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ABSTRACT 

We report measurements of the polarization parameters 

in n+p and n-p elastic scattering at an incident momentum 

of 100 GeV/c. The r.esults cover the range 0.18 ~ -t~ 1.4 

GeV2 and are in agreemene'with current Regge model predic­

tions. 
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In the first experiment of its kind at Fermilab we have 

measured the polarization parameter pet) in the elastic scat­

tering of mesons and protons from polarized protons. We present 

here the results for n+p and n-p scattering which were obtained 

at a beam momentum of 100 GeV/c over the range of four-momentum 

2transfer squared 0.18 ~ -t ~ 1.4 GeV • 

While recent measurements of elastic differential cross-

sections in this kinematic region 1 
, 2 have confirmed phenomeno­

logical predictions of the sand t dependence of the dominant 

Pomeron amplitude3,~ polarization measurements provide more 

stringent tests of present models because they are sensitive 

to interference between amplitudes. For example, a model in 

which Pomeron and P exchange contributions dominate predicts 

that pet) in np scattering should be proportional to 

s~p(t) - ap{tJ], where s is the square of the total energy of 

the system, and a (t) and ap(t) are the effective trajectoriesp 

for the p and Pomeron exchange contributions, respectively. 

This s-dependence is approximately s-1/2 at small I tl. This 

model also predicts that the mirror symmetry P + ~ - P - per­np np 
2sists at high energies. 3 In the region 0.6 ~ -t ~ 1.5 GeV the 

dominant amplitUdes are strongly affected by shrinkage and absorp­

tion, resulting in small polarization values at high energies. 5 

.' 
The experiment was performed in the 3.5-mrad beam (MI) in 

2the Meson Laboratory which had a qize of 2 x ~ cm and a diver­

gence of ±0.2 mrad at the target while transporting a momentum 

bite of ±1%. The small divergence was necessary for ki~e.matic 

separation of elastic from quasi-elastic events. In order to 
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determine polarizations of : 0.05 with high precision, we placed 

no components in the beam, enabling the apparatus to handle 

108/sec.incident fluxes as large as 

The layout of the apparatus is shown schematically in Fig. 

1. It consisted of a double-arm spectrometer capable of detect­

ing	 both final state particles with uniform acceptance over the
 

2
 
range 0.25 ~ -t ~ 1.5 Gev The final-state trajectories were 

measured with 8 planes of mu1tiwire proportional chambers (P~'1C IS) 

in each arm•. In the recoil arm two pairs of x-y planes (WR-l, 

WR-2) were placed in front of a wide-gap analysis magnet (MR), 

and two pairs of x-v planes (WR-3, WR-4) behind it. The result ­

ing measurement of the recoil momentum was accurate to il.7% 

2).at 500 MeV/c (t = -0.2 GeV In the forward arm two pairs of 

x-y planes (WS-l, WS-2) were located in front of an analysis 

magnet (MS), and a pair of x-u and x-v planes (WS-3, WS-4) be­

hind it. The momentum of the forward particle was det.e rmined 

to an accuracy of ±1%. Two Cerenkov counters (CS1, CS2), with 

thresholds just below kaon and proton response, respectively, 

were used to identify the scattered particle. The purity of 

the pion sample thus identified was better than 99%. 

The polarized proton target (PPT) consisted of ethylene 

glycol maintained in a uniform.. magnetic field of 2.5 T at a 

oK. 2temperature of 0.42 The target was 2.0 x 1.9 cm in cross 

section and 8.2 em long. The free proton density was 0.072 

gm/cm3, comparable to liquid hydrogen. The target polarization 

was measured by standard NMR techniques every 10th spill.. and 

recorded on the data tapes. The average po1arizaton of the free 

protons was 75%. 
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The number of incident particles was monitored indirectly 

by a three-counter telescope (MT) which looked back at the target 

from an angle of 100 mrad below the beam line, in the plane formed 

by the beam momentum and the target polarization. It was thus 

insensitive to the spin orientation of the target protons. The 

absolute normalization of MT was obtained at reduced beam in­

tensities where the number of beam particles could be measured 

directly with a pair of additional counters just upstream of 

the target. The size and position of the final beam spot were 

monitored in several ways; By scaling the signals from the pole-

tip veto counters (PT) above and below the target; by a profile 

monitor and a hole veto counter (H) in the beam just upstream 

of the target; and by a pair of counters at WS-2 which were spaced 

to monitor the tails on both sides of the unscattered beam. 

The event trigger required at least one particle in each 

arm and no signal in any of the veto counters H or PT. In addi­

tion, kinematic constraints could be imposed on the final state 

particles by combining the information from the PWC1s with the 

help of matrix coincidences. The data presented here were taken 

with a fairly loose trigger which only required signals in 

WS-Ix and the x-planes of the four recoil arm PWC's. 
; . 

The data were analyz~d by reconstructing the polar and azi­

muthal scattering angles for each arm (0 , $ , a , $ ), and the . s s r r 

magnitude of the recoil particle momentum (p). Independent. r 

values of t were calculated from each of the measured quantities 

as' a and Pr' and compared by forming a weighted average t r, 

and the correspond lng· X2 . Using $s' $r' and their combined 
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measurement uncertainty o~ the quantity b~/o~ =(~ 
s 

- ~ )/o~ 
r 

was calculated to judge the extent to which the two final state 

particles and the incident particle were coplanar. By plotting 

events according to X
2 

and A./o~ "signal", "intermediate", and 

"background" regions were selected. The subtraction of the quasi-

elastic background under the elastic peak was performed by nor­

malizing the coplanarity distribution for events with large X2 

so that the tails matched those of the coplanarity distribution 

for events with small X2• The signal-to-background ratio varied 

from 15:1 at small It\ to 7:1 at t 2= -1.0 GeV , consistent with 

the results of a Monte Carlo simulation of elastic events from 

the free protons and quasi-elastic events from the bound protons 

in the target material. 

The lack of t-dependent bias was checked by fitting the 

t-distribution of the resulting elastic events, summed over PPT 

enhancement, to the form exp(bt); the values obtained for b.are 

consistent with published results. 2 The t-distributions for 

+the n p and -n p events in the range 0.25 ~ -t ~ 0.70 GeV2 differ 

from published differential cross sections only by a common 

normalization factor. 

A detailed examination of the performance of the various 

monitors throughout the t'cin showed that MT.H and PT were equiv­

alent monitors of the number of beam particles incident on the 

PPT. Normalization with either of them resulted in asymmetries 

of events in the background region which were zero within statis­

tical errors. As an additional check, runs of the same target 

enhancement were used to calculate asymmetries by pretending 
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that half of them had been taken with the opposite target enhance-­
'WIll 

ment; the results were again consistent with zero. The results 

presented here were normalized by a weighted average of MT.H 

and PT which reduced small systematic errors associated with 

either monitor. 

+Our results for the polarization parameters in n p and 

n-p scattering are listed in Table I and shown in Fig. 2. A 

t-independent systematic error of 0.005 should be added to the 

statistical uncertainties shown to account for monitor fluctua­

tions. 

At small 1tl the measured polarizations are small but non­

zero, consistent with an s-1/2 dependence. This is illustrated 

by the dashed curves in Fig. 2 which represent the n+p and n-p 

results of Borghini et al. 6 scaled from 10 to 100 GeV/c by 

S Can(t) -ap(d]. Our results indicate that P + d P~ n p an n-p are 

more closely mirror symmetric at 100 GeV/c than they were at· 

245 GeV/c. 7 A t = -0.6 GeV expected. Atzero occurs near , as 

larger'tl both the n+p and the n-p polarizations remain small, 

in agreement with Regge-exchange absorption models.~,8 

We wish to thank R. Fuzesy for his invaluable contributions 

to the experiment. We also thank C. Brown, T. Droege, C. Kerns, 

and the staff of Fermilab~for their continuing cooperation and
.' 

help,S. Dhawan, S. Olsen, and M. Urban for substantial contribu­
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. ," .... 

tion of the Cerenkov counters, and O. Fletcher for his help in 

maintaining the polarized target. 
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TABLE I 

+Results for the polarization parameter pet} for n p 

and n-p elastic scattering at 100 GeV!c. The last 

column shows the sum of the polarization parameters 

for the two reactions as a test of mirror symmetry. 

Only statistical errors are shown. 

p + p ­ p + + P ­n p np Tt P n P 

0.19±0.01
 

0.25±0.05
 

0.35±0.05
 

0.45±0.05
 

0.55±0.05
 

0.65±0.05
 

0.75±0.05
 

0.85±0.05
 

0.95±0.05
 

1.0S±0.05
 

1.15±0.05
 

1.25±0.05
 

1.35±0.05
 

0.037±0.007
 

0.025±0.004
 

0.009±0~005
 

0.003±0.007
 

-0.009iO.010
 

0.005±0.014
 

-0.001±0.020
 

-0.004±0.027
 

-0.01610.036
 

-0.03510.050
 

-0.07710.070
 

-0.097±0.085
 

0.01210.112
 

-0.023±0.008
 

-0.028±0.004
 

-0.024±0.006
 

-O.OOl±O.OOa
 

-0.014±0.011
 

~0.029±0.016
 

-0.018±0.023
 

0.001±0.032
 

-0.008±0.043
 

-0.025±0.061
 

0.018±0.084
 

-0.082±0.111
 

-0.007±0.129
 

-, 

0.014±0.012
 

-0.003±0.008
 

-0.015±0.010
 

0.002±0.012
 

-0.023iO.016
 

-0.024±0.022
 

-O.019iO.031
 

-0.003±0.042
 

-0.024iO.056
 

-0.060iO.079
 

-0.059±0.110
 

-0.179iO.140
 

0.005±0.170
 

.... 
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FIGURE CAPTIONS 

Fig. 1:	 Plan view of the apparatus. The magnet PTSM compen­

sated for the beam deflection introduced by the PPT 

magnet. The magnetic field line integrals of the 

analysis magnets MS and MR were 3.29 and 0.35 T'm, 

respectively. 

+Fig. 2:	 POlarization parameter pet) for (a) n p and 

(b) n-p elastic scattering. Only statistical errors 

are shown. The dashed curves represent the results 

of Ref. 6 scaled from 10 to 100 GeV/c as described in 

the text. 
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