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We have measured the cross section for electron-positron elastic scattering at 4 GeV
center-of-mass energy for scattering angles between 50' and 180'. We have calculated
the theoretical (quantum-electrodynamics) cross section including a radiative correction
calculated using the peaking approximation, The ratio of the experimental and theoreti-
cal cross sections is 0.88 +0.10. We therefore obtain new bounds on the quantum-elec-
trodynamics breakdown parameters, A+ & 12 GeV and A & 6 GeV.

We have used the electron-positron colliding-
beam facility at the Cambridge Electron Accel-
erator (CEA) to measure Bhabha scattering
(e'e -e'e ) at an energy of 4 GeV and angles
50'& 0&130', both in the center-of-mass system.
The charge of the final-state particles was not
determined.

The process occurs both by the annihilation
amplitude with timelike four-momentum transfer
[q2 =4Es = 16(GeV/c)2] and by the scattering am-
pl. itude with spacelike four-momentum transfer
(q'= —4E'sin'8/2) whose average value was —5.3
(GeV/c)'. The spacelike diagram dominates the
process.

2-GeV electron and positron beams collided
head-on in a straight section of a bypass' to the
main synchrotron. These beams were strongly
focused by a "low beta" section to increase the
probability of collision. The average current in
each beam was typically 3 mA, the peak luminos-
ity (defined as the counting rate divided by the
cross section) was 3 & 10" cm ' sec ' and the
time-integrated luminosity was (1.06+0.10) && 10s'
cm

The measurement of luminosity was based on
the event rate from the double bremsstrahlung
reaction e'e -e'e yy. This process is domi-
nated by low momentum transfers, where the va-
lidity of quantum electrodynamics has been ver-
ified.

The bremsstrahlung y rays in a small angular
region around the incident electron and positron
beams (8= 0' and 180') were measured by lead-
scintillator sandwich counters placed outside the
charged-particle trajectories. These counters
had been tested, calibrated, and used in an ex-
periment at the CEA.

Random coincidences were subtracted contin-
uously from true coincidences using the differ-
ence in arrival time for pulses from each counter.
The threshold energy 0;„for y-ray detection
was obtained by comparing the measured pulse-
height distribution from gas bremsstrahlung with
the theoretical distribution into which the experi-
mentally determined resolution had been folded.
The theoretical ' double bremsstrahlung calcu-
lation included the geometric counter acceptance
determined by carefully surveyed limiting aper-
tures. Approximately half the experiment was
complete before it was realized that uncertainty
in the measurement of the luminosity mould be
reduced by raising the value of k;„. The correc-
tions to the luminosity measurement of the first
half of the experiment are detailed in Table I.

The electron-positron pair were detected in a
nonmagnetic scintillation-counter -magnetostr ic-
tive wire spark-chamber assembly' (bypass on-
line detector) as drawn in Fig. 1. This consisted
of four quadrants. In each quadrant the first six
spark-chamber gaps define the particle trajec-
tor ies; the next six gaps are interleaved with
lead which creates a shower. Counters in the
shower region were used to trigger the apparatus
as well as to measure the energy of the shower.
The detector is sensitive to center-of-mass scat-
tering angles from 45 to 135 with total coverage
of 27t sr. Cosmic rays were rejected by time of
flight between the outer scintillators.

Electron-positron elastic scattering events
were identified by the following criteria: (1) The
particle trajectories intersect in the interaction
region (9.5 cm long, 2 cm high and wide) which
is small because of the high (475 MHz) rf fre-
quency and strong magnetic focusing. (2) Each
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TABLE I. Results, counts, cross sections, and correction factors (correction factors
multiplicative; errors in percent).
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particle produces a large pulse in the shower
counter system. (8) The angle in space between
the two tracks is less than 15'.

Figure l(a) shows a typical e'e -e'e event
satisfying these three criteria. The view is a
projection perpendicular to the beam line. Fig-
ure l(b) shows superimposed projected views
at 75 and 105' to the beam direction which were
used for three-dimensional reconstruction of
tracks and for resolution of multitrack ambigu-
ities.

260 events with scattering angles between 50'
and 130' were accepted for data analysis. This
angular region, somewhat smaller than the geo-
metric acceptance, was chosen to ensure )99%
detection efficiency for electrons and positrons.
Corrections and experimental cross sections
are listed in the table.

Because neither cosmic rays nor electron-gas

scattering events give tracks whose intersection
point bunches in the interaction region, their con-
tribution is easily estimated. A search was also
made for electron-gas scattering by operation
with both e and e' single beams at higher inten-
sity and with a high gas pressure. No events
were found in single beam runs with a product of
current and gas pressure equal to 50/o of the
running with luminosity.

The theoretical cross section was corrected
for radiative effects according to a formula of
Tavernier7 as used also in the similar work at
Orsay and Frascati. " This calculation" uses
the "peaking approximation, "which predicts that
the azimuthal angle between the scattered par-
ticles differs from 180' by Ay =0. In fact we
find that (94.8 + 1.4)/o of the tracks have Ap (5'
[with criterion (3) above not app1ied].

This is in qualitative agreement with similar
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FIG. 1. Layout of the bypass on-line detector, showing a typical event.

data from Frascati, ' and we consider the clear
clustering of events around hy = 0 as evidence
that the peaking approximation is adequate to cor-
rect the total cross section. A more complete

calculation is being made by Berends et al."
When the measured cross section is compared

to the cross section calculated from quantum
electrodynamics, including the radiative correc-
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F&G. 2. Experimental angular distribution of Bhabha scattering events compared with the normalized prediction
of @ED.
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tion as noted above, we find

o,.p,/o, p...= o.88 + o. 1o.

We do not, therefore, see a significant devia-
tion from quantum electrodynamics (QED). One
way of determining the significance of this result
is to assign any possible deviation from QED to
a heavy photon of mass A with either a positive
(A, ) or negative metric (A ). This model leads
to a modification of the photon propagator by a
factor of F(q') = 1+q'/(q' —A, '), where q' is the
square of the four-momentum of the virtual pho-
ton.

With 95%%uo confidence we find A, & 12 GeV, A

)4.5 GeV. If A'»4E' (=q'), we find E(q2) =1 wq'/
A, ' which is the conventional parametrization.
Then we find 1/A, '= —0.011 +0.009 and with 95%
confidence A, &12 GeV, A &6 GeV. We note that
modifications of QED by factors of this type and
magnitude will not affect the theoretical cross
section for the monitoring reaction.

The previous best verifications of the validity
of quantum electrodynamics at large momentum
transfers come from similar haeasurements at
Frascati. ' ' These authors find A, &3.9 GeV, and

& 5.4 GeV.
We have also investigated the angular distribu-

tion in this reaction. For each event the angle 6

was obtained by averaging the two values mea-
sured for the individual electron and positron
tracks. The experimental distribution is shown
in Fig. 2 where it is compared with the QED pre-
dictions modified to take into account the geomet-
ric acceptance and radiative corrections. " The
theoretical curve is normalized to give the best
fit to the data. We find a y' = 18.6, with nineteen
degrees of freedom, corresponding to a proba-
bility of 50%.
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