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mesons via the u channel.
E. A. Paschos, private communication. Paschos has

analyzed our results in terms of 6-trajectory exchange
and obtained good agreement with theory.
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Measurements of the ratio (R) of positron-proton and electron-proton elastic-scatter-
ing cress sections have been made, with the square of the four-momentum transfer (q2)

equal to 0.20, 0.69, 0.73, 1.54, 2.44, 3.27, 3.79, and 5.00 (OeV/e) . The measure-
ments, after radiative corrections, are consistent with R =1, with standard errors
ranging from +0.016 to +0.123. The results give limits for the size of the two-photon
effects.

Electron elastic-scattering experiments to date
have been interpreted using the Rosenbluth for-
mula based on the single-photon-exchange model.
A measurement of R is a test of this model be-
cause a deviation of R from 1 is an indication of
the size of the real part of the two-photon-ex-
change amplitude. ' Because the interference be-
tween the single-photon amplitude and the two-
photon amplitude occurs with opposite sign for
electrons and positrons, one may write R = 1+4
xReB/A, where ReB/A is the ratio of the real
part of the two-photon amplitude (ReB) to the sin-
gle-photon amplitude (A). Earlier measurements
of R by other experimenters' for the most part
gave R = 1. Past theoretical estimates'~' either
make no definite prediction as to the size of
)R-1), or predict it to be 0.02. A summary of
previous investigations of R has recently been
given by Pine. '

Results. —The ratio R was measured for the
laboratory scattering-angle regions 12.5 ~ 8( 35.0' and 2.6' & 8 ~ 15.0 with incident electron
(and positron) energies of 4.0 and 10.0 GeV, re-
spectively. The high-p' data extend to higher p'
than earlier experiments, and the moderate-q'
data include measurements at smaller angles
than previously explored.

The results are displayed in Table I, and a
comparison with previous measurements is giv-

en in Fig. 1. In the table, R is the corrected ex-
perimental ratio with its uncertainty. The uncer-
tainty in R is the square root of the sum of the
squares of the statistical uncertainty and the es-
timated uncertainty due to systematic errors,
both of which are given in the table. The system-
atic error is dominated by the beam monitor un-
certainty.

The difference in radiative corrections for e+
and e scattering was calculated using the re-
sults of Meister and Yennie, ' with exponentation.
The column labeled "Rad Corr" is the net cor-
rection to R from radiative effects. No uncer-
tainty is assigned to the radiative corrections.
The column labeled "ReB/A" in the table gives
the 95% confidence limits for the quantity ReB/A
defined earlier.

As can be seen in the table, all the elastic da-
ta are consistent with R =1. This result is in
agreement with estimates by Drell, Ruderman,
and others, ' and supports the one-photon approxi-
mation over an enlarged kinematical region.

The inelastic measurements in the table, la-
beled "N*(1238)," give R for all scattered events
in which the missing mass of the final-state par-
ticles other than the recoiling electron lay be-
tween 1110and 1370 MeV. About 70% of the
cross section leads to N*(1238) production. The
remainder of the scattering in this region can be
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Table I. The final radiatively corrected ratios (R) of this experiment are shown together
with the statistical and systematic errors. The ratios of the real part of the two-photon am-
plitude (Re&) to the single-photon amplitude Q) are included.
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FIG. 1. The ratios R (from Ref. 2) of positron-pro-
ton to electron-proton elastic-scattering cross sec-
tions are shown plotted against four-momentum trans-
fer squared {q }. The new results from this experi-
ment are shown as solid points.

attributed to nonresonant pion production and to
the radiative tail for elastic scattering. No radi-
ative corrections were made to these cross sec-
tions. For these data R is again consistent with
1.

Experimental method. —The positron and elec-
tron beams were made by passing an electron
beam, with energy about 5.5 GeV, into a 2.2-in. -
thick water-cooled copper radiator positioned
one-third of the way along the Stanford Linear
Accelerator Center (SLAC) accelerator. The
low-energy electrons or positrons emerging
from this radiator were accelerated to form the
beams for the experiment. ' In this way for each
data point the positron and electron beams were
similar with regard to transverse phase space,
energy spectrum, and intensity. This technique
was important in minimizing the effects of possi-
ble systematic errors.

The full energy spread of the beams varied
from 0.5 to 1.0%. To increase intensity, the
1.0% width was used for most of the data. The
average intensity varied from 6x10e e~/sec to
4 x 10"e+/sec. The incident beam direction was
maintained to better than +0.1 mrad.

The beam charge was measured with a toroid
current transformer' and a Faraday cup. ' Two
thin-foil secondary-emission monitors were al-
so used. The ratio of positron to electron charge
measured by the toroid differed from the ratio
measured by the Faraday cup by up to 1.5%.
Comparisons with the secondary-emission moni-
tors indicated that the Faraday cup was more
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likely to be in error than was the toroid. Vari-
ous arguments tend to support this conclusion,
but the discrepancy is not fully understood. As a
consequence, the toroid was used as the stan-
dard for determining beam charge and a system-
atic error in R equal to the observed disagree-
ment between Faraday cup and toroid was as-
signed for each datum point.

The SLAC 8-GeV/c magnetic spectrometer
was used to analyze particles scattered from a
27-cm-diam vertical cylinder of liquid hydrogen.
For the small angles (2.6' and 5.0'), the SLAC
20-GeV/c spectrometer was used with a 7-cm-
diam target. The solid-angle acceptances into
these systems were approximately 0.8 and 0.06
msr, respectively.

The detection systems of both the 8-GeV/c
spectrometer" and the 20-Ge V/c spectrometer"
have been described in earlier papers. Both sys-
tems contained momentum (p) and angle (8) scin-
tillation-counter hodoscopes and a lead-Lucite
total-absorption shower counter for m-e discrim-
ination. The energy loss (dE/dX) in a counter
positioned after 0.5 radiation lengths of lead was
also used to improve m-e discrimination for the
data at 35'. Pion contamination was reduced to
less than 1% by requiring the pulse heights in
the shower and dE/dX counters to be greater
than certain minima.

R was determined from the number of counts
in a standard area in the background-subtracted
P-8 hodoscope plane which contained the elastic
peak. The background subtractions were approx-
imately 2% and had negligible effects upon the
values of R. Corrections were made for small
variations in incident energy and scattering an-
gle as well as for electronic and computer loss-
es.
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