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PolaA~tion in p-p elastic scattering at large four-momentum transfers'
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New results are presented from the continuation of an experiment designed to study the polarization in elastic

p-p scattering at large four-momentum transfers. A high-intensity unpolarized proton beam of momentum

12.3 GeV/c was incident on a propanediol polarized proton target and both final-state protons were detected

and momentum-analyzed in multiwire proportional chamber spectrometers. The measurements spanned the t

range 1.5 & It j & 6.2 (GeV/c) . The results are discussed in the framework of optical, exchange, and parton

models.

In this article the final 12.3-GeV/g results
are presented from an experiment conducted at
the Argonne ZG8 accelerator to study the polar-
ization in p-p elastic scattering at large four-
momentum transfers. Data from earlier runs and
a detailed discussion of the apparatus can be
found in Refs. 1, 2, and 3. The experimental
technique will be briefly reviewed below and
results will be discussed in terms of optical, ex-
change, and parton models. It will be argued in
the following that the feasibility of making differ-
ential cross section and polarization measure-
ments in p-p elastic scattering out to very large
~
f ~

values provides a unique opportunity to extract
information regarding nucleon structure,

The experimental layout is shown in Fig. 1. A
high-intensity unpolarized proton beam (1-1x10'
protons per burst) was incident on a propanediol
yolarized proton target, and the resulting elas-
tically scattered protons were detected and momen-
tum-analyzed in two multiwire proportional cham-
ber spectrometers. Each spectrometer consisted
of two sets of four proportional chambers and
two trigger counters; one set was located upstream
and the other set was located downstream of an
analyzing magnet which bent the elastically scat-
tered protons through an angle of approximately 3'.
The spectrometers permitted the momentum of the
final-state protons to be determined with a resolu-
tion of + 6%%uo, the opening angle to be measured with
a resolution of +4 mrad, and the relative time of
flight between the downstream fast and slow proton
counters to be determined with a resolution of
+0.7 nsec. These measurements provided sufficient
constraints to make the elastic peak predominant
in all cases. Examples showing the effect of cuts
un the time of flight, the opening angle, and the
fast~roton momentum distribution are shown in
Refs. 1 and 2. A comparison of distributions for
corresponding propanediol and carbon dummy tar-
get runs reveals that the quasielastic contamination
is small at all points studied.

The flux incident on the polarized target was
monitored by two water Cherenkov counters placed
in the beam to shadow the target sample, by a
counter telescope which viewed scatters from a
piece of appropriately sized plastic placed in the
incident beam, and by telescopes which detected
large-angle scatters from the polarized target.
Integrating wire proportional chambers were
employed to monitor the position of the incident
beam on a burst-to-burst basis. Care was taken
to ensure the stability of the beam centroid on the
polarized target. With the beam so constrained,
the various relative flux monitors were found to
be internally consistent to a high degree. To
minimize the effects of instrumental biases the
target spin was reversed frequently. A typical
data point results from approximately 16 target
spin reversals. The residual systematic errors
are estimated to be small compared to the statis-
tical uncertainties.

The yolarized target material utilized in the new

measurements was propanediol, and with the new

ZGS cryostat PPTV target polarizations of apyrox-
imately 80/o were a.ttained. In our earlier mea-
surements the cryostat employed permitted po-
larizations of only =38%, and this represents the
principal technical difference in the two sets of
measurements.

A PDP-15 on-line computing system was em-
ployed to record the data from the proportional
chambers, counter latches, time-of-flight units,
scalers, and the polarized target NMR system
and to monitor all critical aspects of the experi-
ment.

The data from the earlier run reported in Ref.
3 were found to be in statistical agreement with
data from the present set of measurements, and
they have been combined for presentation in Fig.
2 and Table I. The errors shown are statistical
only. There exists an additional +8%%uo normaliza-
tion uncertainty. Also shown in Fig. 2 are the
10-GeV/c results of Borghini et af.' The salient
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FIG. 1. The experimental layout. Elements labeled SC1, . . . , SC6 and FC1, . . . , FC6 are scintillation counters.
Elements labeled SPC1, . . . , SPC8 and EPC1, . . . , FPC8 are multiwire proportional chambers. A magnet capable of
bending elastically scattered protons through an angle & 3 is present in each arm (between elements SC3 and SC4 and
between elements FC3 and FC4). The angular position of each arm is remotely variable. BM, LM, and RM are beam
monitors.
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The polarization parameter is given by the follow-
ing relation:

P=-1m[(V, +V.+ p, -4y 5] (2)
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FIG. 2, Polarization inp -P elastic scattering. The
solid circles represent data at 12.3 GeV/c from the
present experiment. The open circles represent data
from Ref. 4 at 10.0 GeV/c. The curve shown represents
a fit to the data obtained with the Chu-Hendry optical
model (Ref. 7).

TABLE I. Polarization in p-p elastic scattering at
12.3 GeV/c.

31.0
33.0
35.0
37.0
38 ~ 5
40.0
41.0
42.0
43.5
45.0
50.0
55.0
60.0
65.0

[(GeV/c)']

1.531
1.730
1.939
2.159
2.331
2.508
2.630
2.754
2.945
3.140
3.830
4.572
5,361
6.191

P
0.147
0.175
0.119
0.071
0.015
0.052
0.048
0.062
0.094
0.034

—0.007
-0.092

0.086
0.033

0.020
0.032
0.023
0.020
0.062
0.029
0.060
0.028
0.038
0.031
0.083
0.116
0.117
0.080

features of the data are the relative maxima at
I t I =0.3 and 1.8 (GeV/c)' and the double zeros at
Itl —=0.'t and 2.3 (GeV/c)'. As will be argued be-
low, the existence of these double zeros may have
substantial importance in determining the ampli-
tude structure.

For the discussion which follows it is convenient
to utilize the helicity amplitudes defined by Gold-
berger et al .,'

y, =&++ lql++),

y, = &++ I q I
—-&,

y. = &+ —lv I+ -&, (1)

y, = &+ —
I q I -+),

p5 = & + + I p I+ -).

where da/dQ is the elastic p-p differential cross
section.

The result of various attempts to fit p-p polar-
ization data in the Regge model has been recently
reviewed by Hendry and Abshire. ' To obtain the
observed structure in the polarization they note
that the condition of exchange degeneracy must be
sacrificed and that substantial structure must be
introduced in the residue functions. Reasonable
fits to the data can be obtained in the framework
of the Regge model under these circumstances out
to a I t I value of approximately 2.3 (GeV/c)'. The
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FIG. 3. (a) The differential cross sections inP-p elas-
tic scattering at &c.m. = 90' normalized by an exponential
in t to accentuate the details of the structure. The ref-
erences for the data from other experiments are given
in Ref. S. do/dt is measured in pb/(GeV/c)2. (b) The
p-p elastic polarization at 10.0 and 12.3 Gev/c and fits
from the parton model proposed by Neal and Nielsen
(Ref. 8).
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predicted polarization beyond ) t (
= 2.3 (GeV/c) is,

however, vanishingly small for all reasonable
amplitude parametrizations presently studied.
Moreover, the Regge prediction for the energy
dependence of the polarization at fixed t is found
to be inconsistent with existing data.

The structure observed in the polarization can
be easily accounted for in an optical model. In
the optical model of Chu and Hendry' the nonf lip
amplitudes ~ and y, are represented by smooth
distributions in the impact parameter b for b &R
(where R is the effective proton radius), the
single-flip amplitude ~ is assumed to receive its
principal contributions from peripheral impact
parameters near b=R, and y, and y, are neglected.
The result is that the polarization is roughly pro-
portional to J,'(Rv t)/v- -t. A fit to our data with
this model is illustrated in Fig. 2 by the solid
line. The amplitudes are also simultaneously
constrained to fit the elastic differential cross
section.

Neal and Nielsen' have studied certain conditions
which are expected to be imposed on the p-p
elastic polarization by the assumption of nucleon
constituent structure. The various "regions"
which appear in the fixed angle ((), =90 ) differ-
ential cross section are assumed to be due to n

partons in one proton scattering from n partons
in the other proton, where n changes in going
from one region to the next. The region defined
by 0& It ~

s1.0 (GeV/c)' in Fig. 3(a) is assumed to
correspond to n = 1, the region 1s ( t ~z 2.5 (GeV/c)'
to n = 2, etc. Next the assumption is made that any

polarization acquired by a parton in the parton-
parton scattering process is fully transmitted to
the final-state proton formed with that parton.

If the parton polarization parameter is designated
by S(t), then the p-p elastic polarization at a four-
momentum transfer squared t in region g is given
in the model by

(3)

Thus, if S is determined in region 1 the p-p polar-
ization in other regions can be predicted by using
Eq. (3). The result of this procedure is shown in
Fig. 3(b), where a fit to the data in region 1 is
used to generate a prediction for region 2. This
picture provides a consistent description of the
polarization in these first two regions. However,
in the next region the existing data do not exhibit
sufficiently large polarization values to be con-
sistent with Eq. (3). This may be an indication
that the third region actually does not begin near
[ t

~

= 2.5 (GeV/c)' but at a substantially larger
~
t )

value instead. In this case the slope change ob-
served in the fixed-angle cross section near
~
t

~

= 2.5 (GeV/c)' must be attributea to a transition
effect between the 0~

~ t
~

& 1.0 (GeV/c)' region and
the

~ t (& 6.0 (GeV/c)' region. High-accuracy
large-~ t

~
polarization measurements would be of

great value in further testing the validity of these
ideas.
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