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The gedanken experiment performed byCDM

Cosmology does not describe the entire Universe (with upper case U) but
only the universe that is observable to us (with lower case u). Dark matter
and energy densities are integration constants used to define the universe
as the horizon of the Universe towards the far future with dark energy and
towards the distant past with dark matter.

Thanks to the observation of cosmic microwave background (CMB), it was
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visible matter (known as baryonic) and to draw the map of what remains, the

dark universe or quantum vacuum. In fact, when we measure the temperature

and the polarization of the CMB, we obtain, thanks to the use of theoretical
knowledge of general relativity and quantum mechanics, two maps, that of

dark energy and that of dark matter.
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Fromthe «big bang» to the primordial inflation
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The algorithmic performance of the gedanken experiment

The rest of the performance of the gedanken experiment consists in bringing
back the visible matter into the tableau in which it will be possible to carry out
other thought experiments, such as traveling in space and in time. This is what
the reconciliation of all observations and simulations do.
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Letwo mapsof the dark universe
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The dark universe as the ground state of Fock space in QFT
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A " tadpole" diagram in which a boson (resp. fermion) exchanges a
virtual dilaton with a vacuum loop involving a particle identical to

it, Is transformed through the interchange of identical particles,

Into a positivej.e.increasing the mass (resp. negative,

Increasing the energy) sathergy diagram.

Fermionic deSitterian dark energy
BosonidAntl deSitterian dark matter
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de Sitter space-time
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Mass in a dS background

Garidi mass formula in dS for an elementary system with spin s and dS invariant (¢
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There exists energy ambiguity in de Sitter relativity, exemplified by the possible
breaking of dS irreducibility into a direct sum of two Poincaré UIR’s with positive
and negative energy respectively. This phenomenon is linked to the existence in
the de Sitter group of a specific discrete symmetry which sends any point (x,, P)

into its mirror image (x,,-P) with respect to the x,-axis.
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anti de Sitter space-time
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Mass in a AdS background

Mass formula for an elementary system in AdS with spin s and invariant ¢4 4q
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No energy ambiguity in Anti de Sitter relativity. AdS reveals universal pure
curvature or vibration energy besides matter energy: an AdS elementary
system can be viewed as a deformation of both a relativistic free particle

with rest energy mc? and a 3d isotropic quantum harmonic oscillator with

3 | A
ground state energy Ehc _—
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A
dS & AdS invariant ¢ —> Energy at rest E™" := fic |3—|g

For s=1/2
fordS: E"= mc?>

3 /|A
for AdS: Ef’jg = mc? + Eh | 3 | C

Form=0

1
fordS: ES' =+ihc (s - 5)

for AdS:  ESS = fic(s + 1)



Anti-de-Sitterian Nature of Dark Matter

X: Quark, Gluon, BE Condensat ...from primordial quark-gluon plasma (QGP)
at the « quark epoch »

3. [IA]

E= = m(X)c? + Eh

AdS ¢ Edarkmatter(X ) = r (X )m(X )02

visible - ~ ,
Edarkmatterm(X)Z

Like the cosmic microwave background (CMB) is a remnant from the recombination
epoch of the universe (~379,000 years, at T ~ 3000 K), when protons and electrons
combined to form neutral hydrogen atoms, the dark matter may be thought as a
« relic » of the QGP epoch, totally free of any interaction but the gravitational one
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E.GunzigThe Creation of the
Universe as a Quantum
Phenomenon ANNALS OF
PHYSICS 115,-186 (1978)
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"Cosmology, because it is concerned With variation ofg, . within a distributio
of matter and not without, is describeat-least in the mean by only that pafft®_
which is its determinant.

Becaus the embedding Minkowski spacetime amformally flat,

the determinant may be represented byrassless covariant scalar field, thauih 7" .

W. = 1/3;r, 3P, C
Flathess sum rule:
rvis+ /E)M f; Lr 2P7

rvis+ /E)M+Lr :cr f:
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The BEGHS mechanisms at wotkGibM

From expansion to renflation oda
Hubble radius L=H
A / Euture event horizon
. . g . — Domi f
A In theprimordial inflatiorphase (froma to L[ Pomnance o materover
i i i L Col fi t -
b), here the dilaton field is the Goldstone olor confinemen e L CDM standard model of
boson of the matter/antimatter symmetry S cosmology
. . Z ~ X 4 4 (S S A ) S
breaking (obeyingthg I { KI N2 d9Qa O2 Yy RA|UA % 4
A In theelec@roweak symmetry -breaku(g, Bast event horizon f f‘ Standard model of particle
here the dilaton field is the Higgs boson physics
A In the transition from theuark gluon plasma \
tq the cplorless hadron phasd#,(here the | | — Frominflationto
dilaton is the Goldstone bosa®)( of the — | expansion
chiral symmetry breaking LT /7 .
hloﬁ‘; Primordial inflation ~ Expansion l Reinflation Scale factor
P < ><¢ > >

Beyond Standard
Model Physics

Gilles Coherlfannoudji,Lambda,the fifth foundational constant considered by Einstein,
Metrologia, 2018
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