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The use of a "peripheral collision model" by
Drell' in an investigation of the photoproduction
of high-energy pions predicts a substantial en-
hancement of the differential cross section in
the forward angular cone 8„,Zmz/&u. A check
on the validity of this "pole analysis" is of some
interest theoretically, as is the practical ap-
plication of its predictions in the production of
eollimated high-energy secondary beams by
electron machines. Measurements' per formed
at a photon energy of 1.23 BeV agree qualitatively
with the Drell model, although the absolute cross
sections are, in general, considerably higher
than those predicted on the basis that the pole
term is the sole contributor. It is anticipated
that at higher energies the pole term would
more completely dominate the cross section for
forward angles. ' This Letter reports on some
preliminary results from measurements per-
formed on the photoproduction of positive and
negative pions on carbon using the nominally
3-, 4-, and 5-BeV bremsstrahlung beams from
the Cambridge Electron Accelerator.

The process studied ean be represented in
Drell's' notation as

y+ C —v++ (n),

where n+ is the single pion detected, and (n) de-
notes all possible final states of two or more
particles. Considering only the contribution
from the one-pion exchange amplitude, the dif-
ferential cross section for the photoproduction
of charged pions with an energy ~ -k at forward
angles 8 along with all final states (n) is given by
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ward peaking of the angular distribution, which
is given by 8'/[1+8 (mz/&u) ']', and the strongly
peaked energy dependence produced by the 3-3
resonance in the n-carbon cross section.

Measurements are reported here for a labora-
tory production angle of 2.70~0'0, deg. The mean
solid angle was 1.63 x10 ~ steradian. Brems-
strahlung beams with maximum energies of 2.91,
3.88, and 4. 85 BeV were used, and the labora-
tory momenta selected for the photoproduced pi-
ons and positrons ranged from 1.22 to 2. 60 BeV/
e. Positrons at each chosen momentum were
measured simultaneously with the charged pions.

A momentum and velocity analysis system,
consisting of magnets, a differential gas Cheren-
kov counter, and scintillation counters, was used
to identify unambiguously electrons, muons, and
pions. Figure 1 illustrates the response of the
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o„~ C(k —u ) is the experimentally determined
charged ~-carbon total cross section evaluated
at an energy of (k —~). lts use here assumes
that the pion-nucleon vertex ean be treated by
considering that the intermediate pion is on the
mass shell. Both this approximation and the
emphasis on one-pion exchange will be favored
by small four-momentum transfers at the nu-
clear vertex, and best agreement with experi-
ment is expected under these conditions. Other
characteristics of this process are the sharp for-
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FIG. 1. Representative Cherenkov counter pressure
curves for positive pions and positrons. Data points
for &~=2.60 and 1.62 BeV/c are omitted for clarity.
Maximum energy of the bremsstrahlung spectrum was
2.91 BeV.
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Cherenkov counter to positrons and pions of vari-
ous momenta selected by the magnet and scintilla-
tion counter system. Target-independent back-
grounds have been subtracted. For pions they
were never greater than 2)o, and for positrons
approximately 10%. These data were corrected
for target-dependent backgrounds, loss of pions
because of decay in flight, absorption by compo-
nents in the counter system, and secondary in-
scattering effects. The photon beam was inte-
grated by a Quantameter whose absolute calibra-
tion is presently known to 10+. Reproducibility
was checked several times during the data-taking
period.

The data for positive pion production are sum-
marized in Figs. 2(a) and 2(b). The error bars
represent statistical counting errors only. The
theoretically expected rates were calculated by
integrating the Drell equation for pions [Eq. (2)]
over the Schiff bremsstrahlung distribution. '
Pion-carbon total cross-section data used in

Eq. (2) were obtained from the literature to 1.4

0.5—

(a)

BeV,~ and calculated from pion-nucleon cross-
section data above this energy. ' The dashed line
in Fig. 2(a) shows the results of this integration
for a maximum photon energy of 2. 91 BeV.

The relative behavior of the measured cross
sections as a function of the pion momentum
agrees reasonably well with the prediction of
Eq. (2). Absolute normalization of the data is
presently uncertain because of incomplete infor-
mation on the bremsstrahlung spectrum used.
Other systematic errors are presently estimated
to be approximately 15$. If the Schiff distribu-
tion is assumed, these preliminary data indicate
that the experimental cross sections are larger
by a factor of 1.2 to 2. 5 than those calculated by
assuming that the pole term is the sole contrib-
utor to the cross section at forward angles.
Agreement is best for pion momenta approaching
the maximum energy of the bremsstrahlung spec-
trum. In Fig. 2(b), the deviations from the ex-
pected theoretical rates have been plotted as a
function of the average four-momentum transfer
after a "synchrotron subtraction" for the 3.88-
and 2.91-8eV data, suitably normalized, had
been performed to limit the range of the four-
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FIG. 2. (a) Experimental pion cross sections at a laboratory production angle of 2. 70 &
~5 deg and maximum

bremsstrahlung photon energies of 2. 91, 3.88, and 4. 85 BeV. The theoretical curve for kmax=2. 91 BeV was
obtained by integrating Eq. (2) over a Schiff (see reference 3) bremsstrahlung distribution. (b) Measured devi-
ations from the predictions of the integrated Drell equation as a function of the four-momentum transfer, after
a synchrotron subtraction had been performed for the kmax= 3.88- and 2.91-BeV data.
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the data presented in Fig. 2 seem to indicate that
a major contribution to the cross section for the
forward production of pions with energies close
to the photon energy can be understood in terms
of the peripheral model, and the pion production
rates at forward angles can be predicted by this
model to within a, factor of two. A detailed com-
parison with the theory will require further meas-
urements, especially at small angles of produc-
tion, and also further analysis to determine the
absolute normalization with higher precision.

%'e wish to thank Professor Stanley Livingston
and Professor Curry Street, and the Cambridge
Electron Accelerator operations and technical
staff for their hospitality, technical assistance,
and cooperation in the preparation and perform-
ance of this experiment.

FIG. 3. Deviations from theoretical predictions for
positron production (calculated as outlined in text) plot-
ted as a function of three-momentum transfer.

momentum transfers. Agreement with theory
is approached for small momentum transfers as
would be expected from the initial assumptions
of the calculations. The negative pion production
data that were obtained show that the yields for
negative and positive pions are essentially equal
within the accuracy of the experiment.

The positron production rates may be used as
a check on the normalization of the pion data by
assuming that the cross section for pair produc-
tion is given by the Bethe-Heitler equation. Fig-
ure 3 summarizes the positron data. The devia-
tions from the theoretically predicted rates' are
plotted as a function of the three-momentum
transfer to the nucleus. Not included in this
comparison are the contributions from elastic
and inelastic secondary in-scattering in the tar-
get of the large number of small-angle produced
positrons, and the contributions from multiple
in-scattering. Also to be considered are the un-
certainties in the treatment of the form factor,
and the possible contributions from diagrams
other than Bethe-Heitler. The net effect of these
contributions would decrease the ratio plotted in
Fig. 3. Although these corrections can only be
estimated at present, it appears from the posi-
tron data that the error in the absolute normali-
zation is probably not greater than 25@. Hence
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