Quantum Field Theory II (Marzocca) Problem set n. 4

Exercise 1.

Consider the theory of a real scalar field ¢ in d = 4 spacetime dimensions with Lagrangian

Ao
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* What is the energy dimension of the coupling Ao?

* Derive the expression for the superficial degree of divergence D of the theory and
classify it.

Introduce the renormalized field ¢, = Z~'/2¢y (with Z = 1+ &7), mass m3Z = m?* + &m,
and coupling Z3/2Ag = A + SA.

+ Compute the two-point Green function i[T(p?) at one-loop, regularizing the diver-
gence in dim-reg. Renormalize the theory by imposing the renormalization condi-
tions
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» Compute the one-point Green function (0|¢(x)|0) at one-loop and renormalize it in
the MS scheme. Do you need to add any additional counter-term to the Lagrangian
to be able to absorb this divergence?

* What is the physical interpretation of this one-point Green’s function?



