Ubungen ART II SoSe 2015

Exercise 15 Graviton exchange

The scattering amplitude for a scattering process ¢1(p1)da(pa) — ¢1(k1)da(ks) of two
distinguishable particles ¢/, is given by
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with the momentum transfer ¢ = k; — p1 = py — ko and where T,Ef,) (pi, ki, q) is the Fourier
transform of the energy-momentum tensor of particle ¢;. The graviton propagator is given
by

—inHPnYT - pho e — i ppo
2 q> '

a) For ¢* = (w, 0,0, k), use the continuity equation for the energy-momentum tensors,

D7 (q) =

0.1 (D11 “(pi, ki, q) = 0, to eliminate the components T§3) (pi, ki, @) in the amplitude.

b) Show that the amplitude can be written in the form

€uu q Epo q + E,uu po
M ~ T,Eyl/)(plakla q) - (@ + (kQ) _wXQ (@ (e )T(2)<p27k27Q) +

with the graviton polarization tensors ¢*”. The terms indicated by dots do not have
a pole at w? = k2.

Exercise 16 Gravitational interaction of photons

In this problem we will discuss scattering of two photons, vy(p1)y(p2) — v(k1)7v(k2) in
the limit of small momentum transfer, ¢*> = (k; — p1)? ~ 0. The dominant contribution
to the scattering amplitude in this limit is of the form of Eq. (1). The photon momenta
satisfy p? = k? = 0 and the photon polarization vectors are transverse, p; - €(p;) = 0, and
k; - €*(k;) = 0. The Fourier transform of the energy-momentum tensor of photons is given

by
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a) Show that the energy-momentum tensor (2) is traceless and conserved,
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with ¢ =k — p.

b) Show that the energy-momentum tensor (2) in the limit ¢* — 0, i.e. p* ~ k" takes
the form

T (p, k, q) = 2p"p"(e(p) - e(k)).

c) Compute the scattering amplitude (1) in the ¢* — 0 limit. Is there a gravitational
attraction of two parallel light-rays (p) o< p>) and two anti-parallel light-rays (p; o

—p2)?



