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Why do we need second order perturbation theory?

G = ') + eh\a) + 202 + O(3) | e~ m/M
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o Waveform Calculation: consistent next step to Radiation Reaction corrections of the geodesic
trajectory ~ O(m?).

e 2nd order perturbations provide error bars to linearized theory and increases the accuracy
and range of validity of the results (not so small mass ratio).

e Direct comparison with full GR numerical simulations (in the time domain).




First order curvature perturbations

Vs = Caprys n*mPnYme, p) = p=4 MC (outgoing radiation)

Teukolsky equation : y\/ﬁi: = ﬂ%v :
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e Stable numerical code to integrate it in the time domain as a 241 PDE.
e Formulas to impose Cauchy data: ™) = oM (h;;, K;;), M = 0 (h;, K;j)

o QMC gauge and tetrad invariant!
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Second order curvature perturbations
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Problem: how do we compute the effective source term?

Serr =495 M.H.v.ouo%:::qeu DW AW 4 73
e We choose a tetrad (I,,,n,, Stuﬂtvﬁv to express S in terms metric perturbations bm:v.

e We need to choose a gauge to compute the metric perturbations. [Outgoing radiation gauge:|

gmwvv ORG _ 2Re |p~* {—nun, (6 — 3a— B+ 5m)(8 — 4a + )

— MMy (A 45— 37 + ) (A + p— 4y)
+n(, M) [(0 —3a+ B +5m+T)(A+ p—4y)

+ (A+5u -1} (Yora)

e We need to compute the potential ¥pre corresponding to our physical problem (in the time

domain)!




o ﬁ&%v not invariant under 1st order coord. tranf.
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o ﬁ&%v not invariant under tetrad rotations:
va ﬁﬁwv 2[(A — 1) — iAJ! (1) + %Q\%Gv mwﬁmov.

Restoring gauge and tetrad invariance to 2nd order:

W@ + Q] = S + W[Q] = W] =

Choice of the invariant
P = Q-

Interpretation of the invariant waveform
2 2
(W5 ) ar = (57) ar

Energy and momentum radiated computation with the usual expressions.




Summary

Work in an AF gauge (for instance the ORG)

The RW gauge used in 2nd order perturbations of Schwarzshild is not AF

Need to work out the regularization of the source term for the particle

Its numerical implementation is an intensive problem

Work in the time domain!




