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2.1 Starting from the definition

Sfi = lim
t→εf∞

∫

d3x ψ†
f (x)Ψi(x)

get the fundamental expression for Chapter 2, Eq. (2.50),

Sfi = δfi − ieεf

∫

d4y ψf(y)A/(y)Ψi(y) . (1)

To do this follow the steps:

a) Show that (Eq. (2.40))

SF (x
′ − x) = θ(t′ − t)

∫

d3p

2
∑

r=1

ψr
p(x

′)ψ
r

p(x)− θ(t− t′)

∫

d3p

4
∑

r=3

ψr
p(x

′)ψ
r

p(x)

where

ψr
p(x) =

1√
2E

(2π)−3/2 wr(~p) e−iεrp·x

b) Obtain Eqs. (2.48) e (2.49),

lim
t→+∞

Ψ(x)− ψ(x) =

∫

d3p
2

∑

r=1

ψr
p(x)

[

−ie
∫

d4y ψ
r

p(y)A/(y)Ψ(y)

]

lim
t→−∞

Ψ(x)− ψ(x) =

∫

d3p
4

∑

r=3

ψr
p(x)

[

+ie

∫

d4y ψ
r

p(y)A/(y)Ψ(y)

]

c) Use the previous results to obtain Eq. (1).

2.2 Show that for the decay P → p1+ p2 the total width is given in the rest frame of the
decaying particle by

dΓ

dΩ
=

1

32π2

|~p1cm|
M2

|Mfi|2

where P 2 =M2.

2.3 Evaluate one of the traces needed for the Compton scattering (Eq. 4.12)

T2 = Tr
[

(p/′ +m)Γ2(p/+m)Γ2

]

where (see Eq. 4.4)

Γ2 =
−e2
2p · k′γµ(p/− k/′ +m)γν ε

µ(k, λ)ε′ν∗(k′, λ′)
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2.4 Consider in QED the process γ(k1) + γ(k2) → e−(p1) + e+(p2).

a) Write the amplitude for the process,

M ≡Mµν ǫ
µ(k1)ǫ

ν(k2)

b) Show the gauge invariance of the process, that is

kµ1Mµν = kν2Mµν = 0

Just show for one case.

2.5 Consider the electroweak part of the standard model. For the following processes
draw the diagrams that contribute in lowest order in perturbation theory.

a) e+ + e− → νe + νe

b) e+ + νµ → e+ + νµ

c) e+ + e− → νe + νe + γ

2.6 Consider the process φ → e++ e− in a theory described by the following Lagrangian,

L = LQED +
1

2
∂µφ ∂

µφ− 1

2
m2

φφ
2 − β ψγ5ψ φ

where φ is a neutral (pseudo)-scalar field (spin 0) and ψ is the electron. Besides QED we
have the following Feynman rules:

p φ
e

e

i

p2 −m2
φ

−iβ γ5

a) Write the amplitude for the process.

b) Find the decay width Γ(φ→ e+ + e−) as a function of the model parameters.

c) Suppose that one measures mφ = 1.8 GeV with a lifetime τφ = 8.5 × 10−23 s. Find
the value of β? me = 0.511 MeV
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