
Beyond Standard Model course I

Problem sheet I: Triangle anomalies in the Standard Model

Consider the following Feynman graphs contributing to the one-loop amplitude of the pro-
cess e+e− → 2γ in the Standard Model:
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which correspond to a a subset of one-loop corrections calculated in a generic Rξ-gauge. In
such a case these two graphs give rise to the following contributions to the total one-loop
S-matrix element:
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respectively. In the formulae above the following shorthand notation has been used:
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a) Assuming the classical formula for the divergence of the axial vector current holds
at the quantum level one has the following “näıve” axial Ward identity (NAWI):
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Show that, in this case, the ξ-dependent part of M
(f)
Z + M
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G0 is zero irrespective of the

isospin of the fermion f propagating in the loop.
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Hint: use the Dirac equation to get rid of ve in M
(f)
Z and rewrite T

3(f)
L in M

(f)
G0 in terms

of af .

b) In reality, there is no regularization scheme in which both the usual vector Ward identity
(VWI) as well as the NAWI (3) could hold simultaneously in the SM. Indeed, one can show
that
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in the scheme that retains the standard form of the VWI; the last term above corresponds to

the famous Adler-Bell-Jackiw axial anomaly. Check that in such a case the sum M
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develops an explicitly gauge-dependent term of the form
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for each f propagating in the loop. Notice that it is indeed only the combination afq2
f that

is f -specific whilst the rest of the expression is entirely flavour-blind.

c) Show that the amplitude of ee− → γγ is gauge invariant at one-loop in the SM, i.e.,

∑

f

M
(f)
anomaly = 0,

where the summation is performed over the matter fermions of a complete SM family.
(Hint: Don’t forget to take into account the right multiplicities of the relevant quark fields! )
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