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Be.cause of the assumption E0 (y)= E0(G) [see Eq. (6.2)], the results (3.107) 
and (3.108) mean that for th� universe we must a�sume the proper energy 

½
2E

H = 2Poe c
2 
¾ n-RJ = Poe c2 

½ n-(Ro 2 3 )
3 
= .

= Poe c2 ¾ n-(Ro r)3 
� 1.039 )089 eV, (6.65) 

where r = 2½ 
= 1.26 _ is again the dimensionless time-independent �.omoving 

coordinate of the proper distance d = R
0 
r . 

Using the data of Tables III to V, the results, derived from Eqs. (6.44) to 
(6.65) for the massive universe, are also valid for the massive anti-universe. 

7 Hubble "constants" as a function of cosmic evolution epochs

The Hubble "constants" determine how fast the universe expands over the 
time. Because of Eq. (6;10), they must possess discontinuities in the cosmic • 
evolution. · 

By Eqs. (6.6) to (6.9); we have derived the values of the Hubble parameters 

HBB = z
0
(y)/tBB = 9.643-1074 s-1 = 2.976-1094 km s-1 Mpc-1 (see Eq. (6.7)) 

and Hp1 =z
0 (y)/tp1 =l:234-1012 s-1 =3.808-1031 km s-1 Mpc-1 (see Eq. (6.9)) 

for the massless universe ( RaB s R s Rp1 ). They ar� the limiting values of the 
continuous function (6.12). However, between the Hubble parameters 
Hp1 

�z
0
(y)/tp1 

=l.234-1012 s-1 =3.808,1031 km s'.""1 Mpc-1 (see above) and
Hp1 = 1/2tp1 = 9.275-1 042 s-1 � 2.862-1062 km �-I Mpc-1 [lower limiting value 
of the. early massive universe ( Rp1 s R s Ro) according to the new inflation 
model (see Eqs. (2.14) to (2.18))], we have a discontinuity (see Eq. (6.10)). 
-The�e Hubble parameters are father than that of the Planck observations 2013 
[12], which yield H0 = 2.181-10-18 s·1 = 67.3kms-1 Mpc-1 (see Table I). The 
connection between all these values is given by Eq. (6.10). Consequently, 
instead ofEqs. (6.7) and (6.10), we can also write 
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This excellent agreement confirms our hypothesis that the joint origin of the 
dark matter and dark energy is based on the sterile neutrinos [ 1-4] as well· as 
their breakup and decay products (see above and Ref; [1]). This result supports 
also the introduction of the normal ( n;) and the total ( n;* ) dark energy in 
the present work (see the second half of Sec. 4): 

Using the data of Tables III to VI, the corresponding results, derived in Sec. 
7 for the massive universe, are also valid for the massive anti-universe. 

8. The time depen�ence of the cosmological "constant''

The cosmological "constant" problem has a complex history [21]. In this work,· 
for the total (massless and massive) universe, the vacuum energy densities or 
cosmological "constpnts", introduced a.lready in R�fs. [l, 2] as variable 
quantities, are compared with the prediction of the quantum field theory. For 
.this goal, they are written in their time-dependent form, whereat the 

· considerations c1re initially restricted to the results of Sec. 3.1. Firstly, we take
into account only the 3 limiting cases (Hubble time (TH), Planck time { tp1) ·and
big· bang { t88 )). Secondly, we treat generally the case t :S: tp1 .' Thirdly, we 
cons_ider the case t ;::: tp1• _

Now, we describe firstly the 3 limiting cases (Hubble time, Planck time and
big bang). For the Hubble time TH = 1/ H0 :;:; 4.585-1017 

s, we have

or 
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