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Notre modele:
La composante ‘matiere sombre’ de LambdaCDM est
interprétée comme un condensat gluonic de Bose-Einstein
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World Matter energy density
TﬂV - _Pgﬂv +(P + p)uﬂuv
A 0
T,uv — _Agﬂv
go, : Minkowski metric

A>0: de Sitter WM
A<0: anti-de Sitter WM
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Rﬂv — E g’UVR = SﬂGNTyv + Agﬂv

L' equation d’Einstein

Equation de Friedman-
Lemaitre

/

N2
La constante cosmologique dans H2 = (E) _ 87G, p B K N é

le membre de droite: constante 3 R? 3
d’intégration

Regle de somme de la

platitude H=-3H (,0 n p)
_ 3H°
e = 82G,

Po+ Pt Poy + Por =P =0
with p,. = A 187G
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Les trois phases du nouveau modele
standard cosmologique

a(t)
Anti de Sitter :
expansion I
I
I de Sitter re-inflation
a(t) oc Jt |
I
: a(t) cexp(ct/L,)
|
| L, ocv1/A
a(t) cexp(ct/L,) |
LP — Planck's Iength : Sans constante cosmologique
De Sitter primordial
. Sans inflation
inflat{ion
! t,
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Oublier le temps? Non, le rendre implicite!

CMB emission (379ky)

Today(13,7Gy)
Hubble radius L=H" Future event horizon
L From radiation to matter dominance Y Y
AT (72ky) // A 4

Color confinement (10°®s)

DM cosmological SM

P standard model

’/_%"i

I'inf -
’ 4 ’
L, P < e >
10—60Primordial inflation Expansion 1 Late inflation Scale factor
BSM physics
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Cosmology chronology : de Sitter and Anti de Sitter phases

Todayt, t = 15 billion years

Lile oa sarh T=3K {1meV) de Sitter
Solar sysem
Osases

Galaxy formation
Epch :ﬂgn)" #1003l collapse

Recombination
Aelic mdiason decouples (CAA)

Multer domination
Qaselol gradtational issabliy

Nucleosynthesls
Ught slemeals reated - 0, He, LI

t=1 second
| T=1MeV 'l
|

| e |
Quark-hadron transition l t=10 =

Antl de Sitter phase
Fad:ons form - potons & nautons | I :‘ a.v \nti d i :

Electroweask phase transition
Elecromagnotc & woak auchar
forces become ditiren fated
SU{3]SU[2JaL1) -> SUEA(1)

The Partica Desart
Axioss, ssgersymwely?

de Sitter phase
Grand unification transition
G > H - SL{ASU(2)xu(1)

Infaton, baryogenesis.
wonopoes cosmic srings, elc?

The Planck epoch
The quantum graviy tarner
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Gazeau, J.-P. Mass in de Sitter and Anti-de
Sitter Universes with Regard to Dark Matter.
Universe 2020, 6, 66. Available online:
https://www.mdpi.com/2218-1997/6/5/66
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20
Q,=1/2Q, annulation de la

masse active totale

|~ 3

Flatness sum rule p; + ppy + Poe = 2. = P, = E'OA
1.5 Equation of state of dilaton field (determinant of the metric) ¢
. P,
W, =—=-1/3
Py
G 10 _ I
Puis = Pom = P = —F, = = 0 Poe = —2F,

Brout-Englert-Gunzig-mechanism: p;c + o, =0

= pu+ o5 =0 (P¢ = p)
= py + By =0 (P, =R,; P =0) Relativity of inertia

0.5

Brout, R., Englert, F., and Gunzig, E. The Creation of the Universe as a Quantum Phenomenon, Annals
lof Physics 1978, 115, 78-106.
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La consolidation des deux modeéles standards

In the primordial inflation phase (from a to
B), here the dilaton field is the Goldstone
boson of the matter/antimatter symmetry
breaking,

At the electroweak symmetry breaking (y),
here the dilaton field is the Higgs boson

At the transition from the quark gluon
plasma to the colorless hadron phase (0),
here the dilaton is the Goldstone boson (o)
of the chiral symmetry breaking

At the Bose-Einstein condensation of gluons
(€) dark matter and the baryonic matter become
matter dominated

From expansion to re-inflation

Hubble radius L=H"

A

Dominance of matter over
radiation
Color confinement

Electroweak
symmet

Past event horizon

N\

Euture event horizon

ACDM standard model of

cosmology

Standard model of particle
physics

___— Fromiinflation to
expansion

S(;ale factor

// /
o V‘_ .
LT ’
1 |/, [
ke " Primordial inflation Expansion 1 Re-inflation
P 1060 < > > >

Beyond Standard
Model Physics

Gilles Cohen-Tannoudji and Jean-Pierre Gazeau https://www.mdpi.com/2218-
1997/7/11/402 (ArXiv https://arxiv.org/abs/2111.01130v2)
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Anti de Sitter geometry

» Anti de Sitter space can be viewed as a one-sheeted hyperboloid
embedded in another five-dimensional space with different metric (here

too all points are physically equivalent) :
|Aags|

MAdS — {X “ RS, X2 - 77(1',’3 XQX,B — 3 }1 CI‘.,B — 0-, 1f2!3f5$

where 7,5 =diag(1, -1, -1, -1, 1

anti de Sitter space-time

0 15 -1 -05 0 0.5 1
Space direction

The four-dimensional world requires for its "motion"
an absolute space of four (or more) dimensions, and in

Mextra—mundane time" acting as an

independent variable for this motion.

De Sitter, Remarks concerning Einstein’s latest
hypothesis

KNAW Proceedings, 1917

1.5
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Energy of a free particle in AdS versus dS and Poincare

» Each Anti-deSitterian quantum elementary system (in the Wigner sense) has
a rest energy

A 17212 3 [|Aaas)
Erst — | mPct 4 52 iﬁ(g__) + 35, [1Raas| |
AdS [ YT a 2 2\ "3 (1)

» Hence, to the order of L, an AdS elementi?r system is a deformation of both a
relativistic free particle with rest energy mc* and a 3d isofropic quantum harmonic

oscillator with ground state energy %}mm, with wpgg = %Jl“;-}-lh— c..

» In contrast to AdS, for Poincaré and DS symmetries the energy spectrum is
continuous. It is possible to define a rest energy for dS as follows :

A 11,21 1/2
E=t =+ [mPc* — 2P 2= (5— _) ] . (2)
3 2
» Noticeable simplification in both AdS and dS for fermions s = 1/2
fordS: E5=+mc®, (3)
for AdS: ETSE = mc® + ghwm. (4)

The choice ER" = mc® should be privileged for obvious reasons. o1

Ban Pieme Gareau, Sonia Gareau

Ld llidLicic SUIIIVIEC d Id LlIulbTcc U LTINS Ut UTAU TT11luucicy
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La condensation de Bose-Einstein dans I'espace-temps
Anti-de Sitter
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Equipartition holographique et condensation de Bose-Einstein dans
I"horizon anti-de Sitter de Hubble

Holographic equipartition

N, = L?Iil ~; one degree of freedom (one bit) per Planck area
P
‘E‘ H A
N, . = k. T =—: |[E|=|p+3P|V: V =
= Ny =— = 2(p+3PNV (for positive p)
1/ 2k, T KT

P=—p (vacuum)= H?’=8zL,°p/3< N,, =N_
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'univers sombre et I'espace-temps anti-de Sitter

Permutation of identical SM bosonic or fermionic field

particles

Determinant of the metric
field

—_
- ol

—————— ——

-

e o

Tadpole diagram

Self energy diagram

Signe +: la masse sombre est bosonique

Signe -: I'’énergie sombre est fermionique
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Cold dark matier : Bose-Einsiein condensation of gluons in Anti-de Sitter space time

Gilles Cohen-Tannoudji and J-P Gazeau, Universe 2021, 7, 402 Gazeau, J-P, Hab.onimana, (_:" S.ignal a‘nalysis and
https :/doi.org/10.3390/universe7 110402 guantum formalism: Quantizations with no Planck
A ke b dark CMB - constant, in: Landscapes of Time-Frequency
> Apad tween dark matter an ' Analysis, Vol. 2, Applied in Numerical and
o CMB — photon decoupling, i.e. photons started to travel freely through H i Analvsi ies. New York: Spri
space rather than constantly being scattered by electrons and protons in armon-lc na yssl sgrles, ew Yor . pringer
plasma (QED effect). International Publishing, 2020. : arXiv:2001.04916
o Dark matter — gluonic component of the quark epoch (quark-gluon plasma) [quant-ph]
which freely subsists after hadronization within an effective AdS environment
(QCD effect)
» As an assembly of Nz non-interacting entities with individual energies
En = (n+ 2)hwaygs and degeneracy gn = (n+ 1)(n + 3), those remnant gluons . .
are assumed to form a grand canonical Bose-Einstein ensemble whose the Cohen-Tannoudji, G., Gazeau, J-P.,, Habonimana,
chemical potential p is, at temperature T, fixed by C., and Shabani, J. Quantum models a la Gabor
for space-time, in progress.
Ne=Y" sl (8)

n—0 Exp [%"'ﬁ“{”+2—#]‘] -1

» Since this number is very large this gas condensates at temperature

“Thus, the presence of a nonvanishing
energy gap in a superconductor implies the

T hisags (ﬁ) s (9) existence of a ground-state condensate of
kg c(3) correlated electron pairs.”
to become the cumrently observed dark matter. Adler, S.L. Einstein gravity as a symmetry
ki breaking effect in quantum field theory.

Rev. Mod. Phys. 1982, 54, 729.
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Our predictions (with N.= N,=3) compared with the Planck-2018

results

Our predictions

Planck 2018
results

Dark Matter/visible
matter

11N_/2N,=11/2

5,322+/- 0,00091

(QA_QVis)/ZZQM

0,3157

0,3111+/- 0,0056

ForQ, —Q . =2Q, tobe exact, N.= N:" =4.54
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A section of the largest virtual universe ever simulated.

“This figure can be interpreted as showing the complex topology of the spacetime of the dark
universe: a web of dark filaments that are tensionless dark cosmic strings freely moving in a void
space (the white regions in the figure) with vanishing spatial curvature, whereas the AdS spacetime
inside the filaments has a positive curvature.”
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What is scientific cosmogony?

Dominique Lambert « ) . ) Vé . .

UN ATOME LOl?J?t d gn.e.theo.rle’ cosmogon!que est f:ie rechercf}er des
D’UNIVERS conditions initiales idéalement simples d’ou a pu résulter,
T par le jeu des forces physiques connues, le monde actuel
(- dans toute sa complexité » Georges Lemaitre, I’hypothese

-

de l'atome primitif — Essai de cosmogonie -

7 3
e

La vie et l'ceuvre
de Georges Lemaitre "The object of a cosmogonic theory is to search for ideally simple initial conditions from which,

through the play of known physical forces, the current world in its full complexity could have
resulted”
Georges Lemaitre, the primitive atom hypothesis — Essay of Cosmogony -
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A tribute to Steven Weinberg (1933-2021) RIP
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What is qguantum field theory, and what did we believe
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itis?

“In its mature form, the idea of quantum field theory is that
quantum fields are the basic ingredients of the universe, and
particles are just bundles of energy and momentum of the
fields. In a relativistic theory the wave function is a functional
of these fields, not a function of particle coordinates. Quantum
field theory hence led to a more unified view of nature than
the old dualistic interpretation in terms of both fields and
particles”
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Newton

Maxwell, Boltzmann,
Perrin

Planck, Einstein 1905

Einstein 1915

Space

Time

Matter

Space

Time

Fields Particles k

Space-time ¢

Particles h, k

Covariant fields G,c

Quantum mechanics

Informational Space-time G, A,k

Quanto-informational fields h,c, k

|

Scientific cosmogony

Quanto-informational covariant fields G,c,h,k, A




Dark Matter Visible Dark Energy ACDM

G. Cohen-Tannoudji and J.P.
\ Quarks / SM | Gazeau, Scientific cosmogony,
the time in quantum relativistic
physics
sz https://hal.archives-

ouvertes.fr/hal-03538740

M/M Cosmologic BSM
Sym.Breaking al
""""""""""""""""""""""""""""""""""" constant—/7#Win-----------------"-"--"---————"---
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Constituants n ~ 7

élémentaires

Meédiateurs des Y W 7 ‘o

interactions
Photon W+ W- z2° Gluons

8 de Brout Gilles Cohen-Tannoudji and M.
°5°|" € Prout, BEH Spiro, Le boson et le chapeau
Englert, Higgs mexicain, Gallimard , 2013

L'atome primitif de Lemaitre ne serait-il pas
un boson BEH covariant?!
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La dualité jauge-gravité et le modele standard de la cosmogonie
scientifique

Gravito-electromagnetic CMB emission

Today(13,7G
(379ky) Tocay(13,7Gy) _
Hubble radius L=H"! Future event horizon
L From radiation to matter dominance A4 @
AT (72kY) //, 4 ,,’
Gravito-strong dark matter y K -
\Color confinement (10-6s) < € iy ,

DM cosmological SM

Gravito-weak dark energy ™~

P standard model

/Re“ea“'lg

BSM Gauge-gravity duality?

(10-36s) ~
Linf =
Lo ! — >
10-60 Primordial inflation Expansion 1 Late inflation Scale factor
BSM physics
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Le paysage de la cosmogonie scientifique impliqué par
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ses cing constantes universelles

Gce

hc

Quantum Field
Theory
(Theory 1)

General Relativity
(Theory 2)

G. Cohen-Tannoudji and J.P.
Gazeau, Scientific cosmogony,
the time in quantum relativistic
physics

https://hal.archives-
ouvertes.fr/hal-03538740

4D Rieman
SpaceTime

4D Minkowski
SpaceTime

Causality
(Pheno. 3)

Relativity
(Pheno. 2)

Complementarity
(Pheno. 1)

Relativistic Quantum
Thermodynamics
(Kinematics)

A w,Gkce
5D Euclidean
SpaceTime
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