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Exercise 1 Consider an unpolarised decay of one particle to three new particles

p→ p1 + p2 + p3,

e.g. the β-decay of a muon (µ− → e− + ν̄e + νµ). Calculate the three-particle phase space R3

in the rest frame of the decaying particle, assuming mµ � me,ν , i.e. show
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Exercise 2

Show that the unitarity of the S-matrix (SS+ = 1) together with Sfi = δfi+iTfi(2π)4δ(pf−pi)
implies the following:

(i) Tfi − T ∗if = i(2π)4
∑
n
δ(pf − pn)TfnT ∗in

(ii) for i = f , means elastic forward scattering (Θ = 0) with two particles a and b in the
initial state i,
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b) σtot (the optical theorem) (2)


