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1. Consider an action describing a vector field Aµ and a scalar field φ:

S =

∫
d4x

[
− 1

2
ηµν∂µφ∂νφ−

1

4
ηµρηνσFµνFρσ + cηµνAµ∂νφ

]
(1)

where, Fµν ≡ (∂µAν − ∂νAµ) and c is a constant. Calculate the two point
correlation functions

(a) < Ãµ(k1)Ãν(k2) >

(b) < Ãµ(k1)φ̃(k2) >

(c) < φ̃(k1)φ̃(k2) >

by defining these correlation functions through the usual path integral
formulation as defined in Eq.(4) in Assignment 1.

Hint: In solving this problem you may need to invert a 5× 5 matrix. You
can try to use Lorentz covariance to simplify the analysis.

Marks: 10+10+10

2. Derive the Feynman rules of QED if we choose the gauge fixing term in
the action to be

− 1

2α

∫
d4xH(x,A)H(x,A) (2)

where, H(x,A) = ∂µAµ +AµAµ

Marks: 15

3. In a non-Abelian gauge theory based on the gauge group G, consider a
gauge transformation of the gauge field Baµ by the group valued function
U2(x), followed by another gauge transformations by the group valued
function U1(x). Show that this is equivalent to transforming the original
gauge field by the group valued function U1(x)U2(2).

Marks:10
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4. Consider n complex scalar fields (φ1, ..., φn) with action

S =

∫
d4x
[
− 1

2
ηµν

n∑
α=1

∂µφ
∗
α∂νφα − V (φ1, ..., φn)

]
(3)

where,

V (φ1, ..., φn) = −µ2
n∑
α=1

φ∗αφα + λ

(
n∑
α=1

φ∗αφα

)
(4)

for some real, positive constants µ and λ.

Find the full symmetry group of the theory.

Marks:5

5. Start with the classical Lagrangian of SU(N) non-Abelian gauge theory:

(a) Derive the quantum action (gauge-fixed) for any general gauge choice.
Check whether it is gauge-invariant.

(b) Derive the Feynman rules for the Lorentz gauge ∂µAaµ = 0.

Marks: 10+15

6. Consider the gauge-fixed Yang-Mills Lagrangian

L ≡ LYM + Lgf + Lgh (5)

The BRST transformation is defined as:

δBA
a
µ(x) ≡ Dab

µ c
b(x) = ∂µc

a(x)− gfabcAcµ(x)cb(x)

δBφi(x) ≡ igca(x) (T aR)ij φj(x) (6)

where, c is the ghost field and φ is spinors in representation R.

(a) Check that δBLYM = 0. Specifically, anything that is gauge invariant
is automatically BRST invariant.

(b) Get the condition if we demand δBδB = 0 i.e. δBδBφi = 0 and
δBδBA

a
µ = 0. You will see, this demand on the spinor fields i.e.

δBδBφi = 0 determines the BRST transformation of the ghost field.
This transformation on the antighost field is defined as δB c̄

a(x) =
Ba(x), where B is a scalar field and the demand of δBδB = 0 implies
δBB

a(x) = 0.

This teaches, one can always add to the Yang-Mills Lagrangian a
term which is the BRST variation of some object:

L = LYM + δBO. (7)
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(c) Now, make a choice of O(x) as

O(x) = c̄a(x)

[
1

2
ξBa(x)− ∂µAaµ(x)

]
(8)

and check that you have restored the gauge-fixing (Lorentz-gauge)
Yang-Mills Lagrangian. It is generally true for any other gauge-fixing.

Marks: 10+10+15
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