
b ¥ b
on the pole figure. LT e " LT g

Figure 2 shows the gradation images of
: : : - . Figure 1: Changes in lattice spacing of (a) Bi(220) and (b)
dislocation density and block size pole figures Ag(110) respect to the applied stress in BSCCO Bi2223
superimposed on a texture contour map of 316 Ag-sheathed tapes.

stainless steel with 25% cold rolling reduction.
It can be seen in this figure that there is good
correlation between texture and dislocation

x10%4/m?

density as well as block size, which means that
higher dislocation density and smaller block
size are coincide with weaker intensity.

Residual stresses and microstructural factors

measured by the neutron diffraction method Figure 2: Pole figures of (a) block size and (b) dislocation

. . density derived from 111 diffraction profile in 316SS with
are very helpful in the design and the 25% reduction. Contour separation for the texture is 0.25
development of engineering components as and dotted-lines indicate levels below 1.0.

well as studies in materials science.
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1.9 Development and Construction of Pulsed-Neutron Scattering Instruments
for J-PARC
Pulsed Neutron Instrumentation Group
M. Arai

We have constructed the following three pulsed-neutron scattering instruments at MLF/J-PARC.
1) The Cold Neutron Disk-Chopper Spectrometer (AMATERAS)

The Cold-Neutron Disk-Chopper Spectrometer (AMATERAS) is a direct-geometry spectrometer which
will realize both high-resolution (O0/0; < 1%) and high-intensity with high flexibility in the range of ;= 1
~ 20 meV, and will exhibit sufficient performance up to 0; < 80 meV. AMATERAS is expected to be useful
in such varied scientific research areas as solid state physics, chemistry, materials science, and soft matter
science. Execution design of each component of AMATERAS is in process now. Construction of the main
part of the spectrometer will be finished in the middle of JFY 2008, and AMATERAS is expected to be
ready for use at the end of JFY 2008.

2) Engineering Materials Diffractometer (TAKUMI)

The Engineering Materials Diffractometer (TAKUMI) will be one of the instruments in place at
MLF/J-PARC when the first beam is produced in May 2008. A prototype of the radial collimator with Imm
gauge width for TAKUMI was made to clarify the design concept, and good agreement with the concept
has been obtained from neutron beam tests in JRR3. The satellite building construction for TAKUMI will
be completed in middle November 2007, and the installation of shieldings, neutron guides, and main parts
such as the goniometer and slits is to be completed on March 2008. TAKUMI will be installed fully in 2008,
and hopefully become ready for users from April 2009.

3) 4D Space-Access Neutron Spectrometer (4SEASONS)

The Fermi-type chopper spectrometer (ASEASONS) is specially dedicated to the elucidation of the
mechanism of high-Tc superconductivity. The instrument design of 4SEASONS realizes high neutron flux
at the sample position by utilizing novel neutron optic devices, the wide incident energy range 5 meV < [J;
< 300 meV, and moderate energy resolution (O0/0; = 5 % at elastic scattering). Construction of
4SEASONS is now at its peak. A lot of equipment, such as the guide tube system, main shielding, chopper
system and long (2.5 m) *He position sensitive detectors,
are in the process of production and will be installed by
the end of JFY2007. A 22 m® vacuum scattering
chamber has been already completed and delivered to
the MLF experimental hall as shown in Fig. 1.
4SEASONS will be operated in May 2008 as a day one
instrument of MLF/J-PARC. After some commissioning
tests, 4SEASONS will be ready for advanced scientific
exploration. The construction of 4SEASONS is
supported by a Grant-in-Aid for Specially Promoted
Research, MEXT, Japan (No. 17001001). Figure 1: Vacuum scattering chamber for 4SEASONS.
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1.10 Development of Neutron Detectors and Neutron Optical Devices
Neutron Detectors and Optical Devices R&D Group
K. Soyama

We have developed neutron detectors for neutron scattering experiments using high-intensity pulsed
neutron sources. A prototype linear scintillation detector originally developed at RAL was fabricated for the
engineering diffractometer in J-PARC. The fabricated detector was designed to have small detection pixels
with a spatial resolution of 3 mm. The detector had 120 pixels in order to establish a large neutron-
sensitive area. Scattered neutrons were detected based on the nuclear reaction of °Li(n, 0) in ZnS/LiF
scintillators in the pixel. Figure 1 shows the detector head with photomultiplier tubes. A spatial resolution

of approximately 3 mm and the linearity of the neutron count of the fabricated detector were confirmed.

Detector modu!
[The design wa:

Figure 1: 1-D ZnS:Ag/°LiF Scintillator Detector (ISIS type).
Figure 2: The new cold neutron reflectometer

“SUIREN” at JRR-3 of JAEA.

The operation of a new cold neutron reflectometer “SUIREN”, which will be utilized for studying the
surfaces and interfaces of thin film optical devices, started at the C2-2 port of the JRR-3 in 2006. JAEA
accepts requests from academic and industrial researchers to use SUIREN. JAEA has already provided 26
days of use to external researchers in 2006 and will provide 60 days in 2007. This instrument has
vertical-sample geometry and is going to be used for studies on supermirrors, polymers, magnetic thin films
and other materials with solid surfaces. The neutron wavelength is 3.8 A and collimated intensity is 2.3 x
10* n/slcm?/s with 00 = +0.04 deg at the sample position. Test measurements were performed before the
beginning of operation by users. Figure 1 shows specular reflectivity of a silicon wafer together with a
fitting curve for a Si wafer with surface oxidization of 5 A. It was found that there is reflectivity down to
10° (0, < 0.42 A™). A measurement took 59 h. Polarization analysis will be available in 2007. A1 T

sample magnet and a refrigerator (10 K 0) will also be available in the future.
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1.11 Development and Application of Neutron Optics
Neutron Optics Group
J. Suzuki

We have developed neutron optical and imaging devices™ and used the devices for focusing-geometry
small-angle neutron scattering (F-SANS) measurements®® and neutron O-decay measurements in
collaboration with the ASRC in-house research group for soft matter neutron scattering, KEK, RIKEN,
NIMS, the University of Tokyo, Hokkaido University, Ibaraki University, and Keio University.

Figure 1 (left) shows a pulsed sextupole electromagnets) installed at the 45 MeV electron linear
accelerator facility of Hokkaido University in a joint research project and (right) a system including a series
sextupole permanent magnet® installed at NOP of JRR-3, which have been developed to focus
polychromatic neutrons with a the time-of-flight method. In the former system, the gradient of magnetic
field O is controlled by changing the electric current applied to the electromagnet synchronously with the
neutron passage through the electromagnet, so that faster neutrons will be subjected to a stronger magnetic
field gradient than slower neutrons. On the other hand, in the latter system the polarity of neutrons is
controlled by a spin flipper synchronously with the neutron passage through the system, so that faster
neutrons are subjected to focusing power in both sextupole magnets and slower neutrons are subjected to
focusing power in the first sextupole magnet but are subjected to defocusing power in the second sextupole
magnet. We have successfully demonstrated that we can focus neutrons in the finite wavelength band of 0.2
~ 0.3 nm using these systems. The wavelength bands are narrow at present, but a technique to widen the
wavelength band will be developed in the near future.

Spin fipper Jll 2nd magnetic lens IS N "o

|

Figure 1: Pictures of (left) a pulsed sextupole electromagnet installed at the 45 MeV electron linear accelerator facility of

the Hokkaido University under joint research and (right) a series sextupole permanent magnet installed at NOP of JRR-3.
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1.12 Investigation of Hierarchical Structures
by Ultra-Small-Angle Neutron Scattering:
a Bridge between Material Science and Life Science
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1.13 Precise Single Crystal Neutron Diffraction Investigation
on Rattling in Cage Compounds
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