
Max Planck Institute Ludwig–Maximilians–Universität München

Dr. Stephan Stieberger Summer Semester 2019

Exercise for Scattering Amplitude (F, T6)

Problem set 2, due to 22 May, 2019

1) We choose the massless four–momentum as

pµ = (E,E sin θ cosφ,E sin θ sin φ,E cos θ) ,

and the polarization vectors as:

ǫ
µ
±(p) =

e±iφ

√
2

(0, cos θ cos φ± i sinφ, cos θ sinφ∓ i cosφ,− sin θ)

a) Determine λα, λα, λ̃β̇ and λ̃β̇.

b) How does the polarization vectors look like for θ = 0 and φ = 0 and how is this basis
called ?

c) Prove, that ǫ±(p)
2 = 0 and pµǫ

µ
±(p) = 0. What is (ǫ±(p))

∗ ?

d) Since ǫ±(p)
2 = 0 the expression (ǫ±(p))αβ̇ := σµαβ̇ ǫ

µ
±(p) can be written as product of a

square [p|β̇ ≡ (0, λ̃β̇) and angle spinor |r〉α ≡
(

τα
0

)

. Calculate (ǫ+(p))αβ̇ and then find

an angle spinor |r〉α such that (ǫ+(p))αβ̇ = ταλ̃β̇, with 〈pr〉 = −
√
2. For the sequel we

define: (ǫ+(p; r))αβ̇ := (ǫ+(p))αβ̇.

e) On the other hand, in the lecture we have introduced (ǫ+(p; q))αβ̇ = −
√
2

µαλ̃β̇

〈pq〉
, with

|q〉α ≡
(

µα

0

)

. Compute (ǫ+(p; q))αβ̇ − (ǫ+(p; r))αβ̇ and show that ǫµ+(p; q)− ǫ
µ
+(p; r) =

〈rq〉
〈pq〉

pµ.

f) Repeat d) and e) for (ǫ−(p; r))αβ̇ := (ǫ−(p))αβ̇.

2) Completeness relation
Prove the following relation:

∑

σ=±

ǫµσ(p; q) ǫ
ν
σ(p; q)

∗ = −ηµν +
1

pρqρ
(qµpν + qνpµ) .

For this the following relation is useful:

σνστσµ + σµστσν = 2 (ητν σµ + ητµ σν − ηµν στ ) ,

which also may be proven.
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