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Black Holes play a big role in studying Quantum Gravity.
WHY?

They radiate, they have a temperature and entropy

t They have micro states: Open string dofs? Fuzzballs?

' The “information probleriaballs? wormhole contributions in the gravitational path integral?

In the Swampland Program, they play a huge role in understanding
how QG constrains theories in the IR: not all theories lead to consistent BH physics!
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Black Holes play a big role in studying Quantum Gravity.
WHY?

They are intrinsically Quantum Gravitational objects,
And the locus of Quantum Gravity effects in our universe
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On the other hand,
The Black Holes we know to exist are big, smooth macroscopic objects
They are of a size much (much!) larger than the Planck Scale

Only small (Planckian) black holes would seem sensitive to Quantum Gravity effects
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On the other hand,
The Black Holes we know to exist are big, smooth macroscopic objects
They are of a size much (much!) larger than the Planck Scale
Only small (Planckian) black holes would seem sensitive to Quantum Gravity effects

This is not exactly true:

| Swampland Program says: In theories that are compatible with Quantum Gravity,

Quantum Gravitational effects are not suppressed by the Planck Scale
but instead by a scale that can be a lot lighter

27110/25
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UV SCALES in QG EFTS

In theories that are compatible with a UV-completion to QG,

One can identify various UV scales:
[G. Dvali, M. Redi, '08]

Kaluza-Klein (KK) Scales | The String Scale ‘. The Species Scale |
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Sometimes these scales match, most of the time they do not. They all have one thing in common:

i UV 3 V0" 14!

In Planck Units they can be expressed as: " >0,"% 01
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UV SCALES in QG EFTS
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This is a scalar field, more precisely, It's a Geodesic Distance in Scalar Field space

S = I\/IS,O/‘Q! ddx\/%ﬁ{RO & H] '

Moral of the Story: If scalar field vevs become very large,
UV scales become very light in Planck Units
What does this mean for black holes?
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BLACK HOLES in QG EFTS

It turns out that scalar fields couple to pretty much everything in QG EFTs,
They parametrize all gauge couplings and masses

If you consider e.g. a charged black hole, it will have an effect on the scalars:

It will create an effective potential for them,
Such that they are dragged to a specific value at the horizon
Entirely determined by the charges of the black hole

OBlack Holes Attractor MechanismO
(Super symmetric or NOT!) [S. Ferrara, R. Kallosh, A. Strominger '95]
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BLACK HOLES in QG EFTS

For instance, for a black hole with charges Q4 and Q,, you can obtain solutions such that:

#H, $ Iog&
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BLACK HOLES in QG EFTS

For instance, for a black hole with charges Q4 and Q,, you can obtain solutions such that:

#h $ IOg —1 —— Uv thSiCS becomes
/ Q> Take Or (1 manifest at the horizon of
L large* Black Holes

Then, at the horizon:

#UV 4 e%'!#!) 1
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BLACK HOLES in QG EFTS

For instance, for a black hole with charges Q4 and Q,, you can obtain solutions such that:

# % log— ———————————————» UV physics becomes
Q> manifest at the horizon of
fake Q; ( large* Black Holes
Hh Then, at the horizon: J

#UV o'
$e/o!#! 1
Y )

*Since the charges are very large,

these are very large black holes
IN PLANCK UNITS

But not so large in the units of #

pl
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The point: large* black holes are sensitive to Quantum Gravity Effects
Such Black Holes have been used in a Swampland Context to understand these effects,

and how they relate to BH micro states. UV

e.g.[R. Angius, Q. Bonnefoy, L. Ciambelli, N. Cribiori, M. Delgado, J. Huertas, D. Liist, S. Liist, C. Montella,
M. Montero, S. Reymond, A. Uranga, C. Vafa, T. Van Riet, 19'-25']
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Do these ideas apply to realistic black holes?
We do not have scalar fields (below the Electroweak scale)
If they are there, they are massive, like the Higgs.

The attractor mechanism can be generalized
to account for this, solutions can be constructed in the SM:

[J. Maldacena '20]
[R. Gervalle , M. S. Volkov, '24]
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The point: large* black holes are sensitive to Quantum Gravity Effects
Such Black Holes have been used in a Swampland Context to understand these effects,

and how they relate to BH micro states. UV
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What about Neutral BHs (Schwarschild, Kerr)?
Recall: Scalars couple to most of everything in the

effective action, to fermion condensates.
[D. Green, E. Silverstein, D. Starr '06]

WIP with T. Van Riet and S. Reymond |
Stay tuned!
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