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Exercise 1: One-Loop Renormalization of Non-Abelian
Gauge Theories (100+100 points)

(0)(0 points) How much time did you spend in solving this exercise sheet?

(a)(50 points) Consider an arbitrary SU (N)-invariant theory in an arbitrary
gauge with nf massive fermions:
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Prove that the lowest-order contribution to the running coupling is gauge-invariant
and has the following form:
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Where Tf refers to the trace normalization (i.e. it contains the information about
the color representation of spinor fields).

(b)(50 points) Note that the coupling constant appears in four different places
in the Lagrangian. Due to the charge universality any of those terms must give the
same expression for the beta-function.

As an example - check that we could equally well have computed the beta-function
from the A3 term and ψ̄Aψ (or choose any two you like).

(c*)(Bonus - 100 points) Add ns color-charged massive scalar fields to the
Lagrangian from the previous section. Prove that in this case one obtains:
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Hint : it is advised (but not necessary) to obtain this formula from the renormaliza-
tion of A3 interaction.
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An important note

You have two weeks to complete this exercise sheet. You can use programs you like
for the suggested problems (project files to be sent by email).
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