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Abstract

To complete the standard model I propose a phenomenological model of quantum
black holes and dark matter. I assume that at the center of any black hole there is a
Kerr (Schwarzschild) core object of size Lppanck- The core replaces the general
relativity singularity of the black hole. A simple phenomenological model is
presented for the core. In the high curvature ¢t ~ 0 universe cores were created in
the false vacuum. Subsequently they tunneled into the true vacuum causing the
inflationary expansion of the universe. Gravitons condensate around the cores to
form primordial black holes which evolve into dark matter in the big bang together
with the standard model particles.
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1 Introduction and Summary

The motivation behind the model described here is to find an economic way to go
beyond the Standard Model (BSM), including mini black holes, inflation and the
model of renormalization group improved quantum gravity. This short note is hoped
to be a step forward in exploring the role of Planck scale gravity in particle physics
and big bang universe while a complete theory of quantum gravity remains beyond
the scope of this note.

I made earlier a gedanken experiment of what might happen when exploring a
mini black hole deep inside with a probe. In [1, 2, 3] I made two assumptions

(1) Inside any black hole there is a 3D integral part core, a Kerr (Scwarzschild) mini
black hole core of spin %(O), or higher. The core has a length scale of the order Lpjapex-
The core is called here the gravon.

(2) The black hole singularity of general relativity is replaced by the core field. The
core is the very cause of inflation and later point of condensation of gravitons in the
formation of primordial black holes. FEinstein equations hold outside the hole, but
in the inner region of the hole a new quantum picture of a core in a false vacuum
is proposed. For the Starobinsky model action renormalization group (RG) equation
methods are used.

Gravons are formed at ¢t ~ 0 in a tiny high curvature spacetime with a relatively
long lifetime on the inflation time scale. Gravons are at the same time a candidate
for dark matter by being a condensation point for bosons, gravitons in this case. The
gravon couples to gravitons and to the Higgs. On the other hand, it may be easier to
see the gravon to be the 7' = 0 limit remnant of a thermally end-radiated black hole
(possibly without a horizon) [5].

With the Planck scale having its the conventional value 10! GeV finding a gravon
is hard. Gamma-ray signals from the sky may be a promising way. A gamma-ray, or
particle, with energy half the Planck mass would be a clear signal of the models of
this type.

In this note I concentrate to a physical motivation and qualitative description of
the model which is based on particle approach rather than geometrical. The model
details with ample references are given in [3]. In section 2 T discuss the gravon
model for quantum black holes. Section 3 is devoted to inflation. The Bose-Einstein
condensate model is described in section 4. We finish in section 5 with conclusions.
What is not discussed here much is the horizon, which has been extensively treated in
the literature after the AMPS paper [4]. 2 Dark energy is left for future considerations.

2Their paper introduced the field to this author.



2 The Black Hole Core

This phenomenological model of the black hole core gives reasonable quantitative an-
swers to some important problems in astro-particle physics. Apart from the assump-
tion of the existense of the core the model is based on concrete physical processes
and is largely under the control of present day technology. Properties of the model
include

(1) at ¢t ~ 0 in the tiny very early spacetime the curvature value R is very high
producing a T' = 0 black hole gravon of size Lpjna and immediately a myriad more
during time intervals of the order At ~ 102737 seconds,

(2) the gravons are in a false vacuum with energy much higher than the true vacuum
energy [6]. The decay of the false vacuum is a nucleation processes associated with
first order phase transitions. The decay is initiated by the materialization of a bubble
of true vacuum within the false vacuum by quantum tunneling leading an explosive
inflationary expansion. The ”Schrodinger equation” is not known exactly at the
moment in the literature, but this process can be studied by computer simulations.
The Higgs VEV can cause the same physics for inflation, but not for black holes.
(3) the gravon is a remnant, either stable or with long lifetime, of a thermally end-
radiated black hole. Remnants have no singularity or information loss problems, see
eg. the recent review [7],

(4) the model works well together with inflation with the cores, black holes, gravitons
and the Higgs creating a universe with substantial amount of dark matter together
with the standard model matter,

(5) there are no problems with unitarity of the present model, and

(6) the model gives a physically real interpretation to the nature of thermal Hawking
radiation: bosons emitted from the black hole.

(7) when the core wave functions do not over lap any more substantially the core thin
wall interacts with gravitons causing the phase transition and building a graviton
condensate and the horizon around the black hole. The basic attractive force of
gravity operates now.

(8) black hole formation slows down inflation to a graceful exit.

3 Inflation

Inflation [8, 9, 10] is perhaps one of the most natural way to stretch the initial quan-
tum vacuum fluctuations to the size of the current Hubble patch, seeding the initial
perturbations for the cosmic microwave background (CMB) radiation and large scale
structure in the universe [11] (for a theoretical treatment, see [12]). Since inflation
dilutes all matter it is pertinent that after the end of inflation the universe is filled
with the right thermal degrees of freedom, i.e. the standard model degrees of free-
dom together with dark matter (for a review on pre- and post-inflationary dynamics,
see [13]). The most economical, with no new degrees of freedom, way to achieve this
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would be via the vacuum energy density stored within the SM Higgs, or as in the
present model, the vacuum energy is inside the gravon.
The Starobinsky action is [14]

4 1o
/dx\/_(m GR+bR) (1)
with the dimensionless coupling b = 6M?/M§3, . 4, where M is a constant of mass
dimension one, Mppna = G2, G is the Newton’s constant with scale dependence
and ¢ is the determinant of the metric. The R? term is important to the present
model for providing high curvature conditions in the very early universe.

Another important property of the Starobinsky action is that making a non-
perturbative renormalization group (RG) analysis it leads to asymptotically safe (AS)
gravity. There exists a non-trivial, or non-Gaussian, UV fixed point, where G is
asymptotically safe and the R? coupling b vanishes. This vanishing of the coupling b
in the UV turns out to be of great importance for a succesful inflationary behavior.

Asymptotic safety was first introduced by Weinberg [15] and it states that a UV
complete theory for gravity is obtained by assuming that gravity is non-perturbatively
renormalizable through the existence of a non-trivial interacting fixed point under the
RG. The starting point for RG calculations is an exact renormalization group equation
(ERGE) in Wilsonian context [16].

The aim of [17] will be to address both the classical and quantum issues. The
latter issue is more of a challenge, but the authors have performed both of them
carefully.

4 The BEC Model for Black Holes

A Bose-Einstein condensation model has been studied by Dvali and Gomez [18], see
also [19]. Gravitons can self-condense into black holes. To see this let us localize as
many soft gravitons as possible around a core within a region of space of size L. We
try to form a condensate of gravitons of characteristic wave length L by gradually
increasing the occupation number N. For small N the gravitons behave like photons,
and the condensate requires external binding forces. As one increasess N the effects
of the graviton interaction become large. Individual gravitons feel strong collective
binding potential and for the critical occupation number using the graviton-graviton
interaction dimensionless coupling constant «

1
N=N,=— 2
« (>

the graviton condensate becomes self-sustained.
The concept of maximal packing is that the system is so densely packed that its
defining characteristics becomes simply N. In particular

1
L= mLPl&mck? o= N (3>



For gravitons being in an overpacked point means that further increase of N without
increasing L becomes impossible. Any further increase of NV results in the increase of
the wave length in such a way that the system stays at the maximal packing point
(3). The self-sustained condition equation indicates that the critical point (3) can be
achieved for arbitrary N, but decrease of L beyond L < V/'N Lpjana would result into
an even stronger bound system. This collapse of L can happen but it cannot take the
system out of the critical point (3). The reason is that the decrease of L is balanced
by the decrease of N due to quantum depletion and leakage of the condensate. The
condensate slowly collapses and it looses gravitons at the same rate. So the systems
always stays at the critical point (3).

The reason for the leakage is that due to the interaction with the other gravitons
some of the gravitons get excited above the ground state. The ground state energy is
within 1/N from the escape level and the gravitons gaining energies above this tiny
gap leave the condensate for the continuum. The condensate starts to leak with a
depletion rate essentially given by

1
Ciearace = ———— + Lok O(N3/2 4
leakag \/NLPlanck Planck ( ) ( )

This can be understood from the following. Since the graviton-graviton coupling in
the condensate is 1/N the probability for any pair of gravitons to scatter is suppressed
by the factor 1/N?, but this suppression is compensated by a combinatoric factor
~ N? counting the number of available graviton pairs.

The quantum depletion rate translates into the following leakage law

. 1
N=———— + L. ON?? 5
\/NLPlanck Planck ( ) ( )
where the dot means time derivative. This quantum leakage of the graviton conden-
sate becomes Hawking radiation in the semi-classical limit, which is defined as the
following double scaling limit

N — o0, LPlanck — 0, L= \/NLplaan = ﬁnite, h = finite (6)

Thus the semi-classical limit is the limit in which all the quantum physics of the
condensate decouples as 1/N — 0 and becomes impossible to resolve. The condensate
becomes now a collection of infinite number of infinitely soft non-interacting bosons.

The thermality of Hawking radiation follows from the leakage law. Rewriting N
in terms of the black hole mass one gets the Stefan-Boltzmann law for a black hole
with Hawking temperature 7' = h/L

. h
The exponential suppression of higher frequencies, usually attributed to the ther-
mality of the source, follows from the combinatorics of the quantum depletion. The



underlying quantum physics of this thermal-like spectrum has nothing to do with the
thermality of the source, since condensate is in fact cold, but with the underlying
quantum physics of BEC being at the overpacked critical point.

In [18] a prototype model, based on standard theory of Bogoliubov-de Gennes
equation, is considered, which captures the key features of the phenomenon.

5 Discussion and Conclusions

The present note contains a definite model, and references elsewhere, how to go a
short but important step beyond the standard model towards a theory of Planck scale
phenomena, assuming the standard model is valid up to that scale. At the Planck
scale black holes are the key objects of quantum gravity to study. Unfortunately
not all existing calculation results concerning Planck mass region black holes are
in consensus. And a key idea is still missing. On the other hand, ERGE based
calculations provide rather solid results for f(R) gravity [20].

The scheme 1 propose here can be summarized as having the gravon and the
graviton the fundamental elementary particles of quantum gravity, to be considered
in the standard model. The gravon, going through gravitational inflation and Bose-
Einstein graviton condensation, is a natural candidate for non-singular black holes,
dark matter and the standard model matter in the universe. The model can most
obviously be extended or generalized to more sophisticated mathematical disciplines.
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