
Electron-muon scattering
Imagine the process 

e(p1)  +  μ(p2)  →  e(p3) + μ(p4)

p1
μ + p2

μ = p3
μ + p4

μ

We will regard the electron as the projectile 

and the muon as the target.

Comments.
This is an imaginary process, because the muon 
is an unstable particle (mean lifetime in the 
muon rest frame = 2.2 μs) so you can’t make a 
muon target. We’ll do the calculation, imagining 
that the muon is stable, as an academic exercise 
-- a simple example in QED.

One could make eμ scattering more physical by 
regarding the muon as the projectile and the 
electron as the target. 

E.g., consider a muon created at the top of the 
atmosphere by a cosmic ray. How does it lose 
energy (by ionization of molecules) as it passes 
through the atmosphere. Or, how does a muon 
make a track (by ionization) in a muon detector?

1



(1.) The transition amplitude

There is only one Feynman diagram.

(2.) Calculate the magnitude squared
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(3.) For unpolarized scattering…

… we average over the initial spins and sum 
over the final spins.

(4.) Calculate the traces.
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(5.) Substitute Mandelstam variables
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Note that |M |2 is dimensionless 
and Lorentz invariant.



(6.) Calculate the differential cross 
section... 

...in the lab frame of reference;
i.e., the rest frame of the initial muon.
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accurate for energies E1 >> 1 MeV
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