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General relativity is an effective theory of gravity,
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as such, it is expected to work as long as curvature invariants are small.

Conversely, corrections to the theory become relevant in highly curved
regions of spacetime, as it happens near singularities.

But these are hidden behind horizons (Cosmic censorship).

Is there any system where corrections to general relativity are velevant?
Can we probe quantum gravity at all?
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density profile
In 4D, critical collapse, iciopuit; phys.rev.Lett. 70,99
Dilution Naked Collapse into
singularity a black hole

In higher dimensions, Gregory-Laflamme instability

[Gregory, Laflamme; hep-th/9301052], [Lehner, Pretorius; 1006.5960], [Figueras, Fran¢a, Gu; 2210.13501]

See also [Emparan, Sanchez-Garitaonandia, Tomasevic; 2411.14998]
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Question:

Is there any situation where curvature invariants grow over
an extended region of spacetime, without fine-tined initial conditions?

Yes, simple and robust.

Contents

- The model and setup (standard),

- Growth of curvature invariants at the horizon.

See also [Crisford, Horowitz, Santos; 1709.07880], [Horowitz, Santos, Way; 1604.06465]
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Consider

5 - 2 d°zv—G (% - %6‘M¢BM¢ — V(cb))

E
gp
We choose a potential such that

- There is a maximum at ¢ =0,
asymptotically AdS solution.

- About ¢ =0, ¢ has mass such that A =3.

- This introduces a source that explicitly
breaks conformal A symmetry.

- There is a run-away direction:

V(p) x —eh?
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But AdS is not an (exact) solution in our case:

True, in this case the lowest energy state is expected to be given
by « B PS SOlutlonS”. [Towsend, Skenderis, hep-th/9909070].

Our potential is given in terms of a “superpotential”:

Vo) = —gw?+ 5 (P52

And we have “BPS-like” solutions, solving first-order equations

0,(metric) o« W Op(@p) oxx Oy W

1

W(o)= 57

[1 — 67 — cosh(2y¢)
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If you wonder about how motivated this is:

This kind of run-away behaviour is generic in String Theory
compactifications. In top-down constructions, there are cases with
similarly diverging potentials and regular ground states.

compactification
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4D

[Faedo, Pravos, JS, Mateos; 1702.05988], [Elander, Faedo, JS, Mateos; 2002.08279].



Is V(¢) x —e*'? sensible?

If you wonder about how motivated this is:

This kind of run-away behaviour is generic in String Theory
compactifications. In top-down constructions, there are cases with
similarly diverging potentials and regular ground states.

And other examples:

- CGLP solution (Stenzel Space)
- GPPZ solution

- I<lebanov — Stras Sler [Klebanov, Strassler; hep-th/0007191], [Buchel; 1809.08484].

[Cvetic, Gibbons, Lu, Pope; hep-th/oo12011], [ Dias, Hartnett, Niehoff, Santos; 1704.02323].

[Girardello, Petrini, Poratti, Zaffaroni; hep-th/9909047], [Bena, Dias, Hartnett, Niehoff, Santos; 1805.06463].

and more...
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~ free energy (f), pressure (p) .
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[Bjorken; Phys.Rev.D 27 (1983)].



Heavy-ion collision

After an initial,

regime, the evolution is well described
by hydrodynamics:

vV, T" =0

TH" is the energy-momentum tensor

of the fluid,

THY = ideal terms +
viscosities (0) + ,
20d order viscous terms (0°) +

[Bjorken; Phys.Rev.D 27 (1983)].
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If so, the fluid will cool down,
the scalar roll down the
unbounded potential and
curvature invariants grow at
the horizon.
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We solve in a boost-

invariant setup,
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Bulk

[Bellantuomo, Janik, Jankowski, Soltanpanahi; 2002.08279].
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Full numerical evolution:
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C Ol‘lCIHSIOH (Please hold on: unconventionally this is not the last slide :)

- I presented a way to generate dynamically large curvatures in the bulk in
a macroscopic region. Information about deviations from the classical
theory are accessible via the dual gauge theory.

- Strictly speaking, it is not a violation of Cosmic Censorship
(because it takes infinite time). But violates it in spirit.

- The setup is generic: found in several string theory models,
It is robust, simple and intuitive: relies on cooling down the system.
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How is the singularity resolved in String Theory?

"
w energy
= Ty 10-103

11D 4D

- The family of black branes

. 5.103 i
behave as the critical case.

Including finite N?

- There is a regular ground
state in 11D. 0 —r S

temperature
- Butinthe* ?

we do not recover it.

[Faedo, Pravos, JS, Mateos; 1702.05988], [Elander, Faedo, JS, Mateos; 2002.08279].
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