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6. exercise sheet: Quantum Field Theory

Aufgabe 13:

Consider a real scalar field that interacts with a classical source J(x),

H = H0 +

∫
ddxJ(t,x)φS(x).

(a) Convince yourself that the probability for no particle to be produced by the source is
given by (D = d+ 1)

P (0) =

∣∣∣∣〈0|T [exp

(
−i
∫
dDxJ(x)φ(x)

)]
|0〉
∣∣∣∣2 ,

where φ(x) is the field operator in the interaction picture.

(b) Use Wick’s theorem to show

P (0) = exp(−λ), mit λ =

∫
ddp

(2π)d
1

2Ep

|J(p̄)|2,

where J(p̄) is the Fourier transform of J(x), and p̄µ = (Ep,p).

(c) Now show that the probability for n particles to be created by the source is given by

P (n) =
λn

n!
exp(−λ) (Poisson distribution).

(Hint: note that the particles are indistinguishable.)

(d) Verify that the mean number of produced particles is given by 〈N〉 = λ.

Aufgabe 14:

Consider a real scalar field with interaction Hamiltonian

HI =
g

3!
φ3,

where g denotes the coupling. Compute the S matrix of this theory to order g2 using Wick’s
theorem in terms of normal ordered products and Wick contractions. Draw the corresponding
Feynman diagrams.


