FOUR-MOMENTUM CONSERVATION IN THE
ELECTRON-PHOTON COLLISION

Link to: physicspages home page.

To leave a comment or report an error, please use the auxiliary blog and
include the title or URL of this post in your comment.

Post date: 22 June 2021.

We consider a photon colliding with a stationary electron (in the lab
frame) and producing an extra electron-positron pair (so we have 2 elec-
trons and a positron after the collision; the photon gets absorbed so it dis-
appears). What is the minimum energy of the incoming photon (in the lab
frame) to achieve this?

First, we can look at the problem in the centre of momentum (COM)
frame. There, the electron travels at some speed v (the photon, of course,
travels at v = 1) and after the collision all 3 particles are at rest. From
conservation of momentum we must have

(Pe+py)° =—(3m) (1)

where p, is the momentum of the electron and p- is the momentum of the
photon before the collision, and m is the mass of an electron or positron.
Multiplying this out, we get

P +15+2pe Py = —m” —0+2p, - p, 2)
= —9m? 3)
Pe Py = —4m? 4)

Since the scalar product on the LHS is invariant, it must also be true in the
lab frame. There, p;, = [m, 0] since the electron is at rest, and p, = [E, —E].
Therefore

p.-p,=—mE 5)
=Pe Py = —4m? (6)
E=4m @)

This gives us the minimum energy of the photon in the lab frame.
1


https://physicspages.com
https://physicspagescomments.wordpress.com
http://physicspages.com/pdf/Relativity/Four-momentum%20conservation.pdf

FOUR-MOMENTUM CONSERVATION IN THE ELECTRON-PHOTON COLLISION 2

We can work out the wavelength of this photon by using £ = h/\ where
Planck’s constant has the value & = 1240 x 10~° eV m and the electron
mass is m = 0.51 x 10° eV. We get

h
A=+ ®
_1240%x 107 ©
~ 4x0.51x10°
=6.08 x 10" "°m (10)

This is well into the gamma ray region of the electromagnetic spectrum.



