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1. Quantum effects at the BH core
Schwarzschild singularity
Particle compression

2. Minimal resolution approach: GUP
Gravity as nonlocal field theory
Geometry and properties of the GUP BH
Features 

3. What's next
Large extradimensional scenario
Other BH core models
Experimental evidence
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Schwarzschild BHs exhibit problems

The Schwarzschild black hole is not suitable to describe „smallest distances“:

Curvature singularity ill defined thermodynamics
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There is a widespread belief in a minimal spatial resolution in nature: Planck scale

Incooperating gravitational effects in quantum mechanics

Example Gedankenexperiments:
Heisenberg Microscope Shrinking a volume of matter:

The Planck scale
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Incooperating gravitational effects in quantum mechanics

There is a widespread belief in a minimal spatial resolution in nature: Planck scale

Shrinking a volume of matter:

Physically allowed region
by GUP prediction

Generalized Uncertainty Principle (GUP)
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Incooperating gravitational effects in quantum mechanics

There is a widespread belief in a minimal spatial resolution in nature: Planck scale

Generalized Uncertainty Principle (GUP)

Fourier Transformation in

coordinate frame of a freely

infalling observer

→ gives us a momentum space cutoff. Use Cutoff to determine sharpest possible object in GUP:

→ maximal localized momentum states and
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The GUP-inspired black hole

Big masses:
Classical Schwarzschild
behaviour
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Big masses:
Classical Schwarzschild
behaviour

Extremal mass:
One degenerate horizon

The GUP-inspired black hole
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Too light mass:
no black hole (G-Lump)
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Too light mass:
no black hole (G-Lump)

Big masses:
Classical Schwarzschild
behaviour

Extremal mass:
One degenerate horizon

The GUP-inspired black hole

Features:

● Schwarzschild at large distances
● String theory motivated modification at Planck scale
● Still left: Curvature singularity at origin
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The GUP-inspired black hole

Further features:

● Regular thermodynamics
● The existance of a remnant
● Self-completeness of gravity
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The black hole 
remnant: 
thermodynamics

semiclassical regimecooldown
phase

inaccessible
regime
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The black hole 
remnant: 
thermodynamics

semiclassical regimecooldown
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Phase transition
Heat
capacity

Temperature:
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The black hole 
remnant: 
thermodynamics

semiclassical regimecooldown
phase

inaccessible
regime

Phase transition
Heat
capacity

Temperature:

Entropy

Zero entropy remnant

The remnant:
A cold stable
evaporation
endpoint
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The GUP-inspired black hole

An ongoing project: Extending GUP black holes to extra dimensions.
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The weak hierarchy problem of the Standard Model

Elektroweak scale
vs.

Planck scale



18

Large Extra Dimensions

ADD scenario

Integrated huge Volume of
extra dimensions 

Large       µm up to mm

Arkani-Hamed
Dimopoulos
Dvali 1998
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Large Extra Dimensions

n=1n=2

n=5

Maybe modify GUP for LXDs
ongoing work
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Outlook: Different metrics

The self-regular metric:
● Regular center? Yes
● Classical low-energy limit? Yes
● Self-encoding? Yes
● Holographic picture holds? No

Regular De Sitter core:
Quantum outward pressure

DeSitter
Schwarzschild

The holographic metric:
● Regular center? No
● Classical low-energy limit? Yes
● Self-encoding? Yes
● Holographic picture holds? Yes



  

Macroscopic Microscopic

Conclusion
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