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• BH form from collapse - the semiclassical (classical background) view:

• Classical star +  |vacuum fluctuations⟩

• Classical inner and outer geometry +  |vacuum fluctuations⟩R

RH ∼ GN M

Black hole

Star

Gravitational collapse and black hole evaporation

|Thermal excitations⟩Time-dependent
(gravitational blue/redshift)

BH temperature:    TH ∼ mp
mp

M

BH decay rate:      
dM
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∼ −
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Microcanonical corrections*:    dM
dt

∼ − ( M
mp )

α

* R.C., B. Harms, PRD 58 (1998) 044014 [gr-qc/9712017]                                                                       “quantum hair”



• BH form from collapse - the quantum view:

•  ~ very large number of SM particles (  neutrons )|matter⟩ M⊙ ∼ 1057

•  ~ very large number of gravitons (  )|gravity⟩ NG ∼ M2
⊙ ∼ 1076

•  always entangled with     “quantum hair” *|gravity⟩ |matter⟩ ⟺

* X. Calmet, R.C., S.D.H. Hsu, F. Kuipers, PRL 128 (2022) 111301 [arXiv:2110.09386]

Ĥμ |g ϕ⟩ = 0
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ij
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Dynamics

Gravitational collapse and black hole evaporation



• Quantum vs classical physics:

Quantum space = not all  may be realised by a  !! (e.g. hydrogen atom, BH? Universe?)ϕcl |ψcl⟩
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Quantum space = not all  may be realised by a  !! (e.g. hydrogen atom, BH? Universe?)ϕcl |ψcl⟩

CED Hy lifetime  τ ≈ 10−11 sec
Actual Hy lifetime ∼ τ ≈ 1017 sec

(CED off by )∼ 1028

Bound ground state

UV catastrophe of CED* QED  QM potential theory→

Same dynamics

* And gravity: S. Deser, EPJC 82 (2022) 424 [arXiv:2202.00786]
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Quantum physics and bound states

• Classical (sector of) gravity is long-range, nonlinear, and universal (equivalence principle): 
GR  QG very complicated!⟶



Quantum dust core

ds2 = − (1 −
2 GN M

r ) dt2 + (1 −
2 GN M

r )
−1

dr2 + r2 dΩ2

( dR
dτ )

2

+ 1 −
2 GN M

R
≃

E2

M2

• Role of non-linearity: collapsing ball of dust *

*  = (no fundamental) “collective” d.o.f. ~ electron position in QEDR
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• Role of non-linearity: collapsing ball of dust *

• Effective Hamiltonian:

• Schrödinger equation:

*  = (no fundamental) “collective” d.o.f. ~ electron position in QEDR
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• Role of non-linearity: collapsing ball of dust

• Effective Hamiltonian:

• Schrödinger equation:

• Spectrum of bound states ( ):n ≥ 1

Newtonian spectrum

“GR” *

* R.C., EPJC 82 (2022) 1 [arXiv:2103.14582]
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0 ≤
E2

n

M2
≃ 1 −

1
n2 ( M

mp )
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n ≥ NM ≃
M2

m2
p

|ℰn+1 − ℰn | ≃ mp
mp

M
≪ mp

|En+1 − En | ≃ mp

GN M
Rn

≲ 1

• Allowed spectrum *:

• “Energy” levels:

• Bounded compactness:

Rn ≥ RNM
≃ GN M = ℓp

M
mp

ℰn ≥ ℰNM
≃ −

M
2

* Classicalization ~ GUP in action?
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Quantum dust core

non-linearity



Conclusions

• Black holes as (macroscopic) quantum objects (ground state very far from vacuum + information entropy *)

• Singularity is not resolved (regular or fuzzy geometry)

• Exterior quantum hair (from background and loop corrections)

• No Cauchy horizon (for electrically charged black holes **)

** R.C., A. Giusti, J. Ovalle, PRD 105 (2022) 124026 [arXiv:2203.03252]

• No Cauchy horizon for rotating black holes?

• Effective cosmological DM **

*** A. Giusti, S. Buffa, L. Heisenberg, R.C., PLB 826 (2022) 136900 [arXiv:2108.05111]

* R.C., R. Da Rocha, P. Meert, L. Tabarroni, W. Barreto, Configurational entropy of black hole quantum cores, arXiv:2206.10398
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Thank you!


