
“QCD and Standard Model”
Problem Set 5

The low-energy description of weak interactions. I. The charged
sector of the Fermi theory

So far, we have seen how the part of the Standard Model describing the electroweak
interactions can be built and how it explains the generation of masses through Sponta-
neous Symmetry Breaking. Yet, the way for it has been paved by an effective low-energy
description, called Fermi theory, whose phenomenology of weak decays gives very accu-
rate insights. In this exercise, we will show how to derive the model and to estimate its
relevant parameters.

a) Experiments show that the theory involves vector and axial currents. They are
related to global U(1) symmetries, which act on a Dirac bispinor as

ψ → ψ′ = eiαψ , (1)

ψ → ψ′ = eiγ5βψ , (2)

respectively. Construct a combination of the resulting Noether currents (suppose
the Dirac field is free and massless), in such a way that the low-energy theory reflects
the coupling of weak interactions only to left-handed fermions at high energies.

b) When the Higgs field acquires a VEV, the charged current sector of the electroweak
Lagrangian can be written as

LCC =
g√
2

(
W+µJ+

µ +W−µJ−µ
)
. (3)

What are the currents J±µ , respecting the prescription of the previous point ?

c) Consider the vector bosons W± only as internal states and integrate them out,
requiring that E � mW , where E is the energy scale of the system. Write down
the local interaction term of the 4−Fermi Lagrangian density.

d) Perform näıve power counting on the charged current interactions. Are they renor-
malizable ?

e) Compute the decay rate for the muon

µ −→ e− + νµ + ν̄e (4)

in this effective theory, considering the electron ultra-relativistic. Given the mea-
sured decay time, τµ = 2.197 µs, estimate the value of the VEV of the electroweak
sector, v. Is it in agreement with its experimental measure ?
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