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black hole thermodynamics

black holes in general relativity

solutions to Einstein’s classical equations
event horizon with area A

most general static BH solution for long-ranged forces:
Kerr Newman black holes

uniqueness theorem:

A=AM,J q)

singularities / break-down of predictivity
cosmic censorship ?
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black hole thermodynamics

laws of black hole mechanics (Bardeen, Carter, Hawking '73)
K
OM = 0A + QdJ + Pdg
8FGN

first law of thermodynamics
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black hole thermodynamics

laws of black hole mechanics (Bardeen, Carter, Hawking '73)

infinitesimal amount of matter crossing the horizon

Y
oM = 0A+QoJ + Do
87TGN i * 1

reversible thermodynamical process at temperature T

Q
=

second law of thermodynamics

0S5

S 0.¢ A (Bekenstein '73)

K

T = —
27

(Hawking ’75)
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black hole thermodynamics

laws of black hole mechanics (Bardeen, Carter, Hawking '73)

infinitesimal amount of matter crossing the horizon

Y
oM = 0A+QoJ + Do
87TGN i * 1

identify the heat flow at temperature T as
6Q = 6M — Q6T — ®dg

to find that the first law of thermodynamics leads to

g A
BH —
4GnN
derivation from euclidean path integral (Gibbons, Hawking '77)

statistical entropy
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coarse-graining

quantum gravitation

flowing effective action

[y = /d%\/—ig
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831Gy,
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Go ~ 6.674 x 10~ N (m/kg)"

family of Kerr-Newman BH solutions

A=A(M,J, q;k)

(Falls, Litim "I )

(Wetterich '93)

o ~ 1/137
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coarse-graining

choice of scale

RG thermodynamics

(Falls, Litim "I )

k= kopt(Ma Ja Q)

M —-M+oM J—J+0J

q — q+0q kopt — kopt =+ 5kopt

5Q _ oA

T 4G,

SA— 2T msa : 0A(M, J,q; k)
K Ok

k:kopt

0 kopt
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coarse-graining (FallsLiim 11

choice of scale
k — kopt(Ma J, Q)

results

S = k = kopt
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asymptotically safe black holes

(Falls, Litim "1 1)
RG thermodynamics .2
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RG improved metrics

basic idea

GN —> G(T, s ) k — ]{(’]“7 .« . ) (Bonanno, Reuter "01)
. (Reuter; Tiuran ’10)
Kerr Space'tlme (Litim, Nikolakopoulos, ERG ’10)
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RG improved metrics

thermodynamical equivalence (Falls, Litim 1 1)

2
provided if k*(r) = oo fJ )

statistical entropy
“off-shell” conical singularity method (Soludkhin *96)

Schwarzschild black hole, free energy

r A
improved metric =7 T
QGN 4GN (Bonanno, Reuter ’00)

here F=M--—S8T
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conclusion

black hole thermodynamics

RG puts black holes under a microscope

BH thermodynamics consistent and meaningful
beyond the semi-classical approximation

predictions

thermodynamical consistency + asymptotic safety implies
smallest black holes
maximal temperature

extensions + challenges

high-energy degrees of freedom?
cosmological constant, higher curvature invariants
non-equilibrium thermodynamics
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