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Abstract:
Over the last few years it has been understood that black holes sufficiently close to extremality receive large quantum

corrections that modify their thermodynamic properties. In this talk | will explain how these large quantum corrections modify

the real time dynamics of near-extremal black holes. In particular, the spectrum of emitted Hawking radiation differs drastically
from the predictions of QFT in curved spacetime.
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Near-Extremal Black Hole Evaporation
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Hawking Radiation

® Hawking predicted that black holes emit radiation
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® If you sit outside a black hole and collect the radiation, you will see a particular distribution
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Hawking Radiation

® For special black holes (near extremal black ho]es) quanmm Qm\ ity corrections (fluctuations of the metric) are
important and completely change the spectrum of emitted radiation

dFE
dtdw

* Can we go experimentally test QG?
®  Unfortunately: QG ettects require extreme regimes: T ~ 107 1%Kelvin, Mgy ~ 10 Mg, QB ~ 1044f]clom.mn

® Goal of talk: explain how QG effects incredibly important for properties of near-extremal BHs
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Outline

® WWhat is a near-extremal black holer

* Emission of charged particles

® Why charged particle emission forces us to the extreme regimes to see QG effects

® Quantum black holes (gravitational path integral)
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Near-extremal black holes

In General Relativity, black holes are characterized by a Mass M, electric charge Q, and angular momentum J
For fixed charges (Q,]) , solutions exist above a minimum mass
J?
M? > e Q?

2

Saturate the bound: extremal, nearly saturate: near-extremal

What 1s special about extremal/near-extremal black holes?
® They become very cold near-extremality

® ‘Their ceometry: long AdS-> throats
g i S 2

T — 0

® This talk: restrict to charged black holes in 4d asymptotically flat space with Standard Model particles
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Near-extremal charged black holes

® Charged black holes

M>Q  Tx/iE-Q¢
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(proper distance) ~ @ log (Q

® New in recent years: quantum gravity effects important in the AdS, throat
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Charged black holes in our universe

® Large charged BHs do not naturally exist in our universe

® Oppositely charged particles from gases/dust would be attracted and absorbed, neutralizing it

* We will consider an empty universe with an isolated BH
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Charged particle emission

® How are massive charged particles produced?
) ) _ (rate/spacetime vol)
® Background electric field will pair produce

electron-positron pairs
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® Black hole loses mass, charge

® Driven away from extremality (temperature increases)!
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Charged particle emission

® Approximation: use Schwinger’s result for decay rate from flat space QED

e ( m_zQ) 0(1), M S10°Mg
exp | —
q

(rate/unit time ) ~ ——— e
2m3m?

~ (exponentially small), M > 10° Mg

® electron-positron production exponentially suppressed:

Q>10" = M > 10°M,

® Smaller black holes will pair produce many particles and quickly lose their charge
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Charged particle emission

® From now on

Q > 10" = M > 10°M,

® Very stable against losing charge: exponentially rarely produces an electron

® Quantum gravity effects do not modity this conclusion
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Hawking emission

® 'The black hole will now emit Hawking radiation and approach extremality M — Q

® It will gradually approach zero temperature following Hawking’s process

® It will eventually reach a temperature where QG effects become important
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* How do we study what happens next?
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Gravitational path integral

® Euclidean gravitational path integral: intermediate QG theory that lets us study many properties
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® For very cold black holes, quantum metric fluctuations very important! Almost all semi-classical
properties modified by these effects
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Application: BH entropy

. A
® Charged BHs no longer satisfy § = 7 Atlow
energies/temperatures

p(E)

M=Q+F

¢ lLarge modifications to BH entropy at breakdown energy

p(E) ~ ¢™@” sinh (277
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Application: Hawking radiation (massless scalar)
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* Quantum answer forbids the black hole from emitting more energy than it has above the extremality bound

Hawking: — = — dww——— =
dt 27 J, efv — 1 dt

dE 1 [ 4(rw)? 2 [ e

* Resolves paradox of emission of single hawking quanta giving a naked singularity
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Hawking radiation (photons/gravitons)

® In our universe Hawking radiation is dominated by photons/gravitons

dE_ E; = 105Ey. _dE
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® Angular momentum selection rule: BH with spin j can transition into states with j,j + 1

* M~105MO & w7l years to emit one photon
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Conclusion

* Near-extremal black holes recerve large quantum gravity corrections to many of their properties

*  Modifies spectrum of Hawking radiation, but many more interesting effects and properties to understand!

: . T o Forbidden transitions
Full evaporation history Effective quantum BH states orbidden transitio

states

Supersymmetric BHs
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Thank you!
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