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The asymmetry A = (do ~ —do ~~)/(do~ +do ~~) of the differential cross section for the re-
action yd ~ pp has been studied with linearly polarized photons of 3.0 GeV at squared
four-momentum-transfers between 0.16 and 2.0 (GeV/c) . The asymmetry was found to
be positive at tvalu-es below 0.3 (GeV/c), dipping to negative values between 0.4 and
0.6 (GeV/c), and then rising again to positive values above 0.7 (GeV/c) .

Experiments on single p' production from nu-
cleons with unpolarized photons' have shown that
over a large range of energy and momentum
transfer the m /z" cross-section ratio R =dv(yn
-w P)/dv(yP- z'n) is apprecia. bly smaller than
one, indicating a strong interference between the
isovector and isoscalar photon amplitudes. In a
t-channel exchange picture, this implies the in-
terference between exchange amplitudes of oppo-
site G parity. The interference can occur only
between exchanges of the same spin and parity,
for instance between exchange amplitudes of p
(0 =+1) and A, (G= —1), which ha.ve natural spin
and parity, P(-1)J=+1, or between B (6=+1) and
w (G = —1), which have unnatural spin and parity,
P(-1)J= -1.

Experiments with linearly polarized photons
can separate the natural from the unnatural spin
and parity exchanges, since at high energy and
small momentum transfers photons that are lin-
early pola, rized perpendicular (parallel) to the
pion production plane contribute only to the nat-
ural (unnatural) spin and parity exchange mode. '
Data from such experiments provide a stringent
test of various theoretical models for the photo-

production of pions. ' Combined p' and g data,
where available, "permit one to determine the
magnitude of the 6=+I interference term sepa-
rately in each of the spin and parity exchange
modes and may aid in the identification of the
contributing amplitudes. " Previous polarized-
beam experiments on 7t production covered
small -t values up to 0.6 (GeV/c)', this experi-
ment extends the range of four-momentum trans-
fers in z production up to -t = 2.0 (GeV/c)'.

We have studied the reaction yd-v PP with
linearly polarized photons of energy 3.0 GeV at
squared four-momentum-transfers, —t, between
0.15 and 2.0 (GeV/c)'. Coincidence yields were
measured between the pion and one of the recoil
protons using photons polarized both perpendicu-
lar (&) and parallel (~~) to the pion production
plane. From these measurements, differential
cross-section ratios (dv, /dv „) .d, „and
asymmetries A = [(dv dv p)/(dv +dvt', , )] ~y —pp,
were determined.

Electrons of 6.0 GeV from the Cambridge Elec-
tron Accelerator (CEA) incident on a suitably
oriented diamond monocrystal produced a brems-
strahlung beam with the characteristic polarized-
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FIG. 1. (a) Typical photon-yield spectrum, obtained
by subtracting normalized photon yields of two runs
with spike energy E~ =3.10 and 2.85 GeV, respectively,
and (b) corresponding subtracted pion-yield spectrum.

photon spikes. " The orientation of the diamond
was chosen so that the principal spike was pro-
duced for the perpendicular and the parallel po-
larization direction from single equivalent re-
ciprocal lattice points with Miller indices (220)
and (220), respectively. As a result of this sym-
metry, the coherent photon spectra for the two
polarization states have the same shape and de-
gree of polarization (-50%), so that systematic
errors in the cross-section ratios due to differ-
ences in the photon spectra are effectively mini-
mized. For each polarization direction, the en-
ergy of the principal spike, E„was chosen to
lie typically at 3.1 and at 2.85 GeV, respectively.
By subtracting the normalized photon yields from
two runs with the same polarization direction but
different E„we determine the energy of the po-
larized photons producing the pions to within AE
=-250 MeV [see Fig. 1(a)].

The collimated photon beam traversed, in or-
der, a liquid-deuterium target at the pivot point
of the pion-proton detection system, a thin con-
verter in a pair spectrometer used to monitor
the photon spectrum, and a thin ionization cham-
ber, before being absorbed in a gas-filled quan-
tameter.

The pions produced in the deuterium target
were detected and their momentum and production
angle measured using scintillation trigger coun-
ters and wire spark chambers mounted on a mag-

netic spectrometer. ' The recoil proton was de-
tected in coincidence with the pion by a scintilla-
tion-counter telescope. The solid angle subtend-
ed by this telescope at the deuterium target was
large enough to allow for Fermi-momentum and
direction smear in the recoil proton. The other
proton, assumed to be a spectator, was not de-
tected.

For each coincidence between the two detection
arms the energy of the incident photon E was cal-
culated from the measured momentum and angle
of the pion assuming two-body (yn -mp) kinema-
tics. The subtracted normalized pion yields from
two runs with bE, = (3.1-2.85) GeV, but the same
polarization direction, plotted as a function of
E, shows a peak centered around 3.0 GeV with
a full width at half-maximum of typically 350
MeV. This peak [see Fig. 1(b)] corresponds to
the photon subtraction interval of AE, = 250 Me V
smeared by the energy resolution of our detec-
tion system and by the Fermi momentum of the
recoil nucleon.

Single-pion-production events in the subtracted
pion yield spectra were identified with events un-
der this peak, typically between E = 2.9 and 3.1
GeV. We checked for multiple-pion contamina-
tion of our data by varying the width of this in-
terval (up to AE =300 MeV). Within the statis-
tical accuracy of the experiment, no multiple-
pion contamination was found in the cross-sec-
tion ratios.

The calculation of E from the pion's momen-
turn and angle, using two-body kinematics, treats
the undetected nucleon as a spectator particle.
In addition, spectator-model assumptions are
needed if one identifies the ratio measured from
deuterium (do jdv ~~) ~, with the free-neutron
ratio (do~/dv„), . In earlier experiments'
in which measurements of the hydrogen/deuteri-
um z+ ratio, dv(yp-v'n)/der(yd -vr'nn), were
made with unpolarized photons, similar assump-
tions had been tested and found to be valid in the
region of s and I, covered by this experiment. As
a further check of the validity of the spectator
model for calculating asymmetries in this pola-
rized-photon experiment, cross-section ratios
do, /dv

~

have been measured recently by our
group' for the reactions yd- z'nn and yp- z'n at

t = 0.3 and 0.9 (G—eV/c)'. The data support the
validity of the model.

Our results for the asymmetry A are present-
ed in Fig. 2. At t values below—0.6 (GeV/c)',
we observe a steep drop in the asymmetry from
positive values to a minimum at t =-0. 5 (GeV/c)'—
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FIG. 2. Asymmetry for the process yd 71. pp at 3.0
GeV incident photon energy as a function of -t. The
vertical error bars include statistical errors, the un-
certainty in the number of photons in the subtracted
photon-yield spectrum (10Vo), and the error in the de-
gree of photon polarization (5 Vo). Horizontal bars in-
dicate the -t range included in each data point. The
two DESY points are froxn Geweniger et al. of Ref. 5.
The dashed curves are from two different models due
to Korth; the solid curve is the prediction of Fr@yland
and Gordon, Ref. 3.
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in good agreement with the DESY data. At -t val-
ues above 0.6 (GeV/c)', the asymmetry seems to
rise again, though more slowly, and reaches
positive values above 1.2 (GeV/c)'. Thus, natu-
ral parity exchange dominates both at small —t

[&0.2 (GeV/c)'] and at la.rge f[-1.5 (GeV/c)']-,
whereas natural and unnatural parity exchanges
seem to contribute about equally in the interme-
diate -t region. "

A comparison of the results with the vector-
dominance model (VDM) free of the p' —~ inter-
ference term requires asymmetry data on both

and z' production. " This comparison has
been made for t values up to 0—.6 (GeV/c)' by
two groups at the Stanford Linear Accelerator
Center, ""and at DESY." Completion of the
analysis of CKA data on the z' photoproduction'
up to 1.2 (GeV/c)' will permit a further check of
VDM at higher momentum transfers. Deibold
and Poirier, "using the helicity and also the Do-
nohue-Hogaasen frame, find strong disagreement
with VDM for both the asymmetry and the cross-
section sum (dv '+dv, ) at 0.2 and 0.4 (GeV/c)',
but reasonable agreement at 0.6 (GeV/c)'. Guira-
gossi6n and Levy, "using the Donohue-Hogaasen
fra.me, find agreement with VDM at all —t values

for the asymmetry, but their VDM relation on
the cross-section sum shows discrepancies be-
tween the photoproduction and the vector-meson
data.

The Regge model of Frgyland and Gordon' suc-
cessfully fitted the p /p' ratio from unpolarized
photons at 3.4 GeV. It also was successful in
predicting the p /p' ratio at energies up to 16
GeV and the asymmetry A' for z' production with

polarized photons measured at DESY. However,
large discrepancies between the model and our
A data are evident from Fig. 2 in the region be-
tween f= 1.0—and 2.0 (GeV/c)'. Fits based on
other multiparameter models have been attempt-
ed with varying success', see Fig. 2.
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POSSIBLE DIFFICULTY WITH THE "EIKONAL PICTURE" OF HIGH-ENERGY INTERACTIONS*
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We present a heuristic argument suggesting that at high energies the effect of multiple
scattering off the energy shell becomes important for an understanding of the propagation
of one elementary particIe through another.

The physical picture of high-energy scattering
at sma. ll angles as a diffractive effect' pla, ys a
large role in our present understanding of these
processes. Although mathematically this picture
has been related to the eikonal approximation in
potential scattering, there are some physical
differences, having to do with the "adiabatic" or
"closure" concept„which may become important
at high energy. In pa, rticular, when we consider
the propagation of strongly interacting particles
through a dense medium, the following problem
arises. If we know that only interactions occur-
ring along the classical trajectory are important
we can understand that on-shell scattering is
more important than off-shell. If, on the other
hand, we know that on-shell scattering dominates
we can understand (by a stationary-phase argu-
ment) that interactions occurring along the clas-
sical trajectory are the most important ones. '
Of course these two statements together do not

imply that either of the hypotheses (dominance
of the classical trajectory or dominance of on-
shell effects) is true at high energies. A very
simple picture, described below, suggests that
in the "closure approximation" they are both
false.

The picture we use is a descendant of the alge-
braic formulation of multiple scattering intro-
duced by Foldy. ' We isolate three points in the
medium, labeled 1, 2, and 3 in Fig. 1, and a,sk
for the coherent wave incident on point 3, due to
scatterings at 1 and 2, averaged over all positions
of point 2. This averaging represents the "clo-
sure approximation. " We consider first the wave
incident on 2, due to an interaction at point 1.
Now, because point 2 may come very close to
point 1, we should use not only the outgoing part
of the scattered wave, but also the standing wave,
or "near zone" parts, which represent the effects
of (half) off-energy-shell scattering. We repre-
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