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 ABSTRACT
New measurements by Cheng1 of p-C polarizaﬁion as a function of
angle and incident proton energy allow us to reduce uncertainty in our pre-

ST s 2 s .
- viously reported measurement of p-p polarization. = On the basis of this new

- information, the p-p polarization at 735 MeV reaches a maximum of 60 £ 2%,
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1. 'BACKGROUND

C We have recently reported measurements of the polarization and

differential cross section in proton-proton and proton~nucleus scatterings

~at 725 MeV, 2 These results were obtained by double elastic scatterihgs.

The energy of the scattered beam was analyzed after the second target with

a 102-deg magnetic spectrbmeter, which gave a resolution of £ 10 MeV. To

minimize systematic errors the sense of the first scattering anglé was re=~
versed rather than that of the second scattering angle. Also, for experimental
simplicity in obtaining polarization data on a variety of materials and séattcring

angles, the first target and scattering angle (polarizer) were varied while the

second scattering angle (analyzer) was fixed at 6 dég. This experimental

method proved quite convenient in most regards. An unfoftunate consequence

when scattering from hydrogen, however, was the sizeable recoil energy loss

~at the first target, resulting in arrival of a variablé—energy pi‘oto_n-at_ the

second target. Re'sultsbof the polarization in p-p scattering depended on our
knowing the analyzing power of carbon at 6 deg as a function of bproton ene}'gy
(because, as the angle of scattering af the hydrogen t:.irget‘ was iric:_::easéd from
4 to 20 deg, the proton energy at the carbon analyzer dropped from 720 to

600 MeV). The little experimental data tha‘t‘ was avai‘liable gave a very unclear.

picturé of this energy dependence.
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. I. RECENT MEASUREMENTS OF THE ANALYZING POWER OF CARBON

Chéng has recently éomplet_ed measurements of nucleon-nucleon
S .

pélarization_a,t,the- 184_-.inch cyclotron at 700, (.JOO,V-'de,V.Aand 400 MeV. ~
In so doing'hé found the polé.rization of protohs s‘;é,ftered from cafbon by a
double elastié scaffering method. ;ll‘h'e cYclotron beém _wés degraded before
scattering. The senses of both the first énd second scattering angles were -
.reversible.‘ After the first target, * 3% momentum analysis wés acéomplished
by bending magnets. Elastic scatterings after the second target were selec"t'vevd' 4

by range telescoéés. The p-C polarization at 6_ deg in the lab was found by
taking the sciuare root of thg asymmetry." Cheng’s results on p-C polarization
-at. 6 deg are shown in Fig. 41, What we considér most sigx;ificant is the smooth,
almost 1ineér_ change -of thé.p—C polarizition %vith energy, J'.I-l ééntra’st to the‘.
apiaarent large fluctuations that characterize the few earlier me_asuréﬁqerits.

An e#trapoia’cion through Chéng’ s data gives a.'_val-ue- for p-C polarization
at 725 MeV that is about 0.035 lower thén our measurement. This is nearly
.four standard deviations from the stated errors on the méasured values.,
Although the discrepancy is conceivably real, we believe it much mofe likely:
that it is due to some systematic bias. Such a bias c.a.n arise from (a) differericés
in the acceptance of inel‘astic scattering contribution, (b)v differences in spat.ial
and momentum distribution of the tw‘o beams, and (c) possible éystematic
scattering-angle misalignments. Were there constant systematic Eiases in an
expei‘imental Sysfem leading to avsymmetry errors, the effect of such biases
would be minimized by using analyzers whose power was mea;ured by the same
systerﬁ. In this way the asymmetry err‘or is shared between‘ polarizei- and
analyzer—-ther,é;by reducing the maximum effect on either. Thus, in oxrder to

best interpret Bur p-p polarization data, we normalize the magnitude of the

W
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as sutne that

: ,' the poss1b1e systemat1c dxfferences between the two experxments are 1nde-

":Tpendent of proton energy and use Cheng’ s. data £or the varlatxon m the P- C

-"analyzing power w1th energy. On that baszs the curve of analvz:Ln_g__powe-r—wa,-s—

-=chosen to be 11near, begmnmg at our prevxous result of 0 300 :1: o 003 at ._ ,. j

725 MeV and mcreasmg by 0. o4o +0, 015 at. 600 MeV ‘as shown in F1g. ,1'_. B

III. PROTON-PROTON POLARIZATION
’I‘hese new, values of the analyzmg power of carbon allow a recalculatxon

of p-p polarization from our previously reported values of aSymmetry (produced_:. :

'by scattering f:.rst on hydrogen, at b deg then on carbon. ) 'I‘hese results are :

» gwen in Table I and Fxg. 2, The uncertamty in the pP-p polanzatxon due to 3
, uncertainty i,n the analyzmg power of. carbon :.B stxll three t:.mes that due to

) the quoted error in the asymmetry at the larger angles. - |

A ‘I‘he reported energy of 735 MeV was the approxrmate energy at the

fxrst target,

We ﬁnd a maxzmum polarizatmn o£ 0 602 :L- 0 023 which 13 consthent

_‘ w:.th but shghtly hJ.gher than the result of Betz. et aJ. o S60¢Q 038, and that of

f‘f Cheng et al, at 7oo MeV, 0, 558¢0 016, (Cheng states that there may be -
':' add1txonal normahzatxon errors assocxated thh th1s measurement of 60 016 )
- The dxfference between Cheng s Value and ours is srmilar to the p-C dxfferencesf;,

--V_.;'.'v-i,dzscussed above, a.nd 1s belxeved the result of the same experxmental bia.s.

The general agreement among the above measurements confxrms the .

large, though prevxously unexpected proton polar;zation in this energy regxon. i

. The authors a..e grateful to Professor Owen Chamberlam and

:‘;_Dr. David Cheng for suggestxons and comments relatinﬂ to our use and

~
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Table I. Polarization for proton-'proton',scatterir'xl,g.

Glab(deg)_ o Asyrnn:letry from - Energy at . p-p po.la.,rization

. analysis center of based on curve

“with carbon carbon analyzer shown on Fig. 1

- ' (Me V) o for Ap_c(()v deg)
4.5 0.07520.004 78  0.24820.013
6.0 0.107£0.004 .:- 713 o  0.3520.014
7.3 '} 0.118#0.003 708 0.38720.011
8.6 ',_» o.fz9xo,ooé° ... 703 . 0.4240.015
10.0 o 0.145%0.003 S 694 0.46840.013
1.5 . 0.166£0.004 . 684 : " 0.53020.017
13.0 . 0.17220.002 674 © o 0.5430.015
153 :_‘ 0.185%0.002 655 0.574£0.018
16.4 0.196%0.004 645 . 0.6020.023
180 o 10.198+0.003 TV a 0.599¢o.023

20.5 0.200£0.003 605 | . 0.591%0,027
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FIGURE CAPTIONS | |
- Fig. 4. Pé;lariza‘cidn versus incident energy for protons on carbon at |
o 6 deg (lab). [0 Ref. 1; O Ref. 2. The small humbe'rs it'gached
to the pointé displayed refer to the cutoff energy in the range telescope
used in Ref. 1 In acidition to the errors quoted, there is a normalization
error of less than 0.016 on the péints from .Ref. 1. The slope of polari-
| . zation versus energy from Ref. 1 is used to draw the line from our
previously measured’point at 725 MeV. These values are then used
aé the anaiyzing power to interpret the asymmetries of the béam scat-
tering first .from‘pr.‘otonsvand the;n fromv carbon. The upper and lower
dashed lines are the assumed errors, and are'uée!d henceférth for error
propagation. |
Fig. 2. Polarization versﬁs angle for protons scattgred from protoﬁs.' The
errors on our data include the uncertainty in ;:he anaiyzing power of
carbon as shown in Flg 1, as well as the uncertainty in the asymmetry,
The errors on the points from Ref. 4 incluae thé uncertainty of polari-
zation of the polirized target.
# This paper (735 MeV)
O Ref. 4v(73‘-6 MeV)

A Ref. 1 (700 MeV)
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