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The design is. presented of a profon polarimeter which combines the .
advantagesAof highescattering efficiency and good energy resolution. The

polarimeter; intended. for proton energies above 17 MeV, is well-suited to the

study of polarlsatlons in low-yleld reactlons and has been used in the

. measurement of trlple—scatterlng parameters. A typlcal figure of merit

Agl/z of ¥ 2.2 x 10-3 and an energy resolutien of approximately 100 keV

FWHM at 26 MeV make the present type of polarlmeter superlor to others for

experlments where good energy resolutlon is required.
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1. Introduction .

In.the past_feﬁ yéars interest has'grown ih tﬁe measurementiéf the
so~-called tripie—scattering parameters l)- These experimeﬁts require the
scattering of a polarised-~beam from a targgf and tﬁe measurement of the polari-
sation of the outgoing beam. Thevpolarisation.is determined by écattering the
beam from a suitable.poiarisation analyser (usuall& carbon2) or helium3))and
by comparison of the scattering yields at eéual angles to thé leff and the
right from fhe‘analyser. fwo nuclear scatterings are thérefore involved
(three if the initiai_polarised beam is producéd Vié a‘reacfion ~ thus the
term triple-scattering parameter), the first at the primary target and theu
second at the polafisation'analy5er. Count rates are generally iow and increases’
in scattering effiéiency ﬁave usually‘been made at,thé expénse of energy resolUtion.

4)

Récent‘progress in‘caICulations for the three-nucleon system and the-
relatively goéd agfeehené»of the rééults of these calculafiohs-with meéspred
crdss-sectioné and analysing powerss) héve spurred interestlinvexpériments of
the above type, which prbbe fﬁ?ther ouf understand}ng ofbfew‘nucleén systems;

6)

It is expéétéd thatvpfécisé.déterﬁiﬁatiqﬁ of pdlarisation transfer vand'
depolaxisation_parameters for both nucleon-deuteron elastic séattering and
.breakué will provide a sensitive test of the nucleon-nucleon interactions used.
in the calcuiations and, pogsibly,.throw light on‘the existence of a ﬁypothetical
three-body force among nucleons.

| in the field of proton-nucleus elastic scattering it ﬁas been pointed out7)
that detailed information gn the nucleon—nucleus §pin-spin interaction can be
expectéd from ﬁhe study éf angular distributions of the depolarisation parameter

8 . .' . » . > " _.
D ). In such experiments good energy resolution is required to separate elastlcally

scattered protons from scattefing from low lying states of the target nucleus.
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‘A polarimeter has been designed for experiments of the abee'tYPes,
and for other experiments where a low yield of protons is expected. Then
polarimeter combines high scattering efficiency with good energy resolution.
The design, featuring scattering from a silicon analyser at 27°, is similar

: . 9) . . .- 10)
to that of Frois et. al. and is based on an idea due to Miller . The
polarimeter is suitable for proton energies above 17 MeV. For lower energies

11)

similar polarimeters have been built which use scattering from silicon at

backward angles where the analysing power is high and the cross-section low.

2. Design

:The polarimeter, illustrated‘in fig. 1, comprises a polarisation:
analyser, labelled"analyser detector' and three silicoﬁ semiconductor detectors
labelled 'left', 'right' and ‘'zero-degree'’. The analysér matérial ié silicon
invthe form of a Si(Li) semiconductqr_transmiSsion detectér of 1-2 mm deplétion
depth. The zero;degrge deﬁeCtor ié centred on the pélérimeter axis, while the
ieft and'righ; sidé detectors are positioned at £27° to the axis, and each subtends- a
solid angle of 12 msr atvthebanalyser; Theé zerofdegree deteétor has the same
anguiai width aé thé analysér as seen from the targef, but much réddced aﬁéular
‘height so as t§ reduce éount rate and eiectronic dead time. It is used to
.meésure the analysing powér of the target from the ratio of coﬁnt-rateé with’
the primary beam polarisation ofiénted up and down.

. Fig. 2 is a diagram of the electronics ﬁsed for one polarimeter. Whene?er o
possible,runs are made with two silicon polarimeters, one at either side.of
the_beam_at equél_séattering angles."The side deteétofs; EL apd ER' are operated
together with the analyser detector AE as two E-AE counter telescopes

sharing the same AE detector. A 110 ns resolving time coincidence requirement set
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by the ¢6incidence_units (FCL between either side detector and fhe AE detector
serves to substéntially reduge background and detefmines whether a paiticular
eveﬁt was due to a particie sCaﬁteréd iﬁto the left or the right‘side detector.
‘The corresponding energy pulses are gated in the linear gates (LG) by the fast
coincidence outputs. Power-law particle identifiers'?) (p1) sum the E and AE
pulées and may be used for particle‘identificafion (althouéh this has not yet
been'neqessary). The summed pulée E+AE from.the PI's represents the total
energy of the particle incident on the analyserAdetéctor (minus.~v100 keV at
20 MeV due to imperfect detection of the energy of the silicon recoil in the
analyser dete¢tof13)). The‘polariﬁeter therefore has the advaﬁtage of good
énergy resolution_even when the'analyser is made thick.ahd the side detector
.solid angles aré ﬁade large in order to increase‘qount rate. Typically{ énergy
resolutions of the order of 100 keV FWHM at 20 MeV are obtainabie'When fﬁe
polarimeter is oberated at anaiyser count rates below about 5x104 sec.-l_ The
PI total energy outputs are mixed and theﬁ stored in the appropriate regions
of the memory of a pulse—height’analyser,-the-identifier outputs éf tﬁe PI's
serving as routing pulses;

F&st coincidence timing ié-conveniently set up énd continuously monitored
by means of a time to amplitude converter (TAC). The SCA outputs'of_the side
detectors are fanned-in through an OR.unit to the ‘start' channgl-of the TAC.
The ahalyser SCA outputs are connected to ﬁhe 'stqp' channel via a second OR
unit. VThe.TAC output is gaﬁed by the fast coincidence between any of the E
and AE detectors and is routéd to the region of a pulse—height analysér

corresponding to the E-AE pair. When two polariméters are in use, all of the E

and AE SCA signals are fanned into a single TAC.



a5 LBL-2967

Dead time co?rections are éetermined by feeding pulser pulses at low
rate to the inputs of the detector preamplifiers. The pulser counts fed into
;he preamps afe scéled and compared with the number of pulser counts emerging
from the fast coinéidencé units. Pulser counts are iéentified as such by
making a slow coincidehce(sc). between the fast coincidence outpﬁts and the
éulser trigger signal. |

Typical energy spectra are shown in figs. 3-5. Fig. 3; for 9Be(;r;)
at E _=25.3 MeV and OLAB=45°, was obtained with a 1 mm thick analyser detector
counting at “105 counts per‘sgcond. No pileup rejection or baseline restoration
was‘used. The ela#tic peak at channel 320 corresponds to a proton energy of
22.6 MeV. The peak at channel 285 is due to the 2.43 MeV state of 9Be, whilé
the small peak near channel 295 is from elastic scattering from 9Be followed

2851 of the analyser detector. The

by scattering frqﬁ the 1.f8 MeV level o%
cross-section for the 1.78 MeV state is approximately 4% of thg elastic cross-
section at 27°bat this enéfgy, buﬁ becomes comparable with the elastic créssf
séction at backward angles. The large number of counts below chahnel 200 is
due té random E-AE coinqidences. In later runs these baékground counté have
been élmost entirely eliminated by setting a window a few MeV wide aréund the
‘peak in the AE pulse-heigﬁt spectrum and tﬁresholds of ™~ 12 MeV on the side
detector spectra. The analeer window is particularly easy to set when the
scattering from tﬁe analyser‘is at forward angles, as tﬁe peék in the pulse-
height spectrum is quite distinct. Scaétering at backward.angles would produce
a contindﬁm and a threshold-dependent detection‘efficiency. Fig. 4 is a

' 12 > > )
_spectrum of C(p,p) at Ep=26 MeV and OLAB=43.2° using a 1 mm analyser. The

elastic peak at channel 355 corresponds to a proton energy of 23.6 MeV, the
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' : 12 . 28 ., .
peak at channel 285 to the 4.43 MeV state of C. The 1.78 MeV 851 peak is
o . o > >

again clearly visible and small. Fig. 5 shows a spectrum of H(4,p) at Ed=46.3 MeVv
and OLAB=35° with a 2 mm analyserG). The "‘1liquid nitrogeh cooled gas target, with
0.001" Havar winddws,@as operated at a pressure of 12 atmospheres. The elastic
peak is at an energy of 26.2 MeV, the kinematic contribution to the energy spread
in this case being 600 keV FWHM. Deuterons were eliminated from the spectrum by
means of energy thresholds on the side detectors and an energy_window on the
- analyser detector. No particle identifier wiqdow was required.

Baseline restoration or pileup rejection have.not yet been used. Their
introduction would undoubtedly improve energy resolutions at high analyser‘

' . ;. 5 -1 v

detector count rates ( ™~ .10 sec 7).

The polarimeter was designed with reference to recently published data

28, > - 14) : .

on Si(p,p) from 17 to 29 MeVv . Fig. 6 shows a contour plot, derived from

1/2

these data, of AC where A is the proton - 288i analysing pdwer and O is the

differential elastic cross-section. The figure of merit Aol/z, is inversely'
proportional to_the'statistical error expected iﬁ.a polarisation measurement

for é fixed integrated flux onto the analyser, and is therefore a useful measure

of the performance of the polarimeter. The peak in the figure of merit, centred

at EP=23 Mev and a scattering angie of 30°, is quite flat and reaches 5.4 (mb/sr)l/z.
Thé figure of merit of the‘present polarimeter could bé increased by 5-10% of its
presént ﬁalue by using a mean scatéering anglebof 30° instead of 27°. For the
present arrangement, with an analyser detector 2 mm thick and side detectors
subtending an angle of i3.5° at the analyser, the left-plus-right scattering
efficiency Y is "'O.I8x10-4 per'proton incidentvon the'anaiyser at 26 MeV. The

1/2

. .. o . -3 -
integrated figure of merit AY is ™~ 2.2x10 , with A measured as a fraction of 1.
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3. :Calibration of the Polarimeter

‘The effective analysing p0we; of the polarimeter is determined in two
: ¢ .

ways: 1) by placing the polarimeter directly in the cyclotron beam of protons of known

polarisation and by measuring the left—right asymmetry in the side detectbrs

and 2) by measuring the asymmetry produced by a scaﬁtered beam éf known

polarisation. The first method has the advantage in principle of simplicity,

but is difficult'to use in practice. . The difficulty is due to the fact that

a beam current << 1 n A on the analyser is néeded to keep the count rate below

~ 105 sec—l; above which pileup is important-with.our pPresent system. With

such low intensity it is not easy to monitor beam position, direction and

polarisation, all of which are important for such an experiment. Routine use

is now made of the second method, as it allows all beam on target, so théf

monitoring'is’relétively easy. The calibration procedure is to meésure the

asymmetry € in the polarimeter produced by scattering a beam of polarisation

po from a target. € is given by:

= = +
€ PlAZ A2 (DpO Al) / (1 + pOAl)

Qhere P, is the polarisaﬁion of the beam after scattering from the target, A2 is the
siliéon polarimeter effective analysing power and Al and D are,reSPeCtiV91Yr_
the aﬁaljsing power and depolarisation parameter of thé,target. For direct
elastic scattering the D-parameter is a meaSure of thé spin-spin interaction
occurring between the scattered éroéon and the target nucleus. D. then takes
on its maximum possible value of 1.0 for elastic scattering from a spin zero

12 |

nucleus, such as 4He or C. Al is determined from the spin up - spin down

asymmetry in the zero-degree detector, or from the combined asymmetries in two
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zerb degree deteéto;s Whén two polarimétersvare in dse,-qhe at eithérPSidé of
the be;m. Since g, Al and po are measured and D is known.fof 4ﬁé or 12C, Az
can be determined. Rééults of such he;surements aré shoﬁnrin fig.'7. Systematic
errors are greatly reduced by detérmining.D from each side aetec;or inaependeptly
" of the otﬁers, fromrthe spin up - spin.down asymmetry when the piimgry beam
poiarisation is iﬁvertgd."Averaging D-parameter results obtained from both
side detectors and ‘from polarimetérs at either éide_of the beam eliminates first-
ordef systematic efrors. |

bAﬁ altefnative.wéy of calibrating the pblarimeter would be to sdatter
an unpolérised beaﬁ.from a target of khpwn aﬁalysing powér. Tﬁe polarisatién -

5)

analysingvpowéf equality for elastic'_scatteringl requires that Ehe polarisation
of the,pfotons écatterea from the target:is;equal td the ana;ysing power of
the’tatget at the saﬁe'anglé, thus the silicoh analeing powér would be eésily
détérmined1 However, there are systématié érrofs‘Which aré not complefely

cancelled by this @ethod.

4. Conclusions

" 'The polarimeter has.proven to be éarticul#rly useful in lowryield
exée;imenﬁs, such as in'tﬁe determinafion-ofvpolarisatioﬁ transfer and
depolarisatioh parameters.. ihe»ﬁigh efficiency coupled‘witﬁ inherently good‘
enefgy resolution make it cémpétitive with éther.polarimeters for proton energies
betﬁeen 17 and ~ 40 MeV. "For experiments where enérgy resolﬁtioﬁ is important,

involving the measurement of the polarisation of protohs scattered from complex

nuclei with closely spaced levels or the measurement of polarisation in bréakup -

reactions, the presentItYPe of polarimeter is superior to others known to the

authors.

'
i
§
i
i
'
t
.
‘.
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Figure Captions

‘Fig. 1. Schematic diagram of the polarimeter, CA, CL’ CR' CO are collimators.

Fig. 2. Electronic diagram for one polarimeter. The symbols are: S.C.A. -

siﬁgle channel -analyser; F.C. - fast coincidence; S.C.- slow coincidence;
L.G. - 1inear'gate; P.I. - particle identifier; G.G. - gate generator;
T.A.C. - time to amplitude convertér; P.H.A. - pulse height analyser.
. ' ' 9 > > - ' . ' .2
Fig. 3. Spectrum of “Be(p,p) at Ep = 25.3 MeV, OLAB = 45° with a 53.4 mg/cm"
‘target.
) : 12 > > ’ : S . ’ . 2
Fig. 4. Spectrum of C(p,p)at Ep = 26 MeV, OLAB = 37.4°, with a target 54.7 mg/cm
thick. '

T . R
Fig. 5. Spectrum of H(d,p) at E, = 46.3 MeV, O g = 357

d
172 versus laboratory

/2

>
Fig. 6. Contour plot of the p - 285i figure of merit Ao
. . ' 1/2 ' ' 1 .
scattering angle and proton energy. The units of AC are (mb/sr) , with
A measured as a fraction of 1.0.
Fig. 7. Measured values of the polarimeter effective analysing pbwer'Versus
protpn energy for 0 =27°. A lmm analyser detector was used, except for

the poihts above 24 MeV where the analyser was 2 mm thick.» The dashed line is

to guide the eyé;
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