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It is shown that the virtual proton Compton contribution on the wide angle bremsstrahlung may change
appreciably the QED predictions, when the intermediate lepton is far off its mass shell. We encourage
polarization measurements as providing a new source of information about virtual proton Compton

effect.

There are many very important experiments
(photoproduction of large-angle pairs, wide angle
bremsstrahlung, pion electro-production, etc.)
in which contributions arise from the virtual
proton Compton amplitude. Fig. 1 shows this for
the particular case of wide angle bremsstrahlung,
Due to the well known difficulties of explicitly eva-
luating this amplitude, its precise effect on the
above experiments is not yet well understood;
this has introduced appreciable uncertainties into
their interpretation.

We have studied the virtual proton Compton
effect by approximating the blob of fig. 1 by the
contributions of a single virtual proton and a
3-3 resonance. The purpose of the present letter
is a) to give explicite results on the contribution
of the virtual proton Compton amplitude to the
wide angle bremsstrahlung and to show that its
importance depends strongly on the kinematical
configuration of the experiment and may change
appreciably the results expected from pure QED,
at critical points at which the intermediate elec-
tron or muon is far off its mass shell and b) to
suggest that the study of polarization phenomena
in the above mentioned experiments provides us
with a new source of information and helps us to
gain a better understanding of the virtual proton
Compton effects.

Our calculations have been carried out as
follows: adopting the particle labels indicated in
fig. 1, where ¢ is the polarization four-vector of
the real photon, we write the amplitude of the
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Fig. 1. Diagram for virtual proton Compton contribution
to the wide-angle bremsstrahlung cross sections.

diagram of fig. 1 as
F =77(p4) €l M“VEVu(pz) > (1)

where the index v refers to the real photon,
_ 1
el = eﬁ“(l%)?’“u(pl) s (2)

and M,y denotes the virtual proton Compton am-
plitude. For M, v we have chosen the expression
given in ref. 1, written in terms of twelve mani-
festly gauge invariant amplitudes f; (i =
=1,....,12).

The contribution of the single nucleon inter-
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high momentum transfer. Instead the exponential
form factor gives more reasonable results con-
firming the different behaviour of the yNN* and
¥NN form factors, as has been observed previous-
ly in the analysis of electroproduction of pions [8].
A measurement in coincidence of the wide angle
bremsstrahlung in the kinematical configuration
of fig. 2b for example, in which the B.H. contribu-
tion is negligible by comparison to the virtual
proton Compton term, may confirm more clearly
the above conclusion.

In addition we have evaluated explicitly what
to expect in future experiments on wide angle
bremsstrahlung involving polarized proton targets
or measurements of the polarization of the recoil
proton.

Let us define the quantity

R - dO‘(T) - do‘(i)
do(t) + do(}) ’

where do(1,]) is the differential cross section of
wide angle bremsstrahlung in the laboratory frame
with the two possible target spin states along §.

In figs. 3a and 3b, R is plotted as a function of
u1 when § is perpendicular to the momentum of
the incoming beam and the rest of the kinematics
is as in figs. 2a and 2b respectively.

As we see from these figures, large polariza-
tion effects arise, which are due to the electro-
excitation of the recoil proton into the 3-3 res-
onance. In fact is easy to see that only the virtual
proton Compton amplitude and its interference
with the Bethe-Heitler term do contribute to the
difference [do(}) - do(|)]. We observe again that
in the large momentum transfer region, R is
strongly dependent on G(?fz) and a measurement
of R can provide information about this form fac-
tor as well as the imaginary part of the virtual
proton Compton amplitude. We found similar re-
sults when the initial protons are unpolarized but
the polarization at the final recoil protons is ob-
served.

In experimentes in which et and e” are avail-
able, also the interference between Bethe-Heitler
and virtual proton Compton amplitude is avoided
in the difference [do(}) - do(}), provided that the
polarization of the target remains the same. Thus
the wide angle bremsstrahlung experiments with
polarized targets or in which the polarization of
the recoil protons is measured, provide us a
good source of information about virtual proton
Compton amplitude.

This aim can be better achieved in the large-
angle pair photo-production experiments, if simi-
lar polarization measurements are madef. In
this case, in a symmetrical arrangement where
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charges and polarization, of the final leptons are
not observed, the difference [do(1) - do(})] depends
only on the virtual proton Compton amplitude.

We hope that such experiments can be realized
in near future. They would give supplementary
information about the behaviour of the yNN*
form factor at high momentum transfers, and
provide a valuable insight into the virtual proton
Compton effect.

Particularly, a clarification of the importance
of the virtual proton Compton term to the large-
angle pair production experiments would be val-
uable, because in many current theoretical inter-
pretations of these measurements, the contribu-
tion of the nucleon isobars has been considered,
in poorly justified approximations, negligibly
small [12].

The details of our calculations will be pub-
lished elswhere.
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¥ Measurements involving large-angle asymmetrical
electron-positron pair production to yield information
on virtual proton Compton amplitude have already
been performed by Asbury et al. [11].
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