
3/12/07 Lecture 18 outline

• Last time, gauge invariance. ψg = eieg(x)ψ, Dµ = ∂µ+ieAµ. Lagrangian ψ̄(i /D−m)ψ

is gauge invariant. AT
µ = PµνA

ν , Pµν = gµν−∂µ∂ν/∂
2. −1

4
FµνF

µν = 1
2
AT

µ∂
2gµνAT

ν . Can’t

invert kinetic terms uniquely to find Green’s function. We need to fix the gauge.

• Do this via

1 =

∫

[dα(x)]δ(G(Aα)) det

(

δG(Aα)

δα

)

= ∆

∫

[dα]δ(G(Aα)),

where G(A) = 0 is some gauge fixing condition, e.g. Lorentz gauge, G(A) = ∂µA
µ and

∆ = det

(

δG(Aα)

δα

)

G=0

.

∆ is the Faddeev-Popov determinant. Write the functional integral as (using the gauge

invariance of measure and action)

∫

[dα][dA]∆ exp(iS[A])δ(G[A]).

Have factored out the integral over the group volume.

Take e.g. G = ∂µAµ − f(x) for some function f(x). Then ∆ ∼ det(∂2) is a constant.

Get

eiW = N

∫

(dA)eiSδ(∂µAµ − f) = N

∫

[dA][df ]eiSδ(∂µAµ − f)G(f) = N

∫

[dA]eiSG(∂A),

for arbitrary functional G. Choose G(f) = exp(−1
2 iξ

−1
∫

d4xf2), for some real number ξ.

Get

eiW = N

∫

[dA] exp(iS −
1
2ξ

−1

∫

d4x(∂µAµ)2).

Then get for the propagator

Dµν =
−i

k2
[gµν −

kµkν

k2
+ ξ

kµkν

k2
].

Popular choices: ξ = 1 is Feynman propagator, ξ = 0 is Landau gauge propagator. Physics

is ξ independent (result of gauge invariance, which yields Ward-Takahashi identities). Let’s

choose to use Feynman gauge.
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