Problem. e~ pu~ Scattering

Compute the S matrix element for genuine e (p,) + 1~ (pp) — €~ (p1) + 1~ (p2) scattering in QED,
i.e. neglect the case when no scattering takes place, p, = p1.

a)
b)

)

d)

Write down the contributing Feynman graph(s) to |M|? in the leading order approximation.

Apply the QED Feynman rules (cf. the script for Lecture 5 ) and translate the Feynman
diagrams into an algebraic expression for the amplitude i M.

Compute the unpolarized matrix element |M|?, i.e. sum over final state spins, and average
over initial state spins. Neglect the electron and muon masses for convenience. You will need
the trace identity

Tr (v#9"7"7) = 4(9"" 9" = "79" + ¢"79"") , (1)
and the rule for complex conjugation of the spinor product
[a(p)y*u(k)]" = u(k)y*u(p) (2)

(no proofs needed). Express the unpolarized |M|? in terms of the Mandelstam variables.

What happens for forward scattering

— —

Pa-P1
|Pal 1]

0,1 — 0, ie. cosfy = — 17 (3)

Do you find this result surprising? Which of the assumptions we made might be responsible
for this result?


Rohan Kulkarni
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