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Abstract 
A cosmological model was developed using the equation of state of photon 
gas, as well as cosmic time. The primary objective of this model is to see if 
determining the observed rotation speed of galactic matter is possible, with-
out using dark matter (halo) as a parameter. To do so, a numerical applica-
tion of the evolution of variables in accordance with cosmic time and a new 
state equation was developed to determine precise, realistic values for a num-
ber of cosmological parameters, such as the energy of the universe U, cosmo-
logical constant Λ, the curvature of space k, energy density eρΛ , age of the 
universe tΩ  etc. The development of the state equation highlights the im-
portance of not neglecting any of the differential terms given the very large 
amounts in play that can counterbalance the infinitesimals. Some assump-
tions were put forth in order to solve these equations. The current version of 
the model partially explains several of the observed phenomena that raise 
questions. Numerical application of the model has yielded the following re-
sults, among others: Initially, during the Planck era, at the very beginning of 
Planck time, tp, the universe contained a single photon at Planck temperature 
TP, almost Planck energy EP in the Planck volume. During the photon infla-
tion phase (before characteristic time ~10−9 [s]), the number of original pho-
tons (alphatons) increased at each unit of Planck time tP and geometrical 
progression~n3, where n is the quotient of cosmic time over Planck time t/tP. 
Then, the primordial number of photons reached a maximum of N~1089, 
where it remained constant. These primordial photons (alphatons) are still 
present today and represent the essential of the energy contained in the un-
iverse via the cosmological constant expressed in the form of energy EΛ . 
Such geometric growth in the number of photons can bring a solution to the 
horizon problem through γγ exchange and a photon energy volume that is in 
phase with that of the volume energy of the universe. The predicted total 
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mass (p, n, e, and ν), based on the Maxwell-Juttner relativistic statistical dis-
tribution, is ~7 × 1050 [kg]. The predicted cosmic neutrino mass is ≤8.69 × 
10−32 [kg] (≤48.7 [keV·c−2]) if based on observations of SN1987A. The tem-
perature variation of the cosmic microwave background (CMB), as measured 
by Planck, can be said to be partially due to energy variations in the universe 
(ΔU/U) during the primordial baryon synthesis (energy jump from the crea-
tion of protons and neutrons). 
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1. Introduction: Formulation of the Model, Initial Concept 

Cosmology fascinates. Sky-watching has forever been an integral part of the 
human experience. Unfortunately, we do not have all the data we need to fully 
understand the distant past, what we call the beginning of all things, until today, 
or even until the so-called end. Nevertheless, we do have numerous findings that 
allow us to reconstruct, to a greater or lesser extent, the sequence of events from 
the very beginning, if at all possible, using the laws of physics. The model herein 
is based on the following key premises, some of which are tested, while others 
are speculative. 

The following are the key premises of the model: 
- The macroscopic laws of physics applied after the Planck era; 
- At the beginning (1tp, Planck time), all of the energy in the universe was elec-

tromagnetic (photons); the conventional photon gas equation of state applies; 
- All infinitesimal variations of dr, dT, dP, dV, and similar variables are to 

be considered and maintained in the elaboration of differentials equations 
given the large and small quantities involved in the equation terms (e.g. 

[ ]43~ 10 spt − , [ ]32~ 10 KpT ); 
- The law of conservation of energy applies to universe-size scales; 
- The cosmological principle is not necessarily adhered to; 
- The Hubble constant of the Hubble-Lemaître law is used to solve the Fried-

mann equations and find values for Λ(t) and k(t). 

2. Equation of State for the Temperature, Pressure, Volume 

The photon gas equation that applies when photon numbers are high enough to 
be considered a gas ( 1N  ) is written as: 

( )
( ) ( )
4
3 bk NT tPV f

ζ
ζ

==  

where f(t) represents a function of cosmic time. Observations show that the un-
iverse is expanding with time r(t). Expansion of the universe is isotropic ( r  iso-
tropic) and in accordance with the Hubble-Lemaître law. The volume V of space 
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(photon propagation) thus generated is isotropic (large-scale isotropic, V ). The 
mechanism behind the evolution pattern for V is unknown but, as we will see 
later, it is represented by the evolution of energy associated with curvature k. It 
starts with the initial Planck time tp, and time evolves freely as t + tp. At every 
step, tp, V, T and P evolve, but the triggering mechanism for this evolution is 
unknown. V, T and P evolve in some sort of sequence, which is probably as fol-
lows: t + tp, V + dV, N + dN, T − dT, P − dP, E − dE. The expanding volume 
(spacetime) is a sphere whose radius evolves in line with cosmic time. The Hub-
ble-Lemaître law takes the following simple form: 

r Hr r t= =  

In this version, H varies according to cosmic time. We can observe H at t0, 
written as 0H  (~70 [km·s−1·Mpc−1]) [1]. This yields r ct rα= +  as the mean 
evolution of r over time. The radius can undergo local, spontaneous variations 
that are different than ct, but the average is still equal to ct. 

Let us write the equation of state for photon gas in the form of the variation, 
freely choosing the negative form of the variations, which allows to denote the 
possible existence of a singularity at the beginning of the evolution of the un-
iverse. Moreover, CMB observations reveal a decay of T: 

( )( ) ( )
d d

d
P P V VPV f t

T T T
− −

= =
−

 

Developing the right-hand side yields: 

d d d d dT V P P V
T V P PV

= + −  

The final term on the right is retained as it contains the potential existence of 
a singularity at the beginning of the evolution of the universe. 

Let us develop V, dV, P and dP: 

( )334 4
3 3

V r ct rα
π π

= = +  

2d 4 3
d
VV r r Hr HV
r

= = π =

  

d 3 dV HV t=  

d 3 dV H t
V

=  

For a photon gas associated with a blackbody considered in a state of equili-
brium ( 1N  ), radiation pressure is expressed as: 

44
3

P T
c
σ

=  

316d
3d

TP
T c

σ
=  

d d4P T
P T

=   
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d d d12 dP V TH t
PV T

=  

Finally, we derive the following specific equation for the evolution of photon 
gas temperature in a context of expansion of the universe ( 1N  ): 



d d
1 4 d

T H t
T H t

=
− +

 

The equation for temperature variations in line with the Hubble constant 
yields different scenarios of evolution for T(t). First, integration creates a prob-
lem since dt appears in both the numerator and denominator. The presence of 
dt  in the denominator is caused by the term dVdP/VP. If this term is left 

aside, we get a conventional form of −Hdt. Integration can be done by consider-
ing the process as a summation along cosmic time t for the numerator dt, with 

( )1 4 dH H t− + . Then, the term 4 dH t  can be processed in various ways. 
Moreover, the value of H can vary according to different expansion scenarios. In 
this version of the model, we assume that the Hubble constant decreases mono-
tonically with time. Let us assume that this term remains constant for the main 
integration of dt, therefore: 

( )


4

4d
aT t

t t
=
− +

 

where, H = 1/t, or 2 0Hr r H= =+  , or still q = 0 (for the boundary of the un-
iverse). 

Note that the acceleration factor q of the boundary of the universe is zero, but 
we will see later that it is not zero for the mass of the universe. 

The equation for T in relation to cosmic time yields interesting characteristics. 
First, two constants, or unknowns, a4 and dt , are required to determine the 
evolution process of T. Second, dt  is normally positive, because time is positive 
and so is dt . Third, dt  can be considered a time limit in the flow of time t, 
which is causal. The smallest dt  time limit could be a unit of Planck time, tp. 

3. State Equation, Evolution of Photon Gas, Temperature,  
Volume and Pressure 

No data is available on the evolution of temperature in the universe due to the 
limited time since the beginning of T measurements. CMB temperature has been 
measured, as well as spatial variation ∆T. We also know Planck temperature, Tp, 
which is normally considered the maximum temperature of any element. If we 
take T(0) = Tp, [2], which denotes the maximum energy in the universe at posi-
tive temperature, we get: 

( )


40
4dpT T T a

tα −
= = =  

And then, 


4 4d pTa t= −  

If we assume that the temperature must remain positive at the beginning and 
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all along the cosmic timeline, then the constant a4 is also positive. This choice of 
positive temperature is debatable, and a negative temperature at the beginning of 
the universe leads to a positive temperature after a time delay of 4dt . However, 
the use of a negative temperature requires the support of an extra element, 
which is not included in this model. 

Let us define the age of the universe as tΩ, and CMB temperature as TΩ, or that 
of the universe as we see it today. Therefore: 

( )


4d

4d
ptT

t t
T t TΩ

Ω
Ω

−

− +
= =  

The value of dt  for this condition is: 



( )
d 4

4
p

p

T t
t b

T T
Ω

Ω

= =
+

 

To develop an equation for T, we can start with: 

( ) 1

p

p

p

T T t
T

T
TC

T tt b t
T

t

T

Ω Ω

Ω

Ω Ω

Ω

=
−

=
− + − +

−

 

Finally, we can assume ( ) ~p pT T TΩ − − , then the final expression for T is: 

( )

p

t
t Tt

t T

T

T Ω Ω

Ω Ω

−
=
− −

 

The equation for T includes a potential singularity for negative Tp, as: 

3
32

2

2.7 K~
1.4 10

~ 1.
K

93 10s
p

t Tt t t
T
Ω Ω

Ω
−

Ω ×=
×

 

For example, for 17
min 4.351 10tΩ = ×  (13.8 [Gy] from 

( )0 ~ 70 73 66.9 2H = + ), a singularity is obtained around: 

[ ]158.4 10 sst
−= ×  

The result is far too removed from the normally accepted value where the in-
flation of space occurs (~1015 removed from the value ~10−30 [s] [3]. 

The most important point to note about this timespan or delay, expressed as 
1

Pb t T T −
Ω Ω= − , is the fact that it allows to slow the decrease in temperature down 

to a characteristic value of ~10−14 [s]. We will see that during that delay, the 
number of photons increases at a quasi-constant temperature and pressure, 
which allows finding a possible explanation for the event horizon problem. 

Photon gas pressure is expressed as ( 1N  ): 
4

4
4 414 4 4

3 3 3
p

C tP T T
t Tc c t b c t
T

σ σ σ Ω
Ω

Ω Ω

 
    = =    − +  − − 
 

=  
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Volume is expressed as: 

( )
( ) ( )3

4
3 4

3
 

bk NT

P
V ct rα

ζ
ζ π

== +  

At the beginning, the volume is: 

( ) ( )3 34 40
3 3 pV ct r lα
π

= + = π  

For the number of photons in line with temperature: 

( ) ( ) ( )3 3
3

2 2

2 3 2 32 24
3

b bk T k T
ct r

hc
N Vn V

hcα

ζ ζπ ππ   +   π
=

π   
= =  

With pr lα =  (Planck length). 

4. Increase in the Number of Photons (Alphaton) 

If the expressions lp and Tp at t = 0 are used, the number of photons at the be-
ginning of the universe, (t = 0), is: 

( ) ( )

( )

( ) ( )

3
3

2

31 25

3 2 2

2 3

22 34
3

2
22 34

3 2

64 3 8 3
1.02!

24

0

3

b p
p

b
b

k T
l

hc

hck

N

GkhG
hcc

ζ

ζ

ζ ζ

π π
 

π  

  
 π  π π    =   π π   
 
 

= = =
π π

=

 

The result is not exactly equal to one, and the reason for this is unknown. Of 
course, the reason behind the existence of the first photon is also unknown! We 
see that at the beginning, only one photon is present in the original Planck vo-
lume. The expression of the number of photons making up the most part of the 
energy relative to the age of the universe is tΩ. Expression of the number of pho-
tons in relation to cosmic time is: 

( ) ( ) ( ) ( )
( ) ( )

3
38 3 2

3
p p pb

p

cT t t l T t
N t

k T
hc T t t T

ζ Ω ΩΩ

Ω Ω

 − −π    π − −    
=  

The cosmic time expression can be used as a progression of n Planck time 
units, which then yields the following expression of the number of photons in 
relation to the number of Planck time units: 

( ) ( ) ( ) ( )
( ) ( )

3
38 3 2

3
p p p p

p p
p

b
cT t nt l T tk T

hc
N

T nt t T
nt

ζ Ω ΩΩ

Ω Ω

 − −π    π − −    
=  

The above expression of the number of photons relative to time is unusual. 
Indeed, we find that the number of photons increases according to a geometrical 
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progression of ~n3 over a characteristic time of ~10−9 [s] for an age of 76.1 [Gy], 
up to amaximum where it remains constant. However, the energy necessary to 
expand the number of photons is not known or at least it is not in the electro-
magnetic form (photonic). This energy of expanding the number of photons 
could be identified as the one often mentioned void energy. An important point 
to emphasize, the model is based on the idea of an original big bang but to the 
difference that the total energy of the universe is created during this characteris-
tic time of 10−9 [s]. In summary, the creation of the universe begins with 1 pho-
ton originally at t = 0 and subsequently the following photons are created during 
this period. One can call this period, the inflation of photons and the original 
photons the Alphaton. We will see how this progression in the number of Al-
phatons relative to time will make it possible to solve the complex horizon prob-
lem. 

The expression trends towards a constant number of photons, ~10−9 [s] 
(dN/dt = 0). For [ ]76.1 GytΩ =  (2.39 × 1018 [s]), we get a constant number of 
photons: 

( ) ( ) ( )
32

89~ 6.42 10 cons
64 3

3
tantbk T t

h
N

ζ Ω Ωπ  
 
 

∞ = ×  

The time period when the number of photons increases geometrically, is 
called the photon epoch (Figure 1 & Figure 2). The process leading to photon 
inflation is unknownbut at every time increment, the number of photons in-
creases. However, the increase in energy is caused by photon inflation because 
photon energy remains slightly below Planck energy, Ep, (1.76 × 109 (J)) until 
time ~10−9 [s] (Figure 3). 

 

 

Figure 1. Inflation of photons number from 1tp to 1 × 10−6 [s]. 
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Figure 2. Number of Photons from 1tp to 76.1 [Gy]. 
 

 

Figure 3. Photon mean energy from 1tp to 1.4 [s]. 

5. Energy Gain 

Energy at the beginning of the universe is expressed as the energy of a single 
photon, the value of which is slightly lower than Planck energy, Ep. For N = 1: 

( ) [ ]2 90.9 0.9 0.9 0.9 1.7
2

6 00 1 Jb p b p pNk T k T EU
G

c ch
= = = ×

π
==  

From a macroscopic standpoint, we assume that the universe does not un-
dergo energy transfers with other universes. Also, conventional energy is pre-
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served in relation to time. 
Photon gas energy in relation to time can be expressed in several equivalent 

ways for 1N  : 

( ) ( )4 4
3 3 ~ 2.74

(3) b bU t PV T V Nk T Nk
c

T
ζσ
ζ

= = =  

With the expression for N(t) obtained earlier: 

( ) ( ) ( )
3

422.7 64 4b b
ct r

k T
hc

U t Nk T αζ  = =  
 

+
π  

It can be written as: 

( ) ( ) ( )
( )

( )
( )
( )

( )
3 3

2 4
4 4

03 3 4 4

64 4 p pb ct l ct lk
t T U t T

h c t b t
U t

b

ζ
Ω Ω Ω Ω

   + + π         − + − +    

= =  

Or still as: 

( ) ( ) ( )
( )

( )
32

4
3 4

64 4 1
b

p

n
U n k t T

h t n k

ζ
Ω Ω

  π +
 =    ′+  

 

where n is the whole number of Planck time units, tp, and k’ is a constant of un-
iverse (CMB temperature is considered constant, as well as the age of the un-
iverse, 76.1 [Gy]), therefore: 

pn t t=  

[ ] [ ]11 29 133.57 10 8.57 10 s 2.7 10 Gy
p p

t T t
t T

k Ω Ω
Ω′ = × = ×

  
=    

 
=

 
×  

For n = 0, (N = 1), we get: 

( ) ( )
( )

( )

( )

2 3
4

3 4

2 4 4
4

3

64 4 1
3

64 4

0 0.9

3
0.9

b
p

b p

b p
p p

k t T
h t k

k t
T

h

U k T

E

ζ

ζ

Ω Ω

  π
    ′  

 π
  
 

= =

= =

 

For t tΩ= , ( 1N  ) we get: 

( ) ( ) ( )2 4 4 4 4 2 4 4
3

3 3

64 4 64 4b p p bk t k T k T
t

th h
U t

ζ ζ Ω
Ω Ω

Ω

 ′  π π
= =        

 

Maximum energy is reached for ( )max 0U t = , or: 

3 4 0plT tT
h h hc

 
+ + = 

 
   

We get: 

3
max

23 4 3 4 1.93 10 4s p p p
p

t Tt t t t t t
T
Ω Ω −

Ω= − = − = × −  

For [ ]76.1 GytΩ = , we get: 

[ ]13 3
x

0
ma 1.38 10 s 2.57 10 pt t−= × = ×  

And for ( [ ]76.1 GytΩ = ): 
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( ) [ ]9
max

8
max 3.57 10 JU t = ×  

Mass has not yet been created at this time because the temperature is in the 
order of 3.5 × 1031 [K]. To get an idea of the sheer magnitude of energy, assum-
ing that the entire mass created is in the order of 1052 [kg], with relativistic ener-
gy-mass equivalence ( 0.9β = ), this corresponds to 2 × 1069 [J]; still an infinitis-
simal fraction of the energy in the universe. 

Figure 4 below shows a graph for U(t) at [ ]76.1 GytΩ =  (2.39 × 1018 [s]). 
The energy gain, by a factor of 1089, can be explained by the increase in the 

number of photons, also by a factor of 1089, during time period named photon 
inflation period, or 1.38 × 10−13 [s]. During that photon inflation period, the 
number of photons increases, but the energy of each photon remains approx-
imately the same as the Planck energy, Ep (Figure 3). Moreover, during that 
timespan, the temperature, as well as the pressure, remain practically stable at Tp 
and ~0.2Pp (Figure 5 & Figure 6). Over that time, volume increases by a factor 
of 1086. Photons are created and this remains unexplained, but this is due to the 
expansion of the universe volume, V and the availability of unknown energy. 
Such colossal energy comes from an existing potential which enhances the pro-
liferation of photons, since nothing other than the above equations can predict 
energy levels. The number of photons increases in a geometrical progression of 
nearly n3, where n is the number of Planck time units, tp. 

6. A Possible Solution to the Horizon Problem? 

We have seen that the number of photons increases in geometric progression of 
~n3, where n is the number of Planck time units, tp. Let us find an expression for 
the volume of the universe in relation to the number of Planck time units, n, the 
boundary is moving at the speed of light: 

 

 

Figure 4. Universe total energy from 1tp to 76.1 [Gy]. 
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Figure 5. Temperature from 1tp to 76.1 [Gy]. 
 

 

Figure 6. Pressure from 1tp to 76.1 [Gy]. 
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During the photon inflation period, the volume occupied by photons in rela-
tion to their number, N, the Wien’s law, and the number of Planck time units 
can be estimated as: 
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With the equation found for temperature T: 

( )

3

34 4
3 3

w w
p

p
p

V nt N N
t TT

t Tnt
T

γ
σ σ

Ω Ω

Ω Ω

 
 
 

π π   = =   −   
 − − 
 

 

Let us express the photon volume quotient to the volume of the universe rela-
tive to the number of Planck time units, n, and the number of photons N. 

( )
( ) ( )

3

33 31

w

p
p p

p p

N t T
t Tnt

V nt T

V nt c n t
γ

σ
Ω Ω

Ω Ω
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 
 
 
 −
 
 − − 
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After manipulation, the expression can be written as: 

( )
( ) ( )

( )
3

3

31
p w

p p
p pp

V nt N nt T t T
ct t T TV nt n

γ σ
Ω Ω

Ω Ω

  
 = −   +   

 

In the above expression, the only variables that evolve are the number of 
Planck time units, n, and number of photons, N. The value of the quotient found 
for the entire age of the universe is: 

( )
( ) ( )~ 2.06 constantp

p

V nt

V nt
γ  

What does this result mean? We have found that the volume occupied by 
photons, which increases in geometric progression, is always slightly higher than 
the volume of the universe, and its boundary is moving at the speed of light. Ob-
viously, the value 2 is not accurate because the photons are contained within the 
volume of the universe. The important value here is the constant. Now, we can 
imagine the process occurring at every unit of Planck time. The number of pho-
tons potentially increases around the volume created (at the boundary?) at every 
unit of Planck time; the new photons exchange through high-energy photon- 
photon interactions. 

Moreover, at every unit of Planck time, the already existing photons also un-
dergo γγ exchange. This γγ exchange process is made possible by the quotient 
between the number of new photons around the boundary of the existing pho-
tons at Planck time, prior to the progression from the maximum 8 to the mini-
mum 1, or 8 at the first unit of Planck time, down to near 1 when the number of 
photons no longer increases, or: 

( )( )
( ) ( ) [ ]( )( )

89
34 9

89

1 8 10~ 0 10 10 s 1
1 10

p

p

N n t
n n

N nt
−

+
= → > = . 

https://doi.org/10.4236/jhepgc.2021.73046


J. Perron 
 

 

DOI: 10.4236/jhepgc.2021.73046 796 Journal of High Energy Physics, Gravitation and Cosmology 
 

This is a very important result, the γγ exchange is made possible when the 
number of photons increases further (ratio →1). This occurs around 10−9 [s] after 
the beginning. Therefore, after that time, the γγ exchange remains causal. 
Moreover, during the photon inflation period, when the γγ exchange is not en-
tirely causal, we note that the temperature is steady at Planck temperature 
(Figure 6). Hence, even during the photon inflation period, the information ex-
change between photons cannot be entirely causal, that information is not ne-
cessary from a thermodynamic standpoint because the states of T and P remain 
more or less constant (Figure 7). 

This mechanism makes it possible to solve the horizon problem for the pho-
ton inflation period, or energy creation period if the high-energy γγ exchange 
principle is accepted. Photon-photon exchange is a fact that has been confirmed 
at CERN [4]. Photon exchange energy, γγ, for that experiment was an estimated 
~15 - 20 [GeV] while the energy of photons at the beginning was ~0.9Ep, or 
~1019 [GeV]. Of course this goes beyond the purpose of this paper since γγ ex-
change will require much more study. However, the process makes it possible to 
solve the event horizon problem, as the photon energy volume is always in phase 
with that of the volume of the universe. In brief, these periods are: 

[ ]160 ~ 10 st −< <  ( 33~ 10z ) (causality, T~constant); 

[ ] [ ]16 9~ 10 s ~ 10 st− −< <  ( 26~ 10z ) (partial causality) 

[ ]( )9 26~ 10 s ~ 10z t t−
Ω< <  (causality, N~constant). 

The CMB is at z~1100, or well after the start of the causality recovery period. 
We will see that the last scattering surface of the model is ~69 [My] after the 
beginning. This leaves ~1058 Planck time units to restore causality. It can be rea-
sonably assumed that at recombination time the universe had enough time to 
recover all of the causality, and that is why we can observe isotropy in the CMB 
[5].  

7. Early Baryogenesis (Protons, Neutrons) and Leptons  
(Electrons, Neutrinos) 

Interactions between photons and matter are complex and beyond the scope of 
this paper. Moreover, relativistic effects have to be considered as particle speeds 
approach the speed of light upon creation. In this paper, we describe a creation 
mechanism for the main particles (p, n, e and ν) to demonstrate the coherence of 
the model. During early baryogenesis, at very high temperature ( 2mc kT ), the 
Maxwell-Juttner M-J (relativist) statistical law is used to predict particle proper-
ties (fermions and letpons). Moreover, the presence of antiparticles must be 
considered, along with the creation-annihilation process. In this paper, we want 
to estimate the total barionic mass produced at the end of baryogenesis. We are 
able to estimate the full potential of mass creation in the universe using the 
mass-energy equivalence, since we are estimating total energy. The following 
expression is used to find the mass creation potential. Note that here, we assume 
that the energy in the universe is conventional: 
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Figure 7. Number of photons and temperature function of cosmic time from 10−24 [s] 
to 10−9 [s]. 
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We can see that the mass creation potential is relative to the cube of the age of 
the universe. For comparison purposes, for a universe aged 13.8 [Gy] (β = 0), the 
maximum total mass that can be produced is 4.81 × 1048 [kg], which is~104 
smaller than the approximate estimated mass of the universe (1052 à 53 [kg] [6]. 
This clearly shows that to maintain this estimated mass, the existence of a source 
of non-conventional energy, or dark energy, has to be considered. Another pos-
sibility is to extend the age of the universe. Evidently, the precise mass of the 
universe is unknown. Supposing an estimated mass variation factor of 102and 
conventional energy, we have to assume, based on the above equation, that the 
universe is much older than 13.8 [Gy] (visible universe ~13.8 [Gy]). Typically, 
for a mass potential in the order of 1050 to 1053 [kg], the age of the universe must 
be somewhere between 37.9 [Gy] and 379 [Gy]. To estimate the volumic quanti-
ty of protons and neutrons created, the Maxwell-Juttner statistical distribution is 
used, as follows [7]:  
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b

m c

k T
µ

β
=

−
 and ( )2K µ  the modified Bessel function of the  

second kind. In this distribution, the stop temperature for the definitive creation 
of protons and neutrons must be specified, as well as the relativistic speed of 
created fermions. The value of β poses a problem, in fact, a lower value allows to 
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create more mass and conversely also. We will see further from the energetic 
form of the Friedmann equation that an average value of β can be estimated at 

~ 0.866β . However, the global energy equation imposes a maximum value for 
beta to ~ 0.998β  in order to maintain the positive energy balance at the scale 
of the universe (for the entire cosmic time): 

( ) ( )
2

2
2.7 0

1
tot

M b
M c

U U U N k T tγ
β

Ω∆ = − = ∞ − >
−

 

The temperature can be estimated based on the total energy of a proton or 
neutron at β: 

2
,

2
1

,
,

1
pr ne

pr ne
b pr ne

m c

CT
k t b
β−

=
− +

=  

This mean photon energy appears at proton and neutron temperature and 
time, or tpr,ne, after the beginning of expansion: 

Therefore: 

1
2 2 2

, , ,

2 2

,

21 1 1
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b b b

p pp n p n p
e
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k C k T t k Tt T T t
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Ω Ω ΩΩ Ω Ω
Ω

 
 
 

= + = + 
 
 − − − 

= −   

For [ ] [ ]1876.1 Gy 2.39 10 stΩ = = ×  and 0.9986β = , we find: 

[ ] [ ]~ 31345 s ~ 0.3627 dprt  after the beginning of expansion 

[ ]142.08 10 KprT = ×  

[ ] [ ]~ 31303 s ~ 0.3623 dnet  after the beginning of expansion 

[ ]142.09 10 KneT = ×  

The creation potential (without annihilation, pp , or disintegration, n) for 
protons and neutrons at this time is: 

( ) ( )2 2 4 3 2
2 2

3 3
862.1

4 16
3

700 10p b pr pr p b pr
p

V cm k T K c t m k T K
n

eh eh
µ µ

= ×
π π

= =  

and neutrons: 

( )2
2

3
862.1689 1

4
0n b ne

n

V cm k T K
n

eh
µ

×==
π

  

where 
2

21 b

mc

k T
µ

β−
= . 

The creation of neutrons occurs 43 [s] prior to proton fixation, allowing to 
capture p + n before complete disintegration of the neutrons (881 [s]). To esti-
mate the final number of protons and neutrons, the respective creation and an-
nihilation of antiparticles must be considered. To do so, we assume that baryo-
nic asymmetry prevails according to a normally accepted proportion of one sta-
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ble baryon created for every 109 pp  and nn  annihilations [8]. Moreover, 
neutrons are captured and disintegrate in an accepted proportion of one neutron 
captured for every four neutrons disintegrated (the calculated ratio is 0.188 for 
43 [s] of disintegration time). Then, in a universe aged 76.1 [Gy], we estimate 
the stable masses to be: 

( ) [ ]9 5010 0~ .8 ~ 6.53 10 kgp p n np n m nM m− ×+  

[ ]9 49~ ~ 7.25 100.2 10 kgn n nn mM − ×× . 

However, with the exponential disintegration of neutrons, ~95% of them will 
still be available for capture (formation of deuterium at β) after 43 [s] before the 
creation of protons. 

Also, an equation can be found for the baryon-photon ratio, Bη . Initially as-
suming that the baryon-photon ratio can be expressed as the proton and neutron 
creation potential after annihilation and disintegration, expressed in a number 
of protons (at β) only, after manipulation, we get the following equation and a 
maximum value for the ratio: 
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− −
= =

. 

The above constant ratio solely depends on β associated with protons during 
(relativistic) creation, and the modified Bessel function of the second kind, 

( )2K µ  (Maxwell-Juttner distribution), as well as the numbers, e, and Riemann 
constant, ( )3ζ . The value 10−9 is the oft-used matter-antimatter annihilation 
factor, pp . The maximum value is for 0β = , or 1µ =  and ( )2 1 1.62K = . 
Therefore: 

( ) ( ) 19 0
2

29
1 1.6210 10

6.53 6
2.48 10

.53B

Kβ µ
η − − −×

−
= = =  

The resulting value of 2.48 × 10−10 is lower than the results of the estimates 
yielded by the ΛCDM model [9], based on Planck measurements [10]. Indeed, 
the estimated quotient is not a direct measurement, but rather an estimate that is 
partly based on ΛCDM model assumptions and observations, or:  

106.108 0.038 10b
B

n
nγ

η −= ×= ± . 

However, a small change in the oft-stated ~10−9 particle-antiparticle annihila-
tion factor and β can proportionally change the result. 

8. Electrons 

The Maxwell-Juttner statistical distribution for electrons: 
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This mean energy of photons occurs at stop temperature and electron time, 
expressed as tel, after the beginning of expansion ( 0.9986β = ): 
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Therefore: 
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For [ ] [ ]1876.1 Gy 2.39 10 stΩ = = ×  and 0.9986β = , we get: 

[ ] [ ]7~ 5.755 10 s ~ 666 delt ×  after the beginning of expansion. 

The electron creation potential (without ee  annihilation) at this time is: 
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82.1700
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16e b e el e b e
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eh eh
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= ×
π π

= =  

To estimate the final number of electrons, the respective antiparticle creation 
and annihilation must be considered. To do so, let us assume that lepton asym-
metry prevails according to a proportion of one stable electron created for every 
109 ee  annihilations. 

For [ ]76.1 GytΩ = : 

( ) [ ]9 4710 0 ~ 3.55 10 kg.8e e e n en m nM m− ×+=  

Finally, the following total mass for the creation of electrons, protons and 
neutrons is achieved: 

[ ]507.26 10 kgt p n eM M M M= + + = ×  

The ratio of positive (p) to negative (e) charges is strictly equal to one, since 
the beta disintegration of a neutron produces one proton and one electron. 
Therefore, the Maxwell-Juttner relativistic distribution predicts an electrically 
neutral universe in terms of protons, neutrons and electrons. Based on this rela-
tivistic distribution and for a specific cosmological model, the following dynamic 
temperature-time relation must be met during the proton-electron production 
process. Indeed, the exact mass ratio is known: 

( )
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1 2
3

3 1836.15p el el

e pr pr

m t T
m t t T
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  

=  

Using the above model and equations, along with the Maxwell-Juttner distri-
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bution, the dynamic evolution of the model’s variables yields a very realistic ra-
tio: 

( )
( )

1837.37p

e

m
m

∞
=

∞
. 

9. Cosmic Neutrinos from SN1987A 

Cosmic neutrino mass can be estimated using the above relation. Indeed, cosmic 
neutrino mass can be expressed according to proton or electron mass, as: 

( )
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1 23
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el el
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The above equation can be developed with the electron temperature equation 
along with electron creation time. After some manipulations, we get the follow-
ing expression for cosmic neutrino mass: 

1 3
2 2

2~
1b el el p elk m T T t

m
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 
 
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The only undetermined variable in the above equation is the mean β of cosmic 
neutrinos during their creation. The use of β is not an easy choice since this par-
ticle is still relatively unknown and has three known states (oscillations). Using 
βSN1987A, estimated from Stodolsky’s observations of SN1987A in [11], 
( 0.999999998β ≤ ), the maximum neutrino mass can be expressed as: 

[ ]32SN1987A 28.69 10 k keg .7 V48m cν
−−≤ × ⋅=     

While this is too high a mass for electron neutrinos (<2.5 [eV·c−2]), it fits well 
for muon neutrinos (≤170 [keV·c−2]). 

In addition, this found value is within the estimated limit of Benes [12] for the 
sterile neutrino mass of SN1987A (10 - 100 [keV·c−2]). Also, Bezrukov [13], from 
a detailed analysis of the possibilities for the mass of the sterile neutrino, find a 
value ~3.3 [keV·c−2] that it identifies as a possibility that dark matter is made of 
sterile neutrinos. However, we will see that the amount of neutrino generated 
cannot explain the abundance of dark matter predicted by the ΛCDM model 
(~26%). 

This maximum mass is situated between that of the electron neutrino and 
muon neutrino, or: 

SN1987A
e

m m m
µν ν ν< <  

3 2 2 22.5 10 keV 48.7 keV 170 keVc c c− − − −     × ⋅ < ⋅ < ⋅      . 

The resulting mass for cosmic neutrinos is ~10times lower than that of elec-
trons, and their speed is practically the speed of light c. Of course, cosmic neu-
trinos can be found to have different masses depending on the assumptions 
made for β. The goal here is not to derive precise neutrino mass, which is 
beyond the scope of this paper. Using the neutrino mass obtained above, the 
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time, temperature, quantity, and total mass of cosmic neutrinos can be achieved 
using the Maxwell-Juttner distribution: 
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Therefore: 
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For [ ] [ ]1876.1 Gy 2.39 10 stΩ = = ×  and 0.999999998β = , we get: 

[ ] [ ]5~ 7.315 10 s ~ 8.4 dtν ×  after the beginning 

The neutrino creation potential (without νν  annihilation) at this time is: 

( ) ( )2 2 4 3 2
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3
02 8

3 3
4 16

.19 10
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b bV cm k T K c t m k T K
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eh eh
ν ν ν ν ν

ν

µ µπ
= ×

π
==  

Maximum mass of neutrinos (without annihilation), after a few manipulations 
for [ ]76.1 GytΩ = , is a cheived by: 

[ ]49~ 2.77 10 kgn mM ν νν = ×  

A conclusion can be made here, neutrino mass (without annihilation) represents 
a maximum ~4.2% of proton mass. Based on the model, cosmic neutrino mass 
cannot explain the origin of the missing mass. Furthermore, based on the Max-
well-Juttner distribution, cosmic neutrinos appeared before electrons, but after 
baryons. Another way to proceed involves using the known neutrino mass and 
look at the creation period and predicted mass, but we still get a predicted neu-
trino mass that is much smaller than that of baryons. 

Let us revisit the total predicted mass of ~7 × 1050, which is relatively lower (17 
to 350 times) than the oft-mentioned total mass of the universe (1.25 × 1052 to 2.5 
× 1053). However, total mass is relative to the age of the universe. Hence, baryon 
mass could be increased by increasing the age of the universe or by reducing the 
particle-antiparticle annihilation factor. However, we will see that the so-called 
missing mass is not that essential to explain galaxy rotation. The mass can be in-
creased, but we will see that the data from the Planck probe give us the mass vs. 
energy ratio, which allows us to calculate an approximate age of the universe that 
partly meets the proportions. We will come back to this argument later. With the 
energy-mass equivalence, when the ratio of total created mass-energy to total un-
iverse energy at the time of electron production (around the end of the main lep-
togenesis) is obtained, we get 0.001β = , or a low non-relativistic speed of the 
baryonic mass, but still within the range of velocity for the MW: 
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This energy ratio confirms that the universe, during early leptogenesis, or at 
the end of the creation of the particles that make up most of the mass, was vastly 
influenced by radiation (radiation universe) and that the effects associated with 
mass, such as gravity, were negligible compared to the electromagnetic impact of 
photon gas. 

Mean total energy of the universe 13.8 [Gy] after the beginning is: 

[ ]tota
6

l
9~ 2.05 10 JU ×  

That energy, when converted to energy-mass equivalence, yields the following 
mass ( 0.001β = ): 

[ ]
69 2

equi-energ
2

y 2
52.0 10 1

2.23 10 kgM
c

β× −
== ×  

The ratio between the baryonic mass and potential energy-mass for the time 
period ~1 to 13.8 [Gy], which can be observed by instruments like the Planck-
probe, would be: 

50

52
equi-energy observable

7.26 10 kg ~ 0.032
2.23 10 kg

tM
M
  ×
 

×  
=  

That energy-matter ratio is smaller than the estimate made from Planck mea-
surements, an estimated ~0.31 (regular and dark matter). Howerver, that ratio 
was calculated using the ΛCDM model, which includes dark matter and dark 
energy as parameters. If dark energy is removed from the equation and only the 
ΛCDM-estimated baryonic mass is considered, the result is closer, or 0.048. 

Let us calculate the mean volumic mass of the universe at the end of proton 
production: 

( )

50 5
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Such density is much lower than the approximate density of a proton(~6.7 × 
1017 [kg·m−3]), showing that the universe could have contained that amount of 
mass at that time. 

We have not yet considered the electrostatic energy associated with protons 
and electrons. Let us assume that the Coulomb charge was attributed to protons 
and electrons at the time of baryogenesis and leptogenesis. Indeed, the electros-
tatic energy of protons and electrons contained in the sphere with a radius of rpr 
and rel at the time of protons and electrons is quite significant or, respectively:  
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However, because the quantity of protons, npr, and electrons, nel, created is 
identical, we get (including neutron disintegration): 

773.9 10pr eln n= = ×  

Therefore, the total charge becomes neutral, and the potential energy disap-
pears in the aftermath of electron production. However, the electrostatic poten-
tial remains active for ~666 days, which corresponds to the time difference from 
the appearance of protons and electrons. We will see that the time difference or 
delay is the cause of a major so-called baryon-free (empty) zone, except for cos-
mic neutrinos and others neutral particules. 

Thus, the actual baryon-photon ratio for the entire universe ( ~ 0.001β ) can 
be estimated: 

77
1

8 89
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4.3 6.73 10 ~
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10
0

pr nB
B

n nn
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= =

×
=

×
×

×
 

A constant value for the age of the universe after baryogenesis assuming con-
ventional proton and electron half-lives. 

This baryon-photon ratio is ~1000 times smaller that the Bernreuther estimate 
[14]. This is due to the calculated baryon mass, which is 500 to 1000 times 
smaller, ~1050 [kg], than the oft-suggested ~1053 [kg]. 

10. Temperature Variations in the CMB 

A possible way to address partially the temperature variations in the CMB is 
found in variations in the energy of the universe during baryogenesis and lepto-
genesis. Indeed, when protons, neutrons, and electrons were created, a consi-
derable amount of energy was drawn from the photons for the creation of the 
particles. That one-time energy shift in the early expansion of the universe 
(0.362 day for the protons and 666 days for the electrons) surely caused a dis-
ruption in the photon gas. Moreover, the creation of matter was likely uniform 
in the volume, but the energy demand may have caused a local disruption over 
time for the neutrons, and later for the protons and electrons. Let us calculate 
that energy disruption for the baryons during baryogenesis, relative to the ener-
gy of the universe in the pre-baryon era, and for the electrons, relative to the 
energy of the universe at that time, or (β of protons, electrons = 0.986 and β 
neutrinos = 0.999999998): 
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When that energy is put in relation with that of the blackbody, the energy ra-
tio can be expressed in terms of temperature as: 
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Following measurements made by Planck, the analysis and explanation of 
temperature variations in the CMB became priorities. Ever since the initial ana-
lyses and Fixsen’s synthesis [15], assessments of temperature variations in the 
CMB continually varied as new interpretations were made and instruments were 
perfected. Variations sit within a range of values put forth by separate authors. 
Without going into finer detail, the range of values is as follows: 

3 4
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27 mK 570 K
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− −
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± ∆ ±
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  
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  

 

This shows that baryogenesis and leptogenesis, or variation of energy for the 
creation of protons, electrons and neutrinos, is in the order of magnitude of the 
overall temperature variations in the CMB (energy disruption or negative energy 
jump of the photons during the creation of matter). Could those temperature 
variations in the CMB be partially caused by successive energy jumps during 
particle creation, in addition to the vibrational mode of baryons [16]? Moreover, 
analyses of the variations do not seem to show any anisotropy, except for great 
empty zones. This supports the notion of isotropic energy variations for the en-
tire volume that is compatible with the creation of a uniform mass in the volume. 
Finally, because protons, neutrons and electrons, and the particle fusion cycles, 
occurred at different times and different energy levels for the photons in the 
photon gas, notable variations ( )Δ iT T  could be found in the variations of 
energy spectrum of the CMB in line with the energy levels successively impli-
cated in beryogenesis and leptogenesis, and at successive times for the pro-
tons-neutrons, electrons, deuterium, etc. 

11. Conclusions 

The model proposed herein sheds light on the importance of the cosmological 
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constant, Λ, which acts as a dominant gravitational force in the early universe 
(part 2 and 3). Einstein’s proposed cosmological constant is used in this model 
to predict the total energy of the universe rather than as a gravitational balance 
effect. This colossal energy is worth ~1098 [J]. By comparison, the total energy 
associated with the baryonic mass (~1052 [kg]) is worth ~1069 [J], a tiny portion 
of the total energy. The development of the state equation highlights the impor-
tance of not neglecting any of the differential terms given the very large amounts 
in play that can counterbalance the infinitesimals. 

The model does not consider the existence of energy other than photons 
(electromagnetic). In other words, the notion of dark energy, dark matter 
(non-baryonic) is not specifically addressed in the model, although the existence 
of some baryonic dark matter is accepted. The model provides a possible solu-
tion to the horizon problem with the concordance of photon volume with un-
iverse volume, the causality recovery period after z = 1026 and the last scattering 
surface z = 1098. The model questions certain elements of the cosmological 
principle that is the idea that there is no preferred position. The model assumes 
that the MW occupies a precise location (cosmic time 13.8 [Gy]), and not a cen-
tral one in this universe of possible ~76 [Gy] cosmic age (part 2 and 3). Finally, 
the model described herein seems interesting for several reasons, but further de-
velopment is required before its foundations can be validated (complete particle 
generation, atoms, fusion, etc.). The model is still one among many, fine tuning 
and improvements are to be expected. 

Funding Statement 

Funding for this article was supported by the University of Quebec at Chicouti-
mi. 

Acknowledgements 

The author would like to thank the members of his family, especially his spouse 
(Danielle) who with patience to bear this work as well his childrens (Pierre-Luc, 
Vincent, Claudia), for their encouragement to persevere despite the more diffi-
cult periods. Also, a big thank you to Mrs. Nadia Villeneuve of UQAC who has 
prepared the article and references in an acceptable version. Finally, thanks to 
the University of Quebec at Chicoutimi and to the colleagues of the Department 
of Applied Sciences for their supports in the realization of this work. 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Guo, R.Y., Zhang, J.F. and Zhang, X. (2019) Can the H0 Tension Be Resolved in Ex-

tensions to ΛCDM Cosmology? Journal of Cosmology and Astroparticle Physics, 

https://doi.org/10.4236/jhepgc.2021.73046


J. Perron 
 

 

DOI: 10.4236/jhepgc.2021.73046 807 Journal of High Energy Physics, Gravitation and Cosmology 
 

19. https://doi.org/10.1088/1475-7516/2019/02/054 

[2] Lima, J.A.S. and Trodden, M. (1996) Decaying Vacuum Energy and Deflationary 
Cosmology in Open and Closed Universes. Physical Review D, 53, 4280-4286.  
https://doi.org/10.1103/PhysRevD.53.4280 

[3] Guth, A.H. and Steinhardt, P.J., (1984) The Inflationary Universe. Scientific Ameri-
can, 250, 116-128. https://doi.org/10.1038/scientificamerican0584-116 

[4] Kłusek-Gawenda, M., Lebiedowicz, P. and Szczurek, A. (2016) Light-By-Light Scat-
tering in ultraperipheral Pb-Pb Collisions at Energies Available at the CERN Large 
Hadron Collider. Physical Review C, 93, 1-16.  
https://doi.org/10.1103/PhysRevC.93.044907 

[5] McCoy, C.D. (2014) Does Inflation Solve the Hot Big Bang Model’s Fine-Tuning 
Problems? Studies in History and Philosophy of Science Part B: Studies in History 
and Philosophy of Modern Physics, 51, 23-36.  
https://doi.org/10.1016/j.shpsb.2015.06.002 

[6] Carvalho, J.C. (1995) Derivation of the Mass of the Observable Universe. Interna-
tional Journal of Theoretical Physics, 34, 2507-2509.  
https://doi.org/10.1007/BF00670782 

[7] Cercignani, C. and Medeiros Kremer, G. (2002) Relativistic Boltzmann Equation. 
In: Cercignani, C. and Kremer G.M., Eds., The Relativistic Boltzmann Equation: 
Theory and Applications, Birkhäuser Basel, Switzerland, 31-63.  
https://doi.org/10.1007/978-3-0348-8165-4_2 

[8] Dolgov, A.D. (1998) Baryogenesis, 30 Years after. Surveys in High Energy Physics, 
13, 83-117. https://doi.org/10.1080/01422419808240874 

[9] Kirilova, D. and Panayotova, M. (2015) Parameterising the SFC Baryogenesis Mod-
el. Advances in Astronomy, 2015, Article ID: 425342.  
https://doi.org/10.1155/2015/425342 

[10] Ade, P.A.R., Aghanim, N., et al. (2016) Planck 2015 Results XIII. Cosmological Pa-
rameters. A&A, 594, A13. 

[11] Stodolsky, L. (1988) The Speed of Light and the Speed of Neutrinos. Physics Letters 
B, 201, 353-354. https://doi.org/10.1016/0370-2693(88)91154-9 

[12] Beneš, P., Faessler, A., Kovalenko, S. and Šimkovic, F. (2005) Sterile Neutrinos in 
Neutrinoless Double Beta Decay. Physical Review D, 71, Article ID: 077901.  
https://doi.org/10.1103/PhysRevD.71.077901 

[13] Bezrukov, F., Chudaykin, A. and Gorbunov, D. (2018) Induced Resonance Makes 
Light Sterile Neutrino Dark Matter Cool. Physical Review D, 99, Article ID: 083507.  
https://doi.org/10.1103/PhysRevD.99.083507 

[14] Bernreuther, W. (2002) CP Violation and Baryogenesis. Lecture Notes in Physics, 
591, 237-293. https://doi.org/10.1007/3-540-47895-7_7 

[15] Fixsen, D.J. (2009) The Temperature of the Cosmic Microwave Background. The 
Astrophysical Journal, 707, 916-920. https://doi.org/10.1088/0004-637X/707/2/916 

[16] Eisenstein, D.J., Zehavi, I., Hogg, D.W., et al. (2005) Detection of the Baryon 
Acoustic Peak in the Large-Scale Correlation Function of SDSS Luminous Red Gal-
axies. The Astrophysical Journal, 633, 560-574. https://doi.org/10.1086/466512 

 

https://doi.org/10.4236/jhepgc.2021.73046
https://doi.org/10.1088/1475-7516/2019/02/054
https://doi.org/10.1103/PhysRevD.53.4280
https://doi.org/10.1038/scientificamerican0584-116
https://doi.org/10.1103/PhysRevC.93.044907
https://doi.org/10.1016/j.shpsb.2015.06.002
https://doi.org/10.1007/BF00670782
https://doi.org/10.1007/978-3-0348-8165-4_2
https://doi.org/10.1080/01422419808240874
https://doi.org/10.1155/2015/425342
https://doi.org/10.1016/0370-2693(88)91154-9
https://doi.org/10.1103/PhysRevD.71.077901
https://doi.org/10.1103/PhysRevD.99.083507
https://doi.org/10.1007/3-540-47895-7_7
https://doi.org/10.1088/0004-637X/707/2/916
https://doi.org/10.1086/466512

	An Alternative to Dark Matter? Part 1: The Early Universe (tp to 10−9 s), Energy Creation the Alphaton, Baryogenesis
	Abstract
	Keywords
	1. Introduction: Formulation of the Model, Initial Concept
	2. Equation of State for the Temperature, Pressure, Volume
	3. State Equation, Evolution of Photon Gas, Temperature, Volume and Pressure
	4. Increase in the Number of Photons (Alphaton)
	5. Energy Gain
	6. A Possible Solution to the Horizon Problem?
	7. Early Baryogenesis (Protons, Neutrons) and Leptons (Electrons, Neutrinos)
	8. Electrons
	9. Cosmic Neutrinos from SN1987A
	10. Temperature Variations in the CMB
	11. Conclusions
	Funding Statement
	Acknowledgements
	Conflicts of Interest
	References

