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The cross section for photoproduction of ~ mesons was measured at a photon energy
of 3 GeV and squared four-momentum transfer (t) of —0.1 to -1.2 (GeV jc)2 using plane-
polarized photons. The asymmetry was found to be consistent with +1.0 for t values
above -0.4 and below -1.1. For -0.4-t —-1.0 there is a dip in the asymmetry and at t
=-0.6 it drops to 0.55 +0.15. This result precludes a simple Regge model with cu and J3;
a theoretical description requires Regge cuts or an ~' exchange.

The methods of obtaining polarized photons by
electrons impinging on a suitably oriented crys-
tal are described in the literature. "We used a
diamond crystal mounted on a goniometer in the
doughnut of the Cambridge Electron Accelerator.
When struck by a circulating beam of 6-GeV
electrons, a suitable crystal orientation produc-
es a "spike" of photons at 3 GeV above the nor-
mal bremsstrahlung spectrum; a photon polar-
i2;ation (N;N~~)/(N, +N~~) of ~0.6 is obtained in
the spike region.

The reaction

y+p-s +p

is measured by detecting the protons (angle and
momentum) in a magnetic spectrometer' and
each of the two y rays in two lead-glass hodo-
scopes (energy and angle). ' Since the kinematics
are overdetermined we can check that the event
corresponds to Reaction (1). Between s' runs we
measured the photon spectrum from the crystal
by means of a. 30 (15x2)-counter electron-posi-
tron pair spectrometer; the coincidence rates
are converted to visually displayed spectra with
an on-line computer. Runs were also taken with
an amorphous electron target to give an unpolar-
ized photon beam. The experimental layout is
shown in Fig. 1.

The coherent crystal bremsstrahlung spectrum
depends critically on the angle between bombard-
ing electrons and the crystal axis. Since there

may be an indeterminate angular spread in the
electron beam we assumed such a smear in an-
gle plus a central angle to give computed spectra
to fit the measured spectra. The theory then
gave us computed photon polarizations as a func-
tion of photon energy. From these spectra and
the tluantameter reading' dv~/dt and dv~~t/dt could
be computed. We checked this procedure by see-
ing that dv/dt = a(dv~~/dt+dv /dt), where dv/dt
was measured from the runs with unpolarized
photons. From these cross sections the asym-
metry parameter n is calculated:

(dv, +dv

The results for our runs are shown in Fig. 2.
This parameter is an average over cross sec-
tions taken at a photon energy of 3.0~ 0.2 GeV.
The errors shown are statistical; systematic
errors in efficiency cancel in this ratio. A sys-
tematic error in n due to inaccurate measure-
ment of the photon spectrum from run to run
should be less than+0. 1 in n.

We made a further check of our polarization
calculations by measuring the coherent photopro-
duction of p' from lead:

y + Pb nucleus -p'+ Pb nucleus

L. „-.
A charged-particle telescope was placed at 14'
with respect to the photon beam and the spec-
trometer was set for a ~ coming off at 14 on
the other side. This setup is then sensitive to

540



VOLUME 2$, NUMBER 10 PHYSICAL REVIEW LETTERS 8 SEPTEMBER 1969

PROT

WSC

PAIR
SPECTROMETER% A

QUANTAMETER

GAMMA

HOOOSCOPES
I li I I T

24 counters each

LECTRO

JAG

WSC =— Wire Spark
Chamber

o COLL I MATOR

ONO

F&G, 1. Schematized layout of this experiment showing diamond crystal, proton spectrometer, gamma-ray hodo-
scopes, and the pair spectrometer. ~~C denotes wire spark chambers.
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FIG. 2. A plot of polarization asymmetry e (see text)
versus t for 7t photoproduction at a photon bombard-
ing energy of 3.0~0.3 GeV. Also shown are theoreti-
cal models with ~ and B exchange (solid line) tJ. P.
Ader, M. Capdeville, and P. Salin, Nucl. Phys. B3,
407 (1967)] and cue cut exchange (dotted line) IJ. Ere(y-
land, Nucl. Phys. Bll, 204 (1969)J.

p" s produced coherently near 0' by (3.0+0.3)-
GeV photons. Parity conservation dictates that
the n'n. decay along the p' "electric field" vec-
tor which is aligned with the photon field vector.
We assume that the 7t'n counts observed come
predominantly from coherent production. We ob-
tained n =-0.92+ 0.19 which is in agreement with
the theoretical number, n =-1.0.

Initial attempts to explain m' photoproduction
relied on co'-exchange Regge-pole models. '
These predict n =+1.0 by virtue of the J parity
of the vc (or pc)' and this is in general agree-
ment with experiment. However, the dip in cross
section at -t —=0.6 GeV jc' was explained by the
e (or p) trajectory going through an a = 0 non-
sense pole and thereby vanishing. However an
additional contribution was required because the
cross section did not go to zero. At this point
the B meson was used, and since it alone con-
tributes, the asymmetry (n) should go to —1.0.
This is clearly not the case from our results.
The general panacea for these problems (i.e.,
cuts) has now been brought in with the expected
improved agreement shown in Fig. 2.

An apparent disagreement with vector domi-
nance exists between n' polarized photoproduc-
tion experiments and p production experiments. '
The nub of the disagreement rests on the larger
da & for photoproduction compared with do for
p" s produced in the equivalent polarization state.
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A similar comparison can be made with m' photo-
production from protons and neutrons. But given
only m'P without w'n data one must make assump-
tions about the interference of the isoscalar and

isovector photon amplitudes. We have attempted
such a comparison with our data; the results are
inconclusive. However the large ~ asymmetry
(n —= 1.0) and thereby the large do~ for v' photo-
production suggest similar difficulties for the
vector- dominance model.
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Neutron-proton charge-exchange differential cross sections for incident-neutron mo-
menta between 600 and 2000 MeV/c show a sharp change in the slope of do/dt vs —u in
the vicinity of -u = 0.01 (GeV/c) . Near the one-pion threshold the slope at u =0 shows a
maximum which reaches a value of order 100 (GeV/c) 2. Also presented, as a function
of 8, is the intercept at u = 0 which shows a pronounced deviation from smoothness in the
region above the inelastic threshold.

Differential cross sections for neutron-proton
charge exchange,

BP PPl,

have been measured for incident-neutron momen-
ta between 600 and 2000 MeV/c. The data near
u = 0 ' presented here are a portion of a larger
work" and exhibit several significant features
of nucleon-nucleon scattering. They show a
sharp change in the slope of do/dt vs —u =0.01
(GeV/c)'. The slope of do/dt at u =0, as a func-
tion of s, shows a maximum in the region near
the one-pion threshold. Also presented is dv/dt
at u =0 as a function of s using the absolute nor-
malization determined during the experiment.
Pur points between 750 and 1250 MeV/c show a

pronounced departure from a smooth curve join-
ing data at lower and higher momenta.

The experiment was performed at the 3-GeV
Princeton-Pennsylvania Accelerator using neu-
trons produced at 34' with respect to the internal
proton beam. The incident-neutron momentum
was determined by measuring the time of flight
over a 108-ft flight path. The technique used the
rf structure of the beam spill and had a resolu-
tion better than 2 nsec. ' The neutrons were scat-
tered in a, thin-walled liquid-hydrogen target, and
the recoil protons were detected in a wire-spark-
chamber magnetic spectrometer. The complete
data set, including laboratory angles up to 60',
contains over 500000 elastic events.

The spectrometer consisted of four mire-cham-


