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Aretakis instability in extreme black holes

Transverse derivatives of perturbations grow at late times on the horizon

Scalar perturbation Ingoing time Radial C(l)ordinate
O ~ VI (V) as V=00 and * — 0
Late times Horizon

Holographic signature?

No explicit example studied in asymptotically AdS
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BTZ metric

(r? = r3)(r ~ r2)

d 32 — 5 dtQ Inner horizon
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T
AdS length scale

O~ O+ 21

This makes it a black hole and not just AdS3
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Green’s function for a scalar
perturbation in extreme BTZ

Green’s function ( — ,u2)G(33a’£Ea ) = 03 (:I? , T )

In ingoing, co-rotating Gz, x%) = Z eimA‘PGm(AV, T, x’)

coordinates -

where AV =V -V’ and Ap=¢—¢

Boundary conditions - Ingoing waves at horizon & Dirichlet at boundary



Boundary propagators

Goo 3

/'\
Boundary ()

% Bo < / H Horizon

Gss = lim lim (:Ea:’)hG Gps = lim 2"G
r—o0 x/ —00 x’—00
Boundary-Boundary propagator Bulk-Boundary propagator
where

1
— _ 2,,2
h= (1+\/1+(8 [ )



Results

Boundary-Boundary propagator for late times

—1 AV —2h ., L'(h—im)
— AP
Goaa(AV, Ayp) dmro T(2h) 2. [(1—h—im)

m

Bulk-Boundary propagator for late times

—1 AV=NIr(1 4+ AVx)" I'(h —m
GBa(ma AV) AS&) — ( ) Z (_ )

4711 I'(2h) ['(1 —h—1im)

ex (zm( L+ AVa ))
P (1+ 2+ 1+ 22)AV
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Aretakis instability

Near Horizon-Late time scaling symmetry of extreme black holes

o~V f(Va)

On Horizon decay rate Off Horizon decay rate

V—P V—QP

P is related to the mass of the scalar field



Results

Boundary-Boundary propagator for late times

Av—Qh
Gaa(Avv A‘P) —

Bulk-Boundary propagator for late times

_h _h
Gpo(z, AV, Ap) = AVTH1 + AVz)
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1 o F(h — zm) , 1+ AVzx Poles at
I = — dm ——exp | 1m
27 ['(1—h—1im) (1+z+V1+22)AV m = —i(h +n)

— OO

Contour integral!

1+ AVzx h
AV

Exactly cancels out what causes the Aretakis effect!!

'Planar BTZ” - Bulk-Boundary propagator for late times

— AV 2"
27“()

N 1+ A
x e'BP Fy (—1 — 2h; — ( +Aaba ) eA‘P>
1+ 2+ v1+22)AV

Ghy(z, AV, Ap) = (1+z+V1+2x)™"
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GBO -~ V—Qh GBB ~ V_hf(VCL') (9;1GB(‘) ~ V”_hg(Vx)
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* It disappears in the planar limit (Poincaré patch of AdS3), as it must
Gl ~ V"
Questions/Future directions

* What is the CFT dual to the Aretakis instability? (4-point function?)

* Does the Aretakis instability occur in more general planar black

holes?



