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ABSTRACT

Wé have used a helium-filled streamer chamber to meaéure the.analyZing

| .powef of.ﬁroton-helium eiastic scatferihg at 70- and 80-MeV incident proton-
.energy. We have combléted phase-shift analysés of data at 63, TO,'80, and

ok MeV and obtained éolutions which vary smoothly with ehergy and are consistent

with results at lower eneréies.
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Development of the heli;m—filled streamer chamberl has made it
éspecially useful to knbw the‘analyzing power of helium over thé complete
range of energies for which the -streamer éhamber‘is a useful tool for
measuring‘nucleon polarization. KXnowledge of the.analyzing power above
63 MeV is alsé.important in extending thé'pfotonfhelium phase-shift analyses?
to higher energies. 1In this ekperiment the anaiyiing powef'of'helium was
measured at 70 and 80 MeV by polarizing the external protbn beam of the
l8h;inch cyciotron and allowiné it to scatter a'seéond time in the helium
gas in a streamer chamber. The poiarizing_target wa.s polyethyiene (CHQ);
‘the secondary beam consisted of protbns'séatfered elastically from hydrogen
at 120 deg c.m. angle as well as some protqns_scattered inelasficélly from
carbon nuclei. The net beam polarization was -0.37 i-0.03;

The analyzihg power was obtaihed by observing the left-right
asymmetry of protons scattered from helium near the horizonfal planevof the
streamer chamber? The horizontal projectibn of the trécks was.photographéd
through an image intensifier, and the exacf scattering angles were recon-
structed from.the projected angles by assuming elastic‘kinematics. Events
. which also satisfied 4He(p,d)3He kinématics to within the toléfanceé of the
measured angles were rejécted. The number of uHe(p,np)3He eventsvacéepted
as elastic events was eStimated by_Monte Carlo calculations and was
' negligible. All other inelastic reactions that are possible af these
energies result in final states with three charged particles."These events
were eliminated as the film was scanned.: ,

The éxperimental results afé.listéd-in iable 1 and shown in
Figs. 1(a) and (b). The smooth curves are the result of phase-shift analyses-

based on the data of this experiment, the polarization measurements at
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- 63 and 96 MeV,3’ and the differential cross section measurements at

66 and 94 MeV;5

These solutions were obtained in the customary way by
least~-squares fitting to the polarization and differential cross section
data at each energy. In order to obtain solutions at 70 and 80 Merit.was
necessary to interpolate betweén the differential Cross section data-at

66 and 94 MeVL This can be doﬁefplausibly sincé the differential cross
secfiohé at 55, 66, 93 and 147 MeV, when plotted as functions of momentum.
’transfer a = 2k sin 9/2; are nearly congruent @ver a range of q fromvo.h to
3.0 f—l; i.e., from 10 to 100 deg in the céntér'of mass. No attempt was
made to constrain the differential cross section outsidé this interval.

The 55-MeV p-He phase shifts given in Ref. 2 ﬁere used as the
starting point for the search for these solutions. Phase-shift solutions
at isolated ehergies are definitely not uniqué; however,'only one set of
"solutions waé found fhat Wasvconsistent with the results at lower enefgies
and had a plausible energy dependence up to 9k MeV.

" The phase shifts_and absorption parametefs énd their sfandard érrors
are listed in Tabies 2 and 3. The errors reflect.not:only'the quality of
data used for each fit but also the extentrto which the data can cdnstréin
' ﬁhe phase shifts. Thé anomalously large errors on some of the 70; and 80-MeV
parameters are due to the lack Qf any polarization or differential Cross
- section data at backward angles rather than any defect in the fit of the
extant déta. The X2 at 94 MeV is too high, mostly because of a poor fit
v with the small-angle differential cross section data. |
. A maximum angular momentum of £ = 5 was used at each enérgy.v Inélud—

iﬁg i-wave phase shifts did not noticeably improve the fit, even at ok MeV.

The phase shifts obtained at the four energies are consistent among
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themselves te within the stated efrors, as well as coneistent with the
results at loﬁer energies. The s-wave phase shift is.constaht at -135 deg,
while the.p3/2 term centinues.its gradual‘decline from resonanee.‘ The
d-wave phase shifts persist in the order of 10 to 20 deg with the charac-
teristic inverted doublet structure; the higher.bartial waves are all eﬁall.
Absorption is negligible .in the s state and-in‘thebhigh angular momentum
states. The other n's decrease gradually with increasing energy.

This analysis, together with the resulfs at lower energles, essen-
tlally determines the phase shifts and the analy21ng pover at forward angles
from zero to 96 MeV. The forward peak in the analy21ng power, which increases
with inereasiﬁg energy above 70 MeV, makes helium a useful analyzer for

polarized nucleons at these energies.
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FIGURE LEGENDS

Fig. 1. Analyzing power in p + He elastic scatteringbas a function of

E.m.-angle at (a) 70 MeV, (b) 80 MeV.



Table 1

of c.m. angle for TO- and 80-MeV incident kinetic energy.
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Arialyzing power in'p + He elastic scattering as a function

| 7O MeV 80 MeV
6 (deg) Anslyzing power 6 (deg) .Analyzing power
oh £ 2 0.62 £ 0.21 25 %3 ~0.09 * 0.19
282 0.2k £ 0.1k 30 %2 006 + 0,18
32 %2 0.01 -0.12 34t 2 0.55 £ 0.17
36 + 2‘ 0.12 i_O.l2b 38+ 2 o.i6 + 0.19
Lho 2 ~0.18 + 0.13 42 £ 2 0.02 £ 0.19 |
Ly £ 2 -0.18 * 0{15 L7 3 0.0l + 0.18
L8 + 2 0.05 + 0.17 53 % 3 -0.1k o.25
53 £ 3 10.01 £ 0.19 - 60 £ 4 -0.19 % 0.2k
59 + 3 0.10 * 0.23 . 69 * 5 ~0.50 * 0.33
66 + L 0.0k £ 0.29 B
9% = 4 20.15 £ 0.3k
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Table 2. Phase shifts for 63-, T70-, 80-, and 94-MeV elastic p-He scattering.

State 63 MeV ' 70 MeV.'~ g0 vev 9l MeV

A 51/2 -2.36 £ 0.0k ' -2.38 % 0,13 -2.37 % 6.59 =2.40 = 0.07
F3/2 0.81 * 0.07 0.72 * 0.07 -o.TAIt 0.23. 0.56 £ 0.07
Pl/2 0.k2 £ 0.05 | 0.39 * 0.18 0.42 £ 0.69 0.52 * 0.10

.‘DS/EV 0.45 £ 0,05 0.3k £ 0.13 . 0.4k 110.25 O.3b'i 0.08
Dy/p 0.19 + 0,04 0.10 £ 0.17 0.11 # 0.51 10.29 + 0.13 ,
Fr/p  0.22%0.03 0.22 + 0,11 o.i9 + 0.18 0.1k + 0.06
Fs/z 1 0.08 £ 0,03  -0.07 % 0.12  -0.07 £ 0.20  0.00 % 0.09
Gg/g . 0.0k £ 0,03 0.07 £ 0.07 0.16 £ 0.12 10,09 # 0.03
G%/g 0.00 # 0,02  -0.10 * 0.10 . -0.05 * 0.21  -0.07 * 0.05
Hll/g' 0.0k + 0,02  0.12 % 0.06 0.06 £ 0.11 0.02 £ 0.02
H 0.003% 0.0L - -0.1k * 0,10 0.06 * 0.08 0.01 + 0.03

9/2
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Table 3. Absorption parameters for 63-, 70-, 80-, and 94-MeV elastic

p-He séattering.

State 63 MeV 70 MeV . goMev 9l MeV
sl/é 0.98 £ 0.11 1.0 # 0.10  0.88 * 0.59 . 1.0 * 0.0l
P3/p 0.9t 0,12 0.89 % 0.28 0.81 % 0.43 ERCE 0.09
Pl/z‘ 0.86 £ 0,08 0.67 £ 0.52 -0.92 £ O.4T 0.92 % o.lé
D5/2 0.72 = 0.1k O.TQ‘i 0.12 ~ 0.67 * 0.41 0.65 * 0.06
D3/ 0.75 £ 0.0k 0.71 % 0.11 0.69 + 0.46 0.57 * 0.09
‘FT/E 0.95 % 0.06 | 0.76 * 0.16 . 0571 * 0.31 | o.Tu + 0.06
F5/2 0.82 + 0.03 0.93 + 0.16 ©0.76 £ 0.35 0.52 * 0.09
G9/2 0.90 + 0.0k ~ 0.71 £ 0.1k 0.78 + 0.22 0.83 + 0.05
Ga/a - 0.89 £ '0.03 0.92 £ 0,12 0.92 * 0.31 0.67 £ 0.10
Hie 0.83 £ 0.0k 0.69 + 0.11 0.87 + 0.2k  0.95 * 0.0k
H 0.95 * * 0,07 1.0 * 0.10 0.94 + 0.06

0.03 ~~  0.98
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A. Makes any warranty or representation, expressed or implied, with
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B. .Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. :

As used in the above, "person acting on behalf of the Commission”
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such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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