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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







Direct detection. In Principle M
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Detecting Gravitationally Interacting Dark Matter with Quantum Interference,
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Direct detection. In Practice: Piles of Josephson Junctions
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B The area of a black hole horizon is quantized (LQG).

An isolated black hole radiates (dissipation) and its area decreases (Hawking
theory)

B The last transition from the minimal area to nothing is highly suppressed
(Conservation of information).



black hole white hole

ds®> = —dt® + (dr + \/2m/r dt)? + r2dQ? ds? = —dt? + (dr — \/2m/rdt)? + r2dQ?
horizon: Area  16mm? Area  16mm?
Extrinsic curvature  v/2m/r3 Extrinsic curvature  —4/2m/r3

INn the quantum theory, Area and Extrinsic curvature cannot be both sharp, but we

can have semiclassical coherent states, as long as A is large.
But the Area decreases by dissipation, until its minimum (area gap) value.
At this point, the Extrinsic curvature must be maximally spread.

Thatis, we will have a superposition of black and white hole.
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The interior of a (classical) black hole is not stationary

No stationary picture of a quantum black hole makes sense

Black holes are not eternal, because of dissipation (Hawking radiation)

No eternal picture of a quantum black hole makes sense
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Good coordinates for past patch ds? — —F(r)d’U2 + 2dvdr + r2d0?

Good coordinates for future patch ds? — —F(T‘)du2 — 2dudr + r2dQ0?

om  Am?
F(r)=1 |
(r) . v,

Overlap

M Han, CR, F. Soltani 2023



R

—P O T 1 (Y N (R (N (N i
v v v

& 0 ( { ( ( ( ( ( ( ( ( ( (i

=

A A A

Time

Quantum leap by tunnel effect
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Transition probability A Pt 1B ch
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- The amplitude is approximated in the semiclassical regime by

A i ei SRegge < 6'i Ef]fe(]j) T 6_ Zf A'reaf

The transition is suppressed for large BH
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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




Are remnants stable?

They are stabilized by quantum gravity Area gap = minimum -
non vanishing mass Amin = 4’Y\/§7T hG
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Quasi stable remnants of
Mass ~ 14ug
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This also solve the old problem:
Why WH are not easily produced?



Area gap = minimum V/3vhe
non vanishing mass m = el 14.31/7 pg
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L QG suggest the existence of

a quasi-stable particle with mass ~ 149

which can interact gravitationally only



