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Exercise 6: Fermi Theory

Fermi theory is a low-energy description of the weak interaction, integrating out the W
boson propagator as a heavy field and replacing it by a four-fermion contact interaction.
Taking only leptons into account, it can be written as

L ⊂ GF√
2
JµJ†

µ

with
Jµ = ν̄eγ

µ(1− γ5)e+ ν̄µγ
µ(1− γ5)µ+ ν̄τγ

µ(1− γ5)τ .

(a) Show that for muon decay, the matrix element of the full result from the SM agrees
with that from Fermi theory when expanding in the momentum transfer and keeping
only the leading term. Take the electron as massless, use MW = gv

2
, and identify GF

in terms of SM quantities.

(b) Estimate the size of the first correction term. Is it negligible?
Estimate the EFT validity range when assuming an O(1) coupling.

Exercise 7: Scalar Field theory

Consider a massless scalar field theory of fields ϕ, where a Z2 symmetry allows only ope-
rators that are even in ϕ. The Lagrangian up to dimension 4 is given by

L =
1

2
(∂µϕ) (∂µϕ)− λ

4
ϕ4 .

(a) Derive the equation of motion.

(b) Write down the three possible operators at dimension 6.



(c) Show that all three operators are equivalent by using the equation of motion and
integration by parts. The latter can also be seen as the fact that adding a total
derivative to the Lagrangian does not change the equations of motion and therefore
the underlying physics.

Exercise 8: Modified Field-Strength Tensors

Show the identity
[Dµ, Dν ] = Ŵ µν + B̂µν

with

Dµ = ∂µ + ig
σj

2
W j,µ + ig′

1

2
Bµ ,

Ŵ µν = ig
σj

2
W j,µν = ig

σj

2

(
∂µW j,ν − ∂νW j,µ − gεjklW k,µW l,ν

)
,

B̂µν = ig′
1

2
Bµν = ig′

1

2
(∂µBν − ∂νBµ) .

Exercise 9: Modifying Higgs vertices

(a) Show that the operators

OWW = Φ†ŴµνŴ
µνΦ and

OϕW = Φ†Φ Tr
[
ŴµνŴ

µν
]

are equivalent, i.e. one can rewrite the expressions to obatin the other one. What is
the relative factor for the Wilson coefficients to obtain the same physics effects?

(b) Calculate the contribution to the HWW vertex from

OW = (DµΦ)† Ŵ µν (DνΦ)

and show that it agrees with the expression given in the lecture.


