
















diverging curvature

Critical collapse Black string instability
Choptuik 1993 Gregory+Laflamme 1993

Lehner+Pretorius 2011





small mass, small extent









𝑑𝑠2 = 𝐿2

cos2 𝑧
𝑑𝑧2+𝑑𝑠2 Schw−AdS𝐷−1

𝑧

Schw − AdS𝐷−1

Boundary:
Sphere with two black holes 

at antipodes

fixed geometry



𝑧

Thin enough black strings are 
unstable to rippling

similar to Gregory-Laflamme

What’s the endpoint of 
the instability?

Hirayama+Kang 2001



Uniform black string
Black funnel

Black droplets Fat funnels

(other possibilities too)

Marolf+Santos 2019



Thin unstable funnel

?



Possible

Fixed black hole @bdry acts as heat source/sink

Horizon generators can flow in/out of bdry: Black Tsunami



Possible

If string thickness ≪ AdS radius ⇒  ~ 



+ more complex evolutions

direct tsunami

pinch off

CC violation delayed censorship

metastable endpoint



radiation burst 
(mild) delayed radiation flood

CFT Hawking radiation

Thermal radiation

CFT halos

radiation flood









direct tsunami

pinch off

delayed tsunami

droplets







after Chesler+Way 2019



𝑓 𝑡, 𝑥 = 𝑓(𝑒𝜆𝑡, 𝑒𝜆𝑥)



𝑓 𝑡, 𝑥 = 𝑓(𝑒𝜆𝑡, 𝑒𝜆𝑥)

Continuous CSS: ∀𝜆 ∈ ℝ

Discrete DSS: 𝜆 = 𝑘Δ 𝑘 ∈ ℕ

𝑡

𝑥

𝑡

𝑥







vanishes
(pressures vanish too)

𝜋

2
= propagation time to bdry

shear

dual CFT stress tensor
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Can dominate for 
large BH@bdry

Never dominant Dominant for small 
BH@bdry

Can dominate for 
large BH@bdry



mass (area) density momentum density

𝐷 = 𝑛 + 5

𝑟0 = thickness in AdS units





𝑑Ω𝐷+1 = d𝜃2 + cos2 𝜃 𝑑Ω𝐷

Area 𝜃 = cos𝐷 𝜃 ∼ 𝑒𝐷𝜃2/2









Chesler+Way 2019

𝜋

2
= propagation time to bdry





DSS
𝜋

2
= propagation time to bdry







vanishes!


