
The realization of some cosmological 
gedanken experiments seems to favor

the ideas of Sakharov

Gilles Cohen-Tannoudji and Jean-Pierre Gazeau



The gedanken experiment performed by LCDM
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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 
ǇƻǎǎƛōƭŜ ǘƻ ŎŀǊǊȅ ƻǳǘ ǘƘŜ ǘƘƻǳƎƘǘ ŜȄǇŜǊƛƳŜƴǘ ŎƻƴǎƛǎǘƛƴƎ ƛƴ άǊŜƳƻǾƛƴƎέ ǘƘŜ 
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



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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The algorithmic performance of the gedanken experiment
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Le two mapsof the dark universe
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Vacuum-vacuum quantum statistics: (Bose-
Einstein + sign) or (FermiDirac- sign) 
correlations

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 positive, i.e. increasing the mass (resp. negative, i.e.
increasing the energy) selfenergy diagram.

Fermionic deSitterian dark energy

BosonicAnti deSitterian dark matter
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"Cosmology, because it is concerned with the variation of   within a distribution

of matter and not without, is described-at least in the mean by only that part of 

which is its determinant.

Becaus

"f

e the embedding Minkowski spacetime is conformally flat, 

the determinant may be represented by a massless covariant scalar field, the dilaton  .

R. Brout, F. Englert, and 
E.Gunzig, The Creation of the 
Universe as a Quantum 
Phenomenon ANNALS OF 
PHYSICS 115, 78-106 (1978)
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The BEGHS mechanisms at work in LCDM

Gilles Cohen-Tannoudji, Lambda, the fifth foundational constant considered by Einstein, 
Metrologia, 2018

Hubble radius L=H-1

Scale factorPrimordial inflation Expansion Re-inflation1 

a b

g

d

e

L
L

Li

nf

l
-

l
+

10-60

L
P

Past event horizon

Future event horizon

From inflation to 
expansion

Today

Dominance of matter over 
radiation

Color confinement
LCDM  standard model of 

cosmology

Standard model of particle 
physics

Beyond Standard 
Model Physics

w

Electroweak 
symmetry 
breaking

From expansion to re-inflation

y
Å In the primordial inflation phase (from a to
b), here the dilaton field is the Goldstone 
boson of the matter/antimatter symmetry 
breaking (obeying the {ŀƪƘŀǊƻǾΩǎ ŎƻƴŘƛǘƛƻƴǎ),

Å In the electroweak symmetry breaking (g), 
here the dilaton field is the Higgs boson

Å In the transition from the quark gluon plasma 
to the colorless hadron phase (d), here the 
dilaton is the Goldstone boson (s)  of the 
chiral symmetry breaking
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LCDM is  a quantum relativistic cosmology that is 
quasi-classical (h small but not zero), quasi-

Newtonian (c large but not infinite, G, L, small but 
not zero), quasi-perfect (k small but not zero)

33
CosmIn =

 large but finite

c k

GL


