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Introduction

- Nonlinear dynamical structure of GR -

- Ringdown (RD) — intrinsic structure about GR and its sources
- M 2 10°M_: mostly a loud RD

- Limitation: linear dynamics

- Starting time problem

- Goal: Nonlinear RD [LIsa waveform we 2311.01300 ’23]
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AlEs are resonances at third-order... Long way. First steps in this talk:

Improvement at 1st Order An effective approach to AlEs

A geometric approach to RWZ Fluctuations of dynamical BHs

[Mukkamala and DP ’24] [Redondo-Yuste, DP and Cardoso ’24]
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Master Wave Equations From Curvature Wave Equations

ul) : F,=F,—i*xF,, A=*xdkxd+dxd*,

so(13) : ¢c¥,=c?, —-ixC%,, A=xDxD+DxD* , —

Gravitational CWE

Applied to Teukolsky’s derivation Use to geometrise RWZ
[Ryan ' 74] [Mukkamala and DP ’'24]
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Ringdown of Dynamical Spacetimes

An effective approach to gravitational AIEs

Pure radiation field: Solution (Vaidya m(v) ) Wave equation:
_ f(3m@v) II+1\ 2f
G,=®KK, K'K =0 ds* = — f(v, w)dudv + r*(u, v)dQ? _05\; - < T, ) ¥ =—rw

Scalar and electromagnetic relaxation: [Abdalla+ "06, Chirenti+ ’11]
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Ringdown of Dynamical Spacetimes

An effective approach to gravitational AIEs

Pure radiation field: Solution (Vaidya m(v)) : Wave equation:
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Summary and future directions

e New approach to perturbation theory in spherical symmetry based on CWEs:
o Geometric origin of master wave equations (simplifies derivation drastically)
o Even-odd symmetric — isospectrality
o Easily extended to matter

e Effective approach to AlEs: gravitational relaxation of Vaidya spacetime

o DR: m(v)w(v) = constant and time-varying amplitudes

e Future directions: third order, two-scale expansions ...
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