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Pd system remained constant at 2 mrad. The
linear momenta of the outgoing particles were
adjusted to achieve longitudinal momentum con-
servation, and the energy residual ~ was then
calculated. This quantity is plotted in Fig. 2(a)
for events satisfying three-momentum conserva-
tion cuts. The rms widths for ~ are 1.9, 2.9,
and 5.3 MeV at 4, 5, and 6 GeV/c, respectively.
These distributions show little or no background,
and the cross sections and angular distributions
were determined without having to make back-
ground corrections.

A correction was made for the limited accep-
tance of the spectrometer by weighting each event

by the reciprocal of the azimuthal interval (rota-
tion about the beam direction) available to events
of that topology. At 4 GeV/c some acceptance
was available at all c.m. angles, while at 5 g.nd

6 GeV/c there was no acceptance for cos9~*
&- 0.6 and + 0.5, respectively.

Other systematic corrections varied little with

angle and beam momentum. These included the
empty-target correction (1 a 1%), accidental veto
and 5-ray losses (12+4%), beam contamination
by muons and electrons (3 to 6%), losses from
kinematic cuts and possible background contam-
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FIG. 2. (a) ~ distributions at each of the three lab
momenta for events satisfying three-momentum conser-
vation cuts. (b) Differential cross sections for 7t- p

pd; scales are shown for both the cosine of the c.m.
angle and for the four-momentum-transfer squared
between g and p. Errors shown do not include the 10%
uncertainty in overall normalization. Open circles,
results of Baglin et al. Q.ef. 5).

ination (0+4%), secondary interactions in the
target and chambers (typically 20+ 4%), and loss-
es due to spark chamber and software inefficiency
(6+ 4%)

The corrected'angular distributions are shown
in Fig. 2(b). The total cross section at 4 GeV/c
was found to be 0.58+0.08 pb with an integrated
cross section at 5 GeV/c of 0.34+0.05 pb for
cos8~*& —0.6 and 0.065+0.014 pb at 6 GeV/c for
cos0&*&+ 0.55. The error limits on the differ-
ential cross sections are statistical only and do
not include the 10% overall normalization uncer-
tainty. These values are consistent with the lim-
its of an early experiment' and are in good agree-
ment with the result at 5 GeV/c of Baglin et al. '
based on fourteen events.

A comparison can be made with the time-re-
versed reaction through detailed balance,

o(~ p-Pd) =3(p~„*/p„-~*)'o(Pd-v p), (2)

where the p*'s refer to the appropriate c.m. mo-
menta. A deuterium bubble-chamber experi-
ment' set an upper limit of 2 pb for Pd —& p at
1.6 GeV/c, a momentum yielding a total c.m. en-
ergy equivalent to that for an incident p of 5.4
GeV/c. At this energy the phase-space factor is
almost canceled by the spin factor of 3, and the
2-p, b upper limit is still considerably above the
value of 0.35 p, b estimated from the data. Data
on Pd-m p annihilation at rest' have been extrap-
olated' to estimate cr(m p-Pd) =0.7 p,b at 5 GeV/c,
in agreement with both our result and that of
Baglin eI al.

The 4-GeV/c angular distribution shown in
Fig. 2(b) is quite consistent with isotropy (y prob-
ability 70%). This is not too surprising since we
are close to the threshold momentum, 3.74 GeV/
g, and high partial waves are suppressed by the
angular-momentum barrier factors. At 5 GeV/c,
a pronounced dip appears in the forward-P region,
suggesting a dominance of net-helicity-flip am-
plitudes. A hint of this dip is present at 4 GeV/c,
while the 6-GeV/e data also show the dip. Agree-
ment with the data of Baglin et al. at 5 GeV/c is
quite good. In the region 1 & —t & 2 GeV', where
we have data at all three momenta, do/dt falls as

"4.3+ 0.7
&lab

Simple exchange models relate the line-re-
versed reactions

dt
—(v p -P'd) = 2 "„—(PP -w'd),
do' P qq do

where the cross sections are taken at the same
center-of -mass energy and momentum transfer.
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FIG. 3. Exchange diagrams for the two line-reversed
reactions.

After one makes the spin and phase-space cor-
rection, the prediction from the pp-m'd data of
Heinz et al. ' at T~ = 2.5 GeV is higher than our
data at 4 GeV/c (same total c.m. energy) by a
factor of 10 for most momentum transfers, but
increasing to a factor of 30 near cos0-*= —1.

The experimental difference between the two
sides of Eg. (3) is due to interference terms be-
tween amplitudes corresponding to exchanges of
opposite signature, as indicated in Fig. 3. If
only neutron exchange (N„) were important, there
would be no interference. Exchange-degenerate
models for N and N have both types of ampli-
tudes, but 90 deg out of phase with one another
in the complex plane, so again no interference
occurs. The more general model of Barger and
Michael' has broken N -N& exchange degeneracy,
but still cannot account for the difference be-
tween the two reactions near t= —0.8 QeV' where
the N amplitude has a wrong-signature nonsense

'y

zero.
In a similar experiment with a deuterium tar-

get, we find upper limits on the total cross sec-
tion for the reaction z d-Pt (t for tritium) of

0.07 and 0.12 tjb (90% confidence level) at 3 and
4 GeV/c, respectively. Isotropy was assumed in
determining these limits (threshold, 2.82 GeV/c).
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ERRATUM

ASYMMETRIES IN CHARGED PION PHOTOPRO-
DUCTION ON NUCLEONS BY 16-GeV POLAR-
IZED PHOTONS. D. J. Sherden, R. H. Siemann,
and C. K. Sinclair [Phys. Rev. Lett. 30, 1230
(1973)].

The word "polarization" was omitted from the
third sentence of the sixth paragraph. It should
read, "The beam polarization was found ~ ~ ~ ."

In addition, Ref. 10 should be D. I. Julius, Nucl.
Phys. B40, 409 (1972).


