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1. Horizon Quantum Mechanics: gravitational radius of quantum state

2. Charged black holes I: inner horizon and mass inflation

3. Charged black holes II: naked singularity and cosmic censorship

4. Outlook
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Black Holes ~ Hydrogen atom of gravity?

QFT on fixed (classical) background shows existence of bound states as 
resonances in scattering process 

Hydrogen atom (= spatially extended wave-function) is a non-perturbative state 
(QFT can then describe the Lamb shift around the proper QM state…)

1) Horizon quantum mechanics 

Non-perturbative description of BHs ~ GR



Horizon in a classical spherically symmetric system:

Sphere is a trapping surface 
(“horizon”) if
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What is the Schwarzschild radius of QM states?

Many attempts at quantising “pure” black hole/horizon degrees of freedom
(independently of source)

But GR is non-linear:
(non-perturbatively) quantise black hole/horizon and matter source!

“Background field approach”

1) Horizon quantum mechanics 



1) Localised source at rest: 

2) Spectral decomposition: 

3) Horizon wave-function:

                       “Probability amplitude for the size of gravitational radius” 
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Probability density particle is inside its own gravitational radius = horizon:

Probability particle is a Black Hole:

P<(r < rH) = PS(r < rH)PH(rH)
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1) Horizon quantum mechanics [ArXiv:1305.3195]



Localised particle at rest: 

Gaussian wave-function:

Energy spectrum: 

Fourier transform:

Horizon wave-function: 
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Applications: 

1) GUP and quantum black hole decay: R.C., F. Scardigli, EPJC 74 (2014) 1, 2685

2) Quantum hoop conjecture: R.C., O. Micu, F. Scardigli, PLB 732 (2014), 105

3) BEC black holes: R.C., A. Giugno, O. Micu, A. Orlandi, PRD 90 (2014) 084040; PRD 91 (2015) 124069

4) Time evolution: R.C., EPJC 75 (2015) 4, 160

5) Corpuscular CMB: R.C., F. Kühnel, A. Orlandi, arXiv:1502.04703

6) Minimum mass black holes: X. Calmet, R.C., to appear

7) Charged sources: R.C., O. Micu, D. Stojkovic, JHEP 05 (2015) 096; PLB 747 (2015) 68 



2) Charged black holes I [RC, O Micu, D Stojkovic, arXiv:1503.01888]
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2) Charged black holes I [RC, O Micu, D Stojkovic, arXiv:1503.01888]
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[RC, O Micu, D Stojkovic, in progress ]3) Charged black holes II [RC, O Micu, D Stojkovic, arXiv:1503.02858]
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[RC, O Micu, D Stojkovic, in progress ]3) Charged black holes II [RC, O Micu, D Stojkovic, arXiv:1503.02858]
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4) Outlook

1. Analyse other spherical systems

2. Generalise HWF to non-spherical spinning systems

3. Analyse (2-)particle collisions with angular momentum+spin

4. (Hope for) fully quantum description of gravitational collapse



4) Outlook

1. Analyse other spherical systems

2. Generalise HWF to non-spherical spinning systems

3. Analyse (2-)particle collisions with angular momentum+spin

4. (Hope for) fully quantum description of gravitational collapse

Thank you!


