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Problem 8.1

a) Compute 1
4

∑

spins |M|2 for the scattering process

e−(p1) µ−(p2) → e−(p′1) µ−(p′2)

in the limit me ≈ 0 and show

1

4

∑

spins

|M|2 =
8e4

(p1 − p′1)
4

(

p1 · p2 p′1 · p
′

2 + p1 · p
′

2 p′1 · p2 − m2
µ p1 · p

′

1

)

b) Choose p1 = (k, 0, 0, k), p2 = (E, 0, 0, k) in the center-of-mass frame and show

1

4

∑

spins

|M|2 =
2e4

k2(1 − cos θ)2

(

(E + k)2 + (E + k cos θ)2 − m2
µ(1 − cos θ)

)

,

where θ is the scattering angle.

c) Compute the cross section ( dσ
dΩ

)CM by first showing

( dσ

dΩ

)

CM
=

1

64π2(E + k)2

1

4

∑

spins

|M|2

where |vA − vB| = 1 + k/E holds.

d) Show that in the high-energy limit k ≫ mµ ≈ 0 one obtains

( dσ

dΩ

)

CM
=

α2

2E2
CM(1 − cos θ)2

(

4 + (1 + cos θ)2
)

.

What is the result in the limit θ → 0?

Problem 8.2

Show

Tr
[

(γµ 6 kγν+2γµpν)(6 p+m)(γν 6 kγµ+2γµpν)(6 p
′+m)

]

= 32
(

(p′k)(pk)−m2(p′k−2pk−pp′)+2m4
)

.



Problem 8.3

a) For the scattering process

f1(p1) + f2(p2) → f3(p3) + f4(p4)

one defines Mandelstam variables by

s := (p1 + p2)
2 , t := (p3 − p1)

2 , u := (p4 − p1)
2 .

Show that

s + t + u =
4

∑

i=1

m2
i .

holds.

b) Express 1
4

∑

spins
|M|2 for the scattering process

e−(p1) µ−(p2) → e−(p′1) µ−(p′2) ,

which was computed in problem 8.1, in terms of Mandelstam variables in the high-energy

limit mµ ≈ me ≈ 0.

c) Express 1
4

∑

spins |M|2 for the scattering process

e−(p1) e+(p2) → µ−(p′1) µ+(p′2) ,

which was computed in class, in terms of Mandelstam variables in the high-energy limit

mµ ≈ me ≈ 0.

d) Which formal operation relates the two expression from 7.2b) and 7.2c)?
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