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The recent development ot·a variable-energy polarized proton beam 
J , 

, ~t the l3erkele1 as-inch cyclOtron has made it possible to extend measurements1 

of the proton polarization induced in the elastic scattering ot protons from , 

'. '., !, .deuterons below 100 MeV'. Polarized protons, available at energies from 12 

.' ....... : 

to 60 MeV with polarizations ranging from eO to l~, are produced as reco~ 

pretons (near 1300 em) from,a liquid-nitrogen-cooled gaseous hydrogen targe~ 

placed in the alpha-particle beam. This polarized beam facility will be 
, 2 

described in detail elsewhere. . 

It is expected that determinations ot polarization in nucleon~uteron 

scattering at energies below 100 MeV should provide information useful to the 
! ' 

understanding ot the very marked difference beween the polarization induced 

in nucleon-nucleon scattering and that resulting trom the scattering of the 

" 4 nucleon from a few-nucleon s1Btem. Kowalsk1 and Feldman have recently made 

an imPulse approx1ma:tion (IA)' calcUlation ot the polarization in paod scattering 

at 150, 90" and 40 MeV; so, we have measured the polarizat:lon at 40 MeV in , 

, , order to make a direct comparison with, the:lr I»rediction. 

The elCPer1,ment was carried out in two steps, the, tirst ot which was to 

determine the polarization ot :the 40-MeV proton beam. ,The kn~5 m polar:l-, ' 
. 0' 4 

zation (near 1,0 em) ot 10-MeV protons scattered from He ,was taken as our 

starting point. ' The' same center-ot-mass energ)"'1s achieved w1th40-MeV alpha 

" .. '. 
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particles incident on a ,bydrogen target; 'so, Wi~ th1s con41tion tu.ltilled, 

, rec01l protons taken at 23.50 (1330 em) with re§lj)ect to the direction of ,,' 
. - " . I, .-

the inci~ntalpha beam prov1ded a 20-MeV beam polB=ized to, m. We then 

,', ,,:,' ::,~.< measured the left-r1ght, asymmetry,' E '. (L-R)/(L+R)j in the scattering of 

" ' 

\ .... "':" , 4"','" ' . 
. ,:, ',',.', this beam from He. For "lastic scattering, the as)'lllUletry is given by 

" 
" ," 

," 

,6(8) a P1P(8), where P1 is the fractional polarization of the proton beam 

and,P(8) is the proton polarization that would be induCed,in'the scattering 

ofunpolarized protons by the target. ',' Thus, from, 6(8) • 0.99 p(8 ) , we 
, , 4 ' , 

determined that the maximum pO~r1zation in p-He scattering at 20 MeV occurs 
, 0 ' 

at,' e • 126 w1th a value of + 0.82 :I: 0.03. The sign1s given in accord cm, .' 

" ' 

, ' 

, ~ ~ 

, ,with the Basle,convention (positive polarizat1on in the direction .of kin x kout) 
;, .. (: ~ ;"c-,;: . , -, 

. ~ procedure was repeated at an alpha beam energy of 80 MeV, which produced at 
.. . ' , ·1, 

, '. L" 

o 4 " 126 em. a\ l-MeV beam, of recoil protons with a polarization Pi • + 0.82 :t' 0.03, 

, " 

,',' , 

/' . " 

'i . \ 
h 

ana, an intenSity of apprOximately 4 x 107 protons/sec for lO~ of incident' 

alpha, part1cles. This beam was then ;,p!attered from a deuter1um gas target at 

a mean energy of 40.3 :t 0.6 MeV, and the measured asymmetries f!I1ve the polar1~ , ' 

zat10ns p(e). E(e)/0.82. 
I 

E1ght detectors, consisting of' C!?I crystals mounted on Dumont 6363 

photomult1plier tubes, were used to record simultaneously asymmetr1es at four 

scattering angles" , Pulses from each detector were routed to separate quadrants 

of two 400-channel, pulse-he1ght analyzers. Halfway' through 'each run, left- . , " 

" 

right detector pairs with their associated e~ctron1cs were interchanged 1n 

order to minimize systematic errors and to correct for differences in detector 

effic1encies and geometry. The angular res~lution was :t 1., deg. 

Figure 1 shows pu1Se-height-analyzer spectra taken at equal left and' 
the ' '.", ." 

r1ght scattering angles in. forward/hemisphere, and one sees, in addition to, 
'. ' .,.·"r IN' • '" ,. .-" 'J • 

, . . ," 
.'. • '. f ",.' • • " 
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.' " the peak of elastically scattered protons J a peak ot recoU deuterons 0 
". : ., Such 

,'- " 
'. " 
, ' , 
" , 

.i. I 

, ,~ 

~ h: " :~r '.. 
"'e' . "; .', 

, , 
," 

, ! 

recoil-deuteron asymmetries gave the .asymmetries ot the as~ociated backward 
~ i 1 

. scattered protons, and, thus, provided conSistency ebecks ~ the back-angle 
:~ ..' ~ 

.. p.roton data. The target-empty. background and the inelastic :proton continuum 

.were subtracted from each spectrum to g1ve the total counts in the elastic 
" 

peak. 
~. ',". .: 

,.;. 

.• I' 

• ,h • 

. .~. 

Our results are presented in Table I and. Figure 2. The listed un

certainties ~ pee) include the statistical error 1il the number of counts in 
'. . 

the peak and uncertainties 'in the background and inelastic subtractions. 

The uncertainty in 'Pl I which results only in a change in scale, is not in-' 
..,. . . . 4 

eluded. Figure ,2 also shows. the results calculated by Kowalski and Feldman 

~ the approximation that the scattering process is a superposition ot the 1\" 

single scatterings. of the incident nucleons from each of the target nUCleons'. 

Multiple scattering effects and pickup. 'scatter1ng6,7 were not included. The .. ' . 

CA curve results from the Chew form of the IA, applicable toregians ot small . 

momentum transfersl> '!be LA (linear approx:1nBt1on) curve results frau in

cluding larger momentum transfers but not considering ott-the .. energy",shell 

effects & FinaUy, th~ FA curve remlts' from the inclusion of ott-the-energy'-

shell scattering- Even though one ignores the angular region of pickup scatte~ 

.1ng" e em > 1300
# our results do not agree quant1tat1ve17 vithany' one of the 

calculated curves. In fact, the discrepancy betweene~er1mental. and caJ. .. 

culated results increases in going to the more complete versions ot the cal

. 'cuiation. Th~ ·FA resul~ provides the best tit.to data at 150 MeV7~ so the· 
. . . 

. non-applieab1ll ty ot the IA e;tf 40 MeV or the 1mpo:rt.anc~ ot multiple scatter .. 
',; :;:,~:.:'.:. .,.. 8 . . . .' ,.' .' . 
, :,:: ing 'corrections at ,this energy is indicated.·' ,.' '. ',,', .... " . 
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Continued analys~s of ~ur resul~~ 18 in progress, and a more de-

~ , 

, 
We acknowledge the invaluable assistance of the accelerator techn1cians 

I'", t, 

~~ .. ' ':".~ .;:~.~ .. :.: 
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"~';::"~~\::~~; ta1led report v1lll>e made at a later data. 
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under the direction of J. B. lfWleghett1 111, setting up the polarized proton beam 
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Table I. Proton polar1z~t1on 1n p-d elastic scattering 'at 40 MeV., Colunin ; 
lists where the proton (p) as recoil deuteron (d) asymmetr~e8 were used to .. 
give the polarization. ' 

e· '(3 Particle peG) 
L em -20 30.1 P I + 0.09' t 0.003 

25 31·5 p , + 0.124 t 0.009 
'" t' 

30 44·9 p +·0.103 ± 0.010 

35" 52.1 -t \; 

P + 0.129 :I: O.Oll '. 

'.39 57·9 p + '0.098 :.t; 0.009 

45 66.2 .p + 0.040 :i: 0.016 

50 73·0 p .. 0.01.2 :t 0.011 
I 

55 79·7 P. .. 0.095 ± 0.016 
\ , 

45 87.7 d· ..,·0.250 :t 0.022 .. . 
65 92·5 p . .: 0.295 ±. 0.016 . 

.. 

10 98.6 
., 
- 0.282 :t 0.014 

! . P 

;9 100 .. ; d .. 0.;28 :t 0.061 

76 105.6 P' . .. 0.;;2 :t 0.02; 

35 109·7 d .• 0.374 :t 0.03; 

84 U4., p ~ o.;sr.a :i: 0.016 

,0 119·8 d .. 0.;85 :t: 0.045 

95 125.' p .. 0.;11 :i: 0.0;0 

100 129·9 p - 0.367 it '0.0:;6 .. 
I 

106 135·1 p + 0.060 :t o.oIa 

u4 141., . p. +0.49 :t 0.20 

", 

' . 
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FIGURE CAPTIONS 

Figure 1. Pulse~height spectra taken at equal right and'lqft scattering 

angles (Glab a '9°), showing the elastic proton ~eak (p) and 

the recoil deuteron peak (d). 

Figure 2. Proton polarization, P(8)'in p-d elastic scattering at 40 MeV. 
~ . 

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

approXimation calculations of reference 4. 
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