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Exercise 1. (40 points) : Wick’s Theorem

In the proof of Wick’s theorem, we need the evaluation of the following
commutator:

(67, N(p203)]_ = N(<Z|51_<,Z52¢3) + N(¢2¢|1_<,ﬁ3)- (1)

where we have defined ¢; = ¢(x;), and where gb;r stands for the positive
frequency part (annihilation part) in the field ¢;. Prove the above identity.
Hint: Start by explicitly splitting the fields ¢2 and ¢3 into positive and neg-
ative frequency parts.

Exercise 2. (60 points) : Scalar 2 — 4 scattering

Considering the interaction Lagrangian for scalar fields

A
ﬁl = _a¢47 (2)

and the Dyson Expansion of S-Matrix:

S — Z (_ni!)n /d4l‘1 .. /d4an {H1($1) . Hl(xn)} . (3)

n=0

Calculate the second order (n = 2) S-matrix element for a process of 2 initial



bosons (of momenta p; and py) going to 4 final ones (of momenta ps, p4, ps
and pg) and draw the diagrams which arise from it (at least 2 re-orderings
of the external fields).



