
Advanced Field Theory

Assignment 7

Spring 2010
C. Anastasiou
T. Gehrmann

Exercise 7.1 Topological charge

Consider a SU(N) gauge theory, with the covariant derivative defined as

Dµ = ∂µ + igAµ, Aµ = AaµT
a, F a

µν = ∂µA
a
ν − ∂νAaµ − gfabcAbµAcν

where the T a are the generators of SU(N), satisfying [T a, T b] = ifabcT c.
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ρσ can be written as a total derivative, namely
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2. The topological charge is defined as
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Consider an adiabatic transformation

Aµ(t = −∞) = 0

Aµ(t = +∞) =
i

g
(∂µΛ) Λ−1 Λ =

x2 − d2
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1 + i

2d
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xkτk

where the τi are the generators of a SU(2) subgroup: τiτj = δij1 + iεijkτk.

Check that Fµν = 0, so that the topological charge reads

n =
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3. Show that A0(t = +∞) = 0 and

Ai(t = +∞) =
−2 d

g(x2 + d2)2

[
(x2 − d2)τi − 2(xjτj)xi + 2d εijkxjτk

]
4. Compute the topological charge n of this adiabatic transformation. We recall the

contraction identities

εijkεijm = 2δkm, εijkεiml = δjmδkl − δjlδkm.

Exercise 7.2 Electric dipole moment of the neutron

The electric dipole moment of the neutron, denoted by dE, is defined as

〈n(p′)|Jemµ |n(p)〉
∣∣
edm

= idE ū(p′)σµν(p
′ − p)νγ5u(p)

No electric diplole moment is produced at first order in the Standard Model. The main
contribution to it comes from the θ parameter appearing in the full Lagrangian of QCD:

LQCD = L(θ=0)
QCD + θ

g2

32π2
F a
µνF̃

µν,a

Estimate the neutron electric dipole moment dE as a function of θ.


