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IT follows from 1Furry's theorem1 that the decay 
of a photon into two photons in vacuum is impossible. 
For decay into a larger number of photons the sta
tistical weight of the final state goes to zero (from 
the laws of conservation of energy and momentum 
it follows that the photons produced in the decay 
must have the same direction of motion as the orig
inal photon). Therefore an interesting question is 
that of the possibility of spontaneous decay of a 
photon in a homogeneous external field into two 
photons. Since such a field cannot be regarded 
as a perturbation, one must use the causal Green's 
function that takes account of its presence. 

Schwinger has shown2 that in the presence of a 
weak constant electromagnetic field the electron 
Green's function (in the system of units h = c = 1) 
is G(x, x') = 41(x, x') S0 (x-x'), where 

X exp e:! -im2s -ES) ' (1) 

CD(x, x') = exp{ie ~,dx~[A~'-(x") + +F~'-v(x"- x')vJ}, 

where O"ik= (i/2)['Yk, Yi], Fik= 8Ak/axi-
8Ai/axk is the tensor of the external field, m is 
the mass of the electron, E > 0, Ya are the Her
mitian Dirac matrices, and {a, b} = ab + ba. The 
function (1) can be used under the condition eF/m2 

« 1, which is obviously always fufilled. 
In the momentum representation the function (1) 

has the form 

c __ 1_ m-p 
S (p) - ('' J• .. 1- " . + Ll.S (p), (2) .:.rt m·- p -1e 

(3) 

where f> = iYaPa· 
Furry's theorem will be valid also in the pres

ence of a constant external field if under the trans
formation of charge conjugation 

'i___,.'i' = -'jT, i.e., as 'r~P---1~~ (4) 

we get the relation S0 (p) = sc' (p) = seT (- p). It 

is easy to show that actually ~S ( p) - ~S' ( p) = 
- ~sT ( - p); that. is, Furry's theorem does not 
apply, and we can consider the decay of a photon 
into two photons in a homogeneous magnetic field. 

The corresponding element of the scattering 
matrix has the form 

A~ ( tt) = (e~·) I ~t) exp (ik(i>xJ, 

where Aa (Xi) is the matrix element for the ab
sorption or emission of the i-th photon with the 
four-momentum k(i) and the polarization vector 
e(i); Wi is the frequency of the i-th photon. 

The calculation of S3 in the momentum repre
sentation leads to the expression 

X H ([k1 xe1]- [k 2xe2]- [k 3xe3]). (6) 

From this it is easy to calculate the total proba
bility of decay of the photon in unit time: 

W' = - 5- (~)3 (___'!_ H x k \2 ___!__ 
3(144rt)' 4rt m' [ 1 ]) "'1 · 

(7) 

In relativistically covariant form and in ordinary 
units Eq. (7) has the form 

(8) 

where f.J-o is the Bohr magneton and a = e2 I 47rlic 
is the fine structure constant. 
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