Horizon Instability of
the Extremal BTZ Black Hole

Arun Ravishankar®

with

Samuel E. Gralla* and Peter Zimmerman®

*The University of Arizona °Albert Einstein Institute



Horizon instability of extremal black holes

Aretakis discovered a horizon instability of extremal black holes

Transverse derivatives of perturbations grow at late times on the horizon
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2 Non-overlapping technigues

Aretakis — Conserved quantity on extremal horizons Also Lucietti, Murata, Reall, Tanahashi

Initial data must extend to the horizon

'Discrete’ case only (eg. massless, axisymmetric scalarin Kerr)

Gralla & Zimmerman — Mode sum approach using near-horizon geometry

Initial data is supported entirely outside the horizon

'Non-discrete' case only (eg. non-axisymmetric scalar in Kerr)

We hope to get more insight by studying a system with full analytic control - BTZ



BTZ rotating black hole

Banados-Teitelboim-Zanelli rotating black hole in 2+1 dimensions, asymptotically Anti-de-Sitter

3D vacuum solutions to EFE with cosmological constant — constant curvature R,uz/ = 2Ag,w
Negative cosmological constant => locally isometric to Anti-de-Sitter space

Periodic identification of a coordinate in AdS3 gives the BTZ black hole

Help understanding holographic signature of instability

Why BTZ?  Only system where we have a closed analytic form of the retarded Green function

Help fill gaps in understanding the instability



Coordinate patches of AdSj5

Global patch Poincare patch 'Extremal’ patch



Scalar field perturbation AdS3 Green function
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source

Boundary Bouncing
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Periodic identification — Method of Images
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Accumulation of 'images' at ends of 'conformal

bifurcation line'

These images emit wave fronts co-rotating
with the black hole (orbiting n times)

These images emit counter-rotating wave fronts
that give rise to the instability
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Green function for source off the horizon
(non-discrete)
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What we've shown
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* Recovered horizon instability from the exact retarded
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Green function in BTZ

* New interpretation —counter-rotating null geodesics

cause the instability

Going forward

Discrete case and on horizon data

Generalize conclusionsbeyond just BTZ?

Connect with other techniques

Holographicsignature?




