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. The recent development of a variable-energy' polarized proton beam
. at the Berkeley 88-inch cyclotron has made it possible to ‘extend meaaurementsl
of the proton polarization induced in the elastic scattering of protons from

.+ deuterons below 100 MeV. Polarized protons, availlable at energies from 12

. to 60 MeV with polarizations ranging from §0 to 100%, are produced as recolil

prctons (near 130o em) from-a liquid-nitrogen-cooled gaseous hydrogen targest
. placed in the alpha~-particle beamv. This polarized beam facility will be
described '1n detail elsewhere.> ' )

If is expected that determinations of polarizétion in nucleon-deuteron
scattering at energies below 100 MeV should provide infomation useful to the

understanding of the very marked difference between the polarization 1nduced

. in nucleon-nucleon scattering and that resulting from the scattering of the

| nucleon from a few-pucleon sysst;em.3 Kowalski and Feldmanh have recently made

" an impulse approximation (IA) calculation of the polarization in p-d scattering
at 150, 90, and 40 MeV; 80, we have measured the polarization at 40 MeV in

N order to meke a direct comparison with their prediction.

The experiment was carried out in two steps, the first of which was to
determine the polarization of the 40-MeV proton beam. The ).:ncmn5 99$ polari« .
zation (near 130 mn) of 10-MeV protons scattered from Heu vas taken as our '

starting point. 'I.‘he same center-of-msa energy is achieved 'uith l&O-MeV alpha
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" particles incident on a kydrogen target; ‘8o, with this condition fulfilled, PR

S recoil protons taken at 23. 5 (133° em) with regpect to the direction of '

the incident ~alpha beam provided a 20-MeV beam polarized to. 99% We then

v measured the left-right. asynnnetry,-‘ ¢ = (L-R)/(14R), in the scai:tering of

- ». this beam from Heh. For e].ast.ic' sgattering-, the aéymnet;-y is given by

LR

';(9) = PlP(G),' vhere P; is thev'f:a‘ctmnél polarization of the proton beam

~ and P(8) 1s the proton polarization that would be induced in the scattering

of 'unj;olarized protons by the targ‘et. . Thus, from. 6(9) = 0.99 P(9) ve
determined that the maxinmm polarization in p-Heh scattering at 20 MeV occurs
at Gc = 126° with & value of + 0.82 £ 0.03. The sign is given 4in accord

 with the Basle convention (positive polarization in the direction of K. xKk

in out)

""" vme ‘procedure was repeated at an alpha beam energy of 80 MeV, which producg?. at

1

126° cm. ai hl-MeV beam of recoil protons with a polarization P, = + 0.82 :t"'0.0B :
‘and an intensity of apéfo:d.mately L x 100 protons/sec for 10ua of incident * o

" alpha particles. This beam was then fattered from a deutérium gas taréet at
a mean energy of 1#0 3 £ 0.6 MeV, and the measured asynmetries gave the polari- -
.-zations P(9) = ¢(6)/0.82.

Eight detectors ’ consisting of CSI crystala mounted on Dumont 6363

. A bhotomxltiplier tubes, were used to record simultaneously asymmetries at four

scattering anglesl.' . Pulses from each detector were routed to separate quadrants

of two hoo-channel.pulse-height analyzers. Halfway through each run, left-

. .‘Vright detector pairs with their associated electrocnics were interchanged. in

order 10 minimizc syatematic errors and to correct for differences in detector ]

" efficlencies and geometry. The angular resolution vas * 1.5 deg.

Figure 1 shows pulse-height-analyzer apectra taken at equal left and
the

_— right scattering anglas .’m forward,/hemisphere ,. and one aees, in addition to,

R R *, B B S P
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-} " the peak of elastically scattered protons ; @ peak of recoil deuterona Such

" recoil-deuteron asymmetries gave the asymmetriea of the asaociated backward
- seattered protons, and, thus, provided congistency checka om the back-angle
- ,proton data. The target-empty background and the inehstic proton continuum
. vere subtracted from each spectrum to give the total counts 1n the elaatic
________ | V"f"f.peak. ‘ 4 ' \
_ Our resulfs are presented in Table I and Figure 2. B The listeAd une
certaintiee in P(e) include the statistical error in the number of counts in‘
. ~ the peak and uncerbainties ixx the background and inelastic aubtractiona. '
_ 'The uncertainty in,P s which results only in a change in scale, 18 not in- .
o } cluded. Figurs 2 a.lso shows, the results calculated by Kowalski and Feldmanu '
in the approximation that the scattering process is a superposition of the i\.
single scatterings of the mcident nucleons from each of tbe target nucleons. _
‘ Multiple scattering effects and pickxxp sc:a*t.'t.ezrmgs’7 vere no&; included. The.. . D
‘. ' CA curve results from the Chew form of the IA, applicsble to regions of emall .
o momentum transfers. The IA (linear apbro;d.nation) curve results fram in-
..'; clu;ling larger momentum transfers but got cona:l;dering of‘f-theoenergywshefl.‘i'
. effects, Finaﬁ.ly, the FA cuxve remlts‘. from the inclusion of off-the-energy-
| . shell. scattering. .E‘ven though one ignores the angula;' region of pickup scatter )
1ng s Gcm > 150°, our results 4o not agree quant;tat;vély witli any one of the o
célculated.curves. I.n fact, the diacrepéncy between_é:qaerimentel,ana cal?
culated results increases 1n going to the more éomplete versions of ﬁhe éal-
) j-.culation. The FA result provides the best ﬁt o data at 150 Mev!, so the - o
B . .ﬁnon-applicability of the IA gt 4O MeV or the importance of nmltiple ecatter- 'f. Y |

'; '7"-;"1ng c.:o:rre<:‘t:1c.uc'ae:8 ot this enerw 1s indicated. SRR
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Table I. Proton polarization in p-d elastic scattering at 4O MeV..Column 3
1ists where the proton (p) as recoil deuteron (d) asymmetries were used to -
give the polarization. _

N . 3 > . ,

106 | 135.1 + 0.060 £ 0.041

1h 41,5 + 0.49 & 0.20

ﬁ;. Ty . Perticle o B(e)
20 . _ 30.1 o P 1 +0.093 £ 0,003 .
55 . 313 p 40,124 £ 0,009
30 TR - p +0.103 # 0.010
- - T . _p‘ "+o.12930.ou
39 519 | p . #0.098 £ 0.009
¥ 6.2 o 4 0,040 £ 0.016
50 . 13.0 p - 0.012 £ 0.017
55 19T P - 0.095 £ 0.016
ks e a- - 0.250 % o.oz_é~ |
6 %.5 p | - 0.295 :.z‘o.016'.
70 o 8.6 P - 0.282 2 0,014
39 100.3 d ,'" - 0.328 & 0.061 -
6 o 205.6 P - 0.332 £ 0,023
3 00T a - 0.57h £ 0.033
8 s » . 0.3% % 0.016
30 | - 119.8 S a4 ~ 0.385 £ 0.045
% | 125‘3, p - 0.311 £ 0.030
00 | 129.9 P - 0.367 £ 0.036 -
P
P




~ Figure 1.

Flgure 2.
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FIGURE CAPTIONS

Pﬁlse-’-he_ight spectra teken at equal right and'qut scattering

‘angles (Glab - 59°) , showing the elagtic proton ipfeak (p) end

the recoil deuteron peak (a) : ; |
Proton polarizat.toh, P(6),in p~d elastic scattering at 40 MeV.

The curves labeled CA, LA, and FA are results from impulse

approximation calculations of reference k4.
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