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Abstract 
The model in which expansion of the Universe leads to a generation of 
non-equilibrium vacuum-like electron-positron plasma is proposed and re-
searched. The formulas that relate the Hubble’s constant with the concentra-
tion of plasma particles and the cosmological constant are obtained. The col-
lective properties of vacuum-like plasma are investigated. It is shown, that the 
coefficient of a two-photon annihilation in such plasma is nine times less than 
for the free particles. A simple formula for dark energy density as a function 
of electron mass and charge is obtained. It was demonstrated that acceleration 
of plasma’s chemical potential fluctuations flow proportional of dark energy 
density. 
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1. Introduction 

As shown in the article [1], under certain conditions electron-positron plasma 
has the zero density of an enthalpy. For this plasma the ratio is fair 

,pε = −                               (1) 

where ε  is the energy density and p  is the pressure. 
Unusual properties of such material medium are caused by the existence of 

the random electromagnetic field generated by transitions between various 
quantum states of electrons and positrons. If a constant temperature T  satis-
fies the conditions 

( ) ( )2 22 2, ,e h
F B F Bp m k T mc p m k T mc                   (2) 
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the energy density ( )sε  and pressure ( )sp  of a random electromagnetic field 
are related to the temperature by the formulas 

( ) ( ) ( )22 2π 4 π 1 ,s
Bemk Tε −≈ − −                  (3.1) 

( ) ( ) ( ) ( )( )1 22 23 3π 4 π 1 ,s s
Bp emk Tε

−
= − ≈ −              (3.2) 

where 
( )e
Fp  and ( )h

Fp  are the Fermi momenta of electrons and positrons; m  
and e  are the mass and the electric charge of the electron; c  is the velocity of 
light in vacuum; Bk  is the Boltzmann’s constant;   is the Planck’s constant 
divided by 2π .  

In order that plasma with such properties is vacuum-like [2], it is necessary to 
impose the additional requirement of electro-neutrality [3]. In this case, the 
plasma becomes non-equilibrium. The sum of chemical potentials of the elec-
trons ( )eF  and of the positrons ( )hF  is equal to zero 

( ) ( ) 0,e hF F+ =                       (4.1) 

and their difference is expressed by the ratio 

( ) ( ) ( ) ( ) ( ) ( )( )2 31 2 22 2 2 2 22 2 1 1 2 4 π 1 ,e h
F BF F c m c p mc k T mcα 

− = + ≈ + − 
 

(4.2) 

where 2e cα =   is the fine-structure constant approximately equal to 1/137. In 
this case, Fermi momenta of electrons and positrons  

( ) ( )( )( ) ( )( )1 221 2 2 2 4 ,e e e
Fp c F mc mc F m cθ−= − −  

( ) ( )( )( ) ( )( )1 221 2 2 2 4 ,h h h
Fp c F mc mc F m cθ−= − − −          (4.3) 

are equal  
( ) ( ) ,e h
F F Fp p p= =                        (4.4) 

and are connected with temperature by the equation  

( )( )3 2 2 2 24 π 1 .F Bp e k T m c= −                  (4.5) 

Equation (4.5) is the consequence of the relation (1).  
The electron-positron plasma, which satisfies the conditions (4.1)-(4.5), to-

gether with random electromagnetic field, is the vacuum-like material medium 
that has a zero enthalpy 

0,h p ε= + =  

and zero entropy  
( ) ( ) ( ) ( )( )1 0e e h hs T p F n F nε−= + − − =  

too. Due to these properties, it can play the role of dark energy. However, the 
energy density of researched medium is negative and its pressure is positive. 

The total energy density and pressure are expressed in the following form: 
( )2 .p mc nε Λ= − ≈ −                         (5.1) 
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For the energy densities of electrons, positrons and random electromagnetic 
field the formulas are true 

( ) ( ) ( ) ( ) ( ) ( )2 2 2, , 3 .e h smc n mc n mc nε ε εΛ Λ Λ≈ ≈ ≈ −           (5.2) 

where 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )1 23 2 28π 3 2π 3π 4 π 1 ,e h
F Bn n n p m ek T c

−Λ = = = = −  (5.3) 

( )en  and ( )hn  are the concentrations of electrons and positrons. If to assume 
that absolute value of plasma’s energy density is equal to the density of dark 
energy, the following estimations can be obtained: ( ) 3 37.92 10 cmn Λ − −≈ × , 

51.54 10 KT −≈ × , 28 16.50 10 g cm sFp − −≈ × ⋅ ⋅  [1]. 
If the electro-neutral plasma is in the state of chemical equilibrium, the fol-

lowing condition  
( ) ( ) ( ) ( )e hF x F x=                         (6) 

is satisfied. Then the equality to zero of chemical potentials of electrons and po-
sitrons follows from the relationship (4.1) and equality to zero of their Fermi 
momenta from the relationship (4.3) follows too. If the density of plasma’s en-
thalpy is equal to zero then the relationship (4.5) is satisfied. In the case of the 
equilibrium state of plasma, Fermi momenta, the temperature, energy density, 
pressure, electron concentration and positron concentration are equal to zero. It 
means that vacuum-like plasma does not exist in an equilibrium state.  

Thus, the necessary condition of existence of the vacuum-like electron-positron 
plasma is chemical non-equilibrium. The possible causes of non-equilibrium 
demand the clarification. The present article is devoted to this problem. 

2. Equations of Particles Balance in Non-Equilibrium Plasma 

The equations of electrons and positrons balance may be written in the following 
form [4] [5]  

( ) ( ) ( ) ( ) ( ) ( )( ) ( ), ,e e ej x n x t x g xµ
µ∂ = ∂ ∂ + ∇ =j               (7.1) 

( ) ( ) ( ) ( ) ( )( ) ( )( ) , ,h h hj x n x t x g xµ
µ∂ = ∂ ∂ + ∇ =j               (7.2) 

where ( ) ( ) ( ) ( ) ( ) ( )( ),e e ej x cn x xµ = j  and ( ) ( ) ( ) ( ) ( ) ( )( ),h h hj x cn x xµ = j  are the 
flows density of electrons and of positrons; ( ),x ct= r ; t  is a time and r  is a 
vector of spatial coordinates; ( ) ( )en x , ( ) ( )hn x  and ( ) ( )e xj , ( ) ( )h xj  are the 
concentrations and spatial flows density of electrons and positrons; ( )g x  is 
the velocity of the generation and of the annihilation of particle-antiparticle 
pairs.  

In the absence of external electromagnetic fields and the constant temperature 
density flow, expressions are true 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )( )3 3
02π d , , , ,e e e e

rj x c k k k f s F x T U x kµ µµ−= ∑ ∫   (8.1) 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )( )3 3
02π d , , , .h h h h

rj x c k k k f s F x T U x kµ µµ−= ∑ ∫  (8.2) 
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Here k µ  is electron momentum four-vector or positron momentum four-vector 
for which the zero component is represented in the form  

( ) ( )
1 22 2 2 2

0 0,  , ,k m c k k= + > = k k  

( )( ) ( ){ }( ) 1
, ,1 expe h e hf s s

−

= +                    (9.1) 

is the Fermi-Dirac distribution function;  
( ) ( ) ( )( ) ( ) ( ) ( )( ), ,e e e h h h

B Bs k U F k T s k U F k Tµ µ
µ µ= − = +     (9.2) 

( )eU µ  and ( )hU µ  are the hydrodynamic velocities of particles and antipar-
ticles [4], for which the relations are satisfied  

( ) ( ) ( ) ( ) ( ) ( )2 2
0 0, , 0, 0.e e h h e hU U c U U c U Uµ µ

µ µ= = > >           (9.3) 

The left parts of Equations (7.1) and (7.2) depend on coordinates and time 
using chemical potentials ( ) ( )eF x , ( ) ( )hF x  and using hydrodynamic velocities 

( ) ( )eU xµ , ( ) ( )hU xµ . Spatial components of hydrodynamic velocities may be de-
fined by [5] [6]. 

( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ( ), .e e e h h hx m F x x m F xτ τ= − ∇ = ∇U U      (10) 

Components ( ) ( )0eU x  and ( ) ( )0hU x  are calculated from the expressions (9.3). 
Times of momentum relaxation for electron ( )eτ  and for positron ( )hτ  are 
positive values. They define the electric resistance of medium [6] [7]. Their 
physical nature and numerical values are determined by stochastic scattering of 
electrons and positrons [7].  

Taking into account definitions (10) left parts of the Equations (7.1) and (7.2) 
depend on the coordinates and time only through the chemical potentials and 
their derivatives. Electrons and positrons interact with each other by emitting 
and absorbing electromagnetic fields. As a result at a constant temperature and 
under the condition of absence of external interaction, the Equations (7.1) and 
(7.2) must describe the relaxation of the system to the state of the local chemical 
equilibrium, which is determined by equality (6). If chemical potentials do not 
depend on coordinates and time, global chemical equilibrium reached. 

Using the analogy with the theory of charge transport in mesoscopic struc-
tures we will assume that ( )g x  is a function of the difference between the 
chemical potentials of electrons and positrons, and ( )g x  equal zero in state of 
chemical equilibrium. We will choose this function in the form  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ){ }( ),2 1 exp ,e h e h e h
Bg x c i x i x F x F x k Tω−= − − − −   (11.1) 

where 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )( )32 3

02π d , , , ,e e e e
ri x mc k k f s F x T U x kµ−= ∑ ∫    (11.2) 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )( )32 3
02π d , , ,h h h h

ri x mc k k f s F x T U x kµ−= ∑ ∫

  
 (11.3) 

are the invariant density of electrons and positrons; ( ),e hω  is the coefficient of 
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two-photon annihilation of electron and positron, its dimension is cm3∙c−1. Such 
choosing of function ( )g x  provides a relaxation of solutions of Equations (7.1) 
and (7.2) to the state of local chemical equilibrium (6).  

The characteristic relaxation times of the concentration fluctuations deter-
mined by expressions 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ), ,2 2,  ,e e h e h h e h e h
ne nhc n Y i i c n Y i iτ ω τ ω= =          (12) 

where indicated 
( ) ( )( ){ }1 exp .e h

BY F F k T= − − −                   (13) 

For relaxation time of chemical potentials difference the formula are fair  
( ) ( ) ( ) ( )( ) ( ) ( ) ( ),2 .e h e h e h e h

rel с n n n n i iτ ω= +               (14) 

By using, the definition (10) can be obtained the expression for characteristic 
distance of relaxation to zero of the difference of the chemical potentials 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( ) 1 2
, .e h e h e e h h e h e h

rel BL c n n k T m n n i iτ τ τ τ ω = +    (15) 

In researched vacuum-like plasma when the relationships  
( ) ( ) ( ) ( ) ( )e h e hi i cn cn cn Λ= ≈ = =  

are fair we obtain 
( ) ( ) ( ),1 ,e h

ne nh Y nτ τ τ ωΛ Λ= = =                    (16.1) 

( ) 2,rel Yτ τ Λ=                         (16.2) 

( )( )1 2
2 .relL Y mτ Λ= 

                   (16.3) 

The Formula (16.3) was obtained from the expression (15) with assumption that  
( ) ( ) .e h

T Bk Tτ τ τ= = =                       (17) 

We will use the formula for a cross-section of two-photon annihilation that 
was obtained by Dirac at 1930 [8] for estimations. It follows that the expression 
for coefficient 

( ) ( ), , 2
0 0π ,e h e h c rω ω =                    (18.1) 

where 
2 2

0r e mc=                       (18.2) 

is the classical radius of the electron, which is approximately equal to 
132.81 10 cm−× . The corresponding estimation for the coefficient

( ), 15 3 1
0 7.42 10 cm se hω − −≈ × ⋅  is correct. According to Dirac [8] this result is true if 

we neglect the interaction between particles and antiparticles. 
Using Formulas (18.1) and (18.2) from expressions (16.1)-(16.3) we will ob-

tain 

( ) ( )( )( ) ( )( )
2 32 2 22 1 π 3π ,rel c Fcn mc e mc pτ τ τ αΛ Λ= =

     (19.1) 
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( )( )32 2 23π 2 ,rel c FL L mc pα
                (19.2) 

where 
2 ,c mcτ =                         (20.1) 

( )1 2 .c cL m mcτ= =                     (20.2) 

cL  Time cτ  is approximately equal to 211.28 10 s−×  and Compton wave-
length is about 113.86 10 cm−× . According to paper [1] the estimations  

( ) 3 3 28 510 cm ,  10 g cm s,  10 KFn p TΛ − − − −⋅    

is correct. It means  
( )7 17 17 810 s,  10 s,  10 s,  10 cm.T rel relLτ τ τΛ−

     

Such big times , ,ne nh relτ τ τ  and diffusion length relL  are caused by a factor 
1010Fmc p  , i.e. by the low density of plasma.  

The characteristic relaxation time of the concentration fluctuations is about 
the age of the Universe. The time of restoration of chemical equilibrium exceeds 
the age of the Universe by eight orders. 

3. Expansion of the Universe and Non-Equilibrium Plasma 

The obtained results show, that in normal scales of times small deviations from 
the state of chemical equilibrium of electron-positron plasma can be considered 
as stationary. However, it relates to small fluctuations for which the estimation is 
fair 

( ) ( ) ( )( ) ( )2 22 .e h
F Bn n F F p m k T mcδ δ δΛ ⇒ −   

 

The presence and long time existence of such fluctuations can't be the cause of 
high level of non-equilibrium plasma  

( ) ( )( ) 2 ,e hF F mcδ − 

 

defined by Formula (4.2).  
Various external influence scan be sources of non-equilibrium plasma. For 

example, it may be the external electromagnetic radiation, current flow through 
the regions with high gradients of concentrations of plasma particles [6], the de-
pendence of concentration on time caused by the external reasons. The last hy-
pothesis seems to be the most realistic. 

According to the modern vision, in the current period of the cosmic history, 
the spatial size of the Universe increases as a function of time. The rate of this 
expansion is measured by Hubble's constant 18 12.20 10 sH − −≈ × . We assume 
that the number of electrons and equal number of positrons of the researched 
plasma N  do not depend from space and time coordinates. In this case, the 
expansion of the Universe must lead to a change of particles’ concentration due 
to the increase of volume V  occupied by electrons and positrons.  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )1 13 , 3 .e e e h h hn t n V V t n H n t n V V t n H− −∂ ∂ = − ∂ ∂ = − ∂ ∂ = − ∂ ∂ = −  (21) 
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Taking into account the weak dependence of H  from time, generated by 
sources (21) non-equilibrium may be considered practically stationary. 

From the Equations (7.1), (7.2) and the Formula (21) for vacuum-like plasma 
we obtain  

( ) ( ) ( ) ,e hn n n Λ= =                        (22.1) 

( ) ( ),3 .e hY H nω Λ=                      (22.2) 

According to the expression (4.2) Y  exceeds a unit at a size about 

{ }14exp 10− , then we will find plasma density from the Formula (22.2) 
( ) ( ),3 .e hn H ωΛ ≈                           (23) 

If to use ( ),
0

e hω  defined by the expression (18.1) as coefficient ( ),e hω , then 
from relationship (23) we obtain  

( ) ( ) 31 38.09 10 g cm .mnρ Λ Λ − −= − ≈ − × ⋅  

The absolute value of this density is about nine time less than experimental re-
sult ( ) ( ) 30 3

exp 7.21 0.25 10 g cmρ Λ − −≈ ± × ⋅  [9].  
The electron-positron annihilation probability defined by the Formulas (18.1) 

and (18.2) doesn't consider the additional interaction between particles caused 
by random electromagnetic field and collective properties of plasma. In Intro-
duction the formulas for the energy density of random electromagnetic field are 
presented. They include energy density of random field oneself and energy den-
sity of its interaction with electrons and positrons too.  

The energy-momentum tensor of a random electromagnetic field, which in-
cludes the interaction with particles and antiparticles, can be represented in the 
form [1] 

( )( ) ( ) ( )( ), ,t t A x t q x A xµν µν µν= +               (24.1) 

( )( ) ( ) ( ) ( ) ( ) ( ) ( )( )14π 1 4 ,k kl
k klt A x c F x F x F x F xµν µ ν µνη−= − −    (24.2) 

( ) ( )( ) ( ) ( ) ( )2, .t q x A x e c q x A xµν µ ν= −              (24.3) 

Here ( )A xµ  is a vector-potential of a random electromagnetic field; 

( ) ( ) ( )F x A x A xµν µ ν ν µ= ∂ − ∂                (24.4) 

is a tensor of this field; µνη  is Minkowski tensor; 

( ) ( ) ( ) ( ) ( )e hq x q x q xµ µµ = −                 (24.5) 

is a difference between flows of electrons ( ) ( )eq xµ  and positrons ( ) ( )hq xµ . 
Energy density and pressure of random electromagnetic field are calculated 

from relationships  
( ) ( ) ( ) ( )00 0

0,  3 ,s scT p c T Tµ
µε = = − −              (25.1) 

where 

T tµν µν=                          (25.2) 
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is a tensor averaged by random processes of transitions between states of par-
ticle-particle, antiparticle-antiparticle, particle-antiparticle. 

The tensor T µν  according to the Formula (24.1) may be represented by the 
sum 

( ) ( )int ,AT T Tµν µνµν = +                        (26.1) 

where 
( ) ( )( ) ( ) ( ) ( )( )int,  , ,AT t A x T t q x A xµν µνµν µν= =        (26.2) 

are the average energy-momentum tensor of the electromagnetic field and of it’s 
interaction with electrons and positrons.  

Using the relationships (25.1), (25.2) and (26.1), (26.2) it is possible to extract 
density of electromagnetic interaction potential from total expressions [10]  

( )int .v cT µ
µ=                          (27.1) 

Considering that  
( ) 0,AT µ
µ ≡  

we will find 
( ) ( )3 .s sv pε= −                       (27.2) 

The density of potential v  defines the contribution of a random electromag-
netic field to the scattering matrix of spinor particles [10]. 

Energy density and pressure of vacuum-like plasma may be represented in the 
form  

( ) ( ) ( ) ( ), , , ,s e e h h e hε ε ε ε= + +                  (28.1) 

( ) ( ) ( ) ( ), , , ,s e e h h e hp p p p= + +                 (28.2) 

where 
( ) ( ) ( ), , 23 3 2,e e e ep mc nε Λ= − = −                (28.3) 

( ) ( ) ( ), , 23 3 2,h h h hp mc nε Λ= − = −                (28.4) 

( ) ( ) ( )( )2, , 4πe h e hp e n mcε Λ= = − 
              (28.5) 

are the contributions of transitions of electron-electron, positron-positron, elec-
tron-positron. The main contribution to the total energy density and the total 
pressure of a random electromagnetic field give the electron-electron and posi-
tron-positron transitions [1]. Evaluations follow from Formulas (28.3)-(28.5)  

( ) ( ) ( ) ( ) ( )3, , 1.e h s e h s
Fp p p mcε ε α  

 

According to the structure of relationships (28.1) and (28.2) from (27.2), we 
obtain 

( ) ( ) ( ), , , ,e e h h e hv v v v= + +                    (29.1) 

( ) ( ) ( ), , 23 ,e e h hv v mc n Λ= = −                   (29.2) 
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( ) ( )( )2, 8π .e hv e n mcΛ= 
                  (29.3) 

These expressions demonstrate that the attraction between particles with an 
identical sign of the electric charge is the result of random electron-electron and 
positron-positron transitions. The density of attraction potential is three times 
more than energy density of particles. 

Random electrons-positrons transitions lead to repulsion between particles 
with different sign of the electric charge. The density of repulsion potential is 
much less than the energy density of plasma components. 

Strong attractive interaction must lead to unusual properties of electrons and 
positrons gasses. For example, for researched environment the characteristic 
distance can be defined 

2 23 ,eqr e mc=                           (30) 

at which the attraction between electron and electron or between positron and 
positron is balanced by Coulomb repulsion between these particles. The repul-
sion dominates at distances less than eqr . The attraction dominates at distances 
more than eqr . i.e. 149.36 10 cmeqr −≈ ×  defines the distance of stable equili-
brium.  

The characteristic distance  
( )( )( ) ( )( ) ( )2 21 8π 3π 8run F Fr n mc mc p pΛ= = 

     (31) 

may be defined for interaction between electrons and positrons too. This is the 
distance at which force of Coulomb attraction force is equal to the force of re-
pulsion force caused by random transitions. Distance runr  is huge, it is about 

213.36 10 cm× . Ratio of distances run eqr r  is huge too-about 1034. Physical inter-
pretations of distance eqr  and distance runr  are different. The distance runr  
corresponds to the boundary of a region outside of which electrons and posi-
trons run up. 

The distance eqr  is exactly three times less than the classical radius of electron 
defined by Formula (18.2). A simple replacement 0r  to eqr  leads to “proper” 
density value ( ) 30 37.28 10 g cmρ Λ − −= − × ⋅ . But such simple change needs rea-
soning.  

According to the condensed matter theory [11] [12] the Heisenberg operators 
of electron component ( ) ( )e xΨ  and positron component ( ) ( )h xΨ  of va-
cuum-like plasma are solutions of the equations 

( ) ( )( ) ( ) ( )2 0,e e ei c mc F V xµ
µγ ∂ − + + Ψ =

             (32.1) 

( ) ( )( ) ( ) ( )2 0.h h hi c mc F V xµ
µγ ∂ − − − Ψ =

             (32.2) 

Here µγ  are the Dirac matrix and  
( ) ( ) ( )( ) ( ) ( ) ( ) ( )( ) ( ), , , ,,  .e e e e h h h h e hV v v n V v v nΛ Λ= + = +          (33) 

Using the Expressions (4.1), (4.2) and (29.1), (29.2), (29.3) from Equations (32.1) 
and (32.2) we will obtain the approximate equations 
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( ) ( ) ( )23 0,ei c mc xµ
µγ ∂ − Ψ =

                (34.1) 

( ) ( ) ( )23 0.hi c mc xµ
µγ ∂ + Ψ =

                (34.2) 

Expressions (34.1) and (34.2) describe the quasiparticles of researched plasma. 
They are equal to the equations for a usual free electron and free positron oper-
ators in which the electron mass m  is replaced to effective mass equal 3m . If 
to use the solutions of Equations (34.1) and (34.2) with positive energy for de-
scription of quasiparticles states and for construction of causal Green function 
we will obtain the well known expression for cross section of two-photon quasi-
particles annihilations [10] in which m  will replaced to 3m . In non-relativistic 
limit for probability of this process we will obtain the formula  

( ) ( )2, 2 2π 3 .e h c e mcω =                          (35) 

Exactly this result will be obtained if you make a change 0 eqr r→  in Formula 
(18.1). 

Using ( ),e hω  defined by Expression (35) from relationship (22.2) for 
non-equilibrium level of plasma we will obtain  

( )( )( )

( ) ( ) ( )( )

32 3 3 3 4 2 2

3 1 2

81π 81π

3π 3 4 π 1 .

F F

B B

Y Hm c p e H mc mc p

H k T mc k T

α

α −

= =

= −

 



         (36) 

Assuming that 1Y ≈  from Formulas (36), (23) and definitions of dark energy 
density ( )ρ Λ  and cosmological constant Λ  [3] we will find  

( ) ( )( )1 239 π 4 π 1 ,BT c k Hm α≈ −               (37.1) 

( ) 2 3 427 π ,n Hm c eΛ ≈                  (37.2) 

( ) ( ) ( )( )34π 3 ,mn H e mcρ Λ Λ= − ≈ −              (37.3) 

( ) ( )2 3 48π 216 .G c GHcm eρ ΛΛ = ≈ −            (37.4) 

Here 8 3 1 26.67 10 cm g sG − − −≈ × ⋅ ⋅  is the Newtonian gravitation constant. From 
Expression (37.2) for concentration follows ( ) 3 38.00 10 cmn Λ − −≈ ×  and from 
Formula (37.4) for cosmological constant follows 56 21.36 10 cm− −Λ ≈ − × . 

From the Formula (37.2) new representations for distance runr  can be ob-
tained  

( )( ) ( )2 2216 216run Hr c H rα α= =              (38.1) 

And the ratio of distance runr  to distance eqr  

( )( ) ( )( )272 72 ,run eq Hr r mc H m mα α= =          (38.2) 

where 281.36 10 cmHr c H= ≈ ×  is the distance which may be interpreted as 
the characteristic size of the Universe; ( )2 662.57 10 gHm H c −= ≈ ×  is very 
small mass that was call the “Hubble mass” [13]. 

Obtained Formulas (37.1)-(37.4) and (38.1), (38.2) represent the characteris-
tics of vacuum-like plasma as the functions of the fundamental constants and the 
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mass of plasma components. It is interesting that obtained expressions for dark 
energy density and for cosmological constant do not include the Planck con-
stant. 

The Expression (37.1) for density of vacuum-like plasma can be represented 
in form  

( ) 23 π .H eqn r rΛ ≈                        (39) 

This representation is strong spatial anisotropic because 4110eq Hr r −
 . It cor-

responds to space in the form of a one-dimensional wire.  
Thus, the expansion of the Universe must lead the electron-positron plasma to 

non-equilibrium state. Balance equations of plasma particles connect the con-
centrations of electrons and positrons with Hubble’s constant.  

4. Plasma Fluctuations and Acceleration 

In frameworks of ΛCDM model of cosmology for acceleration of Universe ex-
pansion the formula is true 

( ) ( )( )23 2 1 3a a H Λ≈ Ω −
 

where a  is the radius of the world and a  is its second derivative on time,  
( ) ( ) ( )cρ ρΛ ΛΩ =  

and  
( ) 23 8c H Gρ =  

is the critical matter density in the Universe that approximately equal 
30 38.67 10 g cm− −× ⋅ . According to modern interpretation of astrophysical data the 

dark energy density is 30 37.21 10 g cm− −× ⋅  and we obtain  
( ) 36 20.83,  3.62 10 sa aΛ − −Ω ≈ ≈ ×  

that correspond to accelerated expansion of Universe.  
For researched vacuum-like electron-positron plasma we obtain the another 

values  
( ) 3 3 4 36 272 0.84,  8.52 10 sGm c He a aΛ − −Ω = − ≈ − ≈ − ×  

that correspond to decelerated expansion of Universe. In all cases 
11 210 cm sa − −


  if a  is about megaparsec.  

The positive density of dark energy follows from interpretation of astrophysi-
cal observations of supernovas Ia type in terms of ΛCDM model [14]. But it is 
not the only way of an interpretation of observed data. For instance, in article 
[15] was demonstrated that these observations may be interpreted in the terms 
of decelerated Universe expansion if assumed that in intergalactic space the in-
dex of light’s refraction is about 1.50.  

The phenomenon of supernovas positive acceleration can be explained not 
only with the help of dark energy concept. This result may be obtained by the 
different versions of the Gravity Theory which are alternative to General Rela-
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tivity [16]. For example, it may be the model, in which the hypothetical massive 
classical gravitons are introduced [13].  

In this context, the hypothesis of non-gravitational nature of supernovas Ia 
acceleration may be considered too. For example, this acceleration may be pro-
duced by fluctuations of vacuum-like plasma that were connected with super-
nova explosion. The fluctuations flow is the function of the time. It means that 
the fluctuations move with acceleration. Of course, the source of electromagnetic 
radiation in this case move with acceleration too.  

Let’s assume that fluctuations not destroy the plasma electroneutrality and 
condition  

( ) ( )e hF F F= − =  

is true. The chemical potential F  we will present in form  
( )

1F F FΛ= +  

Where according expressions (5.3) and (37.2) ( )F Λ  satisfies of formula 

( ) ( )( )( )
1 22 32 2 21 81πF mc H mcαΛ  = + 

 
  

Value of ( )F Λ  corresponds to concentration ( )n Λ  of plasma particles. For 1F  
from Equations (7.1) and (7.2) we obtain  

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

1 2 3 2 ,1 2 2 4 2 2 4 2 3 3
1 1

5 25 22 2 2 2 4 2 2 4

3 , 9π

.

e hF t F F m c m F m c F Y c

F mc mc F m c F F m c F

τ ω

θ

−−

Λ Λ

∂ ∂ − − ∇ − ∇ = −

 − − − − 
 



(40) 

If fluctuations are small  
2

1 2FF p m  

the simple equation is true 

1 1 15FF t D F HF∂ ∂ − ∆ = −                       (41) 

where  

( )( )2 3F FD p m mτ=                         (42) 

is a coefficient of diffusion in vacuum-like electron-positron plasma.  
For degenerate nonequilibrium plasma it is logical to assume that  

( ) ( )( )( )2 32 2 2 22 2 81π .p Fm p mc mc Hτ τ α= = =  
       (43) 

This value is about 4.52 s. It is interesting, that value of pτ  correlates with the 
characteristic time of cosmic gamma-ray burst [17]. For FD  we obtain 

( )( ) 2 12 3 0.77 cm s .FD m −= ≈ ⋅  

From Equation (41) follows that the characteristic time of relaxation of plasma 
chemical potential in spatial independent case is  

161 5 9.09 10 s.F Hτ = ≈ ×  
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In stationary case for characteristic length of a relaxation the formula is true 

( )1 2 82.64 10 cm.F F FL D τ= ≈ ×  

Let’s assume that in the spatial area [ ]00, r∈r  in the time moment 0t =  
the fluctuation of chemical potential  

( )2
1 2 ,  const,  1FF p mγ γ γ= =   

has occurred. The positive γ  correspond to productions of plasma quasipar-
ticles pairs and the negative γ  correspond to annihilations of quasiparticles 
pairs. Thus for 0t ≥  we will obtain 

( ) ( ) ( ) ( ) ( ) { }2
1 1 1 1, 2 , , , exp 5 ,FF t p m t x t y t z Htγ= Φ Φ Φ −r  

( ) ( ) ( ) ( )( ) ( ) ( )( )1 2 1 2
1 0 0, 1 2 4 4 ,  , , ,F Ft erf r D t erf r D t x y zξ ξ ξ ξ Φ = − + + =    

where 

( ) ( )1 2 2

0

2π exp derf
ζ

ζ ζ ζ− ′ ′= −∫  

is the error function. From these expressions for velocity ( ),xu t x  and accelera-
tion of fluctuations flow ( ),xa t x  along the line 0,  0y z= =  we will obtain the 
formulas 

( ) ( )
( ) ( ) ( ) ( ){ }

1

1 2 2 2 2
0 1 0

,

6 π 2 ,0 exp 5 4 ,

x

F F F

u t x m F x

D t sh xr D t t Ht r x D t

τ

γ

= − ∂ ∂

= Φ − − +
 

( ) ( )

( ) ( )( ) ( ){
( ) ( ) ( ) ( ) { }
( ) ( )} ( ){ }

1 2 3 2 2 2
0 0

2 1 2 2
0 0 1 0 0

2 2
0 1 0

, ,

3 π 1 10 2 2

2 ,0 2 π exp 4

2 ,0 exp 5 4 .

x x

F F F

F F F F

F F

a t x u t x t

D t Ht r x D t sh xr D t

xr D t ch xr D t t r D t r D t

sh xr D t t Ht r x D t

γ −

−

= ∂ ∂

= − + − +

+ Φ + −

× Φ − − +

 

Let’s estimate ( ),xa t x  in the case  
2

0 02 , , .p F p F pt m p x r r p r rτ = − =      

As the result we will obtain 

( ) ( )( )( ) ( )( ) { }2 3 2
0, ,  5 32 3π exp 3 16 ,x p pa r r m m A Aτ γ ρ Λ+ ≈ = −  

( ) 2 2
0, 3.99  10 cm s .x p pa r rτ γ −+ ≈ × ×  

Absolute value of acceleration ( )0,x p pa r rτ +  is proportional of dark energy 
density and correlates with absolute value of acceleration a  if 910γ −

 .  
From assumption that supernova explosion is connected with vacuum-like 

plasma fluctuations and it produced the plasma quasiparticles annihilation fol-
lows that 0γ < . It corresponds to accelerated motion of fluctuations to the 
center of fluctuations area and accelerated motion of fluctuation from external 
observer. By more complex hypotheses it would be possible to explain the de-
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pendence of acceleration of fluctuations from distance to the observer also. But 
we have not any reasons for such speculations. There is enough that a va-
cuum-like plasma fluctuations can lead to the accelerated movement of a source 
of electromagnetic radiation to the right direction.  

In the conclusion of this paragraph we note that in the case of “the big fluctu-
ation” when  

( )2
1 2FF p m< −  

Equation (40) becomes unstable. Its solutions increase with increase of time. 
This situation needs the special research outside the frameworks of this article.  

5. Conclusions 

Presented theoretical results demonstrate that the expansion of the Universe 
must lead to vacuum-like electron-positron plasma generation. This plasma may 
exist under the condition of violated chemical equilibrium between electron gas 
and positron gas only. The difference between chemical potentials of electrons 
and of positrons describes the level of plasma non-equilibrium. This difference 
turns out to be proportional to the Hubble’s constant and inversely proportional 
to the plasma temperature in two degrees. 

Researched plasma is the material medium that consists of the electron gas, 
positron gas and a random electromagnetic field caused by transitions between 
different possible states of particles and antiparticles. Under special conditions, 
the absolute value of the energy density of random electromagnetic field is more 
than energy densities of electron gas and positron gas. In this case, the compo-
nents of plasma acquire the collective properties different from the properties of 
an ideal gas.  

The probability of two-photon annihilation of quasiparticles in this vacuum-like 
medium is nine times less than for free electrons and positrons. Due to this cir-
cumstance, the absolute value of plasma energy density is equal to the density of 
dark energy obtained as a result of interpretation of the astrophysical measure-
ments. In researched model, the density of dark energy relates with electron 
mass, electron charge and Hubble constant by very simple formula  

( ) ( )( )34π 3 .H e mcρ Λ =  

The cause of decreasing of the annihilation probability is the attraction that 
created by a random electromagnetic interaction between particles with the 
identical sign of the electric charge. The region of the prevalence of Coulomb 
repulsion is reduced in three times due to this attraction.  

Between particle and antiparticle having electric charges of different signs, the 
random electromagnetic interaction creates the repulsion. It doesn’t exert a no-
ticeable impact on the probability of annihilation. However, under the huge dis-
tances between an electron and a positron which is about 1021 cm, this repulsion 
exceeds a Coulomb attraction. 

Thus, two spatial scales characterize the considered vacuum-like environment: 
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repulsion ( runr ) and attraction ( eqr ). They differ by thirty-four orders  
( 3410run eqr r  ). 

Analyses of small fluctuations in vacuum-like plasma demonstrated that acce-
leration of such fluctuations may be very big in time period about 4.52 spτ ≈ . It 
means that vacuum-like plasma fluctuations can lead to the accelerated move-
ment of a source of electromagnetic radiation. Their influence on the radiation 
of supernova Ia type demands the additional research. It is well known that in-
teraction between cosmic objects and electron-positron plasma may produce 
very interesting phenomena [18]. 
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