
1 Using Parity Conservation to Minimize Num-

ber of Helicity Amplitudes

If we have a scattering process:

a + b → c + d

during which parity is conserved then:

< λc, λd|T
J |λa, λb >=< λa, λb|ΠT JΠ|λcλd >=

ηcηd

ηaηb

(−1)sc+sd−sa−sb < −λc,−λd|T
J |−λa,−λb >

where η and s are the parity and spin of the particle. Π is the parity operator.
For the case of the decay:

a → b + c

< λb, λc|U |λa >=< λb, λc|ΠUΠ|λa >= ηbηcηa(−1)sb+sc−sa < −λa,−λb|U |−λc,−λd >

In our case we have:

q + q̄ → Z + γ → ℓ + ℓ̄ + γ

with ηZ = −1, ηγ = −1, ηq = 1, ηℓ = −1, ηℓ̄ = 1 and ηq̄ = −1

dσ

dΩZdΩl

=
∑

λℓℓλγ

|
∑

JZγλZλqq̄

< λZ , λγ |T
JZγ |λq, λq̄ >< λℓ, λℓ̄|U |λZ > |2

Although, this process involves a weak interaction, which violates parity con-
seravtion ([T J , Π] 6= 0; [U, Π] 6= 0), if we apply parity conservation in this case
we will get following relation between helicity amplitudes:

T J
λZ ,λγ ,λqq

= T J
−λZ ,−λγ ,−λqq

AλZ ,λℓℓ
= A

−λZ ,−λℓℓ
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