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PREFACE

The present report follows a previous issue, KENS Report IV published
in August 1983. This volume collects the summaries of the works performed
at KENS during the 1983 fiscal year. 1 feel sorry that the publication of
this report is substantially delayed. The main reasom was that I was absent
abroad between April and September and N. Watanabe who was arranged to take
my place couid not find a time because of his full occupation to the U

target job.

We regret, first of all, that our neutrom source is completely shut
down this year because of construction of a big tunmnel for TRISTAN. We
expect that the beam experiments will be restarted from next June. We are
glad, however, to inform that our KENS-I' project is steadily in progress in
this period. We plan to replace our target from W to U in the next summer,
and an H injection system as well as a new 40 MeV proton LINAC injector
will also be accomplished or in great progress until this time. Therefore

the peutron intensity would be increased substantially from the next fall.

Although the numbers of papers submitted in the report did not exceed
those of the previous year, I believe that the quality of each paper is much
improved. One of the highlight of last year's researches was the successful
observation of the Bose-condensation in the liquid *He by the resonance
detector spectrometer RAT. The detection of very early stage of the
spinodal decomposition in Fe-Cr and Al-Zn alloys by SAN, which became
bossible by virtue of the potential of SAN for the wide Q measurements, gave
a promissing aspect of SAN for this kind of study. The TOP and LAM-80
spectrometers have also provided other examples of the potentials of the

cold pulsed neutron source.

Two powder diffractometers, MRP (Medium Resolution machine) and HRP
(digh Resolution machine) are new spectrometers installed in the last fiscal
yeaf. Some results obtained with them are reported in this volume.- We are
proud of observing a beautiful powder pattern with more than 200 diffraction

lines by HRP. We display in Fig. 1l the recent layout of .the KENS facility,




which shows that we have already no vacant beam hole. WIT on the HZ beam
hole is another small angle scattering machine which is now under

construction. The photographs of the recenf ekperimental'halls, full of

spectrometers, are also shown in the next page.

Finally we should also mention that our next goal, KENS-II project has
been discussed extensively the last year. The result of the design étudy of
the proton accelerator GEMINI is reported in this volume. The details of

the discussions concerning the project are summarized in a proceedings which

will appear soon an a KEK Report.

October 24, 1984

Editor in Chief : Y. Ishikawa
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Fig. 1. The recent layout of the KENS facility.

Hl v HY9 : thermal and epithermal neutron beam holes.

Cl v C4& : cold neutron heam hole and guiders.

HL : Single crystal diffractometer (FOX). cL

HZ : Thermzl neutron small angle inscrument (WIT), (2 -
under construction.

H3 : Liquid and amorphous spectrometer (HIT}.

H4 : Medium resolution powder diffractomercer (MRP).

H5 : Multi-analyzer crystal spectrometer (MAX).

HE : Molecular spectrometer (LAM-D).

H7 : eV-spectrometer (RAT). C3:
Crystal spectrometer for high energy Ch:
incoherent scattering (CAT}.

H8: Polarized epithermal neutron Spectrometer

(PEN).

Small angle instrument (SAN).

High resclution quasi-elastic
spectrometer (LAM=80}.

Spin echo peV spectrometer protoecype
{ueV), under construction.

Ultra cold neutron generator test
machine (UCN).

Polarized cold neutron spectrometer (TOP).
Medium resolution quasi-elastic
spectrometer (LAM-40).

High resolution powder diffractometer

(HRP) .
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Summary  of BSF Operation

‘Toshikazu ADACHI, Yoshiro IRIE, Naokatsu KANEKO,
Masayuki MIKI, Yoshiharu YANO and Hiroshi SASAKT

National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki-ken, 305, Japan

The summary of BSF operation in the FY 1983 and the average beam
intensity and transmission data in each operation period are shown in Tables
1 and 2, respectively. The beam time used for the BSF operation amounts to
2789.1 hours, which correspond to 76.0 % of the PS operation time, 3666.7
hours. This percentage is 12 Z lower than that of FY 1982, because the PS
operation in September and October was devoted to the accelerator study of
H_injection and polarized beam acceleration. On January 10 to 13, the
booster synchrotron was operated additionally for_Particle Radiation Medical
Science Center. The beam time for medical use has increased by 2.4 times

compared with that of FY 1982. To utilize the booster beam more

Table 1 Summary of BSF operations since April 1982 through February 1983.

(units are "hours", unless otherwise specified)

Neutron Meson Biomedical Total Ratio
Experiment Experiment Research
BEAM UTILITY
%
BEAM ON 1117.4 1115.5 417.2 2650.1 95.0
REJECT 1.0 1.8 . 0.3 3.1 0:1
BEAM LINE TROUBLE 2.4 10.3 2.1 14.8 0.5
ACCELERATOR TROURLE 26.5 48:5 12.5 T B7.5 3.1
OTHERS : 2.0 2.1 0 4.1 0.2
. . %
BEAM LINE TUNING 29.5 1.1
%
SUMMATION 1149.3 1178.2 432.1 . 2789.1 100.0




Table 2 Beam Intensity and Transmission.

Neutron Meson Biomedical Use
Average Average Average
Transmission Transmission Transmission
Intensity Intensity Intensity
(10" ' ppp) (10" 'ppp) (10''ppp)
1983 April ~ July 4.6 ~0.91 4.6 0.90 5.3 .98
1983 November - December | 4.6 0.81 4.3 0.78 4.5 0.79
1984 January - February 4,8 0.82 4.9 0.86 4.7 0.84

{Transmission includes the beam extraction efficiency of the booster

synchrotron)

efficiently, interlock system was reinforced so that neutron or meson

experiments can be done during the setting time of the patients in the

medical treatment room.

Regarding Table 2, beam intensity was measured on

theé 500 MeV beam line nearest to the targets or the energy degrader,

Transmission is defined as the ratio of the beam intensity measured this way

to the booster intensity displayed on CATV. The beam intensity integration

system was replaced by a new version which consists of CAMAC ADC, timing

modules and a micro-computer.

This new system has come into operation since

the first operation cycle of November and shows good stability.

Small deviation of the primary proton beam in the horizontal direction

gives rise to the enormous decrease of the surface muon production rate and

of the secondary proton beam intensity after passing through the small

aperture energy. degrader.

An auto-beam— steering system was installed im

the middle point of the beam line to compensate such deviations. - Figure 1

shows the schematic view of this system.

A pair of steering magnets HS2-A

and HS2-B is controlled automatically by a micro-computer to restore beam

positions at the beam profile monitors PR-5 and PR-7, respectively when the

beam center was shifted from the originally optimized position.

The beam

profile monitor is composed of 32 by 32 horizontal and vertical tungsten

meshés at 2.5 mm intervals.

Figure 2 shows the results of the test of this




auto-steering system. Beam deviation in the upstream was simulated by
adjusting the bending angle of PHB! magnet, which switches the beam pulse
from the main ring injection line to the BSF beam line. PR-12 and PR-13 are
those nearest to the meson production target. The recovery times of beam
positions and surface muon production rate are less than ten minutes as is

seen from the figure.

HS2-B HS2-A
i : Bezm
z ! h—
| 1
1 I
1 1
PR-7 PR-5
Fig. 1 Schematic view of auto-beam-steering system.
Channel No. l l
PR-5 1§ ] =y
20 \f/-’l \_/*f/
16 ,
PR-7 18 AN -~ AV“V“"-*
20 1 )
14 1 /\A\N“*\f\1 /\/\\\9»
PR-12 164 -’“’j
18 1 \//\/‘/
20 ] /\~\~‘
PR-13 22: //\V\«ﬁﬂ
24 1
Ratio
{ forward
30%%%nt eelectron counts
backward
200001 05. / forward
|42 backward
10000 ] electron counts
T

BL0 1850 1900 190 1990 TIME

Fig. 2 Test of the auto-beam-steering system. Bending angle of PHBl was

changed intensionally at arrow points. Channel division is 2.5 mm.




Preamplifiers which are placed close to the profile monitor heads are
easily damaged by the radiation along tHe beam line and their maintenaﬂce is
really a tedious work. Every meshJof 30 um tungsten wire on the monitor
head is replaced by a couple of 50 um tungsten w1res to increase the S/N
ratio and thus to enable to keep the preampllfler away from the beam line as
far as possible. Figure 3 shows the comparison of output signals petween
the cases of single and a couple of tungsten wires mesh. Iﬁ the latter case
the preamplifier is placed in a cable pit which is 60 m away from the
monitor head. The beam profile can be clearly seen even though the beam
shape shows broad peak. Study to replace the tungsten wires by wider and

thinner strips is now in progress.

(a) 30 um tﬁngsten wire.

{(b) a couple of 50 um
tungsten wires.

Preamplifier is placed

bttt de b ] 60 m away from the

JAEEEERENUN ‘ monitor head.

Fig. 3 Comparison of the beam profile singals.




Accelerator Project GEMINI

for Intense Pulsed Neutron and Meson Source at KEK
H. SASAKI and GEMINI Study Group

National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki-ken, 305, Japan

Abstract

A rapid-cycling synchrotrdn is designed for the intense pulsed neutron
and meson source at KEK. This 800 MeV accelerator aims to deliver proton
beams of 500 PA in time average. This paper describes conceptual design of
the accelerator and also the present status of R & D for some technical

problems.
Introduction .

Five hundred MeV Booster Synchrotron at KEK, which is delivering 2 pA
proton beam in time average, is used as a pulsed neutron and meson source of
Booster Synchrotron Utilization Facility (BSF) as well as an injector for 12
GeV Proton Synchrotron in a time-shared mode. Since commissioning of BSF in
1980, a long-term future program of BSF has been discussedl). This is the
construction of an intense pulsed neutron source (KENS-II program) and the
extension of the present meson science experimental facility BOOM
(Super-BOOM project). The most important part of this program is the
construction of a high intensity proton accelerator. An accelerator system
for KENS-II and Super-BOOM is named GEMINI, which is abbreviation of "a
generator of meson—intense and neutron-intense beam". This is an 800 MeV
rapid-cycling synchrotron aiming to deliver the proton beam of 500 pA in
time average. Unlike the present meson factories or spallation neutron

sources worldwide except those in BSF, GEMINI should deliver equally the

* T. Adachi, H. Baba, S. Inagaki, Y. Irie, N. Kaneko, T. Kawakubo, M.

Kumada, S. Matsumoto, M. Miki, T. Sakai, H. Someya and Y. Yano.




pulsed proton beams to each of the meson and neutron experimental facility.
In BSF, the unique features of the 70 mnsec pulsed proton beam are
effectively used for the time-of-flight technique in the neutron scattering
experiments and for the studies on the relaxation phenomena of condensed
matters with puSR. In GEMINI, it is also required that a single bunched beam
is simultaneously supplied to each of the neutron and meson experimental
facility. Particularly, some kinds of USR experiment ask a single short
bunched beam less than 30 nsec in bunch length even at the sacrifice of beam

intensity.

Accelerator System

The parameters of GEMINI are listed in Table 1. The accelerator will
consist of an H  ion source, RFQ, 100 MeV Alvarez-type linac, and 800 MeV
rapid-cycling synchrotron. A highly symmetric lattice with high tunes was
chosen for the synchrotron lattice; 24 equal FBDO cells with a phase advance
of about 90° per cell set the betatron tunes around 7. The layout of the

accelerator is shown in Fig. 1.

Fig. 1 GEMINI Layout

i =

i {

Max. kinefic energy T 300 MeV '8 ?’

Mean radius R 27 m Qf-g

Radius of curvature r 7m

No. of cells M. 24

Betatron frequency @
norizontal Qy 6.8

vertical Qy 73 e

(=




Table 1 A New Pulsed Neutron and Meson Source GEMINT

Maximum kinetic energy

Maximum intensity

Repetition rate

Average beam current

Injection energy

Injected H beam current

Number of turns of injected beam
Beam pulse width of injected beam

Magnet radius

Average radius

Number of period

Length of straight section

Structure

Betatron frequency per revolution
Horizontal
Vertical

Revolution frequency

Maximum beta-function
Horizontal
Vertical
Momentum compaction factor
Transition energy/rest energy
Beam emittance
800 MeV
100 MeV

Number of bending magnets
Length of bending magnets
Length of quadrupole magnets
Focussing magnet
Defocussing magnet
Bending magnet field
800 MeV
100 MeV

Quadrupole magnet peak field gradient

Peak energy gain per turmn
Harmonic number

RF frequency

Maximum RF wvoltage

RF bucket area

Numbexr of RF stations

Incoherent space charge limit

800 MeV

6 x 10'% p/p

50 Hz (100/3 Hz & 100 Hz)
500 upA

100 MeV

30 mA

>240

>330 us

7.00 m
27.00 m
24
3.008 m
FBDO

6.8
7.3
0.757 - 1,489 MH=

12.4 m
12.9 m
2.71 x 10 2
6.07

0.29 x 0.16 (mm rad)?
0.97 x 0.52 (mm rad)?

24
1.833 m

0.525 m
0.565 m

0.697 T
0,212 T
4.18 T/m

90.6 keV (60.4 keV)
2

1.513 - 2.978 MHz
214 kv (166 kV)
1.89 eV-sec

8

7.2 x 10*? protons




2)

Injector Linac

100 MeV linac with a 30 mA H ion beam is assumed as an injector to the
synchrotron. The accelerating structure of this injector system is divided
into three stages: 50 v 100 keV H ion source, 1 MeV RFQ or APF and 100 MeV
Alvarez linac. 1 MeV injection energy enables us to use klystron working
aroﬁnd.400 MHz as RF power source for the 100 MeV linac. This will simplify
the power system of the linac. If the Alvarez linac is excited at 400 MHz,
the diameter of cavity is reduced nearly to a half of the present proton
linac at KEK. Table 2 shows accelerating energy by each cavity, cavity
length, number of cells confained in a cavity and RF power for 6 partitioms

at the average accelerating voltage of 3.5 MV/m.

Table 2 Features of 100 MeV Injeétor Linac

Cavity Energy Length Number of Power (MW)

Number  (MeV) {m) cells Cavity Beam Total
i 18.37 7.267 81 0.852 0.521 1.373
2 35.57 7.136 41 0.835 0.516 1.351
3 52.68 7.305 33 0.870 0.513 1.383
4 69.93  7.483 29 0.911 0.517 1.428
5 85.38 7.180 25 0.898 0.464 1.362
6 100.39  7.458 25 0.929 0.450 1.379

Injection and Extraction

Beam injection will be carried out in horizontal plane. In order to
store the number of protons of 6 x 10'® into the synchrotron with a 30 mA H
ion beam, injectionrwould occur at least over 240 turns requiring 330 psec.
For the purpose of‘filling the horizontal phase space, injection starts with
a horizontal bump orbit, which coincides with the injection orbit of the ;8
ion beam at the exit of a focussing quadrupole magnet as shown in TFig. 2.
The density distribution of the beam after injection dis regulated by
choosing a propef decay waveform of the bump field.

Beam extraction is performed by the horizontal single-turn extraction.
-The emittance of the extracted beam is assumed to be twice of the expected
one from adiabatic damping of the initial emittance. Figure 3 shows the

extraction trajectory of beam. The deflection by the kicker magnet is
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15 mrad for the first and second magnet. The septum magnet is divided into
two parts, each of which deflects the beam by 150 and 225 wmrad,
respectively. These bends provide a separation of 80 cm between the central
orbit and the central line of the extracted beam at the exit of the septum
nagnet. This distance is long enough for the extracted beam to clear the

yoke of the quadrupole magnet following the septum magnet.

Ring Magnets

The accelerator ring is made of 24 bending and 48 quadrupole magnets.
The required semi-aperture of good-field region is 11.5 em x 7.4 cm and 13.5
cm X 9.0 cm in the bending and quadrupole magnet respectively. For the
vacuum chamber, it is necessary to add 3 and 4 cm in horizontal aperture of
the bending and quadrupole magnet respectively to allow the room for
injection and extraction of beam. The cross-section of the ring-magnet is
shown in Fig. 4. ‘

The ring magnet is excited with a repetition rate of 50 Hz. All of the
bending and quadrupole magnets are divided into twelve groups. These are
connected in series through resonant capacitors and forms a ring circuit.
The dc bypass of the capacitors for the de bias current is provided by
installing chokes in parallel to the capacitors. In order to reduce the RF
accelerating voltagé, the magnet system would be excited by a dual-frequency

system with resonant frequency of 100/3 and 100 Hz as proposed by M. Foss

and W. Praeg at ANL3). This reduces the peak RF voltage of 214 kV to 166
kv.
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Fig. 4 Gap and Core Geometry of Ring Magnet
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RF Acceleration

We assume a 100 MeV injected beam with an effective full momentum
spread of 0.75 %. 1If the RF bucket area has to be twice of the injection
beam emittance, the required peak RF voltage through the acceleration period
is 166 kV in the 100/3 Hz operation of the guide field magnet. The RF
voltage program and relevant parameters of RF bucket are shown in Fig. 5.
The required RF voltage will be provided with eight RF stations, each of
which is dinstalled in a 3 m long straight section and consists of two
reentrant ferrite-loaded cavities. A low impedance cathode-follower is
proposed as a final-stage power amplifier in order tc compensate for a large

beam loading.

Vacuum Chamber

The vacuum chamber will be made from about 300 mm long sections of pure
alumina, which are joined by metallizing the ends and brazing in vacuum.
The lengths of wvacuum chamber to be manufactured are within the limits of
joining in this method, which enables us to attach directly metal flange at

the end of the chamber.
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Research and Development
R & D for some technical problems is in progress:

1) Prototype of the permanent quadrupole magnet for the .linac drift
tube. A few kinds of the permanent quadrupole magnet made of samarium
cobalt were fabricated. The maximum field gradient of 16.1 and 12.8 kG/cm
was realized with a segmented ring quadrupole and an ordinary quadrupole

magnet of 6 mm in bore radius, respectively.

2) Beam chopper. In GEMINI using the H charge-exchange injection
scheme, the most likely beam loss at around injection will result from the
inefficiency of the beam trapping in the 3longitudinal phase space. A
chopper synchronizing with the RF accelerating voltage will be introduced
into the beam line following the preaccelerator. With a 20 7 chopped beam,
the inefficiency of the adiabatic trapping is estimated to be less than 1 Z.

Electronic test of such a chopper is under way.

3) Application of GTIO thyristor td the dual frequency mode operation
of the ring magneta). The switching system of the resonant capacitor will
be more simplified by replacing ordinary thyristor originally proposed at
ANL with GTO thyristor. The test to confirm the switching behavior of the

GTO thyristor is under way with a small scale resonant network.

4) Application of stranded cable to the exciting coil of the ring
magnet. The power loss due to eddy current in the GEMINI magnet amountsrto
one third of the total a.c. power consumption of the magnet system by using
copper hollow conductor. In order to reduce the eddy-current power loss,
aluminum stranded cable containing a stainless steel water—cooling pipe is

under development.

5) A prototype of the bending magnet and a small scale model of the RF

power amplifier system are under constructiom.
And alsoc experiments such as the beam bunch shortening test will be

carried out by practical use of the existing accelerator and experimental

facilities.
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Photostructural Change in A5253 Glass

Observed by the Neutron Diffraction

S. Hatta, T. Mizoguchi and N, Watanabe
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Tokyo 171, JAPAN
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It is well known that some chalcogenide glasses such as ASZSB, GeSe2

1) 2)

etc. show the shift of optical absorption edge™’ and the volume expansion
by light exposure. Such phenomena are based on photostructural change,
which is characteristic in the glassy structure, without observing it in the
corresponding crystals. The photostructural change was partially observed
by Hamanaka et 813)
located at about 1 A™

the light exposure ,using X ray diffraction

, who found the reversible change of the first peak

Lin the interference function $(Q) of As,S4 glass by

3). However, the change of
structure by the exposure in the real space over a wide range has been
scarcely studied for A5253 glass.

In the present work, by using the neutron scattering, a total radial
distribution function affected by the light exposure is reported, and its
photostructural change in the real space is described.

Samples used in this work were prepared by the rapid quenching technigue
from the molten state of ASZS3 in Ar atmosphere. Different from many of
amorphous alloys, our glassy sample is not any continuous ribbon, but broken
pieces with 40~60 um in thickness. The pre-annealing was done at 170°C for
2h in Ar gas flow. After this annealing, the sample pieces were exposed to
the light of a halogen lamp in Ar atmosphere for 10h at room temperature,
inserting a water filter between the sample and the lamp. Considering the
absorption coefficient of ﬂ8253 glass in a visible light region, the sample
pieces are enough thin for the light to affect the structure, with
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illuminating the both surfaces of each sample piece. The pulse neutron

scattering experiment was carried out by a high intensity total scattering
spectrometer (HIT) at the Nationzl Laboratery for High Energy Physics (KEK).

Since the photostructural change is cancelled by annealing below the
melting temperature (Tm=310°C), the same sample pieces of As,S; glass were
heated at 180°C for lh in Ar atmosphere and were used again for the second
neutron diffraction experiment.

With an appropriate correction with respect to absorption, multiple
scattering and incoherent nuclear scattering, two interference functions
S5{Q) were obtained up to 50 A_l, as shown in Fig. la. The decrease of the
first peak height of $(Q) by the light exposure has been reconfirmed, as

3) This means that the interlayer correlation,

reported by Hamanaka et al,
which is characteristic to the chalcogenide glasses, is decreased by the
light exposure. Additionally, a small phase shift of the oscillation in
S(Q) can be observed. The difference in S(Q)l(exposed) and S(Q)Z(annealed)
of ﬂ8253 glass is also shown in Fig. 1b. By the Fourier transformation of
S(Q) up to 36 A_l, two reduced radial distribution function, G(r); (exposed)
and G(r), (annealed) were obtained. The first peak of each G(r) is not so

4).

coordination number and the chemical bonding property. Although there exists

sharp as that of Ge-Se glass This may be due to the difference in the
the difference in S(Q), f-\s2S3 glass has indicated relatively small
photostructural change in real space, as seen in Fig. 2a. The difference of
two G{r)s, which was calculated from AS(Q) in Fig. 1lb by the Fourier
transformation, is emphasized in Fig. 2b. The first peak height in G(r)l is
increased, while a shoulder beside the first peak and the second peak become
comparatively small to G(r)z. From the resuit, the light exposure is
thought to make the bond length more rigid and to let the bond angle more
random. Both the first and the second peak in G(r)l seem to be very slightly
shifted to the right, however, this change is just close to the resoluticn
limit(~—0.028) in these diffraction experiments. This expansion might be
correspondent to the increase of ASQS3 film thickress (0.5%) by the light
exposure, as reported by Tanakaz). In crystelline ASZSB’ the mean bond
lengths of As-S and As-As (or S-S) are 2.24A and 3.41A, respectively5). As
shown in Fig. 2a, these bond lengths of crystalline AS2S3 are clearly
smaller than those of the glass by about 4%.
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Direct Observation of Ni-Ni Correlation Function in Ni-42at%V

Amorphous Alloy
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Partial atomic structures provide more detailed information of the
chemical and topological short-range structure in metal-metalloid and
metal-metal alloy glasses. Many attempts have been made to evaluate the
partial atomic structures of binary alloy glasses using various experimental
techniqueé such as X-ray ancmalous scattering, isotope substitution for
neutron scattering and combination of different radiations. However, it is
very difficult to obtain the partial atomic structure factors without
enhancement of experimental errors involved in the total structure factors
in solving mathematically the linear simultaneous equations. In this paper
we attempt to obtain directly the partial structure of Ni-Ni atom correlation
in Ni-42at%V amorphous alloy by neutron diffraction technique.

A thick plate(20mm x 20mm x 0.43mm) of Ni-42at%V amorphous alloy was .
prepared by using a high rate triode DC sputter deposition apparatus. The
measurement of the neutron scattering intensity from this amorphous alloy
was carried out at room temperature in vacuum by using the High Intensity
Total scattering spectrometer (HIT). )

The total structure factor S(Q) of Ni—42at%v amorphoﬁs alloy observed
by neutron diffraction is shown in Fig. 1 together with the S(Q) observed
by X-ray diffraction. The S(Q) can be divided into three atomic partial

structure factors SNiNi(Q)'VSNiV(Q) and SVV(Q) as follows:

2.2 2 .2
.C_.b_. 2C_.C.b_.b C b
Ni Ni Ni VN1 V v Vv
S(Q) =———=—5 . .(0) _— s, (Q) + s.__{Q , (1)
<b>2 NiNi <b>2 Niv <b>2 vV
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where bi and Ci are the coherent scattering length and the concentration of
. ; <h>= , + C . For neut
component Ni and V atom respectively and <b CNile va eutron

scattering the coherent scattering length of V atom is very small(bv=—0.0382

12 -12

x 100 “cm) in comparison with that of Ni atom(bNi=1.03 x 10 cm). Therefore,

the total S(0) for neutron scattering is rewritten by using numerically

calculated weighting factors of the partial atomic structure factors:

S(Q)= 1.056 S, . (0) = 0.057 Sy, (Q) + 0.0008 Si.(Q)

Niv ATAVA (2)

= 1,056 -

1 SNlNl(Q)

Since the weighting factors of Ni-V and V-V correlations are much smaller
than that of Ni-Ni correlation, the S(Q)} of Ni-42at%V amorphous alloy

observed by neutron diffraction is almost equal to the SNiNi (Q). BAs shown

in Fig. 1 the large pre-peak located at 0=1.9 A_l was observed in SNiNi(Q)
of Ni-42at%V amorphous alloy, which has been alsc observed in SNiNi(Q)'s for
Ni—60at%Til) and Ni—50at%Zr2) alloy glasses. The small pre-peak at Q1.9 A_l

observed in the X-ray $(Q) is certainly originated from the large pre-peak

at 0=1.9 a1 in the s Q).

NiNi
7 —
6 | Ni~42at’V amorphous alloy
5 f—
4 L neutron  S(Q) = 1.056-S (@)
E; 3 ) W /\“\ /ﬂ\h‘“,,——\\—’i,—Hﬁ__’ ——
S 2 VAR
2 W X-ray
1 ‘ /\/\ /\\\_ﬁlf—ng__r
0 : ) P | . . N | A L. ] . ; A L |
0 S 10 15 20
a Rl

Fig. 1. Total structure factors S(Q} of Ni-42at%V amorphous alloy by
neutron and X-ray diffraction. 5(Q) obtained by neutron

diffraction gives directly the partial SNiNi(Q).
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Figure 2 shows the partial radial distribution function(RDF) of Ni-Ni
correlation defined as the Fourier transforms of S(Q)=1,056 SNiNi(Q)
truncated at Qmax=20’ 18, 16, 14, 12 A_l. The coordination number and the
first neighbor distance of Ni atoms around a Ni atom calculated from the
first peak area and position in RDF wexre about 5.3 atoms and 2.485 A. 1In the
case of a statistically random distribution of the total coordination number
of 12 atoms, the coordination number of Ni atoms around a Ni atom is about
6.9 atoms. The coordinaticn number of Ni atoms around a Ni atom of Ni-42ats%v
amorphous alloy is much smaller than that of the random distribution alloy.
This indicates the preference of Ni-V unlike atom pair in the nearest

neighbor at the distance rp=2.485 A. We conclude that the chemical short-

range order apparently exists in Ni-42at%V amorphous alloy.
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Fig. 2. Radial distribution functions as the Fourier transforms

of 5(Q)=1.056 SNiNi(Q) for Ni-42at%V amorphous alloy.
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Partial Structure Functions of NiZr Alloy Glass
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There are increasing interests in the chemical short-range structure of
metal-metal alloy glasses as well as of metal-metalloid alloy glasses.
Therefore, the partial structure of binary alloy glasses has been intensively
studied by many researchers.

In this paper we distinguish the three atomic partial structure factors
of NiZr alloy glass from the total structure factors measured by pulsed
neutron total scattering using isotope substitution method. The 60Ni—isotope
content in NiZr alloy glass is adjusted so that the weighting factors for

unlike-atom partial structure factor SNi r(Q) have nearly the same

b
contribution in the three total structure factors S(Q). Therefore, the
derivation of remaining like-atom partial structure factors SNiNi(Q) and

5 (Q) becomes reasonably simple, because the contribution of S (Q) to

ZrZr
5(Q) is automatically cancelled.

NiZr

Three kinds of NiZr alloy glass substituted by 60Ni isotope metal were
prepared by rapid quenching from the molten state using single roll technique
under Ar-gas atomosphere. The measurements of the neutron scattering
intensity from these alloy glasses were carried out at room temperature in
vacuum by using the High Intensity Total scattering spectrometer (HIT).

The three total structure factors S({Q} for nNin, n+6ONin and 60Nin
alloy glasses observed by neutron total scattering are shown in Fig. 1.

S(Q) of “Nizr alloy glass shows a pre-peak located at 0~1.9 A_l, which has
alloy glassl), too. Such a distinct

352r65 0 n+60
pre-peak does not appear in S{Q)'s of NiZr and NiZr alloy glasses.

been observed in S{Q) of Ni

. . . . . 60 . .
Profiles of the second peak drastically change with increasing Ni-isotope
content.

Figure 2 shows SNiNi(Q)' S (Q) and S {Q) for NiZr alloy glass.

NiZr ZrZr

SNiNi(Q) has a large pre-peak located at Q=1.9 A ~, which has been also
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., 2) . 1}
40T160 and N1352r65

Overall feature of SNiNi(Q) of NiZr alloy glass is very similar to that of

. . .
observed in SNiNi(Q) s for Ni alloy glasses.

N140Tl60 alloy glass. 1In SZrZr(Q) a shoulder is observed at the low Q side

of the first peak. The asymmetric first peak extended toward low Q region

in STiTi(Q) of Nl4OTl6O alloy glass well corresponds to the shoulder in

SZrZr(Q). Now, we can assign that the small peak appearing in S(Q) of
nyiZr

a~lin SNiNi(Q). Furthermore, it is concluded that no pre-peak in S(Q)'s of
n+60

NiZr and NiZr alloy glasses is due to the compensation between the

alloy glass is certainly originated from the large pre-peak at Q=1.9

large pre-peak at Q=1.9 A_l in SNiNi(Q) and the negative peak Q=1.9 A_l in
Q).

Figure 3 shows the partial atomic pair reduced distribution functions

S .
NiZxr

GNiNi(r)' GNin(r) and GZrZr(r) defined as the Fourier transforms of SNiNi(Q)

-1
5 . = . i i i and
' Ner(Q) and SZrZr(Q) truncated at Qmax 15 A The interatomic distances

coordination numbers of the nearest neighbor correlation for NiZr alloy glass
are listed in Table 1, together with those of NiZr crystalline compound3).
The nearest interatomic distances of Ni-Ni, Ni-Zr and Zr-Zr correlation axe
about 2.63 A, 2.73 A and 3.32 A respectively. It is noticeable that the
Ni-Ni and Zr—%r interatomic distances in Ni-Zr alloy glass are smaller than

those in NiZr crystalline compound, but larger than Ni and Zr atomic diameter

8 ————_————— e
. 1 NiggZrgp alloy glass ]
i Ni — N ]
o ANV PN PN
A VAt s
~ 4 /\ N
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Zr - Zr .
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Fig. 3. Partial atomic pair reduced distribution functions GNiNi(r)'

GNin(r) and GZrZr(r) of NiZr alloy glass.
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(DNi=2.48 A and DZr=3.20 A}. The Ni-%Zr interatomic distance in NiZr alloy
glass is rather close to that in NiZr crystalline compound, but much
smaller than the mean value of the Ni and Zr atomic diameters. The
coordination numbers of Ni-Ni, Ni-Zr and Zr-Zr correlations in NiZr alloy
glass are slightly less than those in NiZr crystalline compound. However,
the chemical short-range structures are almost similar between NiZr alloy

glass and crystalline compound.

Table 1. Interatomic distances(r) and coordination numbers(n)
of the nearest nelghbor Ni-Ni, Ni-Zr and Zr-Zr correlations of
NiZr alloy glass and NiZr crystalline compound.

atomic NiZr glass NiZr crystal
pair r(A)  n(atoms)| r(A) n(atoms)
Ni-Ni 2.63 3.3 2.49 2 (1)
3.26 2
Ni-Zr 2.73 6.7 2.66 2
2.70 4 (7)
2.87 1
Ir-1Ir 3.32 7.8 3.26 2
3.41 4 (8)
3.46 2
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Neutron Diffraction Study of Chemical Short Range Order in N160 b40
Amorphous Alloy
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*Faculty of Science, Gakushuin University, Tokyo, Japan

The preference of unlike atoms as the first nearest neighbours in amor-
phous system is called chemical short range order(CSRO) and the existence
of CSRO is believed to be one of the key factor to enhance the thermal
stability of the amorphous alloyl)n It is a very easy work to observe CSRO
of a binary amorphous alloy directly by a diffraction experiment as long as
the atomic scattering factor of the two composition atoms are greatly dif-
ferent from each other. A neutron diffraction experiment for some alloy
glasses like CuTi and NiTi is one of these easy works because of a negative
atomic scattering length of Ti atoms. The direct observation of CSRO
becomes, however, a extremely difficult work for the system of which compo-
nents have the simillar atomic scattering factor. Hence there remains of-
ten some ambiguity of the existence of CSRO., Ni 6ONb is one of these

40 2)3)

cases for which there is a controversy on the existence of CSRO. The

aim of this work is to investigate the local density and concentration
fluctuation in order to examine the existence of CSRO in Ni60 b40 amorphous
alloy.

Thin ribbons of three different isotope composition NiGONb40 amorphous

. Nat._.. Nat,, . 60 60

alloys, i,e, N160Nb40, ( N158 42)60 40 {the latter
X Mix Iso,,.

two are abbreviated as Ni 60Nb40 and N160Nb40,

bean prepared by a single roll melt spinning method under Ar atomosphere,

and "Ni GND,,

respectively), have

MlxN 60 40, only the structure factor of density fluctuation, Snn(Q)
should be observed where Q represents scattering vector. The total neutron
scattering was measured at room temperature up to Q=24A-1 with High Inten-
sity Total scattering spectrometer(HIT} installed at KENS, National Lab-
oratory for High Energy Physics, Tsukuba, In order to attain experimental
condition as unchanged as possible for each measurement, the height and ra-
dius of the sample cell and vanadium rod which was used for intensity

normalization were kept constant, i,e, h(height)=4.0cm and R(radius)=0.4cm.

2b




The total structure factors S{Q) for the three specimens are shown in
Fig. 1 with the structure factor of concentration fluctuation, Scc(Q),
which was derived from these three S{Q) using Bhatia-Thornton4) type par-
tial structure factor expression. Under the first peak.(QzSA—l) of the
total structure factors, Scc(Q) is not shown because of the great errors.

The RDFs(radial distribution functions) for them are shown in Fig.2.
Some structural parameters obtained from RDF and S(Q) are listed in Table 1

where the first and second neighbour distance r. and r,, their ratio, co-

1 2?2

“ordination number n, Warren-Cowley's order parameter o and the ratio of

pre-peak and the lst peak position QP/Q1 in Q space are given. Those of
CuéGTiS4 amorphous alloys for which CSRO is undoubtedly observed are also
included in the table for the comparison. The table clearly shows that

structures of Ni and Cu, Ti,, amorphous alloys are quite similar. It

60"040 66 34

should be emphasized that not only o is negative but also the ratio of
rl/r2 is very close to that of QP/Q1st in NiéoNb40 amorphous alloy. These
experimental results support the interpretation that the origin of the pre-
peak is due to CSRO. It would be interesting to note that the expected
value of ratio of rl/r2 and n for dense random packing of hard spheres
model (DRPHS) (0.61 and 12, respectively) are also very similar to those
listed in the table. This seems to suggest that the structure of transi-
tion metal-transition metal amorphous alloy was represented by the DRPHS

with some CSRO as a first approximation,

Table 1 Some structural parameters of Ni60Nb40 and Cu66TiS4 metallic
glasses
r r, r, /T, n o QP/Ql
NiGONb4O 2.61 4,55 0.57 12.5 ~0,3 0.60
Cu66Ti34 2,64 4,51 0.58 11.9 -0.2 0.62
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The Compariscn of Structures between Amorphous Ni-Zr and Ni-Hf Alloys
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The isomorphous replacement method, substituting Hf for Zr in the

amorphous alloy Ni 5 has been used to evaluate the partial structure

35276 D
factors in amorphous Ni35(Zr—Hf)65 alloys by Wagner and Lee '. 1In this
method, it has been tacitly assumed that this substitution of atoms does
not change the structure of the amorphous alloy. In spite of the samples

being noncrystalline, the assumption is based on the crystallographical

fact that the crystalline compound of Nin2 is isostructural with the one
2)

5 ot

In order to confirm whether the assumption holds or not in the

of NiZr

amorphous alloy, the experiment of pulsed neutron scattering was carried out
with the high intensity total scattering spectrometer (HIT), selecting the

two amorphous samples of Ni and Ni

36°Y64 367 T64"
The amorphous samples were prepared from the molten alloys by the melt

spinning method., The as-guenched ribbons were finely cut and each piece
was packed into a vanadium holder. A hafnium metal contains originally a

small amount of Zr as an impurity, and so the nominal compositions, Ni36Zr64
and N136Hf64, are revised by the result of chemical and spectrochemical
analysis as follows: f

and Ni The density of

M35.9%%64.1 35,759,025, 3"
the amorphous Ni-Zr alloy is 7.14 g/cm”, while the one of the amorphous
Ni-Hf-Zr alloy is 11.92 g/cm3. Calculating the number of atoms per unit

volume from the values of density, each is 0,0541 A_3 for the binary Ni-Zr

+
Present address: Research & Development Division, CASIQO COMPUTER CO., LTD
2951-5, Ishikawa-cho Hachioji-city, Tokyo 192, Japan
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3 for the ternary Ni-Hf-Zr alloy, and the two values of

alloy and 0.0542 A
the mean atomic.density are almost egual.

In the case subtracting the one from the other between two stucture
factors, it is essential to evaluate the weighting factors Wii’ Wij’ Wjj
in the structure factor, S(Q)=i§wijsij(Q)' Here the weighting factors of
the ternary Ni-Hf-Zr alloy are calculated as a quasi-binary Ni-(Hf-Zr)
alloy which consists of Ni atoms and the composition average atoms of HE
and Zr. As shown in Table 1, the differences of the values of W .. Wij'
wjj between the Ni-Zr alloy and the Ni-Hf-Zr alloy are negligibly small.
Therefore the pair of two amorphous samples is an ideal case to verify an
isomorphous structure in amorphous alloys.

The observed structure factors are compared each other in Fig, 1. To
analyze quantitatively a difference between the two structure factors,
the S5(Q) of the amorphous Ni-Zr alloy is subtracted from the one of the
amorphous Ni-Hf-Zr alloy and the difference A S{Q) is shown in Fig. 2.
There is especially a big difference around the first peak of S(Q) and an
oscillation in A S(Q) persists to Q=20 A_l. Being difficult to surmise
directly a structure in a real space from A S(Q), the subtraction AS(Q) is
converted by Fourier transformation. The distribution function Ag(x)
obtained as the Fourier transform of AS(Q) is equivalent to subtracting the
pair distribution function g(r} of the Ni-Zr alloy from that of the
Ni-Hf-Zr alloy. A conspicuous difference of structure exists mainly at the
nearest neighbor coordination as shown in Fig. 3. Therefore it is proved
that the structures of the amorphous Ni-Zr and Ni-Hf-Zr alloys are not
strictly isomorphous. The positions, which correspond to two maxima and a
minimum of Ag(r)at r2.5v3,1A, are compared to the interatomic distances
of nearest neighbor pairs, that is, Ni-Ni, Zr-Zr and Ni-Zr pairs, in the
crystalline Ninz. The values 2.60 A, 3.08 A and 2.78 A of two maximum and
one minimum positions in Ag(r) are marverously located close by the distances
2.62 A, 3.07 A and 2.76 A of Ni-Ni, %r-%r and Ni-Zr pairs in the crystalline
Ninzz). The origin of this structure change by the substitution of Hf
atoms for Zr atomé.isascribed to a preference formation for like atom pairs
or unlike atom pairs in the nearest neighbor atoms. To put it more
concretely, the like atom pairs such as Ni-Ni and Hf-Hf pairs are more
preferentially formed in the Ni-Hf amorphous alloy than the Ni-Ni and Zr-2r
like atom pairs in the Ni-Zr amorphous alloy. On the contrary, the formation
of Ni-Zr unlike atom pairs is in preference to that of Ni-Hf unlike atom

pairs.
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Neutron Diffraction of amorphous Tb72Fe28 Alloy
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Previously Rhyne et al investigated amorphous structure of
TbFe, alloy by conventional neutron diffraction using a

l). Subsequently,

reacter, but the result was slightly obscure
O'Leary obtained the three partial correlation functions of
Fe-Fe, Tb-Fe and Tb-Tb pairs2)
data by neutron scattering of a—TbFezl) had been used together
with the interference function S(Q) of a-GdFe, by an X ray

diffractionB). In order to determine the structure of

, where the nuclear and magnetic

amorphous Tb-Fe alloys more directly, TOF pulse neutron
scattering experiment for a-Tb72F828 was done by a high
intensity total scattering spectrometer (HIT) at the National
Laboratory for High Energy Physics (KEK). Amorphous alloy
ribbon samples were prepared by a rapid guenching method from
the molten alloy in Ar atmosphere. Diffraction experiment was
carried out at room temperature above the ferrimagnetic Curie
temperature (ef= 160K)., The experimental data were
appropriately corrected with respect to absorption, multiple
scattering and incoherent nuclear scattering. In an obtained
spectrum, an overwhelming paramagnetic scattering was observed
together with the coherent nuclear scattering, as shown in Fig.
1. The cross section of paramagnetic scattering is

g _ 2, ¥ne? 2 g23(3+1) .2
(F%_)Dara "5Gez ) < . 4 F((lc)}»
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where YN is the ratio of the neutron magnetic moment to the
nuclear Bohr magneton and f(Q) is a magnetic form factor, m is
the electron mass, e is the electron charge and ¢ is the light
velocity. < > represents the compositional average of the
allcy. Fe moment is assumed to have gFe:Z, JFezl with
considering the results of the calculation by Gangulee et ala).
For Tb atom, there exists a definite moment with gTb:l'5 and
Irp=6- f(Q) was calculated by a polynomial approximation, by
use of the data listed in 5) and 6). In the paramagnetic
scattering of a-Tb72Fe28, the contribution of Fe is very small
below 3%. By subtracting the paramagnetic scattering term from
the spectrum, the interference function ${(Q) (Fig. 2) was
obtained. By the Fourier transformation of $(Q) up to 36 A'l,
the radial distribution function, G(r), was calculated. As
seen in Fig. 3, the first peak of G(r) indicates the clear
splitting into three subpeaks. They are located at 2.48, 3.01,
3.52 A, which correspond to Fe-Fe, Fe-Tb, Tb-Tb atomic pairs,
respectively, as the sum of the Goldschmidt atomic radii.

These results are different from those by O'Learyz), who
repaorted that in a—TbFe2 the estimated atomic radii are
non-additive, and that the Tb-Fe distance is rather greater
than the average of the Fe-Fe and Tb-Tb distances. This would
imply that the short range order depends con the alloy
compositicon in amorphous alloys of binary constituents with

different atomic size. All results are listed in Table 1.

Table 1
Rhyne et all) O'LearyZ) Present work
Tb-Tb ~ Z.5A 3.42 3.52
Th-Fe ~2.9 3.2 3.01
Fe-Fe ~2.6 2.55 2.48
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Short Range Structure of ¥-Al-D Amorphous Alloys
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The aim of this study is to examine what kind of atomic sites in
Y 50R 50 34 ¥ gg AL 44
through the high resolution observation of radial distribution function
.SOAl.SODX( X =0, 0.09, 0.15

0.20, 0.30, 0.54 and 0.56 ) and Y 67A1 33Dx( X =20, 0.10, 0.17, 0.25, 0.49,

0.70, 0.80 and 1.07 ) were measured with a High Intensity Total scattering

amorphous alleoys are occupied by hydrogen atoms

( RDF ). Total structure factors S(Q) for ¥

spectrometer ( HIT ) installed at KEK.
Amorphous alloys were prepared into a form of thin ribbons with about
1 mm in width and 20 um in thickness by rapid quenching from melts using
single roll method under Ar-gas atomosphere. Deuterium atoms were absorbed
into the amorphous ribbons by a gas-charge method under ~2Okg/cm2 pressure
at 230°C (Y 1 D_ } and 160°C ( ¥

.50™" . 50"% 672133
absorbed was controlled by measuring the change in D2—gas pressure during

). Deuterium content

absorption and in sample weight, and then analyzed by Ar—gas carrier
chromatography.

The total structure factors S(Q) of ¥ amorphous alloys

.SOAl.SODX
obtained in this study are shown in Fig. 1. With increasing D concentration
the height of the first peak in 5(Q) decreases, while that of the second

one drastically increases. The position of the first peak in S(Q} is

almost constant, while that of the second one shifts toward lower Q.

The $(Q) oscillates untill about Q= 20 A_l. Small angle scattering

appears gradually with increasing D concentration. In the case of the

1) 2)

S(Q) of Ni-Ti-D’, Pd-Zr-D and Ni-Zr—D3) amorphous alloys the small

angle scattering does not appear.

Figure 2 shows the radial distribution functions RDF of ¥ 1

.50A .SODX
amorphous alloys obtained as the Fourier transforms of S(Q) truncated at
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Fig. 1. Total Structure Factors of Y
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Q =20 A_l. A new peak appears at lower r side of the first peak in RDF.
max

The peak height increases with increasing D concentration. The positions
of the peak and shoulder are fixed at r ~2.3 A and r ~2.6 A respectively.
Such a characteristic behavior indicated in Figs. 1 and 2. is found

in the case of Y.67Al.33DX

The atomic distances for D-Y and D-Al pairs, when D atoms are absorbed

4)
i ~2. ~2.0 A.
into YAl crystal ', are expected to be rD—Y 3 A and rD—Al 0

Figure 3 shows the nearest neighbor coordination numbers of Y atoms

amcrphous alloys too.

arround a D atom ( . ) obtained by a two Gaussian gurves-fitting for the
radial distribution functions of ¥-Al-D amorphous alloys. The two Gaussian
curves~fitting was performed on the condition that the two peaks are located
at r ~2.3 B and r ~2.6 A respectively. The former peak corresponds to only
D-Y correlation, while the latter one consists of D-Al or/and D-D

correlations., Only the D-Y correlation is discussed in this paper. In both
of Y

and ¥ amorphous alloys, a D atom is surrounded by

.SOAl.SODX .67Al.33DX
more than 4Y atoms in the low D concentration range of X < 0.30. The
coordination number of Y atoms around a D atom may be extrapolated to 6
with approaching the zero D content. On the other hand, a D atom is
surrounded by about 4Y atoms over the all D concentration range of X 2 0.50.
These results mentioned above mean that D atoms initialy prefer to sit in
the octahedral site consisting of 4Y atoms in Y-Al-D amorphous alloys, when
D concentration is gradually increased. 1In YHX crystalline system, a O-site

to T-site occupation ratio is 0.352 at X = 0.205), but 0.0256 at X = 1.996),
at room temperature. This result is quite suggestive of understanding the

present observation on the deuterium atom environment in Y-Al-D amorphous

alloys.
T L] I | ' ¥ 1 L] 1 I 1] | L) 13
- o Y50Al50Dx -
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o
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Fig. 3. ©Nearest neighbor coordination numbers of Y atoms around a D atom

{ Mooy ) in Y-Al-D amorphous alloys.
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Existence of the small angle scattering indicates some contributions

from the fluctuation of D atom distribution in ¥-3l-D amorphous alloys

because of no small angle scattering in X-ray diffraction measurement.
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Some amorphous alloys have been reported to have magnetic anisotropies.
For example, electro-deposited Co-P alloysl) have weak perpendicular
easy-axis magnetic anisotropy ‘and sputtered amorphous ferrimagnetic Gd-Co
alloysZ) have much larger magnetic anisotropy. The anisotropy of amorphous
films is certainly induced by deposition-growth condition. In fact, the
magnetic anisotropy constant of bias sputter-deposited Gd-Co film increases
with increasing bias voltage., The origin of these anisotropic properties
in amorphous alloys is thought to come from the anisotropies in the
topological or chemical atomic scale structure.

In this paper we measure two kinds of the structure factor S(Q} of
sputter-deposited Ni-42at%V amorphous alloy with the scattering vector(é)
parallel to the sample plane(g) (5//;) and with the scattering vector
perpendicular to the sample plane (54_3) to get the information of the
structural anisotropy.

A plate specimen{0.43mm thick x 20mm long x 20mm wide) of Ni-42at%Vv
amorphous alloy was prepared by using a high rate triode DC sputter
deposition apparatus. The measurement of the neutron scattéring intensity
from this amorphous alloy was carried out at room temperature in vacuum by
using the High Intensity Total scattering spectrometer (HIT). The plate
sample was mounted at 45° to the incident neutron beam so that 3He—counters
located at scattering angle 20=1290° recorded the %7(5) with 64’3 at 20=+90°
and the S+(Q) with 5Jh§ at 26=-90° simultaneously as shown in Fig. 1.

For Ni-42at%V amorphous alloy we can observe only the anisotropy of

Ni-Ni atom correlation aligned perpendicular and parallel to the film plane,
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because the contribution of the partial SNiV(Q) and SVV(Q) to the total
S(Q) is very small due to the small neutron coherent scattering length of

v atom(b =-0.0382 x 107%cm) and so the total S(Q) observed by neutron

N 3)
NiNi(Q) (5(Q)=1.056 sNiNi(Q)) .

Figure 2 shows the S,,(Q) (5Z/§) and S1{0) (0Ll a) of Ni-42at%V amorphous

scattering is almost egual to the partial S

alloy. Pre-peaks located at Q=1.9 A_l are observed in both S,(Q) and S1(Q).
The first large peak at Q=3.2 2t of $3{0) is located on lower Q side than
that of §,(Q0). FWHM of the first peak of S.(Q) is wider than that of S,,(Q)-
The split of the second peak and the amplitude over the range of Q=12 16 A-l
are different between S,,(Q) and 5 ,(Q). ‘

These results obviously suggest that Ni-Ni atom arramngement are
different between the perpendicular and the parallel axis to the film plane
in Ni-42at%V amorphous alloy. The anisotropies in the magnetic and
mechanical properties of amorphous alloys are expected to be originated from
the anisotropy of the atomic structure observed in this study.

Further careful data analysis is in progress to elucidate the atomic

arrangement aligned perpendicular and parallel to the film plane.

Q/a
20=+90° 4 20=-90°
counter 4(___ » counter
K2
Sdmble
a
neutron
beam

Fig. 1. Schematic diagram to measure the structure factors S(Q)
with Q//a and Q1 a, where Q is the scattering vector and a is

the direction parallel to the sample plane.
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Ni-42at*/cV amorphous alloy
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Fig. 2. Anisotropy in neutron structure factor S{Q) of Ni-42atzVv
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amorphous alloy with ¢//a and Ql a.
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Glass transition of B203 glass
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1)

In a previous paper ’, structural study of the glass transition of a
P25e3 glass by means of neutron total scattering was reported. Abnormal
temperature dependence of the first peak of the structure factor S(Q) of the
glass was found in that experiment. The interpretation of this experimental
finding, however, is in controversy, because the structure of the P28e3

glass is not fully understood. In this report a B glass, one of the most

0
widely investigated glasses, was chosen to study tﬁe3glass transition,
because its structure seems to be better understood than the ste3 glass.

The B203 glass enriched with !B to 99.35 % was prepared from its melt.

The S{Q) measurements were carried out at 25, 106, 180, 250, 280, 300, 330
and 360°C on heating and 250 and-40°C on cooling by using the High Intensity
Total Scattering Spectrometer (HIT). The exposure time was about 2 hours at

each temperature. The glass transition temperature of the B,0, glass, Tg,

is reported to be about 275°C by specific volume measurement )3(see Fig. 3).
The preliminary results of the $(Q) of the B203 glass observed at 25,
250 and 360°C are shown in Fig. 1. No drastic change in S(Q) seems to
occur. But one can find a significant difference in a low Q part of the
85(Q)} curves as demonstrated in Fig. 2 where two S(Q)'s observed at 25 and
360°C are compared with each other. The first peak of S5(Q) shifts toward
the lower Q side and the height of the peak increases with increasing
temperature, which have the similar characteristics as previously ocbserved
in P25e3 glass. )
It is hard to determine a position of the first peak of the S(Q), Ql
precisely because of an asymmetric shape of the peak. Here, Ql is defined
arbitrarily as a center of the width of the peak at S{Q) = 1.5 above which
the S(Q) curve seems to be symmetric. Figure 3 shows the plots of Ql

defined above as a function of temperature. The open circles show the

values of Ql obtained on heating, while the closed circles show those on
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Q (A

Fig. 1 Structure factors S(Q) of B,03 glass observed at 25 and 250°C and of
the supercooled melt at 360°C.

2r

)
O 1 | | {
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Fig. 2 Comparison of the structure factor S$(Q) of B;0; glass (25°C) and
that of the supercooled melt (360°%C).
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cooling. Both results agree with each other within an experimental error,
indicating that the shift of the first peak of the 5(Q) is reversible. The
Q1 data exhibit an abrupt change in slope near Tg. This characteristic
temperature dependence of the Ql data coincides with that of the specific
volume as shown in Fig. 3.

The fractional change of the specific volume between 25 and 360°C is
about 6.0 Z, while thaf of the Q1 in the same temperature range is 2.1 %
which is just one third of the volume change described above, suggesting
that the volume change in the region near Tg may be isotropic even in a
microscopic scale. Further data analysis is in progress.

The author would like to thank all members of HIT group for their help

in carrying out the experiment.
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Structure of Some Univalent Metal Nitrate Melts by Means of Pulsed

Neutron Diffraction
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The structure of molten univalent metal nitrates and the nature of the

+ - . . . . .
M —N03 interaction have been investigated by various methods. Raman and

infrared spectra have been interpreted in terms of a specific ioniec association

1)

between cations and nitrate ions

2)

aggregates, From a neutron diffraction study of a series of metal nitrate

3)

and formation of quasi-crystalline

melts, Suzuki and Fukushima™’ have found two different 0-0 distances within

a nitrate ion having the C symmetry in molten LiN03, AgNO3 and TINO

2v
interactions, In an X-ray diffraction study

4)

3

owing to specific M*—NOS-

of molten AgNOB, Holmberg and Johansson have reported that four
nitrate ions coordinate to an Ag and have claimed that the nitrate ions
must be shared with Ag ions and hence a definite symmetry of the nitrate
ions should hardly be detected by the diffraction method.

In the present study, we have measured neutron scattered intensities
45 RDNOg, AgN03 and the 1:1 LiNO, - RbNO3 mixture in order

to determine the structure of nitrate ions and M —NOB* interactions in

from molten LiNO

the melts,

Commercial metal nitrates of reagent grade were dried in a vacuum oven
overnight and then sealed in vacuc in a quartz tube with an inner diameter of
10 mm. Neutron scattering measurements of the melts were performed by using
the High Intensity Total scattering spectrometer (HIT). The furnace
consisted of two 1nfrared lamps facing each other, between whieh the sample
was placed.

Figure 1 shows the structure functions i(Q) (= S(Q) - 1) multiplied by the

momemtum transfer Q for the melts. The radial distribution functions (RDFs)
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were obtained by conventional Fourier transformation of the Q+i(Q) values
and shown in Fig. 2. The first peak observed at 1.25 2 for all the melts
corresponds to the expected N-O distance within nitrate ions. The second peak

appearing around 2.2 R for the melts except the molten AgNO, was

assignable to the 0-0 contacts within the nitrate iomns., In ihe RDF of the
AgN03 melt the second-peak could be resolved into two centered at 2.2 A
and 2.4 . The former peak is ascribed to the 0-0 interactions within
nitrate ions as seen in other melts. It has been found that the shortest
Ag=0 distances between an Ag+ and nitrate ions have been observed at

4)

2.4 ~ 2.5 & in structure determinations of an AgNO, melt  and solid

3
silver compounds,S) in which nitrate ions coordinate to silver ions. Thus,
we assigned the 2.4 2 peak to the Ag-0 interactions.

In order to analyze the scattering data quantitatively, a least—squares
fitting procedure was applied to the structure functions Q+i{Q), where the
.. . oAl R 2 .
minimum of a function U = £Q {i(Q)ObS l(Q)mod} was searched with
the distance r,., the mean square variation 2y.. to r.. and the
13~ 1] i]
number of interactions nij'as variables. Theoretical structure function
i(Q)m d based on a model adopted is calculated by using the function
o . 2
<b, > - .
bi ZZnijbibj51n(Qrij)/(Qrij)exp( wan ) In the case of the molten
AgNO3 and LiNO3 we examined two models for the structure of nitrate ions;
(&) Dy,

Ag—0 interactions were taken into account as well as the N-0 and 0-0

symmetry and (B) Coy symmetry. In the case of the AgNO, melt, the

interactions within the nitrate ions.

Final results are listed in Table 1, together with the results given in

Ref 3. From the agreement factor R defined as [ZQZ{i(Q)ObS - i(Q)mod}z/
ZQ 1(Q) 2 1/2, the D3h symmetry model is preferred for the nitate ion
in the L1N03 and'AgNO3 melts. In the AgNO3 melt, about four nitrate ions

are bound to an Ag as monodentate ligands, and the result agrees well with
that found in the X-ray diffraction study of AgN03 melt.4)

The orientation of nitrate ions and the cations was difficult to be
determined only from the present diffraction data, since the M+—N and Mﬁ-o
peaks found in the RDF were not well resolved. The cation distribution
around a nitrate ion has been demonstrated by molecular dynamics 51mulat10ns
based on the present neutron and X-ray scattering data for molten LiNO

RbNO3 and 1:1 L1NO3 - RbNO3 mixture, and the results will be described

3

elsewhere,

a7




Re
1

2)
3)
4)
5)

ferences

§. C. Wait, Jr., A. T. Ward aand G. J. Janz, J. Chem. Phys. 45
(1966) 133.

D. W. James and W. H. Leong, J. Chem. Phys. 51 (1969) 640.

K. Suzuki and Y. Fukushima, Z. Naturforsch. A37 (1983) 367.

B. Holmberg and G. Johansson, Acta Chem. Scand. A37 (1983) 367.

P. Meyer, A. Rimsky and R. Chevalier, Acta Cryst. B32 (1976) l143.
oy LiNOg, 320° of | S

| {X !/\ /\1 /\ | LIBKDB f#’ |

O'O-o A

-0.4

0.4} : RbNO4, 470°C 41 RbNOg

o.o{\'[‘/\f\[\ /\ 2 /"/

OF Obmmmeed Srd N

3 ' Al iNO~~

. LiNO~~- RBNO i )
04 l 3 3’ s /'

]\ [\ 230°C - /
— A 0 " .' . i \_,_v?_; :

G a
?T-’O O riA
& r.- q | Fig. 2 Radial distribution functions
_0_4:. : of the melts. Experimental (-:-)
[ and model {—)
08, 46 2

Fig. 1 Structure functions 0-i(0)

for the melts. Experimental (--+)
and model (—) 48




61

LiNO3

RBNO4

AgNO3

LiNO3~-
RbNO3

1.89(2) 0.0016(5) 3.2(9)

2.393(8) 0.008(1l) 4.3(5)

- 1.93(2)

YM--O

0.003(2)

o
Results of the least-squares refinement of the Q-i(Q) curve for the distance ri.(A), the

4(1)

Table 1.
temperature coefficient Yij(gz), the number of interactions nij and the agreement factor
R¥. The values in parentheses are their estimated standard deviations. The values in
brackets are those reported by Suzuki and Fukushina3)
Q-range  I'y.o Tn-o - "n-0 “m-o Yo-o - o0 Fo0 Y o-o 5.0 Tu-o
a 15 - 30 1.250(1) 0.0003{(1) 3 2.155(4) 0.0029(2) 3 .
B 15 - 30 1.251(1) 0.0003(1) 3 2.09(1) 0.001(1) 1 2.196(1) 0.001 2
5 -20 1.250  0.0003 3 2,155  0.0029 3
{9 -20 1l.26 0.0014 3 2.09  0.,0025 1 2.21 0.0025 2}
9 - 30 1.255(1) 0.0011(1) 3 2.161(3) 0.0025(2) 3
‘[ 9 - 20 1:25- 0.0019 3 2.17  0.0027 31
A 20 - 30 1.249(1) 0.0010(1) 3 2.149(5) 0.0019(2) 3 |
20 - 30 1.255(1) 0.0010(1) 3 2.11(1) 0.001(1) 1 2,205  0.001L 2
5 -20 1.249 0.0010 ° 3 2.149  0.0019 3 ‘
19 - 20 127 0.0016 3 2.10 0.0025. 1 2.22 0.0025 2
5 - 30 1.249(1) 0.0012(3) 3 2.167 0.0032(2) 3
R T BN R BN /;Eg?-i(g)obsz p 172

0.087
0.138
0.078

0.189
0.248

0.364
0.174

0.183
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*
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Liquid N,N-dimethylformamide (later abbreviated as DMF) is one of the
commonly used solvents in many chemical reactions. Structural investigations

1)

have been carried out by using NMR, Raman and infrared methods,z) which

have brought forward discussions about cluster formation of DMF molecules in

3),4) have

the liquid state. Theoretical calculations previously reported
been limited to a monomer DMF molecule. A recent X-ray diffraction study on
liquid DMFS) has indicated that the intermolecular arrangement of DMF
molecules is very disordered and hence no appreciable DMF cluster is formed.
Weak hydrogen bonds between DMF molecules have also been supported by ab
initio molecular orbital calculations on aggregates of DMF,molecules.B)
The neutron diffraction method is especially useful for studying formation
of hydgrogen-bonds because the method can observe locations of hydrogen
atoms in molecules.

The aim of the present study is to determine the molecular structure of
liquid DMF and also to investigate the presence of hydrogen-bonds between
DMF molecules by using deuterated DMF.

Deutrated liquid DMF, (CD,) NCDO, with a D content of 99 per cent, was

3)2
purchased from E. Merck., A quartz cell with an inner diameter of 10 mm and
thickness of 0.4 mm was used for the measurements.

Neutron scattered intensities were measured for liquid DMF at rouom
temperature with the High Intensity Total scattering spectrometer (HIT). The
observed structure functions i(Q) (= S(Q) - 1) multiplied by the momentum
transfer Q is shown in Fig. 1. Figure 2 shows the radial distribution

function (RDF) obtained by the Fourier transform of the Q+i(Q) values

truncated at QmaX = 28 Rﬁl.
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In the radial distribution function, peaks appear at 1.08 3, 1.40 K, 1.72 S,
2.08 R, and 2.47 R. From the structure of the almost planar skeleton of DMF
molecule determined by X-ray diffractions) (Fig. 3), these peaks are
ascribed to the following interactions.

1) 1st peak (1.08 8): C-D such as €2-D21, and Cl1-0.

2) 2nd peak (1.40 R): N-Cl, N-C2, and N~C3.

3) 3rd peak (1.74 R): D...D such as D21...D22.

4) 4th peak (2.08 £): N...D such as N...D21, O...Dl1l, N...Dll and O...N.
5) 5th peak (2.47 8): ¢€l...C2, Cl...C3, C2...C3, and C2...Dll.

Besides the above atom pairs, interactions between atoms Cl, DIl and
0, and methyl D atoms, and between methyl D atoms in different methyl groups
are also expected to contribute in part éo the 4th and 5th peaks. However,
distances of these interatomic interactions vary by rotation of the two
methyl groups along each C-N bond. Thus, we examined the following three
types of confqrmation of the methyl groups relative to the N-Cl bond; (A)
two methyl groups are in the eclipsed form, (B) two methyl groups are in the
staggered form, (C) the methyl group at the trans position is in the
eclipsed form, and the other methyl group is in the staggered form, and (D)
the opposite case as to model C. All the interatomic distances were taken
from Ref. 5 except for the C-D distance = 1.08 R taken from the position of
the 1lst peak in the present RDF. Theoretical structure function i(Q)mod,
which is defined by <bi>_222bibj sin(Qrij)/(Qrij)exp(—yijQz) with the bond
distance rij and the mean square variation 2 Yij to rij’ was calculated
for the above conformations of the methyl groups. However, each model
gave similar i(Q)mod values over the Q-range of 6 -~ 28 371. Thus, the
conformation of the two methyl groups could not be concluded in the present
study.

In order to determine the interatomic distances within a DMF molecule, a
least-squares fitting procedure was applied to the structure function Q-i(Q)
over the Q range b — 28 3_1, where the function U = ZQZ{i(Q)ex - i(Q)mod}2 was
minimized with variables rij and Yij' The following assumptionz were made;
i.e. (1) all the non hydrogen atoms are coplanar, (2) the methyl groups have
local C,, symmetry and have no tilt, (3) the C-D distances within the methyl
groups and the Cl-Dl1 distance are not distinguishable, and (4) the
conformation of the methyl groups shown in Fig. 3 (model A) is taken as a
model which is suggested from theoretical calculations for a monomer DMF.B)’A)

The final results are given in Table 1. A good agreement between

experimental and model structure functions has been attained in the Q-range
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of 6 — 28 R.as shown in Fig. 1. Peak shapes for all the intramoleculax
interactions less than 3.5 R were calculated using the values given in
Table 1 and were subtracted from the original RDF. The result is shown by
the dashed line in Fig. 2. As is seen in the residual curve, the
intramolecular interactions within the DMF molecule satisfactorily
explained the peaks in the range r < 3.2 R. The presence of hydrogen
bonds between the DMF molecules through the carbonyl deuterium - oiygen
interaction, if any, might be difficult to be detected because of their
small contribution to the RDF. The present study has shown that the
spectrometer HIT gives data with good precision to investigate the

structure of complex molecular liquids.
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Table 1. Molecular parameters of liquid DMF determined by neutron

diffraction method.

C1-D11
C-D(-CD3) C1-0

r/A  1.085(4) 1.,26(1)
Y/A%  0.0011(1) 0.001(1)

N-C2
Cl-N N-C3 DCD(®) DC{2,3)N(°)
1,.37(4} 1.45(1) 107(2) 103(1)

0.002(1) 0.003(1)
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Diffraction techniques have played a principal role iun determination
of the structure of electrolyte solutions. Recently the neutron diffraction
method has effectively been used to elucidate the orientation of water

L)

molecules around ions dissolved in water. Extraction of the contribution
of the ion-water interactions from the total scattering data is based on
the first—order difference method. This method may be classified inte three
kinds; i.e. (1) isotopic substitution,l) (2) isomorphous substitutiou,z) and

3}

(3) free water subtraction. The former two have essential limiations in
application, because sultable pairs of isoteope or atoms with similar ionic
radii are required. Method (3) is only applicable to solutions containing
enough free water.

In the present communication, we will propose a concentration difference
method, in which scatterings from solutions with different solute
concentrations are compared.

In a solution of MX in DZO’ the total structure factor 5(Q) is written

by

- 2 _
S(Q) = Zecby +ZZcicjbibj{Sij(Q) 1]

The second term is separated into two parts, (1) MX—DZO (M=-0, M=~D, M-M,
X~-0, X-D, X-X and M-X), and (2) D20 {D-0, 0-0 and D-D). The latter
represents DZO_DZO interactions in the system, which is a predominant
contributor to the total $(Q), and hence should be removed from the total

scattaring data for the system when one wishes Lo analyze interactions between

54




the solute and scolvated water molecules. If the 5(Q) values for two solutions
with different MX concentrations are scaled so as to contain equal amount of
water molecules in the both systems, the interference term from the water
structure may be cancelled by taking the difference of the scaled $(Q) values,

ACQ). The A(Q) will be expressed as follows.
_ A B, 2 AA BB
AQ) = Z(fe; - e )b + ZZ(fcicj cicj)bibj [Sij(Q) - 1]

f is a normalization constant to make the amount of water molecules

equal in the both systems.This method holds only for the case in which the
hydration structure of the ions and the water structure are very similar in
the two solutions te be compared.

We applied this method to 11 mol dru_3 and 5 mol dm-3 agqueous LiCl—D20
solutions. The neutron scattering intensities were collected by using the
High Intensity Total scattering spectrometer {(HIT). The sample solutions
were sealed in vacuo into a quartz tube with an inner diameter of 10 mm.

Figure 1 shows the difference structure function Q*i{Q), in which i(Q) is
given by [A(Q) - Z(fc? - cg)b12}/2(fc? - c?)biz, The corresponding radial
distribution function d{r) given by (2r/7)fQ-i(Q)sin(Qr)dQ is demonstrated in
Fig. 2.

Since the scattering length of natural Li has a negative value, the
Li-0 and Li-D interactions give negative contributions to the RDF. Such curve
shapes are seen around 1.93 R and 2.5 - 2.7 R, which are consistent
with Li-0 and Li-D distances, respectively, obtained from the isotopic

1)

substitution method {see Fig. 3a). The peak observed at 2.2 R is ascribed
to the CiI-Dl distance within hydrated chloride ions (Fig. 3b). The Cl-0 and
Cl-D2 interactions contribute Lo the broad peak around 3.0 - 4.0 2. The
results obtained are compared with those determined by the isotopic

)

The present results may indicate that the orientation of hydrated water

substitution method1 in Table 1. Both results agree well with each other.
molecules around Li+ and Cl~ ions does not change appreciably with
increasing sclute concentration.

Since the radial distribution functiou obtained by the concentration
difference method coutains the contribution from the hydration structure of
both Li+ and Cl~ ions, the more exact lon-water distance and the hydration
number arz obtained by a model fitting procedure applied to the structure

function (-i(Q), which is now in progress.
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{a)

Fig. 3 The orientation of water molecule around the ions.

(a) it ion, (b) C1” ion

=]
Table 1. Comparison of ion-water distances(A) of hydrated

1i* and €17 ioms.

The concentration

difference method

The isotopic substitution

methodl)

9.95 mol-dm >

3.57 mol-dm~3

Li*t-o
Lit-p
Ccl™-p1
C17-0
C1™-D2

1.923
2.5-2.7
2.19

}3.3—4.1

1.95(2)
2.50(2)
2.22(2)
3.29(4)
3.5-3.7

1.95(2)
2.55(2)
2.25(2)
3.34(4)
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Introduction
+
The nature of hydration around Li in aqueous solutions at less than
ca. 20 mol% LiCl was investigated by the neutron first-order difference

method due to Enderby et al.l’z)

It is clarified that the number of water
molecules in the first coordination shell, the angle ¢ ‘ between
the Li-0 axis and the plane of the water molecule, and the lithium-deuterium
distance vary with concentration. They observed no direct and indirect
interactions between lithijum cations and chloride anions in aqueous
golutions up to ca. 17 mol% LiCl. To our knowledge no direct evidence for
direct and indirect correlation between alkali metal ions and halide ions
was observed in the diffraction techniques. From a point of view of
compiex formation phenomena, concentrated aqueous chloride solutions
containing transition metal ions (e.g., C02+, Niz+, Cu2+ and Fe3+) were
examined by the X-ray diffraction method, though the hydregen atoms cannct
be observed with adequate precision.B)

This paper reports, for the first time, an experimental eviderce for
direct and indirect interactions between Li+ and C1 by the methods of TOF
neutron.diffractiOH and isotopic substitution for incompletely hydrated
solutions at larger than 25 mol% LiCl.

' Theoretical Formalism

The neutron first-order difference method described by Soper et al.l)
avoids the difficulties associated with the Placzek correction of the
observed differential cross—-section, because the terms arising from every
pair of nuclei involving no lithium nucleus disappear.

Let ALi(Q) represents the algebraic difference between the coherent
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differential scattering cross-sections scaled by a molecule formulated
by (LiCl)X(DZO)l_x, for two solutions. They are identical in all respects

except that samples were isotopically enriched for Li. It follows that

+ Dlag ;. (@-1] (1)

where A = 2x(1-x) (bp4~b"15) by (2)
B = 4x(1-x) (b, -b' ) by (3)

¢ = 2x" (b, -b'1 L) by (4)

D= x (b2 b2 ). | (5)

2
Here E=x(bLi—b'ii) was deleted. The first-order difference AM(Q) (e.g.,
. 5
eqn (1) for n=1) for the (MXn)x(DZO)l—x system can be related to AM(Q)
developed by Soper et al. as follows,

B(@ = 85 (@-[(-2)x + 317 = 450y 6

The distribution function Eii(r) around Li+ can be derived from the

Fourier transform of ALi(Q), as follows,

—_ l .
Gy () = —5— {4, (®-q sin(er)da, )
2n7gr .
where p, is the number density of molelules. From ALi(Q) given

in eqn (1) ELi(r) can be expressed in terms of the atom pair distribution

functions gas(r), name ly

G (r)/y = A[gLiO(r)—1]+B[gLiD(r)~l]+C[gL101(r)—l}+D[gLiLi(r)—l] (8)
and
=1 ~11-0 a4
Byp (-1 = —5— § la o (@-1]-0 sin(qr)q. (9)
2T pr
From the definition of gaB(r) the number of o atoms around Li+;nLiu is
2
n o = Cp 5 bt g (D), (10)

where Ca stands for atom fraction of an o atom;p the number density of atoms.

Experimental
The sample was sealed in a quartz sample cell (10 mm in inner diameter
in
and 0.4 mmAthickness) and the pulsed-neutron diffraction measurement of the
two(LiC¥b.33l(D2qb.669 systems with difference in isotopic state of
Li(f( Li)=1.0 and £f=0.92¢) was carried out at 130x2°C using the high

intensity total scattering spectrometer (HIT).
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Results and Discussion

Figures la and 1b show the unsmoothed data of two coherent differential

obs

scattering cross-section do(2@,Q)/dQ|c0h

at 33.1 mol%Z LiCL and 26=50.6°.

Figure lc shows the algebraic difference A, (Q) between figs. la and 1b,

where the term of x(bii—b'ii) was deleted.

Aii(Q) is equal to ALi(Q) given by - 5.0 T

eqn{l), because the Placzek co- E? s 1
o L0f ¢ -

rrection is sufficiently small to L i
& TrE A l
allow ALi(Q) to be derived from j@ ljj%J\f_\J/__,_*mpwh#_gmﬁwwwni
Aﬁi(Q). Since A, B and C are E o.op ¢ ( U*ﬂJ) y
g agfi 4

much larger than D for highly md%c 0 >
e I E 4 ]
concentrated solutions, ALi(Q) is 3) o ‘U'%j\vﬁ\u,_ﬁdﬂ*mﬁ_MMwmWMEMM ]
determined by not only a,.. and I3 n.of- ()

7 Li0

a1 4p but also aric1’ direct or . . |
indirect correlation between Li E ]
and C1 can be, for the first r ]
-U-ZU j“l 1 i I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]

time, observed. 0.0
In corder to study the concentra-

tion dependence of the correla-

5.0 10.0 9.0 20.0

0C1/4)

Fig. 1 Observed differential scattering

tion between solute-soluteions cross sections for two Li-substituted

and the hydration effects,

samples and A7;(Q) at 33.1 mol% LiCl, full

_ circles: unsmoothed data points, solid
GLi(r) given by eqn (7) was ob- curve: smoothed curve used for the Fourier

. transform.
tained by the Fourier transform

using values derived from the smooth curve in Aii(Q) (see fig. lc). The

ﬂ.lST T i I |

0.10 +

I
T

Il

(=]

=]

o
I

0.0 2.0 , 40 5.0 8.0

Fig. 2 G,. (R) for (LiCl)

(D,0)
At 130°C. L1 0.331°72°'0.669

number does not support the tetrahedral model.a)

form of Li(r) shown in
fig. 2 indicates (i) the
first two peaks at 1.95

A and 2.31 X can be iden-
tified with Li-0 and Li-D
correlationé, respectively.
(ii)} The hydration number
of 2.3%0.2 was obtained by
integrating eqn (10) be-
tween 1.8 and 2.6 A. The
hydration number depends
on concentration strongly
(see fig. 3a) and this

(iii) The second two peaks

o (=]
located as 2.76 A and 3.28 A are identified as direct
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and indirect Li-Cl correlations locates 8 - T . .
nearly across the first hydration shell which EL- I N
2L ]
is definitely deficient in the number of gal [
' | |
water molecules hydrated around Li+ of 20 i '
interest (nLiCl=l.5) and the other Cl Aéﬂj l I I i b
locates just outside of the first hydratiomn gmf : N
LA S _
=7, N 1 n, o T L -
shell (nLiC1 7.4) (iv) The angle ¢ ~ 75 =200 b
is larger than the lone-pair configuration oL L t '
30 T i T
¢ v 55° and ¢ increases with increasing the c
A
LiCl concentration (see fig. 3b). The large bl e *

- ’ A * 7]
value of ¢ observed in 1ncompletely hydrated g , - -
solution at 33.1 molZ LiCl may arise from mza

. — el I s o o N
the strong interaction between D and C1
which is also concerned with direct corre- 15 I !
G 01 0.2 03 04

lation with Li+; this reflects the fact that

and Cl is

X

ter-bridging between Li"
water—bridging between i Fig.3 Concentration depen-

dence of a) hydration num-
ber of lithium ion, b) ¢,

2)

important. (v) According to Newsome et al:

the form of Eii(r) for agqueous solutions up
to ca. 17 mol% LiCl indicates the stability

of the first hydration shell within the

and c¢) Li-O(open) and Li-D
(solid) distances, oO: this
work, o: ref. 2, a: ref.
4, o ref. 5.

range of 3 A because of 8y, (3 R)=O for all

B —

the nuclei pairs (see eqn (8)): the form of GLi(r) above ca. 25 mol¥% LiC1l
+

insists on the short-range correlations between water molecules and Li as

well as between cl™ and Li+ within the range of 4 A because of guB(WA K)=O.
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1)

In a previous report™’, we studied the short range order and its tem-
perature variations of the binary critical mixture of perfluoro(methyleyclo-
hexane)—carbon tetrachloride by a high intensity total scattering spectrom-
eter (HIT) installed at a spallation neutron source of KEK. No apparent
change was observed in the profiles of S(Q) and RDF over the Q range exam-—
ined (Q<0.6 R_l), irrespective that the critical point was approached or
not. On the other hand, it has been reported that the S(Q) near the crit-
ical point apparently shows "normal" Ornstein—Zernike behavior in a low Q
rangez). It is therefore suggested that a cut—off Qc should exist: the
critical fluctuation governs the behavior of S(Q) when Q<Qc, while the
‘short range order governs that of S(Q) when Q>Qc' Until now no direct
estimation of QC has been done, though the Qc is determing? by matching the
theory and the experiment based on the critical viscosity™".

Present work concerns with the first direct estimation of Qc from the
high Q side (Q>QC) by HIT. The measurement has been made by using the
counters at the lowest scattering angle and by using an improved cell for
precise temperature control. The minimum Q value attained is 0.2 R_l
after a smoothing of the profiles of ${Q). The measured tenperatures are
29.0+0.5°C(AT=0.4°C), 40.0%0.5°C(AT=11.4°C) and 60.0+0.5°C(AT=31.4°C).

Fig. 1 shows the plot of $(Q) before the smoothing at three different

temperatures. It is noted that no appreciable change is observed in the
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profiles of 5(Q) which reconfirmes the previous result, though the data
in a low Q side (Q<0.3 R_l) are influenced by the statistical error.

By smoothing the data in the low Q region, we camn say that Qc<0.2(or 0.15)
ﬁ_l. Further studies at the lower Q region are clearly desirable using
neutron small—angle scattering method. As far as we know, such studies

have not been made.
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Fig. 1. Structure factors by perfluoro(methylecyclohexane)—carbon tetrachloride

mixture at 29.0, 40.0 and 60.0°C.
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Early Stages of Phase Separation in an Al-6.8%Zn
Studied by Small Angle Neutron Scattéring

Michihiro FURUSAKA, Mitsuru MERA and Yoshikazu ISHIKAWA
Physics Department, Tohoku University, Sendai 980, Japarn

It has been estabiished that the scattering function in FeCr alloys at the late

stages of phase separation process, scattering function obeys the q~4 relation at higher g

side of the peak, and the scaling law of the form F(a/q,)=q,35(q,t)"? holds® in the
ah

entire g range, where q, is the first moment of time dependent scattering function S(g,t).

At a very early stage, however, we have shown that the scattering functfon exhibits
rather the g2 relation at higher g side and no scaling law holds. This q2 relation has
been predicted? by the non-linear theory of Langer, Bar-on and Miller® These salient
results were obtained by virtue of simultaneous measurements of the wide g range which
. is an important potential of SAN at KENS.

Quite recently, it was reported that a similar scattering law alsoc holds for an
AlZn alloy ® at late stages of the phase separation. But, as far as the earlier stages in
this alloy are concerned, no definite results ﬁave beén bbtained. One of the reasons is
that the atomic diffusion of the sample is rather fast even at room temperature and
another is the limitation of the measurement of q range with the small angle scattering
instrument at reactor. Therefore, we have undertaken the study of the early stage of the
phase separation process of the AlZn ailoy with SAN in order to compare with the phase
separation process in FeCr alloys.

The sample of AlZn alloy at off critical concentration (6.8at%Zn) was made from
99.999% Al and Zn by induction melting. It was homogenized at 400°C for at least 12
hours in an in situ furhak:e’" with a simuitanecus measurement of neutron scatering
until the small angle scattering intensity from the sample became negligible, followed
by quenching by a flash of liguid nitrogen.”? The scattering intensity from the as
quénched sample was found to be almost the same as the one measured during the
homogenizing process.

The scattering function S(q,t) from the sample annealed at 116°C are presented in

log-log scale in Fig. 1(a), which shows the g™ relation at the higher q side of the peak

64




and the scaling law also holds as presented in Fig. 2(a) in agreement with the previous
observation. At an intermediate temperature (25°C), the shape of the scattering function

S(q,t) at higher g side varys from g2 to g™ dependence as the annealing time increases

(Fig.1(b}). Figure 2(b) also shows that the scaling faw holds at late stages (7~10

minutes), where the scattering function has q# dependence. But it is not the case for
earlier stages, where the scattering function deviates from the g relation. In contrast

to them, the scattering from the sample annealed at -30°C (Fig. 1(c)) shows the q™2
relation, and the scaling law does not hold, just as is the case with FeCr alloys. [t shouid
also be noted that even at the very | beginning of the phase separation process,
exponential divergence of the time evolutions of scattering intensities predicted by the
Cahn's theory could not be detected for this sample.

To conclude, the late stages of the phase separation are detected in the sample
annealed at 116°C, and 25°C. The existence of the very early stage was found for the
sample annealed at -30°C, where the scaling law does not hoid and the scattering
function shows the q2 relation. It is the first experiment which shows the existence of
such a very early stage of the phase separation process, to our knowledge. The close
resembiance between the phase separation behavior of the FeCr sampie and that of AlZn
sample suggests that the early stage of the phase separation process we found is the

general characteristic of the separation porcess.
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Figl. Log-log piots of scattering
functions measured in Al-6.8at%Zn.
Annealing temperatures are (a) 116°C,

(b) 25°C, (c) -30°C.
Fig.2. Scaled functions F(a/q,) for the
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Spin Wave Scattering Measured with

a Small Angle Scattering Instrument SAN
Michihiro FURUSAKA, Yoshikazu {SHIKAWA and *Shigehumi CMODERA
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*Senaal Radio Technical Coilege, Miyagl 889-37, Japan

Small angte neutron scattering measurement from F93Pt has been paid an attention in

conjunction with the invar effect of the alloy. There has been a report on this subject,"
but the resuits have an ambiguity that the small angle scattering is contaminated with
spin wave scattering. Therefore the separation of elastic scattering from inelastic cne
was performed by applying an external magnetic field which, however, modifies the
phenomenon. In this report, we show a possibility of separating spin wave scattering
from elastic one by analyzing wavelength dependence of the smail angle scattering
obtained with SAN at KENS.

If the quadratic dispersion reiation holds for the spin wave excitations with a spin

wave stiffness constant D, the critical angle 6c of the spin wave scattering is given by,

I [
Be~ .= __. (Bc«t) (n
2m D D
No spin wave scattering occurs outside of this angle and it is independent of incident
neutron wavetength.

The scattering intensities from an orderd Fe,Pt measured at 130°C by different
wavelengths are plotted against g in Fig.1(a). The estimation of g was performed under
an assumption that the scattering was purely elastic. They clearly show the wavelength
dependence. in contrast to them, when the scattering functions are plotted against the

scattering angle 8, multiplying by kii‘, they are nearly independent of the incident
wavelengths for the 8 greater than 0.03rad (Fig.1(b)). For the wavelengths 3~4A, the

scattering curves fall on a single line for the © greater than 0.02rad. Discrepancy at the
smail © side of the scattering functions is considered to come from the elastic one.

Since spin wave damping factors of invar alloys are significantly larger than those of
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non Invar alloys,3’ life time, energy gap and stiffness constant have been taken into
account to calculate the profiles of the small angle spin wave scattering 1{(6). The spin

wave scattering cross section S{q,w) was assumed to be,

fiw i G'q?
S(q,w) = Alk;,K,) - : : ) 2)
1-exp{-w/kgT} K, 2+q? (w_wq)2+(5.q2)2

where, A(ki,kr) is a wavelength dependent constant, K, the perpendicular component of

the inverse correlation length, 1‘1wq the magnon energy and G-q the damping factor. The

small angle scattering intensity I(8) was obtained by integrating S(g,w) with &

component parallel to the k;, followed by conveiution with the instrument resolution.

a
f Fig.1(a). Scattering
g functions plotted against
3 g, assuming the scatteing
@ [ to be purely elastic.
3 Sample  is  Fe,Pt,
sl measured at  150°C
= without external
='bi magnetic field.

Fig.1(p). Scattering
functions normalized by

k2 plotted against 6, for

the same sample.

t00.00 200.00 300.00 400.00 500.0

J.-l

For the calculation, spin wave parameters determined by triple axis spe_ctrometers in

the q regions greater than 0.03A™" for the same sample were employed. They are,
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18 1 &

stiffness constant D (85meV-A2), damping factor coefficient G (6.6meV-A2) and energy

gap E (0.04meV). Experimental results (continuous lines) from the sample of Fe.Pt

measured at room temperature as well as caiculated ones (broken lines} using these

parameters are presented in Fig.2. The experimental results for shorter wavelengths

(3~4A) are well reproduced by calculation. Note that the elastic scattering intensity is

weak compared with inelastic one in this » range, because the elastic scattering is
limited in small © range, compared with the scattering measured with longer
wavelengths. A little wavelength dependence in the scattering intensities is explained by

taking into accout the spin wave life time and the small energy gap. in contrast to them,

for longer wavelengths (5A~), the scattering function showed a clear & dependence. That

is due to the elastic scattering by magnetic inhomogenity.

To conclude, our analysis has shown the potential of measurement of spin wave
scattering with our small angle scattering instrument SAN. The characteristics of the
potential are, (1) the inelastic scattering with very small energy transfers can be
detected at very small g (down to 10pV at 0.01A™"), (2) this method has an ability to
separate elastic small angie scattering component from inelastic one, and (3) only one

measurement is enough for this analysis. This method has been applied to the

measurement of small angle scatteing from FegPt, which enabled us to determine elastic

scattering separately. The details will be published elsewhere,

gt Fig.2. Scattering functions -
St normatized by kiz plotted
8_ against ©. Sample is
S- FezPt measured at room
: temperature.

C;U' 0.05
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The purpose of the present study is to measure separately the inter-
molecular and intramolecular parts of the structure factor of SANS by salt
free polyelectrolyte solutions thereby clarifying the origin of the broad
maximum that appears in the total structure factor.

For this purpose we employed the method by Williams et 311). The aqueous
solvent was a mixture H20 and DZO’ the composition of which was chosen to
-give zero contrast to the unlabeled (protonated) polyelectrolyte chains.
So that for a coherent elastic neutron scattering only the labeled (deuterated)
chains were visible. Let the total structure factor S{q} of solutions, in
which all the polyelectrolyte chains are labeled, be decomposed into the

intramolecular part S1(q) and intermolecular part Sz(q) as
5(q) = ST(q) + Sz(q) (1)

If, at the same total concentration C, only a few are labeled so that a
fraction X of the chains will give rise to a coherent scattering, the

structure factor, SX(q), is given by
2
Sy(q) = x8,(q) + X'8,(q) (2)

We can determine 81(q) and Sz(q) sgparately, for each total concentration C,
by measuring X dependence of SX(q).

The samples used were sodium polystyrene sulfonate. They were prepared
by sulfonation of a protonated and a deuterated polystyrene, PSH(Press. Chem. ,
Mw=0'93X105’ Mwé?n £1.06) and PSD(Polym. Lab,, MW=1.03x105, MW/Mng 1.06), by
method of Vink . There were. about 93% or more sulfonated styreme per chain.

The solvent used was a mixture of 70Z HZO and 307 D20. The total concen-

trations were 0.026, 0.052, 0.103 g/cm3 which were higher than the cross—over

70



concentration.

The measurements were performed with the KENS-SAN instrument at KEK3?.
The excess scattering intensity of sodium polystyrene sulfonate solution
against the solvent was determined after the transmission correction was made
both for the solution and solvent. The solvent gave zero contrast for the
protonated chains. Solution cell was made of quartz and thickness of the
sample liquid was 2mm. Area of the neutron beam at the window was 35x14 mmz.
The incoherent neutron spectrum as well as the detector efficiency of two-
dimensional position sensitive detector was corrected by employing the
incoherent scattering intensity from water.

Fig.1 shows‘plots of angulaf dependence of scattering function with the
resolution of dq/q=0.2, One broad maximum of the scattering function, whose
position varies with concentration, appears for all concentrations, The g

1/2

values corresponding to the maximum intensity vary as C Fig.2 shows an
example of the q-dependence of SX{q)/X. TheAintrachain S1(q) and the inter-
chain Sz(q) signals extracted from Fig.2 ( X varying between 0.4 and 1.0 for
each total concentration C ) are shown in Fig.3. The figure shows that the
intrachain S1(q) decreases while the interchain Sz(q) increases monotonically
with increasing q. The negative sign of Sz(q) means the.repulsive interchain
interaction., The both functions do not have any maximum, but the sum(Eq.1)
of the two functions gives the above maximum. The q dependences of S1(q)
and Sz(q) at other concentrations are similar to those at 0.103 g/cmB(Fig.4).
The results shown in Fig.3 decidedly demonstrate that the maximum that
appears in the total structure factor S(q) has nothing to do with the Bragg
reflection, rather it occurs as a result of a delicate intefplay of inter-
and intrachain interferences. The whole features of the obtained S1(q) and

Sz(q) are consistent with the theory of French groupa)s).

4)

, | the correlation tube effect " is

According to the-simple theory
expressed as
1
(3)
1 EZqZ

where £ is roughly the diameter of the correlation tube. We tried to deter-

Sz(q) = —S1(q)

mine the value of & for each concentration by fitting the Sz(q) value calcu~-
lated by means of Eq.(3) together with the experimentally observed S1(q) to
the measured one. The solid lines in Fig.5 show the smoothed curves thus

calculated. The concentration dependence of £ thus determined was plotted

1/2

in Fig.6. We see that £ varies roughly as C Again, this behavior

agrees with the theoretical prediction4)6).
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The contrast variation method is one of the most attractive appli-
cations of neutron diffraction from the solution of biclogical materials.
D»0/H20 ratio in the solution and solvent should be exactly the same
since the scattering intensity of the solute particles can be obtained
by subtraction of the scattering intensity of solvent from that of so-
lution. The neutron transmission measurement with SAN is found to be
very useful to determine the D0/H20 ratio in the solution.

The transmission can be written as follows,

I
T = s - exp(—O0gp —0 cel1) (1)
where I is the transmitted intensity, and Iy is the incident intensity
and T and Ocell a@re the total cross sections of the contents and cell

itself, respectively. The total cross section 0, may be written as

T
Follows,

On = k1-C-Q

T + ky-0

L£(C) {2)

solute solvent

where k; and XK, are constants, C the concentration of the scolute and
£ ({C) comes from the excluded volume effect of the solute. Gsolute,
the total cross section of the solute, is given by the linear expression
of x, D:0/H.0 ratio.

Though the total cross secticon of the solvent, Ooolvent has a non-
linear term on x which is deduced from the molecular weights between
D20 and H»Q, this can be given appreoximately by the linear expression

aof x. So, it is derived from eq. (1) and (2) that the natural legarithm

of the transmission is proportional to the D0/H20 ratio. Fig. 1
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indicates the wavelength dependence of the transmission of the standard

solvents which is a unique potential of the SaN. Frem the logarithm

plots of Fig. 1, the calibration lines for the determination of the

D,0/H»0 ratio in the solution have been ohtained as shown in Fig. 2.

1 o000 it e o, Fig. 1 The wavelength
Yy N dependence of the trans-

~ A e e mission of standard
ﬁ @) solvents. (a): 100%

%}#—H‘\\_“‘“»—-vﬁm_h_;‘ D,0, (b): 75%D,0,
Al ) (c): 50%D,0, (d): 25%D,0

{e): H0

Transmission
b
[4;]
]
{
s

Fig. 2 Calibration lines
for the determination of
the D,0/H,C ratio are
obtained by logarithm plots
of fig 1. (a}: 2.58,

(b): 3.9R, (c): 5.3R,

(@): 6.68, (e): 8.0A

L. Trans.)

0. 50.0 100.0
0.0 Frac.(®h)

Generally, the sample preparation to obtain the solutien of the
adequate D30/H20 ratio is executed by the use of dialysis against the
solvent of the same Dy0O/H,0 ratio. In this case it is sometimes diffi-
cult to reach the expected ratio of D»0/H;0 even after a series of dialy-
sis because of the slow rate of exchange between deuterium and hydrogen
in the selution. Especially, in the sclution containing highly charged
particles, for example, nucleoscme core particles which might have many
hydrated water molecules, 1t takes scores of hours to exchange D20 to
H70. Fig. 3 {(a) demcnstrates this circumstance. The solution was

diluted in the 100%D,0 sclvent and condensed several times repeatedly
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Transmission

in about 10 hours. The expected ratio was 99.5%D,0, but 94%D,0 was
estimated from the calibration lines in Fig. 2. Fig. 3 (b) shows the
transmission profile after matching the D;0/H20 ratio of the solvent to
that of the socolution. The two transmission profiles agree well with
each other. This shows that the calibration lines obtained in Fig. 2

are correct and that the transmission matching is performed correctly.
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Time Ch. (Wave | ength) Time Ch. (Wave ! ength)

Fig. 3 Transmission profiles of the solvent and
solution. (a) and (b) are before and after trans-
mission matching respectively.

There are other methods to determine the D20/H20 ratio. The H-NMR
measurement can be used for this purpose, but it is not convenient.
Though the infrared absorpticn analysis is easily applied, the cali-
bration lines deviate from the linearity below 80%D;0. The density
measurement covers the full range of Dy0/H;0 ratio and is more accurate
for the solvent. But for the solution, because of the difference of
the densities between the solute and sclvent and the change of the vis-
cosity, the error of the D;0/H»0 ratio is estimated to be about 4%
for the 1 wt% nucleosome core particle sclution. For the same solution
the error of the D;0Q/H,0 ratio by the use of the neutron transmission
measurement is less than 0.4%. Note that our method is the privilege

of the SAN which employs the various wavelengths neutrons.
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The nlucleoscme core particle, consisting of 146 base pairs of DNA
wrapped around an octamer of two each of innexr histones H2A, H2EB, H3
and H4, constitutes the first level of DNA packaging in chromatin.

The association of conformationally altered core pucleosomes with tran-
scriptionally active genes attracts current interest in the conformaticnal
state and transition of the core particle. One way to characterize the
ability of nucleosome to unfold has been to examine their response to
variations in ionic strength.

In a course of detailed neutron small angle scattering studies of
the nuclecsome core particles, we have found tﬂat the interparticle
interaction between nucleoscme core particles is changed drastically by
variations in ionic strength below 1072 M. At low salt state (<1073 M),
a gingle peak is observed clearly (fig. 1 (a)). As increasing ionic
strength by adding salt, this peak decays gradually with brcadening of
its width (fig. 1 (b)). This tendency doesn't depend on solute con-
centrations in the range of our measurements (1.0 wt%v0.6 wf%).

Fig. 2 shows the dependence of the peak positions on solute con-
centrations. The peak position shifts toward the Q region at low con-
centration. It is found that the peak is originated from the inter-
particle interaction. Furthermore, the peaks are located at a little
higher Q region than we expected from each solute concentration. It
may suggest that the cores are dispersed heterogeneously.

The core particle has totally 146 negative electronic charges.

So, at low salt state, the electrostatic shielding by counterions can

be weakened and such interaction might be reinforced. We apply the
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Fig. 1. Neutron scattering profiles of 1,04 wt% nucleosome core particle
in D20 (94%)
{a) in 0.02 mM EDTA (low salt)
(b) in 0.02 mM EDTA + 10 mM NaCl (high salt)
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Ty
C LT
-

0. 0.05 0.10
o (AT)
Fig. 2. Neutron scattering profiles of two different concentrations
{a) 1.04 wt% nucleosome core particle in D30 (94%)

(b} 0.56 wt% nucleosome core particle in D20 (100%)

treatment given by Hosemann et al.l) to estimate the effect of the
interparticle interaction on scattering profiles. Though the models

are very simplified, the tendency on variations in ionic strength is
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very similar to that on variations in g~factor which repesents oxdering
parameter of cores (fig. 3).

It is difficult to estimate the accurate radius of gyration, Rg,
obtained by the use of Guinier plot because of the peak in the Guinier
region. We found that it is possible to estimate Rg by using the data
outside the peak (Q > 0-025£_1) where the scattering plofile doesn't

depend on such interation approximately (shown in fig. 3).

—— :g=0.30
E ......... :g=0.35
S | N :g=0.40
5 ——-:g=0.50
[
B
=1
H

Q@™

Fig. 3. Simulated scattering profiles on various ordering parameters,
g~values where the core particle shape is fixed as a cylinder
[
with 105 A in diameter, 45 A in height. The concentration is

0.6 wt%.

2)

The radius of gyration already reported has been also estimated
by the use of the data of this range. We have a plan of SOR small angle
X-ray measurement with the very low concentration solution at low and

high iecnic strength.
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Reconstituted subunits containing two deuterated proteins in a
protonated matrix have been used successfully by Moore and Engelmannl)
for distance determinations between proteins within the small ribosomal

subunit. The design of the experiment is shown in Fig. 1.

RS e

Fig. 1. The design of the experiment for distance deter-
minations between proteins within the small
riboscmal subunit.

The first scattering profile (the "signal") is collected on an equimolar
mixture of ribosomes containing both of the proteins of a given pair in
deuterated form with ribosomes containing the same proteins in the normal
hydrogenated form. The second scattering curve (the "noise") is collected
using a mixture containing equal amounts of ribosomes containing cone
deuterated protein and ribosomes containing the other deuterated protein.
Since both samples haﬁe the same amount of deuterated proteins, hydrogen-
ated proteins and RNA, the only difference between them is the arrange-—
ment of the scattering element. The difference curve arises from the

fact that the pair of deuterated proteins is held in a fixed spatial
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relationship in the "signal" sample.

This method can be applied to distance determination between histone
proteins in the nucleosome core particle. As to the design of the experi-
ment, however, there is a great difference between ribosomal subunits
and nucleosome core particles. In the ribosomal subunit there is no
pair of the same proteins, whereas in the nucleosome core particle there
are two each of proteins H2A-H2A, H2B-H2B, H3-H3 and H4-H4. This means
that the "noise" sample containing one deuterated protein cannot be recon-
stituted in the nucleosome core particle. The design of the experiment
should be medified as shown in Fig. 2; when we want to determine H2B-to-
H2B distance for example, the "noise" sample is reconstituted by'the use
of equal amounts of deuterated and hydrogenated proteins H2B. If there
is no special difference between deuterated and hydrogenated proteins as
to binding ability, the egual amcunts of four kinds of nucleoscme core

particles as shown in Fig. 2 can be reconstituted.

9 x AN OA e A O A ® A
L OA O A 2 A @A

Signal Noise

Fig. 2. The design of the experiment for distance
determination between proteins within the
nucleosome core particle.

The difference curve between the double "singnal" and the "noise"
profiles should be able to give the distance between H2B and H2ZB proteins.

According to this principle, we have tried the distance determi-
nation between HZB-H2B proteins. Deuterated histones were iscolated
from Saccharomyces cerevisice (baker's yeast) growing on media contain-
ing DzOz).

Both samples of the "signal” and the "noise" were reconstituted as
mentioned above, and the neutron scattering profiles were measured with
SAN. The difference curve is shown in Fig. 3. The figure indicates
that there is a significant difference between the signal and noise at
low @ side, which is clearly out of the experimental errors. Note,
however, that the difference is negative; the noise is larger than the
signal although the experiment was repeated with the sample of the sane
origin, but the same result was cbtained. For & moment, we cannot find

a reasonable interpretation of the result, but the possibility of the
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incomplete reconsitution of the signal or/and noise cannot be ignored.
We are now checking biochemically the fidelity of the reconstitution.
The most important yield of the present study that we found that this
type of measurements could be carried cut even with.SAN with a reason-

able resoclution.
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Fig. 3. The observed difference curve between the "signal®
and the "noise" samples for H2B-H2B distance deter-
mination. The concentration of nuclecsome core
particles is 2.5 wt%. D20/H20 ratio in the so-
lution is 49%.
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This paper reports preliminary results of the small angle neutron
scattering measurements of rice dwarf virus(RDV). RDV, a member of Phyto-
reovirus group, is a class of icosahedral viruses, and has a genome consis-
ting of 12 segments of double-stranded RNA all encapsidated within the same
particle by seven kinds of structural proteins, Polyacrylamide gel elec-
trophoresis gave the molecular weights of 12 RNAs and 7 proteinsjj Elec-
tron microscopic observations of negatively stained, shadowed particles
showed the virus to be about 700 A in diameter with 32 capsomers of which
there were 12 pentameric structural units and 20 hexameric units.2)
Quasi-elastic light scattering experiments performed on RDV gave a hydro-

dynamic radius of about 370 A and a diffusion coefficient of 0.586 x 1077

cm2/s.3)

No information has been published concerning the relative positions of
the protein and the RNA, We, therefore, wish to investigate the radial
location of protein and RNA in RDV by small angle neutron scattering with
the contrast variation method.

For neutron scattering, the virus samples (about 4 mg/ml) were dialyzed
extensively against a buffer at pH 7.0 containing 0,1M Histidine-HC1 and
0.01M MgCl2 in H2O/D20 mixtures :0, 20, 68 and 100% b,0. The deuterium

oxide content was determined by density measurements.

Neutron scattering measurements were made on the instrument SAN where
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a sample to detector distance is 5 m and a wavelength of the incident

neutron ranges between 4 and 10 A .

from 0.3 x 1072 to 5 x 1072 a~1,

A Q range measured was, therefore,

Neutron intensities scattered by the

sample, Isample' was calculated by the eguation

sample

=l Isolu/Tsolu_'Isolv/Tsolv]/[Iw/Tw] (1)

where T is the transmission, and subscripts solu, solv, and w mean soclu-

tion,

LOGUINT)

solvent, and pure water, respectively.

18a%

81 8.82 ©.33 9.84 8.85

a/f

Fig. 1l. Neutron scattering profiles for

Logarithms of neutron inten-
sities scattered by the sample
were plotted against @ for four
buffer systems as shown in Fig.
1. A log I - Q plot for 100% D50
indicates 4 maxima and 4 minima,
and the @ values at 4 maxima
correspond to those obtained from
a logI - R plot of small-angle
X-ray scattering measurements on
the same virus as shown in Fig.
2.4) The same sample was mea-
sured on D1l instrument at ILL
under the following conditions: a
sample to detector distance 10.6
m, a wavelength 12 A, a measuring
time 700 sec, RDV conc. 3.5mg/ml,
100% D,0 buffer.

The result was

shown in Fig.
5)

3 as a log I - Q
curve which is very similar to
the plot for RDV in 100% D50

solvent in Fig. 1. The measuring

RDV soclutions. Percentages in the figure time of the latter experiment was

represent D2O contents in the solutions. 60 min. The calculation of

The ordinate is log scale in arbitrary Patterson function and radial
unit, scattering density distribution

is now proceeding.
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Fig, 3. Neutron scattering profile

for RDV solution in 100% b,0
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measured at ILL.

Fig. 2. X-ray small angle scatter-

ing profiles for RDV solutions.
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On Integrated Intensity in TOF

H.Watanabe, K.Ohsumi, I.Kawada*, M.Isobe*, F.P.Okamura* and H.Horiuchi**

Mineralogical Institute, Faculty of Science, University of Tokvo,
Hongo, Tokyo 113
*National Institute for Research in Inorganic Materials,
Sakura-mura, Niihari-gun, Ibaraki 305
**Institute of scientific and Industrial Research, Yamadakami,
Suita, Osaka 565

The integrated intensity of a Bragg peak in TOF is given by the summation

of the numbers of neutrons over the peak range devided by those of incident

neutrons concerning to the reflexion. Considering exact Bragg case, we can

write it as

Tint = ——ET%%L" ’
where Z means summation over the peak range and I(A) is the number of
neutrons with wavelength XA.
The I(A) is not observed directly. We know only the number of imcident
neutrons observed between time elapsed t and t+dt, denoting C(t) dt. But
we can deduce I(A) by C(t) dt, as follows.

In general, C(t) can be expressed as the convoliution of the burst

function f£(A,t) and some function g(t), i.e.

c(t) = ft f(r,t-r) glr) dr ft EK(t,r) glr) dr .
n .

And then I(A) is given by
I(A) = glty) [? £(a,t') dt' ,

where tj is the time elapsed when the A-neutrons should be observed and t'
means the time elapsed from the time when the first A-neutron is observed.
Eq. (2) is Volterra's 1-st integral equation with the kernel K(t,r).

If K(t,t) # 0, differentiating each side of eq. (2}, we get Volterra's

2-nd integral equationm,

1 dc(+) t 1 3K({t,r)
= _ dr .
g(t) K(t,t) at Is K(t,t) x &7
The solution of eq. (4) is given by
1 1 de{t) T n ot dc (%)
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with

1 3K(£,r)
K(t,t) at ’

t
K,= erl(t,s) K,(s,r) ds ,

Ky=

£
K3= erl(t,s) Ks(s,r) ds ,

£
KnE IrKl(t,S) Kn_l(S,I‘) ds .

By eq. (1) with eq. (5) and (3), we can get proper integrated intenmsity.

For the simplest example, we carry out the calculation to obtain I{X)
when the burst function is given as £(A,t) = emot’,

Then eq. (2) is rewitten as

-alt-r)

oty = 18 e gl ar,
and then
_ég%zz_ - f; ae-a;i_r) glr) dr + g(t)= —-aC(t) + g(t) .
Therefore
g(t) = aC(t) + —9%%31-.
Actually, we know that aC(t) >> _Qgéﬁl_ , thus
g{t) =acC(t) . ©

Therefore we get I{A), by eq. {3) with (6), as-

1) = [ gltn) e aer = ac(ty) [re* att = c(n) -

and eq. (1) should be rewritten as

N
int C(tk)

This can be so read that the integrated imtensity is given by the

summation over the peak range devided by the number of counts of incident
neutronsicorresponding to the Bragg peak, Tj. This t) should be emploved for
other corrections, Lorentz factor for example.

In this work, only the simplest burst function was employed. But actual
one is more complicated. Further calculation of eq. (5) is required to

obtain more precise integrated intensity.

-‘We thank Prof. Tokonami for his stimulating discussion and Dr. Niimura

for his cordial advice.
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For the attempt to the structure analysis using diffraction intensities
through the TOF method at the pulsed neutron source {KENS), a number of
experiments were undertaken on the four-circle single crystal diffractometer
(FOX). In the present paper three of these are reported.

Scattering angle was set at 20 = 90° and the intensity data in the wave
length range of 0.4 - 6.2 A were collected with 4 3He counter.

At one exposure, one dimensional data of a zone of reciprocal lattice
points can be measured. After sufficient measurements of different zZones,
the data from each zone were combined and scaled so as to build a set of
three dimensional data.

From the intensity data of each hkl reflectlon (I(hkl)), structure
factor (IFo(hkl)|) is obtained from the equation (1).

I(hk1) = k- i(A) - A%/ (2510%0)- | Fo(hkl)| %~ A(A,8) - Y(X,8) W

where k: scale factor, i()A): intensity disfribution of incident neutron
beam, la/(ZsinZB): Lorentz factor, A(A,98): absbrption factor and ¥(1,8):
extinction factor,

In the structure refinementé, least squares method was applied by
refining scale factor, positional parameters which are not constrained by

the symﬁetry, and thermal parameters. The results are shown in Table 1.
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1. Nd-Ga-Garnet (Nd3Ga5012)

In order to refine positional parameters of oxygen atom, the experiment
was undertaken. -NdBGaSOlz is cubic, a = 12.506 E, space group is Ia3d. The
sample was shaped to a sphere of diameter of 0.38 cm.

Thermal parameters of Nd and Ga were refined as isotropic (assuming
Uii(Ga(l))=Uii(Ga(2))), whereas those of oxygen are anisotropic. After
several cycles of least squares refinements, reliability factor (R) was

reduced to R = 0.029 with 44 independent reflection data.

4
In order to know the distribution of cations, the experiment was under-

2. Spinel (MgA120

taken. MgAlZO4 is cubic, a = 8.083 3, space group is Fd3m. The sample was
shaped to a sphere of diameter of 0.51 cm.
All thermal parameters were refined as anisotropic. R was reduced to

0.037 with 42 independent reflection data.

3. LiBN (400°C)

In order to investigate the thermal behavior of Li atoms, the experi-
ment was undertaken. Li3N is hexagonal, a = 3.698 i, c = 3,888 3, space
group is P6/mmm. The sample was shaped to a sphere of diameter of 0.40 cm.

All thermal parameters were refined as anisotropic. R was reduced to

0.075 with 21 independent reflection data.

Table 1. Atomic coordinates and thermal parameters (x 104)

Thermal parameters are expressed as

.22 2 2.2 2 .2

— % E % ih *ek Fo X .
exp[~27"(h"a UpgF K b* U 4+ 17c% Ujqt  hka*h*U, ,+ hla*c U gt klb*c U23)]

(a) Nd-Ga-Garnet ,(Ndeasolz)

x ¥ z Upy Upz U3 U1o Uia Uzs

Nd 1250 0 2500 . 26(10) 26(10) 26(10) O 0 0

Ga(l) 0 0 0 39(6)  39(6)  39(6) 0 0 0

¢a(2) 3750 0 2500 C39(6)  39(6)  39(6) 0 0 0

0 ~305(3) 529(3) 1483(5) 113(27) 68(10) 47(14) -11(10) 42(14) ~31(10)

(b) Spinel (MgAlzoa) ,

x y -2 Uy Uy Uz Uy Upg Usg
Mg 0 0 0 46(5) 46(5) 46(5) O 0 0
AL 6250 6250 6250 33¢4) 33(4) 33(4) -1(3) -1(3) -1(3)

0 3874(2) 3874(2) 3874(2) 66(4) 66(4) 66(4) -2(3) -2(3) -2(3)
(¢) Li.,N (400°C)

3
N % y oz Uy Uy U3z U2 Y13 U3
Lifly o 0 5000 131(162) 131(162) 434(167) 66(81) O 0
Li(2) 3333 6666 - -0 367(92) 367(92)  4B6(159) 184(46) 0O O
N 0 0 0 223(60) 223(60) 372(66) 112(30) 0 O
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The thermal vibrations in KMnF3 were investigated by the single
crystal TOF neutron diffraction technique. The measurements were performed
‘on the [100], [110] and [111] directions in the reciprocal space at room
temperature, and 62 integrated Bragg intensities were obtained at the
scattering angles of 26 = 60°, 75°, 90°,120° and 162.8° on the four-circle
single crystal diffractometer (FOX) installed at KENS. The maximum
scattering vector observed was 13.5 &

In this experiment, one dimensional data through the origin in the
reciprocal space were measured simultaneously. In such a case, it is
likely that observed peaks overlap each other. For this reason, the profile
analysis method, which was usually used for the powder diffraction pattern,
was applied to this study to estimate integrated Bragg intensities of over-
lapped peaks. The observed and calculated values in the profile analysis
of (500), (600) and (700) reflections at 260 = 162.8° are shown in Fig. 1 as
an example. The observed and calculated intensities of each channel show
an excellent agreement and the estimated integrated intensity by this method
also agrees with the simple sum of each channel intensity over the peak
within a statistical error. In the further analysis, therefore, the latter
was used as the observed integrated Bragg intensities.

The measured intensities were corrected for absorption and thermal
diffuse scattering (TDS), and analyzed by least squares to refine a scale
factor, thermal parameters and an extinction parameter. For the extinction
correction both of the newly developed Kawamura & Kato )(K & K) and the
widely used Becker & Coppens )(B & C) theories were examined. 6 reflections
for which the K & K theory was not appropriate were eliminated in the

analysis.
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The results obtained by both theories are listed in Table 1. In this
analysis, we assumed that the thermal vibrations of all atoms were harmonic.
Hence the temperature factors of K and Mn atoms are isotropic, and those
of I atoms are anisotropic. Table 1 shows that both theories are not strict-
ly identical and that the significant difference is seen on the value of
BBB(F)' The K & K theory is based on a rigorous treatment of the funda-
mental equation, while the B & C theory contains some assumptions of which
validity is not knowm.

These facts suggest that it would not be appropriate to use the B & C
theory for extinction corrections in the analysis of TOF neutron diffraction
data. It is understood from the Table 1 that thermal vibrations of F atoms
are extremely anisotropic and that Bll(F) and B(K) are anomalously large,
while BBB(F) and B(Mn) axe quite normal. These characteristics resemble
to those of CsPbCl 3), of which thermal vibrations are interpreted in

3
connection with its structural phase tramsitiomn,.
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Fig. 1.

Table 1.

(5 oo)r

Intensity { 197 counts)

e
1050 lfOD IlISDV ;?90 Channe
1.2 1.4 1.6 1.8

Wove length (;\ 3

TOF spectrum of KMnF, at scattering angle of 162.8°, The points

3
represent observed intensities, and calculated values are shown
by a solid curve. The chamnel width is changed at the broken

line.

K&K B &G
B(X) (A°) 1.52£0,06 | 1.52+0.06
B{Mn) 0.49+0.03 0.50+0.03
B11(F) 2.6610.03 2.7040.04
B33(F) 0.68£0,04 0.8040.05
Scale(x1071) | 6.5240.10 | 7.2440.19
Cp  (x107%) | 7.45%0.14 |- 16.7%0.9
R (%) 3.47 3.39

wR 4.93 5.07

C; ¢ Extinctlon parameter

Thermal parameters obtained by using the Kawamura & Kato (K & K),

and the Becker & Coppens (B & C) theory for extinction corrections.
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It has been well known for years that high resolution powder
diffraction is one of the most promising field of research using pulsed
spallation neutron sources. In this application we can take fﬁll advantages
of the KENS source; low repetition rate of 20 Hz, and narrow pulses of
thermal and epithermal neutrons from a solid methane moderator at 20 K. The
former characteristic enlarges an accessible range of d-space, and the
latter makes a high resolution work possible without sacrificing the neutrom
intensity in contrast with the case of poisoned moderators.

The experimental halls of the KENS facility are originally designed
such that the extension of the C4 beam line, which views the solid methane
moderator, is possible for a high resolution powder diffractometer. ' At the
C4 beam hole, however, there exists a quasielastic spectrometer LAM-40 which
is already working. Therefore we planned to use the transmitted beam
through the LAM-40. We constructed a long flight path penetrating the wall

of the main experimental hall and installed a high resolution powder
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diffractometer, HRP, as shown in Fig. 1. The flight path length between
source and sample is about 19 m. A beam stop is located out of the cold

neutron experimental hall.

COLD NEUTRON EXPERIMENTAL HALL

,-

NEUTRON EXPERIMENTAL HALL

Fig, 1. Location of HRP,

The resolution of a TOF powder diffractometer is, as well known, simply

expressed as
Ad/d = [(At/t)*+ (cotO-AQ)2+ (AL/L)Z]l/Z.

Here, At is uncertainty in time—of-flight t mainly due to the finite pulse
width of neutrons from the moderator Atz. KENS solid methane "grooved"
moderator gives Atz as shown in Fig. 2. Below A v 2 A (dashed line part) it

becomes Atz v 7JA(A) us. Then the first term of the bracket is written as

At/t Atz/t v o7A /1250 L{m) A} = 2.8 x 1072 / L(m).

120 T T [] ) o R

106 ¢ I Fig. 2.
~ agt | Wavelength dependence of
'y}
= the neutron pulse width from
“T;Gﬁ- T the grooved solid methane
2 0l 1 moderator at 20 k.

20 . -

0 —"‘-—' 1 1 1 1 I

o 1 2 3 4 5 & 7
HAVE LENGTH (A)
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For L = 19 m, we have At/t v 1.5 x 10" 3. A9 is uncertainty of Bragg angle
©, which is approximately one half of the collimation o between sample and
detector. If we adopt a cylindrical samﬁle and a detector of 1" in diameter
and a scattered flight path length L = 1 m, and a semi-backward scattering

at 26 n 1700, then we have

AO N @2 = 2.54/100/2 = 1.27 x 10 2,
cot@-AG = 1.1 x 10 *.

Second term in the bracket is much smaller than the first term. AL is
ambiguity in f£lighit path length L mainly due to finite thickness of sample
and detector. A good guess for this quantity will be ;2 (diameter of sample
or detector), and then we have AL/L ~ /2 (2.54)/2000 = 1.8 x 10 °. In
total, we can expect an overall resolution Ad/d v 2.6 x 10 3.

BORATED RESIN
” AL II LI LA AT I i,

BEAM SHUTTER {Fe) 3
He COUNTER 7
160 ] +F15SION
e B4C COUNTER BOX T oUNTER
7 .* + 1 [~
EILIAO I ITIY

P S s e T T T
{M#MODERATOR TN TS
- £+INNER  COLLIMATOR (Fe)> -

R

VYACUUM CHAMBER

B.C SUIT

G 0.5 1(Im)

H [

Fig. 3. Layout of HRP.

Figure 3 shows a layout of the HRP. For a moment the diffractometer
has two counter banks in both wings, each of which contains three He-3
proportional counters, 1" in diam., filled to 7600 mm Hg. The shielding
box for the counter bank consists of B4C resin (B4C content about 90 %), of
which inner surface is lined by Cd sheets. It is possible to chose any L
and 20 in stepwise as depicted in the figure. Typical set is L, = 0.8 or
I m, with 20 ~ 170°. Neutron wavelength up to 10 A is avairable, because
the repetition rate is 20 Hz and the total flight path length is about 20 m.
No soller slit is used between sample and detector. The instrument is

equipped with a vacuum scattering chamber, made of alminum, which has thin
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alminum windows for direct and scattered beams. The wacuum is good enocugh ,
for cryogenic use. Neutron signal from each counter is stored in a 16 k x 4
channel time analyzer of CAMAC module, and the data are handled by a micro
computer and finally analyzed by a central computer at KEK via terminals at
the data taking room. As a beam monitor a fission counter is used which is
located just in front of the final incident collimator. Not only the beam
intensity but also the spectrum of the incident beam are very important in
this diffractometer, because the spectrum is éensitive to the temperature
change in the so0lid methane moderator and to a sample at the LAM-40. The
fission counter does not give a correct spectrum, but it is sufficient for
data analysis to know the relative changes of the stored spectra for sample
run and cell run to that for the vanadium stantard run.

Operation of HRP began at the end of 1983 and performance of the
spectrometer was tested by using standard samples of Al1,03 and Si.
Crystallographic studies of TapD, Biz03; and CrTi;Sey have also been made in
conjunction with the establishment of Rietveld profile analysis. The

details are described in subsequent papers.
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Performance of High Resolution Powder Diffractometer (HRP)
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Present paper reports a preliminary performance of high resclution
powder diffractometer HRP.

Figure 1 shows a TOF diffraction pattern obtained from Al;0; powder
sample at room temperature. This is raw data including background, obtained
only by twoe counters at 20 = 170.0°. Measuring time was about 40 hours for
the sample volume 3 cmw x5 cmH x 1 cmT. " The sample was contained in a
aluminum cell with thin windows made of single crystal Si wafer to avoid
unwanted reflections from the cell. Background level is surprisingly low
and the diffracfioﬁ pattern is almdst flat over a wide range of A in
contrast with the case of a room temperature moderator. The feature is
easily undeisfood as following. Thermal Maxwellian region in a rQom
temperaturé moderator corresponds to the 1/E region in the solid methane
moderator and this region is jﬁst important for powder diffractometry.

At the Maxwellian region of the solid méthane moderator, the overlap of
successive diffraction peaks.is scarce due to a sufficieht sepération of d

spacings.
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Fig. 1. Raw diffraction pattern of Alzog obtained by HRP.
Preliﬁinary Rietveldrréfinement was performed and the result in“thé
range d = 50 v 100 pm is shown in Fig. 2, where the background is

subtracted. In order to demonstrate the performance of the HRP, the result
is compared in the same d-range with that (Fig.3) obtained by the General
Purpose Powder Diffractometer (GPPD), one of the world highest resolution

diffractometer, at the pulsed spallation neutron source IPNS, Argonne

National Laboratory.
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Resolution of the HRP seems to be comparable to that of the GPPD.
Nominal resolution of the GPPD is about 0.3 7%, and therefore the effective
resolution of the HRP would alsoc be about 0.3 %. However, a direct
comparison is not easy; typical peak shape of the HRP is rather symmetric in
the thermal neutron region (1/E region), while that of the GPPD is
asymﬁetric with the expdnentially decaying tail, due to the difference in
moderator characteristics. A grooved surface moderator gives the neutron
pulse with faster falling time, but with broader FWHM (full width at half
maximum) than a flat moderator. Therefore, the separation of the successive
peaks becomes better in the former case, if the FWHM value is the same. In
the range éﬁove 2.5 A; the neutron pulse width from the moderator becomes
gradually broader than the value given by 7A(A)} us, and approaches to the
value in the Maxwellian equilibrium, as shown in Fig. 2 of the preceding
paper. Consequently, the resolution approaches to about 0.5 % at large A
range.

Counting rate per counter at the HRP is about one half of the
corresponding value at the GPPD. Note that the proton beam current at
present KENS is about 1.5 pA, while that of IPNS is about 10 pA.

An off-line computer focussing has been tried to obtain better
statistics. Three independent data from three counters at slightly
different angles around 20 = 170° were combined according to the similar

1)

equation given by Jorgensen and Faber. The result shows that no
significant peak broadening or change in péak shape is introduced by the
focuésing process, if the channel width of the original data is reasonably
narrow. Details will be discussed elswhere.

The Rietveld refinement method has been applied. We encountered two
difficulties. The first problem is that the diffraction data cover a wide
range- of A-space from about 0.5 A up to 10 A, extending from 1/E region (X <
2.5 A} to cold Maxwellian region (A 24 A) via transition regiom (2.5 < A <
4 A). Accbrdingly, characteristic parameters of the burst shape of neutrons
vary drastically depending on the regions and no unique set of parameters
can cover the entire A-range. A preliminary Rietveld refinement is,
therefore, performed dividing the total region into three, with reasonable
overlap with each other. The second problem is the special shape of the
neutron pulse from the grooved surface moderator. A small front porch
necessitates additional parameters to describe the burst function. At a
moment, the‘édditional component is ignored in the present data analysis
because it is not so significant. Some improvements in the refinement

method are in progress to overcome these difficulties.
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Fig. 2. A part of diffraction pattern of Al,03 taken by HRP.
The solid line is the Rietveld profile.
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Fig. 3. A part of diffraction pattern of Al;03 taken by GPPD.
The solid line is the Rietveld profile.
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A spectrometer for powder neutron diffraction with a resolution Ad/d
-—2 %Z was constructed at the H4 beam port viewing a room-temperature poly—
ethylene moderator. A layout of the spectrometer is displayed in Fig. 1.
Pulsed white neutrons generated at the moderator run through a flight tube
of 6.35 m and hit the sample. Scattered neutrons from the sample are
detected by a 3He counter located at a fixed scattering angle of 28 = 150°,
90°, 45°, 30° or 15°, Wavelength of scattered neutrons is analyzed by the
time of flight from the moderator to the detecter, and thus the lattice
spacing d is determined from the Bragg relation 2dsin8 = A. Incident
and transmitted neutron paths as well as a sample chamber are evacuated to
avoid unwanted air scattering. The incident neutron flux is monitored by
a fission counter just outside the biological shield. A beam size on the
sample position is restri&ted to 15W X SOH mm2 by two B4C slits near the
fission counter and in front of the sample chamber. A sample holder# (10
mm ¢ X 60 mm long) is made of a vanadium foil of 25 um thick. The sample

# Sample holders were kindly provided by Dr. T. Fukunaga.
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Fig. 1 Layout of MRP

can be cooled down to 30 K using a Cryo-Mini or heated by a heating element
connected to the sample holder. A B4C counter box lined with thin cadmium
sheet can contain three 3He gas counters of 1" in diameter and 12" in length,

, = 50,

60 and 70 em, Signals from the counter are passed through a pre—amprifier

which is placed at desired scattering angles and flight paths of L

and a main amprifier, fed to a time analyser unit and stored in a micro-
computer NEC PC 9801. Time focussing of data from three counters in a
counter box is carried out in a computer by adjusting apropriately the TOF
scales.

Figure 2 shows a diffraction pattern of Si at room temperature. The
scattering angle 20 = 150° and L2 = 50 cm, and the time of measurements is
20 hours. We see a number of reflectioms 111, 220, 311 and so on from the
right to the left (Bragg positions are marked by bars in the abscissa). The
present result represents raw data minus background of the Maxwellian flux
distribution. The solid line in the figure is a result of Rietveld analysis
which is describéd in detail elsewhere1). The agreement between the experi-
ment and the fitting curve is excellent. 1In Fig. 3 is shown a normalized
diffraction pattern, where the raw data aredevided by the incident neutron
spectrum i(A). It is matural that the lower index reflections become
intense by the normalizatiom.

Resolution of the total scattering spectrometer is given as

2,1/2

H

AdJd = [(at/e)% + (aL/L)? + (cotsas)

where At, AL and A8 represent time, distance and angular uncertainties,
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respectively., The second and third terms are
independent of )} and are estimated as AL/L =
0.3 7 and cotBAf = 0.5 % at 26 = 1507, which
are small compared to the first term. The
main compeonent of the first term comes from
the finite pulse width of the neutron burst
at the moderator. At/t is as large as 1.3 %
in the range of } = 1.2 . 2 ; {(d = 0.6 . 1 R)
and gradually decreases in both sides of ).
Accordingly, the time resolution is limiting
overall resolution of the diffractometer in
150°.,

Figures 2 and 3 demonstrate that perfor-

the case of 20 =
mance of the spectrometer is satisfactory in

the conventional use. As is noticed in Fig.

2, however, counting rate of the low-index
peak is insufficient because of the poor flux
at long wavelength ranges from the room tem-—
perature moderator. Crystallographic studies
of chemical or magnetic superstructures

need accurate intensity measurements-

Fig. 2 Powder neutron diffraction pattern of Si

on the reflections with long d spacing. Low
angle counters are used for this purpose.

Figure 4 shows a result on Si using a 30°
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Fig. 4 Raw diffraction data of Si, 26 = 30° and L2 = 70 cm

reflections 111, 220 and 311 are enhanced, while reflections with higher
indices are not well identified due to the poor resolution. In the geometry
of 20 = 30°, contribution of the angular resolution is dominant and cotOA®
reaches to 4.7 7 owing to the factor cot®. It is under examination to over—

come this problem, for instance by using a Soller collimator.
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Rietveld Analysis with TOF Neutron Powder Diffraction Data

Taken on the MRP and HRP
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The Rietveld method has been applied very successfully to time-of-
flight (TOF) neutron powder diffraction datal)’z). The object of this work
is to obtain profile and structure parametérs from diffraction patterns
taken on the Medium-Resolution Powder diffractometer (MRP} and High-
Resolution Powder diffractometer (HRP) at KENS. The XPD system, which one

3),4%)

of the authors developed for Rietveld analysis and simulation of X-ray

powder diffraction patterns, has now been modified to implement the mathe-
matical functions desgscribed by Von Dreele et a1.2)

The calculated intensity, Ic(t), at a particular TOF, t, is determined
from summation of the contributions from neighboring Bragg reflections
multiplied by a scale factor, k, the effiective incident intensity for that
TOF, IS(t), and the absorption factor, A(t), plus the background, yb(t):

2 4
I_(8) = XI_ (DA ])|F, [T aEP £(A) + ¥ (£). (1)
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1

In the above equation, i = reflection number, Fi = structure factor, mi

multiplicity, di = d spacing, Ei = correction factor for extinction, Pi
correction factor for preferred orientation, f(Ai)-= profile shape func-
tion, and Ai is the difference in TOF from the Bragg position of the i-th
reflection.

Is(t) for the MRP in the TOF range above 840 s was modeled by the
exponetial series
£?)

Is(t) = 2y + alexp(-azt) + a3exp(—a

3
+ asexp(—a6t } o+ aTexp(—a8

Is(t) multiplied by the absorpticn factor of vanadium, Av(t), was fitted by

4
tq). (2)

least-squares to the intensity spectrum measured from a sample of vanadium,
Iv(t).

Is(t) for the HRP was not a smooth function of TOF owing to the
presence of thick aluminum windows; an analytical expression such as eq.
(2} cannot be formulated over a wide range of TOF. In addition, the
incident intensity spectrum was appreciably influenced by experimental
conditions in the LAM placed upstream from the HRP. Therefore, Iv(t), was
normalized by the monitor count, nV(t), corrected for absorption, smoothed
by a 9-point quadratic algorithm, and multiplied by the monitor count for
the sample run, ns(t). The resulting value, Iv(t)ns(t)/[nv(t)Av(t)], was
used as Is(t) for the subsequent calculations.

f(Ai) was approximated by the convolution of exponential moderator

pulse functions and a Gaussian instrumental function:

[exp(u)erfc(y) + exp(v)erfc(z)], {3)

= aB —
£8) = 5(a + B)

where u = u(a02 + 2A.)/2, v = (ozo2 + Ai)/(2l/

2 = (B0° - 4,)/(2"?

coefficients, o, B, and 0, each of which shows its own TOF dependence; the

26}, v = B(Bo - 24,)/2, and

0). Profile shape function (3} has three profile shape

variation of these coefficients with 4 values in the MRP was represented by

@ = a + al/dq (1)
B = BO +_Bl/d (5)
o= 00 + Gld. _ (6)

In the case of the HRP; egs. (4) and (5) were replaced by equatidns contain-

ing more refinable parameters because of the rapid change of o and B with d.
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The data taken from the MRPS), which uses neutrons in the wavelength

range of the ambient Maxwellian distribution, could be refined very
succesefully with the above model function. On the other hand, Rietveld
analysis of HRP data gave much higher R factors6) than MRP data. Figure 1
shows the Rietveld refinement patterns for a—Bi203 with the HRP (pr =
0.078; Rp = 0.060; RB = 0,043). The trailing edges of calculated peaks
fell off much more rapidly than those of observed peaks in the d range from
140 to 250 pm; in addition, calculated peak heights were often lower than
observed ones above 160 pm. This poor fit is .ascribable to the simultane-
ous use of epithermal, thermal, and cold neutrons from the grooved cold
moderator at 20 K. That is, cold neutrons give rise to a long trailing
tail to the peak which is removed in the case of thermal or epithermal
neutrons, with a result that profile shape function (3) dees not give an
entirely satisfactory description of the profiles over wide wavelength
ranges. However, it should be pointed out that the above R factors were
considerably lower than those obtained by Rietveld analysis of Guinier-Hagg
X-ray powder film data for u—Bi2036): pr = 0.237; Rp = 0,195, RB = 0.108.
Work is now under way to find a better profile shape function for the HRP.
Application of the correction factor for extinction gave a small and
negative extinction parameter suggesting that it was physically meaning-

2) that

less. This finding does not agree with the previous observation
the reflections with the largest d spacings displayed considerable extinc-

tion (30-50%). The apparent discrepancy needs to be investigated further.
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Crystallography of metal hydrides is ome of the most suitable research
subjects of neutron diffraction, because X-rays cannot see hydrogen. In
the present work, a crystal structure of TazD has been investigated by

" and HRPZ).

means of MRP
V-group transition metals (V, Nb and Ta) dissolve a large amount of
hydrogen in the bce metal matrix and form an interstitial metal-hydrogen
alloy over a wide composition range. Hydrogen atoms randomly distributed
in the interstitial sites become ordered at low temperatures near the
compositions of MZH’ M3H2, M4H3 and MH. A crystal struz;u;§ of Ta2H has
already been studied by neutron™ " and X-ray diffraction ~’77, and the
ordered structure is determined as shown in Fig. 1. Hydrogen atoms are
arranged in an ordered manner among tetrahedral sites of the tantalum
lattice. In addition, the original metal lattice shown by dotted lines is
slightly deformed to monoclinic (c/a ~ 1.01 and Y ~ 90.3%) due to the
hydrogen ordering. The superstructure is described by orthorhombic space
group C222 with lattice parameters A = a{2(1 + cosy)}1/2, B=cand C =

a{2(1 - cosY)}1/2, where a and ¢ are the lattice parameters of the tantalum
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2
lattice and vy the axial angle. The
atomic coordinates are

(0 00; 1/2 1/2 0) +
2H in 2(a): 000
4Ta in 4(k): 1/4 1/4 z5 1/4 3/4 2

with z = 3/4 - A.
It should be noted that tantalum atoms
are shifted from the normal positions
by an amount A upon hydrogen ordering.
The value of A has been reported as
0.012 and 0.0127 from neutronB) and
X-ray diffractionS), respectively.
Figure 2 shows a raw neutron dif-

fraction pattern by MRP on Ta,D. The

scattering angle 26 is 150°. 2Bragg
positions are marked by bars in the
abscissa. The solid line is a result
of Rietveld analysis6 based on the

structure model of Fig. 1, where the

displacement A is taken into acount as
an adjustable parameter. The best fit
is obtained when A = 0.009 and R-factor

= %[AY, |/5Y.(obs) = 2 %, where AY, and
PR SR i

Yi(obs) are respectively the deviation
and the observed count for the i-th
data point, The result also shows that

as much as 249 reflections are used for
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refinement. The reason for discrepancy between the present value of dis-—

3),5)

placement and the previously reported ones is not clear at this moment.
It is to be mentioned that intensities of low-index reflections which are
well separated to each other are relatively poor due to the low neutrom flux
at long wavelengths from the room—temperature moderator. This might cause
an inaccurate estimation of parameters to be refined.

A neutron diffraction experiment of Ta,D was also made by using HRP.

HRP is a high-resolution powder diffractomeierz) installed at the C4 beam
hole viewing a cold moderator. In order to achieve high resolution

a 20 m flight path and the back scattering geometry (26 = 170°) are adopted.
Figure 3 shows a raw diffraction data of TazD. It is marked that background
is low and monotonic over a wide d range, which differs from.the raw dif-
fraction data of MRP shown in Fig. 2. Reflections with long d spacings have
sufficient count-rates owing to the high nmeutron flux of the cold moderator
at long wavelengths. The resolution is high enough and we can observe
reflections separately as far as d = 40 pm. The Rietveld methéd on the data

6)

taken by HRP is partly established ° and the complete analysis of Fig. 3 as

well as accurate evaluation of the displacement will appear in near future.
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One of the most promising application of high resolution powder
neutron diffraction will be the study of cold working effects on metals.
Up to now works on such a problem have been done mainly by X-ray diffrac-
tion and the studies by neutron diffraction have been limited, since the
resolution of the latter is not enough to detect line broadening and peak
shift in the diffraction patterns of cold worked samples. The neutron
powder diffractometers HRP and MRP installed recently in KENS have fairly
good resolution, so we tested their applicability for cold worked samples.

As the first example we take up Heusler alloy szMnSn. It is a simple
ferromagnet with the Curie temperatute of 200 K, but by cold working it
shows remarkable reduction of the magnetization.l) From the studies of NMR
and MUssbauer effect it was suggested that the reduction of the magnetiza-
tidn has some comnection with atomic disordering.z) The aim of our neutron
diffraction is to make atomic and magnetic discrdering clear and also to
obtain some information about faults or slips which make such disordering.

The cold worked sample was prepared by crushing the arc melted ingots
into powders with a diameter less than 50 um, whose saturation magnetiza-
tion was determined to be about 39 Z to that of the ordered sample. TOF
neutron diffraction measurements were carried out at room temperature and

30K by MRP, and at room temperature by HRP. Fig. 1 shows diffraction
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patterns of the cold worked sample at room temperature and 30K measured by
MRP at the scattering angle of 150°., Fig. 2 shows data of the sample
annealed at 310°C for 16 hours (cold Qprking effects are partly removed)
and Fig. 3 shows data of the sample annealed at 820°C for 28 hours (cold
working effects are completely removed). As can be seen in the figures,
main effects of cold working on the diffractioh patterns are line broadening
and reduction of the peak height. They depend largely on line indices; the
line broadening are more pronounced for the 200 and 400 lines and less for
the 111 and 222 lines, and the peak height reduction at paramagnetic state
is remarkable for the 111 and 311 lines. The annealing at 310°C makes
considerable recovery of the line broadening and peak height as easily seen
from Fig. 2. By this heat treatment saturation magnetization increases
from 39 Z to 66 Z of the completely ordered sample, but the diffuse peak
observable around the 111 line in Figs. 1 and 2 does not recover by this
heat treatment. These facts suggest that the peak intensity and the peak
width are closely related with the reduction of the magnetization.
In this paper, we consider only the peak intensity.

The integrated intensity of the nuclear peaks for the szMnSn type

structure is given as follows:

I(hk1) = C(bg, - an)2 | for h,k,1 all odd,

2
I(hkl) = C(bSn+ an— 2de) for h,k,1 all even and h+tk+I1=4n+2,
I(hkl) = C(bsn+ an+ 2de)2 for h,k,1 all even and h+k+1=4n,

where C is a constant, bSn’ an and de are the nuclear scattering lengths
for the respective atoms indicated, and n is an integer. When the inter-
change of atoms between the Mn and Sn sites takes pléée, the intensities of
all odd lines decrease proportional to (1~23)2, but the intensities of all
even lines do not change, here we defined @ as a fraction of Mn atoms which
are replaced by Sn atoms. The observed iine intensities almost agree with
the intensities calculated assuming the interchange of Mn and Sn atoms, and
the fraction o is found to be 0.2 for the crushed sample and about 0.1 for
the sample annealed at 310°C.

The magnetic part of the diffraction lines shows quite different trend
compared with that of the nuclear part; all odd lines have large magnetic

intensity and all even lines have small one. These show that the Mn moment
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which occupy Sn site couples antiparallel to the Mn moment in the regular
site. From the hatched area of the three lower indes lines in the figures,
it is concluded that the Mn moment in the wrong site have approximately the
same value as the moment in the right site. The magnetization is easily
calculated for this antiparallel coupling model. For the crushed sample

20 Z Mn moments are antiparallel, so the magnetization is 60 Z to that of the
ordered sample, and for the sample annealed at 310°C 10% Mn moments are
antiparallel, so the magnetization is 80 %Z. The magnetization determined
from the magnetization measurements is 39 % for the former case and 66 Z for
the latter case, so by this model major part of the magnetization reduction
is explained, but the agreement is not satisfactory. To obtain better
agreement, an -analysis includihg the line brdaﬁening effect will be

required and now in progress.
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Figure Captions

Fig. 1 Time-of-flight spectra of MRP at the scattering angle of 150°
from the as—crushed szMnSn Heusler alloy at room temperature
and 30 K.

Fig. 2 Time-of-flight spectra of MRP from the alloy annealed at 310°C.

Fig. 3 Time-of-flight spectra of MRP from the alloy annealed at 820°C.
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It is well known that many of the transition metal chalcogenides crys-—

2 Chalco-

gen atoms form a close-packed hexagonal structure, and metal atoms are

tallize in a berthollide compound between NiAs and CdI, structures.

intercalated between the chalcogen layers parallel to the hexagonal basal

plane. The NiAs structure is composed of alternating layers of metal and

chalcogen atoms, while an every second layer of the metal atoms is missing

in the CdI2 structure. At the composition of M3X half of the metal planes

4’

are deficient in an ordered manner as shown in the left of Fig. 1. 1In the

¢ METAL NORMAL-TYPE RANDOM-TYPE INVERSE~TYPE
VACANCY , . .
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Fig. 1
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figure, the basal plane of the hexagonal lattice is drawn by dotted lines,
but chalcogen atoms are omitted for simplicity. In the present substance
CrTiZSe4, three models indicated in Fig. 1 are considered for the metal
atom distribution. Vacancy sites are settled in the ist and 3rd layers in
all three models. In a normal-type model, M atoms occupy the Oth and 2nd
layers and M' atoms occupy tﬁe 1st and 3rd layers. In an inverse—type
model, M' atoms are located in even layers. A random model has a statis-—
tical distribution of M and M' among the metal positions of M3X4. Discrim—
ination of the three models is important not only freom the crystallographic
view point but also to understand the origin of magnetic ordering at lower
temperatures. T1 and Cr are hardly distinguishable by X-rays and the com-—
pound needs to be examined by meutrons. |

A result of preliminary intensity calculatioms for the above three
models i1s listed in Table 1. Although the calculations are made for the
data taken by a two-axis diffractometer at the reactor, we can roughly
compare them with the present TOF data. Keys to distinguish the models are
(1) the intensity distribution of a series of reflections from 004 to 112

and (2) whether a 002 reflection is intense or not.

Table 1 Comparison of the calculated reflection intensities for the

normal-, random- and inverse—-type models

bkl d-spacing Inormal Irandom l-im.‘rerse
002 5.994 18 0 3
101 5.623 2 0 3
101 5.527 2 0 2
011 3.426 1 0 2
103 3.406 1 0 1
103 3.342 1 0 1
200 3.148 17 30 25
110 3.109 33 58 48
004 2.997 52 90 75
202 2.812 52 52 31
112 2.771 21 87 100
202 2,763 11 43 50
112 2.748 100 100 59
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Fig, 3 Diffraction pattern of CrTizse4 by MRP (20 = 30°)

Figures 2 and 3 show raw diffraction data of CrTizse4 taken by MRP1)
at 28 = 150° and 30°, respectively. The 150° counter possesses a rela-
tively good resolution (Ad/d ~ 1.5 Z), and we can identify reflections 200,
110, 004, 202, 112 + 202 and 112 separately as seen in Fig. 2. The inten—
sity distribution suggests that the normal or random model is probable. In
the data of Fig. 3 taken by the 30° counter, a series of reflections from

200 to 112 is not well resolved, but we can notice a 002 reflection. It is

1i9
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Fig. 4 A part of the diffraction pattern on CrTiZSe4 by HRP

uncertain whether the 002 reflection is intense or not, because the inten-—

sity depends on the incident neutron spectrum i(A) and the Lorentz factor

K4. Figure 4 shows a diffraction pattern of CrTiZSe4 by HRPZ)

d range as in Fig. 2. The higher resolution of HRP gives well seﬁarated

in the same

peaks, the intensity distribution of which supports the normal or random
model. The 002 reflection (d = 5.994 R) has not been measured by HRP‘
because the frame overlap occurs in the d—range longgr than 5.0 ;.

A definite conclusion on the cation distribution is not obtained at
the present stage, and we must await the result of Rietveld refinementB)
which is in progress. Measurements on anéiogdus systems TiCrZSe4 and
CrTi2Te4 have also been made by MRP and HRP, the analysis of which will

appear in near future.
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1. Introduction

We have installed two gquasielastic spectrometers, the LAM-40 and the
LAM-80, at the KENS cold source. The former is an improved version of the
prototype spectrometer installed within the electron linear accelerator-based
cold source at Hokkaido Universityl). These spectrometers use LAM-type
analyser mirrors(lLatticed crystal Analyser Mirror), in which about 70 pieces
of pyrolitic graphite are arranged on an optimally curved array inorder
to achieve energy focussing.

The spectrometers were designed according to a design philosophy which
utilizes to the utmost the significant features of the 20K methane pulsed
cold source. The LAM-40 is a 100 peV resolution device with high efficiency,
and the LAM-80 provides 10 peV resolution and has the special feature of a
wide energy window. In this report we will briefly introduce some of our
~ findings concerning the pulsed cold source, the benefits of the analyser

mirrors and the overall performance of Lhe spectrometers.

2. Time structure of Pulses Emitted from 20K Methane

The time structure of the pulses was measured by a thermica monochrometer
for the 20K methane cold moderator, and the pulse data were corrected for
the monochrometer resolution using the QUESA-40 code?) , Fig.l illustrates
the FWHM of the pulses, At,, as a function of wave length. TUtilizing these
data, we can assess the energy resolution of incident neutrons impinging on

the sample, AE;, as shown in Fig.2.
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Fig.1l Pulse width of
20 K methane moderator. Fig.2 Energy resolution of
time-of-flight measurement.

3. Resolution function of the LAM-type Mirror
The resolution function of the mirrors, M(8), is calculated by the

following equation3),
M(B) = const.fffp(r,Z,S)G[G'-a(r:Z,S)]dﬂdEdS- (1)

Calculated results for the case of 40° and 80° Bragg angles and a 14 mm
diameter and 80 mm height cylindrical sample are depicted in Fig.3. The

variance of the Bragg angle, A8, is about 0.8° for both cases.

2
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=
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Fig.3 Resolution function of analyser mirrors.

4. Energy Resolution of Spectrometers

The energy resolution is assessed by:
Ae/2F = [(Atz/t)2-+tcot8A9 )24-(AT/T)2]1/2. (2

Here, t is the flight time, At is a variance of the reciprocal lattice vector
due to the limitation of the number of lattice planes contributing to the

reflection. For three cases of flight path length, 6 m, 30 m and 150 m, the
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overall energy resolution of the spectrometers is shown in Fig. 4.

as a function of the Bragg angle of the mirrors.

5.

angle is about 40°.
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The LAM-40 consists of eight equivalent analysers, of which the Bragg

All of the analysers are mounted on a turntable which

enables measurements at different scattering angles and is housed in an

evacuated container (Fig.5).

angle is 80°.

The LAM-80 consists of four equivalent analysers, of which the Bragg

The evacuated container for the LAM-80 is able to rotate on

a turntable to change the scattering angle (Fig.6).
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Fig.5 The LAM-40 spectrometer.
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The neutron flight path lenghts are about 6 m for the LAM-40, and about
30 m, including the neutron guide tube, for the LAM-80, respectively. Fig.7

shows the scattered spectra from vanadium measured by two spectrometers.

—_— ﬁ —{_E ; | -
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Fig.6 The LAM-80 spectrometer.
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Fig.7 Scattered spectra from vanadium.

6. Conclusions

To utilize both spectrometers effectively, appropriate data analysis

code system are needed. Such a code system has just been completed for the
LAM-40. At present we are devising ome for the LAM-80.
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Statistical Data Analysis of Quasielastic

Neutron Spectra for the LAM-40 Spectrometer
Kazuhiko INQUE

Department of Nuclear Engineering, Hokkaido University

Sapporo 060, Japan

1.  Introduction

The experimental results obtained by the LAM-40 spectrometer
demonstrated several features of the facility in quasielastic scattering
studies using the pulsed cold sourcel): an extraordinary low level of
background of the measurement; absence of the cumbersome distortion in
spectral shape due to the g3 welghting factor in the time-of-flight, which
inevitably appears in ordinary direct geometry facilities; and simplicity
and stability of the mechanical structure of the device without the need of
moving gears. However, the measured neutron spectra are not simply related
to the neutron cross section of the sample, as in the case of ordinary
direct geometry facilities. Instead, they are expressed as the results of
cbmplex double convelution integrals concerning the scattering function, the
time structure 6f incident neutron pulse and the resolution of the analyser
mirror. _ - ‘

We deveioped a statistical data analysis technique for the extraction
of the scattering functions from measured spectra. The data analysis
technique consists of procedures for curve fitting of the spectra and

hypothesis testing of the scattering model.

2. Scattered Spectra and Effective Resolution
The measured time spectrum on the time analyser at time t at scattering

angle 0 is as followsl),
n(t;0) = const.[[¢(E;,t ~L,//2E,/m)0(E; +Ep,0)R(E5)AEdE,, (1)

where ¢(E;,t1) is the incident neutron beam of energy E; at time t; on the
sample, of which the scattering cross section o(E;7*E;,68), R(Ep) is the
resolution function of the analyser mirrors, and £, is the path length from
the sample to the counters.

We introduce an effective resolution function for the inverted geometry
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type spectrometer as followsz’a),

Y(t,e) = [¢(E+e, t -£,/V2E/m)VE/(E + €)R(E)dE. (2)

Utilizing the effective resolution function, we can calculate n(t;8) rapidly
with sufficiently high accuracy in iterative numerical calculations, and

Eq.(1l) becomes as follows,

n(t;6) = const.[Y(t,e)S;n. (0%, e)de, (3)
where

e = E] - Eg, (4)

Q¥ = ky - k%, (5)

(@)% = (20/h2) [2E, + € - 2/(2E, + £)Escos0], : (6)

E, = [ER(E)AE/[R(E)dE. (7)

In the case of elastic scattering, the exact scattered spectrum is expressed

as
n(t,8)|€=0 = const.Y(t,0). ' (3)

This expression is very useful for the data analysis, since the validity of
instrument functioms is directrly checked by comparing E£q.(8) with the
measured elastic spectrum.

Figs.l and 2 illustrate the ﬁeasured and calculated instrument:functions,
the time structure of emitted neutron pulses from the 20 K methane cold
source and the resolution function of the analyser mirrors. A scaling
technique of the instrument functions needed for accurate interpolation has

also been deviseds).

5k E] =13.36meV
woe 6f
N 1.89 ]
Y = a4
3 5.26 z
- 2 - ol
. R
£ 7.87 2
“. ]
i 1+ s 0 1 h

13.2 44 46 48
N .
05 00 > o eutron energy, Ez ( meV)
Emission time, v {z sec)

Fig.l Measured time structure Fig.2 The resolution function of
of emitted neutron pulses from the analyser mirrors calculated
20 K methane cold source. by using the AMF code.
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3. Minimum Function
OQur curve fitting method is based on the following procedures”): If we
use the correct scattering function to caleculate Eq.(l), the measured spectra

y(ty;0) may be regarded as the sum of n{tn3;0) and measurement errors AV,
Y(tn;e) = ﬂ(tn;9)+AYn, (9)

where tp is n-th channel time of the time analyser. Ayp should be
determined in such a way that the sum of weighted squares of Ayp, M, takes

its minimum.
N 2 .
M= ngl(wnAyn) = min. (10)

If we succeed in removing completely any systematic errors in the measurements,
we can assume the measurement errors to be distributed normally at about zero.
To execute this curve fitting method, we devised a computer code named

QUESA-40.

4. Example of Curve Fitting
As a numerical example, we applied the procedure to the data obtained

in an experiment using the LAM-40 for a typical molecular liquid sample.

1.4 9 =2.07
* EXPERIMENTAL DATA
— FITTED CURVE
1.2
’ Fig.3 Result of curve
1.0+

fitting, obtained after
seven iterations. Four

unknown parameters are

used.. The fine struec-

ture in the fitted ecurve

CﬂquS IN 846
o

is due mainly to the
structure of the aluminum
cross section of the

moderator chamber.

150 200 | 250 @ 300
CHANNEL NUMBER
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REDUCED ERROR

© 200 " 250
CHANNEL NUMBER

' 300

points i
within the interval of + 1.

Fig.4 The ratio of errors
AYn ) Sk .
of counts as a function of
channel number.

guess cross section

to statistical error
If the
curve’
correct, about. 68 %
are distributed

is ..

We assumed an analytical function including 4 to 5 non-linear unknowns for

the scattering function.
Fig.3 and 4.
Fig.4 also reveals satisfactory agreement
throughout all the channels adopted in the
analysis. ) o
5. Conclusions

The statistical data analysis
technique adopted for the QUESA-40 code
has been proved to Be very useful. This
technique enables us-to extracf the curves
of scétteringrfqnctions from the time-of-
flight speétré without anyrambiguities,

as shéwn ianig!S, in the case of using

inverted geometry type spectrometers.
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As shown, there is good agreement in Fig.3.

One example using the QUESA-40 is'illustrated in

An inspection of

.

L

-6.0

T ¥ U T T

-4.4 -B.n 8.3 B
ENERGT TRANSFER (MILLI-EY?

T T v -
.0 6.a

Fig.5 Scattering function
obtained from Fig.3  data

Tnoue: Bull. of Faculty of Engrg., Hokkaido University, 98(1980)77.
Inoue: Bull. of Faculty of Engfg., Hokkaido University,-112(1983)83.

Brandt: "Statistical and Computational.Methods in. Data Anal&sis",



Multiple Scattering Corrections for the
Quasielastic Scalttering Measurements

Kazuhiko INQULL

Department of Nuclear Engineering, Hokkaido University,
Sapporo, 060 Holkkaide, Japan

Mulliple scallering correction is .one of the mosl importanl corrections for the
neulron scallering sludies and has been investigaled by many authorslN-G).
Especially, [or data analysis of éuai:i‘leastic scatlering, it is essenlial thal multiple
scattering corrections, which include energy transfer and angulare dependent
informalion, are as accurate as possible. A new method of compuling the multiple
scattering corrections has been developed, which is useful in analysing the
time-ol-flight spectral data for quasielastic neutron scattering measurements. We
devised an instantaneous scattering approximation, which let us to treal the
sequential timc-dependenl process as a simple time-independenl process and Lo
calculale readily Lhe formal‘set of integral type solutions of neulron lransport
equation. According lo Lhis approximation, a compuler code has been wrilten for a
cylindrical geometlry, and it is readily adapled to other geometrical configulations.

We expand Lhe lotal scattered speclra, 7)+. in terms of Lhe numbers of
scallering evenls:
nt¥),

Fere, v is Llhe number of scallerings and ?7(1) is given by following equalion,
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n_(l.)(t;g)=con5t,ff¢(Ei,t— LZ/JaE[/m)S(Ei-* Ep0)R(EMEAE. (1)
(2)

Praclically, 7 is lhe leading correction term for the 10 to 20 % scaltering

sample. Lelt us consider: a neutron of energy Ei with direction ﬂi is impinging on

the sample, and al [irst it is scattered at ry and then subsequenlly scaltered at Iy,

[inally leaving the sample with energy EE and direclion 0 [ It this casc n(z) is
given by |

n(z)(L:O)=const.ffq5(Ei,t— zzfﬁﬁ/—m) Ko(E EpOR(EDAELE, ()
where

KG(EE;0)=/[[E(E,~E.0 )W(0,.0,:0) Z(E>E0,)d0, d0,dE

2

1/72

=(E[/Ei) Sz(Ei,EE;B). : (3)

and

W(0,.05:0)=/fq;(,.r,) d[8, - 6( 0 .r .r)] exp( -2 fr, ~r |)x

2y~ 1 N
X (4'n[r2 -yl ) 6[62 - B(rl,rz, 0 f)] qf(rz, f [)drldrz. (4)

Here ||r2-—r1|] means the total flight length within the sample medium, Es and
L(E—-L',8) are macroscopic total and differential scallering cross sections, q; and
q; are self-shielding factors and 5( ﬂi,rl,rz) is the scaltering angle determined by

“i' r _andr at r,.

i 2 1

We applied our method to the data shown in IFig. 1, which is Lhe time-of-flight
specltra from water at 5°C measured by the LAM-40. Some of Lhe resulls are
illustrated in Tigs. 2 and 3. TFig. 2 depicts the results for W(OI'UB;G)' and Tig. 3
shows the elleclive scattering function of mulliple scallerings in which the
neulrons were scallered twice inside a water sample of cylindrical shape with Lhe

‘dimensions quoted in Fig. 1. TFractional intensity of 'r)(z) Lo 'r)(l) is about 13 % in
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this example.
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Quasielastic Neutron Scattering of Rare Esrth

Chloride Aqueous Solutions

Takashi Sakuma, Kaoru Shibata¥*, Hideshi Fujishita¥*,

Sadaco Hoshino* and Kazuhiko Tnoue¥®#*

Department of Physics, Ibaraki University
Mito 310, Japan

*¥Institute for Solid State Physics, The University of Tokyo
Roppongi., Minato-ku, Tokyo 106, Japan

**Department of Nuclear Engineering, Faculty of Engineer

Hokkaido University, Sapporo 060, Japan

Rare earth chloride aqueous solutions behave as typical strong
electrelytes containing ions of high chargel)’ 2). From an analysis of
radial distribution functions obtained by X-ray diffraction measurements,
it was found that the water coordination number of the rare earth ions in
agueous solutions decreases from nine to eight due to the decreasing'
rare earth ionic radii. From this result it was inferred that the
octaaguo complex {RE(H20)813+ and the nkOnaaquo complex [RE(HQQ)9]3+ are
the predominant hydration species for the ions Tb3+through Lu” and

3+

-+ +
for the ions La3 . Pr”  and Nd3 » respectively. The water coordination

of rare earth ions is larger than that of a13* ion (Al(HZO) 63+) and
Ni2+ ion (Ni(H20)62+) which exibit_strong'hydration. To confirm the
complexity of rare earth ions from the measurement of dynamical proper-
ties of water molecules, we performed guasielastic measurements of L1.75M
LaCl3, HoCl3 and YbCl3 aqueous solutions using the LAM spectrometer.
Scattering specimens were prepared in a sample container of 1hmm
diameter cylinder, 2mm in thickness and 80mm in length. The thin wall
of the container, made of Al, was gold plated. The guasielastic
scattering at room temperature was measured at seven different values
of scattering angles satisfying 26=8"+(n-1)x16" (n=1, 2, vene 5 T).
The elastic scattering energy corresponded to h.6ieV. The observed
spectra of 1.75M LaCl3 agueous solution are shown in Fig. 1.

Analyzing the whole shape of energy spectrum of scattered neutron,
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the hydration of rare earth ions is studied. Using H20 as the solvent,
most part of the scattering intensity from solution can be regarded as
due to the proton incoherent scattering. The scattering law is written

using two Lorentzians;

( _\' 1 ( r(Q) r{q)
S. Qe —{ §——————+ §
ince m b U.)2+P(Q)2 hil UJ2+F(Q.)2

where Fb(Q) and T f(Q) are the half of the full width at half maximum

}

(FWHM) of the Lorentzians for water bound to rare earth ion and for free
water, respectively. The intensity of the scattered spectrum around
w=0 corresponds to the scattering mainly from water bound to rare earth

1)

ion. Comparing to the scattered spectra for Al1Cl. agqueous solution™,

3

the scattered spectrum around =0 of LaCl., agueous solution in Fig. 1 is

not so remarkable. This might suggest tgat the number of water mole—
cules bound to rare earth ion is less than 8, and the octaaquo and

nenaague complex do not exist. The detailed analysis of the data of
rare earth chrolide aqueous solution using above scattering law is now

in progress.
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Fig. 1 Quasielastic scattering spectra of 1.75M LaCl3 agueous solution
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Thermoreversible Gelation of the Polystyrene—Carbon Disulfide System
Yoshinobu TZUMI, Yasuhiro MIYAKE and Kazuhiko INOUE¥

Department of Polymer Science, Faculty of Science,
*¥Department of Nuclear Engineering , Faculty of Engineering,

Hokkaido University, Sapporo 060, Japan

Recently, it has been found that atactic polystyrene {aPS) exhibits
thermoreversible gelation in a large number of solventsl). Although the
characterization of thermoreversible gelation in aPS solutions has been
examined, no clear explanation has been given for the gel formation.
Furthermore, the aPS—carbon disulfide (CSz) system among these solutions
shows a multicritical phenomenon, where one end of gelation curve ends in
the ordinal critical pointz). Such a multicritical point is indicated by
MC and TMC in Fig. 1, where the curved solid line indicates the gelation
curve and the broken curve indicates the phase boundary line. The inverse
triangles shown in the figure indicate the data points measured in the pres-
ent work. As the system approaches the multicritical point, the correlation
range ascribed to concentration fluctuations and the connectivity ascribed

to the gel formation diverge simultaneously. It is therefore very interest-

ing to study how observables behave 300 p
at the multicritical point.
The present work is concerned Eg

with the first observation of the .

dynamic behavior of multicritical 250F Y

phenomena of the aPS—C52 system by

neutron quasielastic scattering(NQES) TG .

measurements. This system is also

very suitable for neutron experiments, 200 &

because 052 is almost transparent to . Lo

neutrons, a condition of which permits Me ," -‘\\

us to study the incohérent scattering v
of only polystyrene. Polystyrene 150

{ | |
(Pressure Chemical Company) character— cme2-5 c[gl100n1“

ized by MW=9000 and M /M <1.06 was used. Fig. 1. Phase diagram of the aPS
won (MH=9000,} /M <1.06)—CS,,.
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Reagent grade CS, after fractionally distilled was used as the solvent.

Fig. 2 shois the time—of—flight spectra at 295, 224 and 163 K. Fig. 3
shows the Q2 dependence of the full width at half maximum (FWHM) estimated-
from the NQES spectra in Fig. 2. It is seen that the FWHM at each temper—
ature is proportional to Qz, which is in accordance with the theoretical

3

prediction by Akcasu et al™’. From

the slopes, we can estimate the

apparent diffusion coefficient I'/Q2
of the size corresponding fo the 10
monomer unit (or benzene ring)3).

The gelation temperature t, is then r
defined as the temperature at which

the value of I7Q2;disappears (t =

G
139 K). The value of t, is clearly

G

different from the TG shown in Fig.

1. This means that the TG determined I
[] -

from the macroscopic method, like 0 9 ‘ ‘2 4 o 6
or , e

. 2 )
the t, obtained from the microscopic Fig. 3. Plot of FWHM vs Q : (6)295 K;

G (03253 K; (9)224 K; @)193 K4
method, as in the NQES method. {0)163 K.

the ball—drop method, does not equal
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Fig. 4 shows the plot of IVQZ vs
T—tG. The straight line in the
figure has a slope of 0.90+0.10.
Further study on the dynamic prop-
erty of the present system is being
planned using the deuterated poly-
styrene, which permits us to studﬁ
the coherent scattering of the
present system.

This work was partly supported
by the Grant—in—Aid from the Minis-
try of Education, Science and Cul-

ture.
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Quasielastic Neutron Scattering from Polyelectrolytes in Solution
*
Ichiro NODA, Yoshio MUROGA, Yuji HIGO and Kazuhiko INOUE

Department of Synthetic Chemistry, Faculty of Engineering
Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464, Japan

*Department of Nuclear Engineering, Faculty of Engineering

Hokkaido University, Sappecro 060, Japan

Studies on hydrodynamic properties of polyelectrolyte solutions have
revealed that the translational motion of a polyelectrolyte as a whole is
directly affected by the electrostatic interaction, However, little is
known about local motions of polyelectrolytes; In the present work, there-
fore, we measured quasielastic neutron scattering from polyelectrolyte
solutions to clarify the effect of electrostatic interaction on the local
motions of polymer chains.

Poly(sodium acrylate)s with two different degfees of ionization o =
0.1 and 1.0 were used as the sample to examine the effect of charge
density, and pure D20 and D20 solution of 0.5 M NaBr were used ‘as the
solvent to examine the effect of ionic strength. The concentrations of
0, o= 1,0 in D.0 and NaBr

2 2
solution were 0.163, 0.140 and 0.137 g/cms, respectively,.

poly(sodium acrylate)s with o = 0.1 in D

The measurements of quasielastic neutron scattering were carried out
at room temperatures by using the LAM-40 spectrometer at KEK. A gold plat-
ed aluminum cell of coaxial cylinder was used to avoid ionic contamination
in the sample solutions.

Figure 1 shows the data of quasielastic neutron scattering spectra
from poly(sodium acrylate)}s with o = 0.1 in D20, o= 1.0 in D20 and
NaBr solution. It is observed in Figure 1 that there is a difference
between the spectra of poly(sodium acrylate)s with a = 0.1 and 1.0 in DZO’
while there is no significant difference between the spectra of poly-
{sodium acrylate)s with o = 1.0 in D20 and NaBr solution. The results
imply that the local motions of polyelectrolytes are almost independent
of ionic strength,but may be affected by the charge density.

We are now conducting detailed analysis of the scattering data

138



by taking into account the resolution function of the spectrometer, and
fitting the spectra to scattering functions for diffusion models. An
example of the analysis is shown in Figure 2. The detailed results will

be reported elswhere.
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Fig.1l. Quasielastic neutron scattering data of poly(sodium acrylate)s

with o = 0.1 in D20(A], g =1.0 in DZO(B) and in NaBr solution(C).
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Dynamic Scattering Function of Liquid Bismuth
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Liquid Bi may be regarded as one of the most appropriate substances
to study the dynamic properties of monoatomic liquids by neutron scattering.
The reasons are that Bi scatters neutron almost coherently with little
absorption and éxhibits relatively low melting temperature., Recently
we found propagating collective excitations in liquid Bi in the momentum
range of Q<1.2 Afl l). Liquid Bi is considered to exhibit a 'ledge' type
attractive potentialz). This potential is fairly different from the one
expected for normal metals like Rb, which is regarded as a cause of the
appearance of a shoulder on the high Q side of the principal peak in 5(Q).
Then it is expected that the dynamic scattering function S(Q,w) of liquid
Bi near the prinecipal peak of S(Q) is distorted by this potential. The
dynamic scattering function S(Q,w) of liquid Bi was reported by U.Dahlborg
and L.G.Olsson in a relatively large Q regions). Their measurements were
performed in a relatively wide Q-w space, but with poor energy resolution.
Though ocur measurements were restricted in the ramge near the principal
peak of 8(Q), they were carried out with high energy resolution.

In this report, preliminary results of time spectra measured
for liquid Bi at 673 K are presented. Measurements were carried out with
LAM-40 in the range of Q from 0.2 to 2.5 A_l for the elastic time channel.
A sample container with 14 mm inner diameter and about 100 mm length
was made of aluminum and its inner suxrface was anodized.

Figure 1 shows the time spectra corrected for the background. In
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TIME OF FLIGHT

Fig. 1. Time spectra corrected for the background for liquid Bi
at 673 K. Momentum values indicated in this figure correspond

to the elastic time channels.

order to obtain constant-Q spectra of dynamic scattering function, and
to compare with theories, detailed amalysis is now in progress.
The authers thank Mr. Y.Kiyanagi for his kind help throughout the

present experiment.
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A microscopic mechanism related to the high ionic conductivity
in so~-called superionic conductors is an interest subject to study.
A superionic conductor Ag3SI exhibits two phase transitions as shown
in Fig. ll). At its B-o phase transition at 246°C, an order-disorder
arrangement of the two kinds of anions, S and I, takes place. The
structure of a—Ag3SI is of the w—Agl type, and it was found to be
retained at low temperature by quenching. Then we can study an

equilibrium as well as a non-equilibrium state of a—Ag3SI in a wide

temperature range.

Fig. 1. Structure change of Ag3SI by means of successive

phase transitions.
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In this note results of a quasielastic and an inelastic neutron
scattering-of a— and B-AgBSI at the equilibrium and the non-equilibrium
states are reported. Measurements were carried out with LAM-40 and
LAM-D spectrometers using powder samples which were contained in
an aluminum cylindrical tube with 14 mm inner diameter and about
100 mm length. In the measurements at high temperature, heater blocks
were attached on a top and a bottom of the sample container.

Figure 2 shows quasielastic scattering spectra measured by LAM-40
spectrometer. The spectra of a- and BFAg3SI at high temperature consist
of a broad and a narrow quasielastic component. The two components
are usually explained as follows; the narrow quasielastic component
is caused by a translational motion of cations and the broad one by
a local motion of cations. However details are still unknown.

The spectra of B- and quenched auAg3SI at room temperature, on the
other hand, consist of the elastic and the inelastic component. The
measurement with LAM-D spectrometer shows an existence of the inelastic

peak with a low energy transfer as indicated in Fig. 3. Though such
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Fig. 2. Quasielastic scattering spectra of AgBSI by LAM-40
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Fig. 3. Local mode excitations of Ag ioms in Ag3SI by LAM-D

a low energy excitation has already been found in other superionie

conductors (AgI,RbAg4IS,etc.), this is the first observation in f- and

quenched u—AngI. The low energy excitation is explained by a local

Einstein-type vibration of cations.

Detailed analysis of the above results are now in progress.

The authors thank Mr. Y.Kiyanagi for his kind help throughout the

present experiment.
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Neutron quasielastic scattering spectra of rubber state polymers can
provide information on the segmental diffusive.motions of polymers. We
measured the quasielastic spectra from cis-poly(butadiene) and cis-—poly
(isoprene) above and below the melting temperatures. In this short report
we will describe some preliminary results.

Figs.l and 2 show the measured spectra using the LAM-40 spectrometer at
ambienttemperature;thetemperatureisabovetheumltingpointforpoly(butadiene),
and is between the melting and glass transition points for poly{isoprene),
respectively. The width of the central narrow peaks as a function of Q
reflects these conditions. In the former case, as also described below,

the central peak width becomes wider for larger scattering angles. On the

Polybutadiene
CHe. . _ . CH,
fecgd

B
v

N >, N N
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Fig.l Scattered spectra from poly(butadiene)
measured by the LAM-40 at ambient temperature.
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Fig.2 Scattered spectra from poly(isoprene)

measured by the LAM-40 at ambient temperature.

other hand, in the latter case, the central peak width does not change, and
is the same as the one for the elastic scattering.

Fig.3 depicts the spectra from poly(butadiene) measured by the LAM-80
at two temperatures, above the melting point and between the melting and
glass transition points. Fig.4 shows the FWHM of the central sharp peaks
as a function of QZ, Above the melting point, the main chaine of

poly(butadiene) executes translatiomal diffusive motion, but its

T§*<'T<('Tm
0=10° 35° 6o 135°
Tn<T
g=10° 35° BO° 135°
L 'IIL _,./\ L.

Fig.3 Scattered spectra from poly(butadiene),
between the melting and glass transition
temperatures and above the melting temperature,
measured by the LAM-80.
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characteristic pattern is still not clear. We are now conducting data
analysis of the spectra using a statistical data analysis codel), and will
report the results elsewhere.

Polybutadiene
CH?-.. _ /CHZ
H/C"C“‘H

n

Ambient temperature

/ 1=

Q2 (A2

12}

Tig.4 The FWHM of the central sharp
peak of the scattered spectra from
poly(butadiene) at two temperatures.
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Dialkyl ammonium amphiphiles are known to form the multilamellar
liposome composed of the bimolecular layers when dispersed in agueous
solution. It is also well known that such artificial bilayer mefnbranes
exhibit the phase transition near room temperature which is attributed
to the melting of the alkyl carbon chainsl) .

Understanding the nature of the transition is important, since many
physiological functions takingplace in bicmembranes are related to the
characteristics of the mesomorphic phase of the bilayer system. From
this point of view, the dialkyl amphiphiles are considered to be the simp-
lest model substance of the bio-lipidmembrane.

Many structural and dynamical studies on artificial lipid mem-
brane systems have thus been carried out to elucidate the nature of the
phase transition. By these investigations the following general picture
of the melting transition emerges.

As the transition point Tm is approached from below Tm’ the trans-
guache kink clusters are formed in the hitherto all trans crystalline
state of the alkyl chains. Associated with the kink formation, the local
molar volume is diminished, and such a process is regarded as the origin
of the fast nano-second relaxation observed by various probes as ultra-

2) » Tluorescence polarized light spectroscopys)
turbidity measurement4) . The subsequent slow milli-second relaxation
5,6) in turn aris-

sonic attenuation and laser
process observed by the various temperature jump methods
es from the interaction of the propagating kirnks with other degrees of

freedom including the head groups and agueous bath. The melting of the

chains then increases the volume of the bimolecular layers.
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Detailed irnvestigation of the elementary process of the chain
melting would best be done by means of the neutron scattering technique,
since it can probe the spatial extent and the 1life time of the kink for-
mation simultaneously, provided the time scale involved is within the re-
solution of the neutron spectroscopy.

In this regard, we undertake to study the melting process of didode-
cyldimethyl anmonium bromide [CH3(CH2)11] N(Br) (CH,) , (DDAB) by following
the change of the proton motion of the alkyl chain through the transition
temperature by means of neutron incoherent inelastic scattering.

DDAB is chosen, since it is commercially available and has the short-
est carbon chain length which exhibits the phase transition (actually
the phase transition can be observed only when the temperature is increased
after the DDAB solution is once frozen below 0°C), and because of this there is
reason to believe that the characteristic time for the kink diffusion
may be relatively short in this system.

Measurements were taken using a 5% DDAB/D20 solution in the specially
fabricated thin wall Al container both at LAM-40and at LAM-80spectrometers
of KENS situated at KEK, Tsukuba. As the temperature dependence was
taken only at LAM~80,we report here the data taken at LAM-80,which compared
to LAM-40 has better energy resolution by an order of magnitude. '

Figures 1-4 summarize the observation. In each figure, the mubers
(1 to 4) correspond to the detector number. The scattering angle for
each detector is fixed at loofor No.2, 35" for No.1, 80° for No.3, 135.for'
No.4. 1In Fig.1l, the sample was once cooled down to about -10°C,and then the
temperature was slowly raised and held at about —5°C; data were collected
for a period of one hour. In Fig.2, T=5°C and the data collecting
time was 0.5 hrs. In Fig.3, T=10°C with 1.5 hrs, and in Fig.4, T=20"

C with 1.5 hrs data collection time. Notice the change of the time chan-
nel scale of Fig.4 compared to others.

These data reveal that some drastic change took place in the tempera—
ture range between 10 and 20°C in accordance with the known transition
temperature of 16°C for DDABl). The change is seen most clearly in the
data teken by detectors No.2 and No.4. With the mean wavelength of 6.607&
used in the present measurements, the cobserved strbng elastic peak of
No.2 detector at T=20°C indicates the bimolecular distance of the liposome
being about 385; However, TSJlO‘C, the distance should be larger than this,
since no such peaks are obser*ved at 26 = 10‘ by No.2 detector.  Therefore,

the bilayer distance decreases upon melting in the 5% DDAB/D20 system.
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It is evident from the large increase of the inelasticity observed
at the high momentum transfer region at T=20°C, that change of the proton
dynamics upon the chain melting could be observed in the present system.

Valuable information concerning the elementary melt-process can indeed
be obtained by the high resolution inelastic neutron spectroscopy.
These data are now being analyzed using a model of the proton rotation-
al diffusion in the liquid crystalline phase.
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Neutron Quasielastic Scattering from Solid Benzene
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Rotational diffusion modes in solid phase of the globular molecules
have been studied by the neutron gquasielastic scatteringl). However, the
presence of the rotational diffusion mode in solid benzene, which is a plane
molecule, has not been confirmed although NMMR study suggested that the
benzene molecule ratated at a temperature jsut below the melting pointZ).
The time constant of the rotational mode in solid benzene will be larger
than that of the globular molecules, so that the high resolution neutron
quasielastic spectrometers is required in order to study the rotation in
solid benzene. We measured the neutron quaseilastic scattering spectra by
using LAM-40 and LAM-80 spectrometers at KENS in order to comfirm the
presence of the rotational diffusion mode and studied the rotational mode of
solid benzene. The resolutions of the two spectrometers are about 200 peV
and 20 ueV, respectively.

The TOF spéctra measured by LAM-40 are shown in Fig.l. The sample
temperature was 253°K. The spectra at seven different scattering angles
show no remarkable change in peak width and are similar to pure elastic

ones. However, the expanded spectra of 253 K and 200 K data show that the
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Fig.l TOF spectra measured by LAM-40.
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peak width of 253 K spectrum is slightly wider than that of 200 K ones as
shown in Fig.2. As the broadening of quasielastic peak of benzene is less

than the LAM=-40 resolution by about one order, it is necessary to measure

the quasielastic spectra by using a higher resolution spectrometer. We
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Fig.2 Expanded spectra at 1.86 AL,
used the LAM-80 spectrometer to carry out these measurements. Figure 3
shows the spectra measured at scattering angles of 10, 35, 80 and 135°.

The peak shapes of the spectra become broad with increase of scattering
The FWHM of the quasielastic parts is shown in Fig.4, which does

This

angles.
not depend strongly on momentum transfer Q at large Q values. is
typical for rotatiomal diffusion mode. It is clearly confirmed that there
is the rotational diffusion mode in solid benzene. The crystal structure
of solid benzene belongs to the space group Py., (D%g). The arrangement

of benzene molecules is illustrated in Fig.5 Two types of the rotations

CgHg (~10°C)
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Fig.3 TOF spectra measured by LAM-80.
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are considered in solid benzene, namely, the rotation about a hexad axis and
a diad axis. It was suggested that the former was easier to take place
than the latter”), so that we performed the prelimary analysis of quasi-
elastic spectra measured by LAM-80 with the aide of uniaxial rotational
diffusion model”). Here the rotational axis was the hexad one, which was
perpendicular to the molecular plane. The EISF of this model is expressed

as follows:
_1 . TP,
EISF = N pElJO(ZQa81n N)

where N is the number of the site of the rotational jump and a is the radius

of the rotation. a is 2.4 A for benzene. Figure 6 shows the EISF obtained

CeHs (—10TC)

1C

Fig.6 E I S F.
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by the experimental and the numerical analyses. The values of EISF
obtained by the calculation are almost the same for the N larger than 6. The
experimental data are best fited by the model of N = 6, so that it is
supposed that the number of jump sites is not less than 6. Series
measurements scanning the wide Q range at various sample temperatures are
required in order to study the rotational diffusion mode and its activation

energy.
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Spectroscopic studies of native and regenerated celluloses(cellulose
I and 1II, respectively) were extensively carried out by IR and Raman
scattering methods. However, no neutron scattering spectroscopy for
celluloses has been reported thus far, The intensities of vibration modes
in the former two spectroscopies depend on the transition dipole moment
and the induced dipole moment(or the polarizability), respectively, which
gives selection rules based on the symmetries of vibration. In the case
of the neutron scattering spectroscopy, no such selection rules exist
since neutrons are scattered with nuclei. It is therefore expected that
this spectroscopy will give new information on the molecular vibrations of
celluloses. Therefore, we have carried out neutron incoherent inelastic
scattering(NIIS) measurements of ramie(cell. I} and rayon(cell. II)
fibers, both with a moisture regain of 2.7%, by using the down-scattering
spectrometer LAM-D with an inverted geometry at KENS,

Fig. 1 and 2 show, respectively, the observed time-of-flight(TOF)
spectra of ramie and rayon fibers; the scattering vecter Q is parallel (a)
and perpendicular (b) to the fiber axis. These spectra cover a very wide
range of freguency from the far-infrared to the near-infrared or 130 to
600 cm‘1 though the energy resolution decreases with increasing frequency.
The peaks above 500 cm_1 in the near-infrared range are assigned to
overtones and combinations of fundamental frequencies.1 Below 4000 cm_l

three main peaks around 3000, 1400, and 600 cm -1 are seen; from the

. 4 . . , -
llterature2 the first is assigned to the superposition of OH, CH, CH2
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stretching modes, the second to OH and CH deformation, and the last to OH
out-of-plane bending. The peak consisting of CO stretching and ring modes
around 1100 cmml, observed strengly both in the IR and Raman spectra, is
weak in the NIIS spectra. This indicates that most of these modes do not
involve vibrations of hydrogens., The compariscon between the spectra of
cell. I and II shows that the difference is remarkable in the range 300 to
500 cm _1, as in the case of the Raman spectra. Most of the peaks in this
range are parallel bands, a point which was not measured in the Raman

studies,
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Tortional Frequencies of Methyl Groups in

Hydrogenated and Deuterated Poly{methly methacrylate)
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Deuterium labeling is very powerful for assignment of vibrational
modes in the neutron incoherent inelastic scattering spectrum because of
its very low incoherent scattering cross-section compared with that of
hydrogen. In this work, torsional frequencies of two methyl groups in
poly {methyl methacrylate} have been distinguishably observed by using
hydrogenated polymer (PMMA) and deuterated one (PMMA-dg) (see Fig. 1).
Measurements of neutron inelastic scattering were carried out on the
polymer films 0.25 mm thick by using the spectrometer LAM-D at KENS. The
observed time-of-flight (TCF) spectra of PMMA and PMMA-ds are shown in
Fig. 1{a} and (b). The TOF spectra were converted to the hydrogen
amplitude-weighted density of phonon states, Z(w), which is essential for
discussion of vibrational frequency distribution because it corresponds to
the number of energy levels per unit volume of a sample. The resulis are
shown in Fig. 2. In the spectrum of PMMA a large peak is observed at 340
em~ !, whereas it disappears in the spectrum of'PMMA—d5 resulting in a very
broad peak at about 200 em~!. Taking into account that all hydrogen atoms
except for those of ester-methyl groups are deuterated in PMMA-dg. we can
immediately assign the peaks at 340 em~! and at 200 em ! to a-methyl

torsion and ester-methyl one, respectively.
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Effects of Cross-linking on the Phonon Density in Rubbers
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Some | properties of rubber polymers are extremely affected by
cross-linking {(e.g. elasticity} and it is very important from veiwpoint of
practical use. In this work, we have investigated the effect of
cross-linking on the phonon density in rubbers by neutron incoherent
inelastic scattering and found a new band attributable teo the
cross—linking. Commerciél vulcanized polyisoprene (PIP) and CO60 y-ray
irradiated polybutadiene (PB) (18.8 Mrad) were used as samples. Neutron
inelastic scattering measurements were carried out with the
down-scattering spectrometer LAM-D at KENS.

The observed time-of-flight (TOF) spectra are shown in Fig. 1, where
{a) corresponds to unvulcaﬁized PIP, and (b} and {c) to vulcanized PIP,
respectively. The degree of vulcanization of the sample of (b) is lower
than that of {(¢). A new band is observed at about AE = 350 em~! in PIP
cross-linked by vulcanization and the intensity increases with degree of
vulcanization. This suggests that the new band  is attributable to the
cross-linking. To confirm this, the TOF spectra of the y-ray cross-linked
PB were measured. The results are shown In Fig. 2. In this case a nevw band
at about 350 cm! also appears, though the intensity is not very high

because of a low degree of cross-linking.
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Neutron Scattering from CeSi,

Masahumi KOHGI, Nobuya SATO and Takeo SATO
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The o -ThSi, type compound CeS!2 was found to exibit various anomaiies

assoclated with the Intermediate valence or the Kondo effect of the Ce fons."? In
order to further characterize the status of this system, the measurement of neutron
Inelastic scattering is a powerfut tool because it gives direct information on the spin
fluctuations. We report here the results of the preliminary neutron 'scattering
experiment performed at KENS.

The measurements were carried out on the inverted geometry TOF spectrometers
LAM-40 and LAM-D, which utilize cold neutrons and thermal neutrons, respectively, as
the incident beams. The final energies were 46 and 4.4 meV, respectively. The
powdered sample was fitied In a cylindrical aluminum cell with diamter of 14mm and
100mm length. The sample temperature was about 300K,

Fig. 1 shows the obtained frequency distribution of the response function of this
system. This is expressed as R(Q,w)=d2o/d§adm-ki/kf- {1-exp (-hw/kT )} Mw.

No resolution correction was made in the data analysis. The closed circles represent
an average value of 4 detectors of LAM-40, corresponding to the scattering angles of
8, 23%, 38" and 53°. The open circles represent the data of LAM-D with the scattering
angle of 35°. Both data are normalized at fiw=4.6meV. The dashed line is the phonon

contribution estimated as the maximum case from the measurement on LaSi2 which is

isomorphous to CeS1, and shows no magnetic anomaly.

Though the data points are scattered because of the low counting statistics, we
can see that a diffusive magnetic response exists around %iw =0 and extends up to about
10meV. [f the spin fluctuations in this system is a relaxation type, the function
R( Q;w)must be propotional to a Lorentzian centered at fiw=0. The half width I/2 of
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this function is estimated to be about SmeV. This value is the same order as those at

300K of CeAl, and CeCu,Si,, which are considered to be good examples of dense Kondo

systems.> 1t is not clear at this stage that crystal field transitions exist or not.
We are now planning to measure the temperature dependence of the magnetic

response of this system as well as to improve the counting statistics.
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Improvement of MAX Spectrometer

K. Tajima,+ Y. Todate,++ Y. IshikawaT? and S. Tomiyosh:i.ululu]~

T Department of Physics, Faculty of Science and Technology,

Keio University, Yokohama

Department of Physics, ~H“]’Institute for Iron, Steel and Other Metals

Tohoku University, Sendai

The MAX spectrometer is a TOF crystal analyser spectrometer which
is able to perform inelastic scattering experiments along a desired
direction in the reciprocal lattice space of a single crystal sample.
The configuration of the spectrometer is shown in Fig. 1(a). Detector
arms are moved in the counterclockwise direction to determine the scattered
neuffon energy. In the case of a sample with a large lattice parameter,
however, it is sometimes difficult to align all the detectors so as to
" scan along a single line in reciprocal lattice space. This is because
large analyser angles are required in such a case and the detector arm
hits each other in the present geometrical configuration. In oxder to
eliminate this limitation for measurements, all the detector arms have

been modified to move in the clockwise direction, as shown in Fig. 1(b).

T gaMpLe  oMAIN ARM
" COLLIMATORS

Fig.1 The geometrical configuration of (a) old
and (b) new MAX.

166



The test measurement with the improved MAX was made on a b.c.c.
iron single crystal. The TOF spectra of phonons and magnons, which were
collected by using P.G(002) reflection as the analyser, are shown in

Fig. 2(a). These results are compared with the equivalent measurement
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Fig.z2 TOF spectra of Iron measured by (a) old

and (b) new MAX.

which was made 2.5 years ago.(Fig. 2(b)) The S/N ratio as well as the
resolution are greatly improved, which is partly due to the present
improvement.,

This improvement also makes it possible to utilize the 8§i(311)
reflection as the analyser and hence, measurements with much higher
resolution can be performed. Measurements with the new configuration

are scheduled as the first experiment at the more intense neutron source
of KENS I' or KENS I1I.
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Spin dynamics of a quasi two-dimensional
antiferromagnet MnTiO3
) *
Yoshiei TODATE, Yoshikazu ISHIKAWA, Keisuke TAJIMA ,
* R * ok
Shoichi TOMIYOSHI and Fumihiko TAKEIL
*k
Physics Department, Institute for Iron, Steel and Other metals,
*
Tohoku University, Sendai and Faculty of Science and Technology,
Keio University, Yokohama

A guasi two-dimensional antiferromagnet MnTiO_ has the ilmenite type

layered structure. We observed highly anisotropic3spin—wave dispersions in
this materiall). However, we could not determine uniquely exchange inter-
action parameters and an anisotropy field from the spin-wave dispersion
curves along only two directions of high symmtry; [100] and [001]. There-
fore we have measured a spin-wave dispersion along another direction of [104]
through (006) at 17K. Using all data for three [104], [100] and [001] direc-
tions, we have fitted the theoretical spin-wave dispersion based con the
Heisenberg model to the experimental results and deduced the exchange inter-—
action parameters up to 6th nearest neighbours which are listed in Table 1.
Figure 1 (b) depicts how the calculated curve fits well to the experimental
data.

int
We have calculated the ratio of the molecular field er(—

intr “intérlayer
ZJiSi) to H 2 in order to elucidate the two-dimensional exchange
anisotropy. 'The ratio is obtained to be 0.045 * 0.05. Therefore it is now
well confirmed that MnTi0O_ is regarded as the guasi two-dimensional antiferro-

3
2 .
magnet- ) Note that this anisotropy arises in a cancelation among the

interlayer exchange interactions.

We have studied also paramagnetic scattering of MnTiO, with MAX spectro-

3
meter using the same single crystal at room temperature. The scans were made
along [100] direction through (104) point and [001] through (101). Some of
the neutron spectra are shown in Fig. 2. As is usually analysed for the

Heisenberg system, the observed spectra were fitted to the Gaussian

| 1/2m<> mxp (-’ /2<0®> )
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in the proper limits of g. ,where

2_2 8

Hew > = §-s(s+l) Z(J(R))z(l - cos (g.R))
R

is the second moment.B) The solid iines in Fig,-2 are the calculated spectra
using the values of the parameters in Table 1. We emphasize here that the
exchange interaction parameters derived from the spin-wave dispersion curves

well reproduce the observed spectra of paramagnetic scattering in MnTiO3.
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Table 1 Exchange and anisotropy parameters determined from spin-wave

dispersions.

K
Jl -7.55 +0.60

- +
J2 0.04 £0.30
J3 -2.70 +0.40
J4 -1.32 +0.15
Js -2.10 *0.10
J6 -0.48 +0.10

+
ngHA 0.30 +0.05
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A Trial for Measuring High Energy Magnetic Excitations

in Perromagnetic Metals by MAX

*
Yoshikazu Ishikawa, Yoshiei Todate, Shoichi Tomiyoshi and
* %
Keisuke Tajima

*
Physics Department, Institute for Iron, Steel and Other

Metals, Tohoku University, Sendai

**Faculty of Science and Technology, Keio University,
Yokohama
We have shown in a previous reportl) that MaX has a good potential for
studying the low energy "anisotropic" magnetic excitations as those in a

quasi-two dimensional antiferromagnet MnTiO_, which is quite difficult to

study with a conventional TOF machine. Howiver for the study of the high
energy magnetic excitations along a crystallo-graphic axis, which is one of
the most important subject for the spallation neutron source, MAX has a
serious demefit that the incidept neutron energy inevitably increases more
than required-because of the restriction of scanning along a special direc- -
tion in the resprocal lattice, resulting in decreasing substantially the
energy resolution. This demerit can be improved, of cource, if the neutron
source intensity is sufficient enough to make collimation tight, but for

the small neutron source as KENS, it makes difficult the observation of high
energy excitations of magnons with MAX. The existence of high order contam-
ination is another demerit of MAX which prevents also the obsexrvation of high
energy excitations because of overlapping problem. The latter problem can
however, be resolved if we use Si or Ge as the analyzer. The development

of the Si analyzer with high reflectivity is now successfully in progress

by using the stackof Si wafer as reported previously.2)

This paper discusses the result of trial for improving the energy re-
solution problem. In case of magnetic excitations in Fe or Ni, the disper-
sions can be assumed to be isotropic up to about 100mev. Therefore the data
can be accumulated by scanning along any direction which passes through the
main Bragg point. We found that the slight change of scanning direction can

improve the demerit. We list in Table 1 the magnon energy transfers in Fe

detected by five different counters (No.l-5) with scattering angles Si as well
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as Ep and ZGA for two different scans. One 1is the scan along [111] {a=
54.7°) which passes through (110} and another is along the direction with
0=70° (see Fig.l{a)). We can find in the talbe thatlEF can be reduced for
the same energy transfer, if we choose a large o value. We found also,
however, that No.4 and No.5 counters in 0=70° scans can not detect magnons
with the PG analyzers because of overlapping with the A/2 contamination.
This difficulty can be removed if the scanning direction is shifted parallel
to make QY larger. The situation is also listed in the Table, where the
best condition from the stand point of the energy resclution is marked by
circles and is also displayed in Fig.l(a). Fig.1l(b) is also shown the Hw -

Q diagrams for the scans with @=54.7([111})and a=70°. We find from Table and
Fig. 1 that the 0=70 scanning configuration is better than the [111] scan for
studying the energy transfers of 90meV > Hw > 50meV in Fe.

. o (b )
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(a) e
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Fig. l{a) Two different scans, Fig. 1(b)
i) [111] scan with o=54.7° hw - O diagrams of two scans.

ii) a=70° scans with different QY.
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The results of measurements with 0=70° scan are displayed in Figs.
2(b) and (d) and are compared with those of the [111] scans (Figs. 2{a) and
{(c)). These figures show clearly that the energy resolutions (M) are .
improved by the q=70° scan. The magnon scattering for which no signal could
be found for the [l1ll] scan could be detected for the 0=70° scans. Note
that Fig.2(d) is the result taken by using a Si wafer analyzer. Although
the counting satistics is still very poor, the absence of A/2 contamination
makes the magnon spectrum more definitive.

The trial we made has shown that MAX has the variety in the way of
measurements and the selection of the scanning parameter is quite important
for the success of observation, just as is the case with the triple axis

spectrometer in the reactor.
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Fig. 2(b)

Neutron scattering spectra
for the 0=70° scan measured
with the counter No.Z2 with
2BS=14°.

Fig. 2(c)

Neutron scattering spectra
for the [111] scan measured
by the counter No.4 with
295=22°.

Fig. 2(d)

Neutron scattering spectra
foxr the 0=70° scan measured
by the counter No.3 with
2GS=18°.



Table 1. Energy transfers fiw, final energy EF and alalyzer angles 26A

of two different scans with @=54.7°([111]) and a=70° for

magnon scattering in Fe measured with five counters of MAX.

o 54.74° 70°
Counter (110} (110)
No. QY(R'l) 1.794 1.3 1.2 1.1 1.063
20_() |° 10° 10 10 10 10
hw(meV) | 152 130 123 115 112
1 [E mev) | 221 116 99 83 78
20, 10.4 14.4 15.6 17 17.6
26 o 14 14 14 14 o 14
hw 107 95 91 85 83
2 B, 114 60 51 43 40
20, 14.5 20.1 21.8 23.8 24.6
26_ o 18 18 018 018 A 18
hu 83 76 73 69 67
3 1B, 170 37 31 26 25
26, 18.6 25.7 27.9 30.5 31.6
20 . |o22 0 22 0 22 x 22 x 22
hw 68 63 62 59 58
4B, 48 25 21 18 17
26, 22.6 31.3 34.0 37.2 38.6
20 026 0 26 A26 X 26 X 26
hw 57 55 54 52 51
5| E; 35 18 16 13 12
20, 26.5 36.8 | 40.0 - | 43.8 45.5

x: overlapping with A/2 contamination
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Neutron Scattering from Liquid 4He at Very Large Momentum Transfer

S. Ikeda and N. Watanabe
National Laboratory for High Energy Physics

Oho-machi, Tsukuba—-gun, Ibaraki-ken 305, Jépan

The observation of Bose-Einstein condensation in superfluid helium

(4He~II) has been a most attractive problem in the field since London's

)

. 1 . s
first proposal™. 1In the last several years neutron scattering experiments

at medium momentum transfer (Q = 4 v 7 A 1) have confirmed that a finite

2)

fraction pg of the atoms in He-II has zerc momentum °. The recent

2)

experimental value of pg is about 13 % at 1 K

estimates are in the range 8 v 13 % 2).

, and many theoretical

In neutron scattering at large Q, the scattering function S5(Q,w)

asymptotically approaches § in the impulse approximation, which is

TA
directly related to the momentum distribution n(p)} of the atoms in the
initial stateB)’ 4),
n 3 - _ﬂ. 3
Sta (@ w) d’p (w - R - ) n(p). (1)

Here R = thz/ZM is the recoil energy of the target particle. The final
state effects becomes unimportant if the condition no << p is satisfied,
where n is the number density and 0 the atomic scattering cross section of
the scattering particles. For liquid 4He, however, the value cof 0 is wvery
large in the momentum transfer range mentioned above (Q = 4 v 7 A_l), and
therefore the condensate peak is observed much broader than the resolution
function of the instrument.

On the other hand, at very large momentum transfer, Q > 100 Al o
becomes small and final state effects becomes mo longer important5). Such a
high Q experiment with a sufficiently high resolution to resolve the
condensate peak is desirable, but has never been achieved for technical
reasons.

6)

Martel et al. proposed that neutron scattering data at medium
momentum transfer region could be analyzed by a "sum rule" of moment
relations for the dynamie structure factor S5(Q, w). This sum rule reduces

an enormous distortion on the neutron scattering spectrum due to final state

176



effect in medium momentum transfer region. Up to this time measurements of
momentum distribution for liquid He were performed at this region (é 15
A ') but with a higher resolution, and analyzed based on this rule. ‘

We attempﬁed a neutron inelastic scattering experiment on liquid He at
very large momentum transfer range using a pulsed spallation neutron source

KENS (KEK, Japan) with an &V spectrometer, a Resonance Detector Spectrometer

(RDS)7) v 9), which we developed mainly for this puxpose.
evacuated polyethylene  ordinary heavy
scattering chamber Y  concrete concrete
/ B4C ’
/ .| s,/ . beam
vyt shutter
beam | detector
stop sample
™
D
/ \ *.  iron shield
B4C resin borated lead N
resin 20em  evacuated
' flight path
10
| I L )
05m O ! 2m
Fig, 1 Layout of the RDS at KENS for liquid 4He experiments

The geometry of the present experiment is shown in Fig. 1. Epithermal
neutron beam from the room temperature polyethylene moderator was extracted
from H7 beam hole which is perpendicular to the moderator surface. The
incident beam is collimated at the sample to a 3 x 6 cm?” rectangle by a
complicated heavy collimator section consists of a large amount of lead,
borated resin and 10340 sintered plate. Flight path length for inecident
neutrons was 8.37 m. The sample was contained in a2 thin alminium cell, 5 x

6 cm?

x 1 cm thick, and cooled down by pumping liquid helium. In order to
attain a very high Q measurement with a higherrresolution, extensive
optimization studies have been performed between counting rate and
resolution, Among the various contribution to the resolution, it is known
that the geometrical contribution is dominant for a scattering sample made
of light atoms such as helium. To minimize this effect, a focussing

0) 11)

principle has been proposed1 and confirmed experimentally . We adopted
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the principle in our arrangement between sample and detector. Scattered

. 238
neutrons were detected at the distance 0.15 m by a 3 U resonance detector
foil, which was at room temperature for convenience. Details will be

12)

published elsewhere .

Using a fixed scattering angle 0 = 167° and a final energy Ef = 6,67
eV, which is the first resonance level of 238U, we attained very high
momentum transfer Q * 150 A ' which corresponds to the recoil energy R Il eV
and the incident neutron energy Ei "o 18 eV,

The measurements were performed at both 1.2 K and 2.5 K under saturated
vapor pressure. The density is almost the same at both temperatures.

Figure 2 shows the measured time-of-flight spectra for He-II (1.2 K) and for

He-1 (2.5 K) after subtracting the cell pattern and the backround spectrum.

E f—
5 - T=1.2K
£ L (p=0146g/cm?)
O
L — o o Teye
L ok T S SRS ri
i
5 T=25K
oL (P=O.I45g/om3).
?“‘*1 Dy VA S A R S
140 1160 {80 1200
Channel No.(C.125 us /channel)
Fig. 2 Measured high-Q scattering spectra for He-II at 1.2 K

(upper) and He-I at 2.5 K (lower). Solid lines are only guide

for eyes.

The spectra are normalized by the monitor counts. Counting statistics
of the present data are not so good compared with the measurements performed
at modest Q (< 15 A '), but we can see a distinct difference between the two
spectra. In the spectrum for He-II there exists a distinct condensate peak
at the central part of the broad spectrum corresponding to the momentum.
distribution of normal component in He-TI. Note that the cell pattern
appears at the channels about 1770, far away from the helium peak,.

Instrumental reseclution is not so good as a consequence of compromise
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between counting rate and resolution, but good enough to distinguish the
condensate peak from the broad spectrum, because the leading edge (lower
channel side) of the condensate peak is very sharp due to the special
characteristic of the resolution function of this instrument discussed in

succeeding paper.
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Bose condensate Fraction in He-II and Effective Temperature of He-I

S. Tkeda and ¥. Watanabe
National Laboratery for High Energy Physics

Oho-machi, Tsukuba-gun, Ibaraki-ken 305, Japan

In the preceding paper we presented scattered neutron spectra from
iiquid 4He at 1.2 K and 2.5 K measured at very high momentum tramnsfer Q v
150 A '. Present paper reports the results of the data analysis.

In order to understand the measured spectra, we must know the special
feature of the resolution funection in the present experiment. At back
scattering, the contribution due to the finite vertical extent of the sample
and detector becomes significant, especially in the case of short scattered

flight path. Since the vertical size effect is not taken into

27°
y' .
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= Q =[87"
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= 455 P
a
| Wy
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Ws’ 50mm, WD=50mm
: .
":D Hg260mm, Hy=50mm
a Wg=50mm, W;=50mm
| !
0 I 2
T (psec)
Fig. 1 Calculated time spectra of the detection probability

including the effect of sample and detector heights. Inset

illustrates the configuration for. the heljum measurement.

180



1

account in the focussing theory”™’, we estimated this with a computer
simulation. Figure 1 shows the calculated time spectra of the detection
probability for a zero height sample and for a 6 cm high Sample with the
same detector size. Broadening is asymmetrical. For a finite sample-
detector height, the FWHM value becomes broader compared to the zero height
case, but the leading edge remains still sharp.

Assuming that the momentum distribution of the normal component in.
He-IT is same as that in He-I, we can extract the condensate peak directly
from the two spectra (Fig. 2 in the preceding paper) by subtracting the
He-1 spectrum from the He-II spectrum, with a coefficient just to eliminate
the broad spectrum in the latter. The best value of the coefficient was
0.65 = 0.05. The result is shown in Fig. 2 where the solid line is a
calculated instrumental resolution function including Doppler broadened
detector resolution, geometrical contribution mentioned above, as well as
the finite burst width of neutrons from the moderator, etc. The line
profile of the subtracted peak coincides well with the calculated resolution
function within experimental accuracy. The result provides a direct

evidence for the existence of the atoms at zero momentum in He-II.
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Fig. 2 Subtracted spectrum with a coefficient indicated in the

figure. Solid line is calculated instrumental resolution.
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If we determine the condensate fraction simply from this result, we
have a surprisingly large value of pg about 35 %, which is much larger than
the recent experimental values (12 Vv 15 %) measured at the medium Q range
(< 15 A_I) as well as the theoretical values (8 v 13 %). The counting
statistics in the present measurement is rather poor, but the maximum
absolute error in pg is estimated to be less than 5 %Z. At this moment, we
are not necessarily asserting that the condensate fraction in superfluid 4He
is not 12 ~ 15 %, but about 35 %. However, at least, we can say that at
such high @ (v 150 A"Y) the neutron spectrum from He-II is observed as if
the conensate fraction is about 35 Z.

Neutron scattering spectra have also been analyzed to determine an
effective temperature Teff of liquid He-I. TFor a system in which n(p) has
the Maxwellian form, the scattering function at large Q@ (equation (1) in the

2) | ‘ :

preceding paper) reduces to s

-(w - RY%/20_2

_ 1 R
SIA(Q: U)) = mO-R e E : (1 + h(Q, UJ)),
with
op = JZRkBTeff . (2)
v =2 i m cotthsz)f(E)dE
B eff 3 .2 : 3

0

where kB is the Boltzman constant, T the temperature of the system, £(E) the
state density distribution and <KE> the average kinetic energy per atom.
h{(Q, w) is higher order correction term which can be expressed as series
expansion in powers of (kBTeff/R)l/z with Hermitian polynominals as
coefficients. At very large Q, SIA(Q’ w) can be given as a simple Gaussian
function since (kBTeff/R)1/2 is very small {in the present.case, recoil

is at largest about 20 K).

f£
Neutron spectrum of He-I was calculated by simple Gaussian and compared with

g5+

which is larger than the reported wvalues of about 10 k°/. 1In the figure a

energy R is very large (v 11 eV), while Te

the meaéured spectrum in Fig. 3. The best walue for T is about 21 K,

calculated spectrum with T = 10 K is also depicted for comparison (broken

eff 0 _
line in the figure). The value of 21 K might correspond to the existence of

two roton resonances at energies near twice the single roton energy4).
In conclusion, we have presented momentum distributions n(p) for liquid
4He at 1.2 and 2.5 K based on new neutron inelastic scattering measurements

at very high Q (v 150 A 'Y, The condensate fraction is observed like pg ™
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35 # in such a large momentum transfer region. Furthermore the effective
temperature for liquid He-I (or the mormal component of liquid He-II)
obtained in the present experiment is about 2} X, which is also much larger
than the reported value of about 10 K. We recognize, of course, that further
measurements with better statistics and improved resolution are necessary to
confirm our results. We also believe that measurements not only at this Q
range with a different technique, but also in the region

15 < Q < 150 A ! and Q;>> 130 Al will be important in understanding the

very large momentum transfer neutron scattering from liquid 4He.

= | He—1 (T=2.5K)
c
> (P=0.145g /cm3)
2 B
B
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o r Teff =I10K
- o ’
E o 520 o ‘: a
e B . ° - 2
O ooo ' \\
Q ] °° //, \'!.._“\ -]
O s e
I 1 1 1 1 1 1 1

1140 lHeG 1180 1200
Channel No. (0.125u;s/ch)

Fig. 3 Calculated neutron spectrum of 4He-I compared‘with
measured one. Silid line: Teff = 21 K, broken line
Teff = 10 K.
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Polarized Neutron Diffraction from Fe-V, Mg ASF.

Kenji KAWAGUCHI, Ryoichi YAMAMOTO, *¥Yasuo ENDOH
Nobuyodhi HOSOITO and Teruya SHINJO

Institute for Chemical Reseearch, Kyoto University, Uji, Kyoto 611
*Department of Physi‘cs, Tohoku University, Sendat 980

Magnetic properties near the interface layers of Fe-V Multilayered fil-ms with
artificial superstructure films (we abbreviated as ASF) have been continuously
elucidated on TOP spectrometer. The principle of the method was esf'abﬁshedz) and
therefore we are now applying the technique to different ASF materials.

The distribution of the magnetization density in Fe layers is estimated from the
resutts. When we take a simple model of the clean interface boundary, which gives an
assumption of the stepwise density distribution, we can postulate asstructure -that the
top interface atom layer of Fe has a reduced magnetization but others have the bulk
magnetization. Furthermore the reduction was derived to be 30%, which is also very
consistent with the results of Mossbauer measurements. Further discussions on this
matter are described in our full report3).

Next we have studied the temperature dependence of the filipping ratio using a

sample of FMG-3; (FegMgo4ho0. Which means that ASF consists of 100 mulilayers of 8A

Fe and 24A Mg. Samples are obtained by the evaporation method. Our primary concern
was the different resuit of the temperature dependence between the magnetization and
Mossbauer measurements. We are also interested in the fact that Fe and Mg are not
missible each other. We have observed appreciable diffraction peaks in the small angle
diffraction patterns, which clearly indicates the establishment of ASF. The flipping
ratio of the Ist satellite was then observed to exhibit the rapid temperature dependence
near 120 K, where the internal field disappears. On the contrary the magnetization drops
near 30 K and has a long tall above it as shown in Fig. 1. Therefore the djscrepancy may
arise In the dynamics of the magnetic moments. Note that the characteristic frequency

of neutrons is ~ IO|2-sec'|, and that of Mossbauer {s ~ IOH sechl. However diffraction

peaks corrogporvt to Lhe fact that coherence longlh must oxceods more than-100A in

space. Thus we can envision such a magnetic environment that the magnetic moments in
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each domain which seems to be more than 100A in diameter, fiuctuate temporally at the

rate of slower than about 10 8sec.
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Neutron depolarization on Metallic Spin Glass
Setsuo MITSUDA, Hiroyuki FUJIMOTO, Yasuo ENDOH and Susumu IKEDA%
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We have continuously studted, the remarkable features of the wave length

dependence of depolarization of transmitted neutrons through the metallic spin glass

such as Feq 5oCrg 7g. Feq 7Alg 3 and so forth.

we have been concentrated in the new fesuits of osciliations in polarization with
respect to the neutron wave length »bes}des the change of depolarization behaviors
associated with the phase transitions in these'spin glasses. As was reportedd in KENS
IV of the last year's Issue”, we have observed the similar oscillations with respect to

the neutron wave length, but in more beautiful manners from an Feg 7Alq 3 spin glass.

We [1lustrate the results in Fig. I. Although we believe that this remarkable wave length
dependence of depolarization arises in the dynamical effect of” the macroscopic
inhomogeneity, we have carefully examined by changing thickness of the sample, applied

field and temperature as well.

in the case of the Feq 7Alg 3 spin glass, the oscillation behaviors are observable

in the ferromagnetic phase between ~ 200 -K and ~ 400 K. Oscillations appear from about

50 Oe of the external field at our experimental condttion.” The experimental curves were

well fitted to the empirical form of PQ) = Py + AeB cos(on + D), where the first

term in the right hand slde represents the average depoiarization and the second term
corresponds to the oscillation amplitude. This empirical form was derived from the
above mentioned dynamical model as was shown in the previous report”.

Atternately we have studled a possible case that the oscitlations might occur due
to the demaln distribution In the ferromagnetic phase. It turned out that the results
require a peculiar domain distribution with .a-regular size.of each domaln, which

connects with each other by a certaln angle. This specific domain ‘distribution is
unlikely.
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POLARIZATION

Nevertheless we have observed that the wave length dependence of depolarization

of transmitted neutrons through the spin glass alloy exhibits entirely different

behaviors in the different magnetic phases. Then we emphasize that the depolarization

measurements in particualr its wave length dependence can provide a novel information

which could not be accessed by the conventional neutron scattering experiments. More

details will be described in the full paper submitted to the regular journalz’.
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Fig. 1 Magnetization as well as depolarization curves from Fe0'7Alo.3 spin glass.
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Neutron Depolarization Study on Domain Structure in

)

Amorphous (Co 74‘_58113'_5B12‘Alloy

0.94Fe0i06
E. Torikai, A. Ito¥*, S. Mitguda** and Y. Endoh#**
Doctral Research Center in Human Culture, Ochanomizq Univérsity,‘Tokyo 112
* Department of Physics, Ochanomizu University, Tokyo 112, Japan
** Physics Department, Tohoku University} Sendgi QBO Japan
In order to investigate the bulk domain structiure in amorphous

(€05, 9470, 06’ 74.5513.5512 _
observe by conventional methods, we performed the depolarization measurement

alloy whose domain structure is difficult to

of the polarized neutron transmitted through the specimeﬁ using the TOP
spectrometer. The motivation of the study and the experimental method are
described in the KENS report IV (1983, P191). From the preliminary results
reported previously, it is found that the depolarization spectrum was
drastically changed under magnetic fields below 20 Oe. In the present study,
we concentrated into the experiment under magnetic fields between 1 Oe and
20 Oe. The magnetic fields were applied parallel to the initial spin axis of
polarized neutron (z-axis). ‘

The sample was prepared by the single-roller-quench method in the form
of long ribbon (width 5 mm, thickness 23 jm on an average). The status of
samples provided for measurements is as follows; (a) as prepared,

(b) annealed for releasing the internal stress and (c) annealed in a magnetic
field along the. ribbon direction for inducing the magnetic anisotropy.

The neutron depolarization measurements were done at rcom temperature.
Figure 1 shows the'remaining polarization of neutrons (Ué) after transmission
through the samples (a), (b) and {(c} as a function of wavelength of neutrons
(solid lines). A magnetic field of 1 Oe along the ribbon's width was applied
to hold the neutron polarization. The sinusoidal oscillation of O% is
clearly observed though a whole pericd does not appear in the range of
neutron's wavelength. The net magnetic flux density along the neutron's path
'ég) is deduced from the period of rotation. The estimated wvalues of B are
{a) 0.59 T, (b) 0.55 T and (c) 0.58 T, which correspond to 79 %, 73 % and
77 % of fhe saturation magnetic flux density (0.75 T measured by SQUID) .
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It would be reascnable to attribute the reduction of B compared with the
saturated value to local magnetization in thin layers near the surfaces.

The amplitude of the rotation reflects the directional distribution of the
lcocal magnetization axes. In case of the sample (c) the minimum‘value of 0;
attains to almost -1, indicating that the local magnetization axes align
parallel to the ribbon direction. The smaller amplitude in the sample (a)
and (b) compared with the sample (c} suggests that the local magnetization
in the sample (a) and (b) has larger z-component. The directional distribu-
tion of the local magnetization axes had been also measured using the
M8ssbauer spectroscopy. The results are as follows; (a) local magnetization
axes lie in the ribbon plane and distribute widely around the ribbon
direction preferentially, (b) most of local magnetization axes also lie

in the ribbon plane but distribute randomly in the plane, (¢) almost all of
the local magnetization axes are aligned in the ribbon direction. The change
of neutron polarization expected from the result of the M8ssbauer measurement
is also shown in Fig. 1 for each sample by a broken line. The period of
rotation was taken as same as that of the solid line because this kind of
information is scarecely obtained by the other methods. The result of neutron
and the Mdssbauer measurements are in good agreement qualitatively with each
other. Thus the simple model shown in Fig. 2 is suggested as the domain
structure along the ribbon's thickness.

The magnetization process was also studied by observing the change of the
neutron depolarization. Figure 3 shows the change of the U; after neutrons
pass through the sample (c) in the various magnetic fields along the ribbon's
width which is the magnetic hard axis in the ribbon plane. In order to
increase the thickness of the specimen along the neutron path, the ribbon
plane was set at 45 deg. to the neutron beam. The periocd of rotation
becomes longer above 9 Oe but it undulates clearly even at 11 COe. The reduced
net magnetic flux density (ﬁ?BS) deduced from the pgriod is shown in Fig. 4.
The decrease of ﬁyBS above 9 Oe indicates that local magnetization axes along
the neutron path start to rotate out of phase with one another, put it is
noticeable that %7BS is still kept about 50 % even at 1l Oe: magnetic moments
along the ribbon's thickness rotate rather coherently toward the direction of
magnetic field. The result for the sample (b) is also shown in Fig. 4.

Figure 5 shows the change of OE measured for the sample (a) in the
various magnetic fields along the ribbon direction which is the easy axis
macroscopically. The pericdic oscillation is remarkable even at 20 Oe.rThis
means that the average . local magnetization axes are still deviated from

the direction (z) of applied fields. The period becomes shorter with
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increésing the field contrary to the results with the magnetic fields along
the hard axis. The value of 'ﬁ/BS shown in Fig. 6 reaches to almost unity
above 15 Qe. This means that the magnetization axes along the neutron's path
are arranged in the same direction though they incline from z-axis yet as
mentioned above.

The change of the amplitude and the monotonic decay of polarization
superposed on the sinusoidal oscillation may give further information about
the domain structure. But unfortunately the detail analysis for getting
these parameters is difficult because the ribbon's thickness is too thin to
rotate neutron Spins at least twice in the range of the neutron's wavelength.

To conclude the coherency of the local magnetization axes along the
thickness of the ribbon becomes clear. The coherent characteristic is kept
even in the magnetization process. The directional distribution of the local

magnetization axes is consistent with the result of the M3ssbauer measurement.

.03 . Fig. 1 Remaining polarization of

polarized neutron after trans-

e
%)

mission through samples; (a) as
prepared, (b) annealed for re-

leasing internal stress and (c)

-onl

annealed for inducing magnetic
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anisotropy along ribbon direct-

)
e
in

ion (solid lines). Ribbon's

width // z-axis. Dashed lines

LR
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represent the calculation based
on the result of M8ssbauer

measurement.

Fig. 2 The model of domain struc-
ture along the ribbon's thick-
ness. The direction of magneti-
zation in the sample (c) is

described.

neutron
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Fig. 3 Remaining polarization
of polarized neutron after
transmission through the sample
(¢} in various magnetic fields
along the ribbon's width. The
ribbon plane was set at 45 deg.

+o0 neutron beam.

Fig. 4 Change of reduced
magnetic flux density

x (B/BS)-

Open circles: sample (c¢).
Crosses: sample (b).

H // ribbon's width

(hard axis).

Fig. 5 Remaining polarization

of polarized neutron after
transmission through the sample
{a) in various magnetic fields
along the ribbon direction.

The ribbon plane was set at

45 deg. to neutron beam.

Fig. 6 Change of reduced net
magnetic flux density (%/BS)
of the sample (a).
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Neutron Depolarization Study of the Re-entrant

Spin-glass Transition in RbZMn(l—x)Cerl4

# *
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Hokkaido University, Sapporo 060, Japan

*
Department of Physics, Tohoku University,

Sendai 980, Japan

The measurements of the depolarization of a polarized neutron beam
after passing through magnetic materials have been used to study the order-
ed phases and the phase transitions of ferromagnetsl_4) and spin—glasses?)
We have used this technique to clarify the nature of the disordering tran-
sition observed in the random mixture, Rb2Mn(1_x)Cerl4 of an insulating
antiferromagnet and an insulating ferromagnet. The concentration versus
transition temperature phase dlagram of this mixed system obtained from
ac susceptibility measurements by one of the authors(K.K.) is presented in
Fig. 1. We have two transitions for a given concentration; a transition
from the paramagnetic to ferromagnetic phase followed by that from the
ferromagnetic to disordered phase upon decreasing temperature. This kind
of transition occurring in a random system with competing ferromagnetic
and antiferromagnetic exchange interactions is called a re-entrant spin=
glass one.

We have made a neutron depolarization measurement on this mixed system
by using the TOP spectrometer. The result for the x=0.52 sample is shown
in Fig. 2. The polarization decreases with increasing the wave length of
the neutrons for all the temperatures measured. If we plot the polariza-
tion, for a given wave length of the neutrons, against temperature for the
ZFC case, we see drastic changes in the polarization at the two transition
temperatures. At the paramagnetic to ferromagnetic transition temper—
ature, the polarization decreases sharply. The polarization then begins
to increase around 10K, where the disordering transition has been observed

in the susceptibility measurement.

The following two interpretations for the temperature dependence of
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The sample was ceooled from the paramagnetic phase to the

respective temperature shown in the figure without the ex—

ternal magnetic field(ZFC) or with the external field(FC).

In order to maintain the magnetization of the

sample, the

external field of 6 Oe was applied after cooling the

sample in ZFC case.
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the polarization are possible. One is that based on a phase transition
model, and the other is that bésed on the model proposed by Aeppli et al?)
The temperature dependence of the polarization is explained by the phase
transition model as follows; above the Curie point the spins of the system
fluctuate faster than the Larmor period of the neutrons and thus no depo-
larization of the neutron spins occurs. With decreasing temperature the
fluctuation of the system becomes slow and the depolarization of the neu-
trons results. Since the re-entrant spin-glass phase is different from the
ferromagnetic one and we expect that the spins fluctuate in the re—entrant
phase faster than in the ferromagnetic one, the polarization increases be-
low the re-entrance temperature. The temperature dependence of the polar-
ization is explained by the Aeppli model as follows; the re-entrant phase
in the Aeppli model is composed of ferromagnetic and spin-glass like net-
works. The increase of the polarization below the re—entrance temperature
means that the sizes of the ferromagnetlc networks become small due prob-
ably to random field effects.

6)

Details will be reported elsewhere.
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Long Period Helical Spin Structure in Fe1 xCOxSi
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. & long periodic helical order in B20 compounds was firstly found in
MnSil). The system of Feln CoxSi has been known as an itinerant electron
magnet system with the samexcrystal structurez). The long periodic helical
spin structure was also observed for 0.05¢x<0.8 in this system by small -~
angle neutron diffraction measurement on polycrystalline samples3)’4).

These helical spin structures are thought to be due to non-centrosymmetry
of the B20 structure in which the Dzyaloshinsky-Moriya interaction
survivesS).

In this investigation we studied the magnetic field dependence of the
long periodic helical structure by polarized neutron diffraction in order to
clarify the character of the anisotropic exchange interaction of this
system. [Ixperiments were made by using TOP polarized neutron diffractometer
installed at the cold neutron guide. We measured the satellites of (000)
Bragg reflection for Fe C

)
0.8 0.2
antiparallel to the scattering vector and the polarization of the neutron

Si at 23 K. The magnetic field was applied

was parallel or antiparallel to the scattering vector, as shown in Fig., 1.
Before applying the magnetic field to the sample (virgin state) both

clockwise and counterclockwise helix were observed, as shown in Fig. 2.

Furthermore in virgin state the satellite ﬁas found in any direction around
(000). Though satellites were cbserved at any directions, the intensity peak at
<001> direction is thought to be due to the field cooling effect by the
residual field of the electromagnet. Then the satellite is thought to be
distributed homogeneously on the sphere around (000} in virgin state.

Once high field (22 kOe) was applied and removed, the helix with the
propagation vector being parallel to the field direction was stabilized,
and the winding of the helix was counterclockwise, as shown in Fig. 4.

The stability of the helix is thought to be equal in any direction since
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the width of the rocking curve are same of (008) and (688) reflectiont.
(Fig. 5) '

We investigated the behavior of the helix with respect to the magnetic
field. After the helix was stabilized along [lli] direction by the
operation mentioned above, we observed field dependence of the (8§66)
reflection. The result is shown in Fig. 6. We regard this result as
following. With increasing field, the propagation vector of the helix
is changed to the field direction and helix becomes helical cone with
ferromagnetic component. At last all spins are aligned along the magnetic
field (ferromagnetic) under the higher field. In the path of decreasing
field, the cone angle is increasing and helical spin structure is stabilized
along the magnetic field.

These experimental results are very interesting in comparison with
those of MnSi. The crystal structure is the same for Fel-xCOxSi and MnSi,
and the long periodic helical structure of this type was firstly found in
MnSil). The helix in MnSi is repofted'to be clockwise6) and to be stable
in <111> direction.l) The propagation vector of the helix is rotated by
the applied magnetic field as in Fel—xCOxSi’ but the propagation vector
comes back to <111> direction with decreasing field.l) In the case of
Fel—x

rotate under the low magnetic fields. This is thought to come from two

CoxSi, the propagation vector of the helix seems to be difficult to

. . L oy 5
respects. One is an intrinsic character of the system. Nakanishi et al. )

obtained the free energy expression of helical spin structure FH as

‘ {1 - aplx(0 + 2C ¢ A - 4]
Fp = ———1[1+(—) - X + 2(C + A, -~ X
B (o) 2 17 A3
3K

+ [(TYI) + 2(A3_3A1)X(0)Q2](B?+83+Bg)}’

where 6 is propagation vector of helix and Bi's are direction cosines of
6. The last term of right side defines the direction of helix axis. If
the second [ ] is positive, 6 points in <111> direction. If, on the bther
hand, it is negative, 6 points in <100> direction. 1In FEO,BCO O.ZSi this
term seems to be very small, so the helix could not change the direction

of its propagation vector. The other is in homogeneity due to the mixed

crystal,

+ We use the term "(006)” for the satellite of [00I] direction of
{(000),

196



The local fluctuation of magnetization in the mixed system might also
prevent the propagation vector from moving. In virgin state the bropagation
vector of helix distributes widely in length, direction and winding. There
seems to be local fluctuation of the coefficient of the D-M interaction in

this system.
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Small-Angle Scattering of Polarized Neutrons from Fe6562Ni35 Invar Alloy
S. Komura, T. Takeda and Y. Endoh*

Faculty of Integrated Arts & Sciences, Hiroshima University,
Hiroshima 730, Japan
*Department of Physics, Tohoku University, Sendai 980, Japan

Our previcus exper:.ment by means of neutron small angle scatterlng from
Fe65N135 invar alloy r2) has established that there is a magnetic inhomogeneous
structure inherent to this alloy. In order to accout this fact we have
proposed a model3) in which local fluctuation of chemical composition gives
rise to the magnetic inhomogenecus structure; Ni-rich local regions tend to
be ferromagnetic and Fe-rich local regions paramagnetic. Although this model
explains well the structure function of the alloy, there is no direct evidence
which supports the correlation of local chemical composition to the magnetic
ordering or disordering.

Small-angle scattering experiment using polarized neutrons offers a
possibility to check this correlation, since we can measure the Fourier
transform S ( % ) of the space-correlation function Gb (¥ ) of nuclear and
magnetic scattermg amplitude density pb(r and p (r). These functions are
related to one another by

1 >y = - = - ~
v oG =o HopE+3) - b} ar (1)

Cp ()

and

s (k) Smkr r2dr (2)

bp

4Trbe()

if Gbp(r) is spherical.

We have prepared two Fe65. 35 samples using either natural nlckel or
isotope 62Ni. Since bFe = 0.951 x 10 ~12 cm and bN (nat) =]1. 03><lO we

expect that in Fe65natb1135 pb(r) pb at Fe-rich regions are negatlve and
that at Ni-rich regions positive. However since b Ni(62)™" -0. 87><10 cm, we
expaect that in Fe6562Ni35 ob(r)—ﬁb at Fe-rich regions is positive and that

at Ni-rich regions is negative. Since in our model we assume that Ni-rich
-12 -12

regions are ferromagnetic (pﬁ,e=0.76 x 10 r Pys < 0.16 x 10 cm) and
Fe-rich regions paramagnetic Pre = Pyi = 0, it follows that pU(r) - Bp >0
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at Ni-rich regions and p (r) - pp< 0 at Fe-rich regions. These spatial
relations are shown schematlcally in Fig. 1 for Fe tNl and Fecr 2Nl
ThusforFe natNi weexpectthath (r) >0forsmallrandGb (r) =0
for large r due to the irregularity of the shape of either Fe~ or Wi-rich
regions. Therefore we expect that S {k) > 0 for small k in Feﬁsnat N135.
However in contrast we expect that in Fe 2N:l_ Gbp (r) < 0 for small r and
pr(k) < 0 for small k.

In this experiment we used a time-of flight polarized neutron spectrometer
TOP ° at KENS and measured the small-angle scattering cross section dz/dQ(k)
from either']:"e65natNi35 or Fe6562Ni35qwith neutron spin up (+) and down ()
and sample magnetization parallel (||) or perpedicular (]) to the scattering
vector k. From these cross sections we obtained the following quantities:

4)

) L HE o D), = (f;g)diff Sp® + 500 ()
(%_92_’ <ib = % {(39_2) ,1\_[_ - [%] +_|_} =2 pr(k) 4
(&) = (S = ()= (F)._+sptx)  ©®

diff

8

where ( dz/dQ ) ifE is the contribution from the diffuse scatering, Sbb(k)
and S (k) are nuclear and magnetic structure function, respectively, defined
similarly to (2) and (1).

Fig. 2 and 3 show the results of the experiments at room temperature
for Fe natNi and Fe6562Ni35, respectively. There is a severe depolariza-

65 35
tion of polarized neutrons in the sample. But no corrections for the
depolarization has been made. We see that (dX/dRQ) cum for koth 'E‘e6 nat 35

and Fe 2NJ. are positive and nearly same to each other, whereas (dL/dR) sub
for Fe t'\ll are positive and very close to zero and (dr/df) sub for
Fe6-562N135 are negative. This result clearly demonstrates the validity of
our model of magnetic inhomogeneous structure for Fe65 35 alloy, at least:

qualitatively.
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Setup of neutron spin echo spectrometer and

the improvement of the poiarizers

Hiroyuki FUJIMOTO, Setsuo MITSUDA, Mitsugu ONODERA,
*3usumu IKEDA and Yasuo ENDOH

Department of Physics, Tohoku University, Sendai 980,
*National Laboratory for High Energy Physics, Oho-machi, Tsukuba, Ibaraki 311

Neutron Spin Echo spectrometer is now under construction. We have designed all of
the components necessary for NSE, such as precession coils. Figure | shows an overview
of our present setup. We examined one of the important components of the spectrometer,
the 7Z-turner, which is Mezei-type spin turner. The principle of Mezei-type spin turner is
now well understood. Neutrons precess around the direction of applied field. The anguiar

frequency of precession is;
w=7H, (1

where 7 s the gyromagnetic ratio of neutron and H is the applied field. When neutrons of
wave length A pass through the magnetic field of length L(m), the precession angle of

neutron is expressed as follows,

p=wt,
t=L/v, (2)
v=3956/A.

where v is the velocity and A is the wave length of neutron. Therefore the magnetic field
H in-turner must be driven by wave length dependent current with a fixed magnétic
feld direction, so that neutron spin precesses in the field by just s rad. Figure 2 shows
the flipping efficiency of 7t-turner coil, driven by (a) wave length dependent drive
current, (b) constant current. Compared with (b), (@) shows that neutron precesses nearly
7 rad, through necessary wave length range of 3-9A. We are encouraged by this result,

because we will be able to achieve highest efficiency by fine tuning.
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During this period we have continuously made an effort to provide polarizers. wWe

have then compared the polarizing efficiency of three polarizers. One of them is the

newly made polarizer whose alloy concentration of CogysFezsg s determined,

according to the results of test polarizers' ) The others are presently installed at TOP
spectrometer. Assuming that f=Ii, beam polarization with polarizer and analyzer is

éxpressed in the following simple relation.

We can calculate the polarizing efficiency of each polarizer by means of three
combinations of three polarizers (Fig3). We see immediately the considerable
improvement of the polarizability in the longer wave length, similar to the test
bo]arizer] ) We confirmed that the alloy concentration seems to be optimal.

At the same time we have examined the multilayered polarizer, which consists of
thin films of Fe and Ge alternately evaporated on glass substrate?). As shown in Fig.4
characteristics is relatively of wide peak shape and of good polarizébﬂity at the peak
point. We are aware that the peak of polarizing efficiency just corresponds to that of
beam profile dispiayed under the polarization curve.

For refernée we show the beam profile and poiarizability reflected by a
supermirrors? in Fig.5. Polarizing efficiency is constant through the wave length range 3
to 7A, but the supermirrar has several disadvantages for our experiments, and discussion
is in the previous report!? in detail. ‘

We thank to Mr. H. Ishida (Tohoku Univ.) for his effort to make polarizers. We
acknowledge to Prof. Y. Ito (ISSP, Univ. of Tokyo) and Dr. F. Mezei (ILL) for their kind

arrangements.
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Producticn of Polarized Epithermal White Neutron Beam

by Use of Dynamically Pelarized Protons

%
Masayoshi ISHIDA, Yasuhiro MASUDA , Masahumi KOHGI, Yuji KANNO,
% %
Shigenori HIRAMATSU , Yoshikazu ISHIKAWA, Akira MASAIKE +
and Kimio MORIMOT(O*

Physics Department, Tohoku University,

Sendai 980, Japan

“National Laboratory for High Energy Physics

Oho-machi, Tsukuba-gun, Ibaraki-ken, 305, Japan

Research and development for the Polarized Epithermal Neutron (PEN)
spectrometerl) at KENS have been continued. In the present paper, we
describe an improvement in neutron polarizations produced by a neutron spin
filter of dynamically polarized protons. A compromise between the following
conflicted demands was essential in the improvement. The proton polarization
increases with the decrease of the filter material temperature. Therefore
the filter material should be made small in size and directly immersed in
the coolant of liquid *He for a good thermal contact. On the other hand,

*He nuclei must be removed from the neutron beam path, because the neutron

absorption cross section of %He is very large. In the present work, we

microwave  Cgvily

(88)
Hop = Fig. 1 Neutron spin filter.
; *3533‘~—wneupnn beam o o { in th
collimator Filter cells are immersed in the
[B4C = stycast) liquid ’He comtainer which is also
used as a microwave cavity.
The cavity is set in the aeucron
beam collimacor which nas windows
liquid 3He ' of 19 om x 19 mm in the center

af the beam.

filter material
(.ethy!ena glycol and

athviene glycol C.{V]
complax

Present address: Physics Department, Kyoto University, Kyoto 606.
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succeeded in eliminating the above mentioned difficulty and in producing
highly polarized neutron beam.
The principle of producing polarized neutron beam was already described

in the previous papersz)’ 3).

The neutron spin filter which we employed in
the present work is schematically shown in Fig. 1. The filter material was
a mixture of ethylene glycol and ethylene-glycol Cr(V) complex, which was
filled in four separated cells of 2.4 mm width x 20 mm height x 15 mm
thickness. The filter thickness was decided by the optimization of the
produced neutron polarization and the transmitted beam intensity. The
filter cells were immersed in a liquid ’He container which was also a part
of a microwave cavity. Spaces of 2.4 mm width were left between the cells
for good coolant convection around the filter material. The filter was
inserted into a ’He cryostat, set in the center of a supercenducting magnet
of 25 KG, and cooled down to about 0.5 XK. By use of this filter
configuration, the maximum proton polarization of (83 * 5)'% was realized,
which was determined by the comparison of the enhanced NMR signal with the
thermal equilibrium signal. In the continuous operation the polarization
was kept more than 70 %. This result is satisfactory in the condition of
the magnetic field and the coolant temperature. The neutron beam was
collimated so as to be tramsmitted only through the filter. The
experimental arrangement for the determination of the neutron polarization

2)

produced by the filter was almost the same as the previous one except the
neutron spin flipper. The schematic view is shown in Fig. 2. The relative
direction of neutron spins to the magnetic field is reversed by the
non—-adiabatic passage through the boundary where the direction of the
magnetic field is reversed. In the present experiment, a superconducting Nb
sheet was set in the neutron spin holding field in order to decouple the
magnetic fields on the both sides of the sheet. The neutron spin is flipped
when the direction of the downstyeam field was reversed. The flipping
ratios of the neutron counting due to the (200) Bragg scattering from a
FegCogy single erystal were measured for the determination of the neutron
polarization. The flipper efficiency was found to be 0.93. Neutron
transmission through the filter was simultaneously measured for the
determination of the polarization at the filter. The transmission
measurement was also used for monitoring the liquid ‘He level in the
container. If the level is within the neutron beam path, unpolarized beam
directly mixes with the polarized beam. The lowering of the liquid *He

level also causes an anomalous increase in the neutron counting for the

208



Super- Super—

conducnng conducnng Direct
Neutron magnet sheet : beun';
beam counter
— D
Seaiz &\g
Cdllimator Guide  Flipping Fe-Co
magnet magnet  polarization Scuﬁered
Neutron analyzer neutron
spin counter
filter ;

Fig. 2 Experimenta] arrangement Zor the determinacion of the neurron
polarization. Neurrom beam is collimacted to a size of 20 mm x 20 mm before
the transmission through the Zilter. The neutrrou beam is polarized by
passing through the filter see in che center of a superconducting magnet.
Neurrom spins are hold aund reversed in a neutron spin Llipper after the
nassage and before the scattering bv a FeaCogz single cryscai. The direct
beam and the scattered beam are detected by a cransmission counter and a

scatrered neutron counter, respectively.

transmission measurement. The level is easily controlled in a vertically
arranged °He cryostat by use of the level monitoring, because the level is
very stable in the vertical cryostat. During the present experiment the
level was always above the neutron beam path.

The transmission measurement at neutron energy of 1.5 eV gave the
average proton polarization in the filter. A typical value was (66.8 * 0.5)
%. The polarization determined by the NMR signal enhancement was (73 * 4) %
at that time. Since the NMR signal enhancement gives the polarization of
protons in the neighborhood of the NMR coil, the difference due probably to
the locality of the proton polarization in the filter material. Typical
results of the neutron polarization are shown in Fig. 3. The closed circles
in Fig. 3 are polarizations determined by the transmission measurement.
Solid curve is a calculated value by use of the cross section data by

4)

Lushchikov et al. and the proton polarization of 67 %. A good agreement
is seen between these results. The values obtained by the transmission
measurement give the neutron polarizations at the filter and are found to be
the highest polarizations that have ever been achieved for the epithermal
white neutron beam. The open circles are the polarizations determined by
the Feglogp Bragg scattering. The polarizations are systematically smaller
. than the values by the transmission. Most of the difference is explained by

the depolarization in the neutron flight path after the filter.
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The present.values of the neutron polarizations produced by the filter
are sufficient for the neutron scattering experiments. Further tuning of
the magnetic field along the neutron flight path should be required in
order to increase the mneutron polarization at the sample position for the
scattering experiments up to the values obtained by the transmission
measurement. For the further improvement in the meutron counting statistics
a new type of neutron spin filter is under development. The effective area
for the neutron beam is enlarged by the complete removement of the liquid
He from the neutron beam path. Liquid "He is used as the coolant for the
filter and the liquid “He is cooled down by liquid %He by use of a heat

exchanger.
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Neutron Scattering from Dynamically Polarized Materials
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Yoshikazu ISHIKAWA and Akira MASATRE &

Physics Department, Tohoku University

Sendai, 980, Japan

%
National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki-ken, 305, Japan

One unique application of the Polarized Epitrhermal Neutron Spectrometer
PEN, which utilizes the dynamical nuclear polarization (DNP) technique, is
to investigate the process of the DNP itselfl’ 2). The DNP method is well
established to obtain highly polarized nuclei. However, its microscopic
mechanism has not been clearly understood yet. Though the spin diffusion is
considered to play an important role in the realization of DNP, no direct
observation has ever been performed. The aim of the present work is to
observe directly the spatial distribution of the proton polarization in the
DNP process. We report below some results of the preliminary experiments.

We measured small angle scattering from three different materials in
their polarized and unpolarized states. They were deuterated propanediol
(C3D30;) doped with EHBA-Cr® (Na+ C12H2007Crv), deuterated propanediol
doped with EHBA—Crv and dicyclohexyl-18-crown-6 (CzoH3s0;), and partially
deuterated propanediol (C3DgH,0,) doped with EHBA-Cr'. When the protons in
these samples are polarized, increase of coherent scattering, which contains
the direct information on the distribution of the polarized protons, as well
as supression of the incoherent scattering is expected.

The sample container was composed of seven layers separated by 1 mm
thick *He coolant layers as shown in Fig. 1. The size of each layer was
2 mm in width, 4 mm in thickness {(along neutron beanm direction) and 20 mm in
height. The scattering angle was 2°. The Q-range covered at this
scattering angle was about 0.07 - 0.4 Z—l. The horizontally convergent type

Soller collimator with 0.2° divergence was used to focus the incident beam

Present address: Physics Department, Kyoto University, Kyoto 606.
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Fig. 2 Scattering funcrion of deuterated propanediol
doped with & x 10%% molecules/cm® EHBA-Cr" . Open and
soiid circles correspond to the polarized and unpolarized
sampies, respectively.
at the detector plane, which was 4.5 m downstream from the sample
positionz). In all experiments sample temperatures were 0.5 - 0.6 K. The
experiments for the polarized samples were carried out in the steady state
of the DNP.
The experimental results are as follows.
{a) Deuterated propanediol (C3Dg0;) doped with 4 x 10%® molecules/cm?®
EHBA-Cr': The observed total scattering functions I(Q) are shown in Fig. 2
for the polarized and unpolarized samples. The scattering functions show
only weak Q-dependence in the Q-range shown in the figure. This is a
reasonable result if the chemical structure of EHBA—Crv_is considered.
Since the hydrogen atoms are localized on four ethyl radicals in EHBA-Cr'
which are separated together by 3 - 7 ;,and the size of each ethyl radical

o
is about 3 A,4)

the scattering functions should show very weak Q-dependence
for Q < 0.5 R_l. Though the observed scattering function for the polarized
sample is greater than that for the unpolarized sample, it is difficult to
discuss quantitatively this intensity enhancement because the evaluation of
the proton polarization in EHBA—Cr' by means of the NMR technique was

unsuccessful.
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Fig. 3 Scattering function of deuterated Fig. 4 Scattering function of
propanediol doped with 1 x 1020 molecules/cm:’ partially deuterated propanediol
EHBA-Cr® and 1 x 102" molecules/cm® doped with 1 x 10%° molecules/cm?
dicyclohexyi-18-crown—6. Open and solid circles EHBA-Cr'. Open and solid circles
correspond to the polarized and unpolarized samplas, correspond to the polarized and
respectively. Solid curves are the calculated omes unpolarized samples, respectively.

(see text).
(b) Deuterated propanediol (C3DgOz) doped with 1 x 10%° molecules/cm?®

EHBA-Cr® and 1 x 102° molecules/cm?® dicyclohexyl—-18-crown-6: The
experimental results are shown in Fig. 3. Both of the scatteriﬁg functions
for the polarized and unpolarized samples show the typical Q-dependence of
the small angle scattering from large clusters. To analyze the data a
simple model calculation was carried out, where the directional average of
the scattering function of dicyclohexyl-18-crown-6 molecules in a uniform
:mediumrdf deuterated propanediol was calculated. The calculated best fit
scattering functions are shown by the solid curves in the figure. The
volume of a dicyclohexyl-18-crown-6 molecule was determined to be 400 33
from therﬁest fit procedure for the unpolarized sample. This value is a
reasonable one, considering the chemical structure of
dicyclohexyl-18-crown-6 determined by the X-ray diffractionS). The proton
polarization determined from the best fit to the polarized sample data was

0.4. This value is twice as large as that determined by the NMMR technique.

Though the reason of the discrepancy is not well known at this stage, we can
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nonetheless conclude that, if there exist clusters of polarized protons with
the size of roughly 5 - 20 Z, the enhanced small angle scattering must be
observed.
(¢) Partially deuterated propanediol (C3DgHp0) doped with 1 x 10%°
molecules/cm® EHBA-Cr': The experimental results are shown in Fig. 4. The
scattering functions are nearly flat for both of the unpolarized and
polarized samples. Suppression of the scattering intensities is seen for
the polarized sample. In this case of the sample, the amount of EHBA-Cr'
molecules was one fourth of the first case (a), however, total amount of
hydrogen atoms was about twice as large. In addition to these facts, the
contrast of the EHBA-Cr'® molecules to the solvent would be weaker because
the hydrogen atoms were distributed also in the solvent. Therefore, in the
unpolarized case, the incoherent scattering would be dominant compared with
the coherent scattering, and result in the nearly constant scattering
intensities. This agrees with the observation. The fact that the
scattering in the polarized case is also constant and weaker than that in
the unpolarized case demonstrates that the size of the clustering of the
protonm polarization, if any, is much greater than the order of 10 R.
Supposing the uniform proton polarization, we estimate the suppression of
the intensities to be about 5 % by using the value of the proton
polarization, which was 0.4, obtained by the NMR technique. This is
compatible with the observation.

We are now planning to extend this work to the investigation of the
time dependence of the nuclear polarization distribution in the build-up and
relaxation stages of the dynamical polarization by utilizing the distinctive

features of the KENS neutron source.
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Operation of a Superthermal Ultra—-Cold Neutron Converter
H. Yoshiki
KEK, National Laboratory for High Energy Physics

Tsukuba, Ibaraki-Ken, 305, Japan

An apparatus to produce ultra-cold neutrons by superthermal helium
was put into test and 1.5 1 purified liquid He* was cooled down to 0.55K
by means of He3 refrigeration for more than 60 hours. This model has a

built-in superleak which automatically removes He3

impurity in the
commercial liguid helium, whiie the UCN cavity is being filled with the
purified helium; It took two hours to fill the 1.5 1 cavity with the
purified helium (He4), as only several liters of ordinary liquid helium
was needed to do this. After the cavity liguid reached at the desired
temperature, the system was put into a stationary state, so called

"continuous operation", with the ordinary 4.2K liguid helium supplied as

needed to the system from an external vessel manually.

We show a sketch of this model in Fig.l. Its features are as
follows: 1l)in order to study the effects of wall material of the UCN
cavity on the UCN storage its replacement can be worked out readily, 2) to
assure the tightness to UCN leak, the valve used for UCN confinement is
carefully fitted to and well pressed against an orfice made at the cavity

and it is driven through a vertical stainless steel rod by means of
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compressed air piston at the top of the cryostat, 3) to assure the
cleanness of the UCN cavity, the cavity and its system were designed to

3 removal is done inside

comply with the high vacuum specifications, 4) He
the system continuously, resulting in high removal efficiency in time and

volume, as already mentioned.

It requires about four days to start up the system, including
- miscellaneous jobs and tests. On: the first day one. starts the evacuation
of 1) the UCN cavity and its related system, 2) 1K, 4.2K baths, 3) the

- cryostat and 4) He3

circulation system, independently. While all
evacuation is being continued on the second day, about 500 1 of liquid
helium and 600 1 of liguid nitrogen are prepared. Checks on thermal
.elements and electronics are done on this day. The liquid nitrogen is
filled in the outer jacket of the cryostat. On the third.day, after
.certain necessary works of several hours, nitrogen gas is introduced to
the cryostat vacuum up-to‘l atm, followed by liquid nitrogen filled up to
the. inner shoulder of the cryostat, submerging.the most of the . -
cryoelements. This precooling is continued till thg.next‘day,f‘pnzthe
fourth day the liquid nitrogen is retrieved and the cryostat is evacuated
very. slowly. When its vacuumrreachgs-lofs_Tqrg.(aftermS hours}, the
transfer of liquid helium to 4.2K bath of the cryostat is started. The
liquid helium. flows to 1K bath.below as well in this occasion since the
valve connecting 1K and 4.2K bath is kept open. When both baths are
filled about five hours later, 1K bath is pumped down. This results in
the superthermalisation of the.liquid helium in 1K bath and it flows into

UCN cavity through the superleak. Up to this point, the temperature of
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the UCN cavity has been at that of liguid nitrogen. But now it has the
helium gas to conduct the heat to 1K and 4,2K bath, ihe cavity temperature
Jowers to the helium temperature in 7 hours. This completes the
precooling.. Works of filling the cavity with the purified liquid helium
and cooling it below 0.6K are to follow. The 1K bath is pumped once more
and the He> circulation starts. While several liters of liquid helium in
1R bath are consumed, the cavity is filled with the purified He4 liquid
about in two hours. Up to this point a total of 160 1 of liguid helium
must be supplied to the whole system. By continuing the He3 circulation,

the temperature of the ligquid in the cavity reaches 0.55K in 20 hours.

This cryostat {as most of cryostats) has not been designed to make
much use of the cooling power of evaporated helium and how much enthalpy
contributes to the -actual cooling is unknown. The total heat gquantity
from 77K to 4.2K of 4.2K bath, 1K bath and UCN cavity is 153 kJ and 55 1
of liguid helium would be required if the latent heat only contributed in
the cooling. Adding the physical volumes of baths and cavity, and the
natural evapération in 30 hours to this, one expects that 143 1 of liquid
helium would have been necessary. The actual consumption was 160 1.
Assuming the transfer loss about 30%, about 20% of the total heat was
removed by the helium gas after evaporation. In Fig.2, we show a helium
consumption curve against time. The first 30 hours up to A is the
precooling period. A stand-by period {(from A to B), where He3 circulation
was off, is followed by a period after B, where the neutron beam arrived
and the He3 circulation was turned on. The helium consumption rate in this

period is 3,2 1l/hr.
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The inside Vviéw of the cryostat.
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