
QCD and Hadron Structure Fall 2008 Exercise 11

Session of Monday 17 November at 16.00-17.30 in aud A315.

1. Kubis p. I.12 gives the effective low-energy lagrangian corresponding to the light-by-light scat-
tering diagram below. Show that this loop diagram Lµνρσ (which is symmetric in the Lorentz
indices µ, ν, ρ, σ of the interaction vertices) is UV finite. This is required by renormalizability
since QED has no 4-photon coupling.

Hint: The only potentially divergent contributions arise from the leading
term in the loop momentum for all propagators. Consider the possible
structure of Lorentz indices, then simplify the Dirac algebra by summing
over some Lorentz indices.
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2. (a) Derive the expressions for the vector and axial vector Noether currents of the lagrangian
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given on Kubis I.24:
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(b) Using this result and U = exp(iφ/F ) show that to first order in φ,

〈0|Aµa(x)|φb(p)〉 = ipµe−ip·xδabF

3. The effective four-fermion interaction governing pion decay is

L(x) =
GF√

2
Vud d̄(x)γα(1− γ5)u(x) ν̄µ(x)γα(1− γ5)µ(x) (1)

where the Fermi coupling GF = 1.16639 · 10−5 GeV−2, the CKM matrix element Vud = 0.9753
and the quark and lepton fields are as indicated.

(a) Calculate the pion decay π+ → µ+νµ matrix element T = 〈µ+(k)ν(q)|
∫
d4xL(x)|π+(p)〉

making use of
〈0|d̄(x)γµγ5u(x)|π+(p)〉 = −i
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µe−ip·x (2)

where the pion decay constant fπ = 93 MeV.

(b) Using the matrix element and the expression for the decay width given in the Feynman
rules of Peskin, derive
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and compare with the experimental value of the π+ life-time, τπ = 2.60 · 10−8 s.

(c) Calculate the ratio Γ(π+ → e+νe)/Γ(π+ → µ+νµ), and compare with the experimental
value 1.23 · 10−4. Explain the smallness of this ratio, i.e., why the decay width vanishes
with the charged lepton mass.














