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No obvious change in the number density of galaxies up to z ≈ 3.

Introduction

ΛCDM, the nowadays standard cosmological model, has proved able to rationalize numerous observations, of various kinds. However, although the reintroduction of a cosmological constant, twenty years ago, did help a lot [START_REF] Krauss | The cosmological constant is back[END_REF][START_REF] Sahni | The case for a positive cosmological Λ-term[END_REF], it is still suffering from an age problem [START_REF] Yang | The age problem in the ΛCDM model[END_REF][START_REF] Wang | Revisit of cosmic age problem[END_REF][START_REF] Dolgov | Beasts in Lambda-CDM zoo[END_REF][START_REF] López-Corredoira | Tests and problems of the standard model in cosmology[END_REF]. And though this problem has been around since the earliest version of the model [START_REF] Lemaitre | Un Univers homogène de masse constante et de rayon croissant rendant compte de la vitesse radiale des nébuleuses extra-galactiques[END_REF], the level of accuracy reached during the last decade for the measurements of cosmological parameters [START_REF] Bennett | The 1% concordance Hubble constant[END_REF][START_REF] Riess | A 2.4% determination of the local value of the Hubble constant[END_REF][START_REF] Paturel | Hubble law: measure and interpretation[END_REF][START_REF] Riess | New parallaxes of galactic cepheids from spatially scanning the hubble space telescope: Implications for the hubble constant[END_REF][START_REF] Aghanim | Planck 2018 results. VI. Cosmological parameters[END_REF] leaves little room for future major changes of the predicted age of the Universe.

So, either the methods used for estimating ages of objects like stars or galaxies require significant improvements, or ΛCDM has to be replaced by another model.

Since ΛCDM is built with still mysterious dominant components like dark energy [START_REF] Peebles | The cosmological constant and dark energy[END_REF] or nonbaryonic dark matter [START_REF] Bergström | Non-baryonic dark matter: observational evidence and detection methods[END_REF], and since it requires additional strong assumptions, like an exponential expansion of space in the early Universe [START_REF] Linde | A new inflationary universe scenario: a possible solution of the horizon, flatness, homogeneity, isotropy and primordial monopole problems[END_REF][START_REF] Starobinsky | Dynamics of phase transition in the new inflationary universe scenario and generation of perturbations[END_REF], it may prove worth considering the later hypothesis. Hereafter, a non-standard redshift-distance relationship is thus preferred. Note that it may serve as an anchor for the development of the next generation of cosmological models.

The age problem

Within the frame of a Friedmann-Lemaitre-Robertson-Walker cosmology for the case of an homogeneous and isotropic Universe, τ (z), the age of the Universe at a given redshift, is so that [START_REF] Peebles | The cosmological constant and dark energy[END_REF]:

τ (z) = ∞ z dz (1 + z )H(z ) (1) 
with:

H(z) = H 0 (Ω m (1 + z) 3 + Ω k (1 + z) 2 + Ω Λ ) 1 2 (2) 
where H 0 is the Hubble constant and where the contribution of Ω r , the radiation term, has been omitted, the radiation-dominated era being much shorter than τ (z) for redshifts considered in the present study. 

ΛCDM

Analyses of Planck measurements of the CMB anisotropies are consistent with a flat (Ω k =0) ΛCDM cosmological model, with H 0 =67.4 ± 0.5 km s -1 Mpc -1 and a matter density parameter Ω m =0.315 ± 0.007 [START_REF] Aghanim | Planck 2018 results. VI. Cosmological parameters[END_REF].

But with such parameters, according to eqn (1), ΛCDM can hardly explain how a quasar as old as APM 08279+5255 can be observed at z=3.9 [START_REF] Hasinger | Discovery of an ionized Fe K edge in the z= 3.91 broad absorption line quasar APM 08279+ 5255 with XMM-Newton[END_REF]. Indeed, within the frame of the ΛCDM model, this quasar should be at least 0.2 [START_REF] Friaça | An old quasar in a young dark energy-dominated universe ? Month[END_REF] and up to 1.4 Gyr [START_REF] Komossa | The X-ray evolving universe: (ionized) absorption and dust, from nearby Seyfert galaxies to highredshift quasars[END_REF] older than the Universe itself (Table 1).

Other objects have been claimed to be older than the age of the Universe predicted by ΛCDM like, in our neighborhood, the metal-deficient subgiant HD 140283 [START_REF] Bond | HD 140283: A star in the solar neighborhood that formed shortly after the big bang[END_REF][START_REF] Vandenberg | Three ancient halo subgiants: precise parallaxes, compositions, ages, and implications for globular clusters[END_REF]. It has recently been shown that, by assuming an extinction value of 0.1 mag, the estimated age of this star can become comfortably lower (12.2 ± 0.6 Gyr [START_REF] Creevey | Benchmark stars for Gaia Fundamental properties of the Population II star HD 140283 from interferometric, spectroscopic, and photometric data[END_REF]; Table 1). However, for stars as close as HD 140283, interstellar extinction is usually assumed to be non-existent [START_REF] Creevey | Benchmark stars for Gaia Fundamental properties of the Population II star HD 140283 from interferometric, spectroscopic, and photometric data[END_REF].

Note that the value of the Hubble constant obtained by the Planck collaboration [START_REF] Aghanim | Planck 2018 results. VI. Cosmological parameters[END_REF] is significantly lower than values recently obtained using local measurements [START_REF] Riess | A 2.4% determination of the local value of the Hubble constant[END_REF][START_REF] Paturel | Hubble law: measure and interpretation[END_REF][START_REF] Riess | New parallaxes of galactic cepheids from spatially scanning the hubble space telescope: Implications for the hubble constant[END_REF] meaning that, according to ΛCDM, the age of the Universe could be as low as 12.7 Gyr [START_REF] Riess | New parallaxes of galactic cepheids from spatially scanning the hubble space telescope: Implications for the hubble constant[END_REF] (1.4 Gyr at z=3.9).

The Milne model

Let us now consider an open model where Ω m =Ω Λ =0 (Ω k =1). Thus, eqn (2) becomes:

H(z) = H 0 (1 + z)
and eqn (1) yields:

τ (z) = T H 1 + z (3) 
where

T H = H -1 0 is the Hubble time.
This simple, one-parameter model, which is reminiscent of the Milne cosmology [START_REF] North | The measure of the universe. A History of modern cosmology[END_REF], belongs to the family of power-law cosmological models [START_REF] Kolb | A coasting cosmology[END_REF][START_REF] Kaplinghat | Observational constraints on power-law cosmologies[END_REF][START_REF] Sethi | On observational constraints on power-law cosmologies[END_REF][START_REF] Sethi | Cosmological constraints on a power law universe[END_REF][START_REF] Benoit-Lévy | Observational constraints of a Milne Universe[END_REF][START_REF] Melia | The R h = ct universe[END_REF]. Interestingly, it has been shown that, at least as far as H(z) and τ (z) are concerned, the predictions of this model are in good agreement with observational data [START_REF] Kaplinghat | Observational constraints on power-law cosmologies[END_REF][START_REF] Sethi | On observational constraints on power-law cosmologies[END_REF][START_REF] Sethi | Cosmological constraints on a power law universe[END_REF][START_REF] Dev | Power law cosmology: a viable alternative[END_REF][START_REF] Melia | Cosmic chronometers in the R h = ct Universe[END_REF][START_REF] Sanejouand | A simple Hubblelike law in lieu of dark energy[END_REF][START_REF] Mizony | What is our Universe now? For the century of the formula 15 written by de Sitter[END_REF]. Noteworthy, as illustrated in Table 1, it seems able to handle the age problem better than ΛCDM. As a matter of fact, the Milne model would be seriously challenged only if the upper estimates of the ages of HD 140283 and APM 08279+5255 were confirmed.

Although a Ω m =0 model is not supported by observational data, note that within the frame of the Dirac-Milne cosmology it is expected to be a fair approximation on large scales [START_REF] Benoit-Lévy | Observational constraints of a Milne Universe[END_REF][START_REF] Benoit-Lévy | Introducing the Dirac-Milne universe[END_REF].

Main hypotheses

Hereafter, it is assumed that: I. Eqn (3) yields accurate enough predictions for ∆τ = τ (0) -τ (z), that is:

∆τ = T H z 1 + z (4)
II. During its travel, a photon ages as the Universe does, namely:

∆t = ∆τ ( 5 
)
where ∆t is the time taken by a photon to fly from a source at redshift z to an observer on Earth.

III. The speed of light, c 0 , is constant.

Main consequences

Hypothesis III yields:

D c = c 0 ∆t (6) 
where D c is the light-travel distance while, with eqn (5), eqn (4) becomes:

∆t = T H z 1 + z (7) 
Note that this later relationship has been obtained in various contexts [START_REF] Sanejouand | A simple Hubblelike law in lieu of dark energy[END_REF][START_REF] Heymann | The dichotomous cosmology with a static material world and expanding luminous world[END_REF].

Counts of galaxies

n(D c ), the cumulative count of galaxies as a function of the light-travel distance, is such that:

n(D c ) = Dc 0 4πρ(r)r 2 dr (8) 
where ρ(r) is the number density of galaxies at distance r.

Let us assume that ρ(∆t), the number density of galaxies as a function of the photon time-of-flight, evolves slowly enough, so that:

ρ(∆t) ≈ ρ 0 + ρ∆t ( 9 
)
where ρ is the time derivative of ρ(∆t). With eqn (6) and ( 9), eqn (8) yields: which becomes, with eqn ( 6) and [START_REF] Lemaitre | Un Univers homogène de masse constante et de rayon croissant rendant compte de la vitesse radiale des nébuleuses extra-galactiques[END_REF]:

n(D c ) = 4 3 πD 3 c ρ 0 1 + 3 4 ρ ρ 0 D c c 0
n(z) = n st z 3 (1 + z) 3 1 + ρ z 1 + z (10) 
where:

n st = 4 3 πD 3 H ρ 0 and: ρ = 3 4 ρ ρ 0 T H (11) 
D H = c 0 H -1 0
being the Hubble length.

Datasets

Studying n(z), that is, a cumulative count of objects as a function of redshift, requires a fair sampling of these objects, for a range of redshifts as large as possible. For this purpose, sources of gamma-ray bursts (GRB) are attractive candidates since their redshifts have been determined up to z=8.23 [START_REF] Berger | Alma observations of the host galaxy of GRB 090423 at z= 8.23: deep limits on obscured star formation 630 million years after the big bang[END_REF], while major efforts have been undertaken by follow-up telescopes for determining the redshift of each of them as accurately as possible [START_REF] Gehrels | The Swift gamma-ray burst mission[END_REF].

In spite of this, redshifts are known for only 30% of the GRBs detected by Swift [START_REF] Gehrels | Gamma-ray bursts in the Swift era[END_REF], leaving room for doubts on the fairness of the sampling [START_REF] Salvaterra | A complete sample of bright Swift long gamma-ray bursts. I. Sample presentation, luminosity function and evolution[END_REF][START_REF] Coward | The Swift gammaray burst redshift distribution: selection biases and optical brightness evolution at high z ? Month[END_REF]. This is why, hereafter, redshifts of galaxies in the Hubble Ultra Deep Field (HUDF) [START_REF] Beckwith | The Hubble ultra deep field[END_REF] are also considered since, in this small area of the sky, efforts have focused on the accurate determination of the redshift of every single, bright enough galaxy [START_REF] Rafelski | UVUDF: Ultraviolet Through Near-infrared Catalog and Photometric Redshifts of Galaxies in the Hubble Ultra Deep Field[END_REF].

GRB

The 353 GRB sources observed by Swift [START_REF] Gehrels | The Swift gamma-ray burst mission[END_REF], with a redshift known with fair accuracy 1 , were considered for the following analysis. Since they are expected to have a different physical origin [START_REF] Bromberg | Short versus long and collapsars versus non-collapsars: A quantitative classification of gamma-ray bursts[END_REF], the 26 short GRBs (T 90 < 0.8 s) were disregarded 2 .

HUDF

A compilation of 169 robust spectroscopic redshifts of galaxies in the Hubble Ultra Deep Field was also considered 3 . Half of the galaxies of this sample have at least two redshift measurements, obtained in separate surveys [START_REF] Rafelski | UVUDF: Ultraviolet Through Near-infrared Catalog and Photometric Redshifts of Galaxies in the Hubble Ultra Deep Field[END_REF].

Results

Least-square fitting of the cumulative count of GRB sources with eqn (10) + δ, for redshifts lower than 3.5, yields a root-mean-square of the residuals of 2.9, with n st = 650 ± 12, ρ = -0.13 ± 0.02 and δ = 4.7 ± 0.6, that is, noteworthy, a low value of ρ , meaning that the evolution of the number density of GRB sources is slow, compared to the Hubble time (eqn 11).

A negative value of ρ would mean that the number density of GRB sources was lower in the past, at odds with the popular hypothesis that a merging process drives the evolution of galaxies [START_REF] Kauffmann | The merging history of dark matter haloes in a hierarchical universe[END_REF][START_REF] Lacey | Merger rates in hierarchical models of galaxy formation[END_REF]. However, with ρ =0, fitting the cumulative count of GRB sources yields a root-mean-square of the residuals close to previous one, namely, of 3.0, with n st = 584 ± 1 and δ = 7.1 ± 0.4. This confirms that, as advocated in previous studies [START_REF] Sanejouand | A simple Hubblelike law in lieu of dark energy[END_REF][START_REF] Sanejouand | Has the density of sources of gamma-ray bursts been constant over the last ten billion years ?[END_REF], it is not necessary to introduce a time-varying number density for explaining the 1 As provided on the Neil Gehrels Swift Observatory web page (https://swift.gsfc.nasa.gov/archive/grb_table), on October 2018, 27 th .

2 Ten GRBs with undefined values of T 90 were considered as being short ones. 3 As found in Table 4 of reference [START_REF] Rafelski | UVUDF: Ultraviolet Through Near-infrared Catalog and Photometric Redshifts of Galaxies in the Hubble Ultra Deep Field[END_REF].

cumulative count of GRB sources as a function of redshift.

On the other hand, fitting the cumulative count of galaxies in the HUDF for redshifts lower than 2.0 yields a root-mean-square of the residuals of 4.5, with n st = 482 ± 4 and δ = 5.9 ± 0.7. With δ=0, fitting both cumulative counts yield, respectively, n st = 607 ± 1 and n st = 513 ± 3. As shown in Figure 1, when they are normalized with these asymptotical values, both counts match well what is predicted by eqn [START_REF] Paturel | Hubble law: measure and interpretation[END_REF], up to z ≈ 2.

Discussion

A fair sample of star-forming galaxies Figure 1 strongly suggests that the sample of GRB sources obtained by Swift is a fair one, up to z ≈ 3.5. If so, it means that when z > 3.5, in most cases, follow-up telescopes were not able to determine the redshift of the source. According to Figure 1, this represents ≈ 50% of the GRBs, a number close to the percentage of detected optical afterglows [START_REF] Gehrels | Gamma-ray bursts in the Swift era[END_REF]. Indeed, detecting the optical afterglow of a GRB increases chances to pinpoint its host galaxy and, then, to determine its redshift [START_REF] Metzger | Spectral constraints on the redshift of the optical counterpart to the γ-ray burst of 8 may 1997[END_REF]. But since redshifts are known for only 30% of the GRBs detected by Swift [START_REF] Gehrels | Gamma-ray bursts in the Swift era[END_REF], this also means that in 15% of the cases the redshift of the source was not determined for reasons other than its distance, probably as a consequence of observational constraints or because it occurred in a region highly obscured by dust [START_REF] Pellizza | GRB 050223: a dark GRB in a dusty starburst galaxy[END_REF][START_REF] Perley | The host galaxies of Swift dark gamma-ray bursts: observational constraints on highly obscured and very high redshift GRBs[END_REF].

Splitting events

Since long GRBs occur in star-forming galaxies [START_REF] Micha Lowski | The optically unbiased GRB host (TOUGH) survey. VI. Radio observations at z < 1 and consistency with typical starforming galaxies[END_REF][START_REF] Vergani | Are long gamma-ray bursts biased tracers of star formation? Clues from the host galaxies of the Swift/BAT6 complete sample of LGRBs-I[END_REF][START_REF] Japelj | Are long gamma-ray bursts biased tracers of star formation? Clues from the host galaxies of the Swift/BAT6 complete sample of bright LGRBs-II. Star formation rates and metallicities at z < 1[END_REF], the fact that the number density of GRB sources does not vary significantly as a function of redshift ( ρ ≈ 0) means that the number density of star-forming galaxies does not as well. Previous works had indicated that this is indeed the case [START_REF] Borch | The stellar masses of 25000 galaxies at 0.2 < z < 1.0 estimated by the COMBO-17 survey[END_REF], up to z ≈ 2 [START_REF] Brammer | The number density and mass density of star-forming and quiescent galaxies at 0[END_REF]. The present study confirms that this result can be extended up to z ≈ 3.5 [START_REF] Sanejouand | A simple Hubblelike law in lieu of dark energy[END_REF][START_REF] Sanejouand | Has the density of sources of gamma-ray bursts been constant over the last ten billion years ?[END_REF].

However, the analysis of counts of galaxies in the HUDF further shows that the overall number density of galaxies does not seem to vary as well (Fig. 1). Since, on the other hand, galaxy mergers [START_REF] Kauffmann | The merging history of dark matter haloes in a hierarchical universe[END_REF][START_REF] Lacey | Merger rates in hierarchical models of galaxy formation[END_REF] are rather frequent, noteworthy in the local Universe [START_REF] Bell | The merger rate of massive galaxies[END_REF][START_REF] Lotz | The evolution of galaxy mergers and morphology at z < 1.2 in the extended groth strip[END_REF], this means that merging events are compensated by the formation of new galaxies, at a similar rate. On the other hand, since young galaxies seem to be rare in the local Universe [START_REF] Aloisi | Do young galaxies exist in the local universe? red giant branch detection in the metal-poor dwarf galaxy SBS 1415+ 437[END_REF][START_REF] Ekta | HI and star formation in the most metal-deficient galaxies[END_REF], this suggests that such new galaxies are formed through splitting events, like those observed in cosmological simulations [START_REF] Poole | Convergence properties of halo merger trees; halo and substructure merger rates across cosmic history[END_REF]. Interestingly, being pairs of close galaxies with highly similar compositions, identifying recent splitters should prove easy.

Conclusion

A redshift-age relationship (eqn 3) able to handle the ages of the oldest objects known (Table 1) allows to show, based on safe grounds, that the number density of galaxies is roughly constant, up to z = 2-3.5.

Previous studies had already shown that the mass density of star-forming galaxies seems constant over a wide range of redshifts [START_REF] Borch | The stellar masses of 25000 galaxies at 0.2 < z < 1.0 estimated by the COMBO-17 survey[END_REF][START_REF] Brammer | The number density and mass density of star-forming and quiescent galaxies at 0[END_REF]. However, though the number density of quiescent galaxies was also found constant over the interval 0.2 < z < 0.8 [START_REF] Damjanov | Quiescent Compact Galaxies at Intermediate Redshift in the COS-MOS Field. The Number Density[END_REF], and not significantly different at z = 0.03-0.11 and z = 1-2 [START_REF] Poggianti | The evolution of the number density of compact galaxies[END_REF], a clear evolution was reported for 0.4 < z < 2 [START_REF] Brammer | The number density and mass density of star-forming and quiescent galaxies at 0[END_REF]. The present analysis of the count of galaxies in the Hubble Ultra Deep Field supports the former claim.

Figure 1 :

 1 Figure 1: Cumulative count of galaxies in the Hubble Ultra Deep Field (HUDF) and of sources of long gamma-ray bursts (GRB) detected by Swift, as a function of redshift. Both counts were normalized using the value expected when z → ∞, according to a one-parameter function (plain line), as explained in the text.

Table 1 :

 1 Estimated age and incubation time of two old, well characterized, objects. The incubation time is defined as the time elapsed between the birth of the Universe, according to ΛCDM or to the Milne cosmological model (with H 0 =67.4 km s -1 Mpc -1[START_REF] Aghanim | Planck 2018 results. VI. Cosmological parameters[END_REF]), and the birth of the object.
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