Radiation Reaction in a Normal Neighbourhood
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Radiation Reaction

e Small particle mass pJmoves on a geodesic 2* 7' of a curved back-
ground spacetime M g,
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e Particle’s gravitation alters metric:
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» [inzarized gravity:
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Notetion:
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| owest Order Survivar
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» Tha lowest order survivor is ¢ = (' Tl uh'

e e
# Corrections parallel to «™ are just corrections to geodesic's parameter-
ization. Radiation reaction is the orthogonal projection:
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e v is a numerical coefficient that we must find. How?
» Back to perturbation theory!

Special Case: Kerr
e Recall that Kerr is a Petrav type D spacetime.

e Recall that for Petrov type D Wy is the only nonvanishing component
of Weyl.

# Recall that in terms of the Newman-Penrose basis Ws = — (03 —
5 9
CH g, = W25

Conclusion
Thus radiation reaction from normal neighbourhood vanishes to lowest
order in Kerr spacetime.
{(Juestion
Does it vanish to all orders?
Answer
No, some A% terms survive in Schwarzschild.



A Shortcut
> Motice that at the and of the day, the acceleration 5 sprisaad 25 5
power series in A,

3 B

8 = plaf + afA + afA? L OO
» Notice that the coefficents, a}, will be built out of geometric quantities
associate with the spacetime or the particle.
¢ The only geometric quantity carried by the particle is its 4-velocity, .

e In a vacuum background, the only geometric quantities describing the
spacetime are the g3, the curvature C, g5 and its derivatives, and the
Levi-Civita symbol £,4.5.

e There are only a finite number of forms that each a? can takel We
can see what they are in advance.

An Example: af
® has dimension £7° — off o C”go4.
e (" 45.4 has too many indices.

— Can't contract internally, Weyl is traceless.

— Can't contract with mare than 2 4™'s because of antisymmetry on

~ and 4.
— Can’t contract on more than 2 indices with epsilon, because
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o Choices left:
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Solution in a Normal Neighbourhood

2 Detline Riemann normal coordinate sysiem ' witn origin at the particle
position; i.e. for each point x in the normal neighbourhood of z%(0)
define coordinates 3 = £%r whare:

— £" is the tangent vector to the geodesic connecting z7(0) to x at
zn[’ﬂ)’

— 7 is the geodesic distance (affine parameter distance) from = to
the origin.

e These coordinates facilitate covariant Taylor series expansion of com-

penents of equation of motion, e.g.

1 > 9 .
f!m'i‘ — ??l:t_ﬂ + ERIMﬁH(ﬂ}'y”yr + @(RJHW

e Expand equation of motion (D) = T and collect by order in Ry
Note that to 0** order D = Dy
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e Solve order by order using the flat space Green's function, e.g.
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The Question
How does .1 change particles trajectary?

The Answer
e Find 7,3 using the Green’s function Gog"” (z,2") =D
o HE ':l [-1- lllj_'r!_l"r e I||' T .j d
taald) = f_m R (o) F;E,r{w } dT.
e Express correction to particle path as an acceleration,
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The Problem

e Green's functions for D difficult to calculate analytically — numerical
mode sum.

e Green's function distributional on light cone — mode sum does not
converge well near the cone.
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Wiseman's Suggestion
e Do numerical mode sum (good estimate far from particle).
¢ Do normal neighbourhood analysis near particle.

e Match solutions.



