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1) LQG suggest the existence of a quasi-stable particle with mass ~ 20ug

2) This particle can be detected

3) Itis a natural candidate for Dark Matter

4) It can be generated by the complete evaporation of an old black hole
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Direct detection. In Principle
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Direct detection. In Practice: Piles of Josephson Junctions
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There are three independent
physical phenomena happening
at the end of the BH evaporation
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“This is non sensica} !
No theory predicjg this !




Good coordinates for past patch ds? — —F(r)dvz + 2dvdr + r2d0?

Good coordinates for future patch ds? — —F(T‘)du2 — 2dudr + r2dQ0?
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Quantum leap by tunnel effect
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M Christodoulou, CR, How big is a black hole? PRD 2015.
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The non existence of the information paradox
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The thermodynamical entropy AST = / ?Q

measures the number of states St =klogW  Sr=klogdimH = klog N

The von Neumann entropy measures entanglement pa =1rp [‘\I’AB> <\I’AB ﬂ This i Iv t d
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(severe) conditions !
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It is maximized by p, = Nﬂ SoN < klogN
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for a time Spacelike separation Heat and work exchange of states of D1

St = klogdimHp__ = klog Np,

............................. | — The thermodynamical entropy is
Component +—— determined by the number

The maximal von Neumann entropy is
— determined by the total number of states
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Entanglement

Does not hold anymore!

The von Neumann can be higher that the thermodynamical entropy.



Late observer sees the information coming out

DoF relevant for the von Neumann entropy

Early observer sees the hole near stationary

DoF relevant for the thermodynamical entropy

CR, The subtle unphysical hypothesis of the firewall theorem, Entropy 2019.
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How to think about this:

- A quantum tunnelling effect [Hal Haggard at Loop24]

P Dona , H Haggard, CR, F Vidotto, arXives: 2402.09038

- The amplitude is approximated in the semiclassical regime by
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The transition is suppressed for large BH !






White holes are unstable The energy pulse cannot

/ be too much in the future
r=0

" White hole

=0 o The energy pulse cannot
be too much in the past

A white hole is unstable toward becoming a black hole
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Are remnants stable” Area gap = minimum A — 4?'7%(}'/03

They are stabilized by quantum gravity non vanishing mass
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Are remnants stable?
They are stabilized by quantum gravity

Area gap = minimum \/g
non vanishing mass Anin = 4—fth'/c3
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This also solve the old problem:
Why WH are not easily produced?
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Emission
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Direct detection. In Practice: Piles of Josephson Junctions
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which can interact gravitationally only



