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

2) This particle can be detected

3) It can be originated by the complete evaporation of an old black hole

4) It is a natural candidate for Dark Matter
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I. INTRODUCTION

Quantum gravity is a theory with a mass scale: mp =
Vhe/G, a fraction of microgram. This is very small in
astrophysics and very large in high-energy physics. It
is reasonable to study the possibility that the spectrum
of the theory could include a stable or semi-stable non-
perturbative object at this scale: a Planck-mass quasi-
particle. Recent developments in classical general rel-
ativity and in loop quantum gravity bring credence to
this possibility.

These developments regard the dynamics of black
holes. We expect black holes to evolve into spacetime
regions dominated by strong quantum gravity effects.
These regions have not been much explored in the tradi-
tional literature on quantum effects on black holes, often
focused on what happens before the hole reaches these re-
gions, for instance at Page time. But a number of recent
lines of research have addressed these regions revealing a
plausible physical scenario, which we detail in the next
section, for the full evolution of a black hole [1].

Several ingredients have contributed to this scenario.
These include a new solution of the Einstein equations
[2] showing that a trapping horizon can evolve into an
anti-trapping one, a better understanding of the interior
of white holes and black holes, and numerous applica-
tions of a variety of Loop Quantum Gravity techniques —
canonical, covariant, and numerical- to describe the gen-
uine non-perturbative regions.

Three aspects of this scenario are particularly appeal-
ing. It provides a candidate for dark matter that does
not require any new physical hypothesis (such as new
fields, particles, or modifications of the field equations):
just general relativity and its possible quantum proper-
ties [3]. (On the idea that primordial black holes could
play a key role for dark matter, see also [4, 5].) It offers a
natural solution to the black hole information ‘paradox’.
It is in principle, and perhaps even in practice, directly
testable: Planck-mass quasi-particle may be [6].

The scenario includes distinet quantum phenomena
happening in different spacetime regions. It includes
dissipative as well as non-dissipative aspects. Its analy-
sis employs different approximations and truncations for
treating these different phenomena. Because of this com-
plexity, it can only be addressed ‘a la Fermi’, estimating
the relevance and the import of the various physical ef-
fects, rather than within a single mathematical-physics
idealization. This complexity motivates the present re-
view paper, which brings together the various ingredients
of this scenario, scattered in the literature.

We start with a quick sketch of the scenario (Section
I A) and an analysis of the regions where classical GR is
unreliable (Section IB). Then we break the presentation
into two parts: a first part (Section II) where we discuss
the non dissipative aspects of the global dynamics of a



There are three independent
physical phenomena happening
at the end of the BH evaporation
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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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This also solve the old problem:
Why WH are not easily produced?
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Quasi stable remnants of Dark matter?
Mass ~ 201ug




Direct detection
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