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When an electron and positron annihilate each other, it might seem that

the result could be a single photon. This can’t happen, as Klauber shows in
his Box 8-1. An alternative derivation follows.

If we consider the electron and positron in the centre of momentum
frame, then they approach each other with the same energy (as they have
the same rest mass) Ee = Ep and equal and opposite momenta pppe = −pppp
where the subscript e is the electron and p is the positron. Thus the total
momentum is zero. To conserve energy, the resulting photon would need to
have energy 2Ee, but to conserve momentum, it would need to have zero
momentum. For a photon the relation between energy and momentum is

E2
k−|kkk|

2 = 0 (1)

so we would need |kkk|2 =E2
k, which contradicts the requirement that |kkk|= 0.

However, if the annihilation gives rise to two photons, then each photon
can have energy Ek = Ee and the two photons can have equal and opposite
momenta, with each momentum having magnitude

|kkk|= Ee (2)

That is, we can have kkk1 = −kkk2 so that 1 is satisfied for each photon indi-
vidually, but the total momentum is still zero.

It is, in theory, possible for there to be more than two photons produced,
but these interactions are extremely rare. Conservation of energy and mo-
mentum must still apply to determine the possible energies and momenta of
the photons produced.
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