
18.4.23 Quantum Field Theory II

Series 8 - Dimensional regularization of φ4 theory

I. 2-particle scattering amplitude at one loop

In this exercise, we do in detail the steps for finding the counterterm for the
one-loop scattering amplitude in φ4 theory, see p. 68/69 of the lecture notes.

1. Using the Feynman rules, write down the contributions of the diagrams

68
Both MS and MJ are examples of mass independent subtraction

schemes
,
since the resulting counterterms are independent of any

mass scale of the theory .

The next divergent diagram appears in the one- loop contribution

of the two - particle scattering amplitude :
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The first of these diagrams contributes
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which diverges logarithmically . To evaluate this type of integral,
I

we use the identity I dx
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where x is called a Feynman parameter. With it , the three diagrams
become a combination of integrals of the form Izld ,

we?g) .

Expanding around D= 4 , one finds
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As for the 2-pl function, we can remove the divergent part via a
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which appears in the Feynman rules as the new vertex
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2. Using the identity
1

a1a2
=

∫ 1

0

dx
(xa1 + (1 − x)a2)2 (1)

express the integrals in the form I2(d, m2, q).

3. Take the limit ϵ → 0 (w/o evaluating the x integral).

4. Extract the divergent part.
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