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This report describes neutron scattering instruments and accessories installed by four
neutron scattering research groups at the ASRC of the JAERI and the recent topics of
neutron scattering research using these instruments. The specifications of nine
instruments (HRPD, BIX-I, TAS-1 and PNO in the reactor hall, RESA, BIX-II, TAS-2,
LTAS and SANS-J in the guide hall of the JRR-3M) are summarized in this booklet.
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1. Introduction

This booklet describes the neutron scattering instruments and accessories installed at the JRR-3M by

the four research groups (strongly correlated election systems, ultra-low temperatures, quantum

condensed matter and structural biology) at the Advanced Science Research Center (ASRC) of the

Japan Atomic Energy Research Institute (JAERI). There are nine instruments: HRPD, BIX-I, TAS-1

and PNO in the reactor hall, and RESA, BIX-II, TAS-2, LTAS and SANS-J in the guide hall. All

instruments are maintained in excellent conditions.

HRPD enables us to determine powder diffraction lines with high resolution (0.1 % in Ad/d) because

of its elastically bent-Si monochromator. In addition, by using the overlap data acquisition method, high

quality diffraction patterns have been obtained for superconductors, super-ionic conductors, actinides,

ceramics and other materials. Furthermore, a nuclear density map of materials can be determined

precisely by the use of the MEM method.

BIX-I and BIX-II are diffractometers for the analysis of the structure of biological crystals. Neutron

Image Plates (NIP) developed at the ASRC are used as a detector of neutrons diffracted from biological

crystals at BIX-II. Therefore BIX-II is able to effectively collect two dimensional diffraction patterns

with high precision. The triple-axis spectrometers TAS-1, TAS-2 and LTAS, have been used to study

elementary excitations in superconductors, and magnetic structures of condensed materials in magnetic

fields. TAS-2 and LTAS are constructed with non-magnetic materials for experiments using high

magnetic fields up to 10 T. SANS-J is a powerful instrument to study soft matter and strongly

correlated electron systems. The operation and control system of SANS-J has been upgraded to a brand

new system, which has a good man-machine interface with a graphical data display. RESA is a

diffractometer for the analysis of the residual stress in materials. This diffractometer measures the

residual strains in small volumes of the sample using a well-collimated neutron beam and a bent-Si

monochromator. To understand the residual stress in materials is very important for materials design

and their integrity. PNO is a unique instrument for neutron topography and interferometry as well as

very small angle neutron scattering. Topography is an important method for the testing of the integrity

of materials in industrial applications.

In addition to the instruments described above we need special accessories to provide the

experimental conditions of the samples to be studied. At the JRR-3M there are many such accessories to

achieve ultra-low temperatures, high magnetic fields, high temperatures and high-pressure conditions.

At the ASRC, a helium-free ultra-low temperature refrigerator and a helium-free 10 T magnet have

been developed and reliably used in many experiments. Further developments of the elastically bent-Si

monochromator and NIP are currently in progress.

Many research projects are carried out by the four research groups consisting of 17 staff members, 8

contract researchers, 5 post-doctoral researchers and a student, using these neutron instruments and

accessories.

More information about the neutron scattering instruments and research topics at the JRR-3M can

be found at our home page at "http//neutrons.tokai.jeari.go.jp".

- 1 -
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2. JRR-3M
The JRR-3M is a research reactor upgraded from the JRR-3 to meet the growing demands in neutron

scattering research, material irradiation, isotope productions, etc. This reactor reached its full power of

20 MW in November 1990, and it has been running very well, usually in 175-day operation in a year,

since then. The JRR-3M is a swimming pool type reactor using 20% enriched silicide fuel.

The cylindrical reactor core is 60 cm in diameter and 75 cm in height, and is surrounded by a heavy

water tank with 200 cm in outer diameter and 160 cm in height to give the thermal neutron flux of 3 X

10un/cm2"s. The reactor core is composed of 26 standard-type fuel elements, 6 follower type control rods

with fuel elements and beryllium reflectors. Figure 1 shows a model of the reactor core.

The neutron scattering facilities are located in two experiment halls, the guide hall and the reactor

hall. Figure 2 shows a photograph of the JRR-3M buildings. Three and two beam lines guided from the

reactor to the guide hall are used for cold and thermal neutron beam experiments, respectively. Seven

neutron scattering instruments are installed in the reactor hall and fifteen in the guide hall by JAERI

and Japanese universities. Figure 3 shows the layout of the facility for neutron scattering experiments.

The installed instruments are summarized in Table 1. Although the university's instruments are

included in this table, we will only describe JAERI's instruments and accessories in this booklet.

Characteristics of the beam ports are summarized in Table 2.

More information about JRR-3M can be found on the internet in our home page at

"http://rrsys.tokai.jaeri.go.jp:1050/english/cont.html".

guide Reactor

Fig. 1 A model of the cylindrical
reactor core for JRR-3M

Fig.2 Photograph of JRR-3M reactor building
and guide building



u

— z— .j.i

U

m
SANS-1-

i I

Guide Hall

1_ fL
IIOR KS

n n IH-lRMESn

i_r

3,

7
^

: ^

V
7

_TL

0 5 10m

to
ooo
I

©
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Table 1 Instruments installed at JRR-3M.

JRR-3M

Beam Port

1G
1G-A
2G

Reactor Hall
3G

4G
5G
6G

T1-1
T1-2
T1-3

Guide Hall

Guide Hall

T2-1
T2-2

T2-3
T2-4

C1-1
C1-2

C1-3
C2-1
C2-2
C3-1-1
C3-1-2
C3-2

Name

HRPD
BIX-I
TAS-1
PNO

GPTAS
PONTA
TOPAN

HQR
KSD
HERMES

RESA
FONDER

BIX-II
TAS-2

HER
SANS-U

ULS
LTAS
NSE
AGNES
MINE
SANS-J

Instrument

High Resolution Powder Diffractometer
Diffractometer for Biological Crystallography No.1
Triple-axis Spectrometer No.1
Apparatus for Precise Neutron Optics and
Neutron Diffraction Topography
Tripie-axis Spectrometer
Polarized Neutron Triple-axis Spectrometer
Tohoku-University Polarization Analysis Neutron
Spectrometer

High Q-Resolution Triple-axis Spectrometer
Kinken Single Crystal Diffractometer
High Efficiency and Resolution Measurement
System
Diffractometer for Residual Stress Analysis
Four Circle Off-center-type Neutron
Diffractometer (*)
Diffractometer for Biological Crystallography No.2
Triple-axis Spectrometer No.2

High E-Resolution Triple-axis Spectrometer
Small-angle Neutron Scattering Instrument
Univesity of Tokyo
Ultra Small Angle Scattering Instrument
Low Energy Triple-axis Spectrometer
Neutron Spin Echo Spectrometer
Angle Focusing Cold Neutron Spectrometer
Multilayer Interferometer for Neutrons
Small-angle Cold Neutron Scattering Instrument

Owned by

JAERI
JAERI
JAERI
JAERI

ISSP
ISSP
Tohoku U.

ISSP
Tohoku U.
Tohoku U.

JAERI
ISSP

JAERI
JAERI

ISSP
ISSP

ISSP
JAERI
ISSP
ISSP
KUR
JAERI

(*) commissioning
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Table 2 Characteristics of the Beam Ports

Reactor hall

Beam Port

1 G

2G

3G

4G

5G

Neutron Flux (n/cm2 • s)

1.2 x 109

3.3 X 109

3.0 X 10'

I 6G 3.5X10'

I 7R

8T

9C

1.2 X 10'

7.4 X 10'

Cd-Ratio

7.4

10.6

7.7

7.6

1.5 X109

Guide hall

Beam Port

Thermal
neutron guide
tube

Cold neutron
guide tube

T 1

T2

C 1

C2

C3

Neutron Flux (n/cm2 • s)

1.2 X 10'

1.2 X 10'

2.0 X 10'

2.0 X 108

1.4 X 10s

Characteristic Wavelength (A)

IV
)

2

4

4

6

- 5 -
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3. Instruments

3.1 HRPD(1G)
High Resolution Powder Diffractometer

Y. Morii, K. Oikawa and Y. Shimojo

The HRPD diffractometer has been mostly used for studies on crystal and magnetic structures of

materials in the various fields. A picture of this instrument is shown in Fig. 1. The HRPD is particularly

well suited for the Rietveld refinement of relatively large structure, such as zeolites, complexes,

catalysts, ionic conductors, etc.

To collect high-resolution diffraction patterns over the wide angular range, very fine collimators are

used before the monochromator and detector positions and a large take-off angle for the monochromator

is used. For efficient neutron counting, 64 sets of 3He detector are arrayed with equal space of 2.5

degrees. The most important characteristic of this diffractometer is 0.1% resolution in A did at the

focusing angle. The technical specifications of this diffractometer are summarized in the table below.

Wavelengths of 0.1163 nm and 0.1823 nm are frequently used for diffraction experiments. The shorter

one is mainly used for studies of crystal structure in the high Q-range up to 106 nm1. The longer

wavelength is used for studies of magnetism using high-resolution and low-background in the low Q-

region.

Specifications

in pile collimator

first collimator (before monochromator)

size of a monochromator crystal (mm)

number of the monochromator crystals

monochromator type

take-off-angle (degree)

wavelength (nm) hot-pressed Ge 331

Cu311

horizontally bent Si 311

Si 533

second collimator (before sample)

neutron flux at sample position

scattering angles

angular precision

20', 40', open

6', 12', open

20(w), 75(l), 5 or 10(t)

11

vertically pseudo-bent

89

0.1823

0.1531

0.2301

0.1163

130

0.2353

0.1976

0.2969

0.1501

20', 40'

1 X 105n/cm2s

5°<20s<165°

0.005°

third collimator (before detector) 6'

number of the third collimators

neutron detector

64

6atm. 3He

number of the neutron detectors 64
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Figure 2 shows a Rietveld refinement

pattern of KH2POi measured at room

temperature at the HRPD. The intensities

of 255 reflection lines of KH2PO4 are

analyzed by the software package,

REMEDY, which consists of the RIETAN-98

and the MEND software. A map of nuclear

density projected on the (001) plane is

shown in Fig.3. As shown in this nuclear

density map, hydrogen atoms are located at

two equilibrium positions toward the ligand 4

oxygen atoms. The distance between the

twin peaks is 0.036 nm, which is in good

agreement with the value reported by Nelmes et al. [Ferroelectrics 71 (1987) 125].

It is expected that these analyses reveal the anharmonic thermal displacement of the atoms in the

phase transitions, the disordered structures, the ion conduction, etc.

Fig.1 Side view of HRPD

1000
500

8000

6000

4000
| j

Rietveld Analysis of KH7PO4 at R.T.
Wave Length = 1.16 A
Rwp = 2.06 9c. Rp = 1.64%
R, = 4.65 %.RF = 2.76%

20 40 60 80 100 120 140

2-Theta t Deqree)

Fig.2 Rietveld refinement pattern of KH2PO4

Contour Range : 2.5 x 1.5n , n = 0 .. 20 fm / A3

Fig.3 Map of nuclear density projected
on the (001) plane
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3.2BIX-I(1G-A)
Diffractometer for Biological Crystallography No. 1

N. Niimura and I. Tanaka

Overview

BIX-I is a diffractometer dedicated to the study of small specimens (< 5mm cube) of large-cell

macromolecular crystals (cell constants up to~100A). Equipped with a specially designed elastically

bent perfect silicon (EBP-Si) monochromator and two 2-dimensional position-sensitive detectors, BIX-I

is one of the most efficient instruments of its kind in the world. This instrument has been in full

operation sincel995.

Specifications

Detector

Sensitive Area [mm7unit]X Units

Spatial Resolution

20s Range [deg]

d-spacing Range [A]

Max Cell Length (Sample = 2mm (!) ) [A]

3He Position Sensitive Detector
(Ordela2250N)

250 X 250 X 2 units

2mm

1.4 < 2 0s < 73.5

1.4<d<71

90

0.9<d<43

50

Monochromator (Horizontally Elastically Bent)

Wavelength [A]

Flux at Sample [n/cm2/sec]

Crystal Dimension / Curvature in Horizontal

Divergences with 5mmcJ) Slit

M to S Distance

Goniometer

Slit Diameter before Sample

S to D Distance

Si (111) Si (220)

1.73 1.06

5.9 X106 1.4 X106

W250 X H40 x T5mm7about 20m

A0=O.6deg, AA/A=0.037

3100mm

K-circle (4+1)axes (Huber 5042)

3, 5, 7mmtf> (Sintered B4C of T10mm)

600mm
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Results

Some of the materials studied at BIX-I are summerized in the table below.

Sample

Hen-Egg-White Lysozyme

Pyridine Cobaloxime

Piperidine Cobaloxime

7-PEA(*1) Cobaloxime

| Tantalum Hydride (*2)

/3 -Cyanoethyl Cobaloxime

Wavelength

[A]

1.73

1.06

1.06

1.06

1.06

1.06

Cryst. Vol.
[mm3]

30.0

5.4

7.0

4.0

2.6

1.9

Cell Vol.

[A3]

237,000

1,950

4,100

1,120

1,630

2,380

Measuring
Time[day]

50

23

31

Remarks

Heavy Water Buffer

See Fig.2

25 Partially Deuterated

21

22

—

Partially Deuterated

Note : (*1) PEA=Penylethylamine, (*2)=TaCp2(H)(SiMe2H)2

Fig. 1 Recent picture of BIX-I

Fig.2 Cobaloxime complexes are one of the mimic-materials
of vitamin B12. Some of them undergo isomerization
and intramolecular atomic exchange conserving their
original crystal forms under irradiation of intense visible
light. Tracing the process of the atomic exchanges
including hydrogen atoms by neutron diffraction may
provide the interpretation of the mechanism of these
isomerization reactions. In this figure a backbone
structure of Pyridine Cobaloxime is shown where its
cyanoethyl group with deuterium-labeled hydrogen (clo-
sed sphere) undergoes isomerization from a form
(shown in blue) to the other form (shown in red) after
light irradiation. It was found that the isomerization did
not follow the intramolecular exchange between
deuterium and hydrogen atoms near the methyl group
in case of Pyridine Cobaloxime.

9 -



JAERI-Tech 2000-040

3.3 TAS-1 (2G)
Triple-axis Spectrometer No. 1

T. Osakabe and S. Katano

TAS-1 has been utilized to study structures and elementary excitations in condensed matter systems.

Figure 1 shows a schematic illustration and a photograph of the TAS-1 spectrometer. This instrument

consists of three tables at the sample, analyzer and detector positions, which are driven by air floating

mechanism. PG (Pyrolytic Graphite) crystal is usually employed as the monochromator and the

analyzer. The energy of the incident neutrons can be varied continuously (5<E <100meV, 0.9 < A < 4A)

by changing the monochromator angle 2 8u. Heusler alloy monochromator and analyzer crystals are

available for polalization analysis experiments. To eliminate contamination from the higher order

harmonics of neutron waves, a PG filter is inserted in either the incident or scattered beam (between

sample and the 3rd collimator). In addition, a sapphire filter is available to reduce the contamination

from high-energy neutrons (E^80meV). The TAS-1 spectrometer is controlled by a DEC- a computer

and a RIGAKU motor controller system. Because of the intelligent control software, the experimenter

can easily control this spectrometer remotely through the internet. The TAS-1 has the one order higher

flux at the sample position compared to the spectrometer installed in the guide hall. In 1998, to increase

the neutron intensity, new large-size composit PG monochromator and analyzer systems with vertical

bent mechanism were installed. Furthermore, a large goniometer made with non-magnetic materials

was installed. These devices enabled the experiments under extreme conditions such as high magnetic

field, high pressure with a small-size sample and inelastic scattering experiments with very low signal

level. Since the recent implementation of the new accessories and the polarized neutron scattering

Specifications

Monochromator

angle
Analyzer

angle
Sample table

angle
Collimator

1st
2nd~4th

Control system

1) PG (002) crystal with vertical bent mechanism
2) Heusler alloy crystal for polarizer

15°< 20M < 75°
1) PG (002) crystal with vertical bent mechanism
2) Heusler alloy crystal for polarizer

-900<2<9A<75°
Large goniometer (non-magnetic materials) Maximum
load is about 800 Kg.

-5°<20 s< 120°

20', 40', open
20', 40', 80'

DEC-a, RIGAKU motor controller
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capabilities, many interesting projects in the polymer science field are now in progress using this

polarized beam.

Figure 2 shows the results of the studies on the low-carrier density materials CeP and CeAs. Neutron

scattering experiments under pressures up to 3 GPa revealed that the unusual multi-step magnetic

phase diagrams of CeP and CeAs originate from the appearance of the Fa states Ce ions with 2[iB

magnetic moment among Ce ions with the crystal electric field ground state F7. The 2/L/B magnetic

moments appear in the form of a periodic stackings of the double (001) planes in which the Ce ions order

ferromagnetically. The period of the double 2/iB (001) planes changes quite systematically with

increasing applied pressure. These results can provide usefull information for understanding of the

unusual magnetic properties of whole Ce-monopnictides. (T. Osakabe et al. JJAP Series 11, pp. 123-125)

I IfLiS C
V.J' .It K| .1"

.a.

" • « " MIT

• t1 commator
xaio- /

'•%•§ & \
*

naly7er with
mechanism

x

Neutron <
) detector;

/

Fig. 1 Schematic illustration and photograph of the TAS-1 spectrometer
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Fig.2 The pressure-temperature phase diagram and the magnetic structures in the phase
diagrams of CeP and CeAs determined by the neutron diffraction experiments at TAS-1.
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3.4 PNO (3G)
Apparatus for Precise Neutron Optics and Neutron
Diffraction Topography

H. Tomimitsu and K. Aizawa

PNO is specially designed to carry out "precise neutron optics" experiments, making use of the

dynamical diffraction by perfect Si crystals. As the monochromated neutron beam enters a fixed

position on the vibration-free table in the temperature controlled and noise-shielded chamber, we can

carry out a variety of precise neutron experiments with a freedom of configurations of precise

equipments suitable for our special purpose. The whole system is fully remote-controlled.

Specifications

Wavelength
Collimators
Neutron Intensity
Background
Temperature
Table
Topographic TV-system
Goniometers
Beam Narrowers
Detectors

0.075-0.35 nm
2.5, 10, 30 min. of arc.
106 neutrons/crrf/sec
around 0.01 cps
RT + 0.005 deg./24 hr
Air-suspended anti-vibration, 1x2m2

Field=5X5cm2, Spatial Resolution=30/im, Magnification X8
Angular Precision=3.6, 1/200, 1/4000000 sec. of arc.
1X1/im2-5X5cm2(manual-control), Translation ±25 mm(remote-control)
3He, 1"-dia., set vertically on the goniometer-arm

* The last three devices can be connected with each other, and remote-controlled with air-cushion.

Recent Results

(l)Interferometry : Making use of a Si-LLL-type interferometer, precise values of the coherent

scattering lengths were determined on several elements. On the gallium isotopes of Ga-69 and Ga-

71, especially, they were much improved compared with table-values, [NIM-A vol.420, p453, 1998].

We are now trying a new arrangement of double LL-interferometers, which provides a very large

working area and extends the applicability of the neutron interferometry.

(2) Diffraction Topography : A Ni-based superalloy single crystal grown by the by-path method as

a large scaled turbine blade, was successfully characterized. It is concluded that the method is

appropriate to make the turbine blade for the electricity generation in the next stage.

(3) Very Small-angle Scattering : We installed the very small-angle neutrons scattering(VSANS)

instrument, [Physica B 213/214, p.884, 1995]. This diffractometer can measure «m scale scattering

body. We used VSANS for structural studies of mono-dispersed SiO2, pyrolytic carbon, Ni-base

superalloy and polymer gels. Now, we try to reduce the thermal diffuse scattering by cooling the

channel-cut Si crystal at 10K.

- 12 -
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(4) Successive Diffraction : With a triple crystal arrangement of Si-specimen-Si, an artificial Ni-

based multi-layer material was successfully characterized. The result that the angular misfit of the

layer was around 1 second of arc confirmed that the artificial multi-layer can be used as the optical

device in the new type interferometer with cold neutrons.

-30 - 2 0 - 1 0 0 10 20 30
Specimen Rotation (deg.)

Working

as heat-treated

Typical Projects at PNO

(1) Measurement of Neutron Scattering Lengths of Gallium

Isotopes with Interferometry

Making use of a Si LLL-type neutron interferometer with the PNO-

apparatus, we successfully determined the coherent neutron

scattering lengths of gallium isotopes, Ga-69 and Ga-71. Figure

shows an example of interfering oscillation of the Ga-69 specimen in

a glass container with 2 mm thickness. Analyzing the oscillation, we

obtained the coherent scattering length as 8.053 ± 0.013 fin for Ga-69

and 6.170 ± 0.011 fm for Ga-71, respectively, in a high accuracy and

reliability than known values.

We are now developing the "double LL-interferometer" arrangement,

as shown in the next figure. This system provides a very large

working area and enables us to extend the applicability of the neutron

interferometry.

(2) Non-destructive test of the expected life of gas turbine blades by

VSANS

The Ni-based superalloy single-crystal is expected for gas turbine blades with

high temperature operation. To check the possibility of non-destructive test of the

expected life by observation of morphology change, we have applied VSANS

experiments to the CMSX-4 super-alloy with creep damage. Samples were loaded

with tensile stress to introduce creep damage with 137MPa at 1313K after

standard heat treatment. The stress was applied parallel to [001] direction. SEM

observations were shown as an example of destructive test in right hand figures.

The smeared VSANS intensity of samples is shown at left hand side below. The q-vector is parallel to

stress direction. The 1st peak from lamellar structure is clearly shown. The average distance of lamellar

structure as a function of creep rate for rupture time is shown at right hand side below. We conclude

that the non-destructive test can be performed, if we make a calibration curve.

for rupture time (%)

- 13
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3.5RESA(T2-1)
Diffractometer for Residual Stress Analysis

N. Minakawa

RESA shown in Fig.l is a neutron diffractometer installed at the T2-1 port for the measurement of

residual stress in small volumes of a sample with high precision. Therefore this diffractometer is

specially designed for the precise measurement of the lattice spacings using a well focussed and finely

collimated monochromatic incident neutron heam. The neutron detector is conventional one-

dimensional position sensitive detector. Some times, a neutron image plate (NIP) is also used as a

detector. The specifications of RESA are listed in the table below.

When a force is applied to a material in a magnitude over its yield stress, this material is plastically

deformed. The stress introduced in the material remains even after the applied force is removed from

the material. This internal residual stress of the sample

can be measured only by the RESA in the non-

destructive method, because neutron has a high

penetration capability. The magnitude of the residual

stress and its distribution in materials are very

important for the material integrity and for industrial

applications. We have conducted not only the

measurement of the residual stresses in materials, but

we have also developed measuring technique and new

analysis methods. Fig.1 Photograph of the RESA

Specifications

Monochromator crystal

Energy (wavelength) of
monochromatic neutron

Flux of monochromatic neutron
Neutron detector

Range of 20M, 20S and 0S

Beam collimation

Cross-section of incident
monochromatic neutron beam

Si(311), PG(002)

9meV ~ 36meV ( 0.13nm ~ 0.3nm )

1 x 105 (n/cm7sec)/0.2nm
Zero dimensional 3He proportional detector, or 3He 1D-PSD
20M : 30° ~ 110°, 20s : - 45° ~ 140°, 8S : ±180°
0.2° - 0.6°

3 mm2 ~ 400 mm2

Goniometer | X, Y, Z 3-axis, Z-axis(300mm slide), %, <t>, X, Y, Z 5-axis.
System of measurement and control NT2400-system/l_abo Co., (Ethernet)

- 14 -
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As long as the magnitude of the residual stress in materials does not exceed its yield stress, a relation

between the stress, a , and the strain, e , of the material has a linear relationship, Hooke's law, as

follow:
o - E- e, e = d ; lattice spacing under stress-free condition

3500

3000

2500

2000

1000

5 0 0

0

-500

-1000

~15<)0

where O, e and E indicate the stress, strain and Young's

modulus, respectively. Figure 2 shows a relation between

the strain and the external stress for (110) and (200) planes I 1500

of SNCM436 carbon steel. One can see that the strain has a

linear relationship with the stress for both extension and

compression. From the gradients of these straight lines, the

Young's modulus and the Poison's ratio are determined to be

170 GPa, 0.347 for the (200) plane and 218 GPa, 0.234 for

the (110) plane, respectively. The result means that elastic

modulus depends on the plane one measures.

We joined the VAMAS international project for the

standardization of the residual stress measurement

methods. Figure 3 shows the "Ring and Plug" sample for a

round robin test in the VAMAS project. Figure 4 shows the

residual strain as a function of the position measured by

RESA. The maximum strain of 1 X 10 ! is observed at the

boundary between the ring and the plug.

For many materials such as SiC-Al2O3 composite material,

INCOLOY908 steels and so on, we have conducted the

measurements of the residual stress and analyzed residual

stress in deformed materials by a Finite Element Method

(FEM).

i-(110) =

W200) =

A 110 .
S200

D.234

1.347

|

E(110) =

E<200) =

LAMBDA = 0.20995™

218GPa

170GPa

—r*~

V

* * •

y

— -

y

= 5.8874x i j » A

-f4:5883x-|— —

-i-1:0713xi - - -

=i-2.0451xj~~*'

100 200 300 «0

EXTERNAL STRESS (MPa)

Fig.2 Stress-Strain diagram of SNCM439
measured by RESA.

Fig.3 VAMAS Ring and Plug Sample

H0CP SIFWN FCR RN3 AM) PUJ3220)

— —i j — - i—
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• '" \T'~ \

i : 1
! i :
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/ ] "

i
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Fig.4 Distribution of the residual strain
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3.6 BIX-II (T2-3)
Diffractometer for Biological Crystallography No. 2

S. Fujiwara, and N. Niimura

This is a diffractometer for neutron crystallography of biological macromolecules such as proteins

and DNA. This diffractometer employs a neutron image plate (NIP) as a detector. The NIP has spatial

resolution less than 0.2 mm and a dynamic range of more than 5 orders of magnitude. The NIP is a

flexible sheet that can be as large as several hundreds square-centimeter. The NIP, having such

characteristics, is particularly useful to diffraction measurements of single crystals of biological

macromolecules, since diffraction spots from these crystals are dense because of large unit cell sizes.

BIX-II is the first application of the NIP to neutron diffractometers using monochromated neutrons.

Specifications

monochromator

wavelength

Sample-to-detector

elastically-bent silicon Si(200), 4 plates stacked

0.216 nm

150-300 mm (adjustable)

goniometer K co 3 circles

Detector

Pixel size

The neutron imaging plate of 400 X 520 mm2, bent to a semi-cylindrical shape
| (containing Gd as a neutron converter)

0.2 mm x 0.2 mm

Software for data
reduction

Mac-DENZO and SCALEPACK

Fig.1 Photograph of BIX-II

- 16 -
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Example : Neutron diffraction measurements of a single crystal of hen egg-white lysozyme

To check the performance of BIX-II, the neutron diffraction measurements of a single crystal of hen

egg-white lysozyme were done. The crystal, grown in D2O, had a triclinic form of which cell parameters

were a = 2.72 nm, b = 3.20 nm, c = 3.43 nm, a = 88.4 degrees, /3 = 108.6 degrees, V = 111.7 degrees. The

size of the crystal was 1.5 X 1.5 X 2.0 mm'. Figure 2 shows an example of diffraction patterns from this

crystal. The pattern was obtained by 20 hours exposure of the crystal in 1.0 degree oscillation.

Diffraction spots out to 0.18 nm resolution were observed. As some examples are shown in Fig.2,

indexing of the diffraction spots was properly done with Mac-DENZO and SCALEPACK. It was also

confirmed that calculation of integrated intensities was properly done with these programs.

I '

:-ii>." •
• I.J.A-*

Fig.2 An example of the neutron diffraction
patterns from the triclinic crystal of hen
egg-white lysozyme.
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3.7 TAS-2 (T2-4)
Triple-axis Spectrometer No. 2

Y. lshii and N. Minakawa

TAS-2 is installed at the end port of the thermal neutron guide tube T2 in the JRR-3M guide

experimental hall. This spectrometer is used for the studies of excitation processes of phonons and

magnons, determinations of the crystal and magnetic structures and the development of the application

devices such as bent-crystal monochromators and a neutron image plate (NIP). For the experiment

under the high-magnetic fields, all components of this spectrometer were replaced with non-magnetic

materials and many motors were also changed to the "Ultra-sonic motor" design which rotates in

magnetic field. The TAS-2 spectrometer with the helium-free 10 T magnet is shown in Fig. 1. The blue

colored one at the center in this photo is the 10 T magnet. The specifications of this spectrometer are

summarized in the table below.

" -- •* X I

Fig.1 A photograph of the TAS-2 spectrometer with the helium-free 10 T magnet

Specifications

Monochromator

Scattering angle

Analyzer angle

PG(002) and bent Si(311) O.I nm - 0.5 nm (3 -36 meV)
24 deg <20» < 120deg

-5 deg <20S< 120 deg

-5 deg <2(9A< 120 deg

Collimators 10', 20', 40'and 80'

Operating system Dec-a station (connected to Ethernet)

- 18
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We will only present the experimental result of the transition of the magnetic structure of DyCu2

under a high magnetic fields in this section, although many studies have been carried out with this

spectrometer in scientific and application fields.

The main interest in studying the magnetism of DyCu2 is that the c-axis and a-axis replace each other

when the high magnetic fields are applied to this material. Although this phenomena has been

interpreted as the rotation of a quadra pole of Dy, a mechanism of this magnetic transition and the

magnetic structure after the transition are not fully

understood, yet. Therefore we carried out the measurements

of the magnetic diffraction intensities of DyCu2 under the high

magnetic fields by using the helium-free 10 T magnet.

The magnetic moments are arranged along the a-direction

with the periodic length of 3a at zero magnetic field, where a

indicates the lattice constant of DyCu2 crystal. Therefore the

magnetic diffraction is observed at (2/3, 0, 0) in the reciprocal

space. On the other hand, observed 200 diffraction is only due

to nuclear scattering. These intensity profiles are shown in

Fig. 2. The broken lines indicate the peak positions of these

intensity profiles. No shift of peak-position is observed for the

nuclear scattering. On the other hand, the position shifts for

magnetic peak are measured above 7T. This shows that

magnetic moments of DyCu2 is changing above 7 T. Magneto-

striction of DyCu2 measured by M. Loewenhaupt, et. al is

shown in Fig.3 as a reference. According to the result,

magnetic transition occurred at about 9 T.

From the similar studies, fundamental properties for the 5e-

electrons in condensed matter will be investigated from

experiments by using the TAS-2 spectrometer with the helium-

free 10 T magnet.

1.96

3000 F"

1.98 2.00 2.02

(2, 0, 0)

2.04

0.64 0.65 0.66 0.67 0.68 0.69 0.70

(2/3, 0, 0)

Fig.2 Magnetic field dependence of

the peak position of 2 0 0 and

2/3 0 0 reflections

0.04

0.03

0.02

0.01

0.00

- —

5I
/I

-

16 18 20 22 24 26 28 30
T(K)

J
| . . I . I . I .

-

6
(T)

10

Fig.3 Magnetostriction of DyCu2
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3.8 LTAS (C2-1)
Low Energy Triple-axis Spectrometer

N. Metoki

LTAS is a cold neutron triple-axis spectrometer installed at C2-1 beam port at JRR-3M(Fig.l). The

main purpose of this spectrometer is to measure inelastic scattering spectra with high energy

resolution. LTAS is also powerful for elastic scattering experiments such as magnetic studies, because of

the higher Q-resolution at low Q-region compared to the thermal neutron TAS. The better resolution is

a consequence of the higher scattering angle due to longer wavelength of cold neutrons. High field

experiments up to 10 T are now available. The monochromator shielding, structural parts, and

mechanics of LTAS are constructed using non-magnetic materials such as stainless steel, etc.

Furthermore the background of fast neutrons due to nuclear fission of 23;>U included in our samples of

uranium intermetalics is effectively removed. Neutron reflectivity measurement is also possible using

LTAS. Characterization and development of neutron scattering devices such as super-mirror and

neutron bender etc., and structural studies of surfaces and interfaces are carried out using LTAS which

is the most powerful reflectometer in Japan. The technical specifications of LTAS are summarized in the

table.

Many accessories can be used with LTAS, which make it possible to do neutron scattering experiments

under extreme conditions, T=10 mK up to 1100 K, high field up to 10 T, high pressures up to 5 GPa.

Specifications

Beam Size
Neutron Flux

Monochromator
Analyzer

Incident Energy

Scattering angle
for Monochromator
for Sample
for Analyzer

20mm [Horizontal] x 50mm [Vertical]
1 x I07neutrons[sec"1cm"2] with use of a cold Be filter
Vertically bent PG(15mm height X 3)
Vertically bent PG(15mm height X 3) or Double Bent PG

h = 2
M2 =
S2 =

~10meV, A
50°~140°

-15°~110°

-2 .8 "-6.4 A, ki=0.9.8 ~ 2.2 A1 |

Collimations 20', 40', 80', and focusing type collimator

Recent Highlights

The interplay between magnetism and superconductivity in heavy fermion superconductors is the

most interesting and exciting thema in our research group. We observed characteristic decrease in

antiferromagnetic Bragg intensities below the superconducting temperature in UPt3, UPCI2AI3, UIMI2AI3,

and URiiviSia. This is understood in terms of coupling of magnetic and superconducting orderparameters.

Our study revealed that this is a characteristic phenomenon in heavy fermion superconductors [1,2].

- 20
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In UPduALi the superconducting gap is observed for the

first time in the spin excitation spectra (Fig. 2). This is

a direct evidence that the superconductivity in UPd2Al:i

is magnetic origin. The microscopic mechanism why the

superconducting gap, obviously a charge gap, appears

in spin excitation, is still an open question. Now

inelastic scattering studies are in progress to reveal the

anisotropic superconducting gap in UPdiALj which is

known as a d-wave superconductor due to strong

correlation between heavy quasi particles [1,2].

Ultralow temperature neutron scattering

experiments were carried out in order to study the antiferromagnetic correlation in UPt.s using a high-

quality sample with residual resistivity ratio 700. The weak antiferromagnetic correlation (0.035 ±

0.005 /UB/U) was observed below the transition temperature T\ of about 5 K to 20 mK. We found that the

linewidth decreased below 50 mK and a resolution-limited peak was observed at 20 mK, indicating the

long-range antiferromagnetic correlation at ultralow temperatures (Fig. 3). This result indicates that

the anomaly in specific heat and thermal expansion would be accompanied by the antiferromagnetism

in UPt.i. The present result is consistent with a recent NMR study which observed a slow dymanics of

spin fluctuation below 50 mK [3].

Fig. 1 LTAS and a dilution refrigerator

q

Fig.2 The temperature dependence of the
spin excitation spectra in UPd2AI3.

Q ( A 1 )

Fig.3 The temperature dependence of (0.5
0 1) antiferromagnetic peak profiles
in UPt3.

1) N. Metoki, Y. Haga, Y. Koike, N. Aso, Y Onuki, J. Phys. Soc. Jpn, 66 (1997) 2560.

2) N. Metoki, Y. Haga. Y. Koike, Y. Onuki. Phys. Rev. Lett, 80 (1998) 5417.

3) Y. Koike, N. Metoki, N. Kimura, E. Yamamoto. Y. Haga, Y. Onuki and K. Maesawa, J. Phys. Soc. Jpn, 67 (1998) 1142: ibid, to be published.
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3.9 SANS-J (C3-2)
Small-angle Cold Neutron Scattering Instrument

J. Suzuki and S. Koizumi

Small-angle neutron scattering is a powerful technique to investigate nanoscale structures and

fluctuations. The SANS-J instrument can be used to study systems from a variety of scientific fields

that include soft matter, strongly correlated electron systems, materials science, etc. This instrument

can also study the dynamical properties of non-equilibrium systems by time-slicing measurements.

Moderator

Total Flight Path

Specifications

Liquid Hydrogen (20 K)

21 m (Sample - Detector: 1.35 ~ 10 m)

Wavelength

Collimator

Detector

Q-Range

Temperature Range

Magnetic Field (Max.)

0.3 ~ 2 nm

Pinhole Slits

3He-Area Detector (Diameter: 58 cm, Resolution : 5 mm)

0.01 ~6nrrr1

0.6 ~ 1.000K

10T (Vertical), 5 T (Horizontal)

SANS profiles were obtained from dry brush systems of

binary mixture of polystyrene-block-polyisoprene (SI) and

deuterated homopolystyrene (DS) with the composition of

(80/20 wt/wt) and (30/70 wt/wt). The domain scattering

attributed to inter- and intra-lamellar scattering can be

observed in the lower Q region, while the scattering

component of the thermal concentration fluctuation can

be observed in the higher Q region. The Porod's region of

the domain scattering provides information of the

thickness (~ llnm) on the characteristic interface between

block chains and DS.

10

4 6 8 2 4 6 8 2

0.1 1
Q (nm"1)

Intensity profiles of polystyrene-
block-polyisoprene and
deuterated homopolystyrene.
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Photograph of the SANS-J instrument

SANS profiles obtained from triangular vortex lattices in the superconductors
Nb (left), Bi2Sr2CaCu208+d (right).

CeRu2 f qy II [001]

V

\V
0.7

3-dimensional SANS from anisotropic
compositional separation in a CeRu2

//[i]n single crystal.
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4. Accessories

The capability to provide a variety of experimental conditions (such as temperature, pressure and

magnetie field) is of extreme importance to carry out a neutron scattering program. In this section, we

will describe our accessories for neutron scattering experiments. There are six types accessories as

follow; 1) sample holder, 2) cryostat, 3) magnet, 4) high-temperature furnace, 5) tensile (or compression)

machine, and 6) high-pressure cell.

1. Sample holder

We have several kinds of sample holders for neutron scattering studies. Usually vanadium is used as

the sample holder materials, because of its low coherent elastic scattering. Typical sample holders are

shown in Fig. 1. These are made from a thin V-foil with 0.02mm in thickness. Figure 2 shows another V-

sample holders for high-temperature experiments. For low-temperature experiments aluminium cans

(Fig. 3) can be used with He heat exchange gas.

iOO

Fig.1 Thin V-foil sample holders Fig.2 V-sample holders for high-
temperature experiments

Fig.3 Aluminum can for
low-temperature
experiments

2. Cryostat

Five types of cryostats are available for low temperature experiments. One of them is GM-type

cryostat used in the temperature range from 4 K to 300 K as shown in Fig.4. The second one is ;!He

cryostat which covers the temperature range 0.35 ~ 4 K (Fig.5). High-pressure cell can be installed in

this cryostat. The third one is an "orange-cryostat" for the temperature range from 1.5 K to 300 K and

able to attach the high-pressure cell (Fig.6). The fourth one is a helium-free dilution refrigerator and

covers the wide temperature range from 50 mK to 300 K as shown in Fig.7. This cryostat was first

developed in the world by the JAERI group using a pulse-tube and a GM cryocooler. The fifth one is an

Oxford dilution refrigerator equipped with 5T vertical magnet which provides 10 mK within 12 hours

(Fig.8). All cryostats are always kept in a good condition.

- 24 -



JAERI-Tech 2000-040

Fig.4 GM-type cryostat

F
!

Fig.5 3He cryostat

Fig.7 Dilution refrigerator (4He-free)

Fig.8 Dilution refrigerator
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3. Magnet

There are three magnets as follow ; 1) a magnet for magnetic field up to 1 T shown in Fig.9, 2) a

magnet for horizontal magnetic field up to 5 T shown in Fig. 10 and a helium-free 10 T magnet shown in

Fig. 11. The 1 T magnet is able to be rotated within ± 90 degrees, around the beam axis. A small

cryostat can be installed in this magnet. The helium-free 10 T magnet developed at the JAERI is the

first of its kind in the world. This magnet has the big bore diameter of 50 mm and the top loading

mechanism for changing the sample.

A Helmholtz coil is also available for the polarized neutron experiments as shown in Fig. 12.

S

Fig.9 1 T magnet

J - - ' • ' • - '

Fig. 10 5 T magnet

Fig.11 Helium-free 10 T magnet
Fig.12 Helmholtz coil
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4. High-temperature furnace

We have three high-temperature and high-vacuum furnaces. One of them covers a temperature range

from 300 K to 1600 K in high vacuum. The others are used for experiments in the temperature from 300

K to 1100 K . The photographs of these furnaces are shown in Figs. 13-15.

4 s

-"if

Fig. 13 1100 K Furnace Fig.14 High-vacuum 1100 K furnace

Fig.15 1500K furnace

5. Tensile (or compress) testing machine

This testing machine is used for inducing a stress in the

sample material. Figure 16 shows a stress measurement of

the steel under a constant applied force by this machine at

RESA.

Fig.16
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6. High-pressure cell

The sapphire-anvil pressure cell (Fig. 17) and McWhan type cell (Fig. 18) are provided for the

experiments under high pressure. The former one is able to compress up to 5 GPa, while latter provides

up to 2.5 GPa. These cells are used together with a cryostat and/or a magnet.

• .<

Fig.17 Sapphire-anvil pressure cell Fig.18 MacWhan type pressure cell
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Tablei. List of accessories

Accessory

Dilution Refrigerator

Dilution Refrigerator
(Liquid-4He-Free)

10T Magnet
(Liquid-4He-Free)

3He Cryostat

Orange Cryostat

Horizontal Magnet

4K Cryostat

I 10K Cryostat

Furnace for Soft Matter

Furnace

| Furnace

Accessory

McWhan Cell

Sapphire Anvil Cell
(under development)

Oscillatory Shear
Machine

Tensile Testing
Machine

Accessory

Neutron Image Plate

Number

1

2

1

1

1

1

2

6

1

2

1

Number

3

several

1

1

r
I Number

several

i

Performance

Tmin=10mK,
hU=5T (Vertical)

Tmi0=41mK

Tmin=100mK,
HmaK=10T (Vertical)

Tmin=0.3K,
Hma* = 6 T (Vertical)

Tmln=1 .5K

Tmin=1,5K,
Hma»=5T (Horizontal)

Tmin=4K

Tmin=10K

T=0 ~~ 300°C

Tmax=1100K

Tmax=1600K

Performance

Pmax=2.5GPa

Pma*=5GPa

T=RT~200°C,
Amplitude=0.01 ~~2mm,
Frequency=0.1 — 100Hz

Tensile Speed=0 ~ 0.01 mm/sec,
I Range of Load=50 ~ 1000kgf ± 1 %

Performance

Resolutions 00/tm

Instrument Staff

N. Metoki
Y. Koike |

Y Koike
Y Morii

Y. Matsuoka
S. Katano

N. Metoki

T. Osakabe

M. Watahiki \
J. Suzuki,

Y. Shimojo

Y Shimojo

S. Koizumi

Y. Shimojo

Y. Ishii

Instrument Staff

T. Osakabe

T. Osakabe

S. Koizumi

I
r '

N. Minakawa

i

Instrument Staff

I. Tanaka
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E-mail Address

Name
Yasusada YAMADA
Susumu KATANO
Jun-ichi SUZUKI
Satoshi KOIZUMI
Toyotaka OSAKABE
Yutaka SHIMOJO
Ken-ichi OIKAWA
Masugu SATO
Hiroko YOKOYAMA

E-mail
yasusada@mn.waseda.ac.jp
katano@kotai3.tokai.jaeri.go.jp
suzuki @ neutrons.tokai.jaeri.go.jp
koizumi@neutrons.tokai.jaeri.go.jp
osakabe@kotai3.tokai.jaeri.go.jp
shimojyo@kotai3.tokai.jaeri.go.jp
oikawa@kotai3.tokai.jaeri.go.jp
sato@neutrons.tokai.jaeri.go.jp
hiroko@popsvr.tokai.jaeri.go.jp

Name
Yukio MORII
Nobuaki MINAKAWA
Hiroshi TOMIMITSU
Yoshinobu ISHII
Kazuya AIZAWA
Toru SAITO
Yuko SHIMOJO
Hideki IZUNOME
Jun ITO
Yukari TOKUYAMA

E-mail
morii@neutrons.tokai.jaeri.go.jp
minakawa@kotai3.tokai.jaeri.go.jp
tomimitsu@kotai3.tokai.jaeri.go.jp
yoshi@kotai3.tokai.jaeri.go.jp
aizawa@neutrons.tokai.jaeri.go.jp
saito@neutrons.tokai.jaeri.go.jp
yuko@popsvr.tokai.jaeri.go.jp
izunome@kotai3.tokai.jaeri.go.jp
ito@kotai3.tokai.jaeri.go.jp
hisyo@neutrons.tokai.jaeri.go.jp

Name
Masashi TACHIKI
Naoto METOKI

E-mail

metoki @ kotai3.tokai.jaeri.go.jp
Yuki MATSUOKA
Masaya WATAHIKI
Yoshihiro KOIKE

ymatsu @ neutrons.tokai.jaeri.go.jp
watahiki @ kotai3.tokai.jaeri.go.jp
koike@neutrons.tokai.jaeri.go.jp

Yasuhiro TOBITA

Name
Nobuo NIIMURA
Satoru FUJIWARA
Yoshiaki MINEZAKI
Ichiro TANAKA
Kazuo KURIHARA
Toshiyuki CHATAKE
Yoshihiro NISHIMURA
Katsuyoshi NAKAZATO
Takurou MATSUI
Mitsuru MAEDA
Shigeki ARAI

E-mail
niimura@kotai3.tokai.jaeri.go.jp
fujiwara@kotai3.tokai.jaeri.go.jp
minezaki@neutrons.tokai.jaeri.go.jp
tanaka@neutrons.tokai.jaeri.go.jp
kurihara@kotai3.tokai.jaeri.go.jp
chatake@neutrons.tokai.jaeri.go.jp
nishimura@neutrons.tokai.jaeri.go.jp
nakazato@neutrons.tokai.jaeri.go.jp
tmatsui@neutrons.tokai.jaeri.go.jp
mmaeda@neutrons.tokai.jaeri.go.jp
shigearai @ neutrons.tokai.jaeri.go.jp

Katsumi TOMOBE kkatumi@neutrons.tokai.jaeri.go.jp

ytobita@neutrons.tokai.jaeri.go.jp
Yumi HANNO yumi @ neutrons.tokai.jaeri.go.jp
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