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ABSTRACT 

UCRL-10622 

Published and experimental data on proton-carbon elastic and inelastic 

scattering are analyzed critically and summarized to derive "best values" 

for the asymmetry in scattering of polarized protons. Curves of analyzing 

power versus angle are presented for elastic scattering only, and for total 

scattering (elastic plus inelastic). Inelastic scatter:j.ng includes excitation 

energies up to 50 MeV. In a pion-nucleon scattering experiment designed 

to measure the polarization of the recoil nucleon, use of 11 30-MeV inelastics 

includedn analyzing curves altered the absolute values of the polarization 

by 2 to 16o/o relative to "elastic only11 analysis. Results are displayed in a 

manner that exhibits directly departure from diffraction scattering. 
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INTRODUCTION 

Asymmetry in scattering is widely used to determine polarization of 

nucleons and other elementary particles. Carbon is frequently chosen as 

the analyzing scatterer because it gives large asymmetries under certain 

conditions, and a large amount of calibration data exists. Polarized protons 

produced in various nuclear interactions or by decay hyperons are of cur~ 

rent interest. Hence it is of both theoretical and practical interest to have 

a systematic review of the available proton-carbon scattering asy<nmetries 

for protons of known polarization at various kinetic energies. 

In 1960 Fowler and Birge briefly summarized in the form of a contour 

plot data on the analyzing power of carbon for elastic scattering of protons 

(see their Fig. 1). 
1 

The present author has revised and extended the Fowler~ 

Birge work to include the effects of inelastic scattering, correct minor errors, 

and incorporate new data. The motivations for this revision have been to pro-

vide better analyzing-power curves for nuclear emulsion for an experiment 

on polarization of the recoil proton in 1To photoproduction, 
2 

and, more re-

cently, to deduce the analyzing power of carbon plates used in spark-chamber 

experiments on polarization of recoil nucleons in pion-nucleon scattering. 
3 

Despite a large body of data on proton-carbon scattering, and a gener

al theoretical understanding of the gross features of polarization in scat

tering, it is not easy to establish an analyzing curve for any particular pro

ton energy. The differential cross section and polarization curves as a 

function of scattering angle agree with diffraction- scattering predictions 

over only a limited range of energies (100 to 300 MeV); at lower and higher 

energies deviations are large. Data are sparse above 300 MeV. The effects 

of inelastic scattering are important at the larger angles if the experiment 

accepts energy losses of greater than 10 MeV; this is particularly 
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true at higher proton energies, since the elastic cross section is relatively 

less important. 

The approach taken here is to correlate the existing data, plot it in 

such a way that angular distributions at different proton energies would be 

identical if the scattering were. pure diffraction scattering. Specifically, 

the parameter X = kR sin$/2, where k is the proton wave number, is used 

to compare scattering events at different laboratory angles () and proton 

momenta p = 11k. Smoothed curves are then drawn, consistent within stated 

errors with the· measured data points, which minimizes the variation with 

proton kinetic energy of the shape ofthe polarization angular distribution. 

The variation in maximum polarization (P ) with proton energy is taken 
max 

as a smoothly varying empirical curve, reaching a maximum value near 

150 MeV and falling off at higher energies. The final plots are given as 

contour lines of constant p* on a plot of e* vs T, where p* = P/P and 
max 

e* ::: (J(T/ 180) 
1

/
2

• and T is the laboratory proton energy in MeV. If the 

scattering were pure diffraction scattering, the contours would be straight 

lines. In fact they are not, but vary much more slowly than the contolJ(rs 

of P on a () vs T plot. Hence interpolation and extrapolation are simpler 

and may be more reliable. 

ELASTIC SCATTERING 

The sources of experimental d<~.ta on proton-carbon elastic scattering 

up to 7 30 MeV are listed in Table I. In some experiments only the cross 

section or _the polarization was measured. The experiments at these ener-

gies are exclusively cyclotron experiments. 

A summary of the angular distributions (absolute differential eros~ 

sections) for elastic scattering of protons on carbon is shown in Fig. 1. 

The values are averages of right and left scattering. It is apparent that 

il 
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Table I. Experimental data on proton-carbon elastic scattering 

at 95 MeV and above. 

Proton Resolve 
Energy 4A MeV 

(MeV) Authors ... Refer.enc.e s da/dn p level? 

95, 135 J. M. Dickson Nuov9 Cimento yes yes yes 
and D. c. Salter 6, 238 (1957) 

142 A. E. Taylor Nucl. Phys. yes no yes 
and E. Wood 25, 642 (1961) 

155 Alphonce et al. See Ref. 7. no yes yes 

155 Alphonce et al. See Ref. 8. yes yes yes 

155 J. P. Garron, J. Phys. yes no yes 
J. c. Jacmant, Radium 21. 
L .. ·Mas sonnet, 317 (1960) 
M. Rion, and 
c. Ruhla 

.· 155, 185 Maris and Tyren See Ref. 9· yes yes yes 

173 Tyren et aL See Ref. 10. no yes yes 

173 Hillman et aL See Ref. 11. no yes yes 

220 w. G. Chesnut, Phys. Rev. no yes no 
E. M. Hafner, 104, 449 
and A. Roberts [19-56) 

220 Hafner See Ref. 4. yes yes yes 

289, 315 Chamber lain et al. See Ref. 5. yes yes no 

340 R. E. Richardson, Phys. Rev. yes no no 
w. P. Ball, 86, 29 (1952) 
c. E. Leith Jr., 
and B. J. Moyer 

424 Heiberg See Ref. 6. yes yes yes 

565, 635 Mescheriakov et al. See[Ref. 11:3~ __ ,;- no yes no 

730 P. McManigal See Ref. 12. no yes no 
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Fig. 1. Summary of published differential cross sections for 
elastic scattering of protons from carbon. References 
are given in Table I. The 220-MeV data are apparently 
in error on an absolute scale.· 
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Coulomb scattering produces a rapid variation with angle at small scattering 

angles. For angles greater than about 5 deg, the cross sections tend to 

level off or rise slightly with increasing angle and then decrease with a 

~~ 

slope becoming more abrupt as proton energy increases. If plotted with e -

as abscissa (or X = kR sinB/2) the curves tend to merge; howevera pure 

diffraction minima are not observed for such a light element as carbon. 

For heavier elements, diffraction minima are seen. 

4 
The 220-MeV data appear to be much too large on an absolute scale, 

and have been interpolated to lie between the 180- and 289-MeV points in 

this analysis. The correct relative magnitude of elastic versus inelastic 

scatters is important in constructing the analyzing power at large angles. 

Polarization in elastic scattering is determined by scattering un·~ 

polarized protons twice from identical targets at the same angle e. If the 

polarization after the first scatter is P 1 (8 1 ), and the analyzing power of 

the second scatterer is P 2 (82 ), then the asymmetry in the second scattering 

is e = {L - R}/ (L + R) = P 1 · P 2 . 

P 1• P 2 , and .JE are equaL 

For 8
1 

::: 82 = 8 and elastic scattering, 

In recent years it has proven possible to resolve protons scattered 

from the 4.43-MeV excited level and occasionally the 9.6 -MeV and higher 

levels from elastic scattered protons, Range telescopes have been effective 

for proton energies below about 250 MeV (e. g., see Ref. 4). However this 

method is difficult at higher energies because of range straggling and nu-

clear interactions of the primary beam, and exceptional beam energy sta-

bility is required to achieve reliable resolution. Using a range telescope 

with 289-MeV and 313-MeV protons, Chamberlain et al. did not attempt to 

resolve the 4.43-MeV level, but accepted protons with up to 12-MeV energy 

loss in scattering in order to avoid systematic errors. 
5 

On the other hand, 
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J-Ieiberg working with 424-MeV protons states that he was able to discriminate 

between elastic and 4.43-MeV -level scatters by using a range telescope. 6 

The published work for energies of 289, 313, 424, 565, and 635 MeV, all 

done' .. using range telescopes, has been analyzed w~th the detector energy 

acceptance in mind; the 289-MeV and 313-MeV data have been unfolded in 

order to deduce the elastic-scattering distributions. For high-energy pro-

tons, the use of a magnetic spectrograph seems prefera,ble to a range tele-

scope. The Uppsala group employed magnetic spectrographs at medium 

energies 155, 17 3, and 185 MeV). 
7

-
11 

McManigal seems to be the first 

person to use a magnetic spectrograph for analyzing scattered protons at 

energies above 185 MeV. 
12 

It is known experimentally that accepting in-

elastic events lowers the measured scattering asymmetry drastically at the 

13 
larger angles. Unless the energy resolution is good enough to separate 

out elastic events, care must be taken in interpreting polarization deter-

minations at high energies. 

We have chosen to limit our proton energy range to 450 MeV, for the 

final plots, since higher-energy data are fragmentary. The polarizations 

{or "analyzing power"} of protons elastically scattered from carbon for 

protons of 95-, 135-, 155-, 180-, 220-, 289-, 313-, and 424-MeV kin~tic 

energy are shown as the top lines (.6.E = 0) in Figs. 2 through 9. Here .6.E 

is the maximum energy lost by the scattered proton, in excess of the energy 

lost to the recoiling nucleus in elastic scattering, which will be accepted by 

the detecting system; .6.E is zero for elastic scattering. 

Figures 2 through 9 were obtained by first plotting- the experimental 

data and drawing a smooth curve through the points. The maximum polari-

zation P was then determined for each energy, and normalized polarization max 

values P~~ = P/P . - were replotted on separate graphs versus the angle 
max 



p 

-7- UCRL-10622 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

-0.2 

-0.4 
0 5 10 15 20 25 30 35 40 

elab (deg) 
MU -294.44 

Fig. 2. Analyzing power of carbon for protons with 95-MeV 
kinetic energy, for elastic scattering (..6.E = 0) and 
total scattering (elastic plus inelastic) with energy 
acceptances of 10-, 30-, and 50-MeV energy loss. 
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Fig. 3. Analyzing power of carbon for protons with 135-MeV 
kinetic energy, for elastic scattering (.6.E = 0) and total 
scattering (elastic plus inelastic) with energy acceptances 
of 10-, 30-, and 50-MeV energy loss. 



-9- UCRL-10622 

0.6 

+ 
0.4 'Pl'' 

p 1!] 
I,:. 

ili!H: ~::: i~:: ~H;~~ !=:: ::~: ~::: il~ i~:: = : :.:: ii;:t;:;: .i:. :~~: ;::: :::. ·: .~:· ::: .::: :L: :.:.: .. :· · ·~~: .·· :::: ~ 

m: :~;! ~:;~ ~j~: n~~ !~J-=:: ·· ::~ ~ii~ u;~ ~~j~ ;:J<~ mt ~;~; ;!;: .·.: :;~; ·::: ·· <~i i::: .1:. :::-: :::i r.::: :.~ 

i'ii±L '!' IS ii!LL I I" !iii' ;~;I'! + '1!i :;:t:;:;: :1 ,, 1!1: ;:•: :: • ::' ; 1 " " :;' ;;; i;i •,;; •: - , ,, ... 

-0.4 1:•;,::' .. ''i ;c:" ::: l'':!!!l!iJi .:T ;:,; I·'· ·1, I·' ·:•:,:'+; -, ,J:;::': , .. 

0 5 10 15 20 25 30 35 40 

Blab (deg) 
MU-29440 

Fig. 4. Analyzing power of carbon for protons with 155-MeV 
kinetic energy, for elastic scattering (.6.E = 0) and total 
scattering (elastic plus inelastic) with energy acceptances 
of 10-, 30-, and 50-MeV energy loss. 
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Fig. 5. Analyzing power of carbon for protons with 180-MeV 
kinetic energy, for elastic scattering (..6.E = 0) and total 
scattering (elastic plus inelastic) with energy acceptances 
of 10-, 30-, and 50-MeV energy loss. 



1.0 

0.8 

0.6 

0.4 
p 

0.2 

0 

-0.4 
0 

:; > ' 

:' :: 

. :!: I"· . 
i: ::1:::: .. 

5 10 

-11- UCRL-10622 

i till 

I~! ,till ; 
! ' . ~ . F ;.: : 

~;~;~ ,,,,~ 
''" '' 

. : . ~. ·. 

··~· ·.: ,:;;o;. 

15 20 25 30 35 40 

elab (deg) MU-29441 

Fig. 6. Analyzing power of carbon for protons with 220-MeV 
kinetic energy, for elastic scattering (..6.E = 0) and total 
scattering (elastic plus inelastic) with energy acceptances 
of 10-, 30-, and 50-MeV energy loss. 
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Fig. 7. Analyzing power of carbon for protons with 289-MeV kinetic 
energy, for elastic scattering (.6.E = 0) and total scattering 
(elastic plus inelastic) with energy acceptances of 10-, 30-, 
and 50-MeV energy loss. 
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Fig. 8. Analyzing power of carbon for protons with 313-MeV kinetic 
energy, for elastic scattering (.L'!.E = 0) and total scattering 
(elastic plus inelastic) with energy acceptances of 10-, 30-, 
and 50-MeV energy loss. 
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Fig. 9. Analyzing power of carbon for protons with 424-MeV kinetic 
energy, for elastic scattering (..6.E = 0) and total scattering 
(elastic plus inelastic) with energy acceptances of 10-, 30-, 
and 50-MeV energy loss. 
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converted to ()-~.~ = 8(T/ 180). 
1

/
2 

The normalized curves were smoothed fur-

ther to minimize shape variation with energy before final plotting of Figs. 

2 through 9. 
~~ :~ 

Plots of P vs 8 were very similar for 135, 155, and 180 MeV, 
... 

but were different for 95 MeV (lower p'" at small angles} and for energies 

220 MeV and above. The first zero of p* moves steadily lower with increasing 

proton energy. 

A plot of P versus proton energy is given in Fig. 10. Elastic 
max 

scattering is labeled t:..E = 0. The maximum polarization is 95o/o near 1.80 

MeV falling off to 50o/o at 400 MeV, __ Meshcheriakov et al. give somewhat 

higher values at 565 and 635 MeV, but their data involve uncertain correc

tions. 
13 

Recent measurements by McManigal et al. using a magnetic 

spectrometer and the Berkeley 184-inch synchrocyclotron1 s 7 30~MeV ex~ 

ternal proton beam give P max = 37 ± 1o/o (laboratory angle of 8.6 deg). 
12 

It 

is not clear whether or not the dotted line shown in Fig. 10 really is correct; 

further measurements are needed to establish clea;dy the behavior in this 

energy region. 

Elastic polarization data may now be displayed over a broad range of 

* * energies and angles by plotting contours of constant P on a graph of 8 vs 

T (proton kinetic energy) as in Fig. 11. These curves are smoothed slightly 

to minimize abrupt '1kinks" in the curves which were ascribed to systematic 

errors between various experiments. If the scattering were pure diffraction 

scattering, the contours would be horizontal straight lines. Departure from 

diffraction behav.ior. ls_.rshowh bythe';t:·urve&nature of some lines',. particularly 

inthe,.regions. of 1'00 MeV (where thei polarization changes :rapidly)~and 300 MeV 

(where inelastic nucleon-nucleon processes become important). 

* * The normalized P - 8 - T plot (Fig. 11) could be converted into a 

Fowler-Birge type plot (P-8-T) by using Fig. 10 and the relations 
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Fig. 10. Maximum analyzing power of carbon as a function of 
incident-proton energy. 
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11. Normalized contour plot of analyzability for elastic scat
tering (.6.E = 0). The contours are lines of_ constant P~:~ = P/P a , 
expressed in percent, with e~:~ = 8(T I 180) 1/2, where e is m X 

the laboratory angle and T is proton kinetic energy. 
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* ~:c 1/2 P = P/P and f) = f) (T/ 180) MeV. Without normalization the contours 
max 

become difficult to plot and somewhat arbitrary, particularly at higher ener-

gies where data are sparse. 

EFFECT OF INELASTIC SCATTERING 

The effect of inelastic scatters upon analyzing power depends upon the 

relative probability for inelastic scattering with an energy loss E', a (E' )dE 1
, 

and the analyzing power of carbon for such a scatter, P(E' ). If the energy 

acceptance of the detector is f).Ea then the average analyzing power of the 

scatterer is 

P(.6.E) = (1) 

where a 
0 

is the elastic-scattering differential cross section and P
0 

the 

polarization in elastic scattering. The normalized probability a (E 1 )dE' 

is the doubly differential cross section for an inelastic scatter in which the 

scattered proton loses energy between E' and E' + dE'. The low-lying 

levels of carbon at 4.43 and 9.6 MeV contribute sizeable yields of inelastic 

scatters which are polarized essentially the same as elastic scatters; for 

higher excitation energies the asymmetry is much less. 

Several types of experiments have been done to determine the energy 

spectrum and absolute cross section of inelastically scattered protons from 

carbon. Techniques include measurements with the range telescope and 

magnetic spectrograph placed at various angles. Table II summarizes the 

experimental information on inelastic yields and asymmetry in inelastic 

scattering. Although the data are not complete at all energies and angles 

for all of the prominent low-lying levels of carbon, they are sufficiently 



Table II. Inelastic scattering of protons from carbon. 

(Energy levels: I (4.43 MeV), II (9.61), III (15), IV (19), V (21).) 
Proton Levels or 
energy angles 

Ref. (MeV} (deg) Author References 

A. Differential cross sections as a function of angle. 

{I-1) 95, 135 I, II J. M. Dickson and D. C. Salter 

(I- 2) 

{I- 3) 

(I-4) 

(I- 5) 

155 

155 

180 

220 

I 

I~ V 

I, II 

I 

B. Energy Spectra at fixed angles. 

(I-6) 96 30, 45, 7 0 

(I-7) 

(I-8) 

(I-9) 

(1=10) 

96 

155 

185 

185 

40 

30 

5 to 50 

5 to 45 

C. Asymmetry in scattering 

(I-11) 95, 135 I, II(4 to 30) 

(I= 12) 155 

(I-13) 155 

(I= 14) 173 

(I -15) 180 

(I= 16) 220 

I (2 to 35) 

I (20 to 35) 

I= V (23 to 34) 

I, II (2 to 50) 

I 

Al phone e et al. 

J. P. Garron, J. C. Jacmant, 
L. Massonnet, M. Rion, and 
C. Ruhla 

T. A. J. Maris and H. Tyren 

E. M. Hafner 

K. Strauch and F. Titus 

K. Strauch and F. Titus 

J. P. Garron, J. c. Jacm ant, 
L. Massonet, M. Rion9 and 
c. Ruhla 

H. Tyren and T. A. J. Maris 

H. Tyren and T. A. J. Maris 

J. M. Dickson and D. C. Salter 

R. Alphonce, A. Johansson and 
G. Tibell 

Alphonce, Johansson and Tibell 

Hillman, Johansson arrl Tyren 

T. A. J. Maris and H. Tyren 

E. M. Hafner 

Nuovo Cimento !:_. 235 (1957) 

See Ref. 8. 

J. Phys. Rad. 21, 317 (1960) 

Nucl. Phys. 3, (1954) and Ref. 9 

See Ref. 4. 

Phys. Rev. 103, 200 (1956) 

Phys. Rev. 104, 191 (1956) 

J. Phys. Radium 21, 317 (1960) 

Nucl. Phys. 3, 52 (1957) 

Nucl. Phys. 4, 6 37 ( 19 57) 

Nuovo Cimento 6, 235 (1957) 

Nucl. Phys. 3, 185 (1957) 

See Ref. 8. 

See Ref. 11. 

See Ref 9. 

See Ref. 4. 
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extensive and slowly-varying with proton energy to giv-e a good estimate of 

the effect of inelastic scatters upon analyzing power. 

We group the inelastics in several energy bins as follows: 

QE (''quasi-elastic"): 0- to 10-MeV energy loss (includes 4.4- and 

9.6-MeV levels) 

I (11 inelasticli): 10- to 30-MeV energy loss (included 15"'• 19-. 

and 21-MeV levels) 

VI ("very inelastic"}: 30- to 50-MeV energy loss. 

Energy losses greater than 50 MeV are not considered here, since 

such scatters are not useful and would normally be rejected in the experi

mental measurement or analysis. F<;>r example, spark chamber range 

requirements would eliminate slow secondary protons. 

The differential cross section for QE, I, and VI inelastic_ scatters at 

185 MeV is shown in Fig. 12. The quasi-elastic cross section is strongly 

peaked in angle, while the I and VI distributions are nearly flat (and about 

equal in magnitude}. Data at other proton energies indicate that the in

elastic yields remain almost constant with energy from 100 to 450 MeV (see 

references in Table II). 

The "polarization" (scattering asymmetry for 100o/o polarized incident 

protons) of inelastically-scattered protons is given in Fig. 13 for the 4.43-

MeV level of carbon at 95, 135, and 180 MeV. Although these data exist at 

only a few energies, they indicate that the quasi-elastic levels (4.4 and 9.6 

MeV) give polarizations comparable with that of elastic scattering, although 

shifted slightly in scattering angle. 

For larger energy losses (above 10 MeV) the asymmetry in scattering 

rapidly decreases from the elastic value until at 30~MeV energy loss the 

asymmetry is nearly zero. Johansson et al. have shown that for .a wide 
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Fig. 12. Inelastic differential cross sections (integrated over 
scattered proton energy) grouped in bins: QE = quasi-elastic 
(0- to 10-MeV energy loss), I = inelastic (10 to 30 MeV), and 
VI = very inelastic (30 to 50 MeV). The incident-proton 
energy is 185 MeV. See Table II for references. 
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Fig. 13. Analyzing power of carbon for inelastic scattering of 
protons from the 4.43-MeV level. See Table II for references. 
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variety of elements as scatterers and for a wide range of angles, the 

polarization decreases rapidly with increasing inelasticity. 
14 

The available 

data are well fitted by a linear decrease, as follows: 

P{.6.E) = Po• for 0 < .6.E ~ 10 MeV 

P(.6.E) = P 0
(1 .6.E -10) 

20 .• for 10 ~ .6.E ~ 30 MeV 

P(.6.E) = 0 for .6.E > 30 MeV, 

where P 
0 

is the elastic polarization. In the subsequent analysis we assume 

that the analyzing power of carbon for inelastic scatters follows: this equation., 

thus VI scatters give zero asymmetry. 

ANALYZING-POWER CURVES INCLUDING INELASTIC SCATTERING 

Once the cross sections and polarizations of the elastic, QE, I, and 

VI components of the observed scattering are known. it is a straightforward 

matter to combine the data by using Eq. (1) and obtain the analyzing-power 

curves for .6.E = 10, 30, and 50 MeV. These normalized plots -- similar to 

Fig. 11 (elastic scattering, .6.E = 0) --are given in Figs. 14, 15, and 16. 

The corresponding P values are given in Fig. 10, The effect of including max 

inelastic scatters upon the laboratory-angle analyzing-power curves for 

scattering at 95, 135, 155, 180, 220, 289, 313, and 424 MeV is shown in 

the lower curves of Figs, 2 through 9. 

In general, inclusion of inelastic scatters always reduces the effective 

analyzing power, although the effect is large only at the larger angles. Since 

quasi-elastic scatters have essentially the same analyzing power as elastic 

scatters, energy resolution better than 10 MeV is not important for a good 

analyzer. Energy resolution as poor as 30 MeV decreases the analyzing 

power, and beyond 30-MeV loss the additional statistics gained by accepting 

inelastics is of no help, since it contributes nothing to the measured 

asY¥lmetry. 
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Fig. 14. Normalized contour plot of analyzing power of carbon, if 
inelastic scatters up to 10-MeV energy loss are included. See 
Fig. 11 for definitions of p•:• and e•:•. · 
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Fig. 15. Normalized contour plot of analyzing power of carbon, 
if inelastic scatters up to 30-M~V ener_gy loss are included. 
See Fig. 11 for definitions of p-·- and fr. 
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Fig. 16. Normalized contour plot of analyzing power of carbon, 
if inelastic scatters up to 50-MeV energy loss are included. 
See Fig. 11 for definitions of P~~ and (p:~. 
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YIELD OF USEFUL SCATTERS 

In measuring polarization, one wishes to establish angular limits 

(say 8
1 

and 8
2

) within which the data is "useful": i.e. scatters in the 

interval (8 
1

• 8 2 ) give significant scattering asymmetry for polarized pro

tons. Let us define the "effective" cross section for useful scatters as 

Y = 2,. r 8 2 
a (8) sinBd8. 

)81 

If 8
1 

and 8
2 

are chosen at angles where Pis 10% of its maximum value 

(P):' = 0.10), we obtain the plot shown in Fig. 17. The value of Y for 

elastic scattering drops rapidly as proton energy increases, because of 

narrowing of the 8
1

-6
2 

interval as well as the lowered elastic cross section, 

but it flattens out at higher energies. 

It is worthwhile noting that ''contamination'' of inelastic scatters 

relative to elastic scatters within the 8
1 
~8 2 interval does not vary rapidly 

with proton energy, despite the decreasing elastic eros s section and nearly 

constant total inelastic cross section. The reason is that the useful 8 
1

-·8 2 

interval shifts to smaller scattering angles where the absolute value of the 

elastic cross section remains high. 

EFFECT OF USING TOTAL~SCATTERING ANALYZING-POWER CURVES 
IN POLARIZATION ANALYSIS 

In converting ob·served asymmetries to polarization values one should 

of course use the analyzing power that best reflects the energy resolution 

and acceptance of the detector. Most analyzed experiments have used 

elastic-scattering analyzing curves (usually with angular cutoff kept low to 

eliminate the effect of inelastic scatters), or they have calibrated their 

asymmetry detectors in beams of known polarization. The present set of 

curves is derived from cyclotron counter experiments whose energy 
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Fig. 17. Relative yield of "useful" scatters as a function of 
proton energy. A "useful" scatter is one which has analyzing 
power P'~ ~ 0.1. See text for definition of Y. 
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resolution~ statistical weight~ and angular accuracy are better than that of 

most visual detectors (emulsion~ spark chambers, and bubble chambers), 

Hence these analyzing-power curves for carbon should be sufficiently ac

curate whenever the energy acceptance of the detector is known, 

Eandi has used these curves to analyze his carbon-plate spark

chamber asymmetry data for the polarization of recoil protons produced 

in the elastic scattering of pions of 523~ 57 2~ and 689 MeV, 
3 

The polarization 

at various angles was determined by using two different analyzability tables: 

(I) All p-C scatterings are assumed to be elastic (..6-E = 0) 

(II) Inelastic p-C scatterings up to 30-MeV energy loss (..6-E = 30) are 

included. 

Differences in polarization values determined by using (I) or (II) in a 

maximum~likelihood analysis may be summarized as: 

(a) absolute shifts of 0, 02 to 0, 16~ with a mean shift of 0. 05 {increase 

in magnitude) 

(b) fractional shifts up to 30% in I PI, with a mean increase of 21% 

in the magnitudes of P, 

For more detail see Tables XI, XIII. and XV of reference 3 . 
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