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Solve the following three exercises:

Exercise 1.

In scalar QED the tree+one-loop effective potential for the charged scalar ¢ in a class of
Rg gauges reads
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where ... are irrelevant scheme-dependent terms and p is the radial scalar field. Com-

pute the leading one-loop order B-function 8} = udA /du associated to the coupling A by
knowing that the anomalous dimension of p reads
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Hint: As useful check, recall that 3, is gauge-invariant.

Exercise 2.

Prove the Goldstone Theorem using the currents.

Exercise 3.

Consider a neutral scalar field ¢ with the bare Lagrangian:
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where M is a mass scale, A > 0 and c¢ are dimensionless parameters. Discuss the spatio-
temporal symmetries of this scalar theory, which for a suitable value of ¢ describes the
so-called uniaxial Lifshitz point. On the basis of power-counting, show that this theory is
renormalizable ind = d* =3+ % spatial dimensions.

Hint 1: For simplicity, you can set in the proof my = ¢ = 0.
Hint 2: Compute the superficial degree of divergence in terms of the number of loops of a diagram,
given by L=1—V + 1, where I and V are the number of propagators and vertices in the diagram,
respectively.



