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Exercise 10: W -polarization [10 Points]

For a W -boson with 4-momentum p = (E, p), moving along the z-axis, the polarization
vectors for the helicities λ = 0, ±1 can be written as
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Check if the “completeness relation“
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is fulfilled.

Exercise 11: Pion Decay [5 Points]

Calculate the decay width for pion decay π−(p) → e−(p1) + ν̄e(p2), and derive the ratio of
this decay width with the one for π− → µ− + ν̄µ. Comment on the result.

Exercise 12: S-Matrix [10 Points]

a) Show that from the unitarity of the S-matrix the following condition follows:

Tfi − T ∗
if = i(2π)4 Σnδ(Pf − Pn)Tfn T ∗

in

b) for i = f , i.e. elastic forward scattering (θ = 0) with 2 particles a and b in the initial
state, one can show in scattering theory that:

Im Mii =
√

λ(s, m2
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b) σtot

(this is called the optical theorem). With the partial wave decomposition of a matrix
element,

M = 16π
∞

∑

l=0

(2l + 1) Pl(cos θ) al ,

with Pl the Legendre polynomials, θ the scattering angle, and al the partial waves,
show that |Re{a0}| ≤ 1

2
. Repeat the argument from the lecture that Fermi theory

runs into problems at a certain energy scale.



Champions League Exercise:

Calculate the following loop-corrected diagram for the process γγ → γγ:
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