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Mass: 1031 kilograms
Radius: 20 kliometers
Evapora�on �me: 1067 years
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Quantum Gravity
improved Black Holes

Why do we need models for the center of black holes?
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or final evaporation ?
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Schwarzschild diverges
There is a cuvature singularity due to 
the point-like nature of the ma�er 
density. Coevally, the Schwarzschild 
metric is supposed as the correct final 
evapora�ng black hole descrip�on.

Ma�er compression
What happens when two par�cles
collide with                     ? The hoop
conjecture predicts a black hole
which quickly evaporates.

Heisenberg microscope
What happens when a par�cle is
compressed to the planck size?

Hierarchy problem
The weak hierarchy problem is the 
ques�on why the Planck mass is so 
much higher than the Elektroweak 
scale.

Large extradimensions
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Nonlocal Gravity

Fourier Transforma�on in
coordinate frame of a freely
infalling  observer

Self-Completeness of GR

Remnant Thermodynamics

Physically allowed region
by GUP predic�on

For example Generalized Uncertainty Principle:

Some theories predict a cold stable evapora�on
endpoint: The Remnant,  a candidate
for WIMPS or the graviton. For example, the
holographic black hole:
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cooldown
phase

semiclassical regime

phase transi�on

stable phase,
quantum mechanical
decay

thermal decay

zero entropy
remnant

Quantum gravity is expected to be highly
nonlocal. This can be implemented with
an operator (en�re func�on of     )
in Einstein Field Equa�ons:

predicts a minimal length:

GUP masks the singularity at the origin but
does not remove it. The big plot at the bo�om
displays       in Planck-like coordinates.

Find         by fundamental
principles (e.g. String
Theory) or by model
engineering.
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Ill-defined thermo-
dynamics based 
on a divergent 
temperature

: mass scale
of theory

The Planck scale

ADD scenario (1998): Enrolled extradimensions

Spa�al extra dimensions 
which are only acces-
sible for gravita�onal 
degrees of freedom 
allow lowering the 
effec�ve Planck mass to 
the TeV scale (LHC).

Randall-Sundrum model (1999): Two branes

with 

Quantum black holes in extra dimensions:

Rc
rH

Flat space 
approxima�on 
holds if BH is much 
smaller than LXD.
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Finite curvature or not?

While both GUP and holographic metric are
non-regular, some models remove the
singularity at the origin in favour of core
with constant curvature: The deSi�er core. 

very big mass

approaching Schwarzschild

extremal mass
the mass of the remnant

very light mass
a G-lump

Schwarzschild metric

with same mass
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