
VOLUME 21, NUMBER 21 PHYSICAL REVIEW LETTERS 18 NovEMBER 1968

1900 MeV in our recent work for nucleon-meson
form factors. ' 4 The fact that they are heavier
than the photon regulators is quite reasonable
and, indeed, the regulator magnitudes lend them-
selves to this interpretation.
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V/e have measured the yield of electron-positron pairs from the reaction y+ C 8+
+e + C as a test of the validity of quantum electrodynamics at very small distances.
Our results show that first-order quantum electrodynamics correctly predicts the e+e
pair yield up to an invariant pair mass of 900 MeV/c~.

We have measured the yield of wide-angle elec-
tron-positron pairs produced in the reaction

y+C-e++e +C

in order to test the validity of quantum electro-
dynamics (QED) at small distances. The experi-
ment, performed at the DESY 7.5-GeV electron
synchrotron, involves the use of a symmetric
magnetic spectrometer and counter techniques to
detect the pairs. ' Care was taken to eliminate
sources of systematic error and contributions
from the e+e decay of the vector mesons p, ~,
and p.

The three first-order diagrams contributing to
Reaction (1) are shown in Fig. 1(a). The first
two, the Bethe-Heitler graphs, have been calcu-
lated by Bjorken, Drell, and Frautschi. 2 The
contribution of the third, the Compton graph, was
reduced to (8% by restricting the measurement
to small opening angles. Interference between
the Bethe-Heitler and Compton amplitudes van-

ishes when the electron and positron are observed
symmetrically, as in this experiment. At sym-
metry, if E+ is the energy of the positron and 0

is its production angle, the momentum transfer
t to the virtual electron is given by P =2K+28',
while the momentum transfer q to the recoil nu-
cleus is given by q2=8+'84. The invariant pair
mass is M=& 2t. Under the kinematical condi-
tions of this experiment, M(900 MeV/c' and
(q')'" (90 MeV/c. Because q is small, a heavy-
nucleus target may be used; the yield is propor-
tional to Z2, and nuclear form-factor corrections
to the yield ean be accurately made.

Experimental procedure. —A bremsstrahlung
beam from the DESY 7.5-GeV electron synchro-
tron was incident on a carbon target. Electrons
and positrons were detected in a symmetric
spectrometer shown in Fig. 1(b), which has been
described in detail previously. '~' Briefly, the
apparatus had the following properties essential
to the experiment:
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FIG 2. The ratio R of experiment to theory is shown
for this measurement together with our earlier results.
The normalization uncertainty of =5 Vo is not included,

target, and target-out rates. As discussed ear-
lier, pion contamination was measured to be less
than 1 go, and the contribution of the process
p-e+e to the data was removed.

It has been shown by Kroll' that a breakdown of
@ED consistent with very general requirements
must be of at least fourth power in M. The best
fit of our combined data with A = (experimental
yield/theoretical yield) =A(1 + hf'/A ) is

A =0.94[1y0.01+ (0.3 +1.1)x 10-»M ]

where M is expressed in MeV/c'. The uncertain-
ty in the normalization, estimated to be 5%, is
not included.

This fit, which is consistent with a straight
line of zero slope, yields the constraints on the
cutoff parameter A shown in Table I.

In conclusion, this experiment shows that first-
order QED correctly predicts the e+e pair rate
over a region from 150 to 900 MeV/c' in pair in-
variant mass. It is seen in Table I that this ex-

periment provides the most sensitive test of the
electron propagator in the space-like region to
date.
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