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THEORY & OBSERVATIONS
The direction in which data and Theory are pointing:
A Strategy for discoveries:
 Standard Model of the Universe and
its Quantum Precursor

e Standard Single field Inflation: Double Well
° r.0.04-0.02
* RUNNING of the Primordial Spectral Index 10 -4
* SMALL PRIMORDIAL NON GAUSSIANITY : f NL . 0.02

* DARK ENERGY= VACUUM ENERGY = A, meV
DARK MATTER = WARM DARK MATTER = keV

NO CUSP/CORE Problem, Profiles are Cored
And more in this direction....
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Moreover, the quantum trans-planckian
eras in the far past universe
determine the observables of the post-
planckian eras

e.g. the inflation observables, CMB and
the cosmological vacuum energy
until today dark energy,

Namely the evolution from the
quantum very early phases to the
semi-classical and classical phases
and the arrow of time as determined
by the gravitational entropy.
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Nature is Quantum

That means that the real and complete laws
of nature are those of quantum physics.
Classical behaviours and domains are
particular cases, limiting situations or
approximations.

Classical gravity, and thus successful
General Relativity are incomplete (non
quantum) theories and must be considered
as a particular approximation from a more
complete theory yet to achieve.




A complete quantum theory should include and
account for the physics at the Planck scale and
domain.

(i) Instead of starting from gravity, that is General
Relativity and quantize it (by applying the different
guantization -perturbative and non perturbative-
procedures, with the by now well known
shortcomings and developpements and its rich
bibliography (is not our aim here to review it),

(if) | start from Quantum theory and try to extend it
to the Planck scale domain. (instead of going from
classical gravity to quantum gravity, | go from
guantum physics to quantum gravity). Of course, in
constructing the road (ii) many of the lessons from




The Wave-Particle Duality of Quantum
Physics Including Gravity

Nature has a dual behavior of wave and corpuscle:
this is the well known

classical-quantum duality or wave-particle duality

of quantum physics (as the light and its photons, the microscopic world
of elementary particles, ultradense plasmas, the laser, macroscopic
guantum states (as compact stars, dwarfs , black holes),
and many other examples).

| generalized this duality to gravity

by including its three regimes: classical, semiclassical and quantum,
together with the Planck regime and the elementary particles domain:
namely the

wave-particle-gravity duality or the

classical-quantum gravity duality.
NGS, IIMPD18, (January 2019), June 2019



This Duality is Universal

it includes the known duality and allows a general
clarification and new results which reveal:

() The classical-quantum duality of the
space-time and black holes

(i) A new quantum domain not present in
classical gravity does appear

(ilf) The quantum light-cone from which the
known classical light-cone of relativity and
the classical universe are a special case.
A more complete vision of space-time does




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




THE FUNDAMENTAL PLANCK SCALE
(h, ¢,G): Lc=2GM/c2, Lo=h/Mc

p=(hG c8) 72, mp = (hc/ G) 72

Gl ce= ‘P/mp, |Pmp:h/C

lp=10-33 cm, mp=10~¢gr, t,=10*sec

Lo=1p2/ Lc, Mo =mpd/ M, Oo=0p?2/ Oc

New Variables: Los=Lo+tLls, Oge=0q+0s, Q<-->G

NGS, Int J. Mod Phy18, 1950055(2019)  Ooi = 0p (Od/ 0p + 0p/ Og)



The classical bnirerseododdy,
set of physicalkgravitationab observables{age orssize,sma
density, tempertature centropy) (L, W,,p, T,S)
U.=(L., M, p., T, §): ClassteaUniverse

The weryeealjyyquanibnibinieesd, :
set of cofresponding;quantun cualiphysical guantities

(Lo: Mg, Po» To» R)): |
Uo=(Lo, Mg, pg, Ty, &): QuaniuwmUniverse

— 2
Ug = Up“/'U,
Up = lp, Mp, pp, tp, Sp): PlancksScale
The €rassingscal@iween the two gravity tdomains



PreautsorcQuanivnp phasef the known Classical dfflatian
era and of the classical standardrerasanddoday: Darkek

NEW RESULTS FOR INFLATION

w2l = [n°4] 1 1
[1+(Ehp)?] (15 begy'?
wm'apl= [n'y] 1
[ 1+{fhy) ]

H: classicalkknowndnflationdlassical i) era,
Q : standsfforittsQuamtum dludlprecursgr
QH standsfforitheCaompleterinflation eraclassicalknown
Inflation and its Quiantium precutsoidfiflaten.



The QH factor modifying the Hubble constant and the inflationary
pectra can be written

as the summation of the series:

QH_[H(If/hp - i ( )2 b

The QH factor covers
the FULL CLASSICAL and QUANTUM RANGE, namely:
If H < hp, Eq.(1) yields the usual corrections in (H/hp)?.

If H >> hp, Eq.(1) precisely changes to the quantum regime, ie to the
uantum Hubble rate Hg, which is the super-Planckian domain:

HQ
[ 1+ (Hg/hp)? ]

HQ = (2)



NEW RESULTS FOR DARK ENERGY

This firameworkrrevealgnlighting for the issuecof
Dark Energy, and allows clarification into
the cosmological constant as the vacuum energy.

The classicall Universe toddy, is precise
gravity vacuumcdaominated by voids

shown by observationsThe observed
today isprecisely the classical dual its quantum precurso

values’ o [ o In the quantum very early precursor vacuur
U, asdetermined by our dual Equations.

The high density oand cosmological constarit, are
precisely the quantum particle physigiperplanckianvalue

1022 This is precisely expressdyy our dual Equations.




