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1. Draw the lowest order Feynman diagram for the decay

π0 → νµν̄µ

and explain why this decay is effectively forbidden. How would you design an experiment
to search for this forbidden decay?

2. Assuming the Standard Model coupling, show that

Γ(Z → νeν̄e) =
g2w

96π cos2 ϑW
MZ .

3. Starting from the matrix element, work through the calculation for the Z → ff̄ partial
decay rate. Express the decay rate in terms of the vector and axial-vector couplings of the
Z boson. Taking sin2 ϑW = 0.2315, show that

Rµ ≈
Γ(Z → µ+µ−)

Γ(Z → hadrons)
≈ 1

20
.

4. Calculate the partial width for the W+ → e+νe decay mode. Then repeat the exercise for
W+ → d̄u and W+ → s̄u.

5. Predict the total width of the W+ in the Standard Model.

6. There are ten possible lowest order Feynman diagrms for the process e+e− → µ−ν̄µud̄
of which only three involve a W+W− intermediate state. Draw the other seven diagrams
(they are all s-channel processes involving a single W ).

7. Assuming that the electron beam is 100% polarized and that the positron beam is unpo-
larized, show that

ALR =
σL − σR
σL + σR

=
(c

(e)
L )2 − (c

(e)
R )2

(c
(e)
L )2 + (c

(e)
R )2

= Ae ,

where σL and σR are the measured cross sections at the Z pole for LH and RH electron
beams. What happens if both beams are 100% polarized?
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8. Your new theroy of weak interactions asserts that the W boson has spin 0 and that the
coupling is scalar / pseudoscalar (i.e. always parity violating). In this new theory the W
propagator and vertex factor become

−i
q2 −M2

W

≈ i

M2
W

and
−ig√

2
(1− γ5) ,

respectively. Consider the inverse muon decay νµ + e− → νe + µ−. Draw the corre-
sponding Feynman diagram and calculateM . Then calculate the spin-avereged amplitude
modulo squared 〈|M |2〉. Finally find the differential and total cross sections in the c.o.m.
frame.
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