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The theory 2
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Charge-Mass relation 3
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*  Antoniou et al. Phys.Rev.D 106 (2022) 2, 024029
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Black holes dynamics
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Use Painlevé-Gullstrand coordinates for BHs

*  Ziprick et al. Phys.Rev.D 79 (2009) 101503, ...

ds* = —af(t, r)zdt2 + (dr + a(r, r)((t, r)dl‘)2 + 77 (d02 + sin? 0dg02) ,

* Regular at horizon, singular only at origin.

* Enables excision inside the apparent horizon — allows long-time
evolution.
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The setup
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¢ Reduce to first-order (space & time).
> atu = Aaru + Bu

» Compute characteristic speeds: c+ = % (C + \/13)

* Use in-going Gaussian pulse as initial data (on top of a

Schwarzschild BH).
jk
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Results 6

 Late time trend and tachyonic instability
» Excision enlarges the parameter space
?
* Loss of hyperbolicity «— finite-area singularity

* Extract the mono-polar QNMs
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Late time behaviour
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Excision’s advantage
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Finite-area Singularity
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Hyperbolicity and gauge invariance
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* Any gauge theory is ill-posed (no unique solution) without
gauge fixing.

* In GR, the gauge choice proved crucial to set up a well-posed
IVP.

* Are beyond GR theories ill-posed because of an unfortunate
gauge choice?
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Gauge-invariant approach
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* Study the characteristics of such theories and “mod out” the
gauge freedom Christodoulou, Reall ;
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characteristics 12
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* The characteristic equation is
P(E)Q =0 ) Q= (wuww) y (2)
* In spherical symmetry, we have

gifitalpw =0, {a,b} € {t,r} 3)
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Results 13
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A caveat

guw — A, X)guw + B(¢, X)V .0V, “4)

with

1
X = — oM . (5)

* Does this affect hyperbolicity?

* If yes, does geff capture this?
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Minimal coupling
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Take ¢ and minimally couple it to GR

S = / d*x/—g [R — ;auqba%] , (6)

e letA=B=1,

s— / d'xy g [Go + Gk + 03G: (00) — (VuVus))] .

* Papallo & Reall Phys.Rev.D 96 (2017) 4, 044019
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The kinetic term
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Conclusions
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* Theoretical Insights:
e Conjecture: finite-area singularity < loss of hyperbolicity

* The Gauge choice won’t save you (maybe field redefinitions)

* Numerical Methods:
¢ Excision enlarges viable parameter space

* Next step: go beyond spherical symmetry — 3+1 simulations
* Doneva et al. Phys.Rev.D 110 (2024) 2, 024040
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Thank you for your attention.

&nivtetl.sityﬁf —_—
ottingham
BHs, NSs, and GWs @ Black sea ol "OHIONm



Schwarzschild-like coordinates 19
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