Quantum field theory I Exercise sheet 6

Topological charge density, Wilson line

Exercise 1: We consider C(z) = tr[F,, (z)F,,(7)]e"??, where ¢""77 is the totally

antisymmetric 4-dimensional Levi-Civita tensor.
(a) Show that C(z) is gauge invariant.
(b) Show that C'(z) is invariant in Lorentz transformations, if det A = +1.
(c) Verify that C'(z) can be expressed as
Clx) = 9,K"(x),
Ko@) = 2007 (50,45 + S fmALALAL)
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[Because of this fact, C'(z) integrates to a boundary term in the action, and thus
plays no role in the classical equations of motion.]

Exercise 2: A “Wilson line” W (z, z,) in the p direction satisfies the equations
D, ()W (z,2) = 0,
Wz, xy) = ﬂNCxNC :
(a) Write down a formal solution for W (z, z).
(b) Verify that W (z, x,) behaves in gauge transformations as
Wz, zy) — U)W (z,2)U" (2,) -

[Because of this fact, a Wilson line permits for a gauge invariant comparison of
quantities defined at x und x, and is therefore called a “parallel transporter”.]



