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Introduction

There are a lot of black holes in the universe.
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If BH is dynamically unstable the amplitude of perturbations grow in time
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This does not happen for S-BH in 4-dimensional Einstein gravity.



Introduction --- continued

The dimension of spacetime might be more than 4.

In higher dimensions, Lovelock gravity is a natural generalization of
Einstein gravity

AdS BH is important for AdS/CFT
Stability of BH is relevant to the physics of CFT

Therefore, it is worth for studying
the stability of AdS BH in Lovelock gravity



The stability analysis of BH in higher dimensional Einstein theory
was done by Kodama & Ishibashi 2003

Takahashi & J.S. (2009-2012) extended their analysis
to the higher dimensional Lovelock theory

We have shown that

there exists the instability analogous to the gradient instability
found by Kawai & J.S 1998 in Gauss-Bonnet cosmology.
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Small and Large BHs

4-d AdS-BH in Einstein gravity
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Lovelock Gravity

Lovelock gravity
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Lovelock Black Holes

Wheeler 1986
D-dimensional BH
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Perturbed Lovelock black holes

Takahashi & Soda 2009
Tensor Perturbations
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Perturbed Lovelock black holes --- continued

Scalar perturbations
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Dynamical Stability Criterions
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Master equations 7
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If V>0, black holes are stable. If not, we can deform the potential.
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If v>0 ,black holes are stable. If not, there may be instability.



Instability Criterions---tensor & vector

Tensor Perturbations
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Instability Criterions---scalar

Scalar Perturbations
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Algebraic criterion
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Instability of small black holes



Black Hole Solutions

D-dimensional AdS BH
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Graphical Method

U

Wiy]= can be solved graphically.
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Stability Analysis

4-d AdS BH is stable
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Stability Analysis --- continued

We need to investigate 062 >0
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Stability analysis --- continued

6-d AdS BH o, >0
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Therefore, for sufficiently small black holes in GB gravity, there exists the instability.
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More general results

Takahashi & Soda 2009, 2010

In even dimensions, we obtain

2(D-4) , 2(D-4)

L[W]=(D—3)(D—4)+'“—makvf

L becomes negative for small black holes.

In odd dimensions, we obtain
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Either K or M becomes negative for small black holes.

Therefore, we can say small AdS black holes are generically unstable.



Stability analysis of large black holes



Graphical Method

Wly]= rff_l can be solved graphically.
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Stability analysis

o Takahashi & Soda 2012
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The similar analysis gives o=

In the case of large black holes, models are constrained by the stability analysis.



Numerical analysis
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Thermodynamical stability?

* We found the dynamical instability of Lovelock black holes

* We could not find corresponding thermodynamical instability

Dynamical instability # thermodynamical instability



Summary

We have obtained master equations for general perturbations
of spherical black holes in Lovelock gravity

Small AdS black holes are dynamically unstable

Large AdS black holes are unstable for some models

This should have implications for AdS/CFT correspondence.



