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Abstract

Gauge theories are ubiquitous in theoretical
physics, not to mention that the standard model is

Informations one. It is therefore of utmost importance to know
Pre-recorded Lectures : what the observables of these theories are, quanti-
Youtube ties that can be calculated and measured. I start

Live Tutorial : with a long discussion based on the most familiar
Monday 15th of gauge theory, Maxwell’s electromagnetism, where
November, 10h30 a lot of computations can be done explicitly. Ithen

take the lessons from that to non-abelian gauge
theories. The observables covered are local, Wil-
son loops, and briefly 't Hooft loops and surface
operators.



https://youtu.be/JLbuSnt2OyA
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Exercises

1. a) For Maxwell theory in 4d take a contour that is a straight line along the z° axis and
solve the equations of motion with the source [ Ay dt.

b) For Maxwell theory in 2d, where there is only one component of F', say Fio, take
C to be any simple closed curve in the plane and solve for F' requiring that it goes to
zero at infinity.

2. a) Reevaluate the parallel lines Wilson loop using propagators.
b) Reevaluate the circular Wilson loop using classical electrostatics (it is useful to
remember that Maxwell theory in 4d is conformal).

3. a) Evaluate the cusp at angle ¢ by exponentiating the propagator.
b) Do it by using electrostatics.

4. Plaquette: Consider a Wilson loop along a an arbitrary contour C in Yang-Mills theory.
Assume that it passes the point z# = 0 along the z! axis. Consider a deformation of

the contour, which adds a small bump going first a distance € in the 2% axis, then € in
the x! direction and then back in the —? directions and connect to the original line.

Express the new Wilson loop with a plaquette in terms of the original Wilson loop
with an operator inserted to order €2.

5. a) Define operator insertions into an 't Hooft loop. What are the simplest insertions?

b) Likewise for the surface operator.
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