
Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Physics of Trans-Planckian gravity

Cristiano Germani

LMU, ASC, Munich, Germany

IV Black Hole Conference, Aveiro, Portugal

Based on Dvali, Folkerts, CG 1006.0984 (PRD)



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Main point: For any healthy theory of gravity



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Suppose we want to describe a scattering of two particles



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Framework

The spacetime is asymptotically flat (or at least

approximately so wrt the energies in the game)

The theory of Gravity is Diffeomorphism invariant

Gravity is universally coupled: hµνT µν

The gravity theory is weakly coupled at large distances

Matter energy conditions are not violated

The theory of gravity is not necessarily GR but at IR
approaches GR



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Framework

The spacetime is asymptotically flat (or at least

approximately so wrt the energies in the game)

The theory of Gravity is Diffeomorphism invariant

Gravity is universally coupled: hµνT µν

The gravity theory is weakly coupled at large distances

Matter energy conditions are not violated

The theory of gravity is not necessarily GR but at IR
approaches GR



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Framework

The spacetime is asymptotically flat (or at least

approximately so wrt the energies in the game)

The theory of Gravity is Diffeomorphism invariant

Gravity is universally coupled: hµνT µν

The gravity theory is weakly coupled at large distances

Matter energy conditions are not violated

The theory of gravity is not necessarily GR but at IR
approaches GR



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Framework

The spacetime is asymptotically flat (or at least

approximately so wrt the energies in the game)

The theory of Gravity is Diffeomorphism invariant

Gravity is universally coupled: hµνT µν

The gravity theory is weakly coupled at large distances

Matter energy conditions are not violated

The theory of gravity is not necessarily GR but at IR
approaches GR



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Framework

The spacetime is asymptotically flat (or at least

approximately so wrt the energies in the game)

The theory of Gravity is Diffeomorphism invariant

Gravity is universally coupled: hµνT µν

The gravity theory is weakly coupled at large distances

Matter energy conditions are not violated

The theory of gravity is not necessarily GR but at IR
approaches GR



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Framework

The spacetime is asymptotically flat (or at least

approximately so wrt the energies in the game)

The theory of Gravity is Diffeomorphism invariant

Gravity is universally coupled: hµνT µν

The gravity theory is weakly coupled at large distances

Matter energy conditions are not violated

The theory of gravity is not necessarily GR but at IR
approaches GR



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

Framework

The spacetime is asymptotically flat (or at least

approximately so wrt the energies in the game)

The theory of Gravity is Diffeomorphism invariant

Gravity is universally coupled: hµνT µν

The gravity theory is weakly coupled at large distances

Matter energy conditions are not violated

The theory of gravity is not necessarily GR but at IR
approaches GR



Main point

GR is the weakest
theory of gravitons

Trans-Planckian
gravity is hidden
behind BH

Quantum Gravity
is un-observable

Conclusions

S-Matrix

(one-graviton) scattering amplitude of two external sources
(only gravity involved)

A(p) =
1

M2
p

T µν〈hµνhαβ〉ταβ ,

〈hµνhαβ〉 is the “gravity” propagator and

T and τ are the energy momentum tensors of the external
sources
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Spectral decomposition theorem:

A(p) is a sum over massive and massless spin-0,2
with spectral densities ρ0,2

A(p) =
1

M2
p

{ Tµντ
µν − 1

2T τ

p2︸ ︷︷ ︸
massless spin 2

+

+

∫ ∞
0

dsρ2(s)
Tµντ

µν − 1
3T τ

p2 + s︸ ︷︷ ︸
massive spin-2

+

∫ ∞
0

dsρ0(s)
T τ

p2 + s︸ ︷︷ ︸
spin-0

}
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The one-graviton exchange may be re-parameterized as

A(p) =
α(p)

(p2)2
(Tµντ

µν + b(p)T τ)

α is the effective (dimensionless) gravity coupling

In GR: αGR ≡ 16πGNp2

⇓

G eff
N (p) ≥ GN

Gravity may be asymptotically safe only if strongly coupled!!!
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