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2.6 Progress report on neutron scattering at JAERI
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1. JRR-3M

In the fiscal year 1998, JRR-3M was operated only for 95 days, which is 55% of planned 172

operation days, due to a problem in the Helium liquefier. This operation produced 855 days machine

time for our 9 neutron scattering instruments. Since 2133-day machine time was requested at the

beginning of the fiscal year, competition rate turned to be 2.5. Replacement of the thermal neutron

guide, T2, by supermirror guide is planned in the beginning of fiscal year 2000. Production of the

mirrors and shields is in progress to meet the schedule. It is expected that total neutron flux will be

increased by factor of 5 and the neutron flux at 0.1 nm wavelength will be increased by factor of 15

by the replacement. Recently, the aluminized fuel of the JRR-3M was replaced by silicide fuel. This

caused a decrease of neutron beam flux, The detailed data are collected.

2. Current status of research activity

Research group for quantum condensed matter system discovered the superconducting gap in the

spin excitation spectra of a heavy fermion superconductor UPd2Al3. The superconducting gap is the

direct evidence that the superconductivity in this compound is magnetic origin. They, also found the

coupling of the magnetic and superconducting order parameters in UPd2Al3, UNi2Al3, UPt3, and

URu2Si2. Therefore they conclude that the coupling of the order parameters would be a characteristic

property in heavy fermion superconductors.

The research group for the strongly correlated electron systems investigated spin excitation in a

spin ladder material (Sr, Ca)14Cu2404i and found that the observed strong magnetic interaction is

related to the superconducting transition under high pressure. The magnetic flux structure in

Bi2Sr2CaCu20B+d superconductor was examined by SANS to observe the decomposition of the flux

lines.

The research group for neutron scattering at ultralow temperatures developed a liquid-He-free

dilution refrigerator (DR) named "mK cryocooler". The mK cryocooler enabled them to reach 41 mK

in beam experiments. An automatic operation of the DR was under development. The group also

developed a technique to measure the coherent neutron scattering length of element using
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interferometry. The obtained data for Gallium isotopes are published. They succeeded in measuring

the lamella structure of the y and y' phases in Ni-base superalloy in the scale length of 1 jim by using

ultra small angle scattering.

The research group for neutron structural biology investigated the structure of hen egg-white

Lysozyme in detail. They found that distribution of hydrogen bond length and angle of the crystal is

rather wide. A neutron diffractometer with imaging plate, BIX-III, is constructed. It is proved that data

collection is about 100 times faster than that of previous BIX-I.

Detailed research report for the year 1997-1998 was published in the JAERI-Review 99-003. The

summary of the Review is attached to this report.

The 1st International Symposium on Advanced Science Research (ASR-2000) -Advances in

Neutron Scattering Research- will be held at ASRC, JAERI from October 31 to November 2, 2000 at

the tenth anniversary of the neutron beam utilization at JRR-3M.

3. The Joint Project for High-Intensity Proton Accelerators

In April, 1999, an international panel of experts reviewed the proposal to construct a project

combining KEK's Japan Hadron Facility (JHF) and JAERI's Neutron Science Project (NSP) into one

major facility. The combined facility is to be built at JAERI's Tokai site by the two partners, KEK and

JAERI. The facility would be a world-class research establishment and would attract world-class

scientists from many communities, including particle and nuclear physics, condensed-matter science,

and energy technology. The centerpiece of the condensed-matter and technology research facility is a

multi-MW neutron source together with an associated neutron scattering facility. The facility will

have the world's most powerful neutron source and it will attract the.best minds from all over the

world in the communities of materials science, structural biology, industrial science, physics, and

chemistry.
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1. Topics at JAERI

More than 80 experiments in covering the wide scientific field that includes soft matter, strongly

correlated electron systems, materials science, etc. were carried out on the 9 neutron scattering

instruments in Japanese Fiscal Year (JFY) 1997. Some topics obtained for each scientific field are

reported in this chapter. Understanding the nature of the matter under extreme conditions (low

temperature, high magnetic field, and high pressure) is one of the main subjects at JAERI. The

development of a liquid-4He-free 10 Tesla magnet and dilution refrigerator is also summarized in this

chapter. This concept makes it possible to get the extreme condition easily with low operating cost. New

scientific fields will be opened using these accessories at JAERI. All the research reports appear in the

next chapter.

Biology
Hydrogen atoms in a protein play an essential role in performing specific functions of the protein, as

well as contribute through hydrogen-bond network to the stability of the protein. Neutron diffraction,

from which positions of the hydrogen atoms can be determined, is important in studying the

structure-function relationship and stability of proteins. We constructed a diffratometer with a neutron

imaging plate, BIX-II, and started a new project to explore the protonation of amino acid residues in the

protein at various pH (Fujiwara, 2.1.1). Using hen egg-white Lysozyme as a model protein, neutron

diffraction of single crystals of this protein at various pH has been measured.

Small-angle neutron scattering is also important to get in situ structural information. Crystallization of

thermolysin (Ooshima, 2.1.3) and hydrocarbon uptakes by insect lipophorin (Katagiri, 2.1.4)
were measured with SANS-J. Although these are preliminary experiments, more studies will start in the

near future.

Soft Matter
For a glass-forming copolyester polymer, a neutron polarization analysis was performed to separate the

elastic spin-incoherent (ESINC) scattering from the elastic coherent scattering. By the elastic coherent

scattering, a pico-second motion of this glass-forming material was investigated. The elastic incoherent

structure factor (EISF), on the other hand, gave a long time-averaged self-correlation for local motions of

segmental units trapped in "structural cage" of the glassy state. The ESINC scattering obtained at far

above the glass transition temperature Tg visualized the appearance of EISF for rotational relaxation of

segmental units in a loose cage, which strongly contributes on the anharmonic increase of mean square

displacements. At around or below Tt, the ESINC scattering was well described by the Debye-Waller

factor, originating from the harmonic vibrational motions in a tight cage (Koizumi, 2.2.1-2).

no-
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A share flow, imposed on a semidilute polymer solution in a single phase, enhances concentration

fluctuations toward phase separation. In order to study such share-induced phase separation, SANS

measurements on a semidilute solution of high molecular weight deuterated polystyrene and dictyl

phthaiate were carried using a newly developed dynamic data acquisition system. It became clear that the

structures induced by oscillatory share flow are the distinctive phase-separated structures rather than the

concentration fluctuation in a single phase (Saito, 2.2.3).

Strongly Correlated Electron Systems and Superconductivity
The superconducting gap observed in the spin

excitation spectra of a heavy fermion superconductor

UPdjAlj is one of the most exciting results in 1997.

The fact that the superconducting gap which is a

charge gap, appearing in the spin excitation gap, is a

direct evidence that the origin of the superconductivity

in this compound is magnetic (Fig. 1). The coupling

of the magnetic and superconducting order-parameters

was also found in UNi2Al3, UPtj, and URu2Si2.

Therefore, it is concluded that the coupling of the

order-parameters would be a characteristic property in

heavy fermion superconductors (Metoki, 2.3.1;
Honma, 2.3.2).

The antiferromagnetic correlation in UPt, has been

studied at ultra-low temperatures. The (1/2 0 1)

antiferromagnetic peak exhibits remarkable narrowing

in the linewidth below 50 mK (Fig. 2), which would

be a precursive phenomenon of the static and long

range magnetic ordering (Koike, 2.3.3) .

Experiments on CeP under magnetic field or under

high pressure clarified that unusual magnetic

properties of this compound originate from an

appearance of 2 fiB Ce ions with the T7 crystal field ground state. Along the [001] direction these ions

couple ferromagnetically over the double layers. Between these pairs, antiferromagnetic ordering of Ce

ions of about 0.7 jUg is formed with different periodicity. The appearance of these 2 /^ Ce ions can be

explained by the formation of the magnetic polaron state, which is stabilized more easily under high

pressure than under magnetic field. Such magnetic polaron states are common phenomena in the

semi-metallic Ce monopnictides (Osakabe, 2.3.5).
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Fig.l Neutron inelastic scattering profiles of UPd2Al3
at (0 0 1/2).
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Iii the two-leg ladder material

Sr14Cu2404l! spin correlations are

short-ranged, and a spin liquid ground

state with a spin gap is formed. With hole

doping, this system is expected to show a

transition to the superconducting state.

Recently such superconductivity has been

observed in heavily Ca doped compound

Sr14.xCaxCu24O4i with x over 11.5 and

under high pressures above about 3 GPa.

In the neutron scattering experiments, the

Ca concentration dependence of the spin

gap energy and the spin excitations has

been investigated. The result showed that
the spin gap energy does not change from Fi%2 Temperature dependence of the linewidth of the (1/2 0 1) peak

- , , , - « , r profile in UPte.

that of the pure system of about 32 meV. J

The dispersion relation of the spin excitations indicates that the exchange energy of this doped compound

is still high ( ~ 100 meV). This Ca doped compound, moreover, forms an antiferromagnetic ordering

below 2 K in the original spin singlet state. The magnetism found here should be considered in relation

with its unique superconductivity (Akiraltsns 2.3,10-11).

Vortex structures have been studied on several superconducting materials (CeRu2, UPdj.Al3,

Bi2Sr2CaCu2Og^, etc.) to investigate the exotic superconducting mixed state. For highly anisofropic

layered superconductors Mke Bi2Sr2CaCu208+s, Josephson vortices were theoretically expected when the

magnetic field is parallel to the CuO2 layers. SANS experiments were intensively performed to observe

the new-type vortex structure. However, it happens to be clear that a normal triangular vortex lattice

becomes unstable and disappears even in the magnetic field slightly tilted (/-"15°) from the crystalline c

axis. The angular dependence of the scattering profile shows the decrease of the correlation of the vortex

line along the field. This disappearance of the vortex lattice would be understood from the line

decomposition due to the weak coupling of the superconducting layers (Suzuki, 2.3.14).

Magnetism and Low Temperature Physics
It is theoretically predicted that Heisenberg spins on the kagom6 lattice with an antiferromagnetic

coupling show large fluctuation at finite temperatures. Therefore, the ground state of the kagome lattice

antiferromagnet is a main subject of low-dimensional magnets. Neutron diffraction measurements on

KCr3(OD)6(SO4)2 and KFe3(OH)6(SO4)2 with kagome' lattices were carried out. For both compounds,

so-called 120° structures were observed at low temperatures (Inanii, 2.4.3-4).
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The ternary system R3Pd20X6 (R: rare earth, X: Si, Ge) attracts much attention because of the variety of

the magnetic properties depending on the rare earth material. The characteristic feature of this system is

the successive magnetic phase transition. Neutron diffraction measurements on Nd3Pd20Ge6 revealed that

the Nd atoms on simple cubic 8c site show type-II antoferromagnetic order below 1.75 K, whereas Nd

atoms on fee 4a site exhibit type-I antiferromagnetic order below the lower transition temperature of

0.54 K. In U3Pd20Si6, surprisingly however, we found an antiferromagnetic structure of an 8c site

coexists with a ferromagnetic structure of a 4a site (Tateiwa, 2.4.7-8).

Structural Physics
A focusing moncchromator which consists of eleven slabs of bent Si(533) crystal has been installed at

the high resolution powder diffractometer (HRPD). The monochromator provides neutron wavelength of

0.116 nm which is used for the structural analysis in a wide Q range of various materials such as

KH2PO4 (Yamamura, 2.5.4) and hexagonal BaTiO3 (Noda, 2.5.5) using the Rietveld fitting and the

maximum entropy method.

The mechanism of 3-1 photoisomerization of the 3-cyanoethyl group in a cobaloxim complex has been

studied by determining the molecular structure of (3-cyanopropyl-da,da)[(R)-l-l-phenylethylamine]

cobaloxime before and after light irradiation (Fig. 3) (Ohhara, 2.5.7-8).
The compound {FeCn'-CgH^PXOMe^}* is interesting because of their suspected role in

hydrosilations and other catalytic reactions involving metallo-silicon compounds. The molecular structure

of TaCp2(H)(SiMe2H)2 was determined (Bau, 2.5.9).

H32F,

before inversion

H32E,

hv

after inversion (47%)

Fig.3 Molecular structure of (3-cyanopropyl-da,da)[(R)-l-l-phenylethylamine] cobaloxime

before and after light irradiation.
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Materials Science and Industrial Applications
Residual stress analyses have been carried out with the diffractometer, RES A. The investigation was

performed on the round robin sample of the Technical Working Area 20 (TWA20) of the Versailles

Project on Advanced Materials and Standards (VAMAS). It proved that the data quality is comparable to

those of LANL, ORNL and NIST (Minakawa, 2.6.4). A welded stainless steel pipe (Okido,

2.6.5), a round steel bar (Inoue, 2.6.6), a heat treated steel pipe (Inoue, 2.6.7), and a SiC

participate reinforced aluminum alloy (Akiniwa, 2 .6 .8) are also investigated.

Fundamental Physics
The apparatus for precise neutron optics,

PNO, has been used for interferometry

experiments to evaluate neutron scattering length

of some isotopes. The coherent scattering length

of the 69Ga and7 'Ga was evaluated to be 8.06310.

016 and 6.169 + 0.015 fm, respectively. This

method can provide the more accurate value of

the neutron scattering length than the other

method (Fig. 4) (Tomimitsu, 2.7.1).
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Fig.4 Intensity oscillation curve of 69Ga.
Instrumentation and Methods
A new type of 10 Tesla vertical magnet was developed. The split pair magnet is cooled by two

cryocoolers without liquid-4He. The size of the room temperature bore diameter is 50 mm, and the gap is

20 mm. The magnet consists of an inner Nb-Sn coil and an outer Nb-Ti coil. Bi based superconducting

current lead was used to reduce a heat load through the wire. The outer diameter, height, and weight of

this magnet are 600 mm, 760 mm and 280 kg, respectively. The magnet is cooled down to 3 K in 52

hours, and excited tip to 10 Tesla within about 15 minuets. A stable continuous operation at 10 Tesla has

been obtained.

A new liquid-4He-free dilution refrigerator (DR) named "mK cryocooler" was developed. The mK

cryocooler has no 1 K pot. The 3He-4He mixture is cooled by a pulse-tube/GM hybrid refrigerator and

liquefied by a Joule-Thomson (JT) valves. A prototype of the mK cryocooler was made and tested to get

mK temperatures (Fig. 5). After adjusting JT impedance and improving thermal contact and isolation of

the DR elements, the lowest temperature of 77 mK was obtained. It took about 1 day to cool to 4 K and

additional about 8 hours to the lowest temperature. Further cryogenic improvement enabled to cool

rare-earth compounds to 41 mK in the preliminary neutron beam experiments. The compact mK

cryocooler is very suitable for an easy, stable, and low-cost operation. It is convenient for not only

neutron scattering experiments but also other sciences. It also can eliminate the loss of neutron beam due
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to the transfer of liquid-4He to a conventional DR (Koike,

2.8.1).

The neutron imaging plate (NIP) is a powerful detector.

However, the disadvantage of the NIP is a point of y-ray

sensitivity. In order to build a new diffractometer for biology

at a high y-ray area of JRR-3M to use an intense beam, it

was required to study how to reduce the y-ray background.

The energy dependence of y-ray sensitivity of the neutron

imaging plate (NIP) has been measured. The y-ray sensitivity

is equivalent to one half of that of a neutron at a y-ray energy

less than 300 keV, and 1/40 at greater than 300 keV. The

shielding effect of lead for y-rays in the reactor hall of

JRR-3M was also measured for the NIP. It was found that

40 mm thick lead is sufficient to reduce y-ray background to

1/10. Covering the NIP with an 1 mm thick lead foil

provides a decrease of the y-ray background without

reduction of the neutron signal (Kurihara, 2.8.7;

Kumazawa, 2.8.8).

Balzos TPH 180M
Tuibomoleculu Pump

Hybrid Cryocooler

JT Heat Exchanger

Tube-in-Tube
Heat Exchanger

Mixing Chamber

• Neutron
Beam

10cm

International Collaborations Fig.5 Schematic drawing of the mK cooler.

Under the US-Japan collaboration, the upgrade of the

WAND (Wide-Angle Neutron Diffractometer) has been done. Due to the age of more than 10 years, the

old detector got worse in the sensitivity and uniformity. The total counting rate of the detector was also

limited to about 104 cps due to the usage of a single position sensitive wire. A new 3He detector was

developed in order to improve such performance of the WAND and begin studies on the strongly

correlated electron systems giving weak signals. The new detector has 624 anodes with 0.2° in pitch and

covers a wide scattering range of 125°. The multi-anode system gives a possibility to detect the signal

accumulated with high rate (105 cps/pixel and 107 cps in overall). This produces the capability also for

fast time-resolved measurements.

The cooperative research program with BAT AN, National Atomic Energy Agency of Indonesia, was

carried out. Mr. Sudaryanto stayed at JAERI for four months to study polymer structure by small-angle

neutron scattering (Sudaryanto, 2.2.9). Five researchers made short visits to BAT AN.
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