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Exercise 1.1 Dimensional Regularisation

We consider the integral
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We change to spherical coordinates, since the dependence is only on p% we perform the
angular integration:
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We insert this to arrive at the one-dimensional integral
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which we transform to the integral representation of the beta function according to
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arriving at
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Exercise 1.2 Feynman Parameters

As our starting point, we verify n = 2 by explicit integration (we will need it for the
induction step as well):
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where we can use the taylor series of (1 — z)~® around 0 and the series representation of
the hypergeometric function to verify the last step:
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We turn to the induction step. Using the induction hypothesis, we rewrite (all sums and
products are from 1 to n):
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Next, we use the identity for n = 2 to combine all the denominators
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then we rescale the x;, y; = qx; to have the denominator back in the original form
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we replace the first delta function ¢ (1 - %Z%) =q d(qg— > x;) to get rid of all the
factors of ¢
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finally we perform the g-integral, because of the remaining delta function values of the y;
above 1 — z do not contribute, so we extend the integrals to go from 0 to 1:
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Exercise 1.3 Generalisation of v; in d Dimensions

The dimension d shows up in the contraction identities:
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€.wpo vanishes if two of its indices are equal, so we have (assuming d # 2 to make v,7v,7*
nonvanishing):
Tr (v wys) = 0= —(d = 2) Tr (3 075) = Tr (umy5) = 0. (1)

Next we assume d # 2 and d # 4, we insert a contraction into Tr (7,7%.7,7+7s5):
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where we have made use of anticommutation of 5 and cyclicity of the trace on the second
line. Therefore we have:

Tr (77 %7075) =0 (d#2,d # 4).

Exercise 1.4 Vertex Correction in ¢*> Theory

We ignore any prefactors, computing
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First we insert the Feynman parameter formula we derived in exercise Exercise 1.2, rewrit-
ing the denominator as
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where we have used that the delta function implies xy + x5 + x3 = 1. Now we perform
the momentum integral according to exercise FExercise 1.1:
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We can now perform the z-integrals and we arrive at
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