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We have measured the polarization of the recoil proton in the reactions yP-~ p and

yP yp for incident photon energies between 3 and 7 GeV, and g values from -0.2 to
-0.65 GeV . The polarization in neutral-pion production varies from 0 to -1 over this
range. Contrary to expectation, it does not agree completely with the polarized-target
asymmetry.

Neutral-pion photoproduction has been described
by a variety of models. ' While adequately describ-
ing the differential-cross-section data, these
vaxious models contain different physi. cal input,
and px'edict different values for the individual
amplitudes themselves. Measurement of polari-
zation effects can help distinguish among models
and, n'ore importantly, can lead to an under-
standing of the amplitudes. Recently, the polar-
ized-photon asymmetry2 Rnd the polarized-target
asymmetry' have been measured in neutral-pion
photoproduction above the resonance x'egion.

%e have measured the recoil-proton polariza-
tion in the reaction yp -u'p at the Cornell 10-GeV
electx'on synchrotron, CQDlpton scattering was
observed simultaneously in the 8R1Qe apparatus
which is shown schematically in Fig. 1.4 A brems-
strahlung beam with an end-point energy between
6 and 7 GeV strikes a hydx'ogen target I in. in
diametex and 2~ in. long. Scattered Compton
photons and r'-decay photons are detected by
showers initiated in 1 cm of lead. The shower
position is measured by a hodoscope of ten ver-
tical and fourteen horizontal scintillation coun-
ters, and the enexgy is measured by an array of
eighteen lead glass counters, of which the cen-
tral nine counters form a square covering the
hodoscope. The other nine counters are placed
around the central array to increase the two-
photon acceptance. Charged particles are par-
tiaBy swept from the detectox by an electromag-
net and further rejected by a veto counter.

A detailed view of the proton Rrm is shown in
Fig. 2. The angle of the recoil proton is deter-
mined by the first four of a series of magneto-
strictive wire spark chambers. The proton can
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FIG. 1. Floor plan of the experiment.

scatter i.n a total of ten carbon plates, each about
2.5 g/cm' thick. The direction of the proton be-
fore and after the scatter is measured by a max-
imum of sixteen wire chambers. Intexspersed
in the stack of carbon and chambers are scintil-
lation counters used for txiggering and measuring
dE/ds. A combination of range determined from
the chambers and dE/dz obtained from the coun-
ters gives us R measure of the enexgy of the pro-
ton. There are four counters beyond the stack of
RnRlyzer chambers to measure proton energies
up to about 350 MeV. The trigger consists of a
coincidence between the first thx'ee scintiOators
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FIG. 2. Proton detector and polarization anal' mer

in the proton arm and at least one photon hodo-
scope counter from each plane, together with a
large pulse in the sum of the central nine lead
glass counters. %e also require the absence of
a pulse in the veto counter. Fox' each event we
record the pulse heights in the proton scintilla-
tors and in all eighteen lead glass blocks, up to
four spark coordinates in both the x and y planes
of the w1x'8 spR1k ehRmbel s~ wh1CIl photon Ilodo-
scope counters fired, and time-of-flight informa-
tion. We have recorded a total of 1.2 &10' events
with this apparatus with R tl.lggex x Rte Rs higll Rs
2 events/sec; 1% of the events contain proton
scatters useful for a polarization measurement.

Stopping protons axe easily separated from
pions and electrons using pulse-height and range
information, A cleRn slgnRl fx'OD1 one ox' two
photons is xequired on the photon side. Single
shower m' events are identified using the single
constraint that the proton energy calculated from
angles and the shower energy agrees with the
proton enex gy determined from the range. We
also extract Compton events which must satisfy
three kinematic constraints.

Since we can only measure an asymmetry di-
rectly, and not the polarization, we must rely

on previous analyzing-power measurements of
proton-carbon scatters. The analyzing-power
data we used wexe taken fxom a compilation by
McNeely. ' %8 avoid dilution of the analyzing
power from the tail of the small-angle Coulomb-
scattering peak by introducing a lower cutoff on
the measured angle varying from 4' to 6', de-
pending on the px oton enex gy. Since the scatter-
ing angle is measured with a standard deviation
of 0.8' to 1.6, this cutoff suffices to eliminate
the Coulomb-scattering peak. %e do include
some inelastic pxoton-eaxbon scatters in our
sample because our proton energy measurement
has a resolution of about +8 MeV. This results
in a decrease in the analyzing power that varies
from 0% to 20%. A good measure of the sensiti-
vity of our apparatus to the polarization is the
effective analyzing power, defined by A, ff
= [QA(e, t)'cos~(y)/N] . The sum is over all N
events used in the polarization analysis; A(g, f)
is the analyzing power; q is the azixnuthal angle.
The polarization is inversely proportional to A, ff
and the error is given by (AA, ff) '. For our
experiment A, ff is 0.24 at t =- 0.22 GeV', rises
to 0.45 at t =- 0.45 GeV', and falls again to 0.31
at t =-0.65 GeV'.

The inherent symmetry of the polax'ization ana-
lyzer is the most crucial part of this experiment.
We have taken extensive precautions to avoid in-
troducing any false asymmetries into the data.
Because of the steep angular distribution of the
proton-carbon cx'oss section, a systematic erx'or
in the angle of scattering of I mrad can shift the
measured polarization by O.OI V. The alignment
of the wire chambers was checked carefully
throughout the entire experiment with the help
of unscattered protons. As a result the maximum
systematic shift in the scattering angle is kept
below 1 mrad, Apparent scatters resulting from
displaced sparks are eliminated by requiring that
the sparks before and after the scatter be collin-
ear and that the proton tracks intex sect in the
scattering material. To avoid asymmetries due
to our limited fiducial volume, we construct for
each track that scatters to the right a corre-
sponding track that seattex's to the left, Rnd vice
versa, If either track falls outside the fiducial
volume, the ev'ent is rejected. Of the many pos-
sible asymmetries we have considered there is
only one which is large enough to require an ex-
plicit correction. It is caused by the fact that
the proton does not enter the analyzer perpendi-
cular to its axis. The eox'rection amounts to 4P
= —0.16 in the lowest t bin, and it is negligible
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TABLE I. Definitions of the 8-channel helicity ampli-
tudes for pseudoscalar-meson photoproduction. A&, A&,

and A, &~ are the helicities of the incident photon, initial
proton, and final proton, respectively. The differential
cross section and polarization and asymmetry paraxne-
ters can be vrritten in terms of these amplitudes as fol-
lows: do/dt=lzl'+IEtl'+IE, I'+IDI', s'do/dt=2Im(DE, +

+ EtN*), Adn/dt =2Im(-NE~*+DE2*), Zdo/dt =2 Re(Et
x E2+ -ND*).
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In principle such differences c6uld-arise from
energy dependences in these observibles. The
target asymmetry data were taken viith a brems-
strahlung end-point'energy of 4 GeV whereas our
data extend from 3 to 7 GeV with the average'i*n-
cident photon energy correlated with t as folios:

Z(GeV) = 2.9+ 5.33(- t).
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FIG. 3. Polarization of the recoil proton. Top, y+p
+p; bottom p+ p p+p. Target-asymmetry resolt0

shown for comparison. Note that the difference bebveen
the circles and the crosses can be vrritten in terms of
the m photoproduction amplitudes as follows: 2 Im(N +D)
~ (E&-E,) */(IE&l'+ IE&l'+ I &I'+ IDI').

in the other bins. As a cheek on the performance
of the analyzer, we have made a measurement of
the polarization of the highly inelastic events.
We include inelastic scatters as well as produc-
tion inelastics. The small result of P =0,07+0.05
over the entire t range indicates that there are
no significant asymmetries in our apparatus.

Our results for the recoil-proton polarization
for yp - n p are shown in Fig. 3. The direction
of the positive polarization coincides with the
vector k xq, where k is the incident photon mo-
mentum and j is the m' momentum (Basel con-
vention). We plot only statistical errors, which
dominate systematic effects. Also plotted are
the Daresbury polarized-target asymmetry re-
sults, As discussed below, many Regge-pole
models predict that P, the recoil-proton polari-
zation and A, the target asymmetry, are equal.
The general features of the two sets of data are
the same but there are differences in magnitude
in the low- Itl range and in our high- Itl range.

However, this explanation seems unlikely since
s'do/dt and Z, the polarized-photon asymmetry,
seem to have almost no energy dependence over a
much wider range of energies.

Weaker, model-independence constraints on the
observables also exist. Among these is the re-
striction IP-A I -1—Z, i.e., the difference be-
tween these two sets of data can be no larger
than 1 —Z. Z is almost unity except in the neigh-
borhood of the cross-section dip near t = —0.5
GeV', where Z is about 0.7.

If IP AI- I - Z-in this region as the data now

now imply, then it follows' that the amplitudes
W0 = (E, —E,)/v 2 are close in magnitude and out
of phase by nearly 90 (Table I). This is surpris-
ing since there is no established exchange to
populate the 8', amplitude, Further, cuts arising
from conventional absorption effects should mod-
ify I, and I', equaBy so that 8,' is unaffected by
such coxrections. ' More experiments in this re-
gion axe needed before more definite conclusions
ean be drawn. The difference between I and A.

near t = —0.2 GeV' indicated by the data is incon-
sistent with the experimental values of Z and is
probably due to an undiscovered expeximental
asymmetry in either the Z, A, or P data.

Our Coxnpton result is also shown in Fig. 3.
The result has been corrected for a 15% admix-
ture of m events using our ~ polarization mea-
surement. We observe no significant structure
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in the polarization. The average over our range
of t is 0.12+0.06, where the error includes sta-
tistics only. The polarization gives us a measure
of the ratio 2 Re(E)/Im(N), where F is the nucleon
helicity-flip amplitude and N represents the dif-
fractive part of the amplitude.
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We have measured the differential cross section for small angle p-p scattering from
25 to 200 GeV incident energy and in the momentum transfer range 0.015 & ~t ~&0.080
(GeV/c) . We find that the slope of the forward diffraction peak, b(s), increases with
energy and can be fitted by the form b(s) =bo+ 2+' lns, where bo = 8.3 + 1.3 and a' = 0.28
+0.13 (GeVjc) 2. Such dependence is compatible with the data existing both at hi'gher
and lower energies. We have also obtained the energy dependence of the P-P 'total cross
section in the energy range from 48 to 196 GeV. Within our errors which ar"e-+1.1 mb
the total cross section remains constant.

We have measured the differential cross sec-
tion for p-p elastic scattering at small angles for
incident energies from 25 to 200 GeV, in the mo-

mentum-transfer range from 0.015 to 0.080 (GeV/
c)'. The data have been fitted by the form do/dt
=As ~~'~, and we have determined the coefficient


