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- v
Weak cosmic censorship (executive summary):

Is it possible to form a region of arbitrarily large curvature that
is visible to distant observers?
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Claims to fame - Gregory Laflamme type - d > 5:

Lehner, Pretorius '10 - Black String

Figueras, Kunesch, and Tunyasuvunakool '16 - Black Rings

Figueras, Kunesch, Lehner, and Tunyasuvunakool '17 - Myers-Perry
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Remain in 4D, and start in the vacuum of the theory.
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where F' = dA, G is Newton's constant and L is the AdS, length scale.

Comments:

@ Field content: gravity and Maxwell field

Consider solutions in the Poincaré patch with fixed
conformal boundary metric

ds? = —dt® + dr? + r2dp?

Electric field introduced via the boundary behaviour of Ay:

At(ty 2, T, (P) = /l(ta T, (Ij) + <p(t7 T, QD)) Z4...

Take u(t,r, ) = A(t) F(r/o) for several profiles F'(x).
e At T = 0, moduli space of solutions is 1D: ag(t) = A(t)o.
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Adiabatic approximation: A(t) = A
G. T. Horowitz, N. Igbal, JES, B. Way '14
M. Blake, A. Donos, D. Tong '14
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A case for dimensional analysis

@ From the field theory it is simple to see how the decay of F
at large r can affect the IR.

@ The chemical potential is a source for (J) and has conformal
dimension 1.

@ Gauss's law at the boundary tell us that, unless p(r) o< a/r
at large r, the total charge is either 0 or co.

o At large r, let us assume that:

u(r):r%é[a]zl—a.

A simple criterion:

«a < 1: impurity destroys the IR, i.e. is relevant.
a = 1: impurity marginally deforms the IR.
a > 1: impurity should be irrelevant in the IR.

6/24
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o In simple examples one can show that G =0 < GH = 0.
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How to construct generic solutions for arbitrary profiles F'

The most general ansatz

2
ds® = L[ Ade® + 8 (dr + Kd2)® + Sar’ds® + Bd?],
22

A=qdt.

@ How do we solve the Einstein-Maxwell field equations?
o What about gauge freedom?

e Einstein-DeTurck: solve GH = Gy — V(&) = 0 instead:
o £ can be arbitrary, here choose: £ = g°d[T'%,(g) — I'%,(q)].
e g is a given reference metric that must share H, UZ,.
o Huge pay off: G =0 is a well defined set of !
o Want to solve G = 0: choose boundary conditions that ensure
£ = 0 on solutions of G1 = 0.
e In practice, trust ellipticity: solution locally unique.
o Equations of motion solve for gauge defined by £ = 0.
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for a = Ao (amax) beyond which we cannot find a regular solution.
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We have considered many distinct profiles for the irrelevant case, e.g.:
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@ For all of the profiles above, we find that there is a maximum value
for a = Ao (amax) beyond which we cannot find a regular solution.
@ In all cases, the IR geometry is always AdS, - irrelevant.
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The irrelevant case 2/5

Static orbits:

We searched for locus in our manifold where

UVols = LF,U with UU® =1,

i.e. studied the possible existence of static orbits where we can
put a tiny black hole of mass m and charge q.

@ Note that extremal black holes with, i.e. ¢ = m, can be
arbitrarily small.

@ For static orbits, the equation above reduces to checking if
V=g — 9 4, admits extrema.
m

o If the extrema is a minimum, the solution should be stable.

@ If the minimum is absolute, the solution should play a role
even at finite NV, i.e. not a large N artefact.
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L Adiabatic approximation: A () = A

The irrelevant case 3/5

Four different regimes for ¢

@ 0 < a < @ no orbits can be found. 0.10
o orbits are found but 0.08
Ly — O<a<a'
@ a, < a < amax Orbits are found £ oo s
with Vinin < 0. 0.02|}
i { # — a.<@<amax
®a I>t(.1max we can no longer find a 0.00 M/ ...............
solution.
70080 0.1 0.2 0.3 04 05 06 0.7
V=G
Can we go and construct the
solutions where the extremal hole hovers the Poincaré horizon?
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The irrelevant case 4/5

@ This is the picture you should have
in mind.

@ Why do they exist in the first
place?

° wants to
make them cross the horizon.

o Electric attraction wants to
pull them towards the
boundary.

@ This cannot be the all story because
it would suggest an unstable
solution.

11/24
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The Seven Pillars of Hovering Solutions (sorry T. E. Lawrence):

Hovering holes exist only when V,,;;,, <0, i.e. a > a,!

o Solutions with V,,;,, > 0 are likely to exist, but are not
in mechanical equilibrium (grand-canonical not defined).

The hovering solution is exactly a spherical extremal RN
black hole (we do not impose this on the numerics).
Solutions exists even when 7, > L.

For a, < a < amax hovering solutions and non-hovering
solutions coexist.

They dominate the micro and grand canonical ensembles.
@ Phase transition is second order.

Perturbative evidence in favour of stability.
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L Adiabatic approximation: A () = A

The marginal case

@ Recall that in this case, we need p(r) o< a/r at large r.
o For intermediate values of 7, u(r) is still arbitrary.

@ In this case, the IR geometry is

o Only for this decay is the charge Q finite.

@ In this case, small hovering black
holes also form!

@ Also have a maximum amplitude
Gmax Which can be computed
analytically.

AdS,
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@ Impose boundary electric profile (with o > 1):

t o
—_aOre _gadr — 2 g,
02(14_%)2 r—+400 r

e Take a(t) of the form:

a(oo)

Amax

0 2 4

2 6 8
t

o Smallest a,,.x = v/ 138 + 224/33/24 occurs for o = 1.
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@ Impose boundary electric profile (with o > 1):

t (6%
—_aOre _gadr — 2 g,
0_2(14_%)2 r——4o0 r

e Take a(t) of the form:

0 2 ! 6
t
@ Smallest a,,., =~ 0.678 occurs for o« = 1.

14 /24
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L The Conjecture

The conjecture 2/2

Possible outcomes:

o If a(00) < amax, We expect the solution to settle down to
the simply connected solution found in the static setup.

e What about if a(c0) > ayax?

o Maybe hovering black holes form: cannot happen
since there are no charge particles in our action.

Conjecture - G. T. Horowitz, JES, B. Way '16:

For a(c0) > amax, the resulting time evolution leads to arbitrar-
ily large curvatures at late times, which are visible to boundary
observers: weak cosmic censorship is violated.

15 /24



Violating weak cosmic censorship in AdS4

l7\/\’olation of the Weak Cosmic Censorship Conjecture

Violation of the Weak Cosmic
Censorship Conjecture
T. Crisford, JES '17

15 /24



Violating weak cosmic censorship in AdS4

L Violation of the Weak Cosmic Censorship Conjecture

Violation of the Weak Cosmic
Censorship Conjecture

15 /24



Violating weak cosmic censorship in AdS4

L Violation of the Weak Cosmic Censorship Conjecture

@ System remains at T = 0: does not contradict Joule
heating, since we are injecting a finite amount of energy.

16 /24



Violating weak cosmic censorship in AdS4

L Violation of the Weak Cosmic Censorship Conjecture

@ System remains at T = 0: does not contradict Joule
heating, since we are injecting a finite amount of energy.

@ Most stable code in the literature (to date) is based on a
characteristic evolution scheme.

16 /24



Violating weak cosmic censorship in AdS4

L Violation of the Weak Cosmic Censorship Conjecture

Why is this hard?
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Why is this hard?

@ System remains at T = 0: does not contradict Joule
heating, since we are injecting a finite amount of energy.

@ Most stable code in the literature (to date) is based on a
characteristic evolution scheme.

Develop a characteristics code that can handle T = 0.

Easier said, than done! Thankfully (or foolishly),

Toby Crisford was ready to embrace this!

16 /24
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Back to basics - 1/2:

L? 23
ds? = = [ (1 = 3) dv? — 2dvdz + dr? + 7“2d802] .
z s
where d
dU = dt - z 3
5
+

0, is everywhere null.
The null hypersurface z = z is Ht.
In (v, z, 7, p) metric is non-singular for 0 < z < co.
Curvature singularity at z = oo
26
L4Wabchade _ 1276 .
4
The intersection of the horizon with a partial Cauchy
surface with v = const. is uniquely parametrised by (r, ©).
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Back to basics - 2/2:

L2
ds? = = [—dv2 —2dvdz + dr? + r2dg02} .

where
dv=dt —dz.

0, is everywhere null.
The null hypersurface z = +oco is HT.
In (v, 2,7, @) metric is non-singular for 0 < z < co.

No curvature singularities:

Wabchade =0.

r is a bad coordinate on the intersection of the horizon
with a partial Cauchy surface with v = const., since g,.. — 0

as z — +o00.
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L Violation of the Weak Cosmic Censorship Conjecture

The epiphany - 1/2:

Change coordinates:

Metric now becomes:

L2
ds® = —— (—p*dv® + 2dvdp + d6? + sin® 0de?) |
cos 62
where: q
dv=dt+ 2.
p

p=0is HT, and 0 is a good coordinate on the horizon!

However, it is a bad time coordinate at the boundary:
characteristics all intersect at p = oo!
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The epiphany - 2/2:

Diagrammatic diagnoses of the problem, also provides solution:

~ s
=2
2

p=

o
P
L 4

Not an hyperslice

0o ¢

0

20/24



Violating weak cosmic censorship in AdS4
L Results

Results 1/2: a < amax:




Violating weak cosmic censorship in AdS4
L Results
Results 1/2: a < amax:
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Matching old results with a time-dependent code!
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F? is measured at the apparent horizon, and along
the axis of symmetry.




Violating weak cosmic censorship in AdS4
L Results
Results 2/2: a > amax:

1
1.5 1
=5 t
=
>~
Q10
E | = 0.9899
= \ - a(co) =0.
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&
0.0

F? is measured at the apparent horizon, and along

the axis of symmetry.
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Addressing concerns:

Is the curvature blowing up at apparent horizon?

24
RabcdRade = Wabchade + ﬁ"‘

8 Fue FYFy Fb, — 2(F,, F°)2.

How do you know that the curvature singularity is not
hidden behind a true event horizon?

Apparent horizon bomes stationary, allows to find
the the true event horizon: F2 blows up there.

Is there a positivity of energy for this theory?

Gibbons, Hull and Warner (mutatis mutandis).

At t = 0 vacuum state of the theory: inject finite energy.
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Conclusions:

@ Found a new phase, which is stable to finite N corrections,
for which we don't have a field theory interpretation.

@ We have found a four-dimensional counterexample to the
weak cosmic censorship.

What to ask me after the talk:

@ Is there a relation between the violation weak cosmic
censorship in this setup and the weak gravity conjecture?

@ Have you tried different profiles?
@ Is axisymmetry a restriction?

@ Include charged scalar fields and test weak gravity conjecture.

Outlook:

@ What is the field theory interpretation of this phenomenon?
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Thank Youl
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