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Exercise 8.1 Coleman-Weinberg potential in the λφ4 theory

In the lectures you saw that the effective potential at one loop can be written as
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a) Integrate on the loop momentum k and introduce the Pochhammer symbol

(α, β) = Γ(α + β)/Γ(α)

to recast the above expression into the form
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where w has to be determined; then use the relation
∑∞
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n! wn = (1 − w)d/2 (note
that the sum starts from n = 0 in this case), substitute d = 4−2ε, expand in ε and note how
many terms diverge as 1/ε.

b) Compute the 2- and the 4-point functions up to one loop for zero external momenta.

Now let’s indroduce mass and coupling constant counterterms

m2 = m2
R (1 + δm) ,

λ = λR (1 + δλ) .

Find expressions for these counterterms, requiring them to cancel the one loop diagrams
exactly.

c) Write the full effective potential up to one loop and show that the counterterms you found
above cancel indeed the divergencies.


