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Preamble - Quantum states and classical gravity

• No data from quantum gravity = only access to classical sector of quantum theory

• Classical sector = subset of ~ orthogonal (superposition ~ 0) states �  such thatψcl

⟨ψcl | ̂ϕ |ψcl⟩ ≃ ϕcl

• Classical (sector of) gravity is nonlinear, long range and universal (equivalence principle)

• Quantum space = not all �  may have a �  !! (e.g. hydrogen atom, BH?)ϕcl |ψcl⟩
CED Hy lifetime  �τ ≈ 10−11 sec
Actual Hy lifetime � ∼ τ ≈ 1017 sec CED off by� ∼ 1028

Bound ground state

• Quantum space = not all �  may have a �  (e.g. spin � )|ψ⟩ ϕcl 1/2
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Quantum bound on compactness
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• Collapsing dust*:

• Effective Hamiltonian:

• Schrödinger equation:

• Spectrum of bound states ( � ):n ≥ 1

Newtonian spectrum

“GR”

* �  = (no fundamental) “collective” d.o.f.R



Quantum bound on compactness
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• Allowed spectrum*:

• “Energy” levels:

• Bounded compactness:
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• Outer geometry?

* Classicalization in action
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Coherent state for classical geometry



Coherent state for classical geometry
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• SdS geometry: ds2 = − f(r) dt2 +
dr2

f(r)
+ r2 dΩ2

• Horizons ( �  ):f = 0 ↔ 2 V = − 1
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Localised source gravitational radius

Cosmological horizon
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• Corpuscular scaling law* (Bekenstein’s area law):

• Massless scalar field:

• Normal mode expansion of operators:

* G. Dvali, C. Gomez

𝒜 ∼ ℓ2
p NG

Coherent state for classical geometry
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• Coherent state:

• “Classical” coherent state:

• Occupation number ~ distance from vacuum:

Coherent state for classical geometry
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• Mass scaling*:

• Localised source:

• Compton length scaling:

• Quantum bounded compactness (BH = ground state):

Coherent state for classical geometry (M)

* Cut-offs = existence condition for quantum state:  �  !g(k < kIR) = g(k > kUV) = 0
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• Localised source in dS:

Coherent state for classical geometry (M)

* Cut-offs = conditions on quantum state:  �  !g(k < kIR) = g(k > kUV) = 0
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(Observable?) additional effects



Singularity (non-)resolution
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• Corpuscular scaling laws*:

• Quantum deviations (near horizon):
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• Normalization:

• SdS geometry:

Coherent state for classical geometry (SdS)
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• Three contributions:

• Hierarchy: NM ≪ NMΛ ≪ NΛ
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• dS universe with matter:

• Empty dS universe:

Hubble tension
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Conclusions

• Black holes as (macroscopic) quantum objects (ground state very far from vacuum)

• Singularity is not resolved (fuzzy geometry)

• Universe geometry emerges from ground state for matter and gravity

• Dark Matter arises from Universe finite size (N-body analysis) 

• Hubble tension relieved (time evolution must be properly accounted for)


