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Preface

This KENS EKeport is the first research report published
at KEK (National Laboratory for Hign Energy Physics) after
the construction of the KENS facility (the spalliation neutron
source facility at KEK) was started. We collect in it the
papers discussing the resulits of tThe mock-up exXperiments and
computer simulation calculations performed for tThe technical
development 1n cornnection with the construction of the KENS
facility as well as the papers describing the details of the
spectrometers whicn are going to be installed at KENS. The
experimental results ovttained with the Tohoku Linac Neutron
Source are also included only for the case where the experi-
ments were practiced for the development of new techniqgues.
This report, thus, summarizes the progress we have made in
this year as an extention of a previous KEK report (KEK-78-19).

The most of papers in this report were presented in the
Infeormal ICANS meeting at Rutherford Laboratery on September
10-12, 1879. Therefore the report can also be served as the
Proceedings of the meeting prepared by Japanese group. In this
connection we thank the Japan Society for the Promotion of
Science which supported this meeting and made the Japanese par-
ticipants attend it.

The first stage of construction of the KENS facility will
be accomplished at the end of March, 19880. We expect to have
neutron beams in July until when we hope To complete the data

collection system. The test experiments will start from

‘Septenper in the earliest case.



We are going to have the 4th ICANS meetihg on October
20-24, 1980 at KEK and the results of discussions in this
meeting will be published in the next KENS Report. The origi-
nal papers concerning the experimental results obtained at
KENS facility will be published hereafter as KEK Report B.

If you are Iinterested in receiving continuously these reports,
please contact with either Prof. N. Watanabe, National

Laboratory for High Energy Physics, or me.

Yoshikazu ISHIKAWA
Professor of Physics,
Tchoku University and National

Laboratory for High Energy Physics
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1. Present status of construction of KEHS facility

H. Sasaki, N. YWatanabe and Y. Ishikawa*

Hational Laboratory for High Energy Physics, Tsukuba

*  Physics Department, Tohoku University, Sendai

1.1 Proton beam transportation

The XEK proton accelerator compiex is a cascade machine of iwo
synchrotrons, a 12 GeV main synchretron and a 500 MeV fast cycling
booster synchrotron., Three quarters of the delivering capabiiity of
the proton beam from the booster are available for other purposes than
the main ring injection without disturbing its operatjon, Utilization
of such an excess of the beam pulses has been discussed for a long
period among many scientists in various fields of researches, such as
nuclear physics, neutron physics, radiation science and medicine. Three
projects were finally preposed; neutron scattering experiments, meson
physics and medical use. Booster Synchrotron Utilization Facility (BSF)
has been established to organize these projects at the beginning of 1978
fiscal year. The project of the neutron scattering experiments with
pulsed neutrons was approved by the government in 3977 and its construction
was started, The meson project, which is promoted by Meson Science
Laboratory in the University of Tokyo, was also approved in 1978.

The proposal of medical pse of the hooster beam was submitted to
the government through Tsukuba University and is also approved in

1980. The first stage of the construction of the facility will

-

be completed at the first haif of 1980. The layout of the facility
is shown in Fig.3. The construction of the building including the electric
and cooling plants for the facility was started in August 1978 and finished
at the end of 1979,

In 1977, the booster beam had been separated from the main ring
injection course and transferred to a beam dump located outside of the
main ring enclosure. The beam Iine, which supplies the booster beam to
the new facility, extends from the beam dump. After passing through a
40 m long transporting section, the beam is switched tc any experimental
areas by means of a puised switching magnet PHB2 synchronizing to the
repetition of the booster synchrotron. By turning off the magnetic fieid,
the beam hits directly the pulsed neutron source for the neutron scattering
experiments. By choosing the polarity of the magnetic field, the beam
can be switched to the meson experimental area or to the secendary
nroton beam 1ine for the medical use. The beam line consists of a
matching section {Q13 to Q19) and several sets of w-section {Q20 to {23,
(24 to Q27, Q28 to Q3t, 024, 25, 26M, 27M and Q24, 25, 26F, 27P). The
matching section is designed so that the cutput beam of the beam-dump
line is matched to the beam profile required at the neutron and meson
production target. The beam is focussed at a point Tocated between
039 and Q20, and then transferred to the neutron or meson production
target through m-sections. Each w-section is basically a quartet system
composed of four quadrupole magnets in series connection. Fig.2 shows
the betatron amplitude and dispersion functions of this beam line.

Various kinds of magnet (23 quadrupole magnets, 2 bending magnets,
ene pulsed bending mgnet for beam switching, and 9 steering magnets) and
their power supplies for the beam transport iine were manufactured and

set. Length and bore radius of the quadrupole magnet are 30 cm and 5.7 cm

e



respectively. Typical distribution of the field gradient are shown in
Fig.3, where the field gradient is obtained by measuring directly the
error fields of the quadrupole field and integrating them with respect
to the horizontal displacement x. To realize a Tinear effective length
of the field gradient over a wide range by simple procedure, end-cut
correction of the pole is carried out by cutting the end of pole with a
ptane. The effect of the correction on the effective length is aiso
shown in Fig.3.

A1l the vacuum vessels including bellows of the beam line are made
of aluminium ailoy except a ceramic chamber for the pulsed bending magent.
From the viewpoint of the residual radioactivities induced by exposing
500 MeV proton beam, aluminium is considerably preferable to stainless
steel, though the latter is popular in manufacturing vacuum vessels.

With expnsure_time of ten days, for example, aluminium shows the residual
activities of 1/¢ ~ 1/30 two days after turning off the beam or 1/60 ~
1/230 for eight days as compared with those of stainless steel. Al-lMg
alloy and Al-Cu alloy are applied to the body and the fiange for the
vessels respectively. The welding technique between those kinds of
materia} is established at present even though accompanying some dif-
ficulties. Metal gaskets Helicoflex are in use to seal vacuum.

The beam monitor system of the beam line consists of eleven beam
profile monitors and six intensity moniters. It is possible to measure
the beam emittance with proper cembination of the profile monitors giving
no disturbance to the beam transportation. HManufacturing of mest of
these monitors was completed.

The system for the beam 1ine control, the access control and the
radiation protection for personnel are now under construction and wili

be almost completed at the end of this fiscal year. The beam line control
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js divided into three parts such as, beam injection control, Q}/0FF and
UP/DOWH of magnet power supplies and timing control. 5T programmable
sequence controller (seguencer) is used for sequence control. After
accepting the beam reguest status from the experimental facilities, a
sequencer checks all the conditiens concerning the beam injection

and determines the beam delivery mode. The signals of the beam delivery
mode are fed to the control desk and the timing system. The timing
system generates a triggering pulse to PHB2 power supply at a programmed
timing. The MELCOM-70 mini-computer system is used for the contrel of
magnet power supplies, data-taking and dispiaying the beam profile and
any other informations on BSF status on graphic display unit or CRT and
also recording the acquired data.

Beam line tunnel, experimental areas and transfer tunneis are ail
controlled areas. A1l doors to these areas are usually locked electrically,
Access to those areas is possible by means of a key te release the
electric Tock. Personal keys are set to a key board. When the key is
released, the beam switch of the control desk can not be turned on. The
radioactive contamination of personnels or equipments is checked with
a gate monitor, which is Jocated at the entry to the primary beam line.

The first beam will be delivered to the facility in the middle of
1980.

1.2 HNeutron scattering facility (KENS)

The layout of the KENS facility determined is displayed in Figs.4
and 5. Note that this layout includes only the spectrometers for which
the approval for construction has been obtained. The facility is composed
of three big rooms. The neutron source is located nearly at the center of

one big room - the main experimentai hall (Fig.4). The room is practically

—4-



divided into two areas A and B by the biological shield. This is mainly
for the experiments with thermal and epithermal neutrons. Another long
room {Fig.5} is the experimental area for cold neutrons. In additien to
these two experimental areas, there is a room for data processing and
control where the main computer as well as the interfaces to connect the
computer to each spectrometer will be accommodated {cf. Fig.4). The
whole building with the internal facilities as electricity and water
supply was completed in November 1979.

The present status of construction of each item of the KENS facility

is summaried as below.

1. Target station

The KEHS target assembly consists of a target, two kinds of moderatar,
Be reflector and their shieldings. The tungsten target with its cocling
system and the Be reflector about 200 kg in weight had been manufactured
in 1977 and a mechanical system to combine them was censtructed in 1978.
The whole assembly is going to be set on a movable target station in
order to remove backward the target assembly from the center of the
biological shield to the target handling area. Figure 6 displays the
frame structure of the target assembly. They are made by aluminium
metal to reduce the induced radio activity as much as possible. The
design of the target handling system is now in progress and will be

completed until the end of June 198C.
2. Biological shield

The wiojogical sheild for the KENS is composed of two parts, the

fixed shieid mainty made of heavy concrete with fourteen beam tubes in

u5e

it and the movable part made of the iron and concrete blocks. Except
three tubes into which the neutron guide tubes for cold neutrons are
inserted, each beam tube is equipped with a 0.9 m teng iron shutter
which moves in the vertical direction. The shutter cases to accommodate
these shutters can alsc be removed upwards 1ike other movabie shield
biocks. Figures 7 {a), (b) and (c) are the cross sectional view of the
shield actually constructed. It is really admirable that the Targe
movable shield blocks (2.3 % 3,2 x 3 ma} compased of more than 30 pieces

of blocks was set within an accuracy of 3 mm in the fixed shield.

3. Cold neutron source

The cold neutron moderator installed at KEK was decided to be made
of a solid mathane plate of ¥3H ® SD x 15H cm3 which is piaced in the
upper side of the target. The moderator is cooled down to 20°K by
circulation of helium gas which is cocled by a small cryogenerator with
a cooling power of 25 W at 20°K (PGH 105). The moderator and a heat
exchanger are encased in a small vacuum vessel 280 mm in height and 190
mo in the maximum diameter which will be installed inside the target
assembly. The distance between the moderator bottom to the upper surface
of the target was designed to be 17 mm. The details of the cold neutron

source are described in 2.1 of this report.

4. Cold neutron guide tubes

Three neutron guide tubes to transport cold neutrons to the colé
neutron experimental area were designed. [Each guide tube consists of
three parts, a 3.5 m Jong straight section inside the bioiogical shield,

a curved section with a cross section of 20 x 50 mm2 and a radius of



curvature of 820 m, which is 9 m Tong and is placed inside the concrete
shield and a section to the spectrometer. Ni float glass made by Nippon
Sheet Glass Co. was used for the neutron reflector. The curved section
is a composite of 1 m Jong strajght section. A simulation calculation
had aiso been performed to estimate the spacial and energy distribution
of neutrons at the exit of the guide tube. The results are presented in
3 of this report.

The tail cutters to pass oniy the neutrons with wave iengths ranging
between 4 E and 12 E viere 21so constructed. The tail cutter, incorporated
with our pulsed neutron source operating at 20 Hz, enables us to obtained
a quasi-continuous neutron beam at the ead of 25 m flight path. The
beam cuiting was practiced by rotating at 20 Hz a Cd coated disk 40 cm
in diameter with a proper window at the pesition of 5 m far from the
neutron source. The synchronization of the rotation of the chopper with
the neutren pulse was achieved by using a high power stepping motor (Toyd
plat: PM 5-60: 380 deg/250 pulse) which was operated with the 5 kHz
pulses supplied by a pulse generator synchronizing the repetition of the
booster synchrotron. The phase of the chopper aiso controlled by the

proton beam pulse.

5. Spectrometers

In the ¥irst stage of construction five spectrometers and their data
acquisition systems have been constructed. The details of them are

discussed in the section 4 and 5 of this report.
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Figure Captions

Fig.t
Fig.2

Fig.3

Fig.4

Fig.5
Fig.6

Fig.7

Layout of KEK Booster Synchrotron Utilization Facility.

Betatron amplitude and dJispersion functions of the booster

beam line.

Field gradient distribution and effective length of the gquadrupole
magnets for the booster beam Yine,

KENS neutron scattering faciiity, Neutron experimental area

A and B.

KEHS neutron scattering facility, Cold neutron experimental area.
A picture of the movable target station together with a part

of the target asembly.

A picture of the movable shield assembly.
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2. €Cold neutron source

2.1 Cold Neutron Source

Mock-up experiment and final design
Y., Ishikawa and S. Ikeda*

Physics Department, Tohoku University, Sendai

§1. Introduction

This report describes the outline of the mock-up ex-
periment of the celd neutron source performed in the beam
dump room of KEK using 500MeV protons from the KEK booster
synchrotron and that of the final design of the cold neutron
source system of the KEK neutron source facility. The mock-
up experiment was aimed to evaluate the radiation heating by
spallation aeutrens in the cold moderator (solid methane at
20K) and to test the cooling ability of the designed cryostat
for the celd moderator. This kind of information is quite
important because we need to place the cold moderator as clase
as possible to the target to increase the neutron yields which
inevitably requires to minimize the cryostat size. Various
other kinds of mock-up experiments have also been carried out
to find the optimized size of the mederater as well as to es-
tablish the method for cooling to get a dense solid methane
moderator, The results have been published in an interim

technical reportlz (in Japanesc)

* Present address: MNational Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki
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§2. Mock-up experiment

The cold moderator cryostat used in the mock-up ex-
periment is shown in Fig. 1. The cryostat was designed as
a prototype of the KENS cold neutron source. The moderator

L ® 110H X SOD rnrn‘-5 made of pure

case with an outersize of 100
Al metal was cooled through a heat exchanger (copper block)
attached to the top of the box. The cryostat was placed on

H oy 120" mmd,

a4 tungsten target with a2 dimension of 78w x 57
In this configuration the minimum distance between the cold
moderater and the target is 12mm. The heat exchanger block
was cooled by circulation of liquid helium through a 10m
lorg transfer tube. In the experiment mesitylene (C6H4{CH3)3)
which has a similar characteristic as methane for the cold
moderatorz) was used for simplicity of handling and safety,
because it keeps the liquid state even at room temperature.
The target was cooled by air blowing using a hair drier.

The experimentzl results obtained were summarized in
Fig. 2. The temperature of the bottom of the cold moderator T,
was attained to 12 K which was found to rise up to 13.5K,
when the 500 MeV proton beams (4.9 x lﬂllp.p.p, 4Hz) were sent
to the target and the spaliation neutrons were created.
Since the temperature increase occurred almost instantanecously,
the moderator was expected to be heated up homogenously by
the radiation. Otherwise it should take a time before the

moderator arrives at an equilibrium state. The figure alse

shows that the temperature increase of the wall of the
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moderator case was quite few, suggesting the heating is due
to the spallation neutrons entered inside the moderator.
From this experiment, we could evaluate i) the cooling
power ¢of the cold transfer system necessary for the cold
neutron source and ii) the value of radiation heating by
spallation neutrons which is described below.
2.1. Cooling power of the cold transfer system

In a process of the mock-up experiment, it was found
that a flow of 6&/ht of liquid He was necessary to keep the
moderator at the lowest temperature. We also found that the
moderator temperzture rose up to 40K, if the flow rate was
decreased to be 2&/hr. If we assume that the temperature of
helium gas arises to 10K at the exit of the heat exchanger,
the circulation of 6&/hr of liquid He has an effective cool-

ing power Q(watt) given by

3

Q {25cal/mol+30cal/mol) =6 4/hrx31.25m0l/ 8

13

10308cal/h

it

iZwatt. (0

On the other hand the heat loss of this cold moderator
system was evaluated to be 5Swatt, in consistent with the
experimental observation that the flow rate of 28/hr(Q=4watt)
is not enough to keep the lowest temperature. Therefore the
cold transfer system should have a cooling power of more than
12watt. In Fig. 3 is showa the ceoling power of PGH10S;

a small cold transfer system {fabricated by N.V. Philips!'

Gloeilamphenfabricken) plotted against the operating

-21-

temperature, which indicates that this system is sufficient
enough to keep the cold neutron source similar to the proto-
type 1less than 20K,
2.2. The value of radiation heating

In erder to estimate the heat produced by the spallation
neutrons, we made an assumption that the heat uniformly pro-
duced in the moderator is removed through the nearest neighbor-
ing wall of the case. Then the equation of the heat flow is

given by

q = -4 (T 3Ly, (2)
dx dx

where q is the heat produced in 2 unit volume, k(T{x}) and
ﬂ%éi) are the thermal conductivity and temperature gradient
of the moderator at a distance x from the wall respectively.

Since x{T)=K;T near 20K, Eg(2) gives rise to a relation
q = Ky (1% - 122722 (3)

with Tz and T3 the temperature of the wall and that of the
moderator at the farthest distance & from the wall respectively.
The thermal conductivity of solid mesithylen has been determined
at BOK to be x(80)=1.2x10-3 watt/cmdeg3) and k(20 ) would be
(1/4)x(80)5k(20) 5 (1/2)x(80). Therefore, K, was estimated by
assuming xk{20) < 0.6 x 1075 watt/cndeg or K1 < 3 x 107 2n watt/
cmdeg?. By putting 2=2.Zcm, T3=13.5K and Tz=12.0, we finally

get

q < 0.24m watt/cc. {4)

—22w



This estimate suggests that the maximum heat produced in the

moderator by spallation neutrons of 19.6 xlollp/s is order of
0.2n watt, Since the c¢old moderator of KENS has a volume of

9G0cc and the proton beam intensity will be 4.9 times higher

than that used in the nock-up experiment, the total heat Qt

preduced in the cold mederaior can bte estimated to be
Qr = 0.24x900x4,9 = 1.058 watt, (5)

for the tungsten target. Therefore, in case of KENS cold
moderator, the radiation heating by spallation neutrons is
almost negligible compared with other kinds of heat losses

and the cooling power of cold transfer system PGH 105 would

be sufficient to keep the moderator below 20K even with uranium
target. This radiation heating becomes significant if the
intensity of spallation neutrons increases by 200 times, which
is the case for SN$ at Rutherford Laboratory. In this case

the radiation heating would be order of 400watt and a big

refrigerator is reguired.

§3. Final design of KENS cold neutron source
3.1 Cryostat for cold moderator

Based on the results of the mock-up experiments described
ia the technical reportl), the moderator size was determined
to be 120¥ x 500 x 150H mn¥. The moderator case was made of pure
aluminium metal 4mm thick except one wall behind the surface

from where the cold neutrons are emitted. This wall has a

23—

thickaness of 7mm to increase the thermal corduction. The
heat exchanger has nearly the same structure as that of the
test cryostat. Actual size of the cryostat as well as the
configuration of the cold neutron source-target-Be reflector
system is displayed in Fig. 4. The distance between the top
surface of target znd bottom of mederator is now 1%mm and
that between the cryostat wall and moderator is 5mm. The
total height of the cryostat is 290mm and the most part of
the cryostat is covered with Be reflector.
3.2. Celd neutron source assembly

The block diagram of the cold neutron source assembiy
is shown in Fig, 5. The assembly coasists of the cooling
system, the methane gas circulating system, the vacuum pump
system and the safety control system. The cocling system
is composed of the PGH 105, the cold helium gas transfer unit
and the low temperature cryostat. The He gas cooled by the
cryogenerator is transferred to the heat exchanger of the cryo-
stat by the ventilater (6) in the figure through the 7m long
transfer tube, The temperature of the cold moderator can be
controlled at any temperature by heating He gas by a heater (9)
at the entrance of the cryostat,

The methane gas circulating system is composed of a gas
reservoir tank,530% in volume, 2 900cc cold moderator case
and a methane high pressure vessel. The gas in the reserveir
tank at atmospheric pressure is liquidized in the cold modera-

tor and is solidified slowly by using the heater (9).
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In order to prevent the entrance to the cold moderator case
from freezing, its temperature is automatically contrelled teo
be above 90K(10). The pressures gauges (4) and (5} in the
system serve as an indicator to normal operation; the gauges
should indicate zerp pressure when the entrance o the cold
moderator is not frozen and the condensation is complete.

The wvacuum pump system provides with two vacuum pumps;
ong diffusion pump system for high vacuum (YH-330) and a rotary
pump {PVD (8¢)}) for low vacuum. Both of cryogenerator and
cryostat are evacuated at the same time by these pumps, through
three electric vacuum valves (1), (2) and {3} which are auto-
matically controlled by vacuum pressure detected by a Penny
type vacuum gauge (8). In normal operaticrn all of these valves
are closed.

In order to guarantee the safety in operation, the safety
control system controls the assembly in following ways.
(i) When the vacuum pressure increases more thaa 1 210'4mmHg,
the electric vacuum valves (1} and (3) are opened automatically
to evaculate the whole system by the diffusion pump.
(ii) If the pressure exceeds 1 xlo'zmmHg, the valve (3) is
closed and the valve {2) is opened The system produces an
alarm signal to stop the opperation of the accelerator.
The same kind of the signal is produced in three following
cases,
(iii) The temperature of the bottom of the cold moderator
detected either by a hydrogen pressure gauge (13) or by a

thermo-junction (12) exceeds a defined value.

25—

(iv) The temperature of the cryagenerator {(7) exceeds a
defined value.

(v) An anomalous strain is introduced into the wall of the
moderator case, which will be detected by a strain gauge (11)
{future plane).

The layout of the cold neutron source assembly is displayed

in Fig. 6. As is seen in the figure, the cryogenerator
{refrigerator) which was originally planned to be placed inside
the biological shield was finally decided to be installed out-
side of it in order to make easy the maintenance of the cryo-
generator.

The cold neutron source assembly has been constructed by
Osaka-Oxgen Industries Ltd. and a test experiment was performed
to examine the cooling power. The results are shown in Fig, 7.
which indicates that the moderator attained te the lowest tem-
perature of 17K in an hour. Therefore the assembly was found

to satisfy our reguirement,
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Prototype cryostat for cold neutron moderator used
for mock-up experiments,.

Results of mock-up experiment. The absolute values
of Tz and T3; temperatures of aluminum case are not
accurate compared with Tj because of lack of accurate
calibration for these thermo-junctions.

Cooling power of cold transfer system PGH 105.
Target-cold moderator-Be reflector assembly for the
KEK neutron source.

Block diagram of KENS cold neutron source assembly.
Laycut of cold neutron source assembly.

Result of test operation of cooling system of KENS
cold neutron source. The minimum temperature of

moderator atbained is 17X.
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Cold Neutron Moderator forMock up Experiment
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2.2 On the Neutronlc Behavior of the Celd Moderzator
Y. Kiyanagl, K. Inoue and H. Iwasa

Department of Nuclear Engineering, Faculty of Engineering,

Hokkaide University, Sapporo

1. Introdyction

There have been few systematic works concerning the optimal
shape and dimensicns of the cold moderator from both the experl-
mental and theoretical points of view. We have been interested
in making measurements under condltions similar fo an actual case,
and, therefor, we have devised several mock-up experiments using
an electron linac at Hokkaildo University to decide the optimal
shape and dimension for the KENS cold neutron source. The neu-
tron flux distribution has been measured for three cold moderator
dimensilons,

The neutron intensity as well as the emiésion time have been

measured using a Shermal mederator with and without a fast neutron

reflector.

2. Cold Neutron Flux Distribution

Although solid methane is used for the KENS cold neuftron

source, we employed solid mesitylene as the cold moderator for
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experimental convenience. The moderator characteristlics of me-
sitylene at 20 K are similar to those of methane at 20 K. The mod-
erator was placed 5 cm above the center of the Pb target of 5x5x5

cm?.

The neutron flux distribution was measured as a function of
the wertleal distance h from the botteom of the chamber. For the
precise normallzation of intensities in a series of measurements,
the dimensions and shapes of the mederator assembly in a cryostat
were changed by remote control without interrupting the linac op-
eration. The results taking for three different moderator dimen-
sions are shown in Fig. 1, which indicates that the peak intensity
was not so sensitive to the height and width of the moderator when
their dimensions exceeded 10 cm. The peak position of spatlal
distribution was arcund h=dem for all cold neutron energles. The
integrated neutron intensity emitted from the moderator was pro-
portional to the emission area. The results obtalned for meslity-

lene at 20°K are applicable for methane at 20 K.

3. Fast Neutron Reflector

for the pulsed neutron source both neutron intensity and emis-
sion time are important, and with a fast neubtron reflector the
neuktron intensity is increased. Three reflecter materizls, par-
affin, graphite and beryllium oxide, were Investigated. An ambi-
ent temperature water mederator was placed beside a Pb target;
the moderator dimension was 10x10x5 cm?. The reflector thick-
nesses were 5 cm for the paraffin and beryllium oxide, and 14 ecm

for the graphite. A decoupler of C4 sheets was placed between

-37-

the moderator and the reflectior. Fig. 2 shows the neutron TOF
spectra, all of which have the same shapes below the Cd cut-off
energy. in this energy region, however, the 1lntensity for the
paraffin reflector was 1.5 times higher than that for the bare

moderator. In cases using the graphite and beryllium oxlide re-
flector, the multiplieation factors were 2 and 3, respectlvely.
It was concluded that beryllium oxide was one of the most effi-
clent reflectors,

To measure the time dependence of neutron pulses, we used mica
sheets to diffract the neutron beam into the *He counter in the
geometry of backscabttering at 85° Bragg angle. The measurements
were done for three assemblies designated A, Band C. Assembly A
was a bare moderator, B contained a beryllium oxide reflector of
5 gm thickness with a €d decoupler, and £ was simllar te B bui
without the Cd decoupier. The moderator was an ambient temperature
water and its size was 10x10x5 cm®. Fig. 3 is an i1llustraticn
of diffraction patterns. Fig. & demonstrates the rise time {Tr),
the Tuil width at half maximum (Th) and the decay time (Td)}.

These values were nearly the same in assemblies A and B in the
measured energy range, but in assembly C they were longer than
those of other assemblies. The rise time of thermal pulses in
assemblies A and B was mainly determined by neutron slowing down
times in the water moderator, which did not differ very much with
each other, and the decay {ime was mainly determined by absorp-
tion and leakapge of the neutrons from the moderator. Thus, the
time constants for assembly B were almost the same as those for A.
In the case of C, the beryllium cxide reflecter also worked as a

moderator, hence all values of the time constants were elongated.
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Finally by using the fast neutron reflector approprilately, we

were able to increase the neutron intensity and not affect the

neutron emission time.

-39~

Figure Captlons

Fig. 1

Fig. 2

Flg. 3

Fig. X

Neutron flux distribution on a mesitylene cold moder-

ater at 20 K feor three different moderator dimensions.

Neutron time-of-flight spectra from a moderator

with and withcut fast neutron reflector.

A serles of diffraction peaks measured for a bare

moderator.

Time constants of neutron pulses for three assemblies.
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3. A Design of Neutron Guide Tube
* *
S. Ikeda, Y. Ishikawa and Y. Endoh

Naticonal Laboratory for High Energy Physics
Tsukuba, Japan

* Tohoku University
Sendai, Japan

§1. Introduction

A cold neutron mederator is installed at the pulsed neutron source
at National Laboratory for High Energy Physics {KEK), where high energy
spallation neutrons are moderated by solid methane cooled at 20 K.

The peak value of the 4n-eguivalent cold neutron flux at the moderator
surface is expected to be 1016 n/cmz-sec-eV!)

Cold neutrons are efficiently extracted by three guide tubes from
the cold moderator and are transported to a cold neutron exp?rimenta1
area where such spectrometers, as small angle spectrometer, p-eV spectro-
meter and polarized cold neutron spectrometer are installed. As shown
in Fig.1, each guide tube consists of two parts, a 3.5 m long straight
section inbedded inside the biological shield and a curved section with a
radius of curvature of 820 m placed outside of it.

Ri coated fleat glass was used for the neutron reflector. The
present report describes the results of the design studies and the final
characteristics of the guide tubes caiculated by a Monte-Carlo simulation

code,

B

§2. Calculation Method
Firstly we calculate the neutron transportation by one dimensional

appraximation in the straight section as drawn in ¥ig.2. Assume that a
cold neutron of wavelength A is emitied from the moderator surface at a
position L with an angle B Then the position Xg @s well as the angle
B of this neutron at the exit is given by following relations.

Xp = (-I}N(x‘ - 2Ha sign{x})})

f i 1

_ N

Bf" (‘]) GM,

x% =kt (Eo + £1) tangy,, (N

N = Integer ({Enteger{x%/a) +1)/2),

[xy + gotangy| < a,
and |9MI < ac(l).
Here BC(A) is a critical angle for A. MNext we discuss the neutron
trajectory in the bent section. If a neutron at an entrance with a
cordinate (x], 61) moves to (xi, B%) at an exit {See Fig. 3), the
relation between (xi, ei) and (xl, 91) are expressed as follows

xicossi = Xjco88y

I = 2
and 6] = w ¥ 8. {2)

By using these relations, a final positicn at the exit of the guide

(xz, 92) is given as follows (See Fig.4)
8, = 0, * 88, ,
and  x, = %C030;/C050,. {3)
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1f the neutrons are transported without reflection, Br and Aaz are { -cas_1(£/x1) (letl <8 )

expressed as By =
=1,8 _-
~C0s (Q N0, ) (Ietl > Byayt 4
B_r, = 9-I '
{4) and Q= (x% + ﬂ.z - 2)‘!.;(1cns:&max).l‘/2 . {5)
Aﬁz = Bmax.
Finally we discuss the case of a polygonal guide tube made of combination

If the neutrens are veflected by the wall of the guide, 6, and 48, are of the short straight sections with the length %, and the width 2d {See
given as follows (See Fig.5). Fig.6).

Since the transportation of the neutrons in the short straight

1
6. =450 -6 -(8_+8)Ff
v =20 - & - (8 T BT, section is calculated by Ea.{1), it is enough to calculate the transportation

between two sections {see Fig.B), which is expressed as following relations.

aez = Wod ((emax - AB])/AB) s
X'cosé = p sinez + X,
. H-1
= { 519“(9] - et)'{'” (aa 2 9pJ ’ X'sing = p cosd, {6)
H (ea<ap), 8y = 8, + 6,
and 6= 12/12..
N = Integer (emax - AB.I/AB) +1,
By using these relations, numbers of neutrons with X and 6 caming out
- -1 1

6, = |cos (£+2d cuse1)| .

* from the exit of the guide tube can be calculated by the Monte-Carlo

2 . : .
- -1, simulation technique.
8y = lcos™ (— cosey)|
8 = |cos"} ﬁ| . §3. Requirements of KENS guide tube and determination of parameters
28 (6. <) The parameters of the neutron guide tubes at KENS should be determined
AR = -} a= '
{ 8, -8, (ea > eg) ) so as to satisfy following requirement.
1. The cold mederator has an effective area of ]2"‘, x }SH cmz.
A8 - { B2 " (91 3 et) ' 2. The distance Ey petween the moderator and the entrance of the straight
lreb HEHERIREP N section must be greater than 150 cm, mainly because of the require-

ment of the geometry of the bilogical shield.

.1 -48-



3.  The distance between the celd moderator and the end of the straight
section (11 + 10) is fixed to be 5 m corresponding to the thickenss
of the biological shield (Fig.8(A)). The height D of the straight
section with respect to the mederator (Fig.8(A)) is an important
parameter to be determined.

4. The bent section is put at a distance E from the straight section
with an inclinration anglie e as seen in Fig.8{(B). E was fixed to be

30 cm, which is the minimum distance required to install a tail

cutter, while g should be determined to get the optimal characteristics.

5.  The width of the guide in the bent section 2d was fixed to be 2 cm,
in order to make the distance of the direct view less than i1 m.
The width of the straight section 2a should be determined by present
calculation.

6. The curvature of the bent tube was automatically determined to be
820 m from the cut off wave length A = 4 K and 2d.

7. The iength 22 of the straight section composing the polygonal guide
tube {cf. Fig.8(B)) should be chosen either 0.9 mor 1 m.

Thus a Monte-Carlo simulation calculation was practiced in order to
determine the optimal values for 2a, D, Ly € and £,. The calculation was
first performed only for a combination of the moderator and the straight
section in order to determine 2a, D and &;. Then additional calculation
was made in order to determine £ and Ly in the benpt sections. The results

of calculations are displayed in successive figures.
i}  Determination of Z2a, % and D

The dependence of the total intensity, I.(i), of neutrons at the exit

of the straight section on £0 was calculated by one dimensional model. Fig.9

illustrates the case where the flux distribution along the horizontal line

—49-

on the moderator is uniform, while the result for the non uniform
distribution (cosine distribution) is displaved in Fig.10. In the

former case, the intensity starts to decrease for g, longer than (A-a)/
8. while in the second case, the corresponding value is (2/3 A-a)/eo(A).
These values are calculated for different wave lengths and are listed in
Table 1. A similar one dimensional calcuiation was also carried out for
the vertical direction by using the flux distribution experimentally ob-
tainedz} (see Fig.11). These three figures as well as the table indicate
that L is nearly optimal at g = 150 ecm far the wavelength shorter

than 9 ;, but it is not the case for the longer wave length. In Fig.12
is shown the D dependence of the intensity. The results suggest that

the most faveorable value of D is 4.7 cm independent on the wave length.
The calculation was also practiced by varying 2a and it was found that
the density of neutrons at the central region of the cross section of

the guide tube increases only by 2 % for 2a = 2 cm compared with the case

for 2a = 3 cm. Therefore we adopted 2a = 3 cm, for making setting easy.

i1} Determination of 2 and e

Total intensity of cold neutrons at the exit of the bent guide tube
I(E) was calculated as a function of £, HNote that the neutrons from the
cold moderator are assumed to have the energy spectrum of the Haxwellian
distribution at 20 K. The results of calculation are displayed in Fig.13.
It indicates that, by choosing e = 15', the cut off wave length is shifted
to the shorter wave length side, but that the total intensity is reduced
almost by 20 %, compared with the case for ¢ = 0. Therefore we appreciate
the intensity increase and decided to adopt € = 0. The transmittance
of the polygonal guide tube Ik(la)/p(A) c(A) was calculated as a function
of A for two cases of y = 0.9 mand 1 m. The results are illustrated

in Fig.14, where 11(18) and p(i) are the intensity of neutrons at the
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exit of the guide tubes with a total length of 18 m and the intensity of
neutrons with A on the source surface respectively. The figure indicates
that the transmittance shows almost mo difference between these two cases
and, therefore, £, Was determined to be 1 m inorder to reduce the

manufacturing cost as well as the loss of neutrons due to the imaccuracy

of the setting.

54, Characteristic of the KENS guide tube

Thus five parameters a, 10’ D, ¢ and 2, were finally determined
to be a = 1.5 cm, LD =150 em, D = 4.7 cm, £ = 0 and £2 = 100 cm. Finaily
the characteristics of the guide tube calculated using these parameters.
The spacial variations of the intensity of neutrons at different cross
sections «, B, v and & are shown in Fig.15-a, b and ¢ for three different
neutron energies. It is noted that the beam profile becomes in
homogeneous for the energy higher than the cut off energy (€ = 5 meV),
but the inhomogeneity disappears for E = 0.5 meY (A = 12.7 3). It does
not depend upon the position in the bent tube.

The wave length dependence of the intensity of neutrons at the exit
of the polygonal guide tube of 18 m long was finally calculated by
jntegrating all the neutrans arrived at the exit and the result is shown
in fig.16. The cold neutron source was assumed to have an energy spectrum
of the Maxwellian at 20 K as mentioned previously. The energy spectrum
at the exit is found to be well described by a function 1/A4-e-(lt/l)
with RT = 7.6 ;. This relation was employed to estimate the intensity

of small angle scattering as described in 84, 3.

-51-
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Figure Captions
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Cold neutren experimental area in XENS.

Neutron trajectory in a straight guide tube.

Cordinates (x1, 61) of neutron beam in a bent guide tube.

Final cordinate (xz, 92) at the exit of a bent guide tube.
Neutron trajectory in a bent guide tube.

Polygonal guide tube.

Propagation of a cold neutron in a connecting part.

System of neutron guide tubes in KENS.

(A) part; a straight tube section.

(B) part; a bent tube section.

Variation of neutron intensity at the exit of a straight guide tube
with respect to distance between source and guide tube i for a
uniform neutron source.

Distance 2y dependence of neutron intensity at an exit of a
straight guide tube for a non uniform neutron source.

Distance £G dependence of neutron intensity at the exit of a
straight guide tube for a source with spacial distribution of
intensity experimentally determined.

Yariation of neutron intensity at the exit of a straight guide
tube with respect to the height of the guide tube D.

Inclination angie € dependence of intensity of neutrons at the
exit of a bent guide plotted against the wave length.
Transmittance of a polygonal neutron guide tube plotted against
wave length A.

The neutron beam profile at the cross sectiens «, B, v and ¢ of
the different positions in a bent guide tube., Results are shown
in cases of neutrons with € = ¥ meV¥(a), 4 meV¥{b}, and 0.5 meV(c).
Wave Tength dependence of neutron intensity at the exit of a

18 m long polygonal guide tube,
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Table 1
AR)
6 8 12
" A-a
652 cm 435 cm 326 cm 218 cm

8.2}
12/3-A-a)
R 362 em 242 cm 181 ecm 121 cm

8.(3)

Values of (A-a)/BC and (2/3-A—a)/€ic
{A=6.0cm, a=1.5cm)
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4. Spectrometers

4,1 High Intensity Total Scattering Spectrometer (HIT)

Noboru Watanabé’ Kazuyoshi Yamadéﬁ Masakatsu Misawa =
*
Laboratory of Nuclear Science, Physics Department
E
Research Institute for Iron, Steel and Other Metals

Toheku University, Sendai, Japan

and
Tadashi Mizoguchi
Physics Department, Faculty of Science, Gakushuin University,

Tokyo 171 Japan

Abstract

This instrument is a total scattering spectrometer for
KEK pulsed neutron source designed to measure the structure
factor 5(Q) of liquids and amorphous solids as a function of

Q from 0.5 to about 10¢ A-l at higher rate of data collection.

Scientific applications of the spectrometer are as follows.

(1) Structural studies in non-equilibriuvm states: mea.
surements of time-dependent structure factor $(Q,t) as
a function of time t from several tens of y sec to hours
after a quick change of the sample conditions. (Sclidi-
fication of liquids, crystalization of amorphous solids,
anisotropic response of the atomic arrangements in
polymers to the external uniaxial force ete. will be

studied.}

Presented at ICANS Meeting, Rutherford Lab., 10-12 Sept. (1979)
T Present address: National Laboratory for High Energy Physics
Oho-machi, Tsukub:-gun, Ibaraki
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(ii) Studies on the short range order in liquids and
amorphous solids, especially precise determination of
the partial structure factors of twe-or multi-component
systems with the isotope substitution method.

(iii) Studies on magnetic structure of the ferromagnetic
or antiferromagnetic amorphous solids.

(iv) Structural studies on a small sample of strong neutron
absorbing materials.

(v) (Structural studies under extreme conditions.)

Outline of the Spectrometer

Figures 1 and 2 show the spectrometer which is scheduled
to be installed at H3 beam hole, viewing a polyethylene mod-
erator at room temperature, of the KEK pulsed neutron source.
The instrument is constructed with a 4.5 meter incident flight
path and has five counter banks at angles of 150°, $0°, 50°,
25° and 1005°. Each counter bank consists of Helium-3 pro-
portional ceunters 1/2" diam. and 12" in active length filled
to 1520 mm Hg of enriched 3He (Reuter stokes RSP4~O412;202).
Fifty counters are installed initially and aligned, in usual
case, in near focussing planes to improve countirg efficiency
(s0lid angle} except 1045° bank which adopts so called
electronic focussing. Another counter bank at 10 ~ 5° is
allowed to be set vertically for anisotropic transient
studies.

The instrument has a scattering chamber, 50 cm in diam.
and 150 cm in height, made of aluminum with thin windows for

the scattered neutrons. The chamber as well as the incident
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flight path and a beam duct to a bezm stopper are evacuated
together to improve signal to background ratio, while the
scattered neutron paths outside of the chamber are not evacu-
ated te make the handling of the counters convenient. A
sample changer will be installed to the chamber which has
five or six sample positions including samples in an image
furnace or a c¢ryostat. Incident s51its are constructed by
sintered 10BdC plates.

Annuluses of eariched 6Li glass scintillator at smaller
angles less than 5° will be installed inside the beam duct in

near future to make Placzek correction more reliable.

Time Focussing Counter Bank

Extensive optimization studies on the momentum resolution
and the counting efficiency have been performed to determine
the parameters of the instrument as functions of counter
diameter and active length, incident and scattered flight
path, scattering angle, defocussing angle from focussing
plane, and sample size, using a Monte Carlo computer code.

In table 1 are summarized the main parameters of the instru-
ment. One or two counters close to the sample in the forward
banks at angles less than 50° may be used with proper masks
which 1imit the active length when higher resolution is
required.

Angular contributicn to the momentum resclution for a
counter bank will be expressed in terms of iwo components
due to single counter and due to z plane of the vank, and

matching of these two components is practically important to
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increase the solid angle. Counters in a bank are, therefore,
aligned to a plane slightly deviated from the ideal time
focussing plane as shown in the table. It may be important
to test whether the counter bank is realy useful even at
forward angles. A computer simulation was performed to
examine the accuracy of the static approximation for the
counter bank in case of liquid Argon sample, $(Q,w) of which
is well known. In the simulation, integration of S(Q,w) was
performed aleng the instrumental integration path in Q-w space,
with a weighting function including energy spectrum and
energy-dependent pulse width of neutrons emanating from the
KENS moderator, energy-dependent counter efficiency, assuming
actual counter configuration. Results are shown in Fig. 3
where the measured S(Q) for the counter banks at angles

less than 25° iie on the ideal $(Q) in the Q-range of

the figure. It is concluded that the near focussing con-
figuration in the counter arrangement is still useful even

for the forward counters.

5 Counter Configurations for Transient Studies

Structural studies in non-equilibrium states are considered
to be one of the most important application of this instrument.
Measurements of time-dependent structure factor S(Q,t) will be
classified instrumentelly in the following three cases,
according to the relaxation time T.

{1) Transient phenomena with 1 2 1 min

will be measured within an event in the'sample, using
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the time focussing configuration, with a minimum time
spacing from azbout 0.5 to 1 min.

(ii) That with ~ 1 mir > © > 50 m sec
will be measured repetitively, using the time focussing
configuration, with time spacing not less than the
repetition period of the source {50 = sec).

(iii) That with 50 m sec > 1 > several tens of u sec
will be measured repetitively by a multi-detector con-
figuration mentioned below.

In case (iii) counters are aligned to such a plane that AQ of
every counters take nearly the same value at given t, instead
of the time focussing one, as shown in Fig. 4 where twenty-
eight counters are installed at angles from 6° to 60° with a
2° step. The TOF locus of each counter in the Q-t space is
also depicted in the figure, where t is defined as a time at
the sample after the neutron burst. S5(Q,t} at any time t will
be obtained simultaneously from 28 independent ${Q} with an
accuracy in time of the order of {AQ/Q)t, say several tens of
¥ sec, at a region of t from about ¢.5 to 1.5 m sec, in the

Q space ranging from 0.5 te S A_l which is considered to be

most impertant in this kind of study.

§ Electronics and Data Acquisition System

In Fig.5 is shown a block diagram of the electronics and the

interface circuit for the data acquisition with the pulse se-
quences. Special care was devoted to handle high speed signals,

the counting rate of which is expected to be 4 counts/u sec for
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the backward counter bank. Number of counters connected to

a2 pre-amplifier is limited to one or two due to the pile-up

of’ the pulses, and consequently 25 ~ 35 pre-amplifiers are
necessary followed by the¢ same number of the main amplifiers
and the discriminaters., The output signals from each discrimi-
nator {about 150 n sec in pulse width) are summed in 8 signals
cerresponding to the 8 angles and are fed to the interface.

The pre-amplifier will be constructed by a hybrid circuit TRA
510 supplied by LeCroy for saving cost. To accept the signals
with higher counting rate than the computer cycle time, a
special interfage c¢ircuit was designed which is avble to perform
add N instead of add one within a shortest time channel {1 yu
sec). Input pulses from each fast trigger circuii are
synchronized to the clock pulse and are counted by a 4 bit
counter (COU) for an interval corresponds to the channel width,
and are then transferred to a register (REG). Witnin next

1l u sec, the memory content of the corresponding channel in

the CAWAC RAM is read into ALU and added to the content of

the REG, then stored in the same memory, as shown in the pulse
sequence, under %he control of a common control unit.

Interface circuit consists of CAMAC module with 8 k words RANM
(16 bit base) which is allocated into 8 independent input.

Data I/0 end processing are served by a compuier OKITAC-
system 5Q/model 60, In case of the nulti-counter configuration
for the short time transient study, extra tine anzlysers of

conventional type for 28 independent input are necessary.
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Table 1 Main Parameters of BET

*k
rate

count.

LZ min

maximum. no. solid

*

At 4Q at g~ defocussing

Qmin_qmaxf

angle

i, max/en (cts/sec/A-l)

angla/str.

of counters

angle

-1
(Amx) { n) AG at me/A

0.18v1 15.07 10%2 0.67 2844 1.9X103

150100
(0.8) (0.12)

150°

0.1401 6.8° 5x2 0.33 2754 130"

11189
(0.8) (0.1}

90"

0.35v1.2 7.6° 6x2 0.27 300635 1.72103

6,653
(0.8) (0.1)

50°

1.5x103

34n1138

32

5%2 0.

0.1401.4 3.0°

2. 727
(1.0) (0.1)

25°

19

80 2.0%107

0.048

4x2 (3)

0.5%11 0.1N11.4

(1.0 (0.1)

5n10°

% deviation angle from the ideal focussing plane for improving solid angle.

** for standard V sample (10 wm ¢ * S50 mm high) obtained by scaling the Tohoku linac data,

Figure Captions

rig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5

Schematic drawing of HIT. HRegions enclosed by broken
lines on both wings are replzced by a multi-detector
system aligned on dot-dashed curves in case of the
short time transient study.

Conceptual picture of HIT,

Measured S{Q) for counter banks at various angles
obtained by computer simulation. Thick solié curve
shows ideal ${@). 8°*P(Q) for the counter bark

20 = 25° are coincide with the ideal.

An example of the counter arrangement for short time
transient study at time range of several tens of u sec,
and TOF locus of each detector at various angles.
Ellipses show resolution elements in FWHM in Q-t space
and At represents the time resciuvtion in this
configuration.

Bloek diagrams of elecironies and interface circuit
{time analyser) for HIT. Pulse sequence is for

instruction.
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4.2 Multi-Analyzer Crystal Spectrometer at KENS (MAX)

K. Tajima, Y. Ishikawa and S. Tomiyoshi+

Department of Physics, Tehoku University, Sendai, 980

+ Research Institute for Iren, Steel and Qther Metals,
Tohoku University, Sendai, 980

1. Introduction

Neutron inelastic scattering experiments are, at present, mostly
performed by the triple axis spectrometer installed at the steady thermai
reactor. This type of spectrometer is particularly powerful for studying
the collective excitaions as magnons or phonons, because it enables us
to detect the excitations with constant Q or E mode of operation. The
method, however, has the disadvantages such that the counting efficiency
is rather low because of the difficulty of combining the multi-detector
system to this spectrometer. The measurement of the high energy excitations
(> 0.1 eV¥) is another weak point of this spectrometer. This is mainly
because the neutron flux in the reactor is low in the epithermal neutron
region and, moreover, the reflectivity of the monochromator and the
analyzer ds significantly reduced with increasing neutron energy. As
far as these difficulties are conceraned, the TOF type spectrometer in-
corporated with the pulsed newtron source is more suitable than the triple
axis spectrometer, but it has a definite disadvantage that the measuvement
with constant Q or E mode cannot be realized in a cenventional way ,

In order to resolve the difficulty, Windsor et al. designed a new

type of the TOF spectrometerl} which made it possible to measure the
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excitations with constant Q mode of operation. The spectrometer consists
of multi-analyzer crystals and detectors and the measurement of the whole
dispersion curve along a crystallographic axis can be made at once.
Therefore this type of machineincorporateé with the puised neutron
source 15 gquite promissing for the determination of the dispersion up to
the high energy. Their method, however, alsc has a2 disadvantage that

the scans along any desired direction cannot necessarily be made.

He have improved this difficulty and designed a multi-analyzer
crystals spectrometer which has wider application than thu"lrsg) This
machine is going to be instalied at KEK spallation neutron source and
this paper describes the cutline of the spectrometer. The details will

be soon published elsewhere.

2. Principle of the spectrometer

The principle of the TOF crystal analyzer spectrometer is displayed
in Fig.3. The scattered neutron wave vector kF is fixed by the Bragg
angle By of the analyzer, while the incident neutron energy kI is determined
from the neutron total flight time from the moderator to detector. The
scattering diagram in the reciprocal lattice space of this configuration
is displayed in Fig.2. Since kI changes continuously, the measurement
along a line parallel to k! can be done at once by a single counter as
shown by a broken 1ine in the figure. The excitation energy ‘hw (neutron

energy loss) can be calculated as
w2 2 2
T = T (Qx + 28 T4 Qxcntzes - Bty Yy (1)

where Qx is the momentum transfer parallel to the incident neutron, 26s

is the scattering angleat the sample, Ty is @ half of the reciprocal
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lattice vector of the analyzer {(m/d) and B is defined as

B = sin ZBS/sinBA . (2}
The momentum transfer Qy perpendicular to kI is given by
Qy = ETd . (3)

1f we align many analyzer crystals with different scattering angles

eA(i) under the condition f = constant, all scans by many detectors fall
on the same line in the reciprocal lattice space. This line can be chosen
to make coincide with the principal crystallaographic axis as [110] of

the sample. A typical example of the [110] scans with eighteen analyzer
crystals s shown in Fig.3. The sample has a lattice constant a = 3.5 E
and the pyrolytic graphite (PG) crystals are used as the amalyzers. The
value of 8 = 1.91 makes the line of scan pass the reciprocal lattice
point {111). The figure indicates that the scans covering the whole
Brillouin zone along [110] can be made up to an energy transfer of 180
me¥, if the lowest scattering angle can be reduced to 10 degrees., The
scans provide at once the information which can be cbtained by beth of
constant Q and E modes. The example almost corresponds to the case of

the measurement of the excitations along [110] around (111} in a f.c.c. 3d
transition metal. If we change B, the scan aleng other crystallographic
direction starting from {1%1) can also be made. HNote that, in case of
amorphous materials or 1iquids where there is no defined crystallographic

direction, each analyzer needs not take a common value of 8.

3. Spectrometer MAX

The spectrometer which is going to be installed in KENS is equipped

with fifteen analyzers which are set on a anaiyzer table as shown in
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fig.5. The scattering angies Eeg(i) relative to the table are fixed,

but those relative to the crystal 265(1) can be changed continuously by
rotating the table around the sampie table. Each analyzer and detector

is coupled mechanically by ©-28 relation. Both of Bs(i} and aA(i) of

each analyzer can be set by a remote control so as to satisfy a relation
5in265(1]/sinen(i) = R. For the analyzers we adept the 002 reflection

of the pyrolytic graphite crystal. In order to employ the PG in the
transmission mode, several pieces of the PG plate (12 = 50 x 2 nma) are
stacked with an appropriate distance as shown in Fig.6. This configuration
is quite effective to economize the PG plate particularly in case of the
fow scattering angle. The detectors are the He3 counters 25 mm in diameter
filled with 10 at. He3 (R$-0806-203 }. In case of low angle scattering
the Soller collimators are inserted before and after the analyzer crystals,

The collimator will be made by thin myler sheets coated with Gd203 powder,

4. Resolution of the spectrometer

The resolution of the spectrometer was estimated by calculating the

resolution function by a similar method as developed by Cooper and Nathanss)

and Xomura and Cacper?) The resolution function at (ﬁwu + A, 50 + Aﬁ)

can be expressed by

4
Rifugeafu o Qg + 80) = Rifwg, 0g) exp (-} L Mty s
28

with X = (Aqx’ AQy, AQZ, &hw}, which is displayed by resoiution ellipsoid.

A typical example of the eilipsoids in the AQX - AQy and Aqx - Afw planes
are illustrated in Fig.6, which indicate that the energy resolution Afxe/fw

is about 8 £ for the fiw = 92 meV, other examples are Jisted in Teble 1.
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5. Computer simulation experiment

In order to see the effect of the resolution more c1ear1% the
scattering spectra I(ﬁw0 QO) are calculated by conveluting the resolution

function to the cross section for the magron excitation;
Ilfug Q) = [Rif + aba, Qg + 0) alhg + s, G + 50) i o0.

The magnon dispersion given in Fig.7 was assumed. In Fig.8 are shown
the calculated magnon groups which would be observed by three detectors
of MAX with the szcattering angles 295 = 12°, 16° and 22° respectively,
which collect the data along three scaaning lines indicated in Fig.7. In
the calculation the magnons were assumed to have an infinite life time.
The results of the calculation suggest that the magnon groups would be
significantly broaden if the magron energy exceeds 100 meV. lote that

the broadening is reduced if we replot the data in the constant E mode.

6. Intensity consideraticn

The total counting rate n of the neutron groups observed by MAX was

also evaluated by using a formuia

2
a
= 3% 9(Eq) A atp AEQAR, a%a§‘$91551 w, ( /sec)

n
where
¢(E0} = peak flux per unit energy per unit solid angle of
the source (/cm“sec eV)
A = Area of socurce glance by sample
&1 = neutron pulse width at source

p = repetition rate
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AED(AE.I) = energy spread of the incident (scattered} neutron Figure Captions
89, (a0y) = solid angle spread of the incident (scattered) Fig.1 The configuration of a crystal analyzer spectrometer in pulse
reutron
neutron source,
m = efficiency of refiection of pyrolytic graphite
3 Fig.2 The scattering diagram in crystal analyser spectrometer.
fy = efficiency of detection of neutrons by He™ counter. .
Fig.3 The possible scan range along the [110] around {111) in a f.c.c.
o
By assuming typica} values for these parameters as listed in Table 2, crystal. The lattice parameter is assumed to be 3.5 A. The
the total counting rate is calcuiated to be pyrotytic graphite (002) is assumed as analysers.
3 Fig.4 The design of MAX which is geing to be installed at KENS.
n =8 x 107" /sec = 690/day
4 Fug.5 The design of pyrolytic graphite analyser which will be used
which is satisfactory if we consider that the whole dispersion are mea- in RAX.
sured at once. Fig.6 A typical section of eilipsoid of the calcuizted resolution
In conclusion, we may say that MAYX is a quite powerful spectrometer function.

o
to study not only spin waves but also phonons, paramagentic scattering Fig.7 A ferromagnetic spin wave dispersion curve with D = 100 meV Az.
and incoherent scattering in amorphous or Tiquid. The most important Three lines crossing the dispersion curve represent the scans
point of design of the spectrometer is to reduce the back ground noise for each 20,.
because the counting rate is rather Tow. Fig.8 The calculated intensity distributions. The life time of

the spin wave is assumed to be infinity.
References
1}  C.G. Windsor et al.; MNuc. Inst. Methods 1978.
2)  Windsor has also proposed independently the same improvement which
is described below (private cammunications).
3} M. Coocper and R. Hathans; Act. Cryst. 23 (1967) 357.
4) 5. Xomura and M. Cooper; Japan J. appl. Phys., 9 (1970) 866.
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Table 1. Some typical energy resolutions in MAX,

[ direction 28, QX(A']) Auwl{mey) Mo fw

12° 3.9 158 0.19

Lo o) e 55 115 0.14

22° 3.5 81 0.00

150 3.3 133 0.28

2.71 [110] 200 2.7 83 0.20

25 2.6 59 0.15

313 [11] 22° 1.9 45 0.39
Parameters:

Incident (Scattered} flight path: 6m (1.5m)

Collimation: 30 {all)
Analyzer: Pyrolytic graphite (002)
Table 2 Paraneters for estimation of counting rate

4w¢(£0) =2 % 10]5/cm2-sec-ev

A=10%10 cal

sample size =1 = 3 cm2

My = 8 x 1076 {sterad.)

8t = 4 % 1070 sec

p = 15/s5ec
8Eq = 0.01 &V
8%, = 2.8 % 107 (sterad.)
BE; = 0.01 eV

TI_I =1T2= g.5

d‘gcv/dE}dQ1 = 0.1 (cm2/sterad ay)

~03~

analyser
moderator 0 Sletector

sample

Fig. 1

Fig, &

—g4-



Q1 [011]
£=191
a=35A

26=10" Ep=220meV

H
120:-16" Ex=87.3 meV
/
150 :
20:=22" Ep=47.2 meV
{
100 / /{265 =32 Er=236meV
i
'295-47 Er =12.4meV
295“70 EF 7.5meV
50
// 295"100
1 2

'295—120
-/3 JA 5 Qx (1&.])

A A

(100) {111) (122)

Fig. 3

\

-95-

COLLIMATOR-ANALYSER TABLE

,COLLIMATORS

SAMPLE

= -BEAV CATCHER>

" FOR ALIGNMENT .-

. DETECTOR ~ ‘-
"7 OF SAMPLE -, . -

ANALYSERS

DETECTORS

INCOMING NEUTRONG ==

-96-—

Tm

Fig. 4



ALMINIUM
< HOLDER

PYROLYTIC
GRAPHITE

—_—D

Fig. 5

-1

RESOLUTION ELLIPSQID

o~
AQy(A )

0,0G-O

- 0,06 |
/J.OS AQX{KI)
1-006

AhwimeV)

5....

02 /V 02 204 A

1-5

Fig., &

26,=20"

Oa= 7,25
(Ep =NimeV )
Tw=92meV

¢ =1 =30
Aty=At-=10u sec



hwimev)
200 26,=12
20,16
150 F
28,=22
ﬁLU:qu'
100 D =100 meVA?
50 [ (0011
____(_111)___ o
ke
28
- s (110}
|'<I
0 1 2 qu (A"
Fig. 7

q,/11110] hw=Dq’ , D =100 meVA?

L

26.=12°

0 05 10 15 20 25 qJA")
955 1188 1430 168.4 1948  fuwlmeV)

20s=16"

0 05 10 15 20 q&")
725 9.3 1110 1319 1537 hwlmeV)

26,=22"°

0 05 1.0 15 q (A"
53.4  68.4 844 1015 fuwlmeV)

Fig. 8

«100~



4.3

Small Angle Scattering Instrument (KENS-SAN)
Y. Ishikawa, S. Ikeda, M., Furusaka and N. Niimura®*
Physics Department, Laboratory of Nuclear Science®*, Tohoku

University, Sendai

1. Intreduction

The small angle scattering instrument incorporated with
the cold neutron source is used to study the phenomena with
low momentum transfers, i.e. to study tne structures with long
periods or long distance disturbance as well as their dyna-
mical properties. The demand of the use of this kind of
instruments has rapidly been increasing since the installation
of the D1l asutron camera at ILL and similar instruments have
been or are going to be installed in several different neutron
sources in the world.

The problems to be studied with this macnine extend over
many fields of research as
(i) Metallurgy and Material Physics
(ii) Magnetism
(iii)Superconductor
(iv) Polymer
(v) Biology

The details of research programs in each fileld proposed
for KENS-SAN will be reported separately. Here we summarize
in Table 1, as an example, the periods found in the biological

materials,
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Table 1 TPeriods in Biological Materials

Materials Period Q (i“l)
Chromatin 3004500 A 0.02 - 0.01
Plant wvirus 386 & 0.016
Insect flight muscle 145 A 0.043
Histone 80 R 0.08
Ribosome 60 - BO R 0.1 0.08
Immunoglobin 75.8 A 0.08
Hembrane 20 R 3,31

2. Principle of design of KENS-SAN

By considering the present requirements of research with
this machine as well as the special situation that the instru-
ment is installed onr a pulsed cold neutroa source, the machine
was designed to satisfy following requirements.
(i} The instrument should make possible the measurement of
wide ranges of momentum transfers Q without changing the machine
configuration. The range of Q which should be covered is

1071 < g ¢34

(ii) In order to increase the counting efficiency as much as
possibie, all wave lengths between 4R and 12; should be used
at the same time for the measurements.
(1ii) In order to improve the S/N ratio, the instrument should
be installed at an exit of the neutron guide incorporated with
the tail cutter to take off completely unnecessary wave lengths.
(iv) By taking an adventage of the pulsed neutron source, the
machine should make possible the separation of the inelastic

part as well as the measurement of inelastic scattering.
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{v) The complexity arising from the situation that many wave

lengths are employed at the same time should be at least partly

improved by the way of data acquisition and display. Following

three types of data display are considered
a) One dimensional display of the raw data against Q by
summing all datz with the same Q value
b) Two dimensional display of the results by adding all
data with the same Q value along the same direction
c} Complete display of the scattering prefile after making
the resolution correction
3. Coafiguration of KENS-SAN
3-1. Direct view distance of neutron guide

The arrangement of the KENS~-SAN instrument is displayed
in Fig.l. This is designed to be installed at a distance
farther than the direct view distance Lpy of the neutron
guide to minimize the background. The guide is composed
of a straight section L,=3.5m long with a rectangular cross
section a x h = 3 » 5 cm? and a bended section 17=11 m long

z and a curvature

with a cross section b x h = 2 x 5 cm
@ = 820 m. The cut off wave length of the guide is 4k,

The direct view distance is then calculated by

Lpy= YLoZ+(arb+a8)p + /(2b+a8)p , ()
with 8=3mm, the thickness of the glass plate far the mirror.
Lpy is given to be 14.47 n,
3.2. Range of wave lengths

Since the pulsed neutron source is operated with a fre-
quency of 20Hz, awd the distance from source to the detector
Ly = 25 m, the range of wave length [A] which can be employed
in the measurement is given by
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n, s Lgm A
At = - = 2
(m sec) ~H~[ nax min] 3,955 (2)

wvhere At is a period of the pulsed source and is 50 m sec.
[a] = 7.93 was then obtained, We selected as lminﬁ43 and
Amax=123, because the effective intensity of the neutron
decreases by a factor 5 with respect to the highest value
{A=SR), if A exceeds 124.

3.3. Tail cutter

In order to cut the neutrons with the wave length other

than [A], a tail cutter is set at the positiom C; ia Fig.l.

The tail cutter is a circular disk covered . with a thin Cd plate

(Fig.2(b))}, which rotates with a frequency of 20 Hz synchro-
nizing with the proton beams., Fig.2(a) shows the operatiocn
diagram of the cutter. The actual size of the cutter is
displayed in Fig.Z2(b}. The cutter has a window of 72 deg.
and the cut-off rise time At is evaluated by

AT, = b = 2 0.97 m sec (3}

Tu 16.5 x 125.06 .

Although this value gives rise to an error of Ax/A=0.2 for

A min < 43, this does not produce a significant error in the
measurement, because the wave length shorter than 44 is,

in principle, cut by the guide tube. Note that the higher
order wave length Ay, which can pass the tail cutter is cal-

culated to be

A = 3,956 (Ty*tp) 43.5%
Le

* (4}

the intensity of which can be practically neglected.

The syncronization of the rotatien of the tail cutter
with the proton beams has been realized by using a step motor
PM5 - 60 C (250p/rev) fabricated by Toyo Plat Motor Co.

The motor is operated with 5KH, pulses obtained from a IMH,
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Table 2 Ranges of Q measured by SAN
clock pulse which controls the booster synchrotron. The phase

contrel is achieved by operating first the cutter with pulses

of 4998H, and then by adding the last one pulse at a retarda- counters N LZ{cm) Dlem) ¢(deg) Qmax(A_l) Qmin(A—l}
tion time T, after the coincidence between the pulse generated A 4 35 20 150 3.035 1.611
by the cutter and the triggered pulse from the accelerator B 0 40 90 2.221 0.740
was obtained, By changing continuously Tp, we can select the c 2 30 30 45 1,202 0.401
start of passing wave length,),:, from O to 10A. The block D 3 160 50 26.56 0.722 0.24¢
diagram of operating the tail cutter is shown in Fig.3. E 3 200 50 14,04  0.384 0.128
4. Detecting systems and measuring range of momentum transfers Q F 3 400 50 7.1z 0.195 0.065
Two types of counter systems are going to be used in the Gl 1 500 23 4.76 ¢.1305 0.044
KENS-SAN. One is the single counter system fixed at the posi- GZ 1 300 10 1.91 6.053 0.017
tions of A to G in Fig.l.and another is a two dimensional Gs ! 300 2.5 0.48  0.013 0.004
counter system which can move automatically in a large vacuum 61 . 500 25 2.86 0.078 0.026
vessel. The fixed counter system is mainly used for the measure- 63 1 308 10 .15 0.031 0.010
ments of the range of relatively large Q values (3A>Q>0.063}. 63 1 500 2.5 0.286 0.0078 0.0026

It  will be used to supplement the small angle scatteriag
data taken by the two dimensional counter or to extend the
measurements taken by another machine HITwhich covers higher
momentum range. At the positions A,B and C,.the HeS counters
RE-P4-0810-204 (¢=1",29=10" 4dat, Hes) are set in ftwo vertical
positions, while at D,E and F which are inside the vacuum
vessel, three counters are set along the circumference of a
cone. (cf.Fig.6{a})). The two dimensional counter is a bark
of 43 PSD counters developed by Missouri Univ, RS-P4-0810-Z04
{6=1/2"29=24",6at. He®). The distance between the bank and
the sample can be changed from 1 m to 5 m without breaking
vacuum. The ranges of Q which can be measured by this system is

summarized in Table 2 and are also plotted in Fig.4.
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5. Intensity and resolution A /gR, cotese [ . (10)
5.1. Resclution matching Since in the matching condition
The resolution matching is the most important factor to (én)z - {QZJZ - d%(l + L2 (11)
21 2 £ £2
be considered to increase the intensity in the small angle . ! !
We finally get
scattering instrument as is discussed in many papers. We d 4 22 R
S0 =S = R = 0.7334R 12
adopt 2 converging slit collimator shown in Fig.5. This Ty T /3Q§¢ IS R (12)

collimator enables to converge the beams on the center of which indicates that d, and dy are a function ef Ry, %3 and 2,

the twe dimensional counter. In this case, the neutrons and they cannot be determined uniquely, On the other hand,

arriving at R, in a counter from any position of the sample have the resolutior matching of counters can be achieved by changing

d

the same scattering angle, that is, d; in proportion with Ry. If we put R = 0.1, then
¢ = 9,= Ry/8y . (5) %ﬁ = 0.045 , %ﬂ - 0.089 , (13)
If we choose the widths of the collimator on the surfaces of dy = 0.73 Ry. (14)

the neutron source (the exit of the guide tube) and of the A . .

In the vertical direction, by putting d; = 0.625 n and Ry =
sample as well as that of the counter to be 24, 2d1 and 2d, ) .

0.625(2m + 1} with m and n the integers representing the
respectively, the error in the scattering angle d¢ is given by

position and number of counters, we get

d 1 1
8= ¢ gp=sfay Lyl yledzg (g = 0.73(2m + 1) as)
BN £z £1 fa 21 42 .
or
Here we used the conditions for the converging slit culiimator, m 1 2 7 10 13 16 18 21

n 1{0.22) 1(0.66} 1(1.10) 2{1,53) 2(1.97) 2(2.4) 3{2,85}) 3(3.14)
d, _ 1 1
I? N dlff? * IZ). &) The number in the parenthesis is the exact solution of Eq(l§5).

The average error of the scattering angle 5$Z is then given by This table indicates that it is best to employ one counter to

552 - %52(%€Q2 R (%%)2]. (8) the 9-th counter, to combine two counters up to the 18-th
counter and to combine three counters for further counters.
The resolution of the momentum transfers of the instrument &Q/Q

As far as do and d; are concerned, the resolution matching
is then given by

s 512 2 2 is designed to be satisfied at an average distance ﬁd = 10 cm
(Q—Q)z = {35} + cot s8¢ = R (9

and we get from do = 0.0732:/2.R,

By the consideration of maximizing the intensity of the scattered (1) %3 = 2m, fp= Im, d = 1.46, dj = D.48cm,

£z= 3m, &, = 0.4%cm d3 = 0.2%cnm,

ka= 5m, dO = 0.29cm dl = 0,21cm,
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neutrons as will be discussed in the next paragraph, the contri- (ii)t; = Znm,

bution of 6A/A and $¢ in Eq(9) should be given by (iii)2;= zm,



Therefore in the tightest case of (iii), we need to devide
the exit of the guide inte 21 sections(3 x 7) by the collimator.
5.2. Intensity of scattered neutrons

The intensity of neutrons with wave lengths between ) and

A + AXA scattered in a direction between ¢ and ¢ + Ad is given

B 10ag) = 6,0 an;S2(e)san, 4T (15)
With¢o(x) ; the neutrons energy spectrum at the exit of the
guide tube
dag ,dfs ; solid angles from the sample to the source or

the counter

5 ; the cross section of the sample

AT s the range of time channel coming from AX and

is given by At= LtAl/3.956
According to the Monte-Carle simulation calculatien,
4

2
A ~AT/ A
() = et e 1/ ) (16)
with Ap = 7.6A. do/da for the short range order is given by

dp2p2
S (@ = 4nrE b2eTTRGRE (17
Therefore ,
12,2 ,2,,2 "
i ~REQE-AT/A dg 2 ,dae2e T AN o
I=ae 70 TR (2o eyis = 22 1 (18)
By putting AM/A = C, 64/¢ = D and using Eqs(8) and (10),
0% = @ =% p2e?, (19)
_(2 2
1(5,Q) = B e (G USpsce (20
From this relation the relations
4
¢ =1gr?, p? = ¢ &%, (21}
are derived to maximize I under a restricted condition
r? = C2 + Dz and we get finally
a 2
16,Q) = 8 e EPIUd4n" (22)
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If we do not employ the converging slit coliimator, § should
also be proportional to d; and I becomes proportional to R7,
indicating the intensity becomes 1/100 of the case with the
converging slit coliimator.
5.3. Resolution matching of a\/A

The errors included in the wave length measurements, AM/X
have two origins. The one is due to the pulse width AT, of
the celd neutron source and the other to the channel width

At Since ATg is an order of 200usec for the total flight

c*
time t(i)>25m sec¢ ,

s [ (23)
Therefore the main part of AX/Ais due to the channrel width
which can be chosen to satisfy the resolution matching.

The data acquisition system has been designed to allocate
in maximum 64 time channels which can be devided into four
groups with different channel time. The devisicn given in
Table 3 is an example where the every channel has approximately

the same resolution Ax/lof 0.017. Therefore, the resolution

matching can be achieved by combining twe channels, or 32 channels

are sufficient for the measurement with R = 0.1.
Table 3. Division of time channel

Division wave length channel width channel No. Total time AX/A

1 4 - 6(R) 512(us) 24 12288(us) 0.016

2 6 -~ 8 768 16 12288 0.017

3 8 -10 1024 12 12288 0.018

4 10 -12 1024 12 12288 0.015
Total 4 -12(R) 64 49152

If the measurement of the Bragg peak is made wiin the G2

counter (¢=1.9 } for & crystal with mosaic spread Aqﬁ=10ﬁ one
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Bragg peak has a width

L o cot(9/2)88 = 0.175, (25)
In this case the utilization of 64 channels makes it possible
to have ten points for one Bragg peszk.
5.4, Resolution mismatching

When the converging slit collimator is focussed at 2
position &5 and the counter is set at a different position &,
(Fig.5(b)), the resclution is inevitably decreased. It is
important to evaluate it, because this is the situation which
Teally occurs when the 2D counter is moved without changing
the collimator. The scattering angles ¢,,¢ and ¢' in Fig.5(b)
are then given by

- R Rd I 1
=g Rl v F) -

d= 0 x (F2+ 2aa( e 20, (26
be= Ry/Bz

and the errors $¢, and 632 are calculated to be

e Lroog,) = Rs -1 = +Afz
§d1 _{—(¢ $o) /ﬂ(kz ) = 7l (27}
s A (Y, fds d.mw;)é
sho = B[ (%) (%) (Lot iy ] (28)
with af; = %2 - 23 . §¢ disappears when the converging con-
dition is satisfied; A%, = 0. Otherwise,
591 = RS Ag,z (29]

% y7Ra *2 .
Therefore if Rg = 2 em, Rd = 10 cm, A%y = 2 m and 2,%= S m,

5¢1/¢° =~ 0.056,8¢, /¢ = 0.065 and the total error

8¢ . (3T (¢:’=)2 = 0.08, (30)
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satisfies the resolution matching condition. If, on the ather
hand, we use the converging slit collimater focussing at £g=3,
it becomes difficult to get the resclution matching for the
counter at £2=5 m. For the counter at 2,=1 m, §¢:/doand
8¢2/¢, are calculated to be 0.112 and 0.063 respectively,
which gives rise to &¢/¢, =0,129. In this case the resolution
at Ry = 10cm is worse than 0.1, and we need to decrease either
the sample size or to be satisfied with the data outside of
Ry = 15 cm,
Above-mentioned considerations suggest that it is best

to gesign the converging slit collimator so as to focuss at
gg = § m, 50 long that we keep the cecllimatoer unchanged
during the measurements.

Note that the use of the fixed converging siit colli-
mator makes possible te use larger sample thaa the case with
a focussed converging slit collimator., Therefore the decrease

of the intensity by a decrease of (do/iljztucggR)%((Bdez)
2 L2

{cf.Eqs(12) and (18)) isupartly compensated by an increase of
the sample size S («{——%%—1J2R§) R

La(_Rd 22" 2p2p2 - RiRZRZ
=(—Rdy2( ——}R = 5

Ly £1+82 (21482 )2,
Therefore the ratio of the intensity of non focussing converg-

(31)

ing stit to the maximum case is given by
1/Im = (2248,72,+25 )2 (32)
The intensity is then decreased by 0.5 for 2,=3 m and £2 =5 m
and by 0.18 for %z=1 m and £3=5 m.
5.5. Resolution matching of fixed counter systems
As mentioned in 4, SAN is equipped with the fixed counter

systems at A to F.
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The counter system in one position inside the vacuum
chamber is compesed of three straight counters with 2d in
diameter and 2%.in length. The angular resolution A& of
the counter is then determined by d and 2 as

40g = BDCOSY o Ssingg, (33)
AD = /TE % Z° - D,

49g = & = Ssins, (34)
a8 = /{Bog) " + (887)°, (35}

and the resolution R can be calculated as R = %cot(¢f2}¢e.
The calculated resolutions R for different counter size are
shown in Fig.6(b}), which indicates that the counters at ,D,
E and F should be with 24 = 27, 2& = 10", yhile for B and A
two and four sets of the counter are respectively necessary
for the resolution matching.
6. Inelastic scattering

The inelastic scattering experiments as well as separa-
tion of the inelastic part can be achieved by setting another
chopper at the exit of the guide tube (C; in Fig.1). The
chopper is also a disk rotating with a frequency of 80 Hz by
the same mechanism as the tail cutter described in 3.3.
6.1. Seperation of inelastic scattering

in order to seperate effectively the inelastic part, we
use a gear type chopper shown in Fig.7(a), which produces a
train of pulses at the chopper position as displayed in
Fig.7(b). The rise time of one pulse AT, is calculated to
be A1, = 0.24 msec from £q(3) and the pulse is broaden by

the inelastic part at the counter position after the 5 m
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flight as shown in a lower part of Fig,7(b). The inelastic
part can then be subtracted as shown in the figure. The
energy resolution of this chopper AX/X, which corresponds to
ATCfTCSm) is AA/3=0.038 for A=SR (AE=0.24 meV) and AX/X=0,019
for A=103 (AE=0.03/meV). The error due to the oripginal neu-
tron pulse width can be neglected as described in 5.3.
The efficiency of the measurement is almost 1/3 of the case
without energy analysis, which is quite high.
6,2, Inelastic scattering

For inelastic scattering, a chopper with one window
(Fig.8(c)) will be used, which is also rotated with a fre-
quency of 80Hz. We can choose the phase so as that the
chopper opens at @, @, & and @ on the line B in Fig.2(a)
and two pulses with different wave lengths of l,=6.36ﬂ
and %2=9.27R are obtained at the chopper position as shown
in Fig.8{(d). The rise time ATC=D.24 msec¢. and the minimum
detectable energy transfer 1s AE=0.14 meV for A=6A and
AE=0,042 meV for 1=93. If we study the phenomenon with an
energy transfer of AE=0.5 meV, the monochromatized beam
pulse with a width At can be used. At is calculated by

AT -1 AE
t(5m,6A) 2 E(6A)

= 0,110 - (36)

from which we get At= 0.834msec. The width of the window

c to get this pulse width is determined by
b1 - BT, = =, (37

and we get ¢=6,77 cm., The transmission efficiency of the

chepper  is about 80%.
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If the energy change is very small, we can put two windows
in the chopper to increase the counting efficiency.
1. Calculation of neutron intensity

The total intensity of neutrons per unit area at the exit
of the guide tube is evaluated by using an eguation

i AT (X)
&, = FEMX o (n/enlsec ov) Rg(A) K(A)—
min

n dE , (38)

where

Q. effective solid angle subtended by the source at the

entrance of the guide,

K i transmission efficiency of the guide tube.

Atg: pulse width of the source

T : periocdical time (50msec)

n : number of pulses per sec (31/40).
ALl of %5, Qg, ¥ and Atg depend on A, The energy spectrum of
neutrons at the exit @U{l) which corresponds to $g2gx has been
obtained by Monte-Carlo simulation calculation to be Eq(16)
and Atg is propertional to X.{Atg=al) By integrating these
A dependent parts, Eq(38) is reduced to be

AT (Mmax)

o
¢¢ = 7.53¢gmax(n/cmisec Ayep, . n. (39)

(-]
Since #gpac(nfemisec A) = 0.430 x 100%, k= 0.8, 475 (ipay)

= 130 psec. we get
op = 4.9 x 10%n/em?sec (40
This value can be compared with the reported values

o(Jilich, AA/An183) = 2.8 x 10%n/emisec,

1l

$(ILL , AM/3v 23) = 2 x 10 n/cm’sec
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Therefore if we employ effectively all the wave lengths between
43 and 123, our cold neutron source for SAN is higher than that
of Julich and about 1/4 of that of ILL. However if we try to
separate or to measure the inelastic part, which is beceming the
mest important part of the current small angle scattering
experiments, our instrument presumably have a higher counting
rate even compared with that of ILL, Note that the wave length
resolution of this machine AX/A is about 3%.
8. Monte-Carlo simulation calculation

Above calculations are based on a simple lnear approxi-
mation and the neutron source was assumed to emit homogeneously
the neutrons in ail directions. In eorder to examine the vali-
dity of the calculation, the Monte-Carlo simulation calculation
was practiced as an extention of that made for the neutron
guide tube and examples of the results of calculations are
shown in Fig. 8(a) and (b), where we display a quarter of the
two dimensional counter. The numerals attached to each counter
line indicate resolution of this position expressed by %.
The converging slit collimator focussing at f£2=5m was used.
The parameters of collimator are the same as those were used
in previous calculations. The figure shows that the resolution
R=0.1 is achieved nearly at Rg=10cm, indicating that the linear
approximation is correct. In Fig. 9{a) and (b} are also plotted

the values of Qpip (Qpay) obtained in these configuration.
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Figure Captions

Fig. 1.
Fig. 2,
Fig. 3.
Fig. 4.
Fig. 5
Fig. 6,
Fig. 7,
Fig. 8.
Fig. 9.

Configuration of KENS-SAN

Tail cutter (b) and its operation diagram (a}

A and B in Fig. 2(a) correspond to Cy and Cz
positions in Fig. 1 respectively.

Block diagram of operation of tail cutter

Range of momentum transfers covered with KENS-SAN.
A, B, C, b, E and F correspond to the data with
fixed counters, which Onrepresents the range with
2D counter set at n w from the sample.

The principle of converging slit collimator
Angular resolutions of fixed counters
The second chopper at C2 for KENS-SAN (a) & gear
type chopper for separating inelastic part and (c)
one window chopper for inelastic scattering

(b) and (d) are the trains of pulses obtained by
these choppers at C; and counters respectively.

Monte-Carlo simulation calculations for momentum

resolution on 2D counter placed at 3m (a) and Sm (b).

Values of minimum (maximum) momenter transfers Quin

(Qmax) on 2D counter at 3m (a) and 3m (b).
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KENS-SAN Arrangement
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Fig. 2
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Resolution Matching of Fixed Counters

(1) Chopper for Rejecting Inelastic Part
(b)
c, position

AWA

41 counters > tl)
N EP
" IEP > t{A)
r Inelastic Scattering
(c) (d)
¢, position

AR

WA L Q)
counters

e
i 1
| i
I' 1
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Fig. 6
-123- —124-



(x1.25cm)
o o

N
lo]
1

10

15

20

R —

20 25

(x 0,94¢cm)

1
l2=3m (
(a) ;
/5 10 15 20 25 30
S
-/ 10
-
I 5
| 3
—r_/__/ 2
12 =5m (//,”
(b)

Fig. &
-125-

10

15

20r

10

15

20

5 10 15 20 25 30
0.01(0,03/
0,02(006)
" 03(009)
| 004(012)
005(0,15)
lz =3m
(a}
5 10 1§ 29 2? 39
_/0.00/5(0.015)
- 0,01(0,03)
_/
0,02(0,06)
003(0.09)
I /Sm
(b)

Fig. &
~126-




Large Analyser Mirror Low Energy Spectrometer (LAM)

U and Y. Ishikawa+

K. Inoue®, Y. Kiyanagi#®*, M. Kogl
# Department of Nuclear Engineering, Faculty of Engineering,
Hokkaido Unlverslity, Sapporec
+ Physics Department, Faculty of Sclence,

Tehoku Universlity, Sendai

1. Introduction

The large analyser mirror spectrometer (LAM) is a quasielastic
spectrometer which has two sets of analyser mirrors for conven-
tional resolutions and high efficiency (Bragg angle ~l40°} and for
slightly higher resoluticns (Bragg angle ~80°). The instrument
can be readily applied to the studies of non-periodic motions in
liguids, icnic solutions, hydrogen diffusion in metals, diffuslon
and micro-Brawnian motlon of peolymers, adsorbed materials, various
gel materials, and others. In future studies the guasielastic
peak profile analysis at large Q-values wlll be important in the
exploration of complicated molecular motions. Preclse observation
of the quasielastic peak profille, and not only of the peak width,
is accomplished by cobtalining good statistics and removing spectral
distortions. The former cbject 1s attalnable by uslhg the XENS,
and the latter by using inverted geometry and the cold neutron

flux property.
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2. Design Considerations

The design principle of the LAM is the same as that of the
LANDA¥ quasielastic spectrometer at Hokkaido University, that is,
it empleys a cold neutron source based upon a 15 MeV electron
linear accelerator. Up to now, many quasielastie investigations
have been made by measuring energy-gain scattering, and the scat-
tered neutron spectra chserved by time-ol-flight spectrometers
have been conslderably distorted by the time factor t=3. TIdeally,
the scattered neutron spectra should be free of such a large spec-
tral distortion.

Using the inverted geometry method the neutron counts on the

n-th time-analyser channel are given by

n{ tn) = const.[[[¢(E,,t}0(E1+Ez,8)R(E2)
X é(Un—t—Lg/V2E2;m)dEldEzdt, (1)

where ¢{(E,t) is the incident neutron spectrum impinging on the
specimen, R(E) is the energy resolution function of the analyser
mirror, and Lz is the second flight path length. Data analysils
requires precise data for 4(E,t). Fig. 1 shows the time-energy
distribution of neubreons emanating from a surface of the cold
source measured on the LANDAM. In the KENS cold source, a simi-
lar distributilon can be expected.

By using apprepriate approximaticns, i.e., an ideal resolution
and a separated expression for incident neutron time-energy spec-—

trum; Eq.(1) can be simplified to

n{tn) = const.F(tn)o(E1>E:,0). (2}

-128-



Here F(t) is the neutron time spectrum observed by the time-of-
flight method, which is of the nearly flat distribution in the
cold neutron energy region as shown in Fig. 2. In energy-gain
seattering spectrometers (direct geometry), nitn) is written

approximately as follows

n{tn) = const.t™? o(E1+E,,0). (1)

In the latter case, as mentloned above, the spectral shape in-
cludes a considerably large distertion. On the other hand, Eq.
(2) shows that using inverted gecmetry nc such spesetral distor-
tion appears because of the nearly flat distribution of F(t), as
illustrated 1n Fig. 3.

We may also expect to achleve high efficiency by taking advan-

tage ol the high neutron flux emanating from the KENS, and by using

large area analyser mirrors. In terms of energy resolutlon, the
duration time of the neutron pulse 1s essentilal In spectrometers
using & pulsed source. We have solved the problem of duration
time by adopting a procedure for spectral analysis on the rising
side of the peak without using a chopper. Using an elastlic scat-
terer, the scattered neutron spectrum gives a measure for the res-

oclutlon of the facllity, as expressed approximately here
n(tn) = const.F(tn)[f(tn~t)R(t)dt, )
where £(t) 1s the time distribution of 4(E,t) and R(t) 1s the time

resolution function of the analyser mirror. Eq.{4) shows that

as long as the peak width of R{t) is sufficlently small, the rise-
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time of n{tp) can be determined mainly by the rise-time of f£(t),

which is 1llustrated in Fig., 1.

3. Description of Spectrometer

3.1 Layeut of Instruments

The LAM spectrometer has twe sets of analyser mirrors. Cne
of them has four mirrors of the 40° Bragg angle, and the other
has two mirrors of B80°. The layouts of these instruments
are shown in Figs. 4 and 5. The cold neutrens emanhating from
the cold moderator chamber impinge directly on the specimen for
the 10° anzlyser mirrors. For the B80° analyser mirrors, the
cold neutrons drift along a guide tube from the source to the
specimen. The design parameters are glven in Table 1.

The specimen and analyser assemblles are shielded by cadmium
sheets and by about 10 cm borated plastiec. Furthermore, each
set of the analyser assembly 1s shielded by an shield to prevent

the stray neutrons scattered from other analyser assemblies.

3.2 Anglyser Assembly

Each analyser assembly consists of a mirror, a beryllium
filter and a He counter. A schematle illustration of the
analyser assembly is shown in Plg. 6. The mirrer is made of
pyrolitic graphite crystals. A small beryllium filter 1s used
to remove the higher order reflectlons. The 25 mm in diameter
*fle counter is located on the opposite focusing pelnt to the

specimen.
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About 140 pieces of pyrolitic graphite crystals with a mosaic
spread of 1.2° and a thickness of about 2 mm are located on an
optimally curved array. In order to minimize the energy sopread
in the analyser assembly, the shapes and dimensions of the speci-
men and counter window have been determined so that the variocus
neutron rlight paths in the analyser assembly have narly the same
Bragg angle and the same length. The energy resclution is ad-
Jjusted by varying the sample shape and dimensilon.

The angle resolutlon function of the analyser mirror is

Ro(y) = const.[[[e(F,2,8)60¢-ye (F,7,8) Jdralds , (%)

where ¥, T and § denote positions on the specimen, the mirror and
the counter window, respectively. Here ¢o(7,%,%) is an angle
determined by these three positions and E is the vertex of the
angle. (7,%,8) represents the influences of projection and the
crystal mosalc spread. The analysed neutron intensity and the
energy resolution of the mirror are affected by the shape of the
mirror and the dimensions of the analyser assembly, as shown in
Fig. 7. In additlen, the results of various calculations for
the characteristlics concerning the effects due to aberration,

mosale spread and Bragg angle are shown in Figs. 8 %o 10.

4, Data Analysis

If accurate information from the measured spectra 1s desired,

not oniy the determination of the FWHM in the guasislastle peaks,
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but also the analysls of thelr profiles is required. If the
problem of curve fitting is encountered, a technique for statis-
tical data analysls becomes necessary. Plans for the development
of such a data analysis computer program are now in progress.
Frequently, the relation between the neutron spectra and un-
known parameters which appear in the scattering functions is not
linear. The preliminary results of our numerical experlments are
shown in Fig. 11. Successive minimization of objective funection
M has been performed, and after four iterations the fitting curve
and non-linear unkneown parameters were determined. M was used

for the x?~test, which tested the validity of the scattering model.

5. FPreliminary Experiments on Prototype Spectromeier

Pigures 12 and 13 illustrate some of the results we have ob=-
tained from the prototype spectrometer LANDAM. Fig. 12 shows the
time evolution of neutron spectra from cement paste after it was
mixed, By analysing the TOF-spectra we can measure the free and
bound water contents at relevant fime intervals during the hydra-
tion process. Fig. 13 is the raw data showing the TOF-spectrum
of para magretlc scattering from NiTi0; at ambient temperature.

In addltion to its appllcation in gquasielastic experiments, the
LAM spectrometer may alsc be used to investigate low energy trans-

fer phenomena.
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Figure Captions

Fig. 1 Neutron time and energy spectrum emarnating from
Table 1 surface of 20°K methane cold moderator.
Fig. 2 Neutron spectra from cold moderator and ambient
LAM 10 LAM 80 temperature water mederator as a functlon of
time~af-flight.
Neutron Source ccld neutron cold neutron Fig. 3(a) Typical example of scattering function.
Arrangement inverted geometry inverted geometry (b) Mime-of-flight spectrum corresponding to the
Analyser Assembly scattering function by using an inverted geometry
Number of Mirrors [l 2 spectrometer.
Bragg angle 4ge 8g¢ (¢} Time-of-Tlight spectrum corresponding to the
Pyrolytic graphite
number of pleces 144 /mirror 144 /mirror scattering function by using a direct geometry
size 1.2x1.2%0.2 em? 1.2%1.2x0.2 cm? spectrometer.
mosaic spread 1.2¢ 1.29 Fig. U Configuration of LAM-40.
Filter Be Be
Fig. 5 Configuration of LAM-80.
Flight Path direct gulde tube
Fig. & Sketeh showing the use of analyzer mirror and
Energy Resclution 60 - 200 peVv 30 - 60 ueV
° amy berylliium filter.
Momentum Transfer 0.2 - 2,847} 0.2 -2 A

Fig. 7 Resolution function of the analyzer mirror LAM-U0

versus scattering angle.
Fig. 8 Effect of moesaic spread of the analyzer crystals.
Fig. 9 Correction of aberraticn of the analyzer mirror;
(a) With correction. (b) Without correction.
(See the sharper rise-up of the resclution function
with the correction than the one without it.) Lower part of
the figure; partial resolution functions of the

mirror corresponding %o {a).
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Flg. 10
Fig. 11
Fig. 12
Fig. 13

Resolution functions of the analyzer mirror LAM-80
versus scattering angle.

(a) Sample dimensions are outer diameter 7 mm,
inner diameter 6 wm and height %0 mm.

(b} Sample height 80 mm. The other dimensions are
same as {a).

(c) The same as (b}, but with correction of aber-
ration.

(d) Inner diameter is zero. The other conditions
are same as (e).

Result of the curve fitting. Number of unkown
parameters is four. Converged value of minimum
funetion, M, is 127.59, whereas critical value of
x? is 143.25 velonging to a level of significance
5% and 117 degrees of freedom. We can therefore
conclude that the agreement is very good.

Results from measurements on the LANDAM for the
free wabter and combined water in cement paste.
T0F spectra from specimen were measured at rele-
vant time intervals after preparation.

Typleal spectra of the paramagnetlc scatbtering
from NiT103 at ambient temperature observed with

the LANDAM.
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4.5 Cold Polarized Neutron Spectrometer at KENS

Yasuo ENDCH and Yoshikazu ISHIKAWA

Department of Physics
Tohoku University, Sendai 980
Japan

§1. Introduction

I this report we introduce one of the projects using cold neutrons
which will be transmitted through the guide tubes installed at the CH4
cold moderator section. The sepctrometer name¢ as TOP {TOF machine with
Optical Polarizer) Spectrometer consists of a polarizer and a TOF machine.
He are now at the status preparing a polarizing Soller mirror, designing
spectrometer assembly, and testing a prototype magnetic channel to

control neutron spins.

In the foliowing section we will briefly explain the TOP spectrometer.

We will also spezk about the present status of the pglarizer. Finally
we will present a current research preject of the surfice magnetism

which will be continuously investigated with this TOP spectrometer.
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52, TOP spectrometer

The TUP spectrometer will be located at the end of C3guide tube in
an experimental floor of "cold neutron wing". As mentioned in a
preceding section, this machine consists of the polarizing mirroy, the
magnetic channel, a crystal table, polarization aznalysers and neutron
detectors, which is illustrated in Fig.1. The machine control wiil be
facilitated with a microprocessor which sits en a control panel near the
machine. Meutran spectrum will be transferred to a medium size computer
at the control room and data acquisition will be carried. Data will be
precessed in order to visualize as the crude data, for instance, as the
diffraction patterns from samples. They will be transferred back to a
display device on the control panel. A total system of the spectrometer
is seen in Fig.2,

Let us explain the machine in sore detail, Reflected neutrons by
the curved magnetized Soller mirroers should be polarized with 100 % in
principie due to the total reflection which depends on neutron spin
direction. Thus, if the amplitude for the minus {antiparallel to the
magnetic field) spin component is negative, all the reflected neutrons
should e polarized. According to various conditions; for instance, the
cutoff wave length is 4 E, maxizum length of mirror should be less than
40 cm and so forth, the curved Soller mirror must be designed such that
the curvature is 2327 cm, each Soller is stacked by every 0.65 mm and 28
sheets are necessary to yield 20 mm wide beam. Principle of the polarizer
structure as well as a prototype Soller polarizer are seen ir Fig.3. As
will be mentioned, we found that the magnetic field of 1000 Qe is enough
to obtain sufficient polarization?) We designed an electromagnet which

produces about 2000 Oe in & 5C mm gap with a current density of 6 A/mmz.
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We are now testing a prototype guide channel assembled permanent
magnets, Helmholz coils as a flipper and & spin turner. We measured the
field distribution in this channel, and found it reasonably working.

Since ali the neutron spins in a bunchk of pulses must flip simultaneously,
regardless the energy difference, we adopt the method of the nonadiabatic
or adiabatic reversal for neutron spins. In the former cases of the
nonadiabatic reversal, if the direction of the magnetic field is made to
reverse in a very small distance, the neutron pass through this space

with their spins unaltered. iIn cther words, neutrons experience the
reversal of the magnetic field in a short time compared to its Larmor
precession period. Conseguently neutron spin directs against the magnetic
field direction in the reversal field. Flipping actions will be coincident
with the period of the pulsed neuiron burch so that the spin dependent
scattering data are easily obtained. We designed an AC current generator
of a stabilized pawer supply, which can produce either plus or minuns
voltage with 20 Hz and also can control the timing. Fig.4 and 5 show
these concepts.

the TOF machine has a heavy duty crystal table on which {maximum
load ~300 kg) an etectromagnet (> 12 koe) or a superconducting ragnet
with a temperature controlied cryostat can be Joaded. Crystals can be
set with three dimensional adjustment within accuracy of 0.01°. A bank
of neuiron detectors sits around the crystal table. Although the
scattering angle can be changed freely, a symietric set up with respect
to the neutron path was designed in order to gain the scattering intensity.
These detectors may cover the scattering length with the range between
0.02 A and 1.5 A. Standard resolution is set as 1° and therefore Soller

collimators will be used for the counter at a small angle.
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§3. Magnetized polarizing mirror

The magnetized polarizing mirror has been developed in Rutherford

2}

Laboratorys’ and a similar type of the polarizer has also been prepared

1)

in our laboratories independently.’ MWe made magnetized mirrors depositing
FeCo alloys on myler fi]ms3) by using a vacuum evaporation apparatus of
the wet type. We will soon use a dry type apparatus which has a large
chamber of 45 c¢m in diameter. Then we designed a device to appiy a
uniform tention necessary to cbtain a flat surface like an ideal mirror.
We obtained so far the foilowing experimental condition for making thin
films with adequate quality for the polarizer,

The effect of the various factors has been studied extensivelyl)
such as tention, evaporation speed, the change of the glancing angle
from an evaporating seurce to films, on the magnetization of FeCo thin
films deposited on the myler films. Typical hysteresis curves are
itlustrated in Fig.4, We found, for instance, that the evaporation
condition gives an anisotropy in magnetization, which is understood as
so called the self shadow effect during the evaporation. Furthermore a
large tensile force causes an appreciable decrease of the magnetization.
However, when we apply the magnetic field of about 700 QOe, we nctice
that these effects may not be seripus. HNevertheless we observed how the
magnetic characters of thin films are modified during the synthesis of
the polarizer.

We have been testing the quality of polarizer of these magnetic
mirrors by the pulsed neutron faciiity at Laboratory of Huclear Science,
Tohoku University. We evaluated the reflectivity with respect to the
function of wave length, postulating the reflectivity of the FeCo mirror

evaporated on a float glass as perfect. In comparison to the calculation,
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these observed results are interpreted by introducing the surface ir-
regularity or the imperfect flatness as well as the decrease of the
magnetization which was mentioned above?’4)
We have alsc been testing their polarizability by using a pelarized
neutron spectrometer. At present, we obtained the preliminary results
of the pelarizability using polarized neutrons of 2.44 E. Typical scans

are shown in the following figure. We are now making new polarizers

using OPP films as substrate, which gives a negative scattering amplitude.

§4. Interface magnetisms)

Recently considerable attention has been directed to the surface
magnetism of mainly transition metals. The increase of numbers of
studies on this problem using various techniques creates more and more
contreversies among their results. Therefore there should be desired a
direct evidence that surface magnetization values change from the bulk
values. We demonstrated that the neutron diffraction technique offers
the potential tool to investigate these problems§)

The idea is very simple that the neutron diffraction method for
such films composed of the periodic stacking ¢f bilayers with d 3 in
thickness will give a direct evidence for the interface magnetism.
Bragg condition with respect to the scattering vector normal to the

piane of films are given by

A= 2d/m sinSB N

In the cese of bilayer films of the periodic stacking of magnetic components,

the magnetic scattering potential superposes the nuclear scattering
potential. Then the existence of either “dead” or "enhanced” interface

magnetic layers brings a fine structure into the magnetic potential.
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This pontential creates the difference of the form factor between the
magnetic and the nuclear distributions along the direction normal to the
surface. Since the scattered intensity depends sensitively on the
distance of the magnetic Tayer as well as the magnetization, the spin
dependent scattering power shouid give the direct evidence of the existence
of the interface magnetization. Furthermore the interface irregularity
and the smearing of bilayers give nc sericus effect on the difference of
the form factor between nuclear and magnetic distribution.

Usually we can synthesize the bilayer crystals which consists of
~50 bilayers with d & 100 ~ 200 R in thickness. Therefore iong and
intense cold neutron sources should have a great potential for investigat-
ing these problems.

S¢ far we have studied Fe-Si0® and Ni~-Si0 bilayer crystals, and we
could have an appreciable difference between the interface magnetization
of Fe and i meta]sg)
We are now proceeding to study the magnetization of FeCu or FePd

bilayer crystals.
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Figure Cpations

Fig.1 Views of TOF spectrometer at C1 part on the experimental floor
of "C.H. Wing".

Fig.2 Bleck diagram of TOP system.

Fig.3 Structure of the Soliare polarizer and its photograph.
Fig.4 Concepts on the nonadiabatic spin fiipping.
Fig.5 Concepts on TOF polarized neutron spectroscopy.

Fig.6 Magnetization curve of Fe,cCoyp thin film deposited on myler
films. Film thickness, 1025 E, X// direction along neutron
beam tensile force was applied to the film perpendicular to X.

Fig.7 Polarization vs scattering angle (28). HMeasurements were

carried with polarized beam of 2.44 f\ wave length.
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£1., General view of the system
The basic philoscphy of the KENS data acquisition system
is summarized as follows:
i) At present the installation of 5 spectrometers is
scheduled.
They are MAX (Multi-Analyzer Crystal Spectrometers),
LAM (Low-energy Crystal Anazlyzer Spectrometer, or
Large Analyzer Mirrer),
TOP (TOF Machine with Optical Polarizer}
HIT (High Intensity Total Scattering Spectrometer),
and
SAN (Small Angle Scattering Instruments).
The neutron scattering data from these spectrometers are
stored and handled by a single medium scale computer. More
than 10 spectrometers are expected to be installed in KENS
in future. 1In such a case, large data acquisition system
should be introduced, and the system should be expanded.
ii) Each spectrometer has a dedicated time analyzer and
2 control panel.
iii) CAMAC system is adopted for the interface.
The system configuration is shown in Fig. 1.
The specifications of each device are as follows:
;} CPU (Cemtral Process Unit)
The computer is OKITAC-System 50/model 60, The
main memory is 5376 KB-IC and its cycle time is 600 nsec.
ii) MD (Magnetic Disc)
Memory size of the MD is 64 MB and its data transfer

speed is 806 KB/sec. Main part of the MD is used for the
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data storage. 128 KE memories are given to each spectrometer
and more than 4 MB memories are given to SAN in the MD.
iii) MT (Magnetic Tape)
Bach user has a personal magnetic tape and the final
data should be transferred from the MD to his MT. This

operation is carried out by a user himself. The frequency

of this operation is not so much (It depends on the experiment.),

since 128 KB memory size in the MD is given to each spectrometer.

In order te avoid the overcrowded state of the operation, two
MT coantrol units are available. The memery size of the MT is
about 10 M3 (800 BPI, 1200 £ft).

iv) ET (Electric Type-writer)

This is used for the simple conversation with the
computer. The ET consists of a typewriter, a paper tape
reader and a paper tape puncher. This might not be used for
the cutput device of data.

v} DLP {Dotted Line Printer)
This is used for drawing of a figure with an aggrega-
tion of dots. This can be alsc used as a line printer.
vi) LP (Line Printer)
The printing speed is 313 lines per a minute.
vii} PTR (Photo-Tape Reader)
The reading speed is 30,000 characters per a minute.
viii) GD (Graphic Display) § HC (Hard Copy)

These are a storage graphic display and its hard

copy connected to this GD. The size of a display surface is

381 mm in length and 279 mm in height.
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§2. Time analyzer unit
There are three types of time analyzer units.
These are catled TA (Time analyzer), HTA (Time analyzer for
high counting rate) and MDTA (Time analyzer for the multi-
dimensional detectors) respectively.
i) TA

TA is a normal time analyzer unit which is used for
the general sepctrometer. The block diagram of TA is shown
in Fig. 2. The specifications are given as follows: 16 inputs
can be accepted. One input connects with one bundle of
detectors. The TA is synchronized with a booster trigger
which defines the origin of the time of flight combined with
the following delay time. The delay time is varied from 1
psec to 49,999 psec. A total channel number is selected
amongst 512, 1024, 2048 and 4096. Channel width is selected
separately in each quarter of the total channel number amongst
0.25, 1, 2, 3,4, 6, 8, 12, 16, 24, 32, 48, 64, 96, 128, 192,
265, 384, 512, 768, 1024, 1536, 2048, 3072 and 4696 psec.
We call this system as an accordion method. An example showing
the merit of the accordion method is as follows: We suppose
that delay time is 128 psec and the channel width of the Ist,
2nd, 3vrd and 4th quarter is selected as 2 usec, & usec, 16 psec
and 32 psec respectively. We can meauste the time of flight
till 7552 usec with the time resolution of about 1% by using
only 512 words memory. The time resolution coming from channel
width is shown in Fig. 3. The nearly constant time resolution
is obtained in the whole region. If we try to realize this

situation without an accordion method and a delay time, 3776~
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words memory 1s necessary. For, the time resolutioa in such

a case depends on the channel width of the small time of

flight and this is 2 usec. (3776=7552/2). The resolution of

the range of the large time of flight becomes automatically much
less than 1%. Such a good resolution is often unnecessary.

The add-one data are steored temporarily in the buffer
memory {8 KW RAM)} by a direct memory access. When all 16
inputs are connected, it takes 4 psec to take in one datum into
RAM.

ii) HTA

HTA is a time analyzer unit which is used for the
high intensity total scattering spectrometer (HIT). The
block diagram of the HTA is shown in Fig. 4., HTA consists
of 8 units. One unit corresponds te one iaput, and has a
4-bits counter, the content of which is transferred to a
register according to the 4 MH2 clock signal. Then the counter
is re-set and starts to count again. Meanwhile the content of
the register is added to the content of the buffer memory
{1 XW RAM). The buffer memery is dedicated to one unit,
Maximum counting rate is 16 cts/250 nsec in principle.

The selection of the total channel number and the delay
time, and the accordion method are the same as the TA unit.

But the selection of the channel width is limited to 1, 2, 3,
4, 6, B, 12 and 16 psec.
iii) MDTA
MDTA is a multi-dimensional time analyzer which is
used for the small angle scattering instrument (SAN).

2-dimensional detector system in this instrument consists of

43 one-dimensional detectors. In the MDTA, the position
where a neutron hits and the time when the neutron arrives

at any detector are analyzed. The block diagram of MDTA is
shown in Fig. 5. The position is determined by the following

expression,
Q
e, @
where QA and QB are the guantity of the charge generated at
each end of a detector. A pre-amplifier is connected to
either end of the detector. The pre-amplifier outputs Q and
QB are taken to main amplifiers which amplify and shape the
signals. The main amplifier outputs are summed and fed to a
single channel analyzer (Diseriminator). When the sum of Cp
and QB are within the pre-set limits, in the disecriminator
standard step signals are generated, which are used for the
gate signals of the sample g holder (S g H), and an analogue
to digital converter (ADC) and a time analyzer.
The outputs from the main amplifiers are taken te the
S § H to adjust the timing to be fed to the ADC. Since the
conversion speed of the ADC is fast (v5 psec), one ADC is
used for handling the signals from 4 different detectors.
Converted 8-bits data are transferred to the registers and
the summation of Q and QB is carried out. As shown in Fig. 5,
the elements to handle the signals from 4 detectors are packed
in one circuit board. There are 11 c¢ircuit boards since theye
are 43 detectors. The multiplexer in the common controller

on the other circuit board scans the registers on the 11
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circuit boards sequentially (the scanning speed is I psec/1
board}. Then the value of Q- and QA + QB are transferred te
the address register of the P-ROM, in which positions calcu-
lated by the expression (1} are tabulated. Therefore, the

operation time of the expresssion (1) is equal to the access

time of P-ROM, that is, 1 usec. Thus the position is defined.

° Detector number

First the number of the detector receiving a neutron
is encoded to & 2 bits datum, and next the number of the
circuit board, to which the detector belongs, is encoded to a
4 bits datum. Finally a datum of the detector number is
given as a 6-bits datum.
° Time of flight

The disc¢riminator cutputs are used to determine the time
of flight. The method is quite the same as TA. The total
channel number is selected amongst 32, 64, and 128 and the
delay time is varied from 0 to 50 msec with 0.1 msec step.
The accordien method is applied and the channel width of each
quarter section is selected amongst 24, 32, 48, 64, 128, 192,
256, 384, 512, 768, 1024, 1536, 2048, 3072, and 4096 psec.

Finally the data of the position, the detector number,
and the time of flight are synthesized to 18, 19 or 20 bits
data. At present, 18 bits data are available because of the
limit of the main memory capacity. The final data are taken

through the digital in CAMAC module.

§3. Control Panel (CP)

Data aquisitien and processing contrel are carried out
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by using a control panel (CP}. Each spectrometer has one CP.
It consists of a count unit, a display unit and an output unit.
The layout of the CP is shown in Fig. 6.
i} Count Unit
Start and stop of measurement are centrolled here.
Accumulation area indicates the memory area on the MD where
the data are transferred. A data clear switch clears the
data in the buffer memory and/or the accumulation area.
ii}) Display Unit
Data in any accumulation area and buffer memory
are displayed on the cathode ray tube (CRT). Edited data
are stored in 1 KW RAM module in the CAMAC. <CRT is controlled
by a CRT controlled module in the CAMAC.
iii) Output Unit
An output device is selected by pushing the corre-
sponding button. Output data in any accumulation area and
buffer memory are selected with a switch named DETECTOR and
a2 button named DISPLAY/OUTPUT AREA.
The intermission and the status of the switches and
buttons in every unit are read through DI/DO module in the

CAMAC.

§4, Flow of the Data and the control
i) TA and HTA
When a start button on the control panel (CP} is
pushed, a LAM (Zook at me) signal is sent to a BD {branch
driver) through a DI/DO module connected to the CP. Then

the BD requests an intermission signal to a LAM grader (LG).
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Then the LG sends a graded LAM to the CPU and the CPU under-
stands the status of the intermission and orders the TA to
staTt measurements. Neutron data are stored in buffer memory
(8 KW RAM) in the TA by the direct memory access.

When a stop button on the CP is pushed, the measurement
is stoped by the above mentioned sequence. The data stored
in the buffer memory are transferred to the specified area
in the MD. The flow of the data and the contrel are shown in Fig.7.

ii) MDTA

The flow of the control signal of the MDTA, that is,

start and stop of measurement are the same as those of TA.
Since the MDTA has not the buffer memory as the TA has, neutren
data are also taken to the main memory with the same squence
of other controle. It takes 10 psec for one datum to be
taken in Ffrom the MDTA to the main memery. The flow of the

data and the control are shown in Fig. 8.
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Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Figure Captions
KENS data acquisition system.
The block diagram of the normal time analyzer (TA).
The time resclution of TA when the accordion method
is adopted.
The block diagram of the time analyzer for the high
intensity spectrometer (HTA).
The block diagram of the time analyzer for the multi-
dimensional detectors (MDTA).
The layout of the contrel panel.
The flow of the data and the control for TA § HTA.
The flow of the data and the control for MDTA.
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6. Test experiments with pulsed neutron sources

6.1 A Time-Focussing Crystal Analyser and Measurement of

Local Modes of TaHx

*
Noboru Watanabe'and Michihiro Furusaka
S
Laberatory of Nuclear Science and Physics Department

Tohoku University, Sendai, Japan

Abstract

A high resolution energy loss spectrometer, designed to
measure the incoherent neutron Scattering at hw > 0.1 eV,
was constructed using time focussed crystal analyser and was
installed at the pulsed neutron source at Tohoku linac.
Local modes of the hydrogen motion in TaHx system were
measured at various temperatures with various nydrogen con-
centrations x. Energy resclution is fairly good which 1s
2.5 % 4% in she/he in the range of fiw=0.1 ~ 0.6 eV and smail
changes in the peak position and the peak width of the locail

mode associated with the phase transition were observed.

Presented at TCANS Meeting, Rutherford Lab., 10-12 Sept. (1979)

1t Present address: National Laboratory for High Energy Physics

Oho~machi, Tsukuba=-gun, Ibaraki
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1. Spectrometer

1.1. Time Focussing Crystal Analyser

Down scattering technique using the pulsed neutron

source based on the pulsed accelerator is very useful for
the incoherent neutron scattering at fw > 0.1 eV.Z) Crystal
anélyser method in the inverted geometry is very conventional
where the sample is bathed in a white incident beam and the
scattered neutrons at a selected energy ES are detected by
a crystal analyser. In case of the incoherent scattering,
we can improve the counting efficiency by viewing the scattered
neutrons over a large solid angle. Generally speaking the
energy resclution becomes poor with increasing solid angle.
Particularly it becomes very poor for large energy transfer,
because uncertainty in time of flight for the incident
neutrons increases due te the uncertainty of the correctien
in time of flight for scattered neutrons. In order to improve
these situations, the time focussing methoda) was adepted in
the analyser system (sample-analyser crystal-detector). If
we employ an equal flignt path L2=L3 as shown in Fig. 1, we

obtaine following time fecussing condition,
tan tg = cot BA’
tan op = cot BA’

tan [XA koo

that is

A
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This condition means that the sample, the analyser crystal
and the detector are parallel with each other, and the net
plane of the analyser crystal is also parallel te the analys-
er surface. The last conditionmakes it possible to use a
pyrolitic graphite as an analyser which provides the good
reflectivity.

Another important contribution to the energy resolution
comes from the uncertainty in the incident flight path, and
which is minimized by setting the sample and the moderator
perpendicular to the incident beam.

Figure Z shows the plan of the spectrometer. The inci-
dent flight path is 5.874 m in length and the neutron beam

7 cm wide and 1¢ cm high is extracted. The sample is usually

packed inan aluminum container having dimensions of 8.5 cm %11 cm

with a thickness corresponding to about 10% scattering, and is
put perpendicularly to the incident beam. The scattering
apparatus has an encugh space around the sample to accept a
cryostat or a furnace. Scattered neutrons of energy 4 meV
are selected using an analyser 10 cm wide, 10 cm high and

0.5 cm thick of pyrolitic graphite with 3.5° mosaic spread.
The analyser is set parallel to the sample and the (002} re-
flection is used with Bragg angle 24,- 85®°, To eliminate
higher order reflections,a cooled beryllium filter 11 cm in
diam. and 15 cm izt length, as shown in Fig. 3, is inserted
between the analyser and the detector followed by a square
grid collimator 5 cm in length with a 2.5 cm by 2.5 cm spacing.
The measured transmission of the beryllium filter cooled

down to 77 K was 83% for 4 meV neutrons, while that for
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thermal neutrons corresponding te the higher order reflections
were reduced to be less than one thousandth by the aid of the
grid collimator. Four helium-3 proporticonal counters 1" diam.
and 6" in active length filled to 760 cm Hg were aligned
parallel to the analyser to detect the scattered neutrons.
(Replacement of the present counters to 1/2" diam, ones filled
to lower pressure is under way. This will improve the energy
resolution due to the ambiguity in the scattered flight path

length as well as signal to background ratio.)

1.2. Performance
In Fig. 4 are shown the calculated values of the energy

reselution as a function of the energy transfer. Upper thick
so0lid curve represents the overall resolution for the present
apparatus with 1" diam. counters and & psec time channel.
The resolution is better than the reported values by Pan et
31.4), with a Be-BeO difference methed, which varies from
about #4% at hw=0.1 eV to x8% at 0.5 eV, and also than the
figure gquoted by Day et al.SJ by means of a crystal analyser.
Main reason of the advantage in the energy rtesolution of the
present spectrometer compared to the latter is considered to
be due to the longer incident fIlight path with smaller uan-
certainty in it because the sample is set perpendicular to
the incident beam. Lower four solid curves show the partial
contributions due to the uncertainty in the scattered flight
path (Ats), the finite chaanel width of the time analyser
{Ath, uncertainty in time of filight originating from the
2]1/2

pulse width of the neutron source [(Atp)2+(ﬂtm) , and
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the finite energy band of the detected neutrons [AESJ. The
contribution due to At3 is significant which comes from the
finite diameter of the detector, and therefore the thinner
detector is preferable. Overall resolution for the /2" diam.
detector with 4 psec time channel is also depicted by a dot-
dashed curve in the figure for the future improvements.

To examine the performance of the present spectrometer,
the local mode of the hydrogen motion in a polycrystalline
sample of TiH, at yoom temperature was measured. The result
obtained with measuring time of 1 day is shown in Fig. 5
where the coordinate is the differential cross section
multiplied by k/k'. The local mode is clearly observed up
to the third level and it is very interesting to find that
the first peak is splitting as seen in an enlarged energy
spectrum in the inset. Similar fine structures have been
observed in Zer using a high resoluticn rotating crystal
spectrometer and have been interpreted to be attributed to

8)

the hydrogen-hydrogen interaction. The present results

demonstrate a higher resolution of this spectrometer.

2. Local Mcdes of Tantalum hydridesT)

One phonon spectra of the local modes of four polycrystalline

samples of TaHx with hydrogen-to-tantalum ratio x of 0.15, 0.50,

0.60 and 0.69 have been measured at various temperatures using
the present spectrometer. The method to prepare tantalum
hydrides was similar to that of vanadium deuterides which
B)

has been described elsewhere. The hydrogen contents were
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determined by the known relation between x and the lattice
parameters which were determined by X-ray power diffractometry.
The crystal structure of Tal is shown in Fig. 6 and a phase
diagram has been proposedg),which is shown in Fig. 7, where
the measured points are also plotted.

In Fig. 8 is shown a typical TOF spectrum of Taﬂo_5
at room temperature obtained with measuring time of 1 day,
where clearly separated two peaks of the local mode are

observed. An early datalo)

obtained by a simple inverted
BeOQ filter method is alse shown in the inset to the figure
for comparison.

The raw TOF data have been converted to double differen-
tial cross sections with normalizations by the incident
spectrum after the subtraction of background obtained by an
empty holder run, subtraction of the leakage spectra due to
the higher order reflections, and corrections for absorption.
The leakage spectra have been confirmed to be very small in
case of hydrogenous sample. The distribution functions of
frequencies g(hm) were, then, obtained from double differen-
tial cross sections by the method mentioned in the reference
10, g{hn) were fitted by two Gaussian or by two Lorentzian
with a multiple scattering contribution properly assumed as
shown in Fig. 9. From the figure, it is apparent that the

Lorentzian fitting is clearly superior +to the Gaussian.

Since energy resolution width of the present spectrometer is very

much better than the natural width of the optical peaks, it

can be concluded that the peak shape is a Lerentzian, in
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contrast to the eariy data which were like Gaussian because

of the limited energy resolution of the instrument. The

result provides the first clear experimental evidence for

the shape of the optical peaks of this kind of metalic hydrides.
The result alsc suggests that the dispersion of the local

mode is very small; less than the half width of the Lorentzian,
and therefore we can estimate the phonon lifetime from the

half width,

In Fig. 10 are shown g(lw) for TaH, ¢q @t various tem-
perature with Lorentzian fitting. The variation in peak width
as well as in the energy of peak center with temperature is
apparent in the figure.

Center energies and widths of the optical peaks for all
samples are plotted in Fig. 11 against temperature, where
open symbols are for the optical peaks at about 120 meV and
solid ones are for that at about 170 meV. Widths for lower
energy peaks are almost-independent of x and 1lie on a line
which increase slightly with temperature, exhibiting typical
weak unharmonicity, while thosefor higher energy peaks jump
drastically at temperatures of order-disorder transition.
Similar jumps have been observed in the temperature dependence
of the electrical resistivity of Taﬁo_sg). I we agsume that
the lower energy peak corresponds to the local vibration of
hydrogen atom in the z direction and higher one to that in the
Xy directions, the resuits suggest the existence of an aniso-
tropy in hydreogen moticn across crder-discrder phase transition,

which is very interesting in relation to the anisotropy in the
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hydrogen diffusion in this type of metal hydrides.

Energies of the peak center for beth levels are inde-
pendent of hydreogen ceoncentration x below 0.5, and aimost
unchanged with temperature, while those for x above 0.5 ex-
hibit a jump and strong concentration dependence below
transition temperature. This variation may be partly lnter-
preted by hydrogen configuration, but the true reason is not
5till apparent.

Measurements cof the lecal modes of TaHx at iow temperature

are in progress.
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Figure Captions

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig. 10.
Fig. 11.

1.

L7 |

Time focussing condition for L2=L3 analyser.
Schematic diagram of the spectrometer.

Cooled Be filter for higher order rejection.
Calculated values of the energy resolution AE/E.
Energy spectrum of the local mode Ffrom Tin at room
temp. Coordinate shows (differential cross section)
x(k/k'}, the insert shows first peak enlarged in
abscissa,

Structure of TaH.

Phase diagram of TaH, measured points are shown by e.
TOF spectrum of TaH, . at room temp. The insert
shows a data obtained by a inverted BeQ filter
method.

Fitting of g{(hw) for TaHj c4° (a) Gaussian, (b)
Lorentzian.

Frequency distributions g(hw) of the local mede of

TaH a2t various temperatures.

0.6%
Temperature dependence of the peek energy and the
peak width in FWHM of the local mode for varicus
hydrogen concentrations x. Open symbols are for
the peaks at about 120 meV and sclid ones are for

those at about 170 meV. Broken lines are for eves

only.
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51 Introduction

Neutron diffraction using pulsed reutron source combined
with TOF method to analyse the structure of a single crystal
has been widely discussed and also experimentally tested by
several authors. One of the distinctive features of the neutron
TOF diffractometry for a single crystal is that all the re-
ciprocal points onr the rod passing threugh the origin in the
reciprocal space can be scanned by each burst of white neutrons.
Therefore, when one dimensional position sensitive detector
(P8D) is used, two dimensional areas of the reciprocal lattice
space ctan be observed. The portion of reciprocal space

accessible by use of Amin < A< Ama and ¢

min © ¢ < dpax is
and 1/)\m

X

shown in Fig. 1. The circles with radii llhmi

n ax

are drawn through the origin, and the direction of the radii
represents the direction of the incident beam. All reciprocal
lattice points within the shaded area will simultaneously
diffract and may be sampled by a PSD. Considering this dis-
tinctive feature, we can easily understand that this is promis-
ing for the measurement of intensity distribution on the
reciprocal lattice space. The measurement of the thermal
diffuse scattering and collection of many Bragg reflections
for the structure analysis are the typical examples. Bug
there remains many problems te be selved in this method.
They are given as follows:

i) data acquisition system,

ii} how to determine both the position where, and the

time when the neutron injects into the PSD,
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(iii) effective display of the data,
{iv) reductiocn of the background, and
{v} the correction of the resolution, Lorentz factor and
50 on.
In order to assess this method we have made a system of a
single crystal diffractometer using a position sensitive

detector.

52 The selection of the PSD

There are two types of position sensitive proportional
detectors for neutrons which have been already developed and
are commercially available. One is a resistive wire type
and the other is a multi-wire type. The former is adopted
because of the simplicity of the electronics. When we use
the former PSD, position information may be obtained in
one of three ways. One is to measure the rise-time of the
pulse from one end only, and the second is to measure the
timing of the zerc crossings of the dowbly differentiated
pulses from each end of the proportional counter tube. The
third method takes the ratio of the heights of the two pulses
which has a linear relation with position of incident exci-
tation. In order to avoid the confusions of the time measure-
ment between the time of flipht and the electronics timing,
we have adepted the pulse height division method. In this
method, it is necessary to measure the charge at both ends
A and B(Q,, QB) of the resistive electrode and then compute

the distance from an end A from the expression.
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Since the resistance between the ends is not so large, the

difference between the times when the pulses on the electrode

reach to each end is not so large.

When we calculate the

order of magnitude of the time, it is less than 1 psec in

the case of C ~ 10 PF, R ~ 50 K.

This does not effect to

determine the time of flight of neutrons.

In our experiment the PSD made in AERE Harwell has been

used. The specifications of this PSD are summarized in

Table 1.

Table 1

active length
conversion time
positional resolution
f£illing gas

detector diameter
electrode wire diamter
wire resistance
detector capacity
(calculated)

~50cm

20 usec

<1 ¢m

3I-Ie 4 atmospheres
Quench gas 4 atmospheres
2.5cm

15 um

wH0 KR

~n5 PF

The diameter of 2.5 c¢cm¢ is proper as a detector for a single

crystal diffractometer. All the diffracted neutrons should

be received to correct Lorentz factor exactly.

§3 Electronics and data acquisition

The block diagram of a whole system is shown in Fig. 2.
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A pre-amplifier (P A) is connected to either end of the
detector. The detector bias is applied by a high voltage
power supply. The pre-amplifier outputs are fed to main
amplifiers (MA) which amplify and shape the signals. The
shape of MA outputs is an approximate Gaussian and its fuil
width at half maximum is about 5 psec. The MA outputs are

fed to a single channel analyzer. If an MA output is within
the pre-set limits, there appears an SCA output, the shape,
pulse height and width of which are rectanguler, $ Vp_p and 500 nsec
respectively. These amplifiers and so on are settled closed
to the diffractometer in the experimental room. MA and SCA
cutputs are transferred on 3C-2V lines to the interface in

the measurement room separated about 200m far from the experi-
mental room. Though MA outputs are attenuated about 15%

while passing the 200 m 3C-2V lines, it is not necessary to
correct this since the attenuation factors of the MA outputs
from the both ends are nearly the same. Only when the inter-
face accepts the SCA outputs from the both SCA and they are
coincide within the pre-set time, the interface accepts the

MA outputs (QA’QS) from the both MA. QA and QB are added

by an analogue adder and the sum (QA+QBJ is fed to a de-
nominator input, and QA is fed to a numerator of the
analogue divider, (Type 4291) made ia Burr-Brown Research
Cooperation. The speed of a divisioen is about 10¢ psec on

the average. The quotient QA/(QA+QB), which gives the
required positien informatien is fed to the analogue to
digital converter (ADC)(10 bits). A 10 bits-word is converted

to a 0 bits-word to save the memory capacity by comsidering
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the spacial resolution of the PSD.

One SCA output is fed to a time anazlyzer which is syn-
chronized with a burst of neutrons, and neutron time of flight
is determined. The specifications of the time analyzer are

summarized in Table 2.

Table 2
delay time 0 "~ 65,536 uwsec {variable]
channel width an accordion method
{4-quarters)
2 n 32 psec (variable)
total chennel 256

An gccordion method saves the memory capacity very much, and
the details of this method is explained in a separated paper.
The final dats composed of position and time information
are 14 bits-words. This shows that it is necessary to define
the area of 16 ¥Words in the computer. 128 KW IC memory is
dedicated to the diffractometer. Add one process is carried
out by a soft ware.
Intensity, the position and the time of flight (3-dimen-
sional information) are displayed on the storage graphic
diaplay unit and the figures are obtained with a hard copy

unit. Some examples are shown in the later section.

§4 Experiment and results
The experiment was carried out on a four-circle diffracto-

meter installed at the 300 MeV Tohoku University electron
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linzc which produces pulsed neutrons.
First, the linearity and the uniformity of the PS) were
tested.
i} Linearity
A vanadium cylinder {10 mm in diamter) is used as
a sample. By changing the position of the solar slit im
front of the PSD we have measured the linearity of the PSD.
The width of the slit is 4.5 mm, and the aperture angle of
the slit is about 1.8°. The relations between the obtained
peak position and the PSD position where neutrons are injected
are shown in Fig. 3. The abscissa indicates the position of
the PSD where neutron was irradiated, and the center of the
PSD is chosen as an origin. The ordinate indicates the
channel of the maximum intensity of the observed peak. The
linearity is quite satisfactory.
ii) Resoluticn
Because of the divergence of scattered neutrons,
the portion of the PSD where the neutrons irradiates is
larger than the width of the slit. From the aperture angle
and the distance between the PSD and the sample, the beam
size was estimated and was about 2,2 cm. Observed resolution
was aliso 2.2 ¢m., Unless the beam collimation is impreved
better than 1 cm, the nominal value of the spacial resolution
cannot be obtained.
iii) Uniformity
The Uniformity of the PSD was examined by using
an incoherent scatterer vanadium as a sample. The rTesults are

shown in Fig. 4. Observed intensities of the both ends
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decreases because of the insensitivity of the PSD and the
inc¢lined irradiation of the neutrons. The correction of the
inclined irradiation effect was carried out from the geometri-
cal consideration. The results after the correction are shown
in Fig. 4. Intensities are nearly constant with the position
within the statistical error.
iv} The measurement of the Bragg reflections.

The Bragg reflections of a single crystal of XBr
(7%7x7 mms) were measured. The results are displayed on the
graphic display unit during the measurement, and the figures
are obtained on the hard copy unit. Several examples are
shown in Fig. 5, Pig. 6 and Fig. 7. ALl the results are raw
data. In Fig. 5, the reciproczl lattice plane perpendicular
to [100] axis is observed. In Fig. 6, the reciprocal lattice

plane perpendicular to {110} axis is observed. The channel

width of the time is 16 psec in the case of Fig. 5, and Fig. 6.

In Fig. 7, the observed reciprocal lattice plane is the same
as the one in Fig. 6. The channel width of the time is se-
lected as 8 psec, The measuring time in all cases is about
1 hour. The Bragg indices are written in the figure.
v) The measurement of the atomic shert range order
diffuse scattering.

When there is an atomic short range order in the
crystal, we can expect the diffuse scattering. The measure-
ments of diffuse intensity distribution over rTeciprocal
space give us the information ¢of 2 short range order para-
meter.

First we have measured the intensity distribution of
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the diffuse scattering of Cu.Mn with a singlie normal counter.

3
In order to obtain the two dimensional intensity distribution
the crystal was rotated in each measurement. The results

are shown in Fig. 8. The results of 45 measurements are
summarized in the figure. The portion of diffuse scattering
are pointed by arrows. It toek 3 or 4 hours to measure one
line, so the net total spent time for the measurement were
about 150 hours. The final intensity distribuicn over re-
ciprocal space thus obtained after the necessary corrections
are shown in Fig. 9. The details of the discussion on this
result are abbreviated here.

Next we have carried out the measurement of the diffuse
scattering of the same sample by use of the PSD. The result
is shown in Fig. 10. It takes 6 hours to get this result.
The guality of the result is much better than the one of
Fig. 8. A signal to background ratio is very good, and
diffuse scattering intensity distribution is clearly separated
from the background. The measuring time is extremely
shortened. When we have measured the same diffuse scattering
without the PSD, we had to rotate the crystal, and to measure
sach line separately. Therefore the normalization of the
each measurement was very important. However, in this case,
the normaiization is not necessary. Fig. 10 is a preliminary
result and no correction is processed, we can say that a
single crystel diffractometer combined with the PSD is a
very poweful instruments.

Cur results obtained by use of the PSD system are pre-
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liminary. No corrections for the background, the abscrption,
the multiple scattering, the resolution, the Lorentz factor
and so on are carried cut. These corrections will be tried
soon. There might be some difficulties amongst the
corrections, but these would be solved mainly by the
gecmetical consideration of the diffraction phenomena.
Finally, we can conclude that a single crystal diffractometer
combined with the PSD is a very powerful instrument for the
study of the diffuse scattering as well as the measurement

of the many Bragg reflecticns.
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Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig. 10

Figure Captions
The portien of reciprocal space accessible by use of
the PSD.
The block diagram of the P5D system.
The linearity of the PSD.
The uniformity of the PSD.
The reciprocal lattice plane of KBr perpendicular to
[160] axis observed by use of the PSD.
The reciprocal lattice plane of KBr perpendicular to
[110] axis observed by use of the PSD.
The reciprocal lattice plane of KBr perpendicular to
{110] axis obtained by use of the PSD,
Intensity distribution of the diffuse scattering of
CusMn measured by use of the ncrmal detector.
Intensity distribution over reciprocal space of
Cuziin
Intensity distribution of the diffuse scattering of

Cu3Mn measured by use of the PSD.
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6.3 Neutron Diffraction Study of Structure Change in a
Process of Solidification from a Supercooling State

Y. Ishikawa, S. Ikeda*, T. Shinohe and H. !‘{1‘1’r§1ur-aJr

Physics Department and *Laboratory of Nuclear Science
Tohokt University, Sendai

1. Introduction

This paper describes a preliminary experimental result of neutron
diffraction from liquid metal Sn in a process of solidification from
supercooling state. The experiment was attempted in order to establish
the experimental technique for measuring the atomic structure in non-
equi]ibrium state induced by rapid change of the temperature. The T-0-

F diffraction method incorporated with the pulsed neutron source is one
of the most promissing method to study these non equilibrium state1) and
some trials as the study of structural change in a process of polarization
reversal in & ferrcelectric crystal Nauﬂza) have been performed using
this technique]) The study of ncn-equilibrium state induced by rapid
temperature change has the widest field of research but it has a technical
difficulty of keeping the temperature of the sample homoegeneous in non-
equilibrium state. We paid an attention that the solidification process
from the supercocling liguid state cccurs homogeneously and reproducibly
in the sampie and the structural: change of liquid tin in a process of
sotidification from the supercooling state has been studied using the

Tohoku pulsed neutron source?)’a} This paper describes the outline of

* Present address: National Laboratory for High Enerqy Physics,
Tsukuba, Ibarakij
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the technical development and a preliminary experimental result. The
problem is also quite interesting from the physical point of view,
because some amorphous materials as Ge made by rapid quenching from the

1iquid state have different atomic structure from that in Iiquid.

2, FExperimentals

The block diagram of the measuring system is displayed in Fig.l.
The metal Sn of about 21 gr was melted in a thin quartz crucible, 10 mm
in diameter by using a tungsten wire sealed in a quartz tube (Shinku
Rico, N lamp) with a radiation reflector to focus the radiation on the
sample, The sample temperature was detected by a Almel-Chromel thermocouple
inserted in the sample using a digital voltmeter, which was read in
micro-computer COMRC B0 through a PIO system. Then the heater was
contrelled by the order of the micro computer foliowing the program
stored in the computer. One example is that; when the sample temperature
exceeds TE in Fig.2, the heater current was switched off, then the
sample was naturally cooled to T2 where sudden solidificaticn starts.
The time of the temparature ¢hange was detected. The TOF total scattering
from the sample was measured by a conventional spectrometer, but the
data from different time intervals as between ty and ts 8y and t, etc.
in Fig.l are accumulated in different memory areas in the wini-computer
(OKITAC 4500) through a signal distributor and the process of the cycle
from tD to t5 was repeated until the statistics of the data was increased.
if the time intervals are selected as given in Fig.2, we found that the
final stage starting from ty is in the solid state. The variation of T,
AT2 is almost 1.5 % of T2 through the whole experiment and the temperature
gradient in the sampie during this cycle is 20,5 deg. Therefore we are

convinced that the vesuli obtained is meaningfull.
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3. Experimental results and discussion

The experimental results obtained are displayed in Fig,3 after
converting them to the scattering law S(Q). They are normalized te that
of Vanadium. The scattering from the sample container was not yet
subtracted. If we compare the pattern for the liquid state with that
for the Zone 1, we find that a small shoulder at right hand side of the
first peak is clearly depressed in the Zeone 1, while, in approaching to
the solid state (Zone 4}, the shouider is again developing into a Bragg
peak. The pattern in Zone 1 could not be reproduced by superposition of
patterns of liquid and soiid states. Therefore,a simple picture that
the solid state coexists with the liquid state without modifying each
structure in the solidification process does not seem correct. The
result suggests that a metastable state where the atomic order is destroyed
more easily than in the liquid state is realized before the solid state
starts te develop in the sample.

Although the experiment performed is still in a preliminary stage,
the results obtained suggest that this kind of measurement is quite
promissing , having many applications. The detailed measurement as well

as the results of the analysis will be soon published eleswhere.
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