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Scientific cosmogony, the time in quantum relativistic physics

The article by Gilles Cohen-Tannoudji and Jean-Pierre Gazeau proposes the foundation of a new cosmogony, which would be compatible with both general relativity and quantum field theory. The elements of this cosmogony are not particles and their events, but quantum fields, and the interpretation it suggests of the two theories is an informational interpretation, well in line with the modern evolution of the interpretation of quantum mechanics.

In this theory, compatible with the ΛCDM model (standard model including Cold Dark Matter and the cosmological constant Λ) and involving de Sitter and anti-de Sitter kinematics, the fundamental constants would include, in addition to the usual ħ, G and c, the cosmological constant Λ understood as a quantum of curvature, and the Boltzmann constant kB understood as a quantum of entropy. In this approach, time becomes more complex, at least in the mathematical sense. We find again the thermodynamic cosmological time τ of Connes and Rovelli, and this one is presented as the conjugate complex of the local time. But it is the time τ which is fundamental, at the base of the evolution of the universe. Last but not least, the outlined model proposes to interpret dark matter simply as linked to gluons, "a Bose-Einstein condensate in an anti-de Sitter kinematics", while dark energy could be linked to neutrinos... All of this deriving from the Higgs boson, which could be considered as the modern avatar of the primitive Lemaître atom!

1/ Introduction

It is widely agreed upon that, at least in physical sciences, the problem of time in science mainly lies in the issues of quantum gravity, namely the ones of the relation between quantum physics and general relativity, and this is the point of view that will be followed in this chapter of the present book. Historically, the main difficulty of the reconciliation of these two theories was that, at their onset, they looked drastically incompatible: whereas general relativity was remarkably well founded conceptually, but had only a few very specific observational implications, quantum physics, on the other hand, had more and more phenomenological implications at all scales of matter sciences, but continuously suffered of interpretive conceptual difficulties, especially, about the problem … of time.

Remind that time in quantum mechanics is the parameter associated with the unitary evolution operator having the Hamiltonian operator of the system as generator. This time is a concept built from the ratio action/energy. The Hamiltonian is self-adjoint with spectrum bounded below (no infinitely negative energy!). Hence the time parameter cannot be raised to the status of a quantum observable, an issue already pointed out by Pauli [START_REF] Pauli | The general principles of wave mechanics[END_REF] in 1926. Time remains in the hands of the observer. Moreover, unitarity of the evolution operator breaks at each (quantum) measurement. As noticed by Heisenberg [START_REF] Mermin | quoting Heisenberg, What's bad about this habit[END_REF], "the discontinuous change in the quantum state takes place . . . because it is the discontinuous change in our knowledge . . . that has its image in the discontinuous change of the state." Whereas the quantum measurement formalism describes the measurement interaction between the "pointer" and the system one intends to measure, nothing describes or explains the event called reduction or collapse of wave function or quantum state.

Actually, the latter is similar to the outcome of a game, with urn, with dice or whatever: God does play dice with the Universe! There is nothing more to understand beyond the sidération (the fact of being staggered) provoked by the event which happens. The nonkinematical time is made of these sidérations, and this time has an arrow and is always observer dependent.

« Time arrow captures the uniqueness and distinctive character of sequential events whereas time's cycle provide these events with another kind of meaning by evoking lawfulness and predictability » (S. J. Gould [START_REF] Gould | Time's Arrow, Time's Cycle: Myth and Metaphor in the Discovery of Geological Time[END_REF]).

A contrario, the kinematical time is the inverse of a frequency. It is a concept built from the ratio distance/speed. It is viewed as a geometrical coordinate in any 4-dimensional space-time.

The fact that its canonically conjugate variable is a (Fourier) frequency allows to build its quantum counterpart as a self-adjoint operator with spectrum the real line. This kinematical time operator has an informational content within the framework of signal analysis. It is canonically conjugate to the frequency operator and no Planck constant h is involved here (see [START_REF] Gazeau | Signal analysis and quantum formalism: Quantizations with no Planck constant[END_REF] and [START_REF] Cohen-Tannoudji | Quantum models à la Gabor for space-time[END_REF] for details). Now, it turns out that rather recently, important encouraging events occurred in the domain of a possible reconciliation of quantum physics and general relativity. These events occurred both in the experimental and in the conceptual contexts. In the experimental or observational area, we note the discovery in 2012 of the Brout-Englert-Higgs boson, the key stone of the standard model of elementary particles and fundamental interactions, and the spectacular progresses of observational astrophysics represented by the establishment of a robust cosmological standard model, known as the concordance cosmology or ΛCDM (for Λ, the cosmological constant, Cold Dark Matter), or the first observations of gravitational waves. Also, in a more theoretical context, we note what has been called the reflexive, or quantum-informational turn of the interpretation of quantum theory and of general relativity. What we intend to show, in the present chapter, is to try and take advantage of these advances and to show that if ΛCDM and the standard model of elementary particles and fundamental interactions can be considered as compatible without needing the introduction of any ad hoc field or particle, or hidden variables, then quantum and relativistic physics can be, at least phenomenologically, reconciled to underly what we call scientific cosmogony, the embedding framework in which the problem of time in science can be put in a way that is more tractable than ever.

It is in a book intended for a wide audience, published in 1946, that Georges Lemaître, considered as one of the founders of modern cosmology, presents his cosmological model that he names the hypothesis of the primordial atom and qualifies as an essay of cosmogony [START_REF] Lemaître | L'hypothèse de l'atome primitif -Essai de cosmogonie[END_REF]. As a catholic priest, he was very eager to draw a clear separation line between what he names cosmogony and considers as a theory of the universe, or as the natural beginning of the universe, and the domain of theology. In the fourth chapter untitled cosmogonic hypotheses of his book, he presents a brief survey of cosmogonic assumptions proposed by famous thinkers before the scientific revolution that occurred at the beginning of the twentieth century, as Buffon, Laplace and mainly Kant whose contribution is analyzed in most details: "The theory of Kant is not just a theory of the formation of the solar system; it is a cosmogonic theory with the full meaning of the word, a theory of the universe [START_REF] Lemaître | L'hypothèse de l'atome primitif -Essai de cosmogonie[END_REF]129]". Moreover, after having mentioned the conception that Kant had about matter, he adds that Kant "dares to say: -give me matter, and I would do a world out of it -, what is to say, I would show you how a world can come out of it [START_REF] Lemaître | L'hypothèse de l'atome primitif -Essai de cosmogonie[END_REF]121]" At the end of this chapter, in a transition to the last chapter about the primordial atom, he concludes: "I could not do better than by repeating, while transposing it, the word of Kant: -give me an atom, and I would do from it the universe [START_REF] Lemaître | L'hypothèse de l'atome primitif -Essai de cosmogonie[END_REF]146]." In the last chapter, he defines in the conclusion of his book [START_REF] Lemaître | L'hypothèse de l'atome primitif -Essai de cosmogonie[END_REF]174]: "the object of a cosmogonic theory as the search of ideally simple initial conditions from which could have resulted, through the interplay of known forces, the current world in its full complexity [START_REF] Lemaître | L'hypothèse de l'atome primitif -Essai de cosmogonie[END_REF]176]". This is the definition that we shall adopt in the present chapter for scientific cosmogony, as an embedding framework to understand another aspect of time in quantum physics 1 , besides its role of evolution parameter mentioned above. As a support of this hypothesis, we shall firstly, in the second section, review the present assets of the cosmological standard model and summarize the main outcomes of the work that we have recently published [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF] in order to reconcile this new cosmological standard model with the standard model of particle physics and fundamental interactions; then, in the third section, we shall discuss the light these outcomes could shed on the problem of time in cosmology.

2/The new standard model of cosmology

A short historical survey

In about one century, cosmology, the science of the universe as a whole, has known essentially three stages:

(i) a first one, just after the publication by Einstein of the general theory of relativity, and of his first cosmological model, involved important debates between Einstein and de Sitter about the principle of the relativity of inertia and the role of the cosmological term or cosmological constant;

(ii) it is only after the observational confirmation of the expansion of the universe theoretically predicted by Lemaître, that cosmology became a scientific discipline based on a genuine standard model, the so called HBBM (for Hot Big Bang Model), assuming the vanishing of the cosmological constant, able to account for most of observations at extra-galactic and cosmic scales, but facing severe shortcomings due to the existence of the singularity implied by the big bang assumption;

(iii) finally, at the turn of the twenty first century, thanks to more and more accurate measurements of the cosmological microwave background (CMB), cosmology, equipped with the new cosmological standard model named ΛCDM, entered its third stage, that marks a spectacular come back of the cosmological constant and, as we think to have shown in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF], raises some hopes to solve the shortcomings of the HBBM.

ΛCDM is not the first cosmological model involving a three stage cosmology, actually the cosmological model of Georges Lemaître, based on the hypothesis of the primordial atom 1 The hypothesis of the primordial atom is the title of the last text by Georges Lemaître in the collection of five texts that constitutes the book; this text and the one untitled the expansion of space are the two chosen by Jean-Pierre Luminet in the book he published, together with a text of Alexandre Friedman, under the title Essays of cosmology (and not cosmogony): A. Friedman and G. Lemaître Essais de cosmologie preceded by L'invention du big bang by J.-P. Luminet, Paris: Le Seuil, Sources du savoir, 1997. already involved three stages2 : the first stage called by Georges Lemaître the "rapid expansion phase" corresponding to the explosion of the primordial atom that he also called "a single quantum", to stress that he assumed that the first stage of his cosmogony relied on quantum physics. The second stage corresponded essentially to the Einstein's cosmological model involving the "cosmic repulsion" induced by the cosmological constant, temporarily equilibrating the effects of gravitation, an effect that eventually leads to the third stage of expansion, the one that is now observed.

The assets of ΛCDM

The new cosmological standard model involves assumptions translating the cosmological principle (isotropy and homogeneity of the matter-energy distribution at cosmic scales). Its assets are four-fold:

(i)
The re-discovery of the cosmological constant about which de Sitter has stressed that it is unavoidable if one wants not to abandon the foundational principle of the relativity of inertia;

(ii) The validation of the scenario of the primordial inflation, which, somehow, replaces the singularity implied by the big bang assumption, and was hitherto lacking credibility;

(iii) The concordance of all the methods used nowadays to determine distances, namely, the CMB, the supernovae, the "baryonic acoustic oscillations" (BAO);

(iv) The discovery of two dark components, i.e., with no interactions except for gravitation, of the distribution of matter-energy at cosmic scales, namely the dark energy and the dark matter which together, today amount to about 95% of the material content of the universe.

Summary of the outcome of ref. [7]

The three stages of ΛCDM can be seen on the figure taken from [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF]on which the Hubble radius is plotted versus the scale parameter 3 . This mode of representation of the cosmological evolution, showing two time-dependent observables, one versus the other, has the merit to make the time implicit: if one is interested in the time issue it is a matter of interpretation to answer the question: what is the time that is implicit in this figure? That is the question that we shall answer in section 3. For the moment, let us briefly review the results obtained in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF], in which the interested reader will find detailed explanations and relevant references. The so-called primordial inflation stage is one of the major assets of ΛCDM thanks to the high accuracy measurement of the CMB: the fluctuations of order 10 -5 in the temperature and polarization distributions cannot be explained by any standard model contribution but only through some beyond the standard model (BSM) contribution, likely occurring at an energy of order 10 15-16 GeV, which was called the inflation scenario, and now known as the bouncing scenario [START_REF] Bergeron | Quantum Mixmaster as a Model of the Primordial Universe[END_REF]. A great merit of ΛCDM is to have strongly validated this scenario that was hitherto lacking any credibility.

It is in the expansion stage (from point β to point ψ in figure 1) that the issue of the compatibility of the particle physics (SM) and of cosmology standard (CSM) models is addressed in modern cosmology. In fact, it is this issue that distinguishes ΛCDM from the Lemaître primordial atom model: thanks to what we know now from the standard model of particle physics, and has been clearly confirmed by the discovery in 2012 of the BEH (Higgs) boson, before the electroweak symmetry breaking that occurred at point γ, all the particles of the SM are assumed to be massless and to acquire their actual mass thanks to the Higgs mechanism, which rules out the primordial atom of Lemaître who imagined it as a superheavy nucleus (a superheavy "isotope of the neutron", as he said). The outcome of [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF], where the colorless confinement or hadronization occurring at point δ plays a central role, is briefly summarized in the following quotes:

i) the reconciliation of the two standard models does not need the recourse to any ad hoc fields, particles, or hidden variables,

ii) Dark matter is interpreted as a gluonic Bose-Einstein condensate

3/The problem of time in cosmology

The "extra-mundane time" of de Sitter

If one wants to perform the reconciliation of the standard models of particle physics and cosmology one is faced with the problem of time in cosmology, that is well summarized in this quotation of de Sitter, that clearly implies the existence of two time dimensions:

"The three-dimensional world must, in order to be able to perform 'motions', i.e., in order that its position can be a variable function of the time, be thought movable in an 'absolute' space of three or more dimensions (not the time-space x, y, z, ct). The fourdimensional world requires for its 'motion' a four-(or more-) dimensional absolute space, and moreover an extra-mundane 'time' which serves as independent variable for this motion [START_REF] De Sitter | On the relativity of inertia. Remarks concerning Einstein's latest hypothesis[END_REF]".

In fact, if one wants to think the time evolution of the universe as a whole, one has to imagine oneself as being an observer whose proper time would be the extra-mundane time suggested by de Sitter, and who would observe the universe from the outside, what we called in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF] ( §3.4.2) [10], [START_REF] Garidi | De Sitter waves and the zero curvature limit[END_REF] "a local tangent observer". Now it has been shown by Connes and

Rovelli [START_REF] Connes | Von Neumann Algebra Automorphisms and Time-Thermodynamics Relation in General Covariant Quantum Theories[END_REF] that such a global time noted, as τ in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF], called thermal time, as opposed to the local time, noted as t in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF], can be defined in a way that does not contradict the principles of general relativity (although it is induced by the state of the universe as a whole, it is not an "absolute time"). Now it turns out that the gedanken experiment that consists in imagining that one can observe the universe from the outside, seems to be precisely what has been performed

with the measurement of the CMB: removing everything that can interfere or blur the radiation in the foreground is nothing but observing from the outside the universe after it emitted the radiation, some four hundred thousand years after the "big bang." It is the performance of this gedanken experiment that led to the discovery of the dark components of the full matter-energy content of the present day universe, the sum of the dark energy related to the cosmological constant Λ (when it is put in right hand side of the Einstein's equation), and the dark matter also related to Λ (but when it is put back in the left hand side); (quote of [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF]):

In the measurement of the CMB radiation, it is crucial to get rid of the light that is emitted in the foreground in order to obtain the original map of the CMB radiation.

This can be done using known technics, but once this is done, one is faced with the problem of the gravitational lensing possibly distorting the path of light between its emission and its arrival at the detector. the original map of the CMB, not distorted by the lensing, that can be used as the input data in simulations, and, on the other, a full sky map of the gravitational lensing potential, which we interpret in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF] as the (anti-de Sitter) world matter identified with dark matter.

Actually, this interpretation had been already proposed by in a previous work [START_REF] Cohen-Tannoudji | The de Broglie universal substratum, the Lochak monopoles and the dark universe[END_REF],

but it was lacking the firm justification that came from another previous work [START_REF] Gazeau | Mass in de Sitter and Anti-de Sitter Universes with Regard to Dark Matter[END_REF], according to which the four-dimensional anti-de Sitter spacetime viewed as a manifold embedded in fivedimensional ambient flat space with metrics (+ + ---), provides quantum cosmogony with a 5D pseudo-Euclidean kinematics [START_REF] Bacry | Possible Kinematics[END_REF] in which the 5th dimension is temporal, the extramundane time. Such a kinematics, suited for a Newtonian phenomenology, considers the five universal constants, namely the Planck's constant h, the vacuum velocity of light c, the Newton's constant GN, the Boltzmann's constant kB and the cosmological constant Λ, the landscape of which is schematized in figure 2. 

4D Minkowski SpaceTime

4D Rieman SpaceTime

5D Euclidian SpaceTime

Figure2: The landscape of quantum cosmogony involving the three theoretical frameworks that are kinematics, phenomenology, and dynamics. The intersections of these three theoretical frameworks, determine seven sectors: a kinematical one; three phenomenological ones, in which is proposed the matching, free of any ad hoc adjunction, of the standard models of particle physics and of cosmology; and three purely theoretical ones, of which two are well established (quantum field theory and general relativity), and a third one (covariant quantum field theory) that is currently in a program stage.

It is in the phenomenological stage of the matching of the standard models that the problem of time is addressed in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF] (quote):

When applied in the full expansion phase, the cancellation of the cosmological constant contribution by this anti-de Sitter world matter [leading to an effective dark universe with a vanishing total active mass] amounts to replace in our quantum cosmology, the local time t by the global time τ. One could say that considering these two times amounts to a complexification of the time, and that t and τ are complex conjugate variables: if the densities in our quantum cosmology are analytic functions depending on the global time τ they do not depend on its complex conjugate, namely the local time t.

A beginning of the world before the beginning of space and time.

In a short article [START_REF] Lemaître | The Beginning of the World from the Point of View of Quantum Theory[END_REF] published in Nature, as a comment after a statement by Sir Arthur Eddington saying that "philosophically, the notion of a beginning of the present order of Nature is repugnant to him", Georges Lemaître, on the one hand, makes precise what he means with the primordial atom, "a unique atom, the atomic weight of which is the total mass of the universe" and, on the other hand, formulates what appears to be the problem of time in cosmology:

If the world has begun with a single quantum, the notions of space and time would altogether fail to have any meaning at the beginning; they would only begin to have a sensible meaning when the original quantum had been divided into a sufficient number of quanta. If this suggestion is correct, the beginning of the world happened a little before the beginning of space and time. [underlined by us].

As we said above, the problem of the cosmology of Georges Lemaître is that his hypothesis about the primordial atom contradicts what we know now about the emergence of mass in the early universe: the initial state of the universe is more likely the ground state of the universe rather than a superheavy nucleus. Such an initial state can be considered in the scientific cosmogony sketched above: its five universal constants consist, together with the velocity of light c, in four elementary quanta: i) Two quanta relative to matter, namely the quantum of action equal to the Planck's constant h, the quantum of entropy (or of information) equal to the Boltzmann's constant kB ii) Two quanta relative to spacetime, namely a quantum of space area

N P 3 = G A c
, and a quantum of curvature equal to Λ, the cosmological constant.

On the one hand, the two pairs of elementary quanta, relative both to matter and to spacetime, allow articulating in quantum cosmogony the two times which may have different origins, namely the local dynamical time with the global thermal time, and, on the other hand, they allow defining the nothingness: there is nothing in the whole universe with action smaller than h, there is nothing with an entropy smaller than kB, nothing with a surface area smaller than AP and nothing with a curvature smaller than Λ. With such a definition of the nothingness, the ideally simple initial state of the scientific cosmogony can be identified with the quantum vacuum, which is a well-defined particular state of the Fock's space, the Hilbert space of covariant quantum field theory [START_REF] Rovelli | Quantum gravity[END_REF], in which the occupation numbers of all the involved quantum fields are equal to zero, but which is not the nothingness, but, as Pascal told, lies halfway between matter and nothingness 4 . Such was the idea that guided us in [START_REF] Cohen-Tannoudji | Cold dark matter: a gluonic Bose Einstein condensate in anti-de Sitter space time[END_REF] towards our interpretation of the dark matter in the standard cosmological model (quote):

Actually, the "effective dark universe" which, as said above, is supposed to provide the cosmological standard model with a quantum vacuum or a ground state, cannot be thought of as an "empty spacetime" in which some objects would move, but rather as a medium in which occur vacuum polarization events [18] [19], what Gürsey [START_REF] Gürsey | Reformulation of General relativity in accordance with Mach's principle[END_REF] 4 Blaise Pascal : -D'où l'on peut voir qu'il y a autant de différence entre le néant et l'espace vide, que de l'espace vide au corps matériel ; et qu'ainsi l'espace vide tient le milieu entre le matière et le néant.

"From which it can be seen that there is the same difference between nothingness and empty space as between matter and nothingness; and thus, that empty space lies halfway between matter and nothingness" Pascal, OEuvres complètes, La Pléiade, ed. 1998, 384.

calls scintillation events 5 , namely events each consisting in the virtual creation of a particle-antiparticle pair, followed, a short time later, by its annihilation. If the particles of the pair are fermions, such event would contribute to a negative curvature (normal de Sitter) world matter, a sort of a baryonic Fermi-Dirac Sea, at the exterior of the Hubble horizon, and if they are bosons, the event would contribute to a positive curvature (anti-de Sitter) world matter, a gluonic Bose-Einstein condensate, at the interior of the Hubble horizon.

4/ As a conclusion

As a tribute to Steven Weinberg (1933Weinberg ( -2021)), we want to quote his conception of quantum field theory that can lead to a possible reformulation of the Lemaître hypothesis of the primordial atom.

"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" [START_REF] Weinberg | What is Quantum Field Theory, and What Did We Think It Is? Historical and Philosophical Reflections on the Foundations of Quantum Field Theory[END_REF].

Put together, figure 3 
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 3 Figure 3: The BEH (Higgs) boson as the key stone of the SM The blue lines represent the couplings of the various fields, those coupled to the BEH, including the BEH itself acquire mass through the BEH mechanism; those not coupled to it, either remain massless or keep their mass if any. (Figure inspired from [ 20 ]).
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 4 Figure 4 Schematized illustration of the matching of the standard model of particle physics (SM) and the cosmological standard model (ΛCDM), thanks to a minimal "beyond the standard models" (BSM) assumption, according to [7].

  To solve this problem, it has been possible to use a technique that has been already used to get information about the dark matterpresent in some very heavy super clusters of galaxies: such clusters may induce a

gravitational lensing potential distorting (and possibly multiplying) the image of a galaxy situated far behind the cluster; correlating the distorted observations one has been able to produce a map of the dark matter present in the cluster or in its halo that induces the lensing. The success of this technique has been considered as a proof of the presence of dark matter at extra galactic scales. Using this technique for the full sky distribution of the CMB with both the measurements of the temperature and of the polarization of the radiation, the Planck experiment has been able to yield two outcomes essential for the establishment of the cosmological standard model: on the one hand,

In his analysis of the book of Lemaître, Jean-Pierre Luminet calls this three-stage cosmology, the "hesitant universe".

The scale parameter is a dimensionless quantity equal to the time-dependent radius of the universe divided by its present day value.

The mass scintillation model imagined by Gürsey, is comparable with the steady state cosmology of Bondi [The Steady-State Theory of the Expanding Universe, Monthly Notices of the Royal Astronomical Society (vol. 108, n o 3, pp. 252-270)] in which the creation, at constant density of matter-energy, induces the expansion of the universe.