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Slow-rotation Horizon Killing vector field   
⇒ causal  everywhere outside the horizon 

Stable wrt scalar field 
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      Theorem  
 

   Any asymptotically globally AdS black hole with Killing horizon  

   is unstable if it admits an ergoregion with respect to the horizon    
   Killing field     

Slow-rotation  No ergoregion wrt  
 
Fast-rotation                 there exists an ergoregion near AdS infinity    

Green-Hollands-AI-Wald 
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The Canonical energy of the initial data for perturbations 

The canonical energy has the following properties:   
  1.   Gauge-invariant  
  2.  Monotonically decreasing                 if the flux at boundary is positive 
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wrt  Horizon Killing field  

Superradiant instability of  
        AdS black holes 

Ergoregion wrt  Rotating star 



Sketch of proof.  

Symplectic form for gravitational perturbations 

The Canonical energy of the initial data for perturbations 

The canonical energy has the following properties:   
  1.   Gauge-invariant  
  2.  Monotonically decreasing                 if the flux at boundary is positive 

- wish to show the existence of       with which                 in ergoregion 
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WKB method ⇒ expansion with respect to  

In ergoregion :   

Eikonal equation :   

The canonical energy can take the form in the ergoregion   

      WKB solution does not satisfy the linearized constraints, but  
the failure is as small as one wants.  
By applying the Corvino-Schoen method, we can correct the initial  data  
for the perturbations so that it satisfies the constraints.  □  
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Summary 

We have shown that any asymptotically globally AdS 
black hole with an ergoregion is unstable. 

We require only that the black hole have a single Killing 
vector field normal to the horizon and no restrictions on 
gravitational perturbations (not necessary to be 
axisymmetric as in the asymptotically flat case).  

It is implausible to consider that the perturbaiton would 
approach a time periodic solution. 
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