
Article

Not peer-reviewed version

Dark Energy Can be Delivered to

the Universe by Stochastic

Nonlinear Gravitational Waves

Coming from “Nowhere“

Leonid Marochnik 

*

Posted Date: 6 March 2023

doi: 10.20944/preprints202303.0084.v1

Keywords: dark energy; gravitational waves

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/250026


 

Article 

Dark Energy Can Be Delivered to the Universe by 
Stochastic Nonlinear Gravitational Waves Coming 
from “Nowhere” 
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University of Maryland, College Park, MD 20742; lmarochnik@gmail.com 

Abstract: It is shown that de Sitter accelerated expansion of the Universe (dark energy effect) is an exact solution 
to the set of self-consistent stochastic nonlinear gravitational waves in the FLRW metric coming to the Universe 
from “nowhere”. 
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1. Introduction 

As is known, in the frame of Einstein’s general relativity (GR), none of the types of matter that 
make up the observable universe can lead to the acceleration of its expansion (dark energy effect). To 
solve the problem, there were three main possibilities. One, that GR breaks down in the frame of the 
Universe as whole. Two, that the Universe is filled by an unknown field with the negative pressure, 
with the equation of state p<- / 3 ( p and   are the pressure and  energy density, respectively); 
Third, that the acceleration is due to the cosmological constant . The first and second possibilities have 
been explored in depth in a large number of papers. The references can be found, e.g., in reviews [1-
3]. For now, despite the large number of dark energy (DE) models, the community settled down on 
the simplest choice dictated by the principle of Occam’s razor, which is the hypothesis that the cause 
of acceleration is cosmological constant. The most intriguing fact is that this hypothesis fits the 
observational data, meanwhile two well-known problems with the cosmological constant look 
unsolvable. The energy of a non-gravitational vacuum is 122 orders of magnitude greater than the 
observed value of   . The second one is the “coincidence problem”, why DЕ appears exactly in the 
era of our existence, in short «Why Now? »1. The same problem (why now?) arises in all hypotheses 
(with no exceptions) about the origin of DE. The above prohibition does not, of course, extend to 
quantum effects since GR is a classical theory. The only exception is DE of virtual gravitons and 
classical stochastic gravitational waves since it is a consequence of the conformal non-invariance of 
the gravitational field (Section 6) 

One of the possible explanations for the cosmological acceleration could lie in its quantum 
nature, which the classical GR does not describe. Тhe very first rigorous mathematical analysis of this 
problem led to the conclusion that virtual gravitons in the universe are capable of generating 
cosmological acceleration [4]. One of the main problems of quantum gravity that distinguishes it from 
standard quantum field theories is a problem of the existence (or non-existence) of ghost-free gauges. 
Such gauges are unknown.  Тhe hypothesis that they exist (albeit unknown) has led to the 
publication of a number of papers with questionable results (see [5] and references therein). Correct 
accounting for the ghost sector leads to the appearance of antigravity due to Faddeev-Popov ghosts, 
which can form a macroscopic quantum effect of cosmological acceleration [6]2.  

 
1 ] If, of course, the anthropic principle is not involved 

2 In the footnotes #1 and #2 to the paper [6], the reader may want to find detailed argumentations in 

favor of this approach.  

  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 March 2023                   doi:10.20944/preprints202303.0084.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://mail.google.com/mail/u/0/#_ftnref1
https://doi.org/10.20944/preprints202303.0084.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

As it was shown in [7], GCDM model of the Universe (where G stands for gravitons) is consistent 
with SNI observational data with the same accuracy as CDM  model, which is not surprising, 
since virtual gravitons generate the same de Sitter expansion with the same equation of state 
parameter  1Gw = −  as the cosmological constant 1w = − . At the same time, the GCDM model is 

free from the known shortcomings of the  CDM model described  above [7].    

Do situations still exist when cosmological acceleration can be generated by classical stochastic 
gravitational waves, and not just quantum virtual gravitons? This problem acquired practical 
significance after the experimental discovery of gravitational waves [8]. The energy density of the 

matter filling the Universe is decreasing with time as
3( )

m
a t −

 and now it is about 30% of the 
general energy balance of the Universe, so that about 70% of it is a share of dark energy [9-11]. This 
means that the modern Universe could be filled with stochastic gravitational waves generated by 
various sources [12-14] including fluctuations of the metric of such an almost empty Universe itself. 
What kind of GWs are capable of generating de Sitter accelerated expansion? 

Same as in the case of cosmological constant, to accelerate the expansion one needs to have an 
“external” (with respect to the Universe described by GR) source of energy. In the cosmological 
constant case, it is the energy of a non-gravitational vacuum [15,16]. In the case of virtual gravitons, 
it is the energy of gravitational vacuum [4, 6]. It could be also, e.g., an instanton mechanism as GWs 
come into the Universe from “nowhere” [17] and references therein. It also can come in from 
“nowhere” by other mechanisms [18, 19] 

The classical gravitational waves (GWs) could generate cosmological acceleration if they came 
to causally connected regions of the universe from somewhere outside. In particular, they could be 
super-horizon gravitational waves or waves coming from “outside” of the Universe, i.e., from 
“nowhere”. As it was shown in [20, 21] (see also Section 5), the linear GWs (of small amplitude) are 
able to form the de Sitter regime of the accelerated expansion in the Euclidean space-time. Using the 
Wick rotation this solution can be analytically continued into the Lorentzian space-time of our 
Universe. We can say that this de Sitter expansion appeared in our universe from «nowhere»3.  

2. Grigori Vereshkov’s Equations for Stochastic Gravitational Waves of Finite Amplitude  

To the best of my knowledge, at the first time, the equations of stochastic nonlinear gravitational 
waves in Riemannian space-time were published in work [21] (Appendix A)4. The general approach 
to the problem is described in the Section (A.1) of  [21] The situation was considered when the 

geometric characteristics of space-time metric ˆ ikg , , he , onnn oonn, ˆ l

ik
 ,nn , he , orvanhrv , ˆ

ik
R ,nv ,

flrohrnong,frnoonns,fnv,snm ,peysionl,v nsnns.,Ih,is,nssrm   ,enw a v ,henh,he v , xish,v grlnvly,  h vmin  ,
onmpnn nhs, nf, he s , frnoonns, , ikg , l

ik
 ,nn , ikR ,., Ih, wns, nssrm  , nlsn, henh, he , shnn nv , v lnonns, nf,

Ri mnnninn,g nm hvy,nv ,snosfi  .,Hnw,hn, xhvnoh,he ,bnokgvnrn ,g nm hvy,fvnm,he ,flrohrnong,g nm hvy,
is,n,nnn,-hviainl,pvnbl m,b onrs ,nf,he ,nnnlin nvihy,nf,Einsh in, qrnonns.,Hnw a v ,he ,frnoonnnl,inh gvnonn,
m hen ,nllnws,rs,hn, n,henh.,Alsn ,ih,is,onnsi  v  ,henh,he ,m nn,anlr ,nf,he ,vnn nm,frnoonn k

i
  in,he ,

shnosoonl,  ns mbl , is, z vn , i. ., , 0k

i
 = ,, by,   finionn., R f vving, he , v n  v, fnv, peysionl, nn ,

mnhe mnoonl,   hnils, hn, s oonn,A.1,nf,App n ix,A , I,will,pvno   , hn, , s oonn,A.2, “Stochastic Nonlinear 
Gravitational Waves over the FLRW Background”. we v ,he , qrnonns,nf,shnoensoo,gvnaihnonnnl,wna s,
in,he ,FLRW,m hvio,w v ,  via   

We take the FLRW metric of the flat Universe as the background metric. In this case, we have  

 
3 The idea itself to generate DE effect by super- horizon perturbations of density of matter is not new. 

However, attempts to get an acceleration due to perturbations in the density of matter were 

unsuccessful [22-24] 

4 The whole content of the Appendix A was a work of late Grigori Vereshkov who left us untimely 

in 2014. It was supposed to include this Appendix into our joint work [5] but it was not because [5] 

was entirely devoted to quantum effects. And now I think the time has come 
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In the synchronous gage we have 

0

0 00 0 = =                 (3)  

Einstein’s equations in the explicit form before averaging read [21] 

0 , 2

,0 2

ˆ 1 1 1 1ˆˆ 3 { ( ) } 0
4 4 8

l

l

g a a
Xg R

g a a a

   
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2
,

,2 2

, , ,
,2

, ,,
, , ,2

ˆ 1 1 1
( 2 ) { [ 3 ( ) 3垐

2 2

1
( ) }

1 1
[ 2 ]

24

l

l

g a a a a
Xg Rg a a aa a

X X X
a

X X X
a

     
     

       
      

        
        

      

  

     

 − + + − + − + +

− − −

+ − −

(5) 

0
, , , , ,

ˆ 1 1 1
( ) ( 2 )垐

2 4 2

l

l

g a
Xg Rg a

    
                  − + − − −  (6) 

1 1
(exp ) ...垐 垐 垐

2! 3!
k m k m n kk kkX m m nl l l ll l

        = + + + +
       (7) 

In this approach the exponential parameterization (7) has been used, which automatically 
provides conservation of the Energy Momentum Tensor (EMT) of gravitational waves [5]5. In these 
equations dots are derivatives over physical time t. All operations with the spatial indexes are 
conducted with  Euclidean metric. Averaging of Equations (4-5)6 leads to the fact that all terms in the 
curly brackets are zeroed (because the mean of the random variable  is zero) and we get  

21 1
3

4 2

a

a

 
   − =  −    (8)  

2
, , ,

, , ,2 2

1 1
3 6 2

4 2

a a
X X X

a a a

         
              + =  − −    (9)  

We can define the energy density and pressure of nonlinear gravitational wave medium as 
follows  

 
5 There are other types of parameterizations also, e.g., Fierz-Pauli parameterization [25] and a linear 

parametrization used in most of the works known to us (see [5] and references therein). The linear 

parameterization does not provide conservation of EMT, which can be done “by hand” [26].  

 

6 In this paper, averaging is conducted over a 3-space (see, e.g., [26]) 
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2
3

GW

a

a
=   (10)  

( 3 )
12

GW GW

a
p

a

 = − +   (11)  

where 8 G = , speed of light 1c = , G is gravitational constant. Thus, the energy density of 
such a nonlinear gravitational wave medium reads  

2 , , ,

, , ,2

1 1 1 1
( 2 )

8 2 2
GW

X X X
a

           
                    =  − + − −   (12)  

The pressure of such a nonlinear gravitational wave medium can be found from Equations (8), 
(11) and (12). Finally, we turn to the equations for GWs. They need to be divided into equations of 
constraints and equations of proper dynamics. The constraint equations can be obtained from (4-9). 
The equations of proper dynamics follow from (5). They read 

1 , , ,3 ( ),2

1 1 ,[ 3 ( ),2 2

1 1, ,,[ 2 ], , ,2 22
1 1, ,,[ 2 ], , ,2 22

a
X X X

a a
a

X
a a

X X X
a

X X X
a

                    

     

                    
                    

+ − −

− + − =

− − − +

 − − 

−
 (13) 

 

Eqn. (9, 12, 13) can be rewritten in the following convenient form 

2

2

1
3 6

4

a a
EMT

a a
+ =                                      (14) 

21 1
)

8 2
GW

EMT
 

    =  − +                         (15) 

1 , , ,
3 ( )

,2

1 1 1,
[ 3 ( ) ( )

,22 2

a
X X X

a a

a
X EMT EMT

a a

                     

      

+ − − −

− + − −   (16) 

Where the energy-momentum tensor (EMT) is 

1 1, ,,[ 2 ], , ,2 2
EMT X X X

a

                   = − −   (17)  

3. De Sitter Solution for Stochastic Non-Linear Gravitational Waves 

In this section, we show that the de Sitter regime is a solution to the equations (8-12). One can 
check this statement by substitution ( ) exp( )a t Ht=  into LHSs of (8-12). From the LHS of (9) one 
can find the average value of EMT which is  

                                   
236EMT H =        (18)  

After that we get from the LHSs of (8-11) 
                   

2 23 3
GW GW

H p H = = −          (19) 
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Thus, (19) produces the equation of state of the de Sitter expansion with the equation of state 

                
23

GW GW
p H const − = = =                     (20) 

Thus, de Sitter expansion is an exact  solution to the nonlinear stochastic GWs. Now , the 
question is what kind of GWs produce this solution? To answer this question, we have to solve (16) 
to find an explicit form of  function, which can provide solution (20). To start with, let me mention 
the following fact. The de Sitter solution has a specific property that distinguishes it from other 
solutions: both the energy density and the pressure forming its equation of state are constants (20). 
Therefore, in the de Sitter case (and only in this case), the EMT= constant too. This means that 
difference EMT EMT−   must be zero in (16).  Since the very existence of the de Sitter solution 
has already been established in this Section 3, it suffices to determine the explicit form of the function 
in an approximation that can be easily calculated. We consider stochastic GWs over the FLRW 
background in quasi-linear approximation and show that  function found confirms the existence 
of de Sitter solution.   

4. Quasi-Linear Approach 

In the frame of such approach, we take in eqns. (16) 

                                            kkX l l
    (21) 

One can find an exact analytical solution for  function, because in such a case the Left-Hand-
Side (LHS) of (16) does not contain nonlinear terms (and as it was already mentioned, the RHS of (16) 
is zero).  In case (21), the dynamic of GWs is described by eqn. (13), which is a linear differential 
equation but the backreaction of GWs on the background metric is described by (10-12), in which the 
second order terms are taken into account. This means that the interaction of GWs is taken into 
account only through the self-consistent background gravitational field. We assume that GWs are 
gauged and contain only two degrees of freedom. In accordance with [21] (Appendix A.3), we have  

                     

0 0

0

,

0 0 (22)

0 (23)


 


 

   



= =  =

=

    

After that eqns. (9, 10, 12, 13) take the following form 

                 

2
,

,2 2

2
,

,2 2

1
2 (24)
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1 1
3 (25)

8

a a

a a a

a
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  
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    
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 

   
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1 ,

3 ,2
0

a

a a

        + − =            (26) 

                      
21 1

8 2
GW

 
    =  −                   (27) 

Using Fourier decomposition, we can rewrite (26)  

       
2

2
( ) ( ) ( ) 3 0i k
t Q t e H

a

 
    



     =  + + = kx

k kk k

k

x k    (28) 
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The transition from summation to integration taking into account isotropy of space can be 
written as 

                    

3 3 2 2

0

/ (2 ) / 2d k k dk 


→  =  
k        (29) 

Where  is the polarization index.  It is also convenient to make a transition from physical 
time t to proper time     

                          /
t

dt a


=                                      (30) 

In proper time (28) reads 

2

, ,

1
( ) 0,

k k

a
k

a a
     


 + − = =

k k   (31) 

Where primes are derivatives over the proper time  .  

In this approximation we finally get  

             
2 2

2

4 2 2

0

1
3 (

16
GW

a k
dk < k >

a a
  



    



 

 = = + k kk k
           (32) 

2 2
2

3 4 2 2

0

1 1
2 ( )

16 3
GW

a a k
p dk < k >

a a a
  



   



  

− = − = − − k kk k                  (33) 

Here again GW  and GWp  are the energy density and pressure of gravitational waves; the 
superscript ( ) is the sign of complex conjugation.  

Тo check whether the de Sitter expansion law (1) is a solution to the system of equations (32-33), 
we have to` solve (31) against the background of the de Sitter expansion, substitute such a solution 
into (32-33), and check whether or not it is the de Sitter solution 

gw gwp =- =const . In terms of proper 
time, de Sitter background exp( )a Ht=  reads  

                                 
1( )a H −= −                      (34) 

The solution to (31) over the background (34) reads 

3/2( ) [ ( cos sin ) ( sin cos )],
k k k

x k A x x x B x x x x k   −=  − +  + =  (35) 

Where kA  and kB  are the integration constants. The substitution of (35) into (32-33) leads to 
divergent integrals, which means that de Sitter state cannot be produced by the classical gravitational 
waves of the arbitrary wavelengths, i. e. for 0    ( 0 x    in x  terms).  This fact was 
already mentioned in the Introduction. Obviously, it is the direct consequence of (21). GWs located 
inside causally connected regions of the universe cannot accelerate its expansion.  

However, it can be produced by gravitational waves coming from behind the horizon of events. 
The proper distance to the event horizon at time t is  

                                  t

d(t)=a(t) dt /a(t )



  
      (36) 
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the wave number is k=1/ , so the condition  k 1  means a(t) d(t)   . This means that 

the interval of integration in (32-33) must be changed to 0 x 1  . In other words, only GWs of 
super horizon wavelength, i.e., coming from causally unrelated regions of the universe, are able to 
produce an acceleration.  

Assuming that kA   and kB   are of a flat spectrum, i.e., independent on k   and      
averaging over 3-space, assuming for the simplicity that 

2 2 2 2 2<A >=<B >=C /16 3
GW

H const = = , we get for the sum of both modes (without taking into  

account their interaction)
A B

GW GW GW+ =     . Substituting (35) into (32) and (33), we get  

                           1

2 2

GW

0

= (2 1) 3H
GW

xdx x const + = =
   (37) 

                                      GW = GWp −                (38) 

So, we confirmed that the  function (35) is a solution to (13, 16) in quasilinear approximation 
of super horizon wavelengths, which together with (19-20) forms the exact de Sitter regime. 

As already mentioned above, the difference (EMT-<EMT>) must be zero in the de Sitter case. We 
confirm this fact here by direct calculation. The de Sitter regime is unique in the sense that its 
EMT=const because both const and p const = =  . So, one has to expect  

0
deSitter

const const = − = . Of course, this is a specific feature of the de Sitter solution where 
density and pressure are constants, and this is not the case in a general approach.  A proof of this 
fact follows directly from (24).  

, ,

(24) , ,2

1
{( ) ( ) }RHS EMT EMT

a

     
        =  = −  = −  

  (39) 

To avoid cumbersome calculations we consider, e.g., only one mode from (35) 

                       
1 3/2( ) ( cos sin )

k k
x H k A x x x  − −=  −   (40) 

                    

1

2 2 2

2

0

1
( cos sin ) ( )

2
k kxdx x x x A A


 = − −    (41) 

Assuming that A=const, i.e., independent on k, we get 

                                                 0 =              (42) 

Thus, in the frame of approximation (22-27), the de Siter solution (37-38) is an exact solution to 
such a set of equations, with no limitations on the amplitude of GWs.  

If super horizon GWs generate DE, then we can write 

                            
2 2  

GW DE=3H 3H
GW

 =      (43) 

Where DE is the share of DE in the general energy balance. As of today,  DE 0.7  [9-11]. 
Comparing (37) and (43), we get an estimation of the frequency of GWs which are able to provide DE 
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effect. It is 0.84GW H .  The de Sitter horizon is 1
H

− , so the wavelength is 11.195
GW

H − , 
i.e., this is super horizon GWs as it was expected. 

Thus, the first conclusion is that stochastic nonlinear gravitational waves of super-horizon 
wavelengths are able to deliver DE to the observable part of the universe.  

5. Can the GWs coming into the universe from "nowhere" provide the observed energy balance?  

At the first time, the idea of DE as a gravitational instanton was considered in [17]. It was shown 
that quantum metric fluctuations are able to form de Sitter gravitational instanton in the Euclidean 
space-time which can be analytically continued into the Lorentzian space-time of our Universe, 
providing the cosmological acceleration. For classical GWs such a problem was considered in work 
[21] section 1.2 where it was used a different normalization. Besides, there were several misprints in 
that section 1.2. It makes sense to briefly present these results with the necessary corrections. To start 
with, one has to make a transition to the Euclidean spacetime which can be done by Wick rotation 
t i= in the basic equations (28-33).   

To calculate integrals in (32-33), we make Wick rotation in variables t i i  = = −  in 
Equations (31-33). We get the following 

                   2 2

2 2

0

1

16
GW k k k kk dk k

a
   



    



  =  − +           (44) 

                     

2( ) 0
k k

a
k

a
 


 − + =

   

1

a
  =

k k

                        (45) 

    
1 1da da

t i H iH
a dt a id




= = = = −    1/a H=    k =                (46) 

Primes in Eqns. (44-45) indicate derivatives over .  We get the following solution for (45) over 
the background (46) 

                    3/2( ) [ ( 1) ( 1) ]
k k k

i k b e a e
 

     − − = −  + + −                (47) 

To get a finite solution, one has to choose 0ka = . Thus, we get  

                         3/2( ) ( 1)
k k

i k b e


   − −= −    +                        (48) 

Substitution (48) into (44) leads to the following equation for the energy density 

             
2 2 2 2

2

0

1
[ (1 ) ]

16
GW kb e d






    



−=   − +                    (49) 

Assuming that
2 2

k
b b const = = .  

2
b 

is the mean square of the amplitude of the 
gravitational waves in the ensemble in imaginary time. The averaging is performed over the 3-volume 

[13]. We also assume that the spectrum is flat, i.e., it does not depend on wavelength k . The integral 
in Eqn. (49) reads 

                                

2 2 2

0

[ (1 ) ] 3 / 4e d
   


−− + = −

         (50) 
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From (49-50) we get 

                

2

2

2

3
3

64
GW DE

b
H


 

= =                             (51) 

Following (43), we have to denote  

                          

2

2

264
GW

b
H


 

=                            (52) 

Which leads again to (43).  

The passage from Euclidean to Lorentzian space-time and vice versa (analytical continuation) 
can be done automatically, considering (46)  

                     exp( ) exp( ) exp( )H iH i Ht   = −  =           (53) 

Thus, de Sitter regime can be produced by both super horizon GWs and/or GWs coming from a 
Euclidean spacetime, i.e., from “nowhere”. 

6. Coincidence problem 

As it was mentioned in Section 1, none of the existing hypotheses about the origin of DE are 
unable to solve the coincidence problem: why DE appeared recently, “why now?”  In work [7], we 
answer this question. For the sake of completeness, we will briefly outline our argumentation given 
in the work [7]. In short, our reasoning was as follows. Heisenberg’s equations for Fourier 
components of the transverse 3–tensor graviton field and Grassman ghost field are [4]                                                                                                                       

                          

2

2

2

2

3 0

3 0

k
H

a

k
H

a

   

 

+ + = 

+ + = 

kk k

k k k

           (54) 

                  

 

3

3 3

4

8 8

a
i

a a
i

    

 

+ 
      −

 
     ++

 = − 

 = − = − 

k kkk

kk k kkk

         (55) 

One–loop effects of vacuum polarization and particle creation by background fields are 
contained in equations (54) for gravitons and ghosts. All details regarding the graviton model of DE 
can be found in [4]. In proper time    the equation (54) read

                                                                                 
2

, ,

1
( ) 0,

k k

a
k

a a
     


 + − = =

k k           (56) 

primes above functions denote derivatives over the proper time  . Note that the eqn. (54) takes 
the form (31) in case of classical GWs (if to remove Heisenberg’s operators and the ghost sector (55)).  
Note also that the term /a a , in,he , qn.,(56),is,n,onns qr no ,nf,he ,onnfnvmnl,nnn-inanvinno ,nf,he ,
gvnaihnonnnl,fi l . 

As was already mentioned in Section 1, the generally accepted model of DE is the CDM
model which  stands for the cosmological constant. This model is in surprisingly good consistency 
with the observational data on supernovas, gravitational lensing and acoustic peak. Note that the 
graviton theory of DE (GCDM model where G stands for the gravitons)) is consistent with 
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supernovas observations with the same accuracy as the CDM  [5], and in distinction of CDM  
model, it does not suffer from the coincidence problem.  

In terms of redshifts «the Universe has gone through three distinct eras: radiation dominated, 
z 3000  ; matter-dominated 3000 z 0.5   and dark energy dominated z 0.5  » [3]. The 
question “why now?” has existed since the discovery of DЕ [6, 7] in 1998-1999. The conformal non-
invariance of the gravitational field (plus zero rest mass of graviton) answers this question. Note that 
in the proper time the laws of expansion of the contemporary universe (with the equation of state 
p=0 ) and de Sitter accelerated expansion (with the equation of state p = − ) read, respectively 

                               2( )a const =        (57) 

                                     
1( ) ( )a H  −= −       (58) 

Only in these two cases out of all possible cases do the equations for virtual gravitons and ghosts 
(56) in a medium with p=0 (57) and in a medium with a de Sitter expansion law (58) coincide with 
each other (in both cases 2a /a=2/ ) [8]. This means that only from the present state of the universe 

with its equation of state p=0  do gravitons freely pass into the state of the de Sitter expansion with 
the equation of state p=-  , without "feeling" the difference between regimes. In other words, only 
now, during the matter dominated era of the universe’s evolution the transition to de Sitter 
accelerated expansion is most likely. It answers the question “Why Now?”.  

The same reasoning is applied to the classical GWs after removing the ghost sector and 
Heisenberg’s operators from (54-55).   

Thus, the short answer to the question ‘Why Now?” is conformal non-invariance of gravitational 
field and zero rest mass of graviton. This fact is also a weighty argument in favor of the idea that DE 
is an effect of gravitational field origin. 

7. Conclusion 

The dark energy effect could appear only in the modern era of the evolution of the universe, i.e., 
exactly as it is observed, which answers the old question :”Why Now?”.  This fact solves the 
coincidence problem. The energy needed to accelerate the expansion can be brought by stochastic 
gravitational waves coming from “nowhere” (e.g., from Euclidean space-time).  The other 
possibility is a quantum effect of virtual gravitons [4, 7]).  

Acknowledgments: I am grateful to Daniel Usikov for discussing of this work.  
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