
Journal of Modern Physics, 2021, 12, 806-828 
https://www.scirp.org/journal/jmp 

ISSN Online: 2153-120X 
ISSN Print: 2153-1196 

 

DOI: 10.4236/jmp.2021.126052  May 13, 2021 806 Journal of Modern Physics 
 

 
 
 

Inflation, Dark Energy, Acceleration, Missing 
Mass? 

P. Christillin 

Dipartimento di Fisica, Università di Pisa, Pisa, Italy 

 
 
 

Abstract 
The black hole (b.h.) model based on the strong field treatment of the New-
ton potential is presented. The essential role of self energy both at the Planck 
level and for matter and radiation at later stages supports the picture of an 
expanding Universe necessarily accompanied by particle creation if energy 
conservation applies at every scale. This process is shown to provide a gravi-
tational repulsive force which can counterbalance gravitational attraction 
thus allowing the possibility of a steady expansion. This black hole treatment 
of our Universe evolution, questions the necessity of inflation. The role of the 
critical density to dictate the fate of the Universe is replaced by the black hole 
condition which entails a different relation between Hubble parameter and 
density thus disposing of dark energy. Since its predictions provide a different 
time development of the Universe also the evidence for its acceleration is 
disputed. That seems to provide a coherent scheme for our picture of the 
Universe evolution, based on Hubble’s law and backed up by the considera-
tion of inertial forces. Newtonian angular momentum is also not conserved at 
cosmological scales. Finally we consider two coordinates systems. The con-
formally flat coordinates are shown to disprove inflation and the relevance of 
the Painleve-Gullstrand metric in providing global coordinates is underlined. 
The combined effect of Hubble expansion and of proper time also questions 
the existence of missing mass. 
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1. Introduction: The Origin of the Big Bang and Its Evolution 

The present cosmological description is, to say the least, unsatisfactory. Essential 
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ingredients appear to be ad hoc recipes: inflation, missing mass and dark energy. 
The main ingredient is General Relativity (GR) [1] which however was founded 
before Hubble’s [2] discovery, so that a theory essentially meant to describe a 
static Universe was forced to incorporate this revolutionary effect via the noto-
rious cosmological constant. This artifact, of no physical origin, then entails in 
the first Friedman [3] equation (see below) the appearance of the even more 
mysterious dark energy, which has rightly eluded till now any experimental evi-
dence. In addition great part of the dynamics, up to superclusters, has been de-
scribed in Newtonian terms, which have thus legitimated the existence of miss-
ing mass. Let us also recall that two essential hypotheses are at the foundations 
of our theoretical framework: isotropy and homogeneity. Whereas the first is 
backed up by evidence, the second is a reasonable but disputable ingredient al-
though it has the great advantage of allowing simpler calculations. It is more in 
the line of a Copernican line of thought. However this implies the absence of 
pressure gradients and this seems to represent another formidable problem. As a 
matter of fact whereas in Newtonian mechanics the repulsive role of pressure is 
paramount in the description of stellar formation, no such a role is played in GR. 
Quite on the opposite pressure adds up to ordinary matter density and increases 
attraction. But in the end fits demand it to be negative and hence curiously re-
miniscent of the “old” (Newtonian) repulsive pressure! 

For our purposes the most relevant thing is the connection between the self 
energy and the mass which implies (following Feynman’s conjecture [4]) that 
the energy to assemble from infinity many masses ( )iM m i= ∑  is zero when 
their self energy provides a deep enough potential well, 

2
2 0GMMc

R
− =                         (1) 

and the corresponding strong field parameter 

2 1GM
c R

ε = =  

The above requirement is easily understood. A bound gravitational system of 
whichever form (photons or matter) increases its energy when the interaction 
distance increases. Since energy must be conserved this can happen only by al-
lowing for matter (energy) creation to restore the energy balance, as it is actually 
the case. And this reflects in the strong field parameter. Of course this approach 
is highly speculative but “we must remember that here we are not dealing with 
an ordinary problem but with a cosmological problem” [4]. It is obviously based 
on the form of the Newtonian potential, probed in familiar contexts, imple-
mented by the b.h. condition. This is, so to say, the opposite of the GR approach 
which is, in a sense, the extension of the weak field Newtonian limit. 

Our aim will be to see whether this, Newton based, very simple model ac-
counts for experimental facts without additional parameters. Indeed to make a 
long story short GR, at least in the form of Friedman [3] equations, essentially 
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reproduces Newtonian physics apart from the cosmological term. 
In addition ε  intervenes in the problem of inertial forces. Indeed the inertial 

and gravitational masses im  and gm  are equal if 

2 g
i

GMm
m c

r
=  

i.e. 

1ε =  

This is only a qualitative argument which has been detailed for the different 
situations where inertial forces enter in Ref. s ([5] [6] [7] [8] [9]). 

There is an additional relation which deserves attention, at least heuristically. 
Namely from the b.h. condition one can derive 

2 5
U U U U U PW E t m c t c G W= = = =  

i.e. that the power to create matter in the Universe is constant and equal to that 
at the Planck time to create radiation. Interesting is also the fact that in the ex-
pression for the Planck power   has disappeared. Of course this is balanced by 
an equal and opposite contribution from the self energy. 

For the present Universe 

2 1U

U

GM
c R

  

where 0UM M=  and 0UR R=  the subscript 0 standing for the present value 
of these quantities and when there is no possibility of misunderstanding simply 
M ad R. 

It is obvious that in a Universe which has expanded, if the mass would have 
remained constant, as in the standard treatment where 31 Rρ = , the previous 
value would have become 

2
U U

UU

GM R
Rc R

ε ε′ = = ×
′′

                      (2) 

which implies in turn a negative total energy! To cure it we must admit that the 
total mass has varied, necessarily increasing by the same amount.1 

Such an approach for the varying mass problem has already been proposed in 
[11] which we follow here in an improved version. 

It has been strongly emphasized [12] how close to the critical one the density 
in the course of the expansion must have been otherwise we would not be here. 
This reflects in the constancy of the strong field parameter ε . An additional 
argument why ε  cannot depend on time is that the only reasonable possibility 
is 

( )d
d

H t
t
ε ε  

Now since H is positive and ( ) ( )Planck 1Uε ε= = , as it will be shown later, 

 

 

1Such a relation which realizes Mach’s principle has also been used by [10] in considering the possi-
bility of a G variation. This however has been experimentally disproved. 
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this eventuality is discarded. 
Clearly the constancy of ε  implies the cancellation of the acceleration. Indeed 

2

d d d 0
d d d

G M GM R
t R t R t
ε
= − =                     (3) 

where the last term is proportional to the acceleration  

2

d
d

GM Ra v
R t

⋅ =  

cancelled by the mass variation  

d
d

G Ma
R R

=  

Thus the matter creation mechanism entering the black hole condition im-
plies also a steady state expansion. 

The present treatment will hence be based on Equations (1) and (3).  
How the b.h. condition treated as an equation compares to the Einstein ones 

will also be elucidated in the following. The essential point seems to be its im-
plementation of the strong field limit which appears to be realized in our Un-
iverse. How that happens will be shown explicitly for radiation. 

2. The Planck Scenario 

Vacuum fluctuations i.e. the appearance of virtual particles are an essential in-
gredient of our theoretical armory. For instance in QED the vacuum fluctuation 
of an e+-e− pair lives because of the uncertainty principle 

E t∆ ∆ ≥                               (4) 

essentially for times 

( )21 2 et m c∆   

and the potential 
2eV
r

  modifies negligibly the previous argument.2 

According to the prevailing picture the Planck fluctuation should last for 
times of the order of Planck’s time 4410 secPt

−
 . 

That this is not so can be seen by considering that the total Planck energy P  
is zero 

2 2 2 0P P P P P P PE GM R M c GM R= − = − =            (5) 

3) i.e. the same condition which applies to our Universe. The previous relation 
can be also easily proven with the explicit form of the Planck quantities. 

This backs up one way of deriving the Planck quantities by requiring the 
Compton wavelength of a particle to coincide with its b.h. radius. Thus the 
Planck mass corresponds to the energy contained in the minimum quantum ra-
dius (because it cannot be of smaller dimensions without violating the uncertainty 

 

 

2In this connection let us recall speculations [13] according to which in the QED strong field case 
also the previous relation might not hold true thus leading to pair creation. 
3One should therefore probably re express the uncertainty relation as P t∆ ∆ ≥  . 
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principle) i.e. to the smallest quantum black hole.  
Such a configuration is not stable and can thus evolve. 
Starting from the Planck scale, where dR cannot decrease, this bubble must 

have necessarily expanded. However an expanding gravitational system of given 
mass gains energy because of the interaction term as mentioned in the previous 
paragraph. Thus in order to conserve the total energy, and because of the differ-
ent role of the mass in the two terms, such an expansion produces a mass in-
crease i.e. mass must be created. 

Notice also (by using 200 MeV fm = 1) that 
19 35 22 20= 10 GeV 10 m 10 MeV 10 fm 1 2P P PE kT R − −× = ×   

which indicates a “strong interaction” relation between gravitational Planck 
quantities arising just from first principles. 

The interesting thing is moreover that the black body total energy expression 

( )3
P P P P PE kT kT R kT=   

yields effectively an additional consistency relation, substantiating the previous re-
lation (to within the above numerical approximations). The photon number is thus  

( )3 1P P PN kT R   

The previous relation should be corrected by including the effective number 
of constituents which behave like photons above their respective threshold [14] 
and hence contribute a sizable amount of energy ( ,e eν + − , hadrons). However 
the above connection between energy and photon number can be used as an ef-
fective result. 

In conclusion Pε  is equal to 1 and Feynman’s [4] conjecture receives also a 
microscopic support. 

3. The Time of Radiation. The Role of Pressure Gradient 

The balance between gravitational attraction of the photon cloud and its pres-
sure has also been considered by Weinberg [14] (“it is the balance between the 
gravitational field and the outward momentum of the contents of the universe 
that governs the rate of expansion of the universe”). 

Let us start by considering early enough times i.e. when “photons” are in ther-
mal equilibrium with hadrons through creation and destruction of (typically) 
nucleon-antinucleon pairs (short for hadrons like quarks.. etc and other degrees 
of freedom) which will add to photons, which however determine the typical 
orders of magnitude, particles masses being negligible. The photon energy den-
sity being  

( )42
rad c kT pε ρ=    

the radiation mass is 

( ) ( ) ( )4 32 3
radm c kT R kT kTR kT Nγ=   

Notice that these relations are based only on the Special Relativity treatment 
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of the black body. But its gravitational self energy in these extreme conditions 
cannot be neglected. We demand again the whole energy to be zero. The form of 
the self energy is dictated by the Newton potential4 

2 2
rad radGm R m c=  

In sum energy conservation can be formulated for primordial “photons” as 

( ) ( )4 3
4 3

41 0
G kT R

kT R
c R

 
 − =
 
 

                  (6) 

The overall total “bare” energy factors our like the mass in the energy con-
served Newtonian approach. We have 

( )42
2

2 2

G kTc H G
R c

ρ= = =  

which is sort of a relativistic Hubble-like relation for the dimensions of the Un-
iverse whose outer radius expands at velocity c. This provides a tentative alterna-
tive description where the critical density is halved and no dark energy enters 
(see below Friedman equations). Since the Hubble parameter is seen to be de-
termined by highly relativistic galaxies it seems also from an experimental point 
of view more adequate to resort to a relativistic description. 

Indeed one has for 2610 mR =   

173 10 secU
Rt
c

= ×  

which is in line with the traditional value and also the well known relation be-
tween temperature and the age of the Universe 

2 1T
t

                             (7) 

We can thus summarize our results: 
1) total energy remains equal to zero  

( )4 2KT R const→  

and the temperature decreases. 
2) bare mass increases  

( )4 3kT R R→  

3) photon number increases  

( )3 3 3 2kT R R→  

This provides repulsion. A huge generation of less energetic photons has 
taken place (because of the deep potential well) and a comparable number of 
nucleon-antinucleon pairs has been created which are in thermal equilibrium 
with them and which annihilate. 

 

 

4Also Weinberg considered the balance between pressure and potential energy to determine the 
Jeans mass which at 3000 KT =  resulted in too big globular clusters. That would roughly corres-
pond in the present approach to the total Universe mass. 
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From the previous expressions it is immediate to get 

d 2d 4dR R T Tρ ρ = − =  

As mentioned in the introduction also the cancellation of the acceleration re-
sults. 

Now  

( ) ( )

( ) ( ) ( )

( )

4
43 2

3 43 2

4 2

d d 3
d d d

2 3

kTM TR kT R
R T R

kT R KT R kT R
MkT R
R

= +

= − +

= =

 

which corresponds to Equation (3). 
Therefore the matter creation mechanism entering the black hole condition 

implies also a steady state expansion. The previous equation also clarifies the 
role of the expansion (+) and of the temperature (−) in the varying mass. Also 
with a generic 21 Rρ  , without an explicit T dependence, the result holds 
true. 

Let us underlined once more that the Nγ  behavior is the opposite of the 
classical black body spectrum where, at constant R a decreasing temperature im-
plies a decreasing number of photons. The fundamental difference is however 
that the temperature decrease is due here to an expansion i.e. to an increase of 
the “box” and this will result in an increase of the photon number. 

Here the black body treatment of primordial photons realizes and justifies the 
previous general results, at variance with GR. 

We can conclude that pressure counterbalancing attraction seems to be prov-
en for radiation (so that we do not think it justified to follow GR in adding 
pressure to the attraction) and for later times when hadrons are formed the dilu-
tion due to Universe expansion may be compensated by the increase of their 
number. 

This approach differs from the steady state proposal by Hoyle [15] since for us 
the density variation is fundamental and we give a microscopic justification of 
particle creation. As mentioned the constancy of ε  guarantees the constancy of 
the inertial mass and presumably disposes of the retardation problem. 

4. The Universe Evolution. Baryogenesis  

As repeatedly underlined the relevant point is that the self energy dependence on 
R is not the same as that of the energy so that this correction does not factorize. 
Thus self-energy can then act as a gauge in the reconstruction of the history of 
the Universe. As a consequence its evolution will be dictated by the black 
hole condition and will be therefore different from the traditional one de-
termined by the GR equations. In particular it will affect the CMB treatment 
and its horizon determination. Also the ratio of nucleon to photon number will 
be shown not to be constant. 
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Indeed whereas in going backward in time the black body constraint on mat-
ter keeps being valid (apart from very early times where it has to be interpreted 
as “radiation”), for photons it begins to play a role when the photon energy in-
creases reaching that limit at recombination and matches with the treatment of 
radiation of primordial times. 

We try here to outline the behavior of radiation and matter in the course of 
time (recalling some of the results obtained in [11]). Of course both of them 
contribute to the gravitational field. Due to their different behavior it is however 
simpler to treat them separately. At present the matter contribution completely 
realizes the strong field limit whereas radiation, in spite of the numerical pre-
ponderance of photons yields a negligible contribution. Indeed the total matter 
energy in the Universe coming from Hubble’s law is  

80 8010 GeV 10m pE m                       (8) 

depending on the nucleon energy density mε  and the particle density mn , as  

( )2 3 2m mn mc kTε = +  

m standing here for the nucleon mass and subscript m for matter. The present 
energy density of radiation, coming from the CBR, is 

( )4 5 310 eV mkTγ γε  
                    (9) 

This yields a total energy of radiation for the Universe at present 

( )3 7410 GeVUE Rγ γε                    (10) 

Thus matter dominates in energy over radiation 
610mE Eγ
−

                         (11) 

However the total number of photons is given by 
3 8710N n Rγ γ=   

The ratio of photons to nucleons is thus of the order 

710
m

N
N

γ
  

where 3
m mN n R= . 

As regards matter their present dominance with 1ε =  is used to reconstruct 
their importance down to 1310 KT =  where photons materialize in them. 
Therefore 

1) 3210 KT = , 4410 sect −
 , 3510 mR −

  the Universe begins 
2) 1310 KT = , 510 sect −

 , 33 10 mR = ×  
The number of photons at this temperature is roughly 1057 which is also plea-

santly the number of nucleons in going from the present 1080 to 1057 at that time 
(radii being in a 26 310 10  ratio). 

With these numbers we can give a more direct justification of baryogenesis. 
Indeed with the equality of the number of photons and nucleon antinucleons at 
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this temperature it would be enough an imbalance of ( )710O −  to justify the 
present nucleon dominance. So the explanation of baryogenesis is rather insen-
sitive to the model, provided it reproduces the photon dominance. 

3) 910 KT = , 310 sect  , 113 10 mR = ×  
This is the temperature for electron positron threshold. Below they annihilate 

leaving a cold Universe where nuclei can start forming. The photon to nucleon  

ratio is 410
e e

m t

N
N

γ

+ −

 . Customarily the photon density is regarded as a reliable  

quantity. Its ratio to nucleon density is then used to determine the latter quantity 
and finally the present percentage of the critical density. Of course since the re-
construction history is different in the present model, also that number will dif-
fer. Indeed when the photon mean free path will become larger than the Hubble 
radius 

1

m e

c
n H

λ
σ

= >  

where 29 26.6 10 meσ
−= ×  and m en n= , photons will decouple from the elec-

trons and the Universe will become transparent. And this decoupling happens 
roughly at recombination. Moreover baryogenesis (and D production) can be 
accounted for only if the nucleon density is sufficiently low. In a standard con-
text with constant nucleon number the density at that time would have turned 
out too big, whereas in the present approach where the nucleon number varies 
with time this finds a natural explanation, contradicting the smallness of the 
present nucleonic percentage. 

4) 3000 KT =  recombination, 143 10 secrect × . (roughly one order of mag-
nitude bigger than the traditional estimate based on 2 3R t ), 2310 mrecR = .5 

The remarkable thing is that at recombination photon and the matter energy 
equalize. Indeed 773 10 GeVEγ ×  whereas by enforcing the strong field limit 
for matter 7710 GeVmM  . Thus the remark by Weinberg [14] “It is striking 
that the transition from a radiation to a matter dominated universe occurred at 
just about the same time that the contents of the universe were becoming trans-
parent to radiation, at about 3000 K. No one really knows why this should be 
so ...” receives in this approach a natural explanation. 

Note also that the photon density nγ  is of the order of 109 at 3 KT =  and 
of 1018 at 3000 KT = . Thus Nγ  is constant from 2610R =  to 2310recR =   

corresponding to 1000z = . The photon to nucleon ratio is 910
m rec

N
N

γ
   

compared with the present estimate 107 showing that this ratio is not constant in 
time as usually said. 

To summarize, back to recR  we have conservation of Nγ  but decrease of 

 

 

5However at recombination the strong field limit is overcome by the previous value of the Universe 

radius so that in order to be consistent R must be determined from 
( )

4
2

4

cR
G kT

=  which yields 

223 10R × , slightly altering the previous estimate. 
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mN  till the different energy equalize. In still former times but after 1310T =  
both energy densities increase in the same way because of the self energy con-
straint. But their number density varies as 

2 3 2p

m

m c kTn
n kT
γ

γ

+
                      (12) 

In conclusions one has a linear connection between matter creation and the 
dimensions of the Universe throughout, and a linear dependence between the 
temperature of radiation and radius R back to recombination time and quadratic 
before, Equation (7) 

2 1T t c R=  

A totally different scenario from the prevailing one.6 

5. On the Friedman Equations. Elementary Considerations 

The Friedman equations with the cosmological term for a flat Universe read 
2 8 3 3H Gρ= π + Λ                       (13) 

and 

( )2 24 3 3 3H H G p cρ+ − +π= + Λ                 (14) 

where H χ χ=   and χ  is the scale factor. They are based on the LFRW me-
tric which will be extensively treated in par. 7) and are the Einstein equations re-
levant to determine the velocity and acceleration of the Universe. 

Let us first underline an obvious fact. Thanks to the Lemaitre-Hubble relation 
the first two terms of the first equation are forced to have the same χ  depen-
dence. The dimensions of the sphere around the origin factorize. This means 
that ρ  is independent of scale and may only depend on time. Thus the fact 
that one obtains the same condition which is regarded as a property of an infi-
nite universe, implies that one can use the metric and the equations locally also 
for the interior of the finite b.h. bubble. 

Thus the fact that the previous equation seems to get a support from the 
Newtonian limit is utterly misleading. Indeed in that case a real constant can be 
added to the sum of the kinetic and potential energy determining the escape ve-
locity. However no similar role can be attributed to Λ  in the cosmological case 
(it is worth recalling that the cosmological term was indeed introduced in order 
to provide a stable non expanding Universe, that the solution was found by 
Friedman not to be stable and that the cosmological constant was “forced” after 
the Lemaitre-Hubble discovery to somehow reproduce a repulsive agent). Thus 
Equation (15) and Equation (16) are substantially different. 

 

 

6This does not exhaust the treatment of photons. Indeed the CXB [16] shows the presence of an ad-
ditional sizable energetic photon background due to the 710 K 30 KeVT    photon emission 
from the core in the formation process of stars. Whether this can contribute to the baryonic black 
hole limit is an open question. In any case this more energetic photon component coming mainly 
from AGNs pertains to a later stage of the evolution. 
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2 22V G R const Eρ− = =                      (15) 
2 2 2 22H R G R const Rρ ′− ≠ = Λ                   (16) 

Put it another way one cannot add a constant term to a homogeneous equa-
tion without contradicting it. 

Let us also remark that pressure enters GR7 so has to increase the effect of 
matter density but then in whichever form ( 23p cρ + ) or in the cosmological 
term it turns out to be necessarily negative in order to account for experimental 
data. In this phenomenological approach it is attributed a repulsive role along 
the Newtonian picture, its gradient balances gravitational attraction and just 
from inspection of the previous equations this is consistent with the relativistic 
Hubble like equation without any dark energy. It has already been underlined 
that the b.h. condition halves the potential contribution to the first equation. 
Indeed as it is more transparent in Newtonian terms, in GR the coefficient of 
Gρ  comes essentially from a N.R. 2 2v Gρ=  where of course v can never at-
tain c, thus doubling the role of the density. This in spite of the fact that the 
Hubble parameter is essentially of relativistic character 18 110 seco UH c R− −

   
with a “reasonable” 2610 mUR  . From the b.h. condition 2 2

Uc R Gρ=  one 
immediately obtains a halved role of the density. 

So dark energy exists only within the standard theoretical framework and 
its existence ironically recalls of ether. As a matter of fact the necessity of in-
troducing the cosmological term in the acceleration equation implies an addi-
tional contribution of its potential energy. This does not happen for the b.h. 
model where the counter-acceleration follows from the varying mass in the energy 
equation.8 

The role of the density in the b.h. model is different from that in the Friedman 
equations. Indeed according to our model the density is fixed by the equation 
and there is no critical density which determines the fate of the Universe which 
will expand for ever. 

6. The Cosmological Term and Vacuum Energy. The Problem  
of Flatness 

Let us consider the first (the energy) Friedman equation which can be rewritten as  

2 21 m
G
H H
ρ

Λ
Λ

= Ω = Ω +Ω +  

 

 

7This does not question how pressure enters the energy momentum tensor nor GR, the problem 
simply being whether that theory accounts for reality or not. 
8We give here an additional heuristic argument to show how one can reconcile the present approach 
with Friedman-like equations. As a matter of fact if we give Λ  its correct dimensions 2 2c R  in 

the second equation, by neglecting pressure and imposing zero acceleration 
2

3 2

GM c
R R

Λ
=  with a 

unit value for Λ  we have 
2 1GM

c R
= Λ = . Thus a non constant cosmological term could realize the 

black hole condition. As mentioned, in going from the acceleration equation to the energy one the 
b.h. condition fixes the “integration constant”. 
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and said to be valid for all times (see e.g. [17]). It should constrain the amount 
of matter density and of the elusive dark energy associated to the cosmological 
constant. Now in the present matter dominated regime where 2 3tχ   we 
have 

3 21 tρ χ−
   

and  
2 21H t  

The same time dependent behavior of ρ  results also for radiation era where 
1 2tχ   and with 21 Rρ   and R c t  although with a different meaning 

of R (with respect to χ ) and different consequences. This proves that  
( )tρ ρ=  gives only the gross features of our expansion (in the sense that the 

two previous different solutions are both compatible) and that finer details can 
only be got from the behavior of χ . 

Therefore if energy conservation (to which the previous condition essentially 
corresponds) has a meaning at all i.e. must be valid at any time and not by 
chance just at the present one, the term with constant Λ  would increase due to 
the factor 21 H  in the future and decrease in the past thus unmistakably vi-
olating the above equality. 

In fact 

( )2d 1d 1 d 10
d d d

H

t tχ χ χ
Ω Ω
= = + Λ
 

 

The previous relation is regarded as a test of no curvature and at the same 
time it raises the problem of why space-time, which is the strongest quantity in 
the Universe development [18], would have so dramatically changed in the 
course of time due to the time dependence of the second term. This has been 
overcome (see e.g. [19]) showing that the effect coming from the cosmological 
term can be cancelled only by a curvature effect in turn reexpressed through the 
second Friedman equation. Its deviation from 1 is then shown to depend on the 
parameter of the corresponding pressure which has been obliged to be again 
negative ( p ρ− ). This leads to the stability of the solution 1Ω . Thus space 
curvature peculiar to GR can be reconciled with flatness simply because self 
energy provides the appropriate counterterm. In other words the popular picture 
of space deformation by gravity at a local level is completely discarded at uni-
versal scales. 

It can be also easily recognized that the previous condition on Ω  is equiva-
lent to the time derivative of the b.h. condition. 

Let us also underline that a void Universe 0ρ =  [20] would also produce 
v const= . That can be reconciled with our preceding result where 0ρ ≠  in the 
sense that the total zero energy requirement seems to be somewhat equivalent to 
the no matter case. 

Finally Perlmutter’s [21] worry about the fact that “it seems a remarkable and 
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implausible coincidence that the mass density, just in the present epoch, is with-
in a factor of 2 of the vacuum energy density” finds a natural explanation. The 
two things are just the same: indeed the (non existing) cosmological term can be 
related at most to (a fraction of) the present matter density. 

2
2
0 3 2 2

1U
U

U U U

GM cH G
R R t

ρ =                   (17) 

which when compared to the primordial quantities 
2

2
3 2 2

1P
P P

P P P

GM cH G
R R t

ρ = =                  (18) 

would yield 
2 2

1220
2 2 10P

P U

H t
H t

−=                         (19) 

 

and identifying Λ  with a fraction of matter density 
2 2 122

0 0 10P PH H −Λ Λ                     (20) 

Thus what is presented (if one assumes the constancy of Λ ) as the well 
known most disastrous prediction of physics ever, unless various bosons, fer-
mions etc. would conspire to cancel these 120 orders of magnitude, seems to find 
here a natural explanation. Λ  could be interpreted at best as part of the rate of 
particle creation from the vacuum which “accompanies” a varying matter densi-
ty of the universe. In other words we have to admit that the “Universe vacuum” 
may differ from the textbook one. 

7. Different Metrics and the Horizon Problem. Inflation?  
Acceleration?  

We now pass to see which conclusions can be reached in a more formal way. 
The local invariant interval of a homogeneous isotropic expanding Universe 
reads 

( )2 2 2 2 2d d ds c t t xχ= −                    (21) 

where ( )tχ  is the dimensionless scale factor which is supposed to convey all 
of the time dependence of the expansion, x is the comoving coordinate and the 
angular dependence has been left over because of isotropy. 

We will examine two different implementations: 
1) the time dependence of ( )tχ  is reabsorbed in the term 2 2dc t  via a res-

caling of the invariant interval. 
2) a “Painleve-Gullstrand like” one (or the Lemaitre-Hubble-Painleve-Gull- 

strand), where the same approach used in the central symmetric static case [22] 
will be extended to the “Hubble frame”. In other words like the free falling frame 
is used to dispose of gravity allowing the local use of SR, so it happens here for 
the (infinity of) frames which expand at the Hubble velocity. 
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Both approaches have advantages for different aspects of the problem and will 
help to elucidate which physical features are of course common to both and 
hence physical and which statements on the contrary have a significance only 
relative to a given metric. 

1) Rescaled Minkovski interval or the conformally flat coordinates and 
causality. The problem of the horizon. Inflation? 

The previous expression Equation (21) can be rewritten for 0t ≥  as 

( )2 2 2 2 2d d ds t c xχ τ = −   

where 

( )d dt tτ χ=  

In terms of ( ), xτ  light velocity is always c but of course the flow of time is 
altered with respect to “ours”. 

Notice that 

dt t∫  

(non accelerated expansion) is divergent for early times unlike tαχ   (decele-
rated expansion) for the α  of the GR treatment. If χ  is integrable, time has 
had a beginning and there are regions not causally connected to a common one 
in the past, if not this time is infinite in the past and any two finite regions have 
a common one in the past which they are causally connected to. This coordinate 
system is hence particularly suited for the discussion of causality since it is of the 
Minkovski form and it puts strong bounds on the behavior of the scaling factor 
χ . 

Indeed light velocity is obtained as usual by putting to zero the previous inva-
riant interval 

( )
d
d
x c
t tχ
=  

and in the present model 0t tχ = . 
The interpretation of ( )tτ , the conformal time, is important. It represents 

the comoving distance traveled by light at time t. Since two points can commu-
nicate at most with light velocity it therefore represents the dimensions of the 
region causally connected at time t, thus defining the causal horizon. 

This 1/t behavior which “stretches” early times with respect to the present ones, 
is enough to solve the problem of causality and the connected horizon problem. 
Indeed it reproduces naturally the inflationary explosion.  

As a matter of fact in the present model the dimensions of the region causally 
connected and hence thermalized at decoupling decχ∆  are much bigger than 
the comoving Hubble radius Hχ∆  which determines (for us) the observable re-
gion (see Figure 1) 

0d drec

P rec

t t
dec Ht t

t t t tχ χ∆ ∆∫ ∫   

( )14 44 17 14− − −  
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Figure 1. Starting at Pτ  from a region of dimensions PR  whose worlds lines expand at 
velocity c all subsequent events are causally connected since they were at the Planck scale. 
τ  is the comoving time. 

 
The world we experience has always been in causal contact. 
Moreover it gives us a measure of temperature fluctuations at decoupling time 

which appear at an angle of ( )1O   degrees. That the previous relation yields 

3H

dec

χ
θ

χ
∆

=
∆

  

should not be considered as a failure but on the contrary a spectacular semi-
quantitative confirmation of the present approach over 60 orders of magnitude. 

Let us now turn to the problem of the reported acceleration of supernovae. 
The comoving distance 

( ) ( )
0 d

t

t a
a t tχ ′ ′= ∫  

in the standard approach where 2 3R t  is given by [23] 

( )02 1 1 1H z− +  

whereas for “our” R t  by 

( )01 ln 1H z+  

As can be easily seen from Figure 2, they are equal for 0.0026z =  whereas 
for 0.86z =  they are respectively 0.52 [23] in the traditional approach and 0.60 
in present one, and for higher z always bigger in the latter. This is easily ex-
plained. The Universe was decelerating for 2 3R t  and hence light took less 
time to reach us from distant stars; therefore distant objects would look brighter. 
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Thus in order to justify their apparent faintness one had to invoke an accelera-
tion. On the contrary in the present approach, since expansion was a steady one, 
high z objects are actually farther apart than in the traditional scenario and 
hence fainter. We then see that the time evolution predicted by GR in a standard 
treatment can only be maintained at the price of introducing extra parameters 
(particularly dark energy), which are not necessary in the present description. 
One might object that one has replaced one parameter with another one. This is 
however not completely true in the sense that our “creation” mechanism has 
some microscopic justification particularly in the radiation era, and is predictive 
without further adjustments, in addition to accounting for causality whereas 
dark energy and inflation seem just questionable recipes. 

 

 
Figure 2. Comoving distance in the standard approach where 2 3R t  (lower curve) 
and in the present model where R t  (upper curve) vs. z. For given z comoving dis-
tances in the present approach are larger typically by some tens of a percent which cor-
respond actually to differences between traditional predictions and measured luminosi-
ties. 

 
The red shift is easily accounted for along standard lines. Indeed light emitted 

at former time 1t  is affected with respect to the present time 0t  where ( )0 1tχ =  
by the factor ( )1tχ  i.e. time runs slower. Hence the present time frequency is 
much slower than that at the time of emission 

( )
( ) ( )

0 0

0

1t R
t t R

ω λ
ω χ λ

′
= = =

′ ′ ′
 

To conclude the present 1/t evolution the Planck fluctuation disposes of infla-
tion. The standard picture of an infinite Universe at the Planck time, which, be-
cause of the unexpected causal connections, necessarily has to shrink at the in-
flation “point” which then expands very rapidly for a very short time is thus over-
ridden. 

2) The Lemaitre-Hubble-Painleve-Gullstrand (LHPG) metric 
Let us come to another relevant coordinate system: the Hubble-Painleve- 

Gullstrand (LHPG). This is reproduced by introducing in the invariant interval 
Equation (21) 

( )2 2 2 2 2d d ds c t t xχ= −                      (22) 
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y xχ=  and the Hubble parameter ( )H H t χ
χ

= =


. 

Thus  

( )
2

2 2 2 2
2

dd d dys c t t y tχχ
χ χ

  
 = − − 
   



 

or  

 ( )( )22 2 2d ds t c y Hy= − −                     (23) 

So the original space part of the invariant interval has been transformed in a 
velocity dependent one in contrast to what has been done in the case of the res-
caled Minkovski interval.  

Here  

( ),Hy v t y=  

represents the velocity of expansion of the point y at the time t. 
We can [22] keep the invariant interval in the genuine Painleve’-Gullstrand 

form i.e. 

( )( )22 2 2 2 2d d 1 d 2 d d ds c t Hy c y Hy y t y⊥= − − + +  

At equal times ( d 0t = ) the radial y coordinate 

d ds y=  

measures proper distances. 
We then have by putting d 0y =  

( )( )22 2 2 2d d d 1s c t Hy cτ= = −  

the proper time. Thus we get a well known but nevertheless relevant result that 
the most distant the celestial objects under consideration the higher their veloci-
ty and consequently the smaller their time intervals. Thus far away objects live 
longer than naively expected with respect to our time.  

For transverse light propagation 

( )2d
1

d
y c Hy c
t
⊥ = −  

Radial light propagation is got by setting to zero the previous invariant interval 

( )c y Hy= ± −  

or in terms of y , y=y  in the (y, t) plane 

( )d
d

H t
t
= −

y y c  

where the case of backward propagation is considered in order to see objects in 
the past. 

The first relevant result is that the velocity of light, always c in the local 
frame changes in space-time as the vector composition with the Hubble ex-
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pansion velocity. Thus light was more and more deviated in the past because of 
the increasing role of ( )H t  in the radial and transverse light propagation. This 
makes clear how the velocity of stars is of course composed of the recession ve-
locity of the Hubble frame plus the intrinsic subluminal intrinsic velocity x . 
This explains the so called “superluminal” behaviour of galaxies with high z. 

The similarity with the P.G. metric ([22] and ref.s therein) used in the static 
spherically symmetric case is manifest. There the free falling frame carrying the 
absolute time of ∞  represented the inertial frame with the SR Minkovski in-
terval locally eliminating gravity. Here the same happens for the outward Hub-
ble velocity. Therefore the LHPG metric represents an infinity of inertial 
frame and provides a dynamical extension of the Minkovski metric more in 
the Einstein spirit, this time not “eliminating “ gravity but expansion. 

The connection between the rescaled and LHPG coordinate systems is imme-
diate. 

If we rewrite the basic equation in terms of the comoving coordinate 

d
d

x x x x c
t
χ χ χ χ= + = −   

we get 

d
d
x c
t χ
=  

(where the proper sign of c has been chosen) just reproducing the light velocity 
of the previous paragraph. 

Recently the most distant galaxies observed (GN-z11) and (EGSY8p7) with 
respectively 11.1z =  and 8.68 at a distance of 13.4 and 13.2 billions of years 
have caused particular concern because of their closeness to the very age of the 
Universe. This however depends again on the history reconstruction. The present 

0 1t t z′
  with respect to ( )3 2

0 1t t z′
  of the usual treatment leaves us un-

worried since the time span between t’ and the present 0t  is larger in this ap-
proach than in the standard one.  

This metric has manifestly the advantage, already clear in the static symmetric 
case, of evidentiating the connection between local and global coordinates in the 
propagation of light. The mirage effect in space-time, much bigger than in light 
deflection and in lensing, would alter our view of the past. This is illustrated in 
Figure 3 and represents a simple realization of the photon geodetics, which near 
us can be well approximated by ( )2

0y c t t t+ − . Thus after decoupling which 
represents for us the frontier of visibility almost a straight line. This metric has 
however the advantage of explicitly showing that world lines originated in the 
primeval black hole. 

Finally application of the Euler-Lagrange equations (which can be used also 
for galaxies) of motion in the N.R. limit 

( )( )2
d d d 1 0L t s t y H t yδ δ δ  = = − − =  ∫ ∫ ∫           (24) 
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Figure 3. Light propagation in the ( ),t y  plane. Because of the vector composition of the 

local invariant light velocity c with the frame velocity determined by the varying Hubble 
parameter, light as observed at a given place (on Earth at present for example) in global 
coordinates deviates more and more when emitted at former times (with an analogous 
effect to light deviation in a static gravitational field). Not in scale. 
 
yields 

( )2y H H y= − +   

where the expression of the Universe acceleration enters. Thus the equivalence 
principle holds true if the Universe expansion is unaccelerated. 

8. On Olbers’s Paradox 

We want briefly to reconsider the reasons why the night is not brilliant. The first 
qualitative argument is that the night is indeed bright but at the wavelength of 
CMB photons and not at wavelength of visible light. 

Take a single star at a distance r from the earth of radius R. If it emits W pho-
tons per unit time, a fraction 

2

24
RW
r

π
π

 

is received from the earth. Consider then the whole Universe as composed of 
spherical layers of width dr with N stars per unit volume. The total contribution 
is then 
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2
2

2 4 d
4
RW Nr r

r
π

π
 

which, when integrated over all space appears to yield an infinite contribution. 
However, since distant stars have increasing velocity all of them outside of 

2r GM c=  do not contribute making the sum finite. Thus the same black hole 
condition enters again. 

9. Hubble’s Law, Angular Momentum and Missing Mass 

An immediate consequence of Hubble’s law is that since all points are equivalent 
the same expansion law should hold for all of them. Although this may appear 
trivial, the expansion with respect to a privileged point i.e. the center of a system 
(galaxy) implies that the relative distance of the orbiting object varies, apart from 
the moving away of the whole system. 

In Newtonian mechanism angular momentum for central forces is conserved 
i.e. 

d d 0
d d

m
t t

= × =L r v  

However if Hubble’s law is valid 

d
d

m H m
t

× = ×r v r v  

This implies non conservation of angular momentum 

d
d

H
t

=L L  

Thus in addition to particle number conservation another cherished belief 
cannot be extrapolated from our limited space time experience to other scales 
proper to the Universe creation process. 

One could as well reexpress the previous relation as 

HT∆L
L
  

i.e. that the violation of angular momentum conservation for a central force is 
greater the bigger the dimensions and therefore the characteristic time (T) of the 
system, in line with the previous result. 

This analysis has used Newtonian absolute time. It is therefore not correct, but 
it was just aimed at showing the limits of a Keplerian treatment. 

Let us now turn to the missing mass problem. If one has a mass M with spheri-
cal symmetry orbiting ones obey Newton’s law thus determining their accelera-
tion and therefore 

2

2

v GM
r r
=  

Thus the velocity should fall as 1v r . This is not what one observe since 
the orbital velocity is greater or when a curve is measured it flattens out for large 
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distances. Well known examples are the Sun velocity, the external Hydrogen 
lines orbiting the galaxy M33 and M11 and the Coma cluster whose parameters 
have been reported in the accompanying table. The Keplerian approach is ap-
parently justified since involved velocities are indeed non relativistic. To start 
with, given the quoted values for the velocities the respective periods are of the 
order of 108 y, 108 y and 109 y respectively. To trust our theoretical treatment 
over such periods when the star formation mechanism is not yet established is 
probably a bit presumptuous. This has lead, among other alternatives [24], to 
postulate the existence of missing mass. Its features, apart from peculiar gravita-
tional properties, are a relative increase according to the dimensions of the sys-
tem (Table 1). 
 
Table 1. Astronomical parameters. Distances in meters. Velocities in km/s. In the final 
column the Hubble velocity Hv Hd= , calculated not at the present time 0t  but at 

1610 sect′ , time of structure formation, is reported. 

star distance r dimensions d velocity Hubble velocity 

sun  3 × 1020 220 30 

M33 1014 1020 150 10 

Coma 3 × 1024 1022 1500 1000 

 
Thus the quantities for our Galaxy and M33 are similar but the distance of the 

latter is larger whereas for Coma all of them are bigger. For what has been said 
before we have H at the time of formation. The “Hubble” velocity which should 
add to that coming from the virial theorem and attributed to the visible mass is 
then almost ok for the sun, scanty for M33 and again ok for Coma. Moreover ro-
tating external layers might influence the velocity of orbiting masses. This has 
been considered by Mizony [25] showing that this is indeed the case and that the 
usual treatment based on a symmetrical central mass is inadequate, thus dis-
proving a missing mass halo. One further comment about the usual statement 
that dark matter is necessary to assure the necessary gravitational force to bind 
these systems otherwise they would have disappeared [26] To start with super-
clusters are not seen nearer and therefore at later times, where they have evolved 
in smaller structures (galaxies) with higher symmetry. Therefore they have 
decayed. Second we have from the LHRW invariant interval the connection 
between distant objects and their proper time. That is the farther the stars 
the slower their proper time. For instance for the Coma cluster the factor 

( )21 Hy c−  entering the proper time is close to zero with the present para-
meters. The ensuing picture is that of a competition between the Hubble effect 
which tends to disrupt and the slowing down of time which temporarily as-
sures the stability of the gravitating system. This completely overturns the 
naive and peacefully picture of Newtonian systems and alters our view of the 
past. Therefore we might conclude that the existence of missing mass is at least 
questioned. 
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10. Conclusions 

As summarized in the introduction the present theoretical situation is common-
ly dramatically presented as: some 90 percent of our world is in the form of un-
known entities (dark matter and dark energy) with, to say the least, “peculiar” 
properties. This naturally leads to question the validity of the GR description, 
which because of the success in the post Newtonian regime (whose results can 
however be obtained simply from the Equivalence Principle and Special Relativ-
ity [22]) seems hardly questionable. In the present work the theoretical treat-
ment has therefore been reconsidered. The model has been presented of a black 
hole Universe. It can successfully account for inflation, the horizon problem, 
flatness, dark energy. It also questions the reported acceleration and partially the 
need of dark matter. The extrapolation to cosmogonical scales of some of our 
most cherished and successful belief (at our space time scales) has been proven 
to be incorrect. 

Namely particle number and Newtonian angular momentum are necessarily 
not conserved. 
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