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“Desde el Origen del Universo al fin de los
Agujeros Negros: Una historia de 13.700

millones de anos"

Ultimas novedades sobre la fisica del espacio —
tiempo uniendo la teoria de gravitacion de
Einstein de las escalas cosmologicas con la
fisica de las escalas microscopicas (cuantica)
para describir el origen del universo, predecir su
futuro fisico, el final de los agujeros negros y

sus estados remanentes.
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Quantum Trans-Planckian Physics inside Black Holes

and its Spectrum

Norma G. Sanchez

International School of Astrophysics Daniel Chalonge - Hector de Vega.,

CNRS, INSU, Sorbonne University, Paris, France

(Dated: January 6, 2023)

Abstract: We provide a quantum unifying picture for black holes of all masses and
their main properties covering classical, semiclassical, Planckian and trans-Planckian
gravity domains: Space-time, size, mass, vacuum (" zero point” ) energy, temperature,
partition function, density of states and entropy. Black hole interiors are always
quantum, trans-Planckian and of constant curvature: This is so for all black holes,
macroscopic and astrophysical ones. The quantum hyperbolae (X? — 7?) = +1
(in Planck units) replace the classical X = =7 horizons. The classical /semiclassical
gravity domains of Black Holes (BH ) and the quantum gravity ones (BH ) satisfy
the classical-quantum gravity duality through the Planck scale (bhp). the crossing
scale: (BH)g = (bhp)?/(BH)q, the total or complete (QG) magnitudes (BH)oc
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gravity domains of Black Holes (BH ) and the quantum gravity ones (BH )¢ satisfy
the classical-quantum gravity duality through the Planck scale (bhp). the crossing
scale: (BH)g = (bhp)?/(BH)g, the total or complete (QG) magnitudes (BH)oc
include all domains. Mass quantization m,+ = mp | V2n+1 = V2n b o=
0,1,2, ..., displays two dual branches (&) covering all masses. For high n in branch
(+) the spectrum becomes continuum, and consistently, the space-time classicalizes.
There is no singularity boundary at r = 0, not at any other place: The quantum
space-time is totally regular. The quantum Penrose diagram of the Schwarschild-
Kruskal black hole is displayed. The complete black hole instanton (imaginary time)
covers the known classical Gibbons-Hawking instanton plus a new central highly
dense quantum core of Planck length radius and constant curvature. The complete
partition function, entropy, temperature, decay rate, discrete levels and density of
states all include the trans-Planckian domaine. The semiclassical black hole entropy
(v/1)? "interpolates” between the quantum point particle (QFT) entropy (n) and the
quantum string entropy /72, while the quantum trans-Planckian entropy is 1/(1/7)2.
Black hole evaporation goes from the (+) branch to the (—) dual branch and ends

as a pure (non mized) quantum state of particles, gravitons and radiation.
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The (CLASICAL) BLACK HOLE PENROSE DIAGRAM
(1967, Roger Penrose)
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The NEW (QUANTUM) BLACK HOLE PENROSE DIAGRAM
(2023, Noﬁr\ma Sanchez)
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r = const

FIG. 2. The quantum gravitational instanton of the Schwarschild-Kruskal black
hole (imasinary time: 7 = 7 + = 7Y The claseical vl horizons correstondine to the



The known classical light-cone (future and past) of classical relativity in a
space-time diagram is a special case of the Quantum light -cone




The quantum light-cone in a space-time diagram (time is the vertical axis).
Copyright Norma G. Sanchez
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PHYSICAL REVIEW D 104, 123517 (2021)

Quantum discrete levels of the Universe from the early
trans-Planckian vacuum to the late dark energy

Norma G. Sanchez
CNRS LERMA Observaroire de Paris PSL University, Sorbonne University,
61, Avenue de I'Observataire, 75014 Paris. France
and Chalonge — de Vega International School Cenrer, Paris, France

M (Received 5 May 2020; accepted 6 October 2021; published 6 December 2021)

We go forward in completing the Standard Model of the Universe back in time with Planckian and trans-
Planckian physics before inflation in agreement with observations, classical-quantum gravity duality, and
guantum space-time. The quantum vacuum energy bends the space-time and produces a constant curvature
de Sitter background. We link the de Sitter Universe and the cosmological constant to the (classical and
guantum) harmonic oscillator. We find the quantum discrete cosmological levels: size, time, vacuum
energy. Hubble constant, and gravitational (Gibbons-Hawking) entropy and temperature from the very
early trans-Planckian vacuum to the classical vacuum energy today. For each level n = 0, 1,2, ..., the two
post- and pre-(trans)-Planckian phases are covered: In the post-Planckian Universe it = tp =
t < 10%¢p, the levels (in Planck units) are Hubble constant H, = 1/+/(2n + 1). vacuum energy
A, = 1/(2n + 1), and entropy S, = (2n + 1). As n increases, radius, mass, and §, increase, H, and
A, decrease, and consistentlv the Universe classicalizes. In the pre-Planckian (trans-Planckian) phase
107%"¢p < t < 1p, the quantum levels are Hy, = /(2n + 1), Ag, = (2n + 1), and Sp, = 1/(2n + 1), Q
denoting quantum. The n levels cover all scales from the far past highest excited trans-Planckian level
n = 10"? with finite curvature, Ap = 1022, and minimum entropy S, = 10-122; n decreases till the
Planck level (n = 0) with Hynae = 1 = Apunek = Spunek and enters the post-Planckian phase. e.g.,
no= 12, . Agaaion = 107,00 gy = 10090 g, = 1015, and nyg,, = 10", with the most
classical value H,g, = 107, Ay = 10722, and S5,y = 10'*2. We implement the Snyder-Yang
algebra in this context, yielding a consistent group-theory realization of quantum discrete de Sitter space-
time, classical-quantum gravity duality symmetry, and a clarifying unifying picture.

DOL 10.1103/PhysRevD 104 123517



THE QUANTUM STRUCTURE
OF THE SPACE-TIME

THE CLASSICAL - QUANTUM DUALITY OF NATURE :

Oc=0,2/0q  Lg=l?/Lly L;=2GM/c?, Lyo=h/Mc

THE SPACE TIME (X, T) Coordinates as
QUANTUM NON COMMUTING OPERATORS : [X,T]=1

° THE SPACE-TIME AS a QUANTUM HARMONIC OSCILLATOR :

[X,P]=i, 2H= X?+P?=2N+1, [2H,X]=-iP, [2H, P] =iX
P=iT:
[X, T]=1, 2H= X>-T?=2N+1, [2H,X]=T, [2H,T]=X




QUANTUM SPACE-TIME

e (T2-X?)-1 >0: timelike
e (X2-T%)-1 >0: spacelike
e (T2-X2)-1=0, null : the "quantum light- cone".

(X2 -T2%) =2n+1:discrete levels

(X2-T2) = #[X, T]=+1, 1=2¢, (n=0)
the quantum light cone

e [X, T]=0: X=xT the classical light cone.




Physical Sciences | Prof Dr Norma G. Sanchez

Unifying quantum mechanics
with Einstein’s general relativity

The quantum nature of gravity
is an enigma which has eluded
even the brightest of physicists
for many decades. Now, Dr
Norma G. Sanchez at the French
CNRS LERMA Observatory of
Paris-PSL Sarbonne Université
describes & passible solution,
Her approach takes the form of
& genersl theory, incorporating
Both quantum mechanics and
Einstein's theory of genaral
refativity. If correct, her results
coufd bring researchers a step
forward in their knowfedge of
how the physics which plays cut
on the very smallest of scales
can be compatible with that
which occurs on the very largest
cosmological scales.
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Dr Sanchez uses ‘semi-classical’
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emerges from her own theories in
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Or Sanchez has now started a theory
which inComorates those throe ¢

into one unfied structure. In doing

LAk
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gravity” dudlity, o ‘dassical-quantum

ity duslity emeeges I Dr Sancher's

S

cakulatiors are correct, it could provide

a soltion to the puzzle which has euded

physicists for canturos.
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oalk) = 27Tn M’ , kM > 0.07

g4(0) = 167 M?

The absorption spectrum presents, as a function of the frequency, ar
e oscillatory behaviour characteristic of a diffraction pattern (Fig.2). I
es around its constant geometrical optics value o{oc) = 277 M? with dec
plitude (as m) and constant period (24/3). The value of ¢.4(0) is
en by 167 M?. See below.

We have also calculated the Hawking radiation. This is only impor
 interval 0 < § < ;7. The emission spectrum (Fig.1) does not show
 interference oscillations characteristic of the absorption cross section, |
» contribution of the S-wave dominates the Hawking radiation. The :
rease of the Planck factor for AM > 1 supresses the contribution of
tial waves.



CENTRAL SUPERMASSIVE BLACK-HOLE
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WDM Thomas-Fermi Galaxy Theory with SMBH
SMBH: Super Massive Black holes
H.J. de Vega & N.G. Sanchez

Warm Dark Matter Galaxies with Central Supermassive Black Holes
Universe 2022, 8, 154.
https://doi.org/10.3390/universe8030154
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Abstract: We generalize the Thomas-Fermi approach to galaxy structure to include central supermas-
sive black holes and find, self-consistently and non-linearly, the gravitational potential of the galaxy
plus the central black hole (BH) system. This approach naturally incorporates the quantum pressure
of the fermionic warm dark matter (WDM) particles and shows its full power and clearness in the
presence of supermassive black holes. We find the main galaxy and central black hole magnitudes
as the halo radius rj,, halo mass M, black hole mass Mgy, velocity dispersion ¢, and phase space
density, with their realistic astrophysical values, masses and sizes over a wide galaxy range. The su-
permassive black hole masses arise naturally in this framework. Our extensive numerical calculations
and detailed analytic resolution of the Thomas-Fermi equations show that in the presence of the
central BH, both DM regimes—classical (Boltzmann dilute) and quantum (compact)—do necessarily
co-exist generically in any galaxy, from the smaller and compact galaxies to the largest ones. The
ratio R(r) of the particle wavelength to the average interparticle distance shows consistently that
the transition, R ~ 1, from the quantum to the classical region occurs precisely at the same point
r 4 where the chemical potential vanishes. A novel halo structure with three regions shows up: in
the vicinity of the BH, WDM is always quantum in a small compact core of radius r4 and nearly
constant density; in the region r4 < r < r; until the BH influence radius r;, WDM is less compact and
exhibits a clear classical Boltzmann-like behavior; for r > r;, the WDM gravity potential dominates,
and the known halo galaxy shows up with its astrophysical size. DM is a dilute classical gas in this
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Abstract: Ultralight scalars with a typical mass of the order m ~ 1022 eV and light scalars forming a
Bose-Emnstemn condensate (BEC) exhibit a Jeans length in the kpe scale and were therefore proposed
as dark matter (DM} candidates. Our treatment here is generic, independent of the particle physics
model and applies to all DM BEC, i both in or out of equilibrium situations. Two observed quantities
crucially constrain DM in an inescapable way: the average DM density ppys and the phase-space
density Q). The observed valves of pppyy and Q in galaxies today constrain both the possibility to form
a BEC, and the DM mass s These two constraints robustly exclude the axion DM that decouples after
inflation. Moreover, the value m ~ 10722 ¢V can only be obtained with a number of ultrarelativistsc
degrees of freedom at decoupling in the tnllions, which is impossible for decoupling in the radiation
dominated era. In addition, we find for the axion vacuum misalignment scenaro that axions are
produced strongly out of thermal equilibrium and that the axion mass in such a scenario tums to be
17 orders of magnitude too Jarge to reproduce the observed galactic structures. Moreover, we also
consider inhomogenous gravitationally bounded BEC's supported by the bosonic quantum pressure
independently of any particular particle physics scenarto. For a typical size R ~ kpe and compact
object masses M ~ 107 M- they remarkably lead to the same particle mass m ~ 10~ eV as the
BEC free-streaming length. However, the phase-space density for the gravitationally bounded BEC's
turns out to be more than sixty orders of magnitude smaller than the galaxy-observed values, We
conclude that the BEC cannot be the total DM, The axion can be candidates to be only part of the
DM of the universe. Besides, an axion in the mili-eV scale may be a relevant source of dark energy
through the zero point cosmological quantum fluctuations,

Keywords: dark matter; axions; Bose-Einstein condensate; phase-space density, galaxy structure;
galaxy data
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Two key observable numbers :
assoclated to the primordial density and
primordial gravitons :

n,=0.9608, r
PREDICTIONS
r <0.04
r>0.021

0.021 < r < 0.040
Most probable value: r ~ 0.03, 0.04
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THE PRIMORDIAL COSMIC BANANA

The tensor to scalar ratio r (primordial gravitons) versus the

scalar spectral index n_s. The amount of r is always non zero
H.J. de Vega, C. Destri, N.G. Sanchez, Annals Phys 326, 578(2011)
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Abstract: We uncover the general mechanism and the nature of today’s dark energy (DE). This is
only based on well-known quantum physics and cosmology. We show that the observed DE today
originates from the cosmological quantum vacuum of light particles, which provides a continuous
energy distribution able to reproduce the data. Bosons give positive contributions to the DE, while
fermions yield negative contributions. As usual in field theory, ultraviolet divergences are subtracted
from the physical quantities. The subtractions respect the symmetries of the theory, and we normalize
the physical quantities to be zero for the Minkowski vacuum. The resulting finite contributions to
the energy density and the pressure from the quantum vacuum grow as loga(t), where a(t) is the
scale factor, while the particle contributions dilute as 1/a>(t), as it must be for massive particles.
We find the explicit dark energy equation of state of today to be P = w(z) H: it turns to be slightly
w(z) < —1 with w(z) asymptotically reaching the value —1 from below. A scalar particle can produce
the observed dark energy through its quantum cosmological vacuum provided that (i) its mass is of
the order of 102 eV = 1 meV, (ii) it is very weakly coupled, and (iii) it is stable on the time scale of
the age of the universe. The axion vacuum thus appears as a natural candidate. The neutrino vacuum
(especially the lightest mass eigenstate) can give negative contributions to the dark energy. We find
check for thakanlr— Y ia chahtlir holaw —1 R an-amnanink varoine trarm (-1 Bz 10=3) #a f — 85 10=3) and wro



THE FUTURE OF THE UNIVERSE
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In this accelerated universe, Equation (108) shows that the Hubble radius (1/H)
decreases with time as
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