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Quantum Gravity improved black holes
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Schwarzschild BHs exhibit problems

The Schwarzschild black hole is not suitable to describe ,smallest distances":

2G M 1
ds? = — (1 — ) dt? + el dr? + r2d6? + r? sin? Ad >
r —

r

Curvature singularity ill defined thermodynamics
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Incooperating gravitational effects in quantum mechanics

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

Example Gedankenexperiments:

Heisenberg Microscope Shrinking a volume of matter:
A
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The Planck scale

M \/ ~ 10~k
Pl = hGN g

Lpy = 1/Mp; ~ 10~*°m
Tp1 = Lp1/c ~ 10~ **s




Incooperating gravitational effects in quantum mechanics

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

Generalized Uncertainty Principle (GUP) Shrinking a volume of matter:

A |
AxAp > — (1—|—5p2) Physically allowed region
2 " by GUP prediction
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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)

h N e 5,
AzAp > 5(1+5pQ) = [2',p;] = ihd;(1+ B p°)

— maximal localized momentum states and

1= [

o 1+ Bp?

—> gives us a momentum space cutoff. Use Cutoff to determine sharpest possible object in GUP:
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The GUP-inspired black hole

—1
ds? = — (1 - 2GTM7(2;T/\/B)> dt* + (1 — 2GT]\/[W/(Z;fr/\/ﬁ)) dr? + r2dQ?
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The GUP-inspired black hole

—1
ds? = — (1 - ZGTMW(Q;T/\/BO dt? + (1 — 2G'T‘M’y(Z;fr/\/B)) dr? + r2dQ?

goo
Extremal mass:

One degenerate horizon

Big masses:
Classical Schwarzschild
behaviour
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The GUP-inspired black hole

—1
ds? = — (1 - ZGTMW(Q;T/\/BO dt? + (1 — 2G'T‘M’y(Z;fr/\/B)) dr? + r2dQ?

Too light mass:

goo no black hole (G-Lump)

Extremal mass:
One degenerate horizon

Big masses:
Classical Schwarzschild
behaviour
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The GUP-inspired black hole

Features:
e Schwarzschild at large distances

e String theory motivated modification at Planck scale
o Still left: Curvature singularity at origin
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Further features:

e Regular thermodynamics
e The existance of a remnant
o Self-completeness of gravity
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An ongoing project: Extending GUP black holes to extra dimensions.
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The weak hierarchy problem of the Standard Model
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Large Extra Dimensions

ADD scenario

MP2’1 — VnM£+2

Integrated huge Volume of
extra dimensions
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Large Extra Dimensions
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The holographic metric:

Regular center? No

Classical low-energy limit? Yes
Self-encoding? Yes
Holographic picture holds? Yes

One Planck area

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




Conclusion

3 Proton
Accretion

disk

Companion star

Black hole

Black hole

Mass: 1023 kilogram
_ Radius: 109 meter :
years Evaporation time: 10-%® second

Mass: 107! kilograms
Radius: 20 kilometers
Evaporation time: 1057

Jet

Macroscopic Microscopic

Literature _ _
Picture Credits
Nicolini, Spallucci

Holographic screens in UV self-complete QR Bernhard Carr [KSM 2012]
[arXiv-1210 0015] Bekenstein, Kamajian [Scientific American 2005]

SM patrticle chart: Phys. Today 65, 9, 12 (2012)

Ongoing: Isi, Knipfer, Koppel, Mureika, Nicolini
Self-Completeness and the GUP in extradimensions

Ongoing: Bleicher, Dirkes, Frassino, Knipfer, Koppel, Nicolini
GUP and BHs — a paedagogical review



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21

