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Home exam FY3466 Advanced Quantum Field Theory

The process µ → e + γ.
In the SM with non-zero Dirac masses for neutrinos the lepton flavor numbers Li (i =
e, µ, τ) are not conserved. Therefore the Wl̄iνj vertex contains a mixing matrix element
U∗

ij and and processes like µ → e+ γ are allowed.
a.) Write the amplitude A(µ → e+ γ) as A(µ → e+ γ) = ελ 〈e| J

λ
em

|µ〉 and decompose it
in Lorentz invariant functions

〈e| Jλ
em

|µ〉 = ūe(p− q)[A(q2)γλ + . . .]uµ(p) .

Use current conservation, ∂λJ
λ
em

= 0, and the on-shell condition q2 = 0 to restrict these
functions. Apply the Gordon decomposition to show that you have to calculate only terms
p · ε (analogous to the calculation of the anamalous magnetic moment, see Zee or ch. 8.1
of the lecture notes). You can set me = 0 throughout; you have to keep only the leading
order in the neutrino masses mi.
b.) Draw all 1-loop Feynman diagrams in Rξ consistent with the external particles; which
one(s) you have to calculate in unitary gauge, which one(s) for a general Rξ gauge?

Decide if you do part c.), d.) or (for the dedicated student) e.)

c.) Calculate the Feynman diagram(s) relevant in unitary gauge using the Feynman rules
for general Rξ gauge (i.e. keeping ξ 6= 1 as a free parameter). Perform then the limit
ξ → ∞. Square and calculate the decay width.
d.) Calculate the relevant Feynman diagram(s) in Rξ gauge using ξ = 1. Square and
calculate the decay width.
e.) Calculate the relevant Feynman diagram(s) in general Rξ gauge and verify that the
sum is independent of ξ.

Two hints: There is the leptonic version of the GIM mechanism at work, when you sum over
the three generations in the intermediate state: Thus the term leading in mi is obtained
as

∑

i

U∗

eiUµi

(p+ k)2 −m2

i

=
∑

i

U∗

eiUµi

[

1

(p+ k)2
+

m2

i

(p+ k)4
+ . . .

]

=
∑

i

U∗

eiUµi

m2

i

(p+ k)4
+ . . .

For c.) or e.): It is useful to split the gauge boson propagator into

Dµν
F (k2) =

−(ηµν − kµkν/M2)

k2 −M2 + iε
(1)

+
−kµkν/M2

k2 − ξM2 + iε
. (2)
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