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Problem 1: (Gordon decomposition)

For the Dirac spinor u(p), give a proof of the identity

ū(p′)γµu(p) = ū(p′)
[(p′ + p)µ

2m + iσµν
(p′ − p)ν

2m

]
u(p)

with σµν = i[γµ, γν ]/2.

Problem 2: (e+e−-annihilation)

Consider the process e+ + e− → µ+ + µ−. The muons µ± are described in the same way
as e±, only with a different mass me → mµ and appropriate spinors ues(p) → uµs (p) and
ves(p)→ vµs (p).

a) Specify the Feynman diagram(s) of the lowest non-vanishing order.
b) Derive the amplitude M from the Feynman rules.
c) Calculate |M |2 and average/sum |M |2 over the initial/final spin values.
d) Simplify the result using the Casimir trick∑

s1,s2

(ūs1(p1)Γus2(p2)) (ūs1(p1)Γus2(p2))∗ = Tr
{

Γ(/p2 +m2)Γ̄(/p1 +m1)
}

where Γ̄ = γ0Γ†γ0. An analog relation holds for vs(p) with /p−m. Use the traces of the
Dirac matrices Tr{γµγν} = 4gµν and Tr{γµγνγργσ} = 4 (gµνgρσ − gµρgνσ + gµσgνρ).
Traces over an odd number of γ-matrices vanish.

e) How does the process e+ + e− → e+ + e− differ from the process e+ + e− → µ+ +µ−?
Do not perform any explicit calculation.


