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Problem 1

Halzen and Martin, exercise 14.6

Problem 2: Higgs Mechanism

Starting from

L =
1

2
(Dµφ)∗Dµφ +

1

2
µ2(φ∗φ)− 1

4
λ2(φ∗φ)2 − 1

4
F µνFµν ,

where Dµ ≡ ∂µ − ieAµ is the covariant derivative, φ = φ1 + iφ2 is a complex scalar field,
λ and µ are constants (λ2 > 0 and µ2 > 0), and selecting new fields η, ξ,

η = φ1 − µ/λ, ξ = φ2,

derive

L =
1

2
(∂µη)(∂µη)− µ2η2 +

1

2
(∂µξ)(∂

µξ)− 1

4
F µνFµν +

1

2

(
eµ

λ

)2

AµA
µ

+
(

µe

λ

)
(∂µξ)A

µ − e[η(∂µξ)− ξ(∂µη)]Aµ +
µ

λ
e2η(AµA

µ) +
1

2
e2(ξ2 + η2)(AµA

µ)

−λµ(η3 + ηξ2)− 1

4
λ2(η4 + 2η2ξ2 + ξ4) +

(
µ2

2λ

)2

.

Interpret this resulting Lagrangian in terms of particles and draw the interaction vertices.
Which of these interactions survive the Higgs mechanism?

Problem 3

Halzen and Martin, exercise 12.2


