
Fall 2025 Problem Set 11 Physics 513

1. A scalar field ϕ and a pseudoscalar field π interact with electrons and
positrons through the following interaction: L = gψ̄ψϕ + ig ′ψ̄γ5ψπ.
Calculate the differential cross section dσ

dΩ
averaged over initial spins

and summed over final spins for the process e− + ϕ→ e− + π to lowest
nontrivial order in the lab frame. You may take the ϕ and the π to be
massless.

2. Compute the differential crossection dσ
dΩ

averaged over initial spins and
summed over final spins for the process e++e− → µ++µ− in to lowest
nontrivial order in Quantum Electrodynamics in the center of mass
frame. Note that the muons couple to the photons in the same way as
the electrons (why?).
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