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The effect of ‘‘fusion’’ of two photons into one in an external uniform electromagnetic field,
is considered in the Schwinger formulation of quantum electrodynamics. An expression is

derived for the probability of this process.

IN this note we consider the fusion of two photons
into a single photon in the presence of an external
homogeneous electromagnetic field. It is well
known that such a field cannot be considered as a
perturbation, and therefore it is impossible to
treat this problem in the Feynman formulation of
quantum electrodynamics. We shall make use of
Schwinger’s formulation (where the presence of
the external field is taken into account in the elec-
tron Green’s function [1]). Other processes involv-
ing photons in an external field have been con-
sidered in (21 (elastic scattering of the photon) and
in (3 (decay of a photon into two photons).

The S-matrix element describing the fusion of
two photons can be written in the form
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As in the case of elastic scattering of a photon [2],
the fusion amplitude becomes infinite if all the
photons are represented as plane waves. There-
fore one of the incident photons will be represented
as a superposition with different frequencies (this
is always justifiable)
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whereas the second incident photon, as well as the
one resulting from the process will be taken in the
form of plane waves
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In the approximation eF/m? « 1, the momen-
tum representation S (p) of the electron Green’s
function has the form [
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where Fg3 is the field-strength tensor of the ex-

ternal electromagnetic field, {a, b} = ab + ba.

The fusion matrix element can be represented in
the form
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Computations yield the following expression for
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The conservation law k; + ky = kg implies that
the process can occur only if k; 1t ky 1t k;. The
total probability for fusion of two polarized pho-

tons is
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where a =e%/4 and ks = k; + ky. Averaging over
polarizations yields
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For the case k; = kg = k we have
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where n; = ku/w. In a homogeneous electric field
(npFpy)? = E2 sin?0, and in a uniform magnetic
field (nuF,u.v)Z = H? sin29, where 0 is the angle
between k and E (or k and H, respectively).

I am greatly indebted to P. I. Fomin for a dis-
cussion of the problem.
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