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Exercise 16

This exercise treats the photon polarisations. Let k denote the photon momentum and p an
arbitrary lightlike (p2 = 0) momentum with k · p 6= 0 . We define the spinors of a massless
particle with positive/negative helicity and momentum q as uR(q) and uL(q). We have(
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uL = uL.

We define the polarisation vectors as

εµ
+(k) =

1√
4p · k

ūR(p)γµuR(k) εµ
−(k) =

1√
4p · k

ūL(p)γµuL(k).

(i) Show that these vectors are in fact polarisation vectors, i.e.

(a) εµ
±(k)kµ = 0 ,

(b) ε+(k)ε∗−(k) = 0.

(ii) Use the identities

(a) uL(p)ūL(p) + uR(p)ūR(p) =6 p

(b) x†Ay = Tr
(
yx†A

)
(c) Tr(γµγνγργσ) = 4 [gµνgρσ + gµσgνρ − gµρgνσ]

to show that
εµ
+ε∗ν+ + εµ

−ε∗ν− = −gµν +
kµpν + kνpµ

p · k
holds.
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Exercise 17

We choose the three polarisation states of a massive spin 1 particle with mass m and four-
momentum (E, 0, 0, |~p|) as

ε(λ=±) =
1√
2
(0,∓1,−i, 0)

ε(λ=0) =
1
m

(|~p| , 0, 0, E).

Show that the completeness relation∑
λ

(
ε(λ)
µ

)∗
ε(λ)
ν = −gµν +

pµpν

m2

holds for these three polarization vectors.


