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ABSTRACT,

This thesis establishes the trend of neutron polarization
in the D(d,n)BHe reaction in the 3 to 5.5 MeV energy region
where discrepancies in previous measurements exist,. Detiﬁgifations
of the differential polarization at 290 keV and 460 kefiand the
analysis of available data below 1 MeV in terms of the Zahginzne
expansion gives a reliable parameterization of the reaction
characteristics where none was previously available. The
dependence of the neutron polarization on energy and angle has
thus been established. The use of an experimental approach and
apparatus consistent with other measurements at neighbouring
energies further enhances the acceptability of this data. An

interpretation is performed in the context of various models of

the reaction.

Further investigations explore the use of the ratio of
asymmetries in backward and forward scattering of 5 MeV neutrons
by helium as a means of selecting between the various analysing
power curves for n-4He scattering. The implications of the
agreement with the phase shifts of Austin et al é1) are considered

and proposals for further studies are made.

Important in attaining these objectives were a variety of
modifications to detectors and improvements in the modes of data
collection which enabled measurements of good statistical

accuracy to be obtained under stable accelerator conditions.
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CHAPTER 1.

1.1 Thesis objectives,

The experimental work forming the basis for this thesis was
undertaken with two basic purposes in mind. The first was to
provide data which would be of use in understanding the mechanisms
underlying the D(d,n)’He reaction, The second objective guiding
the work was to obtain information for two practical applications
involving polarized neutfons, namely 1) the use of the D(d,n)aﬁe
reaction as a source of polarized neutrons, and 2) the use of

n-“He scattering as a polarization amalyser,

Prom a practical point of view, n-He scattering is usually
used as an analyser for the measurement of the polarization of
neutrons from the D(d,n)aﬂe reaction. Conversely, the D(d,n)3He
reaction may be used as a source of polarized neutrons to determine
the neutron polarization in n-He scattering. A further alternative
is to investigate both the reaction and the analysing power-phase
shifts jointly by the use of best-fit procedures to the

experimental observables,



1.2 Experimental observables: Definitions and choice.

The selection of appropriate properties to be measured is
influenced by the existing degree of agreement on values for the
observables as well as the relation and sensitivity of various

nuclear model formalisms to these observables.
l.2.1 The D(d,n)BHe reaction.

If one is limited to the use of unpolarized deuteron beams

and targets, the experimental observables in the D(d,n)EHe

dor(6)
dQ
and 2) the polarization P(8) of the outgoing neutrons along the

reaction are restricted to 1) the differential cross-section

direction n perpendicular to the reaction plane.

The state of agreement on differential cross-section is
satisfactory and fully reviewed up to December 1972 by Liskien l);
however the reported data on neutron polarization presents an
inconclusive picture. Both for the use of the reaction as a
source of neutrons with 'known' polarization and for the
understanding of the role of spin-dependent forces in this reaction
it is necessary to obtain measurements of greater self-consistency
and explain the disparities previously observed. The discrepancies

2) and

in polarization values at 1971 were detailed by Galloway
are illustrated in fig.l. This also indicates the scarcity of
observations in the region where % changes sign. The

parameterisation of the differential polarization has been used



.mmm ur se stoquis) oSt inoqe jo sa13ue Axo0jeioqey 103 £812u3 uoxainap
JUSPTOUT JO UOT3IOUNJ B Se UOT}IEeal u:mm:.vvzm 3Y3j WOXJ SUOIINIU JO UOTIRZTILTOJ °T 2Ind1yg
1e0-
T T
Y T
y
._. ﬁ i & Yo
y ._. T % ._. ._. 120-
T L e 1 .q_l
- l y ._..._.. mw 3 .—u m ...H, y \._..f g
Ly T T 2 T « T MER R AAR A M B -
._..m._u,@m mUm o) >._.._,r3.rr._..r MR
3 ik L i L Yy T* & I
L g b £y 3
e T 8 m.r & .M....b- T H HW T .“.. : i FO-
S
1 W mm.m_w P ._.w._.h b T
| @ g 4+ ._rv 1
L
A>§Vnuu 1 4 1 Eooy g 1 O M
Ol Ol O
gz
T 3
ﬂ_. 1r0
b
L
k|




to determine the importance of spin-orbit terms as described in
a more recent paper 5). The need for confirmation of the trend

of lower energy data is indicated by fig.Z2.
l.2.2 Neutron-Helium scattering.

For neutron energies below the reaction threshold (En;22.06Mé?)
there are three independent measurable quantities which characterise
n-alpha elastic scattering for a particular En and scattering
angle . They are the differential cross-section I(8), the
polarization A(8) and the spin-rotation parameter p (8).

0} Hhosa m\é‘ﬁ\q Ak fiso wil, be dipeuwahad on Yio werk.

The range of analysing power curves at particular energies
was reported at the 1970 Polarization Conference #), In particular
for %3 MeV incident energy the phase shift sets of various groups
of workers give rise to the illustrated curves for A(B) (fig.3).

A means of determining which analysing power curves are
experimentally acceptable should at least help eliminate some

of the models upon which the associated phase shifts are based.
1.2, Summary of Data to be presemnted.

The totality of data to be presented may be broken into
three parts ¢ 1) evaluation of limitations associated with the
experimental observations; 2) measurements on the D(d,n}BHe

reaction; 3) comparison of the analysing power in the n-He scattering.
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CHAPTER 2,

EXPERIMENTAL APPARATUS.

2.1 General Outline,

An overall picture of the experimental situation may be
given with reference to fig.4. Deuterium ions accelerated to the
required energy are brought to a focus on a suitable target.
Depending on the type of experiment being performed, a set of
signals is produced in a number of detectors placed at appropriate
positions in the experimental area. After treatment in the
elecfronics system, a signal is routed to an appropriate section
of analyser memory or for some experiments passed to the
ADC - computer interface. The computer then performs a certain
amount of spectrum sorting to simplify final analysis at a later
time. The various elements involved at each stage of this process

will be treated in the sections that followe.

2.2 Accelerator and Control Systems.

The accelerator used for the lower energy measurements (at
and below 500keV) was an uprated AN-400 Van de Graaff
accelerator sited at the Physics Department. This provided a
magnetically and electrostatically focussed beam with a resolved
current of typically S50pA. The beam spot was focussable to less

than 2mm width in the reaction plane under favourable conditions.






cooling
wgter

Fige 4(b). Detail disgram of the deuterium target assembly.



Control of the accelerator was effected in the short term by a
corona feed-back stabiliser system with current monitors 1 metre
up the beam line from the target, and long term drifts in
accelerator function were controlled by a servo system monitoring
corona current and correcting the belt charge according to

transgression of set limits (Appendix Al).

The requirements of good statistics and running stability
favoured the continuous running of this accelerator. A fault
monitoring system was devised to detect the occurrence of
undesirable machine or beam conditions and give audible and
visible indication of this fault condition. The system was able
to cause accelerator shut-down in the event of such‘conditions

occurring dﬁring unattended operation (Appendix A2),

For measurements at higher energy, the 5 MV Van de Graaff
at Harwell A.E.R.E. was utilised. This provided resolved beam
intensities of 20 to 5pA according to accelerating voltage. The
beam spot could be observed with a television camera and was
again of about 2mm width in the reaction plane.

. Qb
The target system was common to both accelerators,h his has

been described elsewhere 5) but of prime importance is the target
finger construction which gave immunity from the effects of beam

spot wander since the target material projected in the direction

of interest could not exceed 3mm. The target material used in

these investigations was supplied by the Radiochemical Centre,



Amersham, and consisted of a copper backing, coated with a
titanium layer containing absorbed deuterium gas. The target

beam line was maintained at less than 4x10~°

torr by oil
diffusion pumping augmented by cold finger trapping for higher

energy runs.

2.5 The Neutron Polarimeter,

2341 Polarimeter design considerations,

The polarization of neutrons is typically determined by
scattering the neutrons from a spin-zero target, and measuring
the left-right asymmetry in the scattering cross-section. This
asymmetry is given-bys

= P _A(B =
: 2k 2 L+R

where Pn is the polarization of the incident neutrons, and

A(B) is_the analysing power associated with the spin-zero target.
L and R are the number of neutrons scattered to the left- and
right-hand detectors respectively at the angle © for a particular
number of neutrons incident on the scatterer. A number of methods
have been employed to determine £ including matched detectors at
left and right, one detector placed alternately to left and right
or a combination of these. The system of detectors and scatterer
must be mounted in a polarimeter cradle which rigidly maintains
their relative positions. The polarimeter may be required to

rotate about a well-defined axis in those systems relying on the



interchange of detectors to eliminate the effect of differences
in detection efficiency. A comparison of the alternative detector

arrangements and their application has been performed by Davie 6).
2.%.2 Experimental observations.

Bearing in mind the criticisms associated with past
polarimeter systems, as well as the requirements of future
observations, it was decided to construct a polarimeter which
overcame the shortcomings inherent in the earlier version used

by this group.

In the majority of previous systems the helium cell has been
placed perpendicular to the collimated neutron beam and observations
to be reported (section 4.1l) show the advantages of this arrangement
particularly by comparison with the original polarimeter. In
considering the avoidance of possible causes of indirect scattering
paths within the rotating cradle, the re-design aimed at minimising
structural components and masses of metal near the detectors or
at forward scattering angles. The resulting assembly is illustrated
in figs. 5,6. Of immediate relevance is the lightening of the end
plates which served not only to remove material for the through
neutron beam but also to correct the imbalance created by the
helium detector's housing and mounting collar. Sighting pieces
were provided to fit the central holes for the purpose of cradle
alignment., The cradle has complete freedom of rotation about the

collimator axis on four single width ball bearings which are in
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Figure 6. Detail view of rotating polarimeter.



turn secured to a 3 inch angle iron frame attached to the back
plate of the collimator. Initial alignment was accomplished by
shimming the bars holding the ball bearings. This and the structure
of the frame has survived transport and handling on three visits

to Harwell without requiring corrective adjustment.

The dimensions of the cradle were a compromise between
allowance for both backward and forward scattering side detectors,
and the need to keep the overall size within the "shadow" of the
collimator., The precise position of the side detectors is
dictated by the angles at which the magnitude of the analysing
power is largest, at the neutron energies likely to be encountered,
and by the acceptable solid angles subtended by the side detectors
at the helium cell,

This compact arrangement of detectors facilitated the
shielding, and the repositioning of the detectors at various
phases of the experiment. The shielding requirements of the
system were considerably reduced by the coincidence requirements
to allow for random, background events. When necessary, as for
instance at higher energy, the shielding was provided by paraffin
wax and borated water. The collimator design itself was
substantially unaltered from previous work 6) but was tapered
and additional lithium fluoride doped paraffin wax was attached
in a void beneath. The collimator/polarimeter was castor-mounted
and could be rotated on a surface table about a pivot centred

immediately below the target.



Alignment of the system was checked optically using inserts
in both collimator and polarimeter and could be adjusted by
variation of the target position to better than P2 0.25 mm. This
procedure was repeated for every alteration of polarimeter

angular position or replacement of target.

The automatic running of the experiment necessitated the
design of a system for programmed rotation of the polarimeter.
The details of this are given elsewhere 7), but basically the
operation of the control circuitry was such as to enable
movement of the polarimeter about its axis to the next in a
selected sequence of positions upon receipt of a logic level
transition. This rotation was performed by an eighth horse-power
motor geared to one revolution per minute, which was disabled

during actual data collection,
20¢%63 The helium scintillation detector,

The basic form of this detector is similar to that designed
by Shamu 8). Developments and tests directed towards more
efficient performance are detailed in a later section (4.1).¢ﬁ;b
deoctes served Loth s hdmmqgthﬁmhsnmw%r&mbzhfmhﬁo§¥dmmwﬂkdlnumhi~

Figure 7 illustrates the main features of the helium cell,

A 3 mm layer of smoked magnesium on the aluminium coated steel
shell was used as an internal reflector. This was overcoated with
2 microns of di-phenyl stilbene as wavelength shifter. This aids
the reflection of scintillations in the helium-Xenon gas mixture

used.
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The gas filling of the helium scintillator includes ten per
cent by volume of xXenon - a proportion found to be suitable by
most experimenters to absorb the helium emission (< 10004) and
re-emit at longer wavelengths (> 14704). The removal of
impurities from the system relied chiefly upon flushing and
filling with helium after initial bake-out and pump-down with a
liquid nitrogen trapped diffusion pump.

The structural design of the scintillator aimed at reducing
considerably the material around the window and closure. An
internal screw fitting was substituted for the bolting arrangement
previously used, and an ebonite ring acted both as a slip-ring
and a cushion to the clamped window. A perspex window of 25 mm
thickness was substituted for the quartz previously used, since
the hydrogenous material should reduce further the number of

neutrons mistakenly accepted as helium recoils,

In order to make fullest possible use of the scintillator
light output, am RCA 8575 photomultiplier was selected for its
high response in the blue end of the spectrum and its low dark
current., A series of mishaps led to its replacement with an
EMI 9814B, a tube with a similar bialkali photocathode response,
The intrinsic resolution of the resulting helium scintillator

detector was about 35% for D-d neutrons of 2.9 £ 0.2 MeV,

=)0



2.5:4 The scattered neutron detectors.

The neutrons scattered from the helium cell were detected
in one of four detectors, the two backward scattering detectors
as illustrated (fig.8) of a new design, and the forward detectors
being those described previously in connection with the original

polarimeter 6)

« The figure shows the magnetic shielding and
internal preamplifiers of the new detectors with NE213
scintillators attached. EMI 9814B phototubes were used for their
good light and time response and in particular because their
physical dimensions best fitted the restricted space available.

The scattered neautrons were incident through the end face of the
bubble-~free liquid scintillators, each with active volume dimensions
of 2"gx 2" length. The scintillators are rendered bubble~free

by incorporating capillary reservoirs, in the case of the

backward scattering detectors wound round the circumference, but

for the detectors inherited from the earlier configuration, the

capillaries are wound in the end cap.

The mounting arrangements were dictated by consideration of
maximum analysing power of n-alpha scattering and its energy
dependence, For backward scattering reference to Rhea's paper 4)
indicates fair agreement on the phase shifts inmvolved and
insignificant variation in the angular position of the maximum
for neutron energies from 3 to 12 MeV. Accordingly, the supports

were rigidly angled to give a mean angle of scatter equal to

ll?OLAB and allowed for axial movement. Axial alignment was

o



Figure 8 Backward scat{:_ering detectors with internal preamplifier
and bubble - free scintillator,



checked with dummy detectors and found to coincide with the
helium scintillator axis to better than 0.2 mm. In the case of
forward scattering, there is considerable disagreement in the
reported phase shifts and a marked energy dependence. Therefore
the forward detector mountings were designed to allow for
clamping at angles from 35° to 75° in order both to check the
analysing power and to position the detectors according to the
energy dependent minimum in analysing power. The measurements
reported were carried out for a scatter angle of 550. The distance
from the helium cell to the scintillator face was adjusted to
give a standard deviation in angle of £ 84° for each of the four
detectors (fig.l8 shows the energy distributions corresponding

to this angular spread).

For normalisation purposes three sources of data were
considered., The total number of routed signals from the helium
scintillator was selected as the only quantity useful for
normalisation between different polarimeter positions. The
target yield monitor (an NEAOO Boron/ZnS(Ag) thermal neutron
detector encased in 3" of paraffin wax as moderator) and for
running on the S5MV Van de Graaff a Faraday Cup charge integrator

were used to monitor machine trim and target deterioration,

-] -



CHAPTER 5.

ELECTRONICS AND DATA COLLECTION.

3«1l Polarimeter Electronics.

A slow coincidence system was used to derive routing pulses
for the analysis of helium recoils associated with different

neutron scattering events (fig.9).

5.2 Analogue and Logic System.

The system was developed from electronics designed for use

in earlier polarimeter experiments ©)

« This served to produce
pulses identifying the detection of neutrons above a certain
energy and to analyse the helium recoil pulses according to the
side detector to which the associated neutron was scattered. By
the use of delayed coincidence it was possible to simulate the
conditions that gave rise to events in which background neutrons
were falsely identified as helium scattered neutrons - consequently

called random coincidences, and correct the 'real' spectra

accordingly.

Certain refinements were executed on this part of the system.
On the analogue side, additional pulse shape discrimination (PSD)
units were constructed for neutron identification for the extra

side detectors. The decision to build these in single width NIM

B
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modules required the elimination of problems associated with
layout and incorporating of component changes which produce a

marginal improvement in performance (Appendix A% and fig.l0).

With regard to the logic, an attempt was made to reduce the
counting of random events by the reduction of resolving times
where acceptable. The leading edge diseriminator on the helium
scintillator amplifier output had provided a time datum with a
walk approaching O.5ps. This was replaced by an Ortec Model 488
Timing Single Channel Analyser which provided a datum at the zero
cross-over of the amplifier's bipolar output. This had a time
walk of less than 100 ns above a voltage threshold of 100 mve. The
time walk associated with the side detectors! discriminators was
reduced by modifying the output pulse length to about 150 ns on
those discriminators set on the outputs of the PSD units. Though
these are leading edge discriminators, when the discrimination
level was set between the pulse heights associated with gammas
and neutrons it was sufficiently high that they operated with
minimal walk. Since the detection of a neutron in any side
detector then produced one identifying pulse with temporal
precision there was no need for similar improvement to the

discriminators associated with energy thresholds,

With these alterations, the time resolution of the system
was investigated. The spread in the time of generation of helium
recoil/side detector PSD logic pulse coincidences was measured

as being about 120 ns with the aid of an Ortec 447 Time to Pulse

o,
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Height Converter (with conversion calibrated at about 0.02v per ns).
The correlation with helium recoil energy was determined by
bidimensional analysis. These observations led to the conclusion
that the high proportiom of small pulses - the so-called 'tail?

in the helium recoil spectrum (fig.ll) was chiefly associated with
high energy neutrons which were initially forward scattered but
reached the side detector as a result of a second scattering in

the structure of the helium cell, The occurrence of extreme back
scattering of neutrons which then reached a side detector by a
subsequent unintended scattering was identified with a slight

broadening of the helium recoil spectrum on the high energy side.

The events contributing adversely to the low energy part of
the recoil spectrum may be ignored by eritical adjustment of delays
since the associated high energy scattered neutrons give rise to
particularly prompt PSD logic pulses. The contribution to the
high energy part of the spectrum may be rejected by appropriate
setting of linear biases to reject the weakeet neutrons. These
adjustments.gave rise to a backward scattering recoil spectrum
with a peak-to-valley of 7 : 1 and 33% resolution as against
4 : 1 and 38% under previous best conditions. In the case of forward
scattering, it was found more difficult to effect this sort of
improvement prdbably because there is less distinction between
the desired angle of scattering amd slightly diverted neutrons,
and the solid angle subtended by the forward scattering detector

corresponds to a much wider range of neutron energies (fig.18).
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3.3 Interfacing and Routing.

To satisfy the routing reguirements of the analySers used
with this system a two bit code must be created so that detection
of a neutron from a *real! or random event in a particular side
detector results in correctly allocating a helium recoil pulse
to a subgroup of memory. Two coding units constructed as modules
of ISEP construction already existed and produced negative
routing pulses as required by LABEN analysers., This system was
extended to produce positive logic pulses with delays adjustable
to 12ps, and a duplicate system incorporated to cope with the
similar routing requirements of the second pair of side detectors

(Appendix A4),

For simultaneous analysis with both backward and forward
scattering angles, two 256 channel LABEN Analogue-to-Digital
Converters (ADC's) of NIM modular design were used. The ADC's
operated independently, digitising the output from separately
amplified cdpies of the helium recoil pulse. The separate forward
and backward scattering logic electronics were used to derive
pulses uniquely identifying either kind of event and these were
used to gate the operation of the ADC's. The recoils associated
with forward and backward scattering had a relative magnitude of
approximately 2 ¢ 5 and the amplifiers were adjusted accordingly

80 that the dynamic range accepted at each ADC was similar.

G



The ADC's were inbterfaced for direct memory access to a
PDP11/45, Interface units already in existence were adapted for
this purpose. These units were basically designed for parallel
line driving of nine bit words using common emitter buffer
stages. For their present purpose the two routing pulses were
adopted in each case as the most significant bits of the data
word, additional logic being incorporated to hold the routing

levels until transfer was complete (Appendix AS5).

Since the processes of event identification and analysis
was completely separate for the two angles of scatter from the
helium cell, data collection at only one scattering angle
(normally the backward angle) simply used half the system. When
using a multi-channel analyser, spectra can only be collected
for one angle of scatter, gating and routing pulses being
applied in a manner similar to that for the interfaced ADC.

Output from this device was by means of a High Speed Tape Punch.

504 Data logging system,

For setting-up purposes and normal running it was desirsble
to have scaler outputs associated with different evemts as well
as collimated and target neutron yields. As the reliability of
the data collection systems became proven, the scaler readings
associated with the side detectors were increasingly redundant
except for monitoring purposes; however, a record of total yields

was useful for normalisation purposes.

1P
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A quadhscaler module was developed to operate adjacent to
the coding unit previously mentioned. This was designed specifically
for the neutron polarization experiment but was accessible through
the coding unit for any source of TTIL/RTL pulses, Additional
scalers were built in single width NIM modules and stop/start
circuits were incorporated in all scalers to enable control of
counting and resetting at the dictation of the computer or analyser

supervising the experiment (Appendix A6),

With the adoption of fully automated running some means of
automatic data logging became necessary. Accordingly, a line
printer system was designed to be compatible with the Nuclear
Enterprises range of scalers and timers (Appendix A7). The control
and command signals were decided upon with consideration of
pending International Electrotechnical Commission recommendations 9).
Data trensfer is by 4 bit x 6 digit parallel data line and control
by 7 lines with special separate wiring for interfacing to the
quad scaler. This latter requires a 4 bit x 5 digit parallel data
line plus 5 control lines. The quad scaler contains an additional
blind 'run number' scaler, initialissble and incremented at the

commencement of each rune.

Provision was made for a flexible system of control. The
stopping of the scalers is simultaneous with commencement of
printing and may be instigated by manual push-button, an internal

presetieble timer (range 1x10! to 9:{1('}”r secs), or by an externally

] B



sourced voltage (switch selectable to cope with positive ox
negative voltage levels for stop). A three-way switch allows
selection of the source which will stop the scalers and start
printing. There is an almost identical arrangement for the
trecycling' of the scalers, except that the selection of

tauto start! with the separate three-way reeycle switch starts

the scalers immediately the print-out has finished.

The line printer unit was constructed in a triple width
NIM module but was separately powered so that it could be
operated free standing if required. TTL integrated circuitry was
used throughout and multiplexing techniques were applied to
reduce power consumption in the scalers, The resulting system

was compact and portable,

o |



CHAPTER 4.

THE HELIUM SCINTILIATOR.

4,1 Tests on the scintillator.

The anomalies in previous polarization values have been
attributed to incorrect interpretation of helium recoil spectra.

Attempts have been made at computer aided fits to the peak 10)

and the low energy tail 11)

of typical spectra. These fits
contain adjustable parameters to allow appropriate weighting of
the various features associated with resolution and spurious

scattering effects.

Suggestions concerning the relation between the helium
scintillator's orientation and resulting recoil spectra have
already been put forward 11). In order to investigate these
ideas, various positionings of detectors were improvised. Placing
the helium detector vertical reduced the tail but failed to
significantly affect the resolution or peak-to-valley ratio of
the helium recoil peak (fig.l2). With the aid of a program
designed to simulate the spurious scattering processes possible,
this was interpreted as indicating a reduction of events in which
forward scattered neutrons were deviated from their path by the
surrounds of the scintillator and consequently identified as
backward scattering events. The lack of improvement in the peak-

to-valley ratio was attributed to a failure to reduce the number
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of neutrons interacting with the surrounds first and then being

back-scattered with a fairly strong associated helium recoil.

It was hoped that the reduction of metal construction contiguous
to the helium volume, the increase in pressure of the helium and
the replacement of the quartz window by hydrogenous material would
conspire to reduce these effects. The density of the scatterer,
helium, could be doubled if use is made of the maximum commercially
available gas pressure (2000 psi). While the use of liquid helium
increases the density and effective scattering by a further factor
of five, the cryostat and associated hardware introduce potential
scattering materials apart from the complications associated with
precession electromagnets, Such a further increase in density
also makes multiple scattering corrections importamt and can

‘thereby introduce further uncertainties into the results (Section 6.lﬁm

The redesigned scintillator overcomes several structural
weaknesses of the previous versions (figs.7,13). Any shaping to
improve the light collection efficiency would have compromised
the requirements of volume and strength. Substituting perspex
for the previously used Spectrosil quartz window produced little
noticeable difference (fig.l4) once the system gain is adjusted
for the poorer transmission of the former. The perspex has an
optical cut-off at 30004 as opposed to 17004 for Spectrosil
and an attempt was made to compensate for the poorer transmission
by the use of wavelength shifters. The most efficient and

frequently used is pp'~diphenyl stilbene and reference to
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Fig. 13 Comparison of the original and re~designed helium scintillators.
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Berlman's 12) list of emission spectra led to the selection of
2,5 = Di(2-napthyl) - 1,3,4 - oxadiazole( -NND) as a possible
alternative., The coating thickness (2 microns) is a compromise
between efficiency of conversion and attenuation. The use of
these materials led to a staggering loss of light output (about
a factor of 10) which is attributed to poisoning of the
wavelength shifter 13) by the known outgassing tendencies of
perspex. Of more promise is the effect of an antireflection

and sealing layer of magnesium fluoride (9004 thick). This
produced an apparent 5% to 10% improvement in light output but
this is similar to the variation obtained between different gas
fillings and so was considered inconclusive. The solution to the
outgassing problems associated with perspex involve the use of
a protective quartz faceplate 14) but the complications of
sealing and seating such a perspex-quartz combination in the
high pressure cell outweighed the advantages of longer intervals
between flushing and refilling with fresh gas,

4,2 Beam profiles.

The extent to which neutrons interact with the material of
the helium scintillator may be judged from the distortion of
beam profiles as observed from behind the scintillator. Beam
profiles also serve to illustrate the degree to which the collimator

inserts define the dimensions of the neutron beam.
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Several points arose out of the measurements of beam
profile. The use of a >mm thick stilbene crystal allowed discrete
and detailed analysis of the neutron flux variation and the
helium scintillator itself allowed a means of normalising against
changes in yield and accelerator conditions. Repetition of a
sequence of measurements for wvarious orientations of the helium
cell enabled a complete picture of the beam profile to be gained
and the figures illustrate the marked attenuation of flux
associated with the earlier cell amd its heavy collar, The
figures (figs, 15,16) show the cell outline projected onto the
plane in which the stilbene detector scanned the beam. With the
present version of the cell it appeared possible to adjust the
cell height so that the attenuation of the neutron beam in the

collar was comparable with that in the dome of the cell.

To assess the attenuation of neutrons due to the helium -
xenon mixture alone the pressure in the cell was reduced by a
factor of two. In this way a ten per cent flux increase was
observed in the stilbene detector for a reduction in pressure of
1000 psi while still being able to normalise data. A profile

with the helium cell removed gave an increase in flux of 30%

at the stilbene detector. s wdiofe am olimuelim Ug&ﬁmwd% )
asosciafed usih 4y shall.

Further observations were made for a variety of positions
of the throated collimator inserts. These measurements established
that a line-of-sight interpretation of the area of mneutron

irradiation was valid. The solid angle defined by the collimator

.
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throat corresponded precisely with the half maximum flux points
on the corresponding beam profiles (fig.l1l7).

4,% Experimental implications.

These observations imply that the design and configuration
of the new system was a basic improvement on the original
polarimeter; however the system involved certain compromises in
performance inevitable to attein an adequate counting rate in
the experiment. The side detectors have been positioned as
previously deseribed so that mean solid angles of about 17° were
subtended at the centre of the helium cell. For the backward
scattering detectors this solid angle for neutron detection results
in the acceptance of a corresponding range of helium recoil
energies; this contributes about 15% to the resolution in the
helium spectrum. However, for forward scattering neutrons, the
spread of recoil energies contributes about 65% to the resolution,
These effects are illustrated in fig. 18 where EO represents the
incident neutron energy and E , By the energies of the scattering
products. Reaction dependent effects contribute to the resolution
to a smaller extent: the range of neutron energies associated
with the target thickness (over the range of experimental
conditions encountered) and the solid angle subtended at the
target affect the resolution by 4% to 5%.

Dl
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CHAPTER 5.

REDUCTION AND CORRECTION PROCEDURES FOR
NEUTRON POLARIZATION DATA,

5.1 Computer file handling.

The approach to file handling was directed by certain
experimental constraints, As previously noted, data from the
polarimeter was accumulated with 'left'! and 'right' detectors
interchanged for alternate runs. This allows their different
efficiencies to be averaged out, using the total number of
recoils in either position to normalise, Consideration of the
stability of the accelerator and electronics decided the run
time - normally 2000 or 4000 seconds. A means of determining
the statistical accuracy achieved as the experiment progressed

had also to be provided.

A program was devised to supervise the allocation of
memory, and to simplify later analysis by the creation of
summing files that accumulated separately the spectra collected
for different orientations of the polarimeter. In this way
decisions about sets of data collected under different machine
conditions or after changes in helium scintillator response
could be postponed. Further programs enabled comparisons of
spectra and integration between selected limits for normalisation

purposes, The summation of 'real! spectra and the subtraction

DB



of spectra simulating the effect of chance coincidences were

all performed by specially developed subprograms.

Further analysis was performed with little assistance from
the computer. Extreme tail corrections were drawn in free-hand
on corrected spectra. The figure (fig. 19) illustrates a typical
spectrum with the left-right asymmetry calculated for consecutive
strips from the 'valley' over the extent of the peak. It has been
argued 1) that the tail should have zero asymmetry and so
plausible tail extrapolations should give asymmetry values over
the peak which form a set self-consistent within their statistical
errors. The selection of part of the recoil spectrum can thus be
justified, rejecting those parts of the spectrum where the
statistics are poor and inaccuracies in tail correction most

telling,

This analysis led to a 'measured' asymmetry with an
assocliated error which is part statistical and part representing
the spread of asymmetry values for extreme but acceptable tail

corrections.

5.2 Corrections to the measured asymmetries,

Besides the graphically determined tail correction there
were second order effects to be taken into account. Multiple
scattering within the helium gas contributes a correction of

6)

the order of 1% ~/. Effects associated with background reactions

D
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only became of any significance for incident deuteron energies
in excess of 5.5 MéV., Runs with dummy targets normalised by the
use of integrated charge collected were used to correct the
'real' spectra by subtraction in a manner similar to that used

in'random' or chance spectrum removal.

Taking account of the finite geometry in the expe