
Quantum Fields—from the Hubble to the Planck Scale Selected Solutions

7.4 Physical states of massless particles.

a.) The polarisation states of massless particles propagating with k‖ed−1 are in d = 5
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for spin s = 1 and s = 2, respectively. Thus the photon has 3 polarisation states. For the

graviton, εµν = ενµ and εν
ν = 0 implies that there are 1 + 2 + 3 − 1 = 5 states.

b.) The photon has d − 2 polarisation states. For the graviton, we note first that a symmetric
m × m matrix has

∑m
n=1

n = m(m + 1)/2 independent entries. Thus the graviton has with
m = d − 2
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states. In particular, we see that gravitons (and thus in th classical linit gravitational waves)

exist only for d ≥ 4, while for d = 26 the graviton has 299 polarisation states.
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