Gauge-invariant quantity in a
radiation gauge for a particle in
circular, equatorial orbit around a
Kerr black hole
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® Wald’s generalization of CCK formalism

® Summarize the procedure in a radiation
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Wald’s generalization of CCK

formalism

Suppose one wants to solve the linearized vacuum Einstein
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Teukolsky equation

Newman-Penrose equations (Bianchi identities):
Derivative operators acting on the Weyl scalars
= Derivative operators acting on the Ricci tensor

Their combination then gives us:
Derivative operator actmg on wo, i.e. (’)zpo
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(937; (h) — 5353 (h)

Example: s = 2 case
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Metric Perturbation

Suppose SE = OT holds where §, O, £ and T are linear partial
differential operators and suppose U satisfies OTU = 0. If &€ is self-adjoint,
then STW satisfies £(h) = 0. Taking the adjoint of S€ = OT, we have

ETST = TTO1
EST = TTO1

If O = 0, then £(ST¥) = 0, i.e., h = STY
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Weyl scalar
SEST) = OT(ST)
0 = O[TSTY]
T ST maps solutions of OT¥ = 0 to Oy = 0.

This gives us the appropriate Weyl scalar in terms of the

Hertz potential (¢ = TST¥) as follows
.‘.

N A i v I - . > rul - . i Y 4 P 0 R 3
3 A sl — poama L N WL ) oA 2l J !\' [ A e . - ]
: ~ ;"' .. gt s -.4; = r( s', .-| ¥ ‘.‘ y -.- — =k )] = . J 1) o] - ,-J ' - . i e . K
.« . AN - e b 8 i . - 3 = L N v -

Thursday, July 7, 2011



H in a radiation gauge
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H in a radiation gauge
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H in a radiation gauge
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H in a radiation gauge

WVeyl scalar

Numerically solve the separable
Teukolsky equation
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H in a radiation gauge

Thursday, July 7, 2011



H in a radiation gauge
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H in a radiation gauge
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H in a radiation gauge

Wey! scalar Hertz potential b ernig;ii o
! -
horae = S13Y0oRG A
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H in a radiation gauge
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H in a radiation gau
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The above sums, Whether one uses H ¢ or H ;
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Gauge-invariant results for a particle in
circular, equatorial orbit around a Kerr BH

uo‘uﬁ(ga[g + hog) =1
u® = [ug +uj + O(p?)]k°
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a=0/M

a=09M

4 -1.4748811719 |-1.4633559/752
6 -1.01878981134 |-1.0078165302
7/ -0.87601006461 |(-0.8679363173
8 -0.7672776106 |-0.7612477750
10 -0.6136003896 |-0.6100017577
15 -0.4076336292 |-0.4062824668
20 -0.3047875811 |-0.3041226445
30 -0.2023749186 |-0.20213206/1
50 -0.12093967/70 |-0.1208717776
/0 -0.0862158376 |-0.0861865457
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Gauge-invariant results

r=15M r=15M
a=05M a=0M
(Kerr) (Schwarzschild)

Singular term (B) in

¥ 0.130773 0.130679

Repormalized H -0.2959 | | -0.300533
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