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Black Holes in d = 4

Kerr metric
.2
ds? = — <1 2"{”) ar® — 74Marzsm edtdgb

. 2
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Black Holesind > 5

Extension into higher dimensions not unique.
Schwarzschild-Tangherlini metric

2M ar?
ds? = —(1 — r—)dtz —r + r?dQs ,
7d—3
with horizon topology S9-1.
Black String metric
ar?

ds® = —(1 — —)dtz + r2dQs + dz?

oM

with horizon topology S? x S' identifying z ~ z + L.
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Quasinormal Modes

Perturbing the metric
9ab — 9ab + hab
gives rise to change in Ricci tensor
Rab — Rap — %ALhab +O(P)
where
Arhay = Ohab + 2Racbgh®™ — 2Ry — 2V (3VChp) + VaVph
so to first order, we require

Arhyy =0.
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Quasinormal Modes

Look for solutions that oscillate in time

Whitened

Whitened
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First two O4 events — Whitened strain (zoomed +0.3s around merger)
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Gregory-Laflamme Instability

Look for perturbations of Black String (S? x S') of form

hap = €M M Hyp(r) .
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Thermodynamic Argument

Can compute black hole entropy

_A
4
for black hole and black string
8L
_ 2 _ 2
SBH =47M 272M’ SBS 47 M

so as L — oo the black hole is preferred.
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More Black Holesind > 5

Can also generalise Kerr metric to Myers-Perry metric.

Ay(r) = rg — 2Mry + & - Ay(r) = r02 _ 2Mrg_d + &

AIso possible to have up to [ 95| angular momenta due to rank of

SO(d —1).

(a) (b)
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Ultraspinning Instability

High angular momentum causes deformation of event horizon
(black pancake).
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Cosmic Censorship
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Black Branes

Can extend black strings to black branes

2M ar?

ds? = —(1 — T)dt2 ot r2dQ3 + dz? + dz5
r

and compactify on an oblique torus.
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