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Problem 1: Complex scalar field [20 points]

The Lagrangian for a complex scalar field £, = $(9,¢)*(0"¢) — 3m?¢*¢$ possesses a
global U(1) symmetry. Use Noether’s theorem to identify the conserved current.

Problem 2: A — B+ C [20 points]

Show that |pon| = 52—/ (m? — (mp +me)?)(m% — (mp — me)?) for A— B+ C.

2m

Problem 3: A+ A — A+ A [20 points]

Draw all possible lowest-order diagrams for A + A — A 4+ A in our toy theory and
find the amplitude for this process assuming mp = m¢ = 0. Leave your answer in
the form of an integral over the remaining four-momentum gq.

Problem 4: A+ A — B+ B [20 points]

Calculate 92 for A+ A — B+ B a) in the center-of-mass frame and b) in the lab frame
at lowest order. Assume mp = m¢ = 0 in a toy theory without spin. For a), calculate
the total cross section o. For b), determine the non-relativistic and ultra-relativiistic
limits.
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Problem 5: QED Feynman diagrams [20 points]

Draw the leading-order Feynman diagrams(s) for the following processes:

e Compton scattering - ye~ — ye~

e Pair annihilation - ete™ — vy

Light-by-light scattering - vy — v~

Moller scattering - e"e~ — e"e~

Bhabha scattering - ete™ — ete™
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