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PREFACE

The present report follows a previous issue, KENS REPORT ITI published
in June 1982. This volume cecllects the summaries of the works performed at
KENS during the 1982 fiscal year. This is the second issue of the report

on the academic works at KENS.

Our neutron source was operated satisfactorily throughout the 1982 FY.
The first W target was replaced by a new one at the bigining of this FY,
because of a serious erosion of coﬁering metals due to condensation of NOx
gas generated in air by ;rradiation. The second target which was installed
in an improved environment has been operatiﬁe since then without any serious
radiation damage. The total machine time allocated to KENS in the 1982 FY
was 1,439 hrs.

One of the highlight of this FY was that flat cold moderator was
replaced by the grooved one at the end of the FY, which increased the in-
tensity of cold neutrons by 1.4. The results of studies performed in con-

nection with the new moderator are reported in three papers.

The most of academic works have been carried out employing eight specto-
meters, HIT, MAX, CAT, FOX, LAM, LAM-D, SAN and TOP which are reported in
52 papers. & significant effort has also heen paid for development of new
spectrometers. They are summarized in another 11 papers. RAT has made a
good progress in improving the energy resolution. PRE-PEN was removed and
the installation of PEN, the final ﬁersion of the polarized epithermal neu-
tron spectrometer, was completed at the end of the FY. The test experiment
for the HeV spectroscopy carried out using the cold neutrons from the guide
tube C2 was found guite successful,which made us decide to install a new
high energy resolution spectrometer, LAM~-80 -in the 1983 FY. The instrument

for producing and measuring ultra cold neutrons, UCN has also been accom-

plished.

We should also mention that there was a rush of the international

conferences concerning neutron scattering researches in the summer of 1982,



as ICANS meeting (Argonne)}, Yamada Conference (Hakone), ICM'82(Kyoto), Conf-
erence Celebrating 50 Years Anniversary of Neutron Discovery (Cambridge),
Symposium on Utilizétion of Pulsed Neutrons (Oxford) and Polarized Neutron
Conference (Grencble). We were happy to have been able to make a good
contribution to each of these conferences by presenting ocur current yields
from KENS, which we heard, impressed many of the wide neutron scattering
communities and convinced them of the potentials of the pulsed neutron

sources for the study of condensed matters.

The -details of each paper will be published in original journals. Any
one who has an interest in the details is asked to make a direct contact

with the authers.

August 15, 1983

Editors : Y. Ishikawa
N. Niimura

5. Ikeda
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Present Status of BSF Operation

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

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

The summary of the BSF operation in the Fy 1982 is shown in Table 1.
The beam time used for physics experiments, medical use and beam line tuning
amounts te 3,242 hours, which corresponds to 89 ¥ of the total operations
time of the accelerator, 3,652 hours. In comparison with the operations in
Fy 1981, the available beam time increased by 12 % and the "REJECT" time of
the experimental facilities decreased, however the downtime of the beam line
equipments increased by a factor of 3. These failures were mainly due to
troubles of the pulsed magnet powef supplies. The power supply, which
switches the beam from the main ring injection line to the BSF beam line,
was transferred to the room beside the beam dump room. Thus we can expect
the repairs would be carried out without disturbing the main ring synchro-
tron operations when the power supply breaks down.

An alarm is furnished to warn the console operator when the beam pulses

hit somewhere else other than pass through the beam line, The alarm signals

Table 1 Summary of BSF operations since April 1982 through March 1983.
(All units are "hours", unless otherwise specified.)
NEUTRON MESON MEDICAL TOTAL
EXPERIMENT EXPERIMENT UsE

BEAM UTILITY . 1509,29% 1529.62 180.27 3219.18
EEAM ON 1439,06 1431.17 166.49 3036,72
REJECT 3.72 7.32 4,83 15.87
BEAM LINE TROUBLE 15.58 37.74 3.01 56.33
ACCELERATOR
TROUBLE 50.93 53.39 8.94 113,26

BEAM LINE TUNING 14.92 7.03 0.75 22.7

AVERAGE INTENSITY + + +

(1011 protons/pulse) 4,79 £ 0,66 | 4.68 + 0,57 | 5.17 * 0.47

BEAM TRANSMISSION

FROM SYNCHROTRON 91.4 = 8,2 89.3 + 7.9 93.7 * 5.4

TO TARGET (%)




are produced by an anti-coincidence circuit which is connected with the beam
bunch signal and the booster synchrotron extraction kicker pulse for BSF
use. The reasons for such alarms are drifts of the power supply outputs,
beam fluctuations in the upper stream, and so on. The alarm helps to reduce
the radioactivity along the beam line.

Downstream from the pulsed switching magnet (PHB2), a beam shutter of
stainless steel was installed in the beam line (Fig. 1). The shutter has a
cylindrical shape of 180 mm in diameter and 250 mm in length which is enough
to stop the 500 MeV proton bheam. The moving time of the shutter from one
end (on-line limit or off-line 1imit) to the other end is about 5 seconds by
means of an air cylinder. ON/OFF operations of the shutter are made at the
BSF control desk by request of the particle radiation medical scilence
center. The vacuum vessel including the shutter and the upper stream
chamber are separated by two thin stainless steel foils such as 50 ym and
100 um in thickness respectively. The shutter vessel is evacuated by a
260 %/min rotary pump. When the shutter is set on the on-line limit the
access to the medical treatment room with neutrons is always possible
without stopping the beam supply to the meson experimental facility and the

medical treatment room with protons.

MEDICAL TREATMENT
ROOM WITH PROTONS
BEAM_SHUTTER

M SHIELD DOOR
L] /[ |

_._[]

NEUTRON TARGET
MEDICAL TREATMENT
ROOM WITH NEUTRONS

MESON SCIENCE NEUTRON SCATTERING

FACILITY FACILITY

——
BSF BEAM LINE

I

Fig. 1 1Installation of the 500 MeV proton beam shutter.

The procedures for the beam intensity calibration were laborious so
far. Recently a fast storagescope with a scan converter tube (Iwasaki's
TS5-8123) has become available. It has memories of 512 bytes and can be
connected to a computer throdgh GP-IB. The new calibration system with
TS-8123 is shown in Fig. 2. As is shown a bunch signal is divided into two
signals, one of which is fed to the sample and hold (S/H) module and the
other fed to TS-8123. When the bunch signal is detected, TS-8123 writes the

signal shape into the memories and triggers the digital volt meter (DVM) to



Irigger  |GP-IB[—1CAMAC ‘

K micro -
tor.olldot T75-8123 computer
cal

~— Bearn ling -~ — BSF confrol toom ——
Fig. 2 Block diagram of an intensity calibration system.

hold the current output value of the S/H module. Then both the gignal shape
and the digitized S/H output are transmitted to a microcomputer through
CAMAC controlled GP-IB., The microcomputer integrates the beam charge and
calculates the calibration constant which is the ratio of the intergrated
beam charge to the digitized S/H output. Consequently a relative error of
the calibration constant is less than 5 %.

The linkage between BSF MELCOM~70 and KEK satellite computer S5-2 is
completed. The beam intensity along the BSF beam line in units of protons
per pulse are transmitted to the S§~2. For more information a video system
is also provided. This system uses a Fujitsu Micro~7 personal computer
which has the video ocutput interface. Digital and analogue input interfaces
were designed and made by means of which beam profile signals, booster
extraction kicker pulses and other data are interfaced. The video
information transmitted to KEK CATV center covers the beam pulse number
available for BSF operations, the beam intensity at the entrance of the BSF
beam line, the distributed pulse number for each experimental facility, beam
profiles averaged over ome main ring synchrotron cycle where the background
spectra are subtracted, and the beam request status of the experimental

facilities. Fig. 3 is an example displayed on the channel 3 of KEK CATV,

Fig. 3 Video information on BSF displayed
on the channel 3 of KEK CATV.



Numerical Study of Grooved Moderator for Pulsed Neutron Source
Keichiro Tsuchihashi
Japan Atomic Energy Research Institute
Tokai-mura Ibaraki-ken 319-11

A numerical study has been done to find the mechanism of the
increase of neutron beam currenits from the grooved surface by a com-
puter simulation, and also through the geometrical parameter survey
about polyethylene moderators to find optimum parameters so as to
yields the maximum beam currents of thermal neutrons.

Numerical Analysis

The reference grooved moderator for the numerical simulation is of
polyethylene p=0.923 g/cc, overall 14.4% 10.% 10. cm dimension with 1.6
cm wide % 5. cm deep grooves are placed 1.6 cm apart. Another moderator
of polyethylene, overall dimension 14.4 % 7.5 & 10. cm is taken as the
reference flat wmoderator which preserves the volume of polyethylene
used in the grooved cne.

A two dimensional SN transport code TWOTRAN-II! was used due to
the lack of any available 3D SN code. Then the geometry under consider—
ation is reduced to the infinitely long column as the section 1s shown
in Fig.1.

The distributed sources for the SN calculations were calculated
beforehand as the spatial distribution of the first flight collision
from the line source. The nine group neutron cross sections were
calculated by the SRAC code™

As a demonstration, shown in Fig.2 are the spatial distributions
along y-direction of the beam currents of the eighth energy group (.04
ev —.01 ev ) from the grooved and the flat moderators. Both curves are
normalized by the unit line source. We can see the sharp shoots of beam
currents appearing from the bottom of grooves.

In Table 1, the neutron balance is compared between two reference
moderators. Due to the wider solid angle spanned from the line source,
the first flight collision in the grooved moderator occurs about 15 %
more than in the flat one. Hereafter we use the term G/F for the ratio
of some physical quantity of the grooved moderator to that of the flat
one. The net fast neutron leakage in the grooved moderator occurs in a
little higher rate as the G/FF 1.17 than the G/F of the first collision
rate 1.15, especially the right leakage occurs remarkably as the G/F
1.26. The increased fast neutron leakage results in the decrease of the
slowing down source to the thermal energy range to the G/F 1.11. In
spite of this decrease of the G/F the net thermal neutron leakage in
the grooved moderator is elevated up to the G/F 1.18. As to the thermal
leakage from the right boundary this trend is stressed up to 1.45. On
the contrary the neutron absorption in the grooved moderator is
depressed apparently 3 %.



On the lower lines of the table the integrated beam components
multiplied by an undefinite scale factor are compared. The G/F for the
beam components of fast neutron 1.13 is rather low compared with the
G/F of the right leakage 1.28. The G/F of the thermal beam currents,
however, amounts to 1.73. This situation is shown in detail in Fig.3
where the spectra of beam currents integrated along y-direction and the
G/F's by energy group are shown. We should note that the G/F at the
highest energy group 1is less than unity and that the G/F's for other
fast groups are same as those of the right leakage. In the thermal
energy range we can find not only the increased beam intensity but also
the softer spectrum from the grooved surface.

Shown in Fig.4 are the spectra of scalar fluxes at the central
position of both moderators. We can find the thermal neutron flux in
the bulk of the grooved moderator has, inversely, lower intensity and
harder spectrum than those in the flat cne.

Now we shall summarize the mechanism of the increase of beam

currents from the grooved moderator comparing with the currents from
the flat one. At first we have to note that the increase of distributed
source of about 15 % due to the wider solid angle from the line source.
At the highest energy group the neutron distribution is strongly
affected by the source distribution and the right leakage occcurs mainly
from fin part with less beam components than the isotropic. In other
fast groups the increased G/F's for the beam components are obtained as
well as those for the right leakages. There occurs no effective absorp-
tion and the mean free path is only one tenth of the dimension of the
moderator so that the flux is fairly flat in beam direction. The
increase of G/F in the epithermal energy range comes from the biased
distribution of the increased source neutrons to the right side so as
to make the right leakage more. In the thermal neutron range vhere the
absorption occurs in the same rate of the leakage , the flux in the
edge of fins is much lower than in the central part of the moderator.
Because of the geometry of the grooved surface the neutron beam comes
out directly from the bottom of grooves. The total beam currents of the
thermal neutrons amount to 1.73 times of those from the flat moderator
in spite of the lower neutron density.
On the contrary the beam currents from the flat moderator 1is hardened
due to the absorption which takes place more strongly for the slower
neutrons during the diffusion from the inside to the surface 1in spite
of the softer neutron spectrum in the bulk moderator.

Parameter Survey

The overall dimension and the parameters of the grooved surface
such as the width and the depth of grooves, and the width of fins, have
to be optimized in view point of yielding the most high beam currents.

As the result of the parameter survey, it has been found that the
extension to the backward from the beam direction, £the longer fin
length, and the shorter groove-fin pitch increase the thermal beam
currents and that the ratio of groove width to fin's as 1:1, and the
¥x—-position of target on the plane across the bottoms of grooves maxl-—
mize the beam currents.

A grooved moderator 1s proposed to demonstrate the possible gain by
the modification of geometrical parameters of the reference grooved one
The modification consists of 1 cm extension of the moderator to the



left direction, 2 cm extension of fin length, and the reduction of
groove pitch from 3.2 to 2.4 cm upon keeping the width ratio of
groove's to fin's 1:1 and the number of grooves 4. Due to the reduction
of pitch, the width of the remotest fin from the target is changed from
1.6 to 4.8 cm which might work as backward reflector. The gain of 1.38
was obtained by the modification.

Comments to the cold neutron source under planning

For the design of the moderator for the cold neutron source of
KENS-II under planning we can suggest as follows,

1. The gain by the grooved structure will be increased for the cold
moderator due to the stronger absorption in the lower energy range.

2. The width ratio of groove's to fin's should be 1:1.

3. The fin length is preferable to be as long as possible. If the sharp
pulse shape is desired, the top surfaces of fins could be covered by
the absorber with the sacrifice of loss of less than 15 % of beam
currents.

4. The groove pitch is preferable as short as possible.

5. We propose the insertion of any low absorbing metal like zirconium
into grooves which might decrease undesirable leakage of fast and
thermal neutrons and behave as transparent material to neutrons
below Bragg cut off energy.
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Table 1 Neutron Balance Table for Reference Moderators

: Reaction : Grooved Flat . Ratio :
{range) . Moderator : Moderator | G/ F :

. Source : 2656 T L2303 1.15

. Absorption : 0260 o .0289 0.97
I Net Leakage : .2398 T .2040 M O A
i ( fast ) o (L1818) :{.1580) S {.ise)
: (thermal) T (.0B80) ¢ {.0480) (1,18 ¢
. Right Leakage .CeB7 o L0510 c1.30
: ( fast ) ¢ {.04B1) ; {.0388) D (1.28) ¢
: (thermal) 0217  (.0151) D (1.45) ¢
. Slowing Down : : : :

: to Thermal : .0835 D078 D U B
. Right Beam : 3.044 : 2.31b D1.31 ¢
{ fast ) o {(1.785) T {1.586) {113
{thermal D (1.259) D H{0.729) D{1.73)

* An undefinite scale factor is multiplied to the right
beam components.
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Thermal Grooved Moderator Experiments

Yoshiaki KIYANAGIT Kazuhiko INOUE® Yoshikazu ISHIKAWA*®
Noboru WATANABE™*™ and Hirokatsu IWASA®

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

** Physics Department, Tohoku University, Sendai, 980,Japan

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

We surveyed design parameters of KENS grooved cold moderator by
using polyethylene thermal moderators at Hokkaido University.
A reflector imitating the shape of the upper half of KENS one was used
but the material was graphite. Time-of-flight spectra from 15x15x5 cm3
flat moderator and 15x15x 10 cm® grooved modertor with 5 cm depth grooves
are indicated in Fig. 1. The grooved surface consisted of six fins and
five grooves. The intensity gain is about 1.5 times around the spectrum
peaks.  Comparing with the same volume flat moderator, 15x 15x 8 cm3,

the gain factor is about 1.4. The moderator thickness
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CHANNEL NUMBER (20 ps/ch)

Fig. 1 Time-of-flight spectra from grooved and flat moderators.



was limited to 10 cm because of spatial allowance in KENS Be reflector
while the neutron intensity can be increased by elongating the length of
fins. We examine next the effect of depth of grooves under the condition
of the constant moderator volume. Figure 2 shows the results for four
grooved moderators of 2, 3, 4 and 5 cm depths of grooves, respectively.
The 5 cm depth is best in this condition. Figure 3 shows the neutron
intensities from the grooved moderators with various heights of the Towest
fins. Neutron intensity is not so sensitive to the height in a range of
1 ~ 2 cm.

We decided the grooved cold moderator dimension taking into account

above results as well as the refregeration efficiency. The increase 1in

intensity is expected to be 3050 %.
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Fig. 2 Effect of length of fins. Fig. 3 Effect of hight of the lowest fin.



Grooved Cold Moderator at KENS

* * fok
Yoshikazu ISHIKAWA, Susumu IKEDA , Noboru WATANABE , Kazuhiko INCUE ,
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Yoshiaki KIYANAGI and Hirokatsu IWASA
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Sendai 980, Japan
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Oho-machi, Tsukuba-gun, Ibaraki 305, Japan
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Sapporo 060, Japan

The KENS first cold moderator made by solid methane of 50 x 120 x
150 mm® in sizel) (flat moderator) had been operative without any trouble
for more than two years and a half and had proved a satisfactory performance
for its high coupling efficiency and effective cooling ability. However,

2),3)

recent mock-up tests using Hokkaido University LINAC and a simulation

calculation by TsuchihashiA) have suggested that a cold moderator with a
grooved surface would increase the intensity of cold neutrons further, if it
is installed in the KENS target station. After a carful survey and design,
we finally made a grooved cold moderator and replaced it with the old omne in
March 1983. The paper describes the design and performance of the new
moderator.

Figure 1(a) is the side view of the grooved moderator we finally
constructed with'its photograph in Fig. 1(b). The dimension of the new
moderator, the ratio of groove width to fin's (1.28), number of fins and
depth of grooves given in Fig. 1(a) are determined based on the results of
mock-up test and calculation as reported in preceding three papersz_a). The
methane container is made by pure Af, and the wall of fins is only 2 mm
thick, while other parts of the container have the thickness of either 4 or
5 mm. The container is cooled by the same method as the previous

1)

which is the 70 % increase of volume compared with the old one.

moderator ’ with some improvement. The total volume of methane is 1,544 cc,

The result of cooling performance with and without proton beams are

displayed in Fig. 2. Without the proton beams, the methane could be cooled
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down to 16.8 K, the lowest temperature that our refrigerator (PGH 105) can
attain. The temperature of methane was found te rise up to 20 X by £full
proton currents (1.5 yA). The amount of heat g deposited in the moderator
by nuclear radiation could be estimated from the temperature rising curve in
Fig. 2 as was done in the previous paperl). The temperature rise AT(t) is
given by

AT(t) = g(l - e_ht),

with g = /K and h = ¥/C, K and C being thermal conductance and heat
capacity of the moderator respectively. By employing the parameters g and h
determined from Fig., 2, q was estimated to be g = ghC = 4,9 watt. WNote that
the result in Fig. 2 was obtained with the proton currents slightly reduced
from the maximum value to get an accurate temperature rise.

The heat deposit thus estimated is almost four times larger than that
in the old moderator as is compared in Table 1. If the total deposit is
normalized by proton current, the total volume of moderator and ratio of
the first flight collision rate n = G/F = 1.15 estimated by a transport

4)

calculation ', the normalized heat deposit becomes 1.9 times larger than the
flat one. It is not clear whether such a discrepancy is due to the real
change of situations or is simply due to the accuracy of the approximate
calculation for g. Note that the normalized heat deposit estimated for the
flat moderator at the end of its use (Feb. 1983) is 1.3 times higher than
that measured at the beginning (Jul. 1980).

The energy spectra at the exit of the neutron guide tube from the new
grooved and old flat moderators were measured by the neutron scattering from
a standard vapadium sample, Their intensities were normalized by measuring
epithermal neutron current from an ambient temperature moderator located at
the opposite side of the target. An appreciable change was found in the
energy spectra as seen in Fig. 3. The ratio of the intensity of cold
neutrons from the grooved moderator Ig to that from flat one If was found to
be wave length dependent. The ratio dis 1.4 " 1.5 in the wave length range 5
v 8 A which is important for the spectrometers with neutron guide tubes
(SAN, TOP and LAM-80), while the value ‘is bnly 1.2 at the Maxwellian peak of
the cold spectrum (A = 4 A). (Note that the energy spectra shown in Fig. 3
are modified by the transmittance of the neutron guide tube and are
different from the real one.) The values are less than those anticipated
from the mock-up tests, presumably due to the better reflector system for
KENS.

The time spectra of cold neutrons were measured by back scattering from

a mica single crystal and are displayed in Fig. 4. The spectra have a

11



time~structure in the rising part, which becomes substantial for longer wave
lengths. However, it is confirmed that the structure gives no serious
problem to the profile analysis for the quasi-elastic spectrometer LAM-40
which utilizes 4 A neutrons. This was turned out to be also the case for
the high resolution quasi-elastic spectrometer LAM-80 even if it employs the
neutrons of 6.6 A, The total cost for realization of the increase is about
¥16.5 x 10% including the expenses for the mock-up tests and for the
modification of the Be reflector.

It should be noted that the replacement gave us an opportunity for
examining the inside of the old cold moderator container to find the
deposits created by irradiation during the 2.5 years operation. This would
give us an important information on the decomposition process of solid
methane by spallation neutrons. This examination will be carried out as
soon as the radiation level of the cold moderator container reduces to the

accessible one.
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Table 1 Heat Deposit in Cold Moderators by Nuclear Radiation

Flatc Flat Grooved
Moderacor Moderator Moderator
{Jul. 1980) | (Feb. 1983} | (Jul. 1983)

7.3 x 16*2 | 8.0 x 10'? |6.5 x 102

Intensit
Proten Int 4 prorons/sec | protons/sec | protons/sec

(curreat I, pa) (1.2) (1.3) (1.0)
Volume V (em®) 900 500 1,544
Boctom Area S {cm?) 60 60 131
Temperature Rise
1.0 1.4 2.0
(K3
Thermal Conductance
. A
K(3/K- sec) 1.08 1.09 2.46
Total Heat Deposit 1.2 1.7 5.9
q(¥)
Normalized Heat f
Deposit (= q/VnI} ; 1.11 1.44 2.75

(mH/ cm®-uA) f :
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Radiation Decomposition of the Solid Methane used

as a Neutron Moderator in the KENS Target Assembly

K. Kondo and S. Ikeda

National Laboratory for High Energy Physics

Oho-machi, Tsukuba-gun, Ibaraki, 305, Japan

The solid methane used as a cold neutron moderator,
which is placed just upon the W target, is exposed to high
radiations of secondary particles and photons during machine
operation. After each cycle of machine operation, the meth-
ane used is evaporated and transfered to a reservior tank
of 0.5 m3, from which the gas is released into air through
& stack. The preliminary chemical analysis of radiation
decomposition products in the exhausted gas was conducted
in July 1980. Hydrogen, ethylene and ethane were detected,
and most abundant hydrogen was 0.15 % for the irradiation
of an average beam current 1.2 paA for 52.7 hrs.l)

In this experiment, the methane exposed to different
radiation doses was assayed in order to examine more precise-
ly the correlation between concentration of decomposition

products and radiation dose, and the analytical results are

presented, being compared with the previous one.

The sample gases A and B to be assayed were taken from
the reservoir tank, and the total number of 500 MeV protons

i8

8
on the W target were 2.74x10 for the sample A and 1.35x10l

for the sample B respectively. The chemical analysis was

15



performed by gaschromatography under the following conditions;
column: 3 mm diameter, 1.5 m long, column packing: molecu~
lar sieve 5A, 80 ~ 100 mesh, column temperature: temperature
programmed at the rate of 10°C/min. from 30°C to 220°c, car-
rier gas: NZ' TCD filament current and temparature: 70 maA,
150°C. The retention times of H2, CzH4 and C2H6 and their
sensitivities to TCD were determined in advance using standard
gases prepared at various mixing ratios of these gases.

Pig. 1 shows one of the gas-chromatograms obtained for the
sample A. Hy o 02H4 and C,H, were identified as decomposition

276
1)

products the same as those in the previous result. The
concentrations of individual products were calculated from
the peak area in the gas-chromatograms and sensitivity of
each gas to TCD. The results were listed in Table 1, togeth-
er with total number of protons for each sample. As far as the
present results are concerned,the concentrations of decompo-
sition products in the sample A are about twice as great as
those for the sample B, in proportion to the total number of
protons on the W target, and it is expected that H2 concentra-
tion does not exceed ~ 1 % for the case of total number of
protons less than about 3.3 X1018. However the above results

1) At present

were largely different from the previous one.
there is no explanation pertinent to this discrepancy, but
it seems supposedly to arise from the procedures of gas sam-

pling and/or chemical assay. The confirmative results have

to await further analysis.

Reference
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Table 1 Product Yields Due to the Radiation Decomposition
of Solid CH, Moderator

i, ciy | Cote | CoHy | Other Ha Pr;iz:tion
(Zy| |G | @& (% (%/10%® protons)
%;2§%Q,§3) 0.81 | 98.8]0.15 [0.2 | 0.1 0.30
%;25%9,23) 0.35(99.5]0.1 |<0.1]|<0.1 0.26
iiﬁi%e'go) 0.15 %100 | 0.03 |0.06| 0.03 0.11

Irradiation condition

Proton Current Irradiation Time Total Protons
(pA) {hours) (x 1019
Sample A 1.40 87.0 2.74
Sample B 1.47 40.9 1.35
Sample C 1.2 : 52.7 1.42
st §
X
> I
E 6 _©
N T
5 X
2 = ~
3 4r T X "
1 © Z
S : :
s S =
2r &)
)] 1 1 1 /\_l 1 1 /\:
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T retention time (min)
inj.
Fig.| Gas-chromatogram of the irradialed methane moderator {sample A)
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Structural Study of the Glass Transition of P28e3 Glass

Masakatsu MISAWA and Noboru WATANABE?
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Tsukuba-gun, Ibaraki 305, Japan

Numerous papers on the glass transition have been published. However
almost all were concerned with the thermodynamical and kinematical proper-

}

; 1
ties. Recently Busse and Nagel have measured the temperature dependence

of X-ray structure factor of As2Se3 glass up to the glass transition tempe-
rature Tg' Even in the limited temperature range, they found an anomalous
temperature dependence of a first peak in the S(Q). 1In order to understand
the structural origin of the glass transition, structural study over a wide
temperature range from glassy state to supercooled liquid state must be
made.

The aim of this study is to examine the structural nature of the glass
transition of P28e3 glass by means of pulsed neutron total scattering using
HIT spectrometer.

The P2Se3 glass was sealed in wvacua in a silica tube. The measurements
of the structure factor S(Q) were carried ocut at various temperatures; 25,
55, 90, 120, 170, 230 and 340°C. The glass transition temperature of P_Se

2773
2,3}

glass determined by DTA and DSC measurements was around 100°C. Although

the liquidus temperature at the composition of P.Se_ in a phase diagram

2773
varies from 250 to 320°C depending on the investigators4’5)

., the temperature
range studied in this work covered glassy state, supercooled liquid state
and eguilibrium liguid state. It has been reported that the glass of P-Se
system i1s guite stable even in a supercooled liquid statez). In fact, we
did not find any indication of crystalization during S(Q) measurements,
although the sample was kept at each temperature for about 4 hours.

The S(Q)'s measured at various temperatures were shown in Pig. 1. The
5{(Q)'s at temperature below 120°C were measured both on heating and on -
cocling in oxrder to check whether the change in S(Q) is reversible or not.

The S(Q)'s measured at both conditions agree with each other within an

18
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experimental error, indicating that the temperature dependence of the 5(Q)
shown in Fig. 1 is reversible. From Fig. 1, the two remarkable features
on S(Q) were found: (1) The first sharp peak located around Q=1.1-1.2 A_l
shifts toward lower Q value with increasing temperature, while the others
do not shift. This characteristic feature is clearly shown in Fig. 2 where
the position of the first sharp peak Ql was plotted against temperature.
(2) The height of the first sharp peak increases with increasing tempera-
ture, while the other peaks decrease with increasing temperature. This
characteristic behavior is shown in Fig. 3 where the values of S(Ql} at
first sharp peak and S(QZ) at second peak were plotted as a function of
temperature. In Fig.2 are also shown the width of the first sharp peak
AQl (FWHM) as a function of temperature, The AQl‘s shown in Fig. 2 are
approximate values, because subtraction of the overall background due to
the tail of the second peak from the first sharp peak is ambiguous.

As shown in Fig. 2, drastic change in Ql and AQl occurs at around
100°C where glass transition was observed. The temperature dependence of
the first sharp peak 5(9;) shown in Fig. 3 is anormal because it
increases with increasing temperature while the other peaks attenuate with

increasing temperature as usually observed in many liquids. These experi-

20



]5 i T I

-:u:‘*s-\
1.4 8- . S(Q5) .
LS
1.3+ T 3-\\ |
e ) S
S 12F -
Q) Tg Fig. 3. Temperature
o3 11F i dependences of the value
l of 5(Q) for the first
Ez 10k S((}l) | s?irp peak at Ql=l.l-l.2
u 0. - -0---p=—~—~—~—- o-~ A = and for the second
0.9 9,{(’@! ° peak at Q.= 2.04 a7t for
B glassy and ligquid PZSeB.
08 | ]
0 T I L I
0 100 200 300 400
T (°C)

mental findings suggest that the origin of the first sharp peak is differ-
ent from the other peaks. If one adopts the layered structure model for
the appearance of the first sharp peak, the wvalue of 2Tr/Ql gives the mean
separation of the layers which was estimated to decrease from 5.7 A in
liquid state at 340°C to 5.4 A in glassy state below 20°C. The correlation
length of these layers estimated by ZF/AQl increases from 24 A({ nd layer
spacing) to 29 A( "5 layer spacing) in the same temperature change.

These experimental results suggest the following : As the P28e3 is
cooled from the ligquid state, the spacing between the two adjacent layers
possibly existing in the liquid decreases with decreasing temperature but

at a patricular temperature it reaches a minimum value below which further

decrease is impossible, then the glass transition occurs.
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Structure of Sputter-deposited Si0, Amorphous Film

2

Yoshifumi KOBAYASHI, Toshiharu FUKUNAGA, Masakatsu MISAWA,
Noboru WATANABE* and Kenji SUZUKI

The Research Institute for Iron, Steel and Other Metals, Tohoku

University, Sendai 980, Japan

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

Silicon dioxide is one of the materials most extensively used in various
engineering applications. In electronic and optical devices, much attentions
have been paid to characterize and control the structure defects included

inherently in $Si0, films prepared by deposition from gaseous phases.

2
The aim of this study is to examine what difference exists in the

structure between sputter-deposited Si0O_ amorphous films and ordinary melt

2
gquenched SiO2 glass by means of pulsed neutron total scattering.

SiO2 amorphous film was prepared in argon gas atmosphere using RF

sputter-deposition technique. The chemical analysis of the resulting SiO2

amorphous film(hereafter referred to as a-Si0, film) indicated a small oxygen

2

1.97° The density of the a—SlO2 film was

2.16%0.09 g/cmB, while the density of the ordinary melt guenched SiO2 glass

deficiency with a composition of SiO

{hereafter referred to as Si02glass) used in this study as a standard was

2.20+£0.09 g/cm3. The sputter-deposited 8102 film is colorless and trans-

parent, but hygroscopic.

Pulsed neutron total scattering experiments on the a--SiO2 film and the

SiO2 glass were carried out using the high intensity total scattering
spectromrter (HIT). The observed structure factor S(Q) of a—SiO2 film is

compared with that of Si0, glass in Fig. 1. There are two remarkable

2
differences in S(Q) between a-S$i0. film and Si0O. glass: (1) The intense small

2 2
angle scattering is observed in S(Q) of awsiO2 film, indicating the existence
of inhomogeneity in this film. (2) The first peak in S(Q) of a—SiO2 film is
drastically attenuated in comparison with that of Sio2 glass.
The analysis of the small angle scattering intensity suggests the
existence of voids of the order of about 10 A in effective diameter with a

volume fraction of about 4%.
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Table 1. Experimental values for atomic distance (1), its fluctuation{Al)}

and coordination number(nAwB) for A-B pairs in a—si02 film and SiO2 glass.

LA-B-A is the bond angle of A-B-A bond.

5i-0 0-0 Si-Si

1(a) AL{A) n £0-8i-0}| 1{a) =8i-0-8i

L(a) AL(A) ng; 0-0

a—Si02 film | 1.62 0.05 4.0 2.64 0.11 5.6 108.¢ 3.12 146.3

SiO2 glass | 1.60 0.04 4.0 2,62 0.09 5.5 loe.1 3.14 151.5

Fig. 2 shows the radial distribution functions (RDF} of a“SiO2 film and

Sio2 glass obtained as Fourier transforms of the S(Q) shown in Fig. 1. The

analysis of the RDF shown in Fig. 2 in combination with the RDF obtained by
X-ray diffraction experiment gives the following structural data listed in
Table 1. From the results listed in table 1 and RDF shown in Fig. 2, the
following conclusions can be made: (1) The silicon-oxygen average distance
is slightly longer in a-Si0, film than in Si0O, glass. (2) The structure

2 2

unit in a-8102 film is a [Si04] tetrahedron as well as in SiO2 glass.

However the fluctuations of $i-0 bond length and 0-0 atomic distance are

larger in a-S5i0, film than in SiO, glass. (3) The angle of 5i-0-Si bond is

2 2
slightly smaller in a—SiO2 film than in SiO2 glass. (4) The atomic distri-
bution of a—SiO2 film is smeared out rapidly beyound 4 A.

The strong attenuation of the first peak in S(Q) for a—SiO2 film shown
in Fig. 1 and the broadening of the atomic distribution at large r in a—SiO2
Ffilm shown in Fig. 2 imply that the atomic arrangement is more disordered in
a—Si02 film than in Sio2 glass. The similar attenuation of the first peak
of S$(0) has been cobserved in neutron irradiated vitreous Si022'3’4).

In order to evaluate the degree of disorder in a-—SiO2 film, one may
introduce a broadening function o(r) with which the pair distribution

function g(r) of a-$i0, film is given by the next eguation

2
gl{r) - 1 = a(r) [go(r) - 11, (1)

where go(r) is the pair distribution function of SiO2 glass. One of the
simplest forms of the a(r) is approximated as follows

alr) = 1 - _3_(_r_) }_(._JE_M)P’ ,

52r 7 Y 22R (2)
5 s

where 2RS denotes the characteristic length beyond which atomic correlation

disappears. Inverse Fourier transformation of (g(r)-1) gives the S(Q). The

calculated S(Q)'s are shown in Fig. 3. The S(Q) with the value of RS around
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Fig. 3. Comparison of the S(Q)'s calculated with RszS,
7 and 9 A in eq. (2) with the observed S(Q) of a—S;i_O2 film.
7 A can reproduce the experimental S(Q) quite well. Therefore, it is
concluded that the atomic correlation in a—SiO2 film disappears beyond 14 A,
while the atomic correlation in Si02 glass persists up to 30 A or more.
The geometrical distortion and connection of Sioq—tetrahedra in R®

sputter-deposited $i0, film approaches the state found in orxdinary melt

2

guenched SiO., glass by annealing at 1200°C, but the void still remains

2
as shown in Fig. 1.
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Structure Factors of Ge-Se and Te-Se Chalcogenide
Glasses determined by a Pulse Neutron Scattering
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This paper reports results of neutron diffractions for Ge,Se,_x
(x=0.150, 0.250,0.333) and TeySe)-y (y=0.150,0.200) chalcogenide glasses,
which were measured by a high intensity total scattering spectrometer (HIT)
at KENS. The chalcogenide glasses were made from mixtures of fine powder
with purity of 99.99%. The mixture was heated in a sealed quartz tube, with
keeping molten state for 5h. After the treatment, the molten glass was

"quenched into water to prepare the specimen. In order to check whether any
crystallization takes place or not, X ray diffraction patterns were
observed for every specimen before the neutron diffraction experiments. A

total correiation function
G(r)=4ar(P(r)-Lo)

was calculated by using S(Q) up to 36A-

At a stoichiometric composition of GeSey, we have a crystal including &
tetrahedral arrangement, whose bond length between Ge and Se was measured to
be 2.36A. The second nearest Ge-Ge and Se-Se distances were also measured
to be 3.488 and 3.83&, respectivelyg) For the crystalline GeSeg, there is a
layer structure constructed with the Ge-Se tetrahedral units. As shown in
Fig.l, the pre-peaks can be seen at about Qzlﬁqin glassy state. These
pre-peaks are thougnt to be produced by a layer-layer correlation, which is
still left even in a glassy state. However, in G(r), we can not find any
clear peak due to the layer- layer correlation. In the GeSeg glass , the
bonds in a random network are almost Ge-Se, while the number of Ge-Ge or

Se-Se bonds is very small. Therefore a first peak of G(r) shows
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the Ge-Se correlation with the bond length of 2.37 A , as shown in Fig.2.
The second peak is divided to two peaks. One of the peaks at A.OBE
becomes high with increasing Ge content. In Fig.2, the values of
distances for Ge-Se, Se-Se and Ge-Ge for the crystalline GeSeg are also
shown as arrow marks. This indicates that the bond length of Ge-Se in the
giassy state 1is very equal to the value for the corresponding crystal.
However, correlations of second nearest neighbors (Ge-Ge and Se-Se) .in the
glasses are guite different from those of the crystal,as shown in Fig.Z.
For the crystalline GeSe,, the bond angles of Ge-5e-Ge and Se-Ge-Se are
definite as 93.6° and 189.30, respectivelyj) Therefore it is found that
the chalcogenide glasses indicate the characteristics of the covalent
random network, which has the rigid bond length and the random bond
angles.
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In S(Q) for TegSe,_g glasses, there is not any clear pre-peak cue to the
layer-layer correlation in Ge-Se glasses as seen in Fig.l. As shown in
Fig.3, G(r) for TeySe,yg are very similar to those for GexSes—x. I1f G{(r)
for TessSeps is carefully compared with that for Ge,sySeps, we can see that
the peak positions coincide with each other not only at the first peak but
also at a few following peaks. The result suggests that the short range
structure does not suffer a significant change , even if Ge is replaced by

Te in the chalcogenide glasses.
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Layer Correlation in a—Asz(SeXS Systems

1-x"3

Tatsuo MORI, Hiroshi YASUOKA, Hiroaki SAEGUSA, Katsumi OKAWA,

Michio KATO, Toshihiro ARAI, Toshiharu FUKUNAGA+

and Noboru WATANABE1n

Institute of Applied Physics, University of Tsukuba
Sakura, Ibaraki 305, Japan
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It is well known that amorphous A5283 and A528e3 have layer-like

structure from X~-ray and neutron diffractionl)&B). The vibrational and

electronic properties of these glasses are affected by the interlayer
correlationé). In this paper we report the neutron diffraction measure-
ments for the AS2(SexSl—x)3 glasses, the change in the structure factor
S(Q) with the composition x and the analysis of the interlayer correla-
tion in these systems.

The samples of Asz(SexS (x = 0.0, 0.1, 0.2, 0.35, 0.5, 0.65,

lux)B’
0.9, 1.0) were prepared by direct systhesis from properly weighted high
purity As, Se and S. The raw materials sealed in evacuated quartz
ampoules (lxlO'-5 Torr, 8 mm in diameter) were rocked at 600°C for 24 hours.
They were then quenched in the air at room temperature and annealed for

24 hours at 120°C. Since each sample shows only one glass transition
temperature in the thermal analysis, the phase separation has not occurred
in these samples. The neutron diffraction measurements using the
time-of-flight method were carried out using High Intensity Total
Scattering Spectrometer (HIT) at the pulsed spallation neutron source

KENS.

The structure factors of each sample which are related to the layer
correlation are shown in Fig. 1. 1In order to investigate the change of
the pre-peak at Q ~ 1.2 A_l with composition x, the peaks were fitted by
Gaussian functions. In table I, the parameters obtained by fitting are

listed. QO is a peak position, AQO is a full width at half maximum (FWHM),

and S is a peak height. From these results, the peak position hardly
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shifts. These systems, therefore, have

same interlayer distance r =2ﬂ/Q0, about

0
5A. This wvalue is reasonable because

the crystalline As and As Se3 are

233 2

the same crystal structure and the mean
interlayer distances are about 4.8 and
4.9 A, respectively. From FWHM, the
interlayer correlation length R can be

1)

estimated as
R = 104/4Q, w

The values calculated by eq.(1l) are also
shown in table I. These results indi-
cate that the interlayer correlation
ranges extend to three layers in
a-—ASZSe3 and to four layers in a—A5283,
as the mean interlayer distance is about
5 A, and that there are three- or four-
layer correlations in the medium compo-
gsition. The origin of the change in the
correlation lengths in these systems

may be due to the difference in the

strength of the interlayer interaction,

Table 1. Positioms QO, FWHM's AQO and heights S of the pre-peaks and

interlayer correlation lengths R in Asz(SeXSl_x)3 glasses.

»
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H o o o & o o O
ooy n W
w o

D

QA ™)

1.
1.
.24
.25
.24
.23
.25
.24

1

T

22
24

AQO(A“l) g R(A)
0.31 0.76 20
0.36 0.72 17
0.36 0.69 17
0.40 0.60 16
0.38 0.53 17
0.38 0.51 17
0.45 0.48 14
0.43 0.45 15
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which is van der Waals force. The heights of the pre-peak decrease
remarkably with increasing Se concentration. Since the peak height depends
strongly on the neutron scattering amplitude of each atom, it is difficult
to relate the decrease of the height of the pre-peak to the change in the
correlation length. From the comparison between the structure factors
obtained from RDF's, which were broadened by Gaussian functions, of the

crystalline As and ASZSB’ it becomes clear that the peak height at

Se
“12 3
about 1.25 A for A525e3 is lower than that for A5283 and the peaks at
about 2.2 A_1 in two systems behave conversely. The decrease of the pre-
peak height, therefore, does not always correspond to the decrease of the
interlayer correlation length. From these results, it may be concluded
that all these systems have the similar layer structure.

In summary, all the ASZ(Sexsl-x)3 glassy systems have the layer struc-
ture and the nearly constant interlayer distances of about 5 A. The inter-
layer correlation length of a--ASZS3 is slightly longer than that for
a-As.Se. and the interlayer correlation ranges in these systems extend to

2773
three or four layers.
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Borate glasses including alkali oxides exhibit often anomalous Physical
properties which are well known as "boron oxide anomaly". For example, the
thermal expansion coefficient of an alkali borate glass shows the minimum at
about 16 mol% alkali oxide and increases abruptly above about 30 mcl% alkali
oxide. This anomaly has been reported to be due to -the change of oxygen

atom configurations around a boron atom from BO -triangle to BO4—tetrahedron

with increasing alkall oxide content up to aboui 30 mol%, beyond which
non-bridging oxygen atoms appear and BO4—tetrahedra are again transformed to
B03-triangle.

In this work, the high resolution observation of the short-range
structure was carried out to find the atomic scale mechanism of BOB¢~PBO4

transition in Li20—3203 glasses.
Six (LlZO)X{BZOB)l—X glasses (X=0.1, 0.2, 0.3, 0.4, 0.5 and 0.6) were

prepared by mixing reagent grade lithium carbonate(Li CO3) and orthoboric

2
acid{H3B03) enriched to contain 95.14at% llB-isotope. The measurments of
the coherent neutron scattering intensity from the oxide glasses were
carried out at room temperature in vacua by using the High Intensity Total
scattering spectrometer (HIT). The advantage of the pulsed neutron scatter-

ing experiment for Li 0-B glasses is not only the high Q observation but

297,03 i
also the fact in that the neutron scattering length for ~ B-isotope is
slightly greater than that for ozygen and Li atom has a negative neutron
scattering length in contrast to X-ray diffraction where oxygen atom
is a predominant scatterer. This means that the B-B and O-B correlations
in the glass predominantly to the experimental total correlation function
and the Li-0 and Li~B correlations are characterized as negative contri-

butions to total correlation Ffunction.
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Figure 1 shows the neutron total structure factors s5{0) of LiZO—BZO3
glasses. The oscillation in the S(Q) can be definitely observed to persist
up to Q~60 A_l, which allows us to obtain the high resolution short-range
structure. The position of the small peak located between the Ffirst and
second large peaks moves drastically to the high Q side arxound 30mol% Lizo
content.

Further careful data analysis is in progress to elucidate the local
atomic arrangement which controls the BOs» BO, transition in Li_0-B,0

3 4 2 273
glasses.
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High resolution observation of the short-range structure is crucially
needed to characterize the stability and various properties of metallic
glasses. The authers have reported that the chemical short-range structure
of metal-metal alloy glasses is quite close to that of the corresponding
crystal structure as well as metal-metalloid alloy glasses in previous
paper512’2) However, nobody has studied yet the effect of alloy composition
on the chemical short-range order of metal-metal alloy glasses.

The aim of this study is to find how the chemical short-range order
does depend on the change in alloy composition in metal-metal alloy glasses
through the high resolution observation of the radial concentration
correlation function using the pulsed neutron total scattering technique.
The Ni-Ti alloy glasses containing 74, 67 and 60 at%Ti were prepared by
rapid quenching from the molten state and the average ccherent scattering
length of these alloy glasses were artificially adjusted to zero by 60Ni~
isotope substitution. Therefore, experimental Bhatia-Thornton neutron

)

total structure factors S(Q)3 of the alloy glasses provide exclusively the

concentration-concentration structure factor SCC(Q).

The experimental S(Q)'s of Ni-Ti neutron zero-scattering alloy glasses
with three different alloy compositions are shown in Fig. 1 together with
that of Ni-67at%Ti neutron off-zero scattering alloy glass. Figure 2 shows the
Gcc(r)'s for the Ni-Ti neutron zero-scattering alloy glasses and G(x) for
Ni-67at%Ti neutron off-zero scattering alloy glass obtained as the Fourier
transform of $(Q)'s shown in Fig. 1. The GCC(r)'s of Ni-Ti neutron zero-
scattering alloy glasses exhibit a negative peak located at rev 2.54 A, of

which position shifts quite slightly to large distance with increasing Ti
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Fig. 1. Concentration-concentration structure factors Sqn(Q)/CniCri
of Ni-74at%Ti, Ni-67at%Ti and Ni-60at%Ti neutron zero-scattering
alloy glasses, and Bhatia-Thornton total structure factor S(Q) of
Ni-67at%Ti neutron off-zero scattering alloy glass.

content. These negative peaks indicate the preference for Ni-Ti unlike

atom pairs in Ni-Ti alloy glasses. By comparison between the crystal

4)

structure of NiTi2 compound(Fe3 3

zero-scattering alloy glasses the negative peak at r=2.54 A in Gcc{r) is

crystalline

C-type) " and the Gcc(r} of Ni-Ti neutron

found to correspond to the Ni-Ti unlike atom pairs in NiTi2

compound,

To examine further this point, we evaluated the Warren chemical short-

5}

range order parameter ' (¢) of Ni-~Ti neutron zero-scattering alloy glasses

as a function of alloy composition by the -following equation
Z

1 AR
o= = J’Ar Y6, (r) ar = 1- Sl (1)

where Z is the ccordination number of the first neighbor obtained from the
X-ray radial distribution function, ZAB is the coordination number of B
atoms surrounding an A atom and CB is the concentration of B atom. The

calculated values of a are negative, i.e. 0=-0.102, -0.141 and ~0.116 for
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Fig. 2. Reduced concentration correlation functions Ggn({r) of
Ni-74at%Ti, Ni-67at%Ti and Ni-60at%Ti neutron zero-scattering allocy
glasses, and Bhatia-Thornton total reduced atomic distribution
function G(r) of Ni-67at%Ti neutron off-zero scattering alloy glass.

Ni-74atsTi, Ni-67at%Ti and Ni-60at%Ti neutron zero-scattering alloy glasses,
respectively., This certainly means the preferential existence of Ni-Ti
unlike atom pairs in the first nearest neighbor coordination over the whole
Ni-Ti glass formation range. The coordination numbers(ZNiTi) of Ti atoms
around a Ni atom in Ni~Ti neutron zero-scattering alloy glasses calculated
using the values of o obtained above are plotted as a function of Ti content
in Fig. 3 together with the coordination numbers(zgiTi) calculated for
statistically random distribution alloys. It is noteworthy that the values
of zNiTi in Ni-Ti alloy glasses are well located in the straight line

connecting the 2 and NiTi compound.

NATi values found in crystalline Nlle
We conclude that the chemical short-range structure even in metal-
metal glasses is guite analogous to that in corresponding crystalline

compounds over whole glass forming composition range.
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References

1} T. Fukunaga and K. Suzuki, Sci. Rep. Res. Inst. Tohoku Univ.,
A-29 (1981) 153.

2} T, Fukunaga, K. Kai, M. Naka, N. Watanabe and K. Suzuki, Proc. 4th
Intex. Conf. Rapidly Quenched Metals{edited by T. Masumoto and
K. Suzuki, The Japan Institute of Metals, Sendai, 1982) p.347.

3) A. B. Bhatia and D. E. Thornton, Phys. Rev., B2 (1970) 3004.

4) W. Rostoker, Trans. AIME, 194 (1952) 209.

5) B. E. Warren, B. L. Averbach and B. W. Roberts, J. Appl. Phys.,

22 (1851) 1493.

39



Partial Structures of Ni Alloy Glass

407460

Toshiharu FUKUNAGA, Noboru WATANABE* and Kenji SUZUKI

The Research Institute for Iron, Steel and Other Metals, Tohoku

University, Sendai 980, Japan

*National Laboratory for High Energy Physics, Oho-machi,

Tsukuba-gun, Ibaraki 305, Japan

Up to date the high resclution observation of the short-range structure
and the determination of the partial structures have been carried out to
explore the topolegical and chemical short-range structure of metal-
metalloid and metal-metal alloy glasses. It has been reported that metal-
metalloid alloy glasses are chemically ordered in the short-range atomic
arrangementlz Recently the chemical short-range orders have been analysed
not only in metal-metalloid alloy glasses but also in metal-metal alloy
glasses2)using the Bhatia-Thornton correlation functions.

The aim of this study is to investigate more precisely the local
atomic arrangement and chemical short-range order in terms of both the
Bhatia-Thornton and the Faber-Ziman three partial distribution functions.

Thin ribbons of Ni-60at%Ti neutron zero and off-zero scattering alloy
glasses were prepared by rapid guenching from the molten state using
single roll technigue under Ar-gas atomosphere. The measurements of the
neutron scattering intensity from the alloy glasses were carried out at
yoom temperature in vacua by using the High Intensity Total scattering
spectrometer (HIT). X-ray diffraction pattern was measured by 0-20
scanning reflection mode using Mo-Ko radiation.

Figure 1 shows the Bhatia~Thornton total structure factorB) SBT(Q)'S
ohserved for Ni-60at%Ti alloy glasses by X-ray and neutron diffraction.

In the case of the neutron zerco-scattering alloy glass the SBT(Q) observed
provides exclusively the concentration-concentration partial structure
factor SCC(Q). Therefore, the number density-number density partial
structure factor SNN(Q) and the partial structure factor SNC(Q) presenting
the cross correlation between density and concentraticn fluctuation can be

easily caluculated from X-ray and neutron SBT(Q)'S for Ni-60at%Ti neutron

off-zero scattering alloy glass using the SCC(Q) obtained above, as shown
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Fig. 1. Bhatia-Thornton total structure factors SBT(Q) of Ni-60at%Ti
alloy glasses by X-ray and neutron diffracticn.
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Fig. 2. Bhatia-Thornton partial structure factors SNN(Q), SNC(Q) and
SCC(Q) of Ni-60at%Ti alloy glass.

in Fig. 2.

4)
Swini (9

{Q) and STiTi(Q) calculated from the Bhatia-Thornton partial structure

Figure 3 shows the Faber-Ziman partial structure factors

Syiri

factors SNN(Q), SNC(Q) and SCC(Q). It is noteworthy that the evidence for
the large peak situated at. Q~1.9 A-l in SNiNi(Q)' which has not been
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Sn(@)

Fig. 3. TFaber—-Ziman partial structure factors S
and STiTi(Q) of Ni-60at%Ti alloy glass.

NiNi Q). SNiTi ()
resolved in metal-metal alloy glasses so far, is definitely found near
O~1.9 A_l in the X-ray SBT(Q) because the atomic number of Ni is larger
than that of Ti. Appearance of this peak indicates that the Ni-Ni correla-
tion in Ni-60at%Ti alloy glass is much deviated from the random mixture
of N1 and Ti atoms, and rather preserves some orders over the intermediate
range around the second nearest neighbor position.

Figure 4 shows the Faber-Ziman partial radial distribution functions
NiTi and (RDF)TiTi obtained as the Fourier transforms of
(Q) and STiTi(Q). The nearest neighbor distances of Ni-Ni,

{RDF) NiNi’ (RDF)
Swini (@7 Syiri

Ni-Ti and Ti-Ti correlations are r.=2.626 A, 2.60 A and 3.0l A repectively.

It is noticeable that the Ni-Ni ané Ti-Ti interatomic distances are larger
than the Ni and Ti atomic diametersS)(GNi=2.48 A and UTi=2.94 A), but the
Ni-Ti interatomic distance is much smaller than the mean value of the Ni
and Ti atomic diameters. This means that Ni atoms never exist in contact
each other but the first nearest neighbor position is predominantly
occupied by Ni~Ti unlike atom palr. The preference for unlike atom
neighbors indicates that the amorphous structure is essentially stabilized
by the chemical bonding between Ni and Ti atoms. The ccordination numbers
between the nearest neighbor atoms calculated from the first peak areas

in the partial RDF's of Ni-60at%Ti alloy glass are almostly similar to
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)

those of NiTi, crystalline compound °.

2

It is clearly concluded that there is the chemical short-range order

in the atomic arrangement of Wi-60at3Ti alloy glass, which is almost

analogous to that of NiTi2 crystalline compound.

Fig. 4. Partial radial
distribution functions of
Ni-Ni, Ni-Ti and Ti-Ti
correlations in Ni-60atsTi
alloy glass.

RDF
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Partial Structures of an Amorphous Ni 36ZT ¢n Alloy

T. MIZOGUCHI, S. YODA, N. AKUTSU, S. YAMADA
J. NISHIOKA, T. SUEMASA and N. WATANABE

Faculty of Science, Gakushuin University
Mejiro, Toshima-ku, Tokyo 171 Japan

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

The partial structures of amorphous Ni.362r.6a alloys were studied by
neutron diffraction, using isotopic substitution method. Three samples
which contained natural Ni, 99.08% enriched 60Ni and mixed Ni (68.3% natural
Ni and 31.7% 60Ni) were prepared by the melt quenching technigue. TOF
neutron diffraction experiments were done at room temperature, using HIT
spectrometer at KENS facility of KEK Laboratory. The total interference
functions, S(Q), of these three samples were obtained after necessary
corrections for absorption, multiple scattering and incoherent scattering.
They are expressed as the weighted sum of the three partial interference
functions, Syini (@), Syizp(Q) and S;.7.(Q). Since we have got the three
total S(Q)s with the different weighting factors, the three partial
interference functions can be obtained by solving the linear equations. The
results are shown in Fig. 1. By Fourier transforming the partial S;5(Q) we
get the partial pair correlation functions gNiNi(r), gNizI(r) and QZrZr(r)'
They are shown in Fig. 2. The first peak position, Tgs and the first
minimun position, rpy, in gpj(r) are listed in Table 1. The partial
coordination number Zyj was calculated by integrating the partial pair

correlation functions up to ry as follows,

I'm
Zyg =jo 4z P, chIJ(r)dr

a4



where Py is the total number density and cj is the concentration of an
element J. The results are listed in Table 2.

It is interesting to compare these results to those for a crystalline
Ninz. In the amorphous alloy the Ni-Ni pair peak position is smaller by
about 6% than that in the crystalline NiZr,. The Ni-Zr pair distance is
close to the average of the Ni-Ni and Zr-Zr pair distances in the amorphous
phase. This suggests that the topological atomic configurartion is more or
less close to the random close packing of spheres of different sizes thanks
to a lack of censtraint of long range ordering. In the crystal a Ni atom is
surrounded by 2 Ni and 8 Zr atoms and a Zr atom is surrounded by 4 Ni and 9
zr atoms!) . In the amorphous alloy the ratio of partial coordination
number is closer to that of the total concentration. In the crystal there
is poor Ni-Ni nearerst neighbor pair correlation while in the amorphous
phase there seems to be a moderate chemical short range order with somewhat
prevailing Ni-Zr nearest neighbor pair correlation.

atomic pair lst peak 1st min
Ni-Ni 2.45 A 3.55 A
Ni-Zr 2.85 A 4.00 A
Zr-Ir 3.15 A 4.30 A

Table 1. The first peak and the first minimum position of the partial
pair correlation function gIJ(r) of an amorphous I\li.%Zr_‘SLL

alloy.
center nearest neighbor
atom Ni : T total
Ni 3.8 (33%) 8.6 (66%) 11.4
Zr 6.8 (38%) 11.0 (62%) 17.8
Table 2. The partial coordination number of .an amorphous Ni 362r 64

alloy.
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(1). M. E. Kirkpatrick, D. M. Bailey and J. F. Smith, Act. Cryst. 15

(1962) 252.
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Chemical Short Range Order in Ni glass

607240

* * *
M. SAKATA, S. HASHIBA, S. YODA , N. AKUTSU and T. MIZOGUCHI
Applied Physics Department, Nagoya University, Nagoya 464, Japan
*
Faculty of Science, Gakushuin University, Tokyo, Japan

It is now the well established fact that the Chemical Short Range Order
(CSRO) exists in some alloy glasses like CuTi and NiTil). From the study
of the variation with composition of the CSRO parameter and the crystalli-
zation temperature for CuTi glassesz), it was found that the CSRO appear
to have a substantial effect on enhancing the thermal stability of the
alloy glasses. If an alloy glass has the CSRO which means the preference
of unlike atoms as the first nearest neighbours (FNN), there appears
longer pseudo-periodicity which causes so called prepeak in S(Q) pattern
around Q=1.9 A—l. For many amorphous alloy systems, however, such a pre-
peak can not be observable because of the poor contrast in X-ray and
neutron diffraction methodss), even if there exists maximum CSRO. It is,
therefore, not possible to examine the existence of CSRO for all the
amorphous alloys experimentally and it is an unsolved problem whether CSRO
is the ordinary feature of amorphous alloys which implies that the existence
of CSRO is the necessity to stablize amorphous alloys.

For amorphous NiGONb4O alloy, there is a controversy whether a small
prepeak of neutron'S(Q) pattern is due to the CSRO3) or the correlation
between density and concentration fluctuation4). To finalize the controversy
would be regarded as the forward step toward answering the above problem.
The aim of this work is to try to do this.

Three different isotope composition Ni, Nb, amorphous alloys, i.e.

60 40
Nat,.. Nat .. 60, . . Nat+60,..
60 N160Nb ( N158 N;42)60Nb40 {abbreviated as N160Nb40) and

a0’ . Nat+60, .
Ni60Nb40’ have been prepared by melt-spinning method. For the N160

Nb40 specimen, only the structure factor of density fluctuation shouid be

obs~rved, while for the other two specimens there will be prepeak if CSRO

exists in this amorphous alloy.

1

The neutron total scattering were measured up to Q=24 A"~ with HIT

installed at KENS, National Laboratory for High Energy Physics, Tsukuba.
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s(Q)

The total structure factor S(Q) of the samples are shown in Fig. 1., The
RDF (radial distribution function) for them are shown in Fig. 2,
Nat,. .

The small prepeak is clearly seen in N160Nb40 S(Q) pattern as expected.-

It is certain that the prepeak is mot seen in the 5(Q) paftern of
Nat+60Ni60Nb40, although the small Q range data suffer from the poor sta-
tistics. Unfortunately, nothing definite can be said on the prepeak for
i g b, -

These results are obviously compatible with the explation of the pre-
peak as the CSRO but it is not sufficient to conclude it decisively and
the further study is required to finalize the controversy on the prepeak
observed in Ni60Nb40 neutron S(Q) pattern.

References:
1) For examples, M. Sakata, N. Cowlam and H. A. Davies; J. Physique 4
(1980) C8-190 and H. Ruppersberg, D. Lee and C. N..J. Wagner; J. Phys.
F10, (1980) 1645 |
2) M. Sakata, N. Cowlam and H.A. Davies; Proc. RQ4, p327 (1882)
3} M. Sakata, N. cowlam and H.A. Davies; J. Non-Cryst. Solids 46 (1981) 329
4) H. Ruppersberg and C. N. J. Wagner; To be published in J. Non-Crst. Solids
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Neutron Diffraction of Hydrogenated Alloy Glasses Zx-Ni-D

Noriyuwki HAYASHI, Yuuji TOMITSUKA, Toshiharu FUKUNAGA,
Kenzo KAI, Noboru WATANABE* and Kenji SUZUKI

The research Institute for Iron, Steel and Other Metals,

Tohoku University, Sendai 980, Japan.

*National Laboratory for High Energy Physics, Oho-machi,
Tsukuba-gun, Ibarakl 305 Japan.

The aim of this study is to examine what kind of atomic sites in
ZrYNil—Y(Y=O'67’ 0.5 and 0.35) alloy glasses are occupiedby hydrogen atoms.
i =0, . . -0.61, 0.79
The measurement of S{Q)} fox Zr0.67N10_33DX(x 0.0, 0.18, 0.25,-0

and 1.32), ZrO.SONlO.SODX(X=O'0’ 0.15, 0.29, 0.48 and 0.86) and Zr0.35N10.65—

DX(X=O.O, 0.16, 0.39 and 0.50) alloy glasses was curried out by a High

Intensity Total scattering spectrometer (HIT) installed at a spallation
neutron source of KEX.

Alloy glasses were prepared into a form of thin ribbons with about
2 mm in width and 30 pym in thickness by rapid guenching from their melts
using single roll method under Ar-gas atomosphere. Deuterium atoms were
absorved into the glass ribbons by a gas-charge method under 20 Kg/cm2
pressure at 160 °C.

The structure factors S(Q) of Zxr alloy glasses obtained

O.50Ni0.50DX
in this study are shown in Fig. 1. The height of the first peak in $(Q)
decreases with increasing D concentration, while thé width increases.
A small peak in S(Q) at lower Q side of the first peak becomes inconspic-—
uous due to the broadening of the first peak. The profile of the second
peak cbviously varies with D concentration. Some modifications of the
oscillation in S(Q) over high Q region (Q215 A—l) are observed with different
D concentrations. Such a characteristic behavior in S(Q) appears depending
on both the D and Zr concentration in Zr-Ni-D alloy glasses.

Figure 2 shows the pair distribution functions g(r) of ZrO.SONiO.SODX
alloy glasses obtained as Fourier transforms of S(Q) truncated at QmaxeS

A . Two new peaks appear inside the first peak, when D atoms are

absorbed. One(r~1.7 A) is likely to correspond to D-Wi pair correlation
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and the other(r~2.1 A) is regarded as D-Zr pair correlation. The height
of both peaks increases with increasing D concentration. In the case of

other two hydrogenated alloy glasses, Zx and Zr

0.35%0.65 %’

0.50"-0.50 %
alloy glass. The D-Zr pair correlation always appears in Zr-Ni-D alloy

0.67"%0.33%%
the behavior of g(x) is essentially similar to that of Zr

glasses, while the appearance of the D-Ni pair correlation critically
depends on the Ni/Zr ratio and D content in Zr-Ni~-D alloy glasses.

Figure 3 shows the nearest neighbor coordination numbers of Ni and Zr
atoms arround a D atom obtained by a two Gaussian curves-fitting from the
radial distribution functions of Zr-Ni-D alloy glasses. 1In Zr0_67Ni0_33DX
alloy glasses, at the low D concentration of Xg0.61, a D atom is surrounded
by about 4.2~ 4.6 Zr atoms, while at the high D concentration of X=0.79

and 1.32, a D atom is surrounded by about 4 metal atoms including Zr and Ni
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C 4 L = ————-—'—‘—«——‘—T‘::::-_T_.'_‘T_‘.%: b
N —
o 2 ]
-

o 1F |

— ' 1 1 ! I 1 p A L 1 - ! e

o .0 05 LD -

a Q T T T ] [ L] + I 1 ' ! '

= sl Zr_50Ni_50DX 4

g . ——,—,— B

c c bb WTIETIITOIIITTT N 1

s 2 ]

5 2r '

£ Ir -o——’—b’/&- |

-E 1 ! s 1 L ! : L ! ! : : *

S . T : T 1 T T T T i o ! "

5l Zr 3sMNigsDx

A+ Oo-— O |

-

3 B O o - =0~ ]

5L A

1 | _ﬁ____,__A.——g— 1
I L ! L I L 1 1 1 | L ! ! 1

0'0 0.5 1.0 1.5

s—aNpsni 070 Npsyze O——0 Mpsm

Fig. 3. Nearest neighbor coordination numbers arround a D atom in
Zr-Ni-D alley glasses.
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atoms. In Zr, 50N 50Px @9 %%, 350,65 %

surrounded by about 4 metal atoms over whole D concentration. If Zr-Ni-D

alloy glasses, a D atom is

alloy glasses have high Zr and low D content, D atoms prefer to occupy the
interstitial hole surrounded by 4 Zr atoms., With incfeaéing Ni and D
content in Zr-Ni-D alloy glasses, D atoms asymptotically sit in the hole
surrounded by 3Zr and INi atoms.

Figure 3 indicate that D atoms may be surrounded by more than 4Zr
atoms in the amorphous alloy with high Zr content and sit in the tetrahedral
site consisting of 2Zr and 2Ni atoms in the amorphous alloy with high Ni
content. These points will be studied by more precise measurements of g{(r)

1)

and hydrogen atom vibration spectra .

Reference

1) K. Kai, N. Hayashi, Y. Tomitsuka, S. Ikeda, N. Watanabe and K. Suzuki,
local Vibration Energy Spectra of H Atoms in Amorphous and Crystalline
ZrNiHX, in this volume. ' :
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Neutron Diffraction of Hydrogenated Alloy Glass Ni33Ti67DX(X=O‘b60)
Kenzo KAI, Toshiharu FUKUNAGA, Noriyuki HAYASHT, Noboru WATANABE*
and Kenji SUZUKI

The Research Institute for Iron, Steel and Other Metals,

Tohcku University, Sendai 980, Japan

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

Current technological attentions have been paid to the potential -
application of metallic glass hydrides as a medium of hydrogen-energy.
storage and conversion. From the view point of fundamental studies,
hydrogen atoms serve as an unique probe to investigate the topological and
chemical configurations of polyhedral structure units composing metallic
glasses, because the central holes of polyhedra are selectively occupied by
hydrogen atoms as a function of hydrogen concentration. Therefore, the aim
of this work is to investigate the local environment of hydrogen atoms

absorbed into Ni alloy glass through the high resolution cbservation

33767
of the radial distribution function.

Thin ribbons of Ni metallic glass were prepared by rapid

33767
gquenching from the molten state in Ar-atomosphere using single roll
technigque. Deutgrium atoms were charged into Ni33Ti67 metallic glass at
130 °C under about 30 atoms D2—gas pressure. Deuterium contents absorbed
were controlled by measuring the changes in D2—gas pressure during absorp-
tion and in sample weight and then analyzed by Ar—gas carrier chromatography.
The total structure factors were measured by a High Intensity Total
scattering spectrometer (ﬁIT). ‘

Since Ni_ _Ti alloy glass is near the neutron zero-scattering alloy

337767
composition, we derive the Bhatia-Thornton neutron total structure factor

1
s ™
significantly modified for the Ni

as shown in Fig. 1. The first and second peak profiles in S(Q) are
33T167Dx glass hydrides beyond X=26. The
oscillation in $(Q} of the glass hydrides is rather enhanced over a high Q
region compared with that of the alloy glass before hydrogen charge.
Figure 2 shows the reduced atomic distribution function ¢lr) obtained

as the Fourier transform of S(Q) truncated at Qmax=25 A_l. A negative peak
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at r=2.56 A in G(r) of Wi alloy glass is mainly contributed from the

™5
_ 337767
preference for Ni-Ti unlike atom pairs. This peak vanishes and a negative
peak appears at the position around r~1.95 A with increasing D content.

A 2)

The atomic distances for D-Ni and D-Ti pairs in NiTi crystal

: 2P1.5
are expected to be rpﬁ}'l'B A and rDT€42.0 A from its crystal structure,
respectively. The both atomic distances are too c¢lose each other and so
we consider that the negative first peaks appearing at r~1.95 A are
a result of the overlapping of D-Ti negative peak and D-Ni positive peak.
The hydrogen atom vibration spectrum of NiSOTiSOHl50 glass hydride3)_
indicates that greater part of hydrogen atoms prefer to sit in the
tetrahedral site. Therefore, presuming that D atoms occupy only the
tetrahédral héies, wé have calculated the number of Ni or Ti atom around
a D atom from the negative first peak located at r~1.95 A in Ni33Ti67DX
alloy glasses.

It is considered that the D atom occupies the tetrahedral hole
consisting of 4Ti atoms in Ni33Ti67DX glass hydrides up to X~11 and above
this D content the D atom occupies the tetrahedral hole consisting of Ti and

Ni atoms, for example, 3Ti and a Ni atom, 2Ti and 2Ni atoms and so on.
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Fig. 1. Bhatia-Thornton type neutron total structure factors of

Ni D_({X=0, 8, 26 and 60) glass hydrides.

33 %670%

55



0 5 ' 10 15

Pig. 2. Reduced atomic correlation functions G'(r) of Ni33Ti67DX
(%=0, 8, 26 and 60) glass hydrides.
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The amorphous Fe xBx alloys are the unique system which has the stable

amorphous phase in alwide range of composition and their physical properties
depend strongly on composition. The magnetization at 0 K becomes maximum
around x = 0.17 and the inﬁar effect which is quite large in Fe86314 is
significantly reduced when x aprqaghes to 0.25.‘ In order to find the origin
of the invar effect of this alloy system, we have studied the compositional
variation of local atomic order as wellras of magnetic moment on iron atoms.
The papér discusses mainiy the magnetic contribution to the scattering.

The amoxrphous Fe "E samples with x = 0.14, 0.17 and 0.25 were prepared
< i

by rapid gquenching mitiod and the neutron scattering experiments were carried
out on HIT in a magnetic field H of 5 K Oe applied parallel (I"} and perpen-
dicular (1) to the scattering Qector Q in ordexr to separate the magnetic
contributicn. The scattering was detected by three He3 counters with
scattering angles of 29.6, 31.5 and 43.9 degrees. The numbers of the nearest
neighboring Fe-~B and Fe-Fe pairs.could be separately determined from the
radial distrubution functions RDF for three samples. The. results suggest
that the numbers of the nearest neighboring Fe Qnd B atomé with respect to a
central Fe atom is approximately twelve and seven respectively, independent
of composition, suggesting that the local atomic order of iron atoms is nearly
the same as that of the f.c.c. structure and it does not suffer an appreciable
change with composition.

The magnetic scattering function obtained by a simple substraction of I"

from It shows that the magnetic first peak is significantly large for Fe86B14'

while it -almost desappears for Fe75B25 as shown in Fig.l. We also found that

for Fe the background has a positive slope, while it becomes negative

86 P14

for Fe75B25. This is due to the fact that the normalization factor K of

§ Present address ; Northeast Institute of Technelogy, China
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parallel scattering I' with respect to the perpendicular scattering ¥ is

g6o14 304 Fe,uBog.

determined the normalization factor sc as that the difference of I and I+

slightly misestimated for both Fe In another word, we can
has no slope above Q = 5.00 A"l. This is the most accurate method for
determining K. Such an accurate determination of K seems to be quite im-

portant, because the magnetic contribution to the first peak is only 20% of
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the nuclear peak and K should be determined in an accuracy of a few percents.
Such an accuacy cannot be cbtained by the conventional method which takes
only an account of the outer shape of the sample, because there seems to be
a slight change of orientation of the sample pieces inside the sample holder
when the magnetic field is applied in different directions.

The magnetic scattering thus determined is plotted against @ in Figs.2({a},
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(b) and (c) after making smoothing correction. The solid line in each figure
is calculated by using the scattering function SFe—Fe(Q) of Fe atoms derived
by X ray scatteringl)‘andrtheAmagnetic meoment determined by the magnetization
measurements. For the magnetic form factor, a following analytic form was

assumed.

F(Q) = a exp(-awQ?) + B exp (-bWo%) + C, (1)

with W = 1 and A, B, C, and b calculated for Fe atomsz). The results show

that the calculated magnetic peaks are about 20% lower than the observation
for three samples. _In Fig.3 is plotted the magnetic moment of iron atoms
calculated from the observed magnetic peak by assuming W =1 in (1). If we
assume W-= 0.8, the calculated magnetic moment agrees reasonably with that of
the average magnetization as also shewn in the figure. The value of W = 0.8

3)

is consistent with other observations™’, suggesting that the magnetic electrons
are slightly expanded in the amorphous materials. -

In conclusion in Fe xBx' there is no significant variation of local

1- ,
atomic and magnetic order with composition ranging between x = 0.14 and x =
0.25. Therefore, the distinct change of the invar properties in these alloys

should be attributed to the electronic origin.
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Neutron Diffraction Pattern and Structure of the Water-+ LiCl System

Kazuhiko Ichikawa, Takaaki Matsumoto¥*,

Yasuo Kameda and Noboru Watanabe**

Chemical Department and *Nuclear Department,

Hokkaido University, Sapporo 060, Japan

#*National Laboratory for High Energy Physics.

Tsukuba-gun, Ibaraki 305, Japan

Up to the present, no one simple model can be expected to cover the
entire range of electrolyte solutions from dilute solution to fused salt,
and an exact statistical-mechanical treatment remains in the future . For
the H,0 + LiCl system, Fig. 1 shows the different concentration domains
wherein these concentration ranges overlap and have only qualitative

meaning. In the LiCl-rich side corresponding to the C and D areas the

LiCl(s)

100 —
A: HIGHLY DILUTE AQUEOUS
ELECTROLYTE SOLUTION
B: CONCENTRATED AGUEOUS
ELECTROLYTE SOLUFFON D—
C: HYDRATED MELT
D: INCOMPLETELY HYDRATED MELT
50— LiCl-H,0(s}
2 .
“ C
W
-
0 —

LiC1-2H50{s)

5 LiC1-3Hy0(s)

-50 | l I
0 10 20 mol % LiCl 30 40
H,0

Figure 1. Binary system of aqueous LiCl solution
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jonic atmosphere appeared in the Debye-Huckel -equation cannot be defined
precisely because the usual correlation between the central ion in the
hydration sheath and the counter ions in the hydratjion sheath is no longer
possible on account of a deficiency of the coordinated DZO molecules around
the central ion. The structural change between the C and D ranges may take
place and the intramolecular OD and DD distances of the water component
may be affected by the large ionic strength.

This paper reports the preliminary results of the TOF neutron-
diffraction experiments of the D20 + LiCl system using the HIT equipment.
Figures 2 and 3 show the structure factors S(Q) of the scattering angles
(28), 49.9° and 7.37°, respectively, for the solutions at 20, 27.2, 31.9
and 34.9 mol% LiCl and for the heavy water at ca, 120°C. The 5(Q) values
for 20=49.9° increase in the higher @ region because the absorption
correction, which is important in particular for the nuclei Li and CI1,
had not been carried out. In order to check the experimental accuracy in
our measurement we have determined the intramolecular OD and DD distances
for pure D 0 liquid and compared with the reported value., The measured
values in our experiment are ca. 0.95 A and 1.54 A respectively which agree
well with the existing data by Narten within an experimental accuracy of
+0.01 zul)Figure 3 shows the saddle or peak , for the first time,
observed in S(Q) at the low Q side of the first peak for the LiCl-rich

solutions at larger than 27 molZ% LiCl (i.e., at the D area in Fig. 1).

1) A. H. Narten, J. Chem. Phys. 56, 1972, 5681.
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Short range order in a binary critical mixture of

perfluoro{methylecyclohexane )—carbon tetrachlpride

Yoshinobu IZUMI, Yasuhiro MIYAKE, Toshiharu FUKUNAGA¥,
Noriyuki HAYASHI¥*, Noboru WATANABE¥*¥ and Kenji SUZUKI¥

Department of Polymer Science, Faculty of Sﬁience,

Hokkaido University, Sapporo 060, Japan

¥The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai 980, Japan

¥¥National Laboratory for High Energy Physics,
Chomachi, Tsukuba—gun, Ibaraki-—ken 305; Japan

Binary mixtures as well as fluids, ferromagnetic and ferroelectric
systems exhibit many interesting properties in the vicinity of the critical
point. Thne behavior near the critiecal point is usually described by the
use of various critical exponents. A great deal of efforts has been made
toqcharacterize the effects in terms of long wavelength fluetuations, which
aré‘observed'at small wave vectors, while the studies of the short range

1)

order near the critical point have scarcely been made except in rubidium ’,

2) 3)

liquid lithiumsodium alloys and in fluids™’'.

From the results of xray small—angle scabtering measurements, Brady
et al considered a rod—like cluster formation in the critical regionh).

It is therefore very interesting to study the interrelation between the
cluster formation and the short range order of the radial distribution
function (RDF). In this report, the short range order and its temperature
variation of the binary critical mixture of perfluoro(methylcyclohexane)—
carbon tetrachloride have been studied by a high intensity total scattering
spectrometer (HIT) installed at a spaliation neutron scurce of KEK.

The critical solution of perfluorc(methylcyclohexane )—carbon tetrachlo-
ride was prepareds)’6) and measured only at 29.6%¢(AT=1.0°) and 42.0°%c({AT=
13.1°).  As a reference sample, only perfluoro{methylcyclohexane) was
measured at 2500, because carbon tetrachloride was already measured by

7)

Misawa °. Preliminary results are shown in Figs. 1 and 2. It is noted
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Fig. 1. Structure factors by perfluoro(methyleyclohexane) (1), critical
mixture at 42.0°C (2), at 29.6°C (3), and carbon tetrachloride (k).
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that there is no appreciable change in the profiles of S(Q) and RDF in
these measurements, irrespective that the critical point is approached or not.
Further experiments in low @ range and near Tc are desirable.

- References _
1)G.Franz, W.Freyland, W.Glaser, F.Hensel and E.Schneider, J.Phys.(Paris),

41(1980)c8—9kh.

2)H.Ruppersberg and W.Knoll, Z.Naturforsech. 32a(19T7T7)13Th.
3)F.Mandel, J.Chem.Phys. 59(1973)3907.
4)G.W.Brady, J.Chem.Phys.40(1964)27hT and references cited herein.
5)B.Chu, D.Thiel, W.Tscharnuter, D.V.Fenby, J.Phys.(Paris),33(1972),C1-11.
6)D.R.Thompson and O.K.Rice, J.Amer.Chem.Soc. 86(1964)3547.
TIM.Misawa, Thesis, Tohoku University.

68



Magnetic phase diagram of MnSi near the critical

temperature studied by SAN
Y. Ishikawa and M. Arai
Physics Department, Tohoku University, Sendai

MnSi has a helical spin structure below Tc=29K with a periecd of
180£(q=0;035) at 4Kl). It becomes ferromagnetic in a magnetic field of GKOe%)
The magnetic phase diagram of MnSi has been studied by neutron small angle
scatteringl), ultrasonic attenuationz), ESRB) and other techniques4). The
results near Tc is reproduced in Fig.l. We have studied by neutron small
angle scattering the magnetic phase diagram in the vicinity of Tc with the
intention (i)to determine +the magnetic structure of phase A predicted by
many techniques and (ii)to determine . accurately the temperature variation of
the sublattice magnetization <Sq('1‘)> in zero field near Tc' The latter
problem is related with the fact that the magnetic phase boundary HC(T) drops
almost discontinucusly to zero at Tc,r suggesting that the phase transition at
Tc is of the first order. The mean field theories suggest that HC(T) is pro-
portional to <Sq(T)>5)6)7)

A [100) cylindrical single crystal was mounted. . in a low temperature
cryostat with a cryopump (Crye-Mini) and the measurement was carried out with
SAN in a magnetic field less than 5kOe. The intensity of the satellite peak
measured by different wave lengths was found to be free from the extinction
effect near TC and <Sq(T)> thus obtained is also plotted.by a chain line in
Fig.l after normalized. by HC(O)/<Sq(0)>,:The result shows clearly that Hc(T)
deviates substantially from <Sq(T)>. In Fig.Z2 are displayed the two dimen-
sional scattering patterns in the (110) reciprocal plane when the magnetic
field is applied at 28K in the horizontal direction (l}lO)). The solid lines
are the contour maps of the equal intensities written in legarithmic scale.
When the magnetic field of 1lkOe is applied(Fig.2(b)), the direction of the
g vector of the helical structure coincides with the fieldr direction and in
a field of 2kOe(Fig.2{c)) which corresponds to the phase A in Fig.l, the
satellites disappear with only an isotropic ring around the.center, suggesting
that the magnetic structure in the phase A is almost the same as that realized

just above Tc in zero field; the state is paramagnetic. When the field is
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increased to 4kOe(Fig.2(d)),however,the satellites recover again in the
field direction with the short range order developing around them. In Fig.
3 are plotted the intensity of Bragg peaks as well as that of the ring
ridge between the satellite against the applied field. The results suggest
strongly that the phase A is "paramagnetic".

The magnetic phase diagram of MnSi has been discussed by Kataoka-
Nakanishé)and Plumer-Walter?) Although the latter authors have érgued that
the phase A is paramagnetic7), it is because of the deviation of g vector
from the field direction, which is actually not the case. Although the
origin of the phase A is still unclear, it should be pointed out that the
existence of this phase is related with the fact that HC(T) varies with
temperature much slower than <Sq(T)> near Tc; there should exist a mecha-
nism which stabilizes the helical structure by increasing the static com-
ponent <SZ> of the magnetization. A simple calculation based on this model,

however, failed to expiain the phase diagram.
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Smal; Angle Scattering of Cr1/3 2
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We have performed smgll angle scattering measureménts on a powder
sample of,Cri/BNbSé by means of the Small Angle Neutron Scattering
Instrument (SAN), and observed a long period helical spin structure.

Cr1/3NbS2 is an intercalate of ZHTEFpe NbS2 with layer structure and
is reported as a metallic ferromagnet . Cr is considered to be in the
trivalent state and to have a localized moment. Cr atoms form an h.c.p.

2)

lattice. According to our magnetic measurements””’ on single crystals,
this compound is approximately an easy-plane type ferromagnet. . The
magnetization curve along the hard axis (c axis) shows a usual form which
is observed for a uniaxial ferromagnet. However, Fhe magnetization curve
in the ¢ plane shows a meﬁamagnetic behavior, although the ecritical field
of which is as low as about 1.5 kOe. We supposed a helical structure with
the spins in ¢ plane and with its wéve vector q along c axis. We made
neutron diffraction measurements on a powder sample. We could not detect
any satellite but were able to fit the observed powder pattern by the
ferromagnetic order—with the spins in ¢ plane. However, there remained a
a possibility of a long pefiod helical structure, considering that the observed
nuclear relfeétions include the magnetic part in its width. Moriya et al3)'
argued the - possibility of the helical sfin structure due to the
antisymmetric exchange interaction andléstimafed a:long period‘of 480 R 7
Q@ = o0.013 & for this compourd from the observed magnetic data
inciuding the critical field of the metamagnetic behavior. '

"~ The purpose of this paper is to detect the existence of the long .
pericd helical spin _structure." We . haﬁé, made small angle scattering
measureﬁentg on the poﬁaér sample of about 5g, which was used for the

earlier neutron diffraction measurements. The sample was mounted in a
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cylindrical aluminium-vessel. Measurements were made at 13K, 100K using a
refrigerator and at RT. A strong small-angle scattering was observed at
RT, presumably because of fine particle size of the sample. However, as
shown in Fig.l, a clear magnetic Bragg peak was detected at Q = 0.013 %
0.0005 R_l, by subtracting the RT data from those at low temperatures.
Further, the intensty of the peak at 100 K relative to that at 13 K is in
good agreement with the temperature dependence obtained from the magnetic
measurements. In Fig.2, the values of the magnetization determined by the
present data are indicated by crosses. The value of Q remains unchanged
‘at both temperatures.

Thus we confirmed the existence of the helical spin structure with a
long period, and the measured period . is in excellent agreement with
the one estimated by Moriya et alB). The present results are included in

reference 4).

The authors would like to thank Prof. H. Kondo of Saitama University
for providing them with the sample. Ore of the authors (T.M.) also thanks

Prof. T. Moriya for the theoretical side of the present work.
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J. Phys. Soc. Jpn. 52 (1983) 1394.

73



Intensity (Arb. unit)

3.
Qx10° (A7)

Fig., 1. One dimensional display of small angle scattering at 13 K
obtained by summing all data with the same [Q|around (0,0,0). The data at

room temperature was subtracted as the background.

30

M
(ST 28108 \\

20

r\’
e
P

15

1.3 \
—

I == ra—

—"‘““-uﬁ
0.3 [T~
I"--__A\

0 50 100 150
T(K)

Fig., 2. Temperature variations of the magnetization in c-plane (HiC) at
various fields (the solid curves), Crosses denote the magnetization

estimated from the present data (normalized at 13 X).



Magnetic correlations in a competing interaction -

system, 79FeTiO_-21Fe, 0. with re-entrant spin

3 273
glass properties

M. Arai, Y. Ishikawa, N. Saito and H. Takei*

Physics department, Institute for Iron Steel and

Other Metals, Tohoku University, Sendai 980

The paper discusses the re-—entrant behaviors newly found in a randomly

mixed oxide system with competing interactions,79FeTiO.-21Fe This is an

3 203

extention of a previous study of 8BFeTiO_-1Z2Fe with the cluster type spin-

1 037 220 .
glass behaviors ' . As the concentration of Fe203 exceeds ovzf the percolation
limit to have the ilmenite-hematite type ferrimagnetic order °, the sample
becomes ferrimagnetic below 220K and the re-entrant spinglass behaviors ap-
pear below TZzBOK as shown in the inset to Fig.2; the magnetization along the
¢ plane measured in a weak magnetic field of 10 Oe exhibits a substantial
decrease below TR.

The temper;iure evolution of the magnetic correlation around (0,0,0)
has been studied by small angle neutron scattering (KENS-SAN). Typical ex-—
amples of the two dimensional displays of the scattering measured at four
different temperatures are shown in Fig.l., where the scattering intensity
at room temperature had been subtracted as background.. In the figure the
c* axis nearly concides with the horizontal direction. The figure’ shows
clearly that the magnetic correlation is gquite anisotropic. Morecover the
direction of the anisotropy does not varxry with temperature; the spins are
mainly confined in the ¢ plane.

The magnetic correlation between the parallel and perpendicular compo-
nents was found not to be able to be separated from the small angle scattering

data, in contrast with the previous case of B8FeTiO_-12Fe This is because

(o4 (6 . : 3 203 ' . .
<S_ S > was found to be strongly anisotropic with respect te the g direction.
Thegefgre only the spin correlation between the perpendicular components
<S:éc S&E> was estimated from the scattering profile along the ¢* axis and
was analyzed by the combination of two functions of Lorentzian and squared

Lorentzian;

<gL g = A + B (1)
-9 q K + g (K
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The temperature evolution of A and B is plotted against temperature in
Fig.2. 1In the vicinity of the Curie-temperature, the scattering profile has
predominantly the Lorentzian shape as is anticipated for the critical scat-
tering. However below 100°K the squared Lorentzian term becomes significant,
suggesting that the ferromagnetic region is decomposed into a domain state
by the random field from the surrounding spin glass clusters. Note that B
takes a maximum around Tz, but it increases again below 60K.

The temperature evolution of ki determined by eq(l) is displayed in
Fig.3. The inverse correlation length K. takes a weak minimum at Tc=220K
and decreases again further with decreasing temperature below Tg. The be-
havior is quite similar to what have been observed for a number of re-

3), (Fean ). P. B _Al_(amorphous

1-x 1-x"75"16°6 3 5)

system)4)r but different behaviors have been observed for EuXSrl_xS and
6)

1-x  ° Note that we have found that by the measurement of Bragg peak
with TUNS (JAERI), the c axis component starts to develope below 80K. It

entrant spin glass system as FexCr
Fe Al
X

can therefore be anticipated'that the development of the correlation below TR
would be related with the development of the long range ordexr along the c

)

axis. Gabay and Toulouse has suggested7 that the spin correlation in the
perpendicular directions can possibly behave in the quite different ways in
the re—entrant spin glass system. Our mixed oxide system with the large

anisotropy may, provide an experimental support to this theory.
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Magnetic correlations in a competing interaction system
88FeTiO3—12Fe203 with spin glass behaviors II

M. Arai, Y. Ishikawa and H. Takei*

Physics department,*Institute for Iron, Steel and
Other Metals, Tohoku University, Sendai 980

88FeTiO3-12F9203 exhibits the typical cluster type spin glass properties
below 38K. The evolution of magnetic correlation has been studied by neutron
small angle scattering (KENS-SAN) using a single crystal. A preliminary
1)

result was reported in a previous paper”’. This paper discusses the results
of the detailed analysis. |

We have found that the profiles of the two dimensional di3p1ay of small
angle neutron scattering can be reproduced by the magnetic correlations
between the parallel components <qu S"q> and\perpendicular ongs <Sj- si>,
where "parallel" is referred to the ¢ axis. This indicates that <S?q Saq>
is isotropic with respect to the g directioﬂ aé was anticipated in the pre-
vious paperl). The magnetic correlations have been fitted by two functions,
Lorentzian and squared Lorentzian.

<s°‘sg>= A + B

2 2,2
K + g (Ka + q°) .

(1)

where o = // orJ_; and the inverse correlation léngths for both component
correlations are plotted against temperature in Fig.l. The inverse corre-
‘lation length of the perpendicular components K. decreases linearly with
decreasing temperature down to 50K(¥TN) where the parallel components start
to appear. Moreover the parallel inverse correlation length K, has the
minimuom around 30K, in contrast with the behaviors in the percolation limit
materialg¥ the transverse component correlation Ki for a one-dimensional
anisotropic chain shows a weak minimum, whilst the longitudinal component
tends to divergent (K,<» 0) at low temperatures. This tendency in K can be
explained by the evolution of antiferromagnetic correlation in the cluster
below Tg’ which suppresses the development of the ferromagnetic porrelations.
In Fig.2 are shown the temperature evolution of the antiferromagnetic and

-1
ferromagnetic correlations at q = 0.0482, the former information was obtained
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from the diffuse scattering arocund (1,0,-0.5).

" The magnetic radial distrubution function RDF was calculated by the Fourier-

transform of the scattering functions for both components. The RDF obtained at

different temperatures is

displayed in Fig.3, which shows clearly (i)that

the ferromagnetic (ferrimagnetic)correlation extends to 125a, accompanied

by another ferromagnetic regions with the spins antiparallel to the central

cluéter, (ii)that the antiferromagnetically coupled configuration persists

even above Tg(=38°K) where the sample behaves superparamagnetié and (iii)

that there is a rotation of the spin axis in the cluster fxom the c plane

{above 50K} to the c axis (below Tg) without a substantial change of the

cluster size.

¢ plane estimated from the ratio of <qu

The value

3)

result cbtained by Mbssbauer effect .
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Real time neutron spectroscopy by means of

small angle neutron scattering (KENS—SAN)
Y. Ishikawa, M. Arai, M. Furusaka and M. Mera
Physics Department of Tohoku University, Sendai 980

The paper reports a preliminary result of the real time spectroscopy
measurements using small angle neutreon scattering instrument SAN. By the
real time spectroscopy we mean a technigque to study in real time the slow
relaxation phenomena with the relaxation time slower than Usec. The method
consists of varying abruptly an external condition as magnetic or electric
field, pressure or temperature and measuring in real time the temporal vari-
ation of the state which is induced by the external force.The SAN is the most
promissing for this kind of measurements, because it is the semi-macro
structure which has a long relaxation time. The block diagram of the data
acquisition system to practise the measurement is shown in Fig.l(a) and (b).
Two kinds of signals are supplied from the booster proton synchrotron to the
microprocesser (LSILL/23) through CAMAC data way. One is the 20 Hz B-TOP pulse
produced in synchronizing with the synchrotron and another is the gate pulse
which is switched on only when the protons come to the neutron target (Fig.l
(b)). By using these two signals; the processer controls the time of chang-
ing the external condition as well as the mode of data acquisition. When
the relaxation time is much sloﬁer than 50msec; the time of one neutron
burst measurement, the external condition is kept constant over the several
neutron pulses, and the 88K words neutron scattering data obtained for each
neutron burst through the multi-dimensional time analyzer is transfered as
one set to one data accumulation area (£,ex,AREA 1 in Fig.l(a)) in the exter-
nal bulk memory. (BLM,2M bytes). The next set of 88 Xwords can be stored in
the next area, and in this way eight different states ' successively induced
by a change of the external condition can be measured. The change of
the external condition is repeated synchronizing with the neutron spulses
until the statistics of the data accumulated in each area become
satisfactory. A1l data are then sent to the central mini-computor
OKITACS50/60 for further analysis andare displayed through one of the periph-
eries. If the relaxation time is faster than 50Omsec, the data in each chan-

nel can give an information on a state at the different time. The relax-
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ation time of order ofl msec or less can,in principle,be measured with SAN.
We have applied this technique to study the relaxation phenomena in the
magnetization process in the cluster type spin glass 88FeTiOB—12Fe203 at low
temperatures. It has been reported that the relaxation time becomes signifi-
cantly long below Tg and it cannot be measured by a conventional method
of inelastic scattering. A small electromagnet which can apply the square
magnetic field of 5kOe with a rising time of Bmsec was specially made by
using thin plates of FPe-Si steel for the commercial transformer. The de-
cending time was found to be about 20msec. Typical examples of measurements
in cases of applying and switching off the magnetic field of 5kOe along the
c*axis are shown in Fig.2 and 3 respectively, where the temporal variation
of the scattering intensity at 13K are plotted against the measured time t.
In the upper part of Fig.2 are also shown two dimensional displays of small
angle scattering for three different states. Note that the relaxation time
is shorter for larger valuse of g and the relaxation time is of the order of
100msec for g=0.03. The results show clearly that this type of measurement
can successfully be carried out with SAN. The quantitative analysis ©f the

\
data as well as the measurements at different temperatures are now in progress.

(a) Fig.l(a) Block diagram of
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Spinodal bDecemposition in FeCr Alloys

Studied by Small Angle Neutron Scattering IT

M. Furusaka and Y. Ishikawa

Physics Department of Tohoku University, Sendai, 980, Japan

The kinetics of spinodal decomposition in FeCr alloys has been studied
by small angle neutron scattering instruemt (SAN) installed at KENS. Ex-

\ . . 1),2
perimental results were reported in earlier papers )+2)

, which showed
clearly that the Cahn's linear theory did not work even in the earxly stage
of decomposition. In this paper we attempt to analyze the results based on
the current non-linear thecry develloped by lLanger, Bar-on and Miller3)
{(hereafter referred to as LBM).

According to the theory of LBM, the kinetic equation is written as

follows.

as (k, t)
dt

= ~2mxk? {2 +<§i§*3l P+ 2MkBTk2 . (1)

where S{k,t) is k dependent scattering function. M and X are mobility
and energy gradient coefficent respectively, T is temperature and kB the
Boltzman constant. A{k,t) in Eg.(l) is given by

o

i 1 an Sn (k,t)
Alk,t) = L, < 1t de B sik,w) ]

(2)

with Sn(k,t) the Fourier transform of the higher order correlation functions
and 9" / Bcon the n th derivative of the free energy with respect to the
concentration cg.

If we assume that A(k,t) is time independent, A, the sclution of Eq. (2)

is given by

2,2 .
S(k,t) = {s(t=0) - 5_} e -2MKk” (KHA/K) o 3

w7’

where S_ is the stationary solution of S(k,t) and is given by

kBT/K
s = (4)
w0 2

X +A/K
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If the values of parameters M, A and K axe properly chosen, Eg, {3} is found
to reproduce the experimental observations satisfactorily as are shown in
Fig.l. The solid lines are calculated by Eq.(3) and the squareé represent
experimental results of Fe - 40atsCr annealed at 515 C, a temperature close
to the classical spinodal line.

It should be noted the value of A obtained by the least square's fit to
data is not time independent, and also S_ determined from Eq. (3) is not the
real stationary sate. In order to resolve this inconsistency, we determined
the temporal variation of A(k,t) directly from the experimental results.

For this purpose we modified Eg. (l) as follows

T

&
Bl

2 + A(k,t)

__ 1 1 + B
K 2MK kzs

k : (5)

s

t

and calculate the right hand side by employing S and ds/dt experimentally’
measured. For MK and kBT/K we adopted the values determined in previous
analyses. The results of calculations for Fe - 40at%Cr annealed at

515 C are displayed in Fig.2. In the figure a dushed line represents the
relation, (k) = k:2 + €, which indicates clearly that k2 + C really holds

for eachcurve in a wide range of k. This is another experimental support
that Eg.{1)reproduces the experimental results. Below k = 0.08 A“l, a clear
deviation of the calculated curve from this relation occurs, where other
mechanics of scattering may become important. The temperature dependence of A/K
obtained by this analysis is plotted in Fig.3, where the results obtained for
Fe - 30at%Cr are also presented. 1In the inset to the figure, the time
dependence of u (< - A/K) calculated baszsed on LBM theoryS) at the classical
spinedal line is also reproduced for reference.

Note-that U starts from zero because the second derivertive-of the free
energy must be zero at the spinodal line. Then influenced by higher order
terms of A(k,t), U goes negative but quickly changes sign and stays rougly
constantat a small positive value. Qur experimental results of the time
dependence of A{k,t)/K are in reasonalbe agreement with this behavior, if we
assume that our observation is a time range between 2 < T < 10. Note
that the time dependences of A/K, fcr‘Fe - 30ats%Cr which were annealed
above the spinodal line are also quite similar to those for Fe - 40ats%Cr.
This provides another evidence that the higher order terms play an important
role for the decomposition process near the spinodal line.

In conclusion, the early stage of decomposition in FeCr alloy systems
near the classical spinodal line could be guantitatively explained by the

current theory of LBM. But the small deviation from the theory was detected
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except at very early stage of the decomposition.
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In-situ measurement of phase separation in an

Al1-Zn alloy with SAN
M. Purusaka, M. Mera and Y. Ishikawa
Physics Department, Tchoku University, Sendai

b special furnace which makes possible the in-situ studies of phase
separation by neutron small angle scattering has been installed at SAN in
KENS and the very early stage of phase separation process in the Al-6.8at%
Zn alloy at room temperature has been studied. The paper reports a prelim-
inary result.

The measurement of the very early stage of phase separation is partic-
ularly of importance, because it is only this stage that the experimental
results are crucially compared with the current theory made by Langer, Bar-

2
L or others ’3’4’5). Although the phase separation processes

on and Millexr
have been studied by a number of investigators for different alloy systems,
only few data are available for the very early stage of decomposition.
Futhermore, since the precipitated phase has a rather small size in the very
early stage of phase separation, the measurements in the wide g range (0.02<
qﬁQ.6g_l) are indispensable, which is the privilege of KENS-SAN as shown in a
previous studys).

The outline of the in-situ annealing and guenching system is displayed
in Fig.l. The sample was heated by an image furnace consisting of two infra-
red heaters and a nickel coated curved mirror to focuss the images of the
heaters on the sample. The sample was suspended by a stainless tube in a
transparent quartz tube 2mm thick and 26mm in diameter which was evacuated by
a large rotary pump of 950%/min to remove liquid nitrogen from the sample.
The scattering chamber accommodating the image furnace was also evacuated by
another vacuum pump to aveid the air scattering. The rapid queanching of the
sample from the annealing temperature into a lower temperature (=-150°C)was
achieved by sending a flash of liguid nitrogen from a 100% reservoir onto the
sample through the stainless steel tube. The measurement was carried out at
this temperature. The sample could be gquenched with a cooling rate of 200°C
/min but the heating rate was found to be rather slow; 50°C/min. The shortest

annealing time achieved by the present experiment was about 1 min. The an-

nealing temperature of 25°C was controlled within * 1 degree by a convention-
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al temperature controller with a cold nitrogen gas flow.

The sample was made by melting 99.999% Al and Zn by a HF furnace and
was homogenized at 400°C for 12 hours in the image furnace, followed by
guenching to ~150°C to start the measurement. The samPle was then annealed
at 25°C which is below the spinodal line (l29i2°C)7) for a given time,
followed by quenching again to -150°C to restart the measurement. The
process was repeated until the total annealing time became 10 mins. The
typical measuring time of neutron scattering was about 2hrs. The time was
rather long because we needed a good statistics for the scattering at high
g sides. The preliminary results of measurements are displayed in Fig.Z2.
The results show clearly that {(i)the Cahn'’s theory does not hold even at the
very stage of decomposition; the peak of the scattering was continuously
shifted to the lower g side with increasing the annealing time, (ii)no cross
over phenomenon was cbserved at the very early stage (tfﬁmin) but (iii) the
phenomenon seems to appear for longer annealing time (lOiFiSmin}.

In conclusiocon the in-situ measurements of phase separation process at
25°C could be carried out for the wide g range (0.022g£0.6£_1)in an annealing
time between 1 min and 10 min. If the heating system is improved to in-

crease the heating rate, the phase separation in shorter annealing time (<

30sec) can be studied with our in-situ system.
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Small-angle Neutron Scattering from Semi-dilute Polymer Solutions

near the Lower Critical Solution Temperature

Kimio Kurita, Shinya Nakajima, Osamu Ozawa, Takashi Nakamura,
* Kk
Tsuyoshi Iizuka, Eilchi Wada, Koji Okano , Michihiro Furusaka

P
and Yoshikazu Ishikawa

College of Science and Technology, Nihon University, Tokyo 101
*Department of Applied Physics, University of Tokyo, Tokyo 113

*%Department of Physics, Tohoku universify, Sendai 980

In the preceeding paper1) we reported that for semi-dilute solution of poly-
styrene in deuterated cyclohexane near the upper eritical solution temperature
(UCST) the binary cluster integral 81 changes its sign at about 40°C, the 8
temperature, whereas the ternary cluster integral 82 is almost independent of
temperature near 6 point. Slightly below the temperature 6 we determined
compensation temperature % at which the excluded volume of the segment actually
vanishes due to the opposite contribution of the above two cluster integrals.

In this paper we discuss the compensation temperature in the same sample
system near the lower critical solution temperature (LGCST).

In the experiment, solutiom cell was specially designed to withstand a high
vapour pressure of cyclohexane ~ 20 atm at 200°C. Two quartz windows of 8 mm
in thickness are placed in a steel tube of 40 mm in diameter. Thickness of the
sample liquid was 2 mm. Area of the neutron beam at the window was 35 x 14 mmz.
Transmission of these quartz windows was about 70Z for our neutron beam of
3~9A4in wavelength.

5

The sample used was living polystyrene (Press. Chem., M=2.9x107, MW/MH:§1.06)

dissolved in deuterated cyclohexane (C6D ). Screening lengths £ of the polymer

were measured for three solutions, 0.1291§-cm_ , 0.186 gvcmm3 and 0.211 g-cm_3.
These are above the cross-over concentration. All concentrations are quoted for
a temperature of 40°C.

The measurements were performed with the KENS-SAN instrument at KEKZ). The
excess scattering intensity of polystyrene solution against the solvent was
determined after the transmission correction was made both for the solution
and solvent. To compensate the uniform incoherent scattering due to the
hydrogen atoms we have added normal cyclohexane into the solvent so that solvent

and sample solution have the same number of protons. The measurement for the
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solvent was made at 200°C. The incoherent neutron spectrum as well as the
detector efficiency of two-dimensional position sensitive detector were
corrected for by employing the data of incoherent scattering from water.

The plot of angular dependence of scattered intensity with the resolution
of dq/q=0.2 was of Lorentzian type (see Fig. 1) as observed in the vicinity of
UCST. From this plot we determined the screening length for each concentration
and temperature. The concentration dependence of £ for several temperatures
near the lower 9 (BL) (Fig. 2) is in good agreement with the prediction of
Eq. (1), which was theoretically derived by using a chain approximation. This
approximation is legitimate when the intramolecular excluded volume effect is

-3,.1/2

very weak and parameters z, = 81b N and P sz_B are small as compared

1
with unity, here b2 being the mean square length of a segment, N the number of

segments in a polymer chain.

6 B B

_ 1 2
2-12NA?-C+36NA—-C , (1

1
£ M

where C is the weight concentration (gccm_3), NA is Avogadro's number, M is the

molecular weight of polymer, A.?',B1 and B2 are defined respectively as MA2= Nb2,
2. .2 3, _ 3
M B1— N 81 and M Bz— N Bz.
By use of Eq. (1) we determined separately the temperature dependences of

binary and ternary cluster integrals by B1 and B2 (Fig. 3). We recognize from
these results that there exists concentration dependent compensation
temperature in semi-dilute solution above the temperature GL where the binary

value, 8.= 191 % 2°C, by the

L L
extraporation of the temperature dependent B1 to Bi=0'

cluster integral vanishes. We estimated ©

Fig. 4 shows a plot of B, vs. the reduced temperature distances from the 6

1
temperature (1-6/T) and (BL/T—Q), with T being the absolute temperature. The

in the immediate neighborhood of the 8, is similar

temperature dependence of B 1.

1
to that near the 6.
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Scaling Analysis of Semidilute Polymer Solutions

by Small-Angle Neutron Scattering

*
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Takashi NAKAMURA, Shinya NAKAJIMA and Michihiro FURUSARA

Department of Polymer Chemistry, Kyoto University, Kyoto 606, Japan
* College of Science and Technology, Nihon University, Kanda Surugadai,
Chiyoda-ku, Tokyo 101, Japan
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Recent developement of the theories of polymer solutions based on
scaling concepts has revealed that there are five regions in the tempera-
ture-concentration diagram of polymer solutions.l) In each of these
regions, gquantities characterizing the polymer solution, such as osmotic
pressure and correlation length, have distinctive asymptotic behavior
as functions of molecular weight or concentration. In this report we
study the concentration dependence of the correlation length in semidilute
polymer solutions in a good solvent.

In the semidilute regime, the pair correlation function g(r) can be

scaled in a simple Ornstein-Zernike form:

g(r) = n(g/r)exp(-x/%) oy

where n is the number density of segments, and £ is the correlation
length. Fourier transformation of eq. (1) and substitution of the relation

g:nf;'3 lead to the scattering law $(g) of a Lorentzian form:
2.2
8(q) = g/(1L + q"¢") (2)

where g is the number of segments per "blob' of size £. The value of &
can be determined from the slope and intercept of the plot of S(q)—l

2)

. 2 . . ,
against q . According to the scaling law, concentration dependence of

the correlation length is expected to follow the asymptotic form:

Enfn“v/(Bv - 1) (3)

95



where v is the excluded volume exponent ranging from 0.5 to 0.6,

Experimental

Monodisperse polystyrene of molecular weight MW=110,000 was purchased
from Pressure Chemical Co. Deuterated toluene—d8 {isotopic purity 99.6%)
supplied from CEA was used as a solvent without further purification.

Neutron scattering was measuxed using the SAN facility at KENS with
the sample-to—detector distance of 3.0 m. The three-dimensional (x-y-t)
scattering data were corrected for transmission and for inhomogeneity of
the detector sensitivity, and averaged to obtain one-dimensional scattering
curve, 7. ¢. scattered intensity versus g=(41/A)sin®, 6 being half of the
scattering angle. The incoherent and background scattering was eliminated
by subtracting the scattering of solvent consisting of toluene and deuterated
toluene~d, with the same hydrogen content as in the solution. The sample
was contained in a cell 2 mm in thickness with a pair of quartz windows

0.5 mm thick.

Results and Discussion _
Figure 1 shows the plots of S(q)“l versus q2 at various polymer concen-
trations covering from dilute to semidilute regime. The linearity observed
for these plots confirms the Lorentzian form predicted for the scattering
law, and validates the evaluation of £. The values of § determined from
Fig. 1 are plotted by the open circles in Fig. 2. The data obtained by
small-angle X-ray scattering are also shown by the filled circles. The
values obtained by SANS and SAXS are in good agreement. Distinctive asymp-
totic linearity observed in the region c2 0.05 g/cm3 demonstrates the
validity of eq. (3) and hence of the underlying scaling concepts. The
exponent in eq. (3) determined by the slope of the plot is 0.8410.09, which
is in good accord with the value (.93 predicted by the equation using the

value v=0.52 obtained from ref. 3.
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TOF Diffraction Study of Fe304 Single Crystal

at Elevated Temperature

I. Kawada, M. Isobe, Y. Masuda, E. Bannai, K. Shibata, F. Izumi,

K. Ohsumi® and H. Miyataké**
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* Mineralogical Institute, Faculty of Science, University of Tokyo,
Hongo, Tokyo 113

#% Department of Applied Physics, Faculty of Engineering,
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In the course of the measurements on the four-circle single crystal
diffractometer (FOX) a measurement was undertaken using a newly developed
high temperature equipment. The sample investigated was magnetite (Fe304)
rod with about 8 mm in diameter and about 10 mm in length which had been
synthesized by floating method.

The heating furnace is an image focusing system of a combination of

reflecting mirrors with a heating source of a 1 kW Xenom lamp (Fig. 1.).

Fig. 1. The heating furnace attached to FOX

The measurements were performed in the selected zones in reciprocal
space such as [111]%, [110]* and [100]%* at room temperature and at high
temperature. 1In the latter case the temperature was kept at about 1000°C
which was measured by an optical pyrometer. The measurement time in each
zone was about 6 hours at room temperature and 4 hours at high temperature

respectively.
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In Fig. 2. diffraction patterns of [111]* at both temperatures at
26=90° are shown. Comparing these diffraction patterns, following
difference of feature is remarkable: the reflections higher than 999
become hardly chbservable at high temperature, and reflection intensity
changes between both states (e.g. that of 888). These can be attributed
to the thermal vibration and to the transition between ferrimagnetic and
paramagnetic state of magnetite. Two small peaks at about 1710 and 2560

micro seconds remain not indexed. These may he caused by sample holder.,
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We thank Dr. I. Shindo for the guidance and Dr. F. Ckamura for the

motivation of the construction of this high temperature equipment.
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High Resolution Quasielastic Spectrometer
Using Pulsed Cold Neutron Source

K. Inoue* VY. Ishikawa*¥ N. Watanabel Y. Kiyanagi%
M. Kohgi*%¥ S. Ikedat and H. Iwasa*
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305 Ibaraki-ken, Japan

We have developed a new type of time-of-flight spectrometer(LAM-80)
with an energy resolution of the order of 10 ueV by which the observabie
time scale is in the region up to 1070sec. The LAM-80 is a quasielastic
spectrometer which uses the KENS cold source, the C, neutron guide tube
and a quasi-backscattering type analyser mirror. Incident neutrons fiy
through a 25 m flight-path which includes the neutron guide tube.
Scattered neutrons from the sample are analysed by a crystal analyser
mirror, which contains an array of 72 pyrolitic graphite crystal pieces,

the dimensions of which are 12 mm x 12 mm x 2 mm per piéce, with a 1.2°

ANALYSER EVACUATED
- HOUSING

25m FLIGHT PATH

COLD
SOURCE GUIDE TuBE
7 Q =
I Y —
TAIL
CUTTER

SAMPLE
COUNTER

Fig.l THE TIME-OF-FLIGHT HIGH RESOLUTION
SPECTROMETR (LAM-80) AT KENS
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mosaicness and a Bragg. angle of 80°.  Subsequently, the analysed
neutrons are detected by an 3He counter. The Q range covered by four
counters is 0.15 ~ 1.7 A-1.  One of the positive feature of this
spectrometer is its simplicity due to the usage of the pulsed source and
the analyser mirror. Fig. 1 depicts the arﬁangement of the LAM-80 with
four analysers installed inanevacuated housing chamber.

In the case of purely elastic scattering, assuming relevant
simplifications [1], the measured neutron intensity is expressed as

y(t) = const.F(t)sZ{t-t")R*(t"')dt" (1)

where F(t) is the neutron time-of-flight spectrum; Z{t) is the time-
dependent distribution of the neutron pulse emitted from the cold source
and R*(t) is the time resolution function of the analyser mirrors. In
the case of the LAM-80, the time variance of the analyser mirror was
adjusted to match approximately the time variance of the incident neutron
pulse, as shown in Fig. 2. The raw data in Fig. 3 shows the spectra
from a vanadium sample, measuring 14 mm in diameter, 0.5 mm in thickness
and 5 cm in length and from an ethylene glycol sample. These data reveal
the wide applicability of the LAM-80 in studies of polymers, associated
molecular liquids having hydrogen bonds and so on.
- 20peV

" 2 Ethylene
2 ’ glycol

y(l):consl,F{t)jz(t-—t')ﬂ {t)dt

oL Vv
] —
w ou 700 750 800
1 Channels
Fig. 2 Typical shape of Fig. 3 Scattering spectra from
pure elastic scattering. ethylene glycol and vanadium.
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differential spectra

Coherent Neutron Scattering from Light Water
Kazuhiko INOUE

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

Utilizing the accelerator-based intense cold neutron scurce, we have
conducted measurements of the differential scattering intensity from light
water for the Q range down to 0.2 A~! with high statistics and high S/N
ratio.  The predominantly incoherent scattering from light water demanded
high statistics. Measurements were carried out using the LAM-40
spectrometer [1] on the KENS. The water sample was held in the LAM-40
standard liquid sample container, which was designed in the form of a 14 mm
outer diameter cylindrical sheet having a thickness of 0.1 mm.  Angular
departure of neighbouring analyseres on the analyser bank was 16%, and then
the analyser bank was stepped in seven angular positions from 0° to 16°.

Typical differential spectral data as shown in Fig. 1 were integrated

over the time-of-flight abscissa to obtain the differential scattering

Fig. 1 Typical

of 1ight water measured
] 4 £SO 200 250
by using the LAM-40. CHANNEL
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intensity as a function of the scattering angle. Fig. 2 depicts a
preliminary result of differential scattering inteisity froﬁ water at
ambient temperature. There is a definite indication of a peak at Q ~ 0.7
R-1, which suggests the existense of a large structure in water. For the
Q range larger than about 0.5 3”1, Powles et al. made detailed measurements
[2], and reported a small peak at about 1.1 A=l and a well established one
at 1.9 R“l. The present results do not indicate the existense of a small
peak at 1.1 K'l but there is definite indication of peaks within the Q
range from 1.5 to 2.0 A1, We are presently conducting measurements to
guarantee more precise analysis, the results of which will be reported

elsewhere.

References
[11 K.Inoue, Y.Kiyanagi, M.Kohgi and K.Kaji, Physica, Y89(1983).
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Differential Scattering from Deuterated Alcohol Aqueous Solutions

Kazuhiko INOUE

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

We have measured the differential scattering intensities from deuterated
tertiary butyl alcohol and deuterated methanol heavy water solutions,
{CH3)3COD+D20 and CH30D+D»0, at ambient temperature as a function of Q for
the relatively small Q region by using the LAM-40 spectrometer. Fig. 1 and
2 depict that the tertiary butyl alcohol solution has a much steeper slope
than that of methanol solution. We can readily understand the steeper slope
if we assume that some intermediate angle scattering occurred from the
tertiary butyl base of the globular shape for the larger radius of gyration
of the tertiary butyl alcohol base as compared to the smaller one of the
methanol base.  This conclusion was confirmed by the results of measured
intensities from ordinary water solutions of (CD;)3COH and CD30H which
reveal similar Q dependencies as the ones from heavy water solutions of
(CH3)3C0D and CH30OD.

Table 1 shows the preliminary results for the gyration radii obtained
under the assumption of dilute solution limit. Cooperation of techniques,
selective deuteration and intermediate angle scattering might promise some
useful results for some molecular Tiquid systems such as alcohol, ammomium
derivative solutions and so on.

We are conducting investigation on several molecular liquid systemes

and will report the results elsewhere.
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Table 1. Estimated gyration radii.
case a (E)
CH;0D + D,0 1.39
{CH3)3C0D + D40 2.93
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Neutron Quasielastic Scattering from Cyclohexane
Yoshiaki KIYANAGI and Kazuhiko INOUE

Department of Nuclear Engineering, Hokkaido University,
Sapporo, 060 Hokkaido, Janan

Cyclohexane is one of the globular molecules and has a plastic crystal
phase at the temperature range of 186.1 ~ 279.7 K.  So far cyclohexane has

3).  We have intended to

been studied by neutron quasielastic scattering1%
measure the quasielastic spectra with a resolution better than before in
order to study the rotational mode in more detail as well as to examine the
validity of the rotational diffusion model. Here, we report a preliminary
result of quasielastic scattering data.

We measured the neutron quasielastic scattering spectra at 143, 214,
268 and 298 K by using LAM-40 spectrometer at KENS. 143 K data showed no
broadening.  Figure 1 shows the time-of-flight spectra at 214, 268 and
293 K. The 268 K spectra are similar to the 293 K spectra at large
scattering angles, which will be explained by the fact that at Targe
momentum transfer, the rotational diffusion mode was mainly observed. The
214 K data is somewhat different from other ones. We analysed the FWHM of
the spectra by a spherical top rotational diffusion model, though, strictly
speaking, cyclohexane being a symmetrical top. We used the data at Targe
momentum transfer region to seperate out the quasielastic component from the
whole spectra. Figure 2 shows the FWHM of quasielastic parts and the
rotational diffusion constants Dr derived from the observed scattering
profiles. For liquid phase data analysis we adopted the simple diffusion
model of translation. The spherical top model analysis resulted in
approximately good fits to the FWHM data of a Tiquid phase as well as a

plastic crystal phase, but the rotational diffusion constants were not so
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sensitive to the variation of the FWHM. We are now conducting the detail

analysis of spectral shapes with the symmetrical top model.
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Hydrogen Diffusion in Ti
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In (o+B) phase of TiHg.2s at about 350°C, we observed the diffusion of
hydrogen with a time scale of 10‘125ec]). Subsequently we have aimed to
observe tﬁe diffusion of hydrogen in a single phase of B to confirm that
the rapid hydrogen diffusion takes place only in B phase.  Untill now
different values of eutecric points were presentedz), which are about
38% and 42% hydrogen atomic percent. Here, we report the results of
the quasielastic scattering of TiHg g1, at 38% hydrogen atomic percent,
which will be in B phase above about 320°C.

Quasielastic scattering was carried outat25°C, 334°C and 358°C by
using LAM-40 spectrometer at KENS.  The temperature was controlled by an
electric heater. The spectrum at 25°C in {a+y) phase indicated no
broadening. Figure 1 shows the spectra of 334°C and 358°C.  The two
spectra are very similar and consist of two components of quasielastic
and elastic part. The elastic part can be attributed to the scattering
of hydrogens which do not diffuse in time scale of 10-12sec.  The ratio
of elastic to quasielastic part did not vary so much with temperature.
These results indicate that we could not observe the pure quasielastic
spectra at this hydrogen concentration, so it is required to measure a 427%
hydrogen atomic percent sample. Figure 2 shows the FWHM of the quasi-
elastic parts of the spectra. The diffusion constants derived were 2.1

x 10~5cm2/s at 334°C and 2.4 x 10"5cm?/s at 358°C, respectively.
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The mean residence times were estimated to be about 1 psec. We are now

preparing the measurements of TiH;, g9 and the detail theoretical analysis.
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Study of Polymer Sclution by Neutron Quasielastic Scattering

Yasuhiro MIYAKE, Yoshinobu IZUMI, Katsunari YASUDA,
Kazuhiko INOUE* and Yoshiaki KIYANAGI*

Department of Polymer Science, Faculty of Science,
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Neutron scattering (NS) measurements are one of the most powerful tools
in the study of polymer science, since we can utilize a polymer labeled with
its isotope in NS measurement and then obtain the important properties of
polymer by this contrast method.l) That is, we would be able to obtain
some information on segmental motions of polymer molecule depending on Q,
when we use neutron spin echo and backscattering spectrometers in the measure-
ments of neutron guasielastic scattering (NQES)E}. Fortunately LAM 80 spec-
trometer, whose energy resolution is about 10 peV and Q range is 0.15%;.?Au1,
will be completed in KEK and utilized soon. Then we would be possible to
study molecular motion of inner region of polymer molecule by LAM 80 to some

extent. Such study is very important in the study of polymer conformation,

3)4)

especially relating to phase separation in solution . But it is neces-
sary tc select a proper polymer sclution to perform the stucy. Carbon
disulfide (CSQ) is a good candidate as a solvent for this aim. It is

thought that polystyrene (PS) is a good one for the candidate, CSQ, because
; 2)

8 temperature of PS—CS2 solution is near ~SOC according to Higgins et al ’,
However we are afraid whether 082 is a true 6 solvent for PS, because phase
separation of this solution is not appeared even at —SOOC. So we seeked

a proper polymer for CS2 in whieh phase separation appears. We found that
poly{p—chlorostyrene) (PpCS) is suitable for this aim. 6 temperature may
be near wsoc in the solution. In this report, preliminary results obtained
on PpCsS in 082 solution at 20°% by LAM 40 spectrometer are given. Resolution
and Q range of LAM L0 are not so good for this aim in comparison with LAM 8o,
but the useful and basic results for next study with LAM 80 are obtained.
Results are shown in Figs. In Figs., results on three PS in 082 solutions
obtained with former type LAM 40 spectrometer and on PpCS in 032 solution
obtained tentatively with new LAM 80 during the manufacture of this spectrom-

eter are shown together. We see from the results that the values of
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effective diffusion constant in all systems are appropriaste and Deff depends
on the samples, molecular weight and concentration of the systems. Deff of
"PS is larger than that of PpCS in 082 or of PS 600 is larger

than that of PS 17500 and PpCS in CS, solutioms. These results may be

2
reasonable in the point of view of both molecular structure and segmental

solution and De

motion if De reflects a restricted segmental motion of polymer molecule.

However the iilues obtained by LAM 80 are lower than that by LAM 40, as
shown in Fig. 1, although molecular weight (h.3x10h) of PpCS and concentration
(20%) of solution are different from other solutions. It is thought that
this problem is attributed to the method of data analysis. 8o we will take
into consideration this problem in next paper in details, where results
obtained by new LAM 80 will be presented.
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Quasielastic Neutron Scattering of c-Lactalbumin
Yoshinobu IZUMI, Yasuhiro MIYAKE and Kazuhiko INQUE¥
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In a previous paper, we studied the conformation of c—lactalbumin(oLA)
at the native (N), the stable intermediate (A), and the fully unfolded
states and transition processes among them using x—ray and neutron small—
angle scattering and quasielastic neutron scattering methodsl). It was
found that the conformation of the A state at acid pH was typical of a glob-
uwlar protein and the conformation at the A state had a more or less expanded
form than that at the N state. Preliminary analysis and discussion based
on the Gaussian approximation were explained by the model of foldingz).

The present work concerns with the determination of the diffusive prop-
erties of Hz0 and D20 in ¢oLA scolution at the N state. Neutfon spectra on
olA solution were measured using gquasielastic neutron scattering spectrome-
ter (LAM 40) at KEK. The protein concentration was 9% in a pH 7.0 phos-
phate buffer.

Quasielastic scattering spectra for the oLA scolution and buffer are
shown in Fig. 1. The guasielastic seattering is noticeably broader in the
buffer solution (1—b and 2—b) than in the oLA solution {l—a and 2—a), espe-
cially at higher angles. Multiple scattering effect does not exist.
Therefore, it seems unlikeiy that this is the cause of such a difference
between the spectra of ¢LA and that of the buffer. The spectra are nearly
symmetrical in energy transfer because of the inverted geometry spectrometer,
even at the highest scattering angle. To obtain more reliable FWHM from
these spectra, however, only the spectra at the left-hand side were usedS).
The variation of FWHM with squared momentum transfer Q? is plotted for the
buffer and the olA sclutions in Fig. 2. The FWHMs for the aLA solutions
are smaller than those of the buffers, which suggests the existence of an
intermediate phase between the bounded water phase and the free water phase%)

The details of this work will be published elsevhere. This work was

partly supported by the Grant—in—Aid from the Ministry of Education, Science
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Temperature Dependence of Structure of NiC12 Aqueous Solution
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A quasielastic neutron scattering measurement is one of the powerful
methods to study the structure and the dynamical porperties of agueous
solutions in which ions exhibit strong hydrations. We pointed out the
importance of analyzing the whole shape of energy spectrum of scattered

1)

neutrons. The same method has been applied to the study of aqueous

2)

solutions. In the present study we performed quasielastic neutron
sacttering measurements to study the temperature dependence of agueous
solution in which an abrupt change of a structure and dynamical properties
might occur .

The properties of NiCl

3f

aquecus solution at about €4°C, which might correspond to a change of a

aqueous solution have been reported by a

numbers of authors so -far. There is an anomaly in solubility of NiCl

2
number of water of crystallization from 4 to 2 at this temperature. To

confirm the change of a structure and dynamical properties of NiCl, aque-

ous solution, we performed quasielastic measurements of 4M solutioi using
the LAM spectrometer. A scattering specimen was prepared in a sample
container of 14 mm diameter cylinder, 2 mm in thickness and 80 mm in length,
The container with a thin wall was made of quartz. The whole apparatus was
housed in an evacuated cage, and the sample container was vacuum-proofed.
The quasielastic scattering at 45°C, 55°C, 65°C, 70°C, 75°C and 80°C was
measureed at eight different values of scattering angles satisfying

28 = 16° + (n-1}%x16° (n=1,2,-+-,8). The elastic scattering energy corre-
sponded to 4.6 meV. The channel number was 512 and channel width was 32
usec. The observed energy spectra at 45°C are shown in Fig.l.

Using H, O as the solvent, most part of the scattering intensity from

2
solution can be regarded as due to the proton incoherent scattering. The

inccherent scattering law due to protons in solution is written as
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where Pb(Q) and Ff(Q) are the half of the full width at half maximum (FWHM)
of the Lorentzians for bound water and for free water, respectively. db
and 6f are the numbers of bound water molecules and of free water mole-
cules per caticn, respectively. Preliminary estimation was made for gual-
itative change of the structure and dynamical properties in the solution
from the temperature dependence of FWHM of the observed spectrum; it was
found that the increase of the FWHM with temperature was not so obvious
around 65°C. The detailed analysis of the data of 4M NiCl2 aqueous solu-
tion using abkove scattering law is now in progress.

The authors wish to thank Professor Inoue and his collaborators of

Hokkaido University for help in quasielastic neutron scattering measure-

ments.
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2) P.Martel and B.M.Powell : Solid State Commun. 39 (1981} 107.
3) Y.Waseda and T.Sakuma : Metal Physics Seminar 5 (1982) 201.
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Quasielastic Neutron Scattering Study of Polyelectrolyte
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The effect of electrostatic interaction on the local motion of a
polymer chain was studied by measuring quasielastic neutron scattering
from polyélectrolyte solutions.

The polyelectrolyte samples used here were poly(sodium acrylates)
having two different degrees of ionization ou=0.2 and 1.0. The solvent was
D20. The concentrations of poly(sodium acrylates) with o=0.2 and 1.0 were
0.117 and 0.126 g/cms,respectively. The measurments of quasielastic neutron
scattering were carried out at room temperature by using the LAM spectro-
meter at KEK. The sample cell was a standard aluminum cell of coaxial.
cylinder.

Fig.l shows the raw data of quasielastic spectra from poly(sodium
acrylates)} with a=0.2 and 1.0 in DZO' Fig.2 shows examples of the scatter-
ing spectra of poly(sodium acrylates) after subtracting the scattering
spectra of 920. Fig.3 shows the Q-dependences of the full width at half
maximum [ of the spectra from poly(sodium acrylates) and vanadium. The T-
values were evaluated by the least-square method assuming that the scatter-
ing spectra are single Lorenzian curves as shown in Fig.2. The spectra of
vanadium corresponds to the effective resolution of the spectrometer. Fig.
4 shows the corrected I'-values of poly(sodium acrylate) with a=0.2 after
subtracting the T-values of vanadium. The corrected T'-values of poly(
sodium acrylate) with o=1.0 are almost equal to zero since its T-values
are comparable to those of vanadium as shown in Fig.3. This result implies
that the local motion of a polymer chain is depressed by electrostatic
interaction. However, further experiments are needed to confirm this con-
clusion by using a cell suitable for aqueous solutions since the sample

solutions might be contaminated by ions eluted from the aluminum cell.
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Diffusive Motions in Rubbers
Kazuhiko INOUE* Keisuke KAJIT Toshiji KANAYAT and Hiroshi AKIE™

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

+ Institute for Chemical Research, Kyoto University, Uji, 611 Kyoto-hu,
Japan

Neutron quasielastic spectra of a rubber state polymer can provide
information on its segmental diffusive motions. As rubber polymers
contain bridges, the centre-of-mass diffusion of each chain between
bridges is completely suppressed. It has been suggested that the
scattered neutron spectra may consist of a central purely elastic
component and a broad quasielastic part resulting from localized
segmental diffusive motion. In this case, it is possible to distinguish
clearly two components whose intensity behaviors, as a function of @, give
information about the nature of segmental motion. We have conducted two
series of experiments, one by using the LAM-40 spectrometer with
conventional energy resolution and the other by using the LAM-80 with high
resolution. Figs. 1 ~ 4 show the raw data obtained for the rubbers
isoprene, chloroprene and butadiene.

These data indicate the possibitityof existence of two distinct types
of diffusive motions, of which the time-constants t; and 1, have several
decades times difference. For the shorter time-constant motion, we write

the incoherent scattering law as follows,

s q,u) = 5% (0,0) + LD (q,4), (1)

inc inc ine

where e represents elastic and q quasielastic. For the longer time

constant motion, the scattering law is
5 (00) = 52 (Qu0) + 5222 (0,0, (2)

inc inc
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Examining the spectra resulting from the different resolutions used for
each spectrometer, we note that the observed spectrum from the LAM-40 s
the result of the convolution of the instrumental function and the

scattering function

(1,9
S5 9 (0,u), (3)

and that from the LAM-80, is the result of the convolution of the

(Qw) = a38{w) + b;S

instrumental function and the scattering function

(Q,0) = 326(0) + byS{2 P (Qu0) + c2555:% (2s0). (4)

S1‘nc

The third one on the right hand side in Eq.(4) contributes only to produce
an almost flat spectrum near the central peak. Accordingly, we can
readily assess the tine-constants for the two motions 1y ~ 10712sec and
13 ~ 5 x 10711sec.

Looking carefully at the spectral features of Figs. 2 and 3 and the 7,
values, we can see that, following pipe model proposed by de Gennes [1],
the fast mode is a transverse and quick rotational diffusive motion inside

the pipe due to the thermal fluctuations of many bond angles, and the slow

one is a jump motion of the chain along the direction of the pipe.

Reference

[1] P. G. de Gennes, J. chem. Phys., 55(1971)572.
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Fig.1 Spectrum from isoprene
measured by using LAM-80

Fig.2 Spectrum. from chloroprene
measured by using LAM-80

Fig.3 Spectrum from butadiene
measured by using LAM-80

Fig.4 Spectrum from butadiene

measured by using LAM-40
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Molecular dynamics cof polyisoprene rubber

Toshiji Kanaya, Keisuke Kaji, Hiroshi Urakawa, Ryozo Kitamaru

and Kazuhiko Inoue¥®

Institute for Chemical Research, Kyoto University, Uji,
Kyoto-~Fu 611 and * Department of Nuclear Engineering

Faculty of Engineering, Hokkaido University, Sapporo 060

Micro-Brownian motion of polyisoprene(PIP) rubber was investigated
by neutron quasielastic scattering(NQES). NQES measurements were
carried out using the conventional energy-resolution quasielastic
spectrometer LAM-40 at KENS. The sample was coated on the outer surface
of aluminum cylinder 13.8 mm in diameter, 100 mm long and 0.25 mm
thick. The thickness of the coated film is less than 0.1 mm. The time-
of-flight(TOF) spectrum was obtained simultaneously at eight scattering
angles, 8, 24, 40, 56, 72, 88, 104 and 120° at room temperature. The
observed TOF spectra are shown in Fig. 1. The spectra evidently
consist of at least two components, i. e., the central sharp elastic
scattering part and the lower broad quasielastic scattering. The
elastic part may arise from the presence of the entanglements of
molecular chains in the rubbery polymers. The entanglements are
essentially temporary but their relaxation time may be very long so
that they can be regarded as permanent bridges because of a limited
energy resolution of the spectrometer. On the other hand, the quasi-
elastic broad scattering will be related to a local micro-Brownian
motion between the entanglements.

The quasielastic scattering was analysed in terms of a rotational
jump model proposed by Barnes. The time and distance scales of this
model are characterized by the three parameters; the average time
between successive jumps Ty, the radius of jump circle d and the number
of jump sites N. In order to determine the three parameters, we
compared the theoretical Qd(Q: scattering vector) dependence of full
width at half maximum(FWHM) of the quasielastic scattering with the

experimental one. The result is shown in Fig. 2. It is found that
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the best fitis obtainable in the case of T, =2.7 ps, d=1.4 A and N25.
This result suggests that the motion observed in this work is related

to micro-Brownian motion in very local regiom.

L
)N

150 200 250 300 350
CHANNEL

Fig. 1. Time-of-flight spectra of polyiosprene(PIP) at scattering
angles from 8° to 120°. A channel width is 32 us.
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Fig. 2. Qd-dependence of full width at half maximum(FWHM) of
quasielastic peak of PIP. FWHM is represented by channel number.
Theoretical curves were calculated assuming that: Tl==2.7 pSs,

d=1.5 R, and different numbers of N.
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Molecular dynamics of polybutadiene rubber
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Institute for Chemical Research, Kyoto University, Uji,
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Investigation on molecular chain dynamics of polybutadiene(PB)
rubber was peformed by neutron quasielastic scattering. The quasi-
elastic spectra were obtained with the conventional-energy resolution
quasielastic spectrometer LAM-40 at KENS. The sample was coated on the
aluminum holder and the measurements were made by the same procedure as
described in 2 preceding paper. The observed TOF spectra at various
Q-values are shown in Fig. 1. These spectra also comprise both of
elastic scattering part and quasielastic one, as observed for other
rubber polymers. It was found that full width at half maximum(FWHM) of
the quasiealstic scattering dose not depend on Q(Fig. 2). According to
rotational jump model, this result means that the number of jump sites
N is 2 or 3. The average time between successive jumps was estimated
from FWHM to be 3.8 ps. This value is longer than that of polyisoprene
(PIP) as shown in the previous paper. The Q-dependence of EISF(the
ratio of the integrated scattering intensity of the elastic part to
the total one) suggests that the radius d of jump circle of PB is
larger than that of PIP, assuming the number of jump sites N is equal
to 3 for PB.

The present results can be understood in terms of molecular
structure of polymers. PB has no side group while PIP has a methyl
group. For the local jump motion in'the rubbery polymer, side methyl
group may hinder relatively large motion. Therefore, the jump distance
for PIP may be short compared with PB. It is expected that the
large motion has the relatively long relaxation time. This picture
agrees with the result that the average time between successive jumps

of PB is longer than that of PIP.
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Fig. 1. Time-of-flight spectra of polybutadiene (PB) at scattering
angles from 8° to 120°. A channel width is 32 us.
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Fig. 2. Q~dependence of full width at half maximum(FWHM) of

quasielastic peak of PB. FWHM is represented by channel number.
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Spin Dynamics of the Spin Glass O.88FeTiO3—O.l2Fe203

Masahumi Xohgi

Physics Department, Tohoku University

Sendai 980, Japan

The randomly mixed system FeTiOB—FeZO3 with small content of Fe203 ex—

hibits the spin glass anomalies™ . In this system, the strong negative

, 2+, +, . \ .
interactions between Fe ions and Fe3 ions in the Ti layver of the FeTiO

3
+ +
exceed the negative Fe2 —Fe2 interations via Ti layer of the matrix, and
+
force the moments of Fe2 ions to align parallel. This causes . the
ferrimagnetic ordering for higher concentration of Fe,. O than the

? 3

percolation limit cf the long range oxdering (ca 20%)2 . and the super
Paramagnetic state appears for lower concentration.

The c-axis susceptibility (DC and AC) of O.88FeTiO3—O.12Fe203l) exhibits
the typical spin glass behaviour with the freezing temperature of Tg=38K.
The remanence appears bhelow Tg' The small angle neutron scattering exper-
imentsl)revealed that below 100K there exist the ferromagnetic {ferrimagnetic)
clusters with the correlation length of about 1003 which are coupled anti-
ferromagnetically each together, and that the spin glass anomalies are
strongly correlated with the abrupt increase of the c¢-axis component of the
spin correlations near Tg with decreasing temperature from high tempera-
tures where the components perpendicular to the c-axis are dominant. The
maon spin relaxation ({uSR) experiments3) showed that the fluctuation rate of
Fe moments changes rather gradually between ‘I‘g<‘I‘<3Tg compared with the dilute
alloy cases (AuFe, CuMn, AgMn), and that below T-30K the onset of the static
random local fields starts, indicating the freezing of the c-axis component
fo the Fe moments.

The purpose of this work is to get = more detailed information on the
spin dynamics in this system by means of neutron inelastic scattering. The
experiments were carried out on the LAM spectrometer at KENS, which is the
inverted geometry TOF spectrometer using a final energy of 4.59meV. The
energy resolution is 200 Uev. The sample was a single crystal of 0.88FeTiO. -

3

0.12Fe203 which was the same that was used in the small angle scattering ex-

periments.
In Fig.l, typical example of the observed tmeperature dependence of the
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0.88FeTiOB—0.12Fe O
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Fig.l. The scattering function S(Q,w) VS w for QO=0.82A at (a)300K,
{b)102K, (c)66K and (d)27K. For the elastic scattering region
{-1<w<0.5meV}, thevy are shown by solid curves on a reduced

scale of 1/20.

scattering function S(Q,w) is shown. In this case, the scattering wvector Q
is in the a*~c* plane, the incident neutron wave vector is parallel to the

a* axis, and scattering angle is 32° (Q=QO=O.82£ for w=0). It is noted that
the scattering functions are asymmetric around w=0. The origin of the
asymmetry is not knowti in this stage, but presumably due to some short

range correlations which remain even at room temperature, resulting in strong
Q dependence({alsc W dependence in TOF experiments) of the scattering inten-
sity. Such asymmetry was seen also in the other scattering angle data to

the same order or less. In spite of this complexity, we can clearly see

the characteristics of the spin dynamics relevant to the spin glass behav-

iour of cur system as follows:
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Fig.2. The elastic peak intensity for ¢=0.82, 1.21 and 1.38A 7, and

[+]
¥(Q) for 9~0.8A as a function of temperature. The vertical
broken line markes the temperature of the maximum in c-axis

susceptibility.

1) The low frequency components of the spectral function increase
gradually as decreasing temperature from 300K to 66K, and the function
changes to a different shape at 27K(<Tg) which seems to be a summation of a
guasi-elastic peak and a broad inelastic peak at 2-5 meV(depend on the
scattering angle we observed:32°,48°,54°,70°,86°).

ii) Wawve length dependent susceptibility shows a maximum near T=66K and
a decrease at T=27K, as shown in Fig.2 by closed circles, which are approx-
imately estimated from the integration of our quasi-elastic (inelastic)
scattering data corxrrected for the detailed balance and energy factors in
the scattering function .

iii) Intensities of the "elastic" peaks increase strongly below about
100K. The integrated intensities of them in the energy window of 200 eV

vs. temperature are shown in Fig.2 by open marks for three different @ values.
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These features are very similar to the cases of Cu-Mn alloys4) except

that in our case the excitation-like inelastic scattering are seen below

Tg(T=27K). as for the inelastic scattering, nearly the same phenomena

were observed for the insulator spin glass EuXSr

S with x=0.5 and 0.52°) .
1—=x

More detailed study will be .done.
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Neutron Scattering from Zero Alloy
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Tsukuba-gun, 305 Ibaraki-ken, Japan

In performing measurements of quasielastic scattering it is customary
to use sample containers made of aluminum.  Such containers have the
disadvantage of producing a strong diffraction peak near Q ~ 2.6 R-1 as
seen from the spectra measured by the LAM-40 spectrometer depicted in Fig.l.
In the case of the liquid scattering sample, a more sophisticated design
sample container made of a metal which does not cause coherent scattering
is desired. As is well known, vanadium is a typical incoherent scatterer,
but it is not very compatible with water and lacks sufficient malleability.
In our search for a more appropriate metal, we measured the scattering from
a zero alloy cylinder, 68% Ti and 32% Zr alloy, by using the LAM-40
spectrometer. Fig. 2 depicts the data obtained, and Fig. 3 shows the total
intensity as a function of Q, in which the results were normalized by the
measured vanadium intensity.

There is no strong diffraction peak in the Q range from O to 2.6 R-1,
but in using zero alloy we noticed some diffuse scattering due to the fact
that it is a non-stoichiometric solid solution. Obviousiy, zero alloy is
superior to aluminum for the design of the sample container in that there
is no strong variation in the total cross section. However, the total

cross section of zero alloy is several times larger than that of aluminum
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Fig. 1 Time of flight spectra of aluminium cylinder.
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Fig. 2 Time of flight spectra of zero alloy cylinder,
68% Ti and 32% Zr alloy.
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du to the incoherent scattering of titanium. Accordingly, if zero alloy

is used, the walls of the container should be made thinner.

ZERO ALLOY / VANADIUM

[
T

(arb. unit)

INTEGRATED
INTENSITY

Fig. 3  Total intensity of zero alloy as a function of Q,
normalized by measured vanadium intensity.
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Scattering Cross Section and Neutron Spectra in the Condensed Methane

Kazuhiko INOUE, Toshiaki HORIMOTO, Hiroshi AKIE,
Yoshiaki KIYANAGI and Hirokatsu IWASA

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

Condensed methane is known to be the best cold moderator for the pulsed
cold neutron source. Several authors have investigated the scattering
cross section and neutron spectra of condensed methane. To obtain the
optimun design for the pulsed cold source using condensed methane, more
comprehensive information on neutron transport in condensed methane is
needed. We have begun extensive measurements and analysis to accumulate
these data.

First, we conducted preliminary measurements of the activation energy
for the diffusive rotation of the methane molecule at the temperature range

from 20 K to 100 K by using the LAM-40 spectrometer. Fig. 1 shows the

Fig. 1 Time-of-flight spectra from condenced methane
at 25K and 100K, a scattering angle of 72°.
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typical scattering spectra from condensed methane at temperatures 25 K and

40 K, respectively.

Fig. 2 depicts the inverse-temperature dependence of

the rotational diffusion constant from which we obtained the value of the

activation energy, Ea, as follows:

Dr (1/psec)
o

0.1

solving numerically the transport equation:

methane, and for the cases of larger ‘and smaller absorptions.

simplified scattering model in the above calculation.

Ea = 1.74 meV.
Temp. (K)
100 70 59 40 30 25
'E' "_c‘-'--.\.
N TTT—
1.0 2.0 3.0 4.0

Fig, 2 The rotational diffusion constant
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as a function of 1/T.
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Fig. 3 The calculated neutron

energy spectra in 20K methane,

Secondly, we calculated the neutron spectra in the condensed methane

[o,(E) + o (E}]6(E) = sGo(E'> E)o(E')dE".

Fig. 3 shows a preliminary result for the neutron energy spectra in 20 K

(2)

We used a

Plans are under way

to divise an improved model, including the cross section parameter described

above.
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Study of Melanin by Neutron Inelastic Scattering
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In a previous report, neutron inelastic scattering (NIES) profiles of
dopa and sepia melanins measured by LAM D (DIX) spectrometer were presented,
where we pointed cut the differences of profiles over 10650 cm-l in both
NTES specfra. But we found out that previous results were contaminated with
BIES from the environmental substances of sample such as air, container and
ete. Therefore we measured NIES of both melaning except the effect of envir-
onment again. The obtained results are shown in Fig. 1 and infra—red absorp-
tion spectra of both melanins are also shown in Fig. 2 for comparison.

We can see apparent NIES at TOO cmml in both profiles, which may be attributed
to some of complicated motions of complex ring molecule with nitrogen ‘such
as indolequinonel), even though distinct absorption was not appeared in this

region of IR spectra, and we cannct find a characteristic NIES over 10500 cm_l

, where torsional motions of methyl group in polymer existz). Then it seems
that melanin will be rodlike and oligomeric complicated moclecule constituted
from various ring molecules including indole ring and may not have many
pendant groups. But it is necessary for us to understand the true structure
of melanin and to measure NIES of melanin at wvery low temperature and its
homologues such as indole and dopa in more details,.to assign the profile
correctly, although our speculation for estimation of profiles may not be
so incorrect from considerations of our results of melanin by x—ray
scattering and solubility test and so on.
References |

1)A.D.Cross, An Introduction to Practical Infra—Red Spectroscopy, 1960,

Butterworths.
2)G.Allen and J.S.Higgins, Rep.Prog.Phys. 36(1973)1073.
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Inelastic Neutron Scattering of Amorphous Selenium
Kaoru SHIBATA, Hideshi FUJISHITA and Sadao HOSHINO

Institute for Solid State Physics, The University of Tokyo
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Dynamical properties of amorphous materials, especially an existence
of collective excitations, are interesting subject to study. WNeutxron
scattering studies of amorphous selenium have been reported by several
authors in which vibrational density of states{VDOS) was measuredl) and
the existence of the collective excitations was reportedz). In this
report, the dynamical scattering function and the vibrational density of
states of amorphous selenium measured by LAM-40 and LAM-D spectrometers
are presented. They are compared with previous measurements.

Using LAM-40, the low enerygy part of dynamical scattering function
S(Q,w) was measured at room temperature with momentum transfers between
0.2 and 2.6 A“l and energies <9,0meV. Sample shape was a cylindricél
tube with 13.4 mm external diameter, 10 mm internal diameter and about
100 mm length. Fig.l shows a result of measurements of constant-8
spectra. From the four constant-0 S(Q,w) with large 6 values, VDOS was
obtained in the energy range from 0.3 to 9.0 meV (Fig.2). This averaging
procedure was made in order to ensure an application of incoherent
approximation preventing the effect of cocherent scattering. As seen
from Fig.l no collective excitation peak as was reported by Sacchetti
et.al.z) can be found. Using LAM-D, an inelastic TOF spectrum at 2§6=110°
was also measured at room temperature. Sample shape was a rod with
14.0 mm diameter and about 80 mm length. VDOS(Fig.3) was obtained in the
energy range from 0.8 to 50.0 meV using this TOF spectrum with the
incoherent approximation. 1In the above analysis an absorption correction
and a correction for incident neutron spectrum were made. However
corrections for multiple scattering, multi-phonon process and energy
resolution effect were not made. In spite of the lack of these
corrections, results of VDOS obtained by the above two measurements
coincide with each other in the common energy range. Presently obtained
VDOS is almost consistent with Gompf's resultl), but the width of optical

mode(mOP:BS meV) appeared in Fig.3 is wider than Gompf's result, which
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measured by LAM-40 at room temperature.

may be due to the resolution effect. As shown in Fig.2 low energy part

2
(w<0.5 meV} of VDOS slightly deviates from a Debye type spectrum(=w ),
3) However,

which might be caused by aSchottky type specpfic heat anomaly

in order to obtain a definite conclusion the more precise measurement and

its analysis seem to be necessary.
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Neutron inelastic scattering of partially deutrated

poly(vinyl alcohol) film
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Institute for Chemical Research, Kyoto University, Uji,
Kyoto-Fu 611 and * Department of Nuclear Engineering
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Extensive studies have been carried out of the vibrational modes
of molecules in polymers by infrared(IR) and Raman spectroscopy.
However, there are inactive modes in such spectroscopies. On the other
hand, neutron inelastic scattering is not limited by the selection rule
because neutrons are scattered directly by atomic nuclei. In this
work, we investigate the molecular vibrational modes in poly(vinyl
alcohol) (PVA) by neutron inelastic incoherent scattering using
partially deuterated samples. The incoherent scattering cross-section
of deuterium is much smaller than that of hydrogen atom. Therefore,
the vibrational modes concerned with deuterated part will disappear
in neutron inelastic scattering spectrum. The neutron scattering
measurements were carried out using LAM-D spectrometer at KENS. Two
kinds of partially deuterated PVA were prepared; ome is deuterated in
main chain -(CDZCD(OH))n—:(PVA—~DH) and the other in side group
~(CHZCH(0D))n*:(PVA~HD). The unoriented films heat-treated at 160°C
for ca. 5 min were used as samples, the thickness of which was ca.

0.25 mm . The observed time;of—flight(TOF) spectra of PVA-DH and
PVA-HD are shown in Fig. 1. Referring to the assignments of the

1),2) it is found that the

vibrational modes from IR spectroscopy,
vibrational modes concerned with main chain such as C-H streching
(2950 cm 1), CH,

(ca. 900 cm_l) disappear in the spectrum of PVA-DH and that the modes

wagging and bending(ca. 1300 cm_l) and CH, rocking
concerned with the side group such as OH streching(ca. 3500 cm"l)

disappear in the spectrum of PVA~HD. Details in the low frequency

region is now in consideration.

141



i m’?‘:’,
* g ll . (—CDiqD-)n
] OH
1001501 o (-CH;CH)
260" |
n
g
oS q
O n *
507 1001 A 7 Y
10 l‘l iQEE’ ?J"l %% % . *
\ win o hdt ay * L]
ol id S Tl AR o
R Y S e ]
L oras & 84! I S et e
o-ser gl % H b dhody o AN
3 = o 0g%a g%
% g g v chmPO(poo‘;oC; QR,(PDOOO q ooqj
O . = ! | I ! 1 ! | r 1 ? ° ?dl?o%o X r
50 100 150 Channel
[P leg v gt ¢ 1 1 [ 1 1 1 1 i
10 10°500 200 100 50 10 prem
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Deuteration of samples is a powerful method for assignment of
molecular vibrational modes in neutron inelastic scattering experiment
because incoherent scattering cross—section of deuterium atom is much
smaller than that of hydrogen atom. In this work, we have studied the
vibrational modes in poly(vinyl acetate) (PVAc) by neutron inelastic
incoherent scattering, using three kinds of samples; —(CHZCH(OCOCHB))n—:
PVAc-HH, —(CHZCH(OCOCD3))n—:PVAc~HD; ~(CD20D(OCOCH3))n-:PVAc—DH. The
unoriented films are ca. 0.25 mm thick. The neutron scattering
measurements were carried out by LAM-D spectrometer at KENS. The
observed TOF spectra are shown in Fig. 1 (a), (b) and (c) for PVAc-HH,
PVAc~DH and PVAc-HD, respectively. A broad peak is observed at ca.

250 cm._1 in the spectrum of PVAc-HH and at ca. 200 cmgl in the spectrum
of PVAc~DH, However, in the spectrum of PVAc-HD, no peak is observed
while the scattering intensity in the energy region larger than ca.

400 cm_1 is stronger than that in the energy region around

ca. 200 cm‘l. The peak at 200 cm.—1 of PVAc-DH is due to the vibrations
of methyl group because it disappears in the spectrum of PVAc-HD. It
should be assigned to torsional mede of methyl group from the analogy
with other polymers.l) The peak at 250 cmnl of PVAc-HH is also due to
torsional vibration of methyl group though the peak position is slightly
shifted from that of PVAc-DH. It is considered that this apparent shift
is caused by the superposition of the main chain modes, since the
vibraticonal modes of PVAe~HD which are assigned to main chain vibration

are observed at the higher energy region larger than ca. 400 cm_l.
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Fig. 1. Time-of-flight spectra of protonated and partially
deuterated poly(vinyl acetate)(PVAc) at scattering angle of 60°
(a): PVAc-HH; (b): PVAc-DH; (c): PVAc-HD. A channel width is 8 us,
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We have conducted some neutron scattering measurements from amino acids,
glicine and alanine for the purpose of checking the performance of the LAM-D
spectrometer, which is an energy-focusing type time-of-flight spectrometer.
As shown in the previous communication [1], the LAM-D is an inverted geometry, -
downscattering type which enables us to measure a.considerab1y wide range of
energy transfer, up to about 2000 ~ 3000 cm~!; this capacity makes it very
useful in chemical applications.

The measured spectra are represented in Figs. 1 and 2 for glycine at
scattering angles 40° and 90°, and Figs. 3 and 4 for alanine, respectively.
Gupta et al. measured the spectra from the glycine and alanine by using a
beryllium filter chopper spectrometer installed in a reactor source [2,3].
Comparing our data with theirs, good agreement is found in the frequency
region of less than about 500 cm1. In the case of the direct geometry
spectrometer, that is the upscattering type one, it is not feasible to
measure the spectra for frequency regions larger than about 500 cm™!.

In the case of the LAM-D, however, due to its use of the pulsed neutron

source, measurements for frequency regions up to about 3000 cm™! are

feasible, as shown in Figs. 1 ~ 4,
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The Observation of the Optical Phonon Mode in TiO2
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Observation of the full phonon dispersion relation is indispensable
to the investigation of the coupling mechanism in solids. However, the
optic phonon modes are generally in the region of rather high enefgies
and it is sometimes quite difficult to detect them by using a triple
axis spectrometer installed at a nuclear reactor.

In order to check the possibility of observing high energy phonon
dispersion curves at the KENS pulsed neutron source, a TiO2 single
crystal was examined by means of the MAX spectrometerl). Measurements

were performed in 2 days along the [100] direction at room temperature.
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The scattering diagram and the range of scans are shown in Figure 1.
Observed phonon peak positions are also marked in the figure. As the
spectrometer configuration was optimised to observe high energy phonons,
the peaks corresponding to the acoustic and lower optic modes were not
well resolved. However, the high energy optic phonon peaks were well
resolved at the emergy around 75 meV. These phonons are longitudinal
because the scattered neutron intensities decreased by decreasing the Qx
value. Results are in good agreement with the previous measurement

2)

performed at ORNL®’, which are shown by the dotted lines in Figure 1.
Since it took only two days to obtain the results presented here, the
MAX spectrometer seems to be powerful in measuring high energy phonon
dispersion relations.

1) K. Tajima et al. Nuc. Inst. Meth. 201 491 (1982); Physica 120

2) J. Traylor et al. Phys. Rev. B3, 3457 (1971).
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Magnetic excitations in a quasi-two dimensional antiferro-
magnet MnTiO3 measured with MaAX
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MnT103 has the ilmenite structure in which Mn2+ and Ti4+ layers
alternate along the c-axis of the hexagonal lattice. It becomes anti-
f%ﬁ?omagnetic below TN=63.5K and has an antiferromagnetic structure with the
Mn spins aligned antiparallel within each layer,directing along the c axis.The
crystal and magnetic structures are shown in Fig.l(a)% The static suscepti-
bility exhibits, however, almost no anomaly at TN’ but has a broad maximum
around 90°K, as shown in Fig.1l(b), suggesting the two dimensional character
of this substance. This behavior is guite contrasted with the antiferro-
magnetism of other ilmenites, FeTiO3r CoTiO3 or NiTi032)3).

We have studied the magnon dispersions in MnTiO3 by using MAX. One

emotion of this study was that MnTiO, is the most simple antiferromagnet in

which the magnetic unit cell containg only one antiferromagnetic spin pair
and the spin direction (¢ axis) allows to have only the180° domains. There-
fore the resolution correction can be made easily to the observed magnon
groups to get an accurate information. Another more important emotion was
that the MAX has an advantage for studying the collective excitations in the
2D system, because the dispersions are defined only by the function of the
distance a, from the Bragg line(c* axis). Therefore the constant Q scans
can automatically be performed with the MAX. Such a characteristic of MaX
can be examined for MnTiO3 though the substance is not a perfect 2D antifer-
romagnet.
The single crystal used in the experiments was made by  floating zone

method with controlling: oxygen pressure,and has the cylindrical shape, 8mm ip

diameter and 60mm in height. The crystal was mounted in a low temperature
cryostat with a cryopump (CRYO~MINI) and the measurements were carried out
with MAX either along the c¢* axis through (10l) or along the a* axis through
(104)" as shown in the inset to Fig.3. If the sample is the perfect 2D anti-
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ferromagnet, the scans along different lines parallel to the c* axis are
enough to get the whole dispersions which can, in principle, be performed
at the same time by a single configuration measurement. The magnon groups
observed along a* by one counter at different temperatures are shown in Fig.
2 and the magnon dispersions along c* and a* obtained from the observed
groups are displayed in Fig.3. The dispersion relations plotted by the
brokedn lines are determined at 5 K for the same sample by employing the
triple axis spectrometer TUNS at JAERI, which deviates systematically

from those obtained by MAX. The origin of the deviation is not clcar,

but would be at least partly due to the resolution effect and is a subject
of further Studies*. For the present resolution of the MAX spectrometer,
the deviation is not so significant as indicated by two arrows to the magnon
groups at 17 K ing Fig.Z2.

The magnon dispersions were analyzed by the Heisenberg theory with the
magnetic interactions Ji defined in Fig.l(a) and the magnetic anisotropy.
The parameters determined from the dispersions by MAX and TUNS are listed
respectively in Table 1. Both results are not so much different and they
show clearly that only the mangetic interaction between the nearest neigh-
boring Mn2+ spins in the same layer predominates over all other interactions.
In this table are also listed the molecular field from adjacent spins in the

same plane Hlntra=E2J.S. as well as that from the spins in the adjacent layers

. 1 1 .
g e ratio of BUPCSY/EMPYTR L .05 is slightly bigger than that

estimated from the critical scattering Hlnter/Hlntra = 0.034i0.054). All

results are consistent with the quasi-2D character of the substance. Note

that a dotted line in Fig.l(b) was calculated using only an inplane exchange
intra

interaction J = I J.n./n. = 7.5 K.
i it 1
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* Note added in proof
Recent careful analysis of the spectra of MAX has clarified that the
deviation is due to the misindication of analyzer crystal angles. The re—

sults by both spectrometersfinally agree satisfactorily with each other.
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Table 1. Exchange and anisotropy parameters determined from magnon

dispersions.
MAX  (°K) (17 K) TUNS (°K) (5 K)|
Jl -4 .52 £ 0.10 -5.65
J2 0.42 * 0.04 0.36
J3 -0.39 * 0.08 ~0.34
J4 0.054 = 0.012 0.006
J5 —0.046 + 0.025 -0.147
J6 ~-0.57 * 0.08 -1.18
gUBHA 0.48 * 0.30 1.55
Hintra
=(L27isi) 88.9 113.3
ginter 4.1 6.2
Hinter/Hintra 0.047 0.055
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Use of a Bent Packet of Silicon Wafers

as Neutron Monochromator
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As neutron monochromator or analyser an packet of perfect
crystal lamellae has been gshown to be very promising by several
authors.l_s) Frey4) reported that a bent packet of silicon
crystal lamellae has neutron reflectivity of as high as 87% at
the wavelength of 1.83A and its line width of the rocking curve
is only a few minutes of arc. Since such a neutron monochro-
mator is suitable for MAX spectrometer, we also tried to test
the feasibility of silicon perfect crystal lamellae as neutron
energy analyser. The crystal lamellae we used are commercial
silicon wafers produced for semiconductor elements. The wafers
we used are not polished and are cut parallel to {(111) plane with
high precision and also have a cut in [110) direction, s0 we can
assemble the plates in smaller angular divergence.

We measured the neutron diffraction pattern by using the
TOF methods. Figure 1 shows the TOF diffraction patterns at the
scattering angle of 30° of a flat lamella, a packet of 50 flat
lamellae as well as a pyrolytic graphite with the grade ZYB
which has been used for MAX spectrometer. The line width AA is
connected to the angular width AO by the relation AA/A = cotd-A5,
where 6 is a half of the scattering angle, so we can determine the
angular width from the wavelength spread. The line width of 50
lamellae's packet is almost the same as that of single lamella
and is narrower than that of PG. This shows that the as-sliced
silicon wafers can be assembled to a packet with the angular
divergence of a few minutes of arc. Figure 2 shows the peak
intensity as a function of number of flat wehers for several

wavelengths. The intensities begin to saturate at about 20
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lamellae and are almost saturated at 50 lamellae for all
wavelength, so we can not expect an increase of the reflectivity
by increasing the number of wafer moxe than 50.

As is well known the reflectivity c¢an be increased easily
by bending the crystals.l—s) In the present study the wafer
disc was bent to have the cylindrical cuxvaturxe in the scattering
plane. Figure 3 shows the peak intensity of single lamella as
a function of bending b, where b is related to the radius R of
the curvature by the relation; R = (L2+b2)/2b, where L, = 30.3mm.
The peak intensities are normalized by each peak value at b = 0.
The maximum Eeflectivity gain is about 3 for wavelength between
1.6 and 4.7 A. Note, however, that the maximum position shifts
depending on the wavelength.

For a packet of 50 lamellae the maximum reflectivity was
obtained at about b = 0.3mm. The absolute reflectivity of which
was determined by combining the diffraction and the transmission
data. In Table 1 the reflectivity of a bent packet of 50
lamellae with b = 0.3mm are given. The reflectivity of PG is
also listed for comparison in Table 1. The reflectivity of the
bent packet of silicon wafers we attained is lower than that of
the previous report,4) but by selecting better value of curvature
and number of wafers we may expect more increase of reflectivity.
However, the present value is already about 2/3 to that of PG.
Therefore, we think that our silicon weher packet can be
employed@ for the neutron analyzer, especially for the case as

MAX where the contamination of the A/2 component should be

avoided.
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Fig. 1. Line profile of TOF diffraction patterns at the
scattering angle of 30°;
(a) si (111l) reflection of a flat lamella,
(b) Si (111) reflection of a flat packet of 50
lamellae,

(c) PG (002) reflection.
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Table 1. Reflectivity of a bent packet of 50 wafers
with b = 0.3 mm and that of PG.

Scattering angle %) 30 50 70 90
L

Wavelength (A} 1.62 2,65 3.60 4.43
Reflectivity
of s$i (11il) (%) 27.9 45,3 33.5 33.86
Wavelength (A) 1.74 2.84 3.85 4.74
Reflectivity

42.8 60.7 51.1 46.5
of PG (002) (%)
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Resonance Detector Spectrometer RAT at KENS

Noboru WATANABE, Susumu IKEDA, Herbert RAUH
Yasuhiro MASUDA and Setsuo SATO

National Laboratory for High Energy Physics

Oho-machi, Tsukuba-gun, Ibaraki 305, Japan

Present paper describes the status of the construction of an eV
spectrometer RAT at KENS, and summarizes developing and research activities
with this instrument. The spectrometer is an inverted geometry type
Resonance Detector Spectrometer. A prototype machine has already been
testedl)’z). The present instrument utilizes the scattering chamber of the
prototype machine with an improved internal shield.

A new data acquisition and processing system has been arranged. Figure
1 shows the block diagram of the system. A camac module type time analyzer
has been built which has & k channels each (total two inputs) with minimum
channel width of 0.125 us controlled by a 32 MHz quartz. The system has a

dedicated mini-computer OKITAC-50/65 for the quick data processing.

Time Analyzer

AR

RAT
L

CAT
Detector

Fig. 1 Block diagram of the data acquisition and

processing system for RAT.
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A neutron beam monitor has been installed at the entrance of the
scattering chamber. The monitor consists of a BGO scintillator which
detects gamma rays from the incident beam collimatoxr made of lead. The
performance of this monitor is satisfactory for the normalizations of
different runs.

The inside of the evacuated scattering chamber is heavily shielded by
10 em thick borated resin (outer side) and 10 cm thick lead (inner side) to
stop the outcoming faster neutrons and energetic gamma rays. In the
prototype experiment, signal to background ratio was studied with and
without B4C plate on the inner surface of the shield and no measurable
change was found. Prototype experiments were, therefore, performed without
the B4C plate. Figure 2 (a) shows a typical prototype result of high Q
scattering from bismuth sample at room temperature, measured with a 5b
resonance detector foil (Er = 6.24 eV) at a scattering angle of 90°. The
measured peak could be reproduced reasonably well by a first-principles
calculation (solid curve), including Doppler broadened resolution of the
resonance detector, time distribution of neutron pulse, and geometrical
effects due to the finite extent of the moderator, sample, and detector
size., Agreement between measurement and calculation is satisfactory above
half height, but not good at both wings. Three origins were considered;
(1) neutrons scattered first by the sample and then by the lead shield, (ii)
multiple scattering within the sample, (iii)} final state correction terms of
the scattering function. Imn order to check the origin {1) we have installed
By4C plates (v 90 % B,C + 10 % resin, v 1.5 cm thick) on the inside face of
the lead shield, and repeated the measurement with a Ta resonance detector
(Er = 4.28 eV). The result is shown in Fig. 2(b)} (solid circles) compared
to the result without the ByC plates (open circles). In the new data the
wings disappear especially at lower energy (higher channel) side. Now we
conclude that the major contribution of the discrepancy was due to the
neutrons scattered first by the sample and then at the lead shield-which
were not recognized by the previous simple test on signal to background
ratio. In the new data there still exists a small discrepancy at the high
energy side of the spectrum. We thought this was due to the origin (ii),
and have developed a computer code for the first-principles calculation
including multiple scattering process in the sampleB). We found that the
new calculation could reproduce the experiment almost perfectly as shown by

the solid line in Fig. 2(b).
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Fig. 2 TOF spectra of high Q scattering from Bi at room temperature
measured before (a) and after (b) installation of B4C plate.

Solid curves are first principles calculaticn.

A time focussing method in the resonance detector spectrometer has been

4)

proposed by Carpenter, et al. which allows measurements with improved
energy resolution. Extensive measurements gave experimental evidence for
the applicability of the theory. A summary of these experiments is given in
a separate papers), and details will be published elsewhereé).

In order to have a good understanding of the principle of the high Q
scattering, and to examine the performance of the instrument, the same
samples as that were used previously, namely Bi, V, A%, and graphite have
been remeasured. Furthermore, pyrolitic graphite has also been measured
with scattering vector parallel and perpendicular to the c~axis7). A
striking difference has been detected between both spectra depending upon
the different phonon density of state. The results demonstrate the
capability of this instrument for the line profile apalysis in measurements
of high Q scattering, especially in the integral check of the phonon density
of state which extends up to higher frequency and no direct measurement of
which is possible. Similar high Q scattering from biatomic systems are also
in progress.

As a goal of the high Q scattering, arrangements for liquid *He-II
measurement is going on. A preliminary measurement from liquid “He-I was
performed to check the counting rate and signal to background ratio using a

existing conventional cryostat. A dedicated cryostat for this experiment

has been constructed and is now in test.
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Further studies of the resonance detector foil have been performed to
improve the energy resolution of the detector. A great deal of measurements
has been carried out on various foils such as Ta, and its oxide and carbide,
Sb, Sm, Ho, and U-238 at varilous temperatures, and the detector resolution
of 53 meV in FWHM has been achieved by the U-238 foil at 25 K. In a
separate paper in this report the results are summarizeds).

The spectrometer utilizes BGO scintillators to detect gamma cascades
resulting from the neutron resonance capture in the foil. Cooling of the
detector foil is necessary if higher resolution is required as described
above. On the other hand a closer coupling of the foil to the scintillator
is essentially important in order to realize large solid angle for gamma ray
detection as well as high signal to background ratio, and therefore, use of
cooled BGO crystals seems to be indispensable. The pulse decay time,

9

however, approaches to 10 Us at temperature below 100 ¥/ and an associated
time jitter of a few us might be unavoidable which is much larger than
detector resolution at low temperature. In order to overcome this
inconvenience a special cryostat has been constructed which can cool the
resonance foil separately, and does not affect the BGO crystals located very
close to the foil. This system is just under test.

A test of Resonance Filter Detector Spectrometer has started which
utilizes a ®Li-scintillator (5 x 5 cmz, 1 em thick) as a neutron detector to

clarify merit and demerit of this combination compared to the Resonance

Detector Spectrometer.
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Experimental Verification of the "Time-Focussing Effect”

in the Resonance Detector Spectrometer RAT
*
Herbert RAUH , Susumu IKEDA and Noboru WATANABE

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

A new focussing effect for resonance detector spectrometer was predicted
recentlyl). The finite size of moderator, sample and detector foil lead to a
spread in the time-of-flight of the neutrons between moderator and detector.
This spread may be compensated by the difference in the recoil shift
(different scattering angles for the various flight paths), if the moderator,
sample and detector foil are mounted at their specific focussing angles. From
the fact that the TOF spread is compensated by the recoil energy, we expect
that this effect should be large for scatters with small atomic mass number,
and that the dominant contribution arises from the sample rather than

moderator or detector. The "time-focussing' should be very important for the

measurement of the zero-momentum distribution in liquid He-TII.
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Fig. 1 FWHM values of graphite spectra for different @S
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We have measured RAT spectra of polycrystalline graphite with a Ta
resonance foil for different "sample angles” ¢S (angle between incoming
neutron beam and sample plane). The beam size was 3.5 cm in width and 5 cm in
height. The sample size was 10 ecm x 5 cm x 0.3 cm.

The FWHM values of the RAT spectra are shown in Fig. 1. The line-width
varies with ¢s’ and reaches a maximum value at ¢S = 10° and a minimum at ¢s =
100°. This is consistent with the theoryl), which predicts ¢S = 99.72° as
focussing angle for the sample., The observed FWHM values are determined by
a) the scattering function, and multiple scattering effects,

b) the neutron capture resonance line-width,

c) the time spread of the moderator meutron distribution,

d) the finite size of moderator and detector, and finally

e) the finite size of the sample.

The contributions a) to d) should be independent of ¢S in a very good
approximation, and "add" to give Ty. [y is observed at the focussing angle ¢s

= 100°, where I the contribution arising from the finite size of the
g

>
sample, vanisheE? We have determined TGS(¢S) by de-convolution of the
observed spectra using two models.

In the first model we assume that the effect of the finite size of the
sample on the RAT spectra can be described by the convolution of two Gaussian

functions of widths ?GS and Tp, respectively. T is then given by

GS
= z _ 2
Tes(0) = {Top(@)* = To* (L
The values of FGS calculated with this equation are up to 32 % larger than the
1)

corresponding values calculated with the theory . This discrepancy arises

Voo

e S~

O 210 0 T

x/V2 o

Fig. 2 A square distribution and its "Gaussian equivalent",
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from the fact, that the "Gaussian equivalent" of the sample shape
overestimates the center of the sample, which contributes very little to the
sample-size effect, and underestimates the outer parts of the sample, which
are essential (cf. Fig. 2). These faults are overcome in the second model,
where we assume that the effect of the finite sample size on the RAT spectra
can be described by the convolution of a Gaussian function of width Iy with a
square distribution of width TGS’ The de-convoluted values of TGS are shown
in Fig. 3 in comparison with the theoretical predictionsl) (full and dashed
line). The full line was calculated for a graphite sample of full size 10 cm.
The dashed line takes cut-off effects arising from the finite beam-width of
3.5 cm into account. The agreement between theory and experiment is good in

this model.
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Fig. 3 TGS as a function of ¢5; A: experimental;
lines: theoryl) with (—) and without (—=-=)

beam size corrections.

For a more detailed study of this effect, measurements using a Be and Li

sample are in progress.
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High Q Neutron Scattering by Pyrolitic Graphite

— Determination of the Struck Particle Momentum Distribution
%*
Herbert RAUH and Noboru WATANABE

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

The scattering function at high momentum transfer Q can be written

S(Q,w) = SIQ(Q,w) + 855 (Qw) . (1)

FS(Q,M) vanishes, and

5(Q,0) = §,(Q,w) v |d°pn(p) =8 - R - Q-p/m) @)

In the limit Q + ®, the final state correctiomn S

where interference terms have been neglected. For an ideal gas, and for a
system of harmonic oscillators, n{p) factorizes

3
n@ = Tn () (3

and we find from eq. (2),

n(p,) ™ QiSIA(Qi’m)IQi=%—|w—RI ' (4)
i

Therefore, it should be possible to deduce the momentum distribution n(p) of
the scattering system by measuring S(Q,w) at high momentum transfer. This
will be of great interest for quantum systems like liquid He-I1I, where the
high-Q spectra should allow to determine the fraction of the scattering
atoms which are in the ground state (Bose condensate) and also for the
determination of the hydrogen potential in metal hydrides. In this paper we
show that such a line-profile analysis is indeed possible with the eV
spectrometer RAT at KENS.

For a classical system of scatterers, the scattering function at high

momentum transfer is writtem in the impulse approximation,

1 w-R, 2
1 " 35
S, (Quw) = —e (5)
TA
2moc
W = Ei - Ef
* Permanent Address: Physikalisches Institut der Universitat Wurzburg,

Rontgenring 8, D-8700 Wirzburg, Federal Republic of Germany.
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=1
R = +(E, + E. - 2|[E.E_cosf)
o = [Zk TR .

For a solid at T < GD, we have to replace the temperature by the effective

temperature

@®
-1 . E_.
kpT pe = 5 | dEE(E)E-coth(m) , (&)

o

which depends upon the effective phonon density of states, defined as the
density of states of the lattice vibrations with displacements parallel to
the momentum transfer. If we measure the scattering function of a highly
anisotropic material like graphite, we expect to observe different
line-widths for different directions of Q relative to the crystallographic
axis. '

We have measured the spectra of a pyrolitic graphite sample (PG) at
room temperature. The alignment of the sample was such that Q|| ¢
(hexagonal axis) in the first measurement and g_i_g_in the second. The
scattering angle was 90°, and a 12 um thick Ta foil was used as resonance
detector. For each PG alignment three spectra had to be measured:

1) spectrum of sample and holder, with resonance foil,

2) spectrum of sample and holder, without resonance foil (to determine the
background),

3) spectrum of the empty sample holder, with resonance foil (to subtract
peaks from the aluminium holder).

Fig. 1{a) and 1(b) show the graphite spectra for g_”lg and Q”L_g respec-

tively after subtraction of the background and sample holder contribution.

Comparing both spectra, we clearly observe a difference in the line-widths,

The solid line shows the result of first principle calculations of the

spectra. In this calculations, the finite time spread of the moderator

neutron distribution, the width of the neutron capture resonance line of the

iy

, geometrical contributions arising from the finite size of
2) 3)

detector foil
beam, sample and detector”’ and line-broadening due to deouble scattering
were incorporated. The remaining discrepancies for low TOF (high incoming
neutron energy) are believed to be due to higher order multiple scattering.
The calculatgd FWHM values agree with the observed line-widths, if ijf =

550 K for Q ” c and Tél“ff = 1,050 K for Q | c. We note that the anisotropic
structure of the layered material graphite is very well reflected by the

line-broadening of the RAT spectra.
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The phonon dispersion of graphite is well known in the low energy range
up to about 12 THz, The high frequency modes have been measured by optical
methods at the Brillouin zone center only. We may therefore expect that the

phonon frequency distribution calculated with lattice dynamical models for
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Fig. 1 Scattering from graphite for g.” ¢ (a), and Q“l_g_(b);

the points represent experimental data, the solid line

has been calculated.
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graphite is reliable in the lower energy range, but some deviations may be
observed in the high energy region. In order to give an example, we
calculate T!Ef and Téff using the Young-Koppel modelé) {The authors have
provided figures showing the effective density of states for Q-H ¢ and gﬂi_g

in their paper.)

| L
Tege/® | Tepe/¥
Young-~Koppel 545 770
RAT spectra 550 1,050

The agreement is good for g_” ¢, but quite bad for‘g_Lfb This is not
surprising, because the Young-Koppel model is known to underestimate the

high-frequency parts of the phonon density of state.
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Line Profile Analysis of High-Q Scattering Spectra

of the Resonance Detector Spectrometer RAT
%
Herbert RAUH and Noboru WATANABE

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

An important application of an eV spectrometer will be the
determination of the struck particle momentum distribution n(p). This 1s of
special interest for gquantum system like liquid He-II. In order to extract
n(p), the different contributions to the spectrometer response must be known

very well. These are:

1. The neutron detector function

In a resonance detector spectrometer the scattered neutrons are
detected if their energy is "close to" the resonance energy of the detector
foil. The detection probability is given by

—NdO(E)/cosﬁd
PD(Ef,BD) =1-e

where Nd is the area number density of resonance atoms in the foil, GD is

the angle between scattered neutron beam and normal vector on the foil, and
g(E) the resonance absorption cross section. The contribution of the
detectoxr function to the energy resolution of RAT has been studied in

1

detail and is well understood.

2. The scattering function

_1laeRee,
S(Quug) = —=—= ° %if (14 hQu T . (1)
JZﬁoif

The correction terms h(Q’wif) can be written as series expansion in powers
of (Teff/R)1/2 with Hermitian polynominals as coefficientsz). Figure 1
compares the scattering function with and without correction terms for
graphite. We notice that h(Q,wif) make the scattering function asymmetric

in energy, but does not affect the FWHM value drastically.

* Permanent Address: Physikalisches Institut der Universitat Wurzburg,
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Fig. 1 Scattering function of Fig. 2 Effect of the finite
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correction terms, detector size; —— detector

size 5 em X 5 cm.

3. Ceometrical contributions arising from the finite size of sample,
detector and moderatorB)
Among these, the sample contribution is the most important for a
scattering system with small atomic mass number. We have studied this con-
tribution in detail for graphiteé). In agreement with the theoretical pre-
dictionsB) we found that the sample contribution vanishes for ¢S = 100°, (¢S
= angle between incoming neutron beam and plane of the gsample). In Fig. 2
we compare the calculated RAT spectra at ¢S = 100° with and without geomet-
rical contribution. The broadening of the RAT response at this sample angle

is mainly caused by the finite size of the detector (5 cmx 5 em Ta foil).

4. Multiple scattering effects

At the present time the relatively low flux of eV peutrons of a
spallation source requires rather big samples. As a typical example, the
size of our graphite sample is 10 cm x 5 cm x 0.3 cm. The mean free path of
neutrons in graphite is 1.6 em. Therefore, we expect that multiple
scattering effects should clearly be visible in the RAT spctra. WNeglecting

3)

the geometrical contributions for a while, we can write down the time

spectra of RAT as
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where ¢ is the moderator neutron distribution in time and enmergy. In the
above expression the second term describes double scattering, higher order
processes, however, are neglected because it is very difficult to calculate
them. It is straightforward to incorporate the geometrical effects in eq.
(2). 1In Fig. 3 the contribution of single and double scattering processes
to the time spectrum are shown.

We notice that the curves of the single scattering line are shifted by
the recoil energy from the position of the elastic line. For double
scattering processes, a second shift occurs. Therefore multiple scattering

contributions will affect only the high energy part of the spectrum.

|

INTENSITY ({arb. units)

250 240 260 280 300
TOF/#S

Fig. 3 Graphite spectrum: single scattering contribution (-—-),

double scattering contribution (-+-+-), and the sum of
both (—).
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5. Comparison with the experiment

We have measured the scattering from a graphite sample (10 cm x 5 cm x
0.3 em) at focussing angleB)_¢s = 100° using a 12 ym thick Ta foil as
resonance detector. The scattering angle was 90°. The points in Fig. 4
represent the experimental data after subtraction of the background. The
solid line shows the result of a first principle calculation where all the
above mentioned effects have been incorporated. The agreement between
measured and calculated spectrum is good at the low energy side of the
spectrum and also on the high energy side up to the FWHM value. The

discrepancies which are observed for higher energies, are believed to be due

to threefold and even higher order scattering processes.

INTENSITY (arb. units)

260
TOF / S

Fig. 4 Comparison between experiment and calculation

for graphite scattering.
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Energy Resolution of the eV Spectrometer RAT

Herbert RAUH* and Noboru WATANABE

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

The energy resolution of a resonance detector spectrometer is approxi-

mately given byl)
AE E A 28
AE r i,3, £.» m,2-1/2
= 1+ G2+ B (L)
T T T i i

where Ei’ Er’ and ﬁi, Rf are the neutron energy and flight path length before
and after scattering, and Gm is the FWHM value of the neutron burst from the
moderator converted to an effective distance spread. Geometrical contribution
to AR arising from the finite size of moderator, sample and detector are
neglected in eq. (1). For sufficiently small ﬁf/Ri and ﬁm/ii the energy
resolution is mainly determined by the FWHM value AEr of the neutron capture
resonance line.

The intrinsic line-width Ti of neutron capture resonance levels is
typically some ten meV and therefore at least of the orxrder of magnitude of the
average phonon energy of the resonance foil materigl. Thus Lamb's weak

2)

binding condition is met by any foil, and the resonance absorption cross

section is given by

o = Go¥(E,x) (2}
f o —®een?
¥(E,x) = —=| dypioze (2a)
2T = y
e 2w _
¥ = P,(E Er R}
i
£ = Fi/A
_ 1
A= ZJkBTeffR
- E
R=%
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The Doppler width A depends upon the temperature and the chemical binding
(reflected by the phonoﬁ density of states f(E)) through

e

_ 1 T E_
KT e = ZSOdEf(E) E-coth(Z) - (3)

Ground state wvibrational motion keeps Teff and therefore A finite even in the
limit T = 0. For most of the foil materials f(E) is not known. Therefore we
have studied the effect of foil temperature and chemical binding experi-
mentally in the so-called direct measurement approach, where the resonance

foil is placed at sample position in the eV spectrometer RATS)’4).

Temperature effect

We have measured the neutron capture resonance lines of Sb, Sm, Ho, Ta

and U-238 (as U0, (NO3)2°6H20) for different temperatures. As an example of

the TOF spectra, Fig. 1 shows the resonance lines of the vranium foil at room

temperature and 25 K. The different contributions to the observed line-width

r are listed in the table.
obs

INTENSITY (arb. units)

.
:
—

.
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Fig. 1 Resonance line of the uranium foil at 296 K anc 25 K.
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Table 1

Er/meV Pi/meV AfmeV | T /meV FM/meV FObS/meV

b
296 K 54 106 113
6674 = 27 29
25 K 22 53 65
Fw: FWHM of the ¥-function, cf. eq. (2).

Energy uncertainty resulting from the time spread of

!
=

the moderator neutron distribution.

The reduction of temperature from 296 K to 25 K results in an improvement of

the energy resolution from 1.7 % (296 K) to 0.97 % (25 K) at resonance energy.
Figure 2 shows the temperature dependence of FWHM of the uranium foil.

As a rather unexpected and important result, this figure indicates that the

Doppler broadening is still temperature dependent balow 25 K. Therefore the

energy resolution can be further improved by ccoling the uranium foil below

25 K.
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*
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Fig. 2 FWHM of the resonance line of the uranium foil

for different temperature ( & experimental;

-— guide line to the eye).

Effect of chemical binding

We have studied the resonance lines of Ta atoms in different crystalline

environments (Ta metal, TaC, Taz0s). The effect of the chemical binding on
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the FWHM values was found to be rather small compared to the variation with
temperature. This is due to the fact that the intrinsic resonance line-width
is at least of the order of magnitude of the average phonon energy of the
resonance foil material. The situation is therefore quite different from the
case of resonant absorption of Y (MoRbauer effect), where the intrimnsic
line-width is typically some nano-eV.

5)

More details of our study will be published in a separate article™ .

References

1) W. CG. Wilson, Pulsed Neutron Scattering, John Wiley & Sons, New York,
1981,

2) W. E, Lamb, Phys. Rev. 35, (1939) 190.

3) J. M. Carpenter, N. Watanabe, S. Ikeda, Y. Masuda and S. Sato, Test of a -
resonance detector spectrometer, KENS Report IIIL.

4) J. M. Carpenter, N. Watanabe, S. Ikeda, Y. Masuda and S. Sato, to be
published.

5) H. Rauh and N. Watanabe, to be published.

176



Local Modes and Hydrogen Potentials in Some Metal Hydrides
Susumu IKEDA and Noboru WATANABE

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

The hydrogen potential V(x) is expressed approximately by a linear

combination of a harmonic term and a guartic anharmonic term as a function

of the deviation x from the hydrogen equilibrium position as
Vix) = as,x* + agx’ (az > 0) .
1f the ayx" is very small, the n-th excitation energy €, is given

approximately by diagonal terms of Hamiltonian as follows:

E_ nhwy + B(n* + n) ,

with we? = 2a»/m and B = 3h%an/4m*we®.

The hydrogen potential defined

&Y

(2)

eq. (1) can be classified into three types depending upon the value of B as

shown in Fig. 1; that is,

(a) 8 = 0 : harmonic potemntial (Fig. 1(a)),
(b) B < 0 : trumpet like potential (Fig. 1(b))},
(¢) B >0 : well like potential (Fig. 1(c)).
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Fig.

b) trumpet like potential, and c¢) well like potential.

177

1 Three types of hydrogen potential: a) Harmonic potential,



We studied the shape of the hydrogen potentials for tetrahedral site
(T-site) in fec and bee structures, and for octahedral site (0O-site) in bee
structure by measuring the excitation energies of the local modes in B-phase
fee metal hydrides {Zer (x = 1.41, 1.93) and TiHp} and in bcc metal
hydrides {TaHX (x = 0.1, 0.45, 0.5), NbHg.ys and VHp.33}, using the CAT
spectrometer. We have measured the localized mode spectra up to 5-th
excitation €5 at about 700 meV for TiHs, ZrH;.y: and ZrH;.e¢3 at room
temperature (See Figs. 4(b}, 5(a) and 5(b) in Ref. (1)), and determined
anharmonic parameters B using eq. (2). We obtained B = -2.4 meV with huwy =
147.6 meV for TiH, and B = -3.5 meV with hwg = 147.3 meV for ZrH;.qll). The
results indicate that hydrogen potential for T-site in fec structure is

close to the type (a), i.e. almost harmonic potential.
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Fig. 2 Local mode spectra of B-VHp.zs (30 K).

Figure 2 shows the local mode spectra of B-VHp.zs (30 K). The peak at
about 55 meV corresponds to the first excitation for x and y directions and
the peak at about 220 meV to that for z direction reflecting the symmetry of
O-site in bee (actually bet) structure. The lower first excitation peak at
w55 meV splits into two peaks at 51 meV and 57 meV. This splitting may be
caused by a small monoclinic distortion from tetragonal. A broad peak at
about 130 meV is considered to be the second excitation for x and y direc~

tions. The value of the anharmonicity determined by using (51+57)/2 meV
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and 130 meV is +11 meV. Notice that sign of the B is positive in contrast

with that of TaHp.; and the shape of hydrogen potential is like type (c).
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Fig. 3 Local mode spectra of B-TaHp.1 at 30 K.

Figure 3 shows the local mode spectra of B-TaHp.; at 30 K. The peak at
about 120 meV corresponds to the first excitation for z direction and the

peak at about 160 meV to that for x and y directions reflecting the symmetxy
of T-site in bec structure. The lower first excitation is found at 121 meV
with the line width of 7 meV and the higher first excitation peak splits

into two peaks at 159 meV and 165 meV due to the orthorhombic distortion in
B-TaHg.1 (30 K).

the higher first excitation peak.

This is a first experimental evidence for the splitting of

2)

Hempelmann, et al. calculated an energy
ratio of the splitting €3/€, = 1.044 by using the results of X-ray and
electron diffraction. The value is comnsistent with our experimental value
of 1.041.

A distinct peak of the second excitation for z direction can be
observed at about 220 meV, and a broad peak at about 340 meV seems to be the
third excitation of this mode. Careful assignment of higher excitation
We have obtained anharmonicity
The value of |B|

This indicates that the

peaks above 220 meV is under progress.
parameter B of -11 meV for TaHg.: (30 K) by using eq. (2).
is fairly larger than those of TiH: and ZrHX.

potential is the type (b). Moreover, no discrete level is observed and the

179



spectrum decrease rapidly beyond € ~ 700 meV. The result may suggest that
Vmax is about 700 meV.

However, the measured Vmax cannot be reproduced by egs. (1) and (2)
with the measured R because eq. (2) holds only for small perturbation ayx".
We made a preliminary calculations to determine the total shape of

hydrogen potential in TaHg.3: by taking account of off-diagonal terms in
Hamiltonian. We assumed that the z-component of the hydrogen potential in
TaHy.; is given by
V(z) = a1z + azz® + auz" (ay < 0) (3)
and has maxima at positions A and C shown in Fig. 4. The values of
ai, a; and ay were determined by using experimental values of 121 meV,
220 meV and 340 meV for z direction. The calculated hydrogen potential and
the energy levels are shown in Fig. 5. The results suggest that the peak
due to €4 of z motion can be found at € = V530 meV and Vmax is about
650 meV. The result is consistent with our data.
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Fig. 4 T-site in bcc structure. Fig. 5 Calculated potential of B-TaHy.;.
References:

1) S. Ikeda, N. watanabe and K. Kai, Proc. Yamada Conf.~VI (Neutron
Scattering of Condensed Matter) {(Hakene, Oct. I-4, 1982), to be

published in Physica B.
2) R. Hempelmann and D. Richter, Z. Phys. B - Condensed Matter 44 (1981)

159.

180



Local Vibration Energy Spectra of H Atoms in

Amorphous and Crystalline ZrNin

*
Kenzo KAI, Noriyuki HAYASHI, Yuuji TOMITSUKA, Susumu TKEDA,
*
Noboru WATANABE and Keniji SUZUKI

The Research Institute for Iron, Steel and Other Metals,
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Hydrogen and deuterium atoms are easily absorbed into the interstitial
hole in metallic atom polyhedra existing in metallic glasses consisting of
a combination of early and late transition metals in the periodic table.
Therefore, the metallic glasses are expected as a promising candidate for
hydrogen energy conversion and storage materials, while hydrogen and
deuterium atoms can be used as a sensitive probe for investigating the atomic
scale structure and dynamics of the metallic glassesl). In this study the
local environment of hydrogen atoms absorbed into ZrNi glass is examined
by inelastic scattering using short wavelength pulsed neutrons.

ZrNi glass was solidified into a form of thin ribbons with about 2 mm
in width and 30 um in thickness by ejecting rapidly the melt onto a rotating
roll under argon gas atomosphere. H atoms were introduced into the ZxNi
glass ribbons from the gas phase under the total pressure of about 20 kg/cm2
around the temperature of 100 °C. Measurements of the local vibration
enexrgy spectrum of H atoms in amorphous and crystalline ZrNiHX(x=O.36'bl.84
for amorphous and x=0.64 +2.80 for crystalline phase) were carried out at
room temperature by using the Crystal Analyser Time-of-flight spectrometer
(CAT) installed at the spallation neutron source in National Laboratory for
High Energy Physics in Japan. Details of the performance for the both
neutron spectrometers and the data processing procedure have been described
in a previous paper2).

The double differxrential cross—sections dzd/dﬂdm for incoherent neutron
scattering from amorphous and crystalline ZrNin are shown as a function of
the energy transfer My in Fig. 1. 1In the local vibration energy spectrum of

H atoms in crystalline ZrNiH » @ main peak is divided into three peaks

0,64
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Fig. 1. Local vibration energy spectra of H atoms in crystalline
and amorphous ZrNiHy(x=0,64v2.80 for crystalline and %x=0.36+v1.84
for amorphous phase) .

located over the energy region of Hw=1107120 meV and a shoulder appears
around Fw ™ 80 meV. With increasing H content, the shouldexr gradually
disappears, while the main peak shifts toward higher energy region. The
main peak in the spectrum for crystalline ZrNin.8 is still separated into
three peaks located at Hw=112, 123 and 134 meV respectively and another
shoulder takes place on the high energy side of the main peak around
Ty v 150 meV.

The local vibraticn energy spectra of H atoms in amorphous ZrNin do
not indicate the disappearance and energy shift of peaks and shoulders as
shown in Fig. 1. The peaks are generally broader even in amorphous ZrNin
with low H content. Higher order vibrations of H atoms are still observed
in amorphous ZrNin as well as in crystalline one. It is noteworthy that
the main peak position is almostly fixed around tmw=130 135 meV over the
whole H content studied in this work.

H atoms in crystalline ZrNiH occupy selectively the interstitial hole
tetrahedrally surrounded by 4Zr atoms(a-site) to induce the lattice
distortion from an orthorhombic to a triclinic structure, while H atoms in

crystalline ZrNiH3 sit in two different kinds of sites, namely the
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tetrahedral hole surrounded by 3Zr and 1Ni atoms(c-site) and the hexahedral
hole by 3Zr and 2Ni atoms (b-site) with emptying the a-site and reverting
the lattice to an orthorhombic structure3). Figure 2 shows the geometrical
dimensions of a, b and c~site existing in crystalline ZrNiH and ZrNiH..
Based on the neutron total scattering measurement of amorphous ZrNiDi?,

it has been confimed that D atoms in amorphous ZrNli with low D content
prefer to occupy the interstitial hole surrounded by 4Zr atoms. With
increasing D content, D atoms occupy asymptotically the 4-coordinations site
consisting of 3Zr and 1MNi atoms on the average. The D-Zr atomic distance

in the 4Zr atoms tetrahedron occupied by a D atom in amorphous ZJ:NiDO-3 is
about 2.10 A, which is obviously shorter than the b-%r atomic distance

(2.20 A) in the a-site in crystalline ZrNiD and rather close to the D-Zr
atomic distance(2.08 A) in the 4Zr atoms tetrahedron in crystalline ZrD2.
Therefore, we can understand that the eneragy position of the main peak in
the local wvibration energy spectra of H atoms in amorphous ZrNin(x=O.3 and
0.48) with low H content is about 10 to 15 meV higher than that of crystal-

line ZrNiH This study indicates that there is no hexahedral b-site with

0.64°
S5-coordinations in amorphous ZrNiH(D}x even with approaching a maximum H(D)

content.

@© Zr atom
(O Ni atom

FH_ZI.=I.954&(1 )
rH-7,=238A(2)
MH-n=178A(2)

v b-site

& a-site \
y-zr=2.20A(4) Fy~7,=1-96A01)
o 1 2,=218A(2)

fH_Nj=].77A(]) ’

v ¢c~site

Fig. 2. Polyhedral sites occcupied by H(D) atoms in crystalline
ZrNiH (D) and ZrNiH(D)3 proposed by Westlake et al3),
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Instrumental Improvements and Further Tests of the CAT
Sysumu IKEDA and Noboru WATANABE

National Laboratory for High Energy Physics
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Ttaru KANEKO

Department of Nuclear Engineering, Hokkaido University
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The CAT is a high resolution (Ae/e ™~ 0.02) crystal analyzer TOF
spectrometer designed for the measurements of incoherent neutron scattering in
the energy transfer range € = 50 -~ 1,000 meV. The spectrometer was built in
FY 1981 and preliminary tests of this instrument were already accomp~

lishedl_B). Some of the experimental results achieved by this spectrometexr

have also been reported3_8). Higher performances of this instrument,
particularly capabilities for high resolution, wide dynamic range (up to
higher energy transfer) and high signal to background ratio have been
demonstrated. The qualities are the highest among the existing spectrometers
of this.kind in the world. Present paper reports some instrumental
improvements achieved in FY 1982 and the results of further tests of the
fundamental performances of this spectrometer.

In the previous experiment, the CAT did not have its own time analyzer
but tentatively utilized a part (one input) of the HIT time analyzer (24 bit 1
k channels x 16 inputs, 2 ps/ch. below 0.5 k ch. and 4 ys/ch. above 0.5 k ch.)
Therefore, the total number of channels was not adequate for covering the full
spectrum including the elastic peak with a required channel width. A
dedicated data acquisition and processing sSystem has been constructed which
consists of a Camac type time analyzer (16 bit 8 k channels x 2 inputs,
minimum channel width: 0.5 us) and a computer system common to that of the
RATg) for quick data processing. As an example a set of full TOF spectra for
a sample (TiH, at room temp.) and for the aluminium holder is shown in Fig., 1.
Channel width is 2 us/ch. The background counts have been decreased by an

improvement of the inside shielding of the spectrometex (See AfL holder run in

Fig. 1).
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Full TOF spectra for the sample (TiH; at room temp.)

and for the aluminium holder with the new time analyzer.

A liquid nitrogen ecryostat for beryllium filter cooling was removed and a

small closed cycle refrigerator (Cryo-mini S) has been installed for this

purpose. This alternation has largely saved our labors in the machine

operation. Filter temperature of about 20 K has been attained.

Exact energy distribution of the detected neutrons P(E) is very

important. We have calculated P(E) by a Monte Carlo computer simulation. In

order to check the calculated P(E), we compared it with a measured elastic

peak from NbHO 76 2t room temperature (B-phase). In Fig. 2 are shown the

measured and the calculated elastic peaks (almost identical two curves

assigned APG with filter) in time scale. The calculated elastic peak is the

P(E) modulated by the measured incident spectrum ¢(E). The agreement between

measurement and calculation is almost perfect and the calculated value of Ef =
3.6 meV is now justified.

186



Another important problem which must be checked in this instrument is the
spectral contamination by the higher order reflections of the analyzer
crystal, because neutrons having the energies larger than beryllium cut-off
may leak, more or less, by multiple scattering in the filter. In order to
examine this effect, measurements with and without the beryllium filter have
been performed., The results are also shown in Fig. 2 in the case of NbH0.76
sample at room temperature. Note that "without filter spectrum’ is scaled
down by 1/15. For the simplicity if we notice the leakage spectrum
corresponding to the third order elastic, we cannot recognize any trace of the

third order elastic peak in the "with filter spectrum” as demonstrated in the

figure.

NbHo 76
(300K) A pg
Apg /4 ='
g }\pe/s "
= | Without Filter |
> Apg/ 2
.a- [— 7
[ J]
o
=L With Filter
x1/15.
0 1000 2000 2000 4000

Channel (Channel Width=2.sec)

Fig. 2 With and without filter spectra for NbHO 76 at room temperature
and comparison of measured TOF spectrum for elastic peak (solid

line) with calculation (broken line).
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Thermal neutron transmission in this beryllium filter with the post cross

3 from this result. At

collimator has been confirmed to be less than 10~
Tohoku linac a direct measurement of the transmission in a similar filter-post
collimator system was performed and the measured transmission was also less
than 10—3. We can, therefore, conclude that the spectral contamination in
this instrument is negligibly small, at least, for hydrogeneous samples.
Further improvement in energy resolution is possible with present
incident path length by changing the present He-3 counters to a 6Li glass
scintillation detector; for instance, effective thickness of the NE-905
scintillator is less than 0.5 mm for Ef v~ 4 meV, Using this detector with
shorter channel width of 1 usec, we can realize overall resolution about 1 Z.
Background counting rate due to the spontaneous o-decay in the scintillator is

estimated to be about 0.3 counts/day-usec—channel which is negligible.
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Depolarization Study of the spin fluctuation in FeCr
spin glass

*
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We have shown that the measurements of neutron depolarization using the
wide range of the continuous spectra of pulsed polarized neutrons give us
more direct concept of the theory by Halpern and Holstein  than those of
the steady beams of single wave length. Then we have applied this technigque
to the studies of inhomogeneous ferromagnets, such as alloys of 3d transition
metal elements, spin glasses, the random mixtures of the magnetic compounds
and even amorphous materials. We could also show that the technique is
complimentarily useful to study the slow spin fluctuations which are often
difficuit to be detected with the conventional scattering experiments. Recent-
ly we have elucidated the depolarization of the transimitted neutrons through
the spin glass materials. We domcument here a brief thoretical back ground
concerning to this experiments as well as some brief results from Fe22Cr78
which is known as the reentrant spin glass.

Within the Born approximation, the depolarization is due to the scat-
tering of polarized neutrons by the magnetic inhomogeneity. 1In the language
of the classical treatment by Harpern and Holstein, the neutron polari-
zation obeys the classical equation of motion.

—_—

B =g | PxE ] (1)
, where B represents the magnetic induction in the magnetic specimens. We
assume that B is the sum of the constant field, BO and fluctating one, b.
Bo is the average value of <B> and then <b> = 0. Therefore b causes the wave
length dependence of depeolarization and in particular it results the decay
of polarization with respect to the wave length. Eg.{l) is changed to the

integral form as,
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Under the above mentioned approximation, eg(2) is written in terms of

the correlation function of b(t}, when P A/ B
2 o o
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We assume that the random field in the ferromagnet, H(t), is approximated by
the Gaussian form, then the random field correlation function is written as
follows,

o
<H,(E) Hy(k_+£)> = AT vt (4)

??
The wave length dependence of depolarization is derived from (3) and (4) with
further assumption that H(t) = b(t). Therefore the result of Fig.l is . in-
terpreted qualitatively that the oscillation with respect to the wave
length arises by the appearance of Bo’ and the exponential decay of the

polarization is due to the random field.
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Fig.l. Deporalization of Polarized beams through Fe220r78

polycrystalline plate.
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The depolarization analvsis of polarized neutrons passing through
magnetic materials has been suggested as a useful technique for the study

of domain structuresl’2t

We applied this technigue to an amorphous
(Cop.g4Fep.06) 74_55113_5B12 alloy whose domain structure is difficult to
observe by conventional methods. Here, we report some preliminary
results of the study.

The amorphous (COO.94FeO.O6)74.55113.5312 alloy {in the form of a
long ribbon width of 5 mm, thickness of about 23 pm).is one of the
promising soft magnetic materials with practical applications. It is
characterized by high magnetic permeability, low coercive force and
nearly zero magnetostriction constant. Magnetic properties of this kind
of alloy have been studied extensively3_7), but microscopic ones are far
from understanding. The as-prepared sample shows a uniaxial magnetic
anisotropy as a macroscopic property against early expectation that the
amorphous alloy with vanished magnetostriction should have isotropic
properties.

To study the microscopic properties of the amorphous alloy in
relation to its atomic constituent arrangement, we used the M&ssbauer
spectroscopygz In this method, the areal ratio of absorption lines
depends on the angle between directions of incident ¥-rays and those of
the internal magnetic fields at the individual nucleus site, which
generally corresponds to the directions of the magnetic moments. Using
these characteristics, we can obtain the directional distribution of
magnetic moments microscopically. The Mossbauer study of an as—prepared
sample has revealed that the directions of local magnetization axes are

laid in the ribbon plane but are widely distributed arocund the ribbon's
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long direction. Such a large distribution of the magnetization axes,
which cannot be expected in crystalline solids with uniaxial magnetic
anisotronies, is a distinctive property of an amorphous alloy with
structural randomness. We have not succeeded in observing the domain
structure of our sample by conventional methods. The domain structure of
the amorphous CO70Fe5SigBl6 alloy, whose concentration is close to ours,
has been observed using the Kerr effect by H. Kronmiller et al., which
is not consistent with our resultsg).

| The observation of the depolarization of polarized neutrons 1is
expected to give information about the bulk domaln structure of the
ferromagnet. During the passage of neutrons through a ferromagnet, spins
of neutrons are rotated around magnetic moments of domains on those paths.
Applying the classical equation of motion, the depolarization of
neutrons is expressed by the mean magnetization and tne mean dormain size.
On the other hand, MBssbauer measurements give information concerning the
directions of local magnetization axes as mentioned above but not the
dimensions of domains. Therefore the combination of these methods, which
are complement with each other, will be useful for the study of the
magnetism of the amorphous alloy. _

The experiment of the neutron depolarization has been carried out

using TOP spectrometer installed at KENS in KEX. The as-prepared sample
was annealed at 753 K for 5 min for a stress-release, then was annealed
in the magnetic field parallel to the ribbon's long diraction at 423 K
for 100 hr. The MSUssbauer measurements showed .that almost all of the
local magnstic moments of the zomple were aligned along the ribbon's long

directionio)

. Since the sample does not show the net magnetization under
zero magnetic field, the result is interpreted as that its domain
structure is close to 180" domain along the ribbon's long direction. We
examined this sample with induced uniaxial magnetic anisotropy as a
standard material for the neutron study. The ribbon's long direction was
set parallel (// geometry) or perpendicular (L geometry}) to the initial
spin axis of pclarized neutrons (z—axis). The magnetic field was applied
in the z-direction.

Figure 1({a) shows the polarization of neutrons after transmission
through the sample in the // geometrv. By remembering the fact that when
the polarization is kept (lost) completely, the value of the polarization
is 1.0 (0.0), we see in Fig. 1(a) that the initial polarization is kept
rathr well and is independent of the wavelength of the neutrons. Under

the low applied field {~6 Oe), the depolarization of neutrons is less
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Fig. 1 The polarization of neutrons after transmission through the

sample with induced magnetic anisotropy along the ribbon's long

direction. The direction of the initial polarization of neutrons is

varallel to (a) the ribbon's long direction and (b} the ribbon width.

than 20 %. When the magnetic field is increased up to 100 Ce, the
depolarization decreased noticiably but not completely.

The neutron depolarization in the | geometry is shown in Fig. 1{b).
The negative value of the polarization means that the neutron spins
direct to - z axis at the exit. The polarization varies sinuscoidally as
a function of wavelength under the low applied field (~6 Oe). The net
magnetic flux density along the neutron's paths is roughly estimated to
be about 0.58 T from the observad period of the polarization spectrum,
where the saturation magnetic flux density is 0.8 T. This fact indicates
that the most of magnetic moments which lie on an individual neutron's
path are aligned in the same direction; the direction of the magnetic
moments rotates from the easy axis but does not attain to the z-axis. If
we assume the single domain structure in the ribbon plane, the angle
between the z~axis and the magnetic moment is estimated as about 66°.
When the magnetic field is increased, the sinusoidal aspect of the
polarization spectrum disappears. The polarization shows monotonic
decrease with increasing the wavelength of neutrons above about 11 Oe,
indicating that the domain structure- consists of small random domains.

The results of the neutron depolarization and the Mossbouer studies
suggest that the sample with induced magnetic anisotropy along the
ribbon's long direction has 180° domain structure in the ribbon rlane,
and the domains are not divided along the ribbon's thickness under low
macnetic field; by increasing the magnetic field along the ribbon's width

(L.e. perpendicular to the magnetic easy axis) the domains collapse into
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small domains. This feature is considered to be reasonable as a
magnetization process of this amorphous alloy. The magnetization process
of the as—prepared sample and samples annealed under the other conditions

will be investigated later using the similar methods.
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Polarized neutron diffraction from Fe/Sh and

Fe/V ASF (Interface magnetism of Fe metals)
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and
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Sendai, 980

We have continuously elucidated the effects of interface on ferromag-
netism using the tailor made artificial superstructure magnetic films(ASF)l).
We now focus the studies on the effects of various interfaces on the Fe
ferromagnetism. A dominant effect arises from the change of the electronic
structure of d bands carrying the magnetic moment near the surface. Since
the energy shift or work function varies with the contacting materials at
the Fe surface, we expect the various effect with different combinations of
bilayers.

We have been looking at a series of Fe ASF where the materials contact-
ing with the Fe metal are varied such as insulators, semimetals, simple
metals and transition metals.

In order to extract the interface effect of ferromagnetism, explicitly ,
we must determine the spatial distribution of magnetization densities
along the normal direction to the surface of ASF. Since we could chserve
the limited numbers of higher ordered reflections, we need an approximation
in our situation. Thus we have made polarized neutron diffraction to look at
the first order reflecticn from the series of Fe/Sb as well as Fe/V ASF
with different ratio of the thickness of Fe layers with respect to the
bilayer thickness. Using the kinematical theory the flipping ratio of the
first ordered reflection should be independent upon these specimens, if there
exists no surface anomaly in the magnetization density. It should be noted
that the extinction effect should be estimated properly.

We have examined the effect of the priméry extinction which is dominant
due to the fact that the width of the Bragg angle distribution of the super-

lattice reflection is narrow compared with the wavelength distribution of A.
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Then we have applied the conventional approximation form of

R = gQtanh {ng) ()
2)

, where g,n are repectively the scattering power, and the number of layers .

R is the intergrated intensity but is approximated by the flipping ratio,
because R is several 10th of orderl). The modified flipping ratios of
p = R-1/R+l are plotted in Fig.l and they are compared with the functional
form of eq.({(l). Although more detailed corrections such as the width of the Bragg
reflection,and scattering power should be taken,the wave length dependence of the
flipping ratio is shown to be a good measure of the primary extinction effec€:4)
After the correction we could estimate the magnetization density dis-
tribution using an ab initio magnetic scattering potential distribution.
The results are summarized in Fig.2. The interesting points are emphasized
that only a nearest neighbour Fe layer contacted on the other constituent
metallic layers has a significant modulated magnetization from that of the
bulk materials.
These results are in good agreement with that of the recent band

3)

calculation by Freeman et.al.

s 05 7.0

Neutron Wave Length (nm)
Fig. 1. Wave length dependence of the modified flipping ratioc of

p = R-1/R+]1 for the first order superlattice reflection

in Fe/Sb ASF. Two different Fe/Sbh are measured.
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Determination of helix winding in MnSi

Masayoshi Ishida, Yasuo Endoh, Setsuo Mitsuda and

Yoghikazu Ishikawa

Department of Physics, Tohoku University, Sendai 980

)

Very recently Nakanishi et al.l and Bak and Jensen2) have presented
an interesting theory concerning the helical structure of MnSi. They have
shown that the screw structure in MnSi is caused by the antisymmetric ex-
change interaction, often called as Dzaloshinski-Moriya (D-M) interaction
due to the fact that the cubic MnSi has no inversion symmetry of P213. They
also predicted that only a single helix of either clockwise {(right handed)
or anticlockwise (left handed) winding exists in MnSi. On the contrary
there is no difference in energy between clock wise and anticlock wise helix
in the screw strucure caused by the competition of the magnetic exchange in-
teraction.

Our interest is therefore to test their theory as well as to determine
the direction of helix winding by polarized neutrons. Determination of the

helix in MnSi provides the sign of the coefficient of the D-M interaction,
which may contribute to further theoretical development exploring the domi
nant contribution of the spin-orbit coupling to the D-M interaction.

We were aware of possible existence of the crystal structure with a
right handed or a left handed ccordinate during the course of experiments.
After determining the crystal symmetry by means of the converging electron
diffraction, we have performed careful polarized neutron diffraction studies
on the TOP spectrometer. Since the detailed procedure is described in a
recent publication, essential results are documented here3).

Our experimental set up is such that the magnetic field is applied along
the scattering vector which is also parallel to one of the propagation vector
of helix. The schematic drawing of the experimental set up is illustrated
in the figure. We should observe from this configuraticon that the only one
particular polarized neutrons are scattered by single helix at a magnetic
superlattice Bragg point correponding to the inverse of a period of the
helix.

We measured the dependences of the magnetic field, the process of cool-

ing through the magneic transition and the samples. Then we found the
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clockwise or right handed helix with respect to the propagation vector, which
is independent of the cooling process, specimens and domain &istributions.
The magnetic field dependence of the intensities of the Bragg reflections
indicates the irreversible change of the domain distribution without the
change of the helix winding. It should be noted that the ratio of neutron
counting of both counters with respect to the neutron spin flipping shown in
Fig.l is not exactly same as the flipping ratio of the incident polarized
neutrons. However we think that we have observed a single helical state and
that the small reduction of the flipping ratio is caused by the extinction
effects.

To conclude we could determine the positive sign of the coefficient of
the D-M interaction in the cubic crystal of MnSi with the right handed coor-

dinate.

MnSi 16K (H=700G)
cooling under H=5 KG
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Fig.l Polarized neutron diffraction results of MnSi at 16X.
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Tests of Polarizability of Supermirror and Soller Mirror
Yasuo Endoh, Setsuoc Mitsuda, Susumu Tkeda* and Mitsugu Onodera
Department of Physics, Tchoku University, Sendai 980

*National Laboratory for High Energy Physics, Oho-cho
Tsukuba, Ibaraki 305

The Soller Mirror polarizers and analyser presently situated on the
TOP spectrometer are insufficient in the sense that the polarization
drops appreciably in the longer wave length region than 8 A. In our
experimental conditicon the lower critical wave length is chosen to be 3.5 A,
and the critical average angle viewing the polarizer mirrors is 0.5 degree.

A reason of the decrease of polarization is the mismatching of both
the magnetic and nuclear scattering ampiitude of polarizing mirror
materials. It may be caused by either the stretching of the films or shift
of the FeCo concentration occurred at the evaporation stage.

We have examined the polarizability of testing Soller type polarizers
fabricating approximately 3 sheets of FeCo films, which were made by
evaporating with a newly constructed electron gun machine. We have chosen
Co7OFe30 and Co65Fe35 of alloy concentration so as to reduce the average
nuclear scattering amplitude.

Using the conventional shim method we have determined the polarizability
which are shown in Fig.l. First of all we are immediately aware of the
improvement of the polarizability in the longer wave length range. Second,
the difference of polarizability between these two alloy concentrations is
not appreciable, from which we notice the optimal concentration in ordexr to
obtain the matching.

At the same time we have examined the supermirror polarizer which were
kindly offered by F. Mezei. Although the polarization is better and is con-
stant up to 7.5 A as is shown in Fig.2, the neutron beam spectra out of the
supermirror are not suitable for our purpose because of non monotonic depen-
dence with respect to the wave length. (The spectrum is not shown here.)

To conclude we must ontinue to make efforts for making an ideal Soller

mirror polarizer for our purpose.
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Introduction

The Polarized Epithermal Neutron spectrometer {(PEN) is a multi-purpose
spectrometer utilizing white epithermal polarized neutron beams, which is
installed on the H8 thermal neutron beam port at KENSl). The neutron
polarization is achieved by passage through a dynamically polarized proton
filter (DPPF)Z)’B). Since the DPPF polarizes all thermal and epithermal
neutrons efficiently, the PEN spectrometer is designed to be used for
various purposes, examples of which are as follows:

1) study of the process of the dynamical polarization of protons (Station

1),

2) magnetic structure determination of amorphous magnets (Station 2),
3) observation of high energy magnetic excitations in metallic
ferromagnets (Station 3), and

4)  study of spin parity of nuclear state.

Scattering system in the spectrometer

The layout of the spectrometer is displayed in Fig. 1, where the
cooling system for the DPPF is omitted. The polarizing filter assembly is
installed inside a shield house with a distance of 5.2 m from the neutron
source. The shield house has several beam holes glancing at the filter in
order to make possible the measurement of neutron scattering from the filter
material (Station 1). The Q range of the scattering is about 0.4 &~ 60 A !,
where the resolution varies as AQ/Q = 0.15 ~ 0.01. A detector bank is also

installed 4.5 m downstream from the filter for the small angle scattering.
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A two~dimensional converging Soller slit system, which is almost the same as

that installed at SAN4>

, is inserted before the filter for small angle
scattering, giving a resolution of AQ/Q = 0.1 for @ = 0.03 ~v 1.1 ATh,

An assembly of a sample table, detectors and their shield is placed in
front of the polarized neutron exit from the shield (Station 2). The
position of the assembly can be changed along the incident neutron beam
path. The station with an electromagnet serves for the measurement of
elastic or quasi-elastic magnetic scattering. The covered Q range is about
0.3 v 60 AL,

There is another detector bank for inelastic scattering (Station 3)
connected with the sample table in Station 2. Since the detector bank as
well as the sample table is equipped with the air pad mechanism, neutron
flight paths L; (from source to sample) and L, (from sample to detector),
and scattering angle 6 can be changed accurately and easily. We adopted
this system because we found that the critical selection of the flight paths
and the scattering angle is indispensable for the accurate measurement of
high energy magnetic scattering. Here variable ranges of Ly, L, and § are
Ly =6.5%9m, Lo =1~ 3m, and 6 = 5" 60°, respectively. In order to
perform the inelastic scattering experiments, a chopper system will be
introduced to the spectrometer, The covered energy transfer range is about

20 v 200 meV with a resolution of AE/E = 0.1.

Polarizing filter assembly

In oxrder to cool the filter, a %He eryostat is used, the outlipne of
which is shown in Fig. 2. *He gas is liquefied by paséing through a heat
exchanger in a "He pot at 1 K. The filter is cooled down to below 0.5 K by
pumping on liquid %He using a Roots pump system (Alkatel-2000). Contrary to
PremPENl) the transverse polarization scheme (meutrons are polarized
transversely to the beam direction) is adopted; a Helmholtz type
superconducting magnet with the magnetic field in the vertical direction is
used, in which the %He cryostat is inserted vertically. The superconducting
magnet is specially designed so as to produce 25 kG with a homogeneity of 5
x 1075 in the volume of 30 x 40 x 20 mm® and with no zero field in the

neutron beam path in order to avoid the depolarization of neutroms.

Spin-flipper system

In order to reverse the direction of the peolarization of white
neutrons, a non—-adiabatic spin flipping device with a superconducting Nb

thin plate (60 x 70 x 1 mm®) was adopted. The Nb plate in a “He cryostat is
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inserted into the beam path with the surface normal to the beam directiom,
which serves to decouple the magnetic fields in the beam paths of both sides
of the plate. The neutron-spin flip is achieved by reversing non-
adiabatically the field direction of one side. In order to flip the spins
of neutrons with a defined energy which will be used for inelastic

scattering, a Mezei type flipper will be used.

Performance of the polarizing filter assembly

Preliminary performance tests for the polarizing filter assembly were
carried out. The filter material was ethylene glycol containing a few
percents of cr’ complex. The filter material was set in a sample container
in the °He cryostat, as shown in Fig. 2. It was cooled down by pumping on
liquid He .to 0.3 K. The container was also used as a microwave cavity,
into which microwave of about 70 GHz was supplied with enough intensity to
saturate ESR of Cr' complex. An RF coil was inserted into the cavity to
detect NMR absorption signals at 106.4 MHz. The polarization of the
dynamically polarized protons was determined by comparison between the
enhanced signal and thermal equilibrium one obtained without supplying
microwave at 0.6 K.

For the test experiments, two types of sample (filter) containers were
used. One was for checking the maximum proton polarization and the other
was for production of polarized neutrons. The former container was a box
with the volume of 29 x 30 x 15 mma, in which beads of the filter material
with about 1.5 mm in diameter were packed. Liquid He was poured directly
into the box. The microwave was supplied to the filter material, and the
build-up of the proton polarization was observed. The microwave power was
about 100 mW at the output of a klystron. The build-up was saturated in one
hour. Then the microwave was switched off and the relaxation of the proton
polarization was observed. The relaxation time was about 300 min at 0.3 K.
The results are shown in Fig. 3. Two extreme proton polarizations were
achieved at the microwave frequencies of 69.24 GHz and 6%9.50 GHz, which
corresponded to the parallel and anti-parallel polarization to the thermal
equilibrium polarization, respectively. The absolute values of the
polarizations were about 80 % with about 5 % difference between each other.
The difference was due to too high Q value of the RF coil. The asymmetry
will be improved by using the RF coil with small Q value. The value of
polarization of 80 % is almost the maximum one hitherto attained at KEK by
this technique and material, indicating that our DPPF system has a

satisfactory performance.
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For the production of polarized neutrons, we used a sample (filter)
container, which was made and tested in the Pre-PEN experimentsl). It was
composed of three layers. The center layer was made of the filter material,
the volume of which was 20 height x 6 width x 10 thickness mm®. The side
layers were filled with liquid He. This container was specially designed
so as to exclude °He nuclei from the neutrom beam path. The maximum proton
polarization attained was about 50 %. The neutron polarization obtained by
using this polarized proton filter was detected to be about 70 % at 100 meV
and 40 % at 1 eV. These values are almost the same as those obtained by
Pre~PEN experimentsl), suggesting that this may be the limitation of this
type of the filter container. Therefore, in order to achieve the better
proton polarization comparable to the one obtained with the beads sample,
but with a good neutron transmission, another filter system should be

adopted, which is now under development.

References

1) Prior to the installation of the PEN spectrometer some test experiments
were carried out (Pre-PEN experiments); J. M. Newsam, M. Ishida,
S. Isagawa, Y. Ishikawa, S. Ishimoto, M. Kohgi, A. Masaike, Y. Masuda,
K. Morimoto and T. Nakajima, KENS Report-III, KEK Internal 82-5 (1982)
123.

2) V. I. Lushchikov, Yu. V. Taran and F. L. Shapiro, Sov. J. Nucl. Phys.
10 (1970) 669.

3 §. Hiramatsu, S. Isagawa, S. Ishimoto, A. Masaike, K. Morimoto,
§. PFunahashi, Y. Bamaguchi, N. Minakawa and Y. Yamaguchi, J. Phys.‘Soc.
Jpn. 45 (1978) 949.

4) Y, Ishikawa, 8. Ikeda, M. Furusaka and N. Niimura, KENS Report-I, KEK
Internal 80~1 (1980) 101.

205



7 UL A

/ collimator

biological shield

polarizing filter

station 1
assembly

detectors for scattering shield house

from filter material
spin flipper -

sample table

8/ detectors for magnetic
7} total scattering

station 2

station 3

__detectors for
inelastic scattering

Tanzboden floor

=

detectors for small
’ angle scattering
24 from filter material

N |

N

m

N ISy
T E i

L beam stopper

N

Fig. 1 Layout of the PEN

206



External
field
(25kG)

1

Fig. 2

3He gas pumping

ﬂ H Uf—Linge line from 1K pot

—Al jacket

Microwave guide S
(70 GHz)

3He inlet line
(tetlon tube)

_NMR coit
gt " _-Ge thermometer
@ SCM coil
g, || TT—Field center assembly
—Sample (ethylene glycol
1 CFV
™ESR cavity -

sample container

Lig.N, pre-cooling
line

Sample container and its periphery designed
for realization of optimum proton _
polarization condition. Sample container
also worked as a liquid *He container and
an ESR cavity. Ethylene glycol-—Crv was
shaped into small beads for high cooling
efficiency. Superconducting coils are
wound coaxially arocund the center axis.

207



Proton polarization

s
Pdlarization
Buikd-up . Relaxation
/ o
/ . —
/ B
At \'
- - \\‘- -~
S
50+ / ]
7/
/
r _
100 mW
]5 69.20 GHz ~ | 69.22 GHz )E OFF
1 1 ] ] ] E 1 1 1§ 5_L I I L 1 ] 1 L 1 | [ -
0 50 min 0 50 100 min

Fig. 3 Polarization build-up and relaxation.
Dynamic polarization of protons was started
with microwave of 100 mW at 69.20 GHz.
After about 60 min the polarization was
saturated. 1In order to get high
polarization the frequency of microwave was
changed to 69.22 GHz. Then the microwave
was switched off. The polarization
gradually decreased with relaxation time of
about 300 min. The Ge thermometer indicated
the temperature of 0.3 K in that time.
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Preliminary Report on the Effect of Dy and Dy0 Infused

Upon a Vacuum Vessel
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National Laboratory for High Energy Physics
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It has been shown by Mampe et all) that the storage time of the ultra
cold neutromns (UCN) in storage vessels rather strongly depends upon how the
surface of the vessels is cleaned. They established the direct correlation
between reflection losses of UCN and the surface hydrogen concentration and
concluded that main cause of UCN losses is due to upscattering by warm hydro-
gen on the surface of the vessel. Before going into UCN production and storage
experiments, we conducted a series of operations introducing Dy or D,0 into a
proposed UCN storage cavity and temporary vessels which contain its components,
either by glow discharge or simply filling them with these gases. After each
operation, we evacuated them and observed the behaviour of the deuterium com-
pounds by a mass spectrometre for a certain period. This is a preliminary
report on a particular component among such operations.

Figure 1 shows the system employed, In storing UCN, which
is produced by means of superthermal liquid heliumz), it i1s necessary to
operate a UCN valve deep inside the ecryostat, A SUS rod, 6 mm in diametre
and 1500 mm in length, shown in the centre of the figure was fabricated.

The thermal shielding fins , etc., are omitted from the figure. This
was placed in a SUS pipe via an electric imsulator and the pipe was pumped
down by a 200 1/sec turbo molecular pump. The system was made to clean the
rod by deuterium ion bombardment.

In Fig.2, the measured partial pressures of masses between 16 and 20 over
a period of 2300 hours are shown. What have been done during times where no

pump was on, indicated by A,B,C,D and E in the figure are as follows. A) The
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Fig. 1 The Vacuum System used for this Report

SUS pipe was heated up to 1909C evenly and D, gas was introduced from the

bottom. The glow discharge was continued for 20 min. at 420 volts with 30

mA while the gas flow was kept constant. After pumping down for an hour,

D0 vapour was injected up to several Torr. The heaters were then cut off and

the system was pumped down for another hour. When it became close to the
room temperature (about 70°C), D0 vapour was injected again till it saturated.
B) The system saturated with D50 vapour was left at room temperature, sealed,

for 310 hours. C) The system kept under vacuum, sealed, for 1580 hours. The
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pressure at the time of sealing was 1.5 x 107 Torr. D) With heaters on, we
performed glow discharge at 500 volts, 30 mA for 20 minutes for two times,
gseparated by 10 minutes pumping. Then the heaters were cut and D,0 was filled
up to 8 Torr for 40 minutes followed by pumping down for an hour. Then the
system was filled with D50 vapour again up to 6 Torr for a while and pumped
down. In three hours the vacuum got to 3 x 10~/ Torr. E) The rod was
removed from the system to iIncorporate it in the UCN system. The mass
analysis was done to the rest of the system after this.

Most likely candidates for mass 16 are 0 and CHA; for 17, OH, CDHj3; for
18, H90, OD; for 19, DHO; and for 20, D,0. We assume that no other candidates
like NHq or Ar would influence much of the spectrum. Except immediately after
the D90 vapour was injected, the spectrum is dominated by mass 18, followed
by 19, 17, 20 and 16. The background spectrum in common vacuum works normally
shows no peaks at masses 19 and 20, which implys that these are due to the
deuterium injection. If the ordinary cracking pattern of Ho0 applies
to D90, mass 18 should have not more than 10% of 0D, and very likely only a
few percent. The ratio of mass 18 to mass 17 which is close to the usual
cracking ratio of light water also supports this view. It is worth to note
however that once Dy and Dy0 are introduced to the vessel,- the deuterium
compounds remain there as remnant molecules for a long period of time together
with hydrogen and its compounds. This is different from the behaviour of
other gases like Ny or Ar. To what extent these deuterated molecules are
really coming from the surface of the vessel is still an open question and

subject to further investigations.

1) W.Mampe et al, Z.Phys.B, Condensed Matter 45, 1(1931)
2) R.Golub et al, Phys. Lett.,62A 337 (1977)
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Linear Position Sensitive Neutron Detectors Using ®Li Glass Scintillators
N, Niimura, K. Yamada, T. Kubota and M. Satch

Laboratory of Nuclear Science, Faculty of Science

Tohoku University, Mikamine, Sendai 982, Japan

In time-of-flight (TOF) measurements the dead time of detectors is
required to be less than 100 nsec and a 6Li—glass scintillator meets the
reguirement. If a proper method for defining the position of the scin-
tillation event can be developed, it may be used in a position sensitive
detector (PSD). We have designed and constructed a new type of a linear
PSD using i glass scintillators (L-GS). The feasibility test experi-
ment of this PSD has been performed by using KENS cold neutron, The
preliminary result is presented.

The principle of the linear PSD is illustrated in Fig. L. A stripe
of the scintillator is sticked on the light transmitter. Scintillation
photons created by a neutron are separated and propagate towads the ends
where photomultipliers (PM) are placed. The position where the neutron

is captured in the scintillator is determined by the following expression;

1 I
=g (o= Fm (Fy (1)

where | is a linear absorption coefficient of the total optical system,
Ip and Ip are the intensity of the photomultiplier A and B respectively,
and fp and £, are the length of the scintillator as shown in Fig. 1.

We have constructed the linear PSD. The scintillator is 16 cm in
length, 1 cm in width and 0.2 cm in thickness. Experimentally the position
where a neutron hits the scintillator is defined with the Bragg reflection
from a pyrolytic graphite (PG) single crystal, since in the TOF technigque
the direction of the Bragg reflection is changed by rotating the PG.

The pulse height distributions from PM-A and PM-B are shown in Fig. 2
when the Bragg reflection f£rom the PG hit the scintillator. The direction
of the Bragg reflection is illustrated in Fig. 2. The peak position of
the pulse height distribution of the PM-A or PM-B corresponds to the
quantity of the scintillation photons, that is, I or Ig in eq. (1).

When the neutron hits the scinti;lator at B, the intensity from the PM-B

213



is stronger than that from the PM~A. When the direction of the Bragg

reflection is changed from B to A, the peak position of the pulse height

distribution shifts. The results of the experiments do not conflict with

the above consideration as shown in Fig. 2. However, we have found that

the realization of the linear PSD of this type has several problems to be

solved. One of the biggest problems is to measure the quantity of scin-

tillation photons which reach to the both ends accurately.

/Scintillator

r
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Fig. 1. Principle of a linear
position sensitive
3
i detector.
2..
1+ Fig. 2. Pulse height distributions
from PM-A and PM-B when
' ' ' the neutron hits the end
3 B, the center and the end
A respectively.
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