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Because of the assumption Ey(y) = E;(G) [see Eq. (6.2)], the results (3.107)
and (3.108) mean that for the universe we must assume the proper energy

1
2By =2ppc Y% R = pyc cz%avr(Ro2A)3 =
= poc ¢ % w(Ryr)* =1.039:10¥ eV, | (6.65)
where 7 =2% =126 is again the dimensionless time-independent comoving

coordinate of the proper distance d = R,r .

Using the data of Tables III to V, the results, derived from Egs. (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 Egs. (6.6) to (6.9), we have derived the values of the Hubble parameters

Hyg = 2(7)/tgg = 9.643-10" s =2.976-10 kms ™ Mpc™ (see Eq. (6.7))
and Hy = z(7)/to =1.234-102 57" =3.808-10°" kms™ Mpc ™" (see Eq. (6.9))
for the massless universe (Rgg < R < Rp;). They are the limiting values of the
continuous function (6.12). However, between the Hubble parameters
Hey = zy(7) [ty =1.234-10? 57" = 3.808-10°! kms™ Mpc™' (see above) and
Hy =Wy, = 9.275-10% 571 =2.862-10% kms™ Mpc™' [lower limiting value
of the early massive universe (Rp <R < 1?0) according to the new inflation

model (see Egs. (2.14) to (2.18))], we have a discontinuity (see Eq. (6.10)).
These Hubble parameters are father than that of the Planck observations 2013

[12), which yield H, =2.181-10"8s" = 67.3kms™ Mpc™ (see Table I). The
connection between all these values is given by Eq. (6.10). Consequently,
instead of Egs. (6.7) and (6.10), we can also write
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Hyp=——2) __ _2976.10% kms™ Mpc™, (7.1)
tpplp (1 +2y) Hy :
Hy = zy()[1 + 2] Hy = 3.808:10°" ki s™ Mpe™ 72) .
and
= Y5 (1+ 2y)* Hy = 2.862-10% kms™ Mpc™ (7.3)

i.e. Eqs (7 1) and (7.2) show clearly a continuous connection by H = Zo(y)/t
for tzp <t <tp, whereas between Eqs. (7.2) and (7.3) we see again a large
discontinuity.

According to Ref. [1], in the radiation-dominated early (R <R < Eo) and
late (Ry <R < R)) massive universe {2210’ for the new inflation model [see
Egs. (2.14) to (2.18)]}, because of #=1/QN®Q,Ys(1+2H, as well as

Roct” and R ot (see, e.g., Ref. [1]), we have the continuous connection
H=R/R=1Y2=4}QNOQY:(1+2°H,. (7.4)
For t =1y, because of N(T) = 1/2Q and z = zM [1, 2], Eq. (7.4) gives again

the expression (7.3). :
Because Egs. (7.2) and (7.3) yield a discontinuity at the Hubble parameters

Hp, and Hp, we expect also a similar discontinuity bétween H|, of the Planck
observations (see above) and H, . (see below) of the accelerated expansion
(2.27). This assumption is clear because H, was derived from measurements

of the CMB, which was formed 3.72-10° years after the big bang [7], whereas

the accelerated expansion began 7.70-10° years after the big bang (see Eq.
(2.35) and also below), i.e. at two very different epochs of the evolution of the

universe. Therefore, the Hubble expansion rate H, = 67.3kms™ Mpc ™', which

in Ref. [7] was assumed as the present Hubble “constant” of the universe, is
interpreted as the present “Hubble constant” of the CMB, so that this new

Hubble “constant” H, = 67.3kms™ Mpc™ can be used further as basis for all

hitherto existing considerations for the evolution of the universe, i.e. it must
also determine all Hubble “constants” of the universe. Thus, we expect that this
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~present CMB value Hj,=673kms ' Mpc™ must also yield a new Hubble

“constant” for the beginning of thé “present” accelerated expansion of the

universe, so that this “constant” has a larger value H, , > H, (see Eq. (7.6)).
Then, the accelerated expansion can be described uniquely and continuously

via Eq. (2.38). Then, from the beginning (2.35) of the accelerated expansion,

we can write

(c27\/3) 1, —

H -
Q/ ty—7

ace

LH,. ‘ (7.5)

Then, taking the data at the expression (2. 38) we can apply ty—t=2.72- 10" s
and t,~7 =1.928. 10”s (1, = (4.358%0. 016) -10"s see Table I), so that Eq.
(7.5) gives

H

acc

fy —
’0
i.e. the epoch of Eq. (7.6) begins at 7 = 2.43-10'7s = 7.70 Gyr.
The result (7.6) means an extremely rapid expansion in contrast to the value
Hy=673 kms™ Mpc“l. To this problem, we will return below.

= Ho =3.08- 10‘18 1 =95.0kms Mpc™! (7.6)

In Eq. (7.6), for 1+2z,,, =1.632 (beginning of the accelerated expansion [1,
2]), by the result (2.15), via the accelerated expansion (2.27), we have

determined the time ¢ =1.638-10""s, whereas for Zeq >> 221 (2, see Table

I) according to Refs. [1, 2, 6] the time 7 = 2.43-10"s is defined by

- 2 JQA(1+z)-3+JQA(1+z) +Q
t =t(Z)——7 ; (77)
3 H, Q/ V0
whereat the corresponding scale factor [1, 2, 6] is givenby
1 .
R 1 Q. A . 4 N}%
—=——=|—2| [|sinh(}QRH,t)(" =
Y [QA) [sinh(3; 261, 7)
2
o Vs e%SE%HUTH__e—%Q;\AHnT %
a (7.8)
Q, 2
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Analogously, for 1+z=1.05, we have estimated ¢=4.088-10'"s and
7 =4.139-10"s, so that instead of Eq. (7.6) we find now

\ acc — :0 —'; HO =2.69 '10—18 S—1 = 83.01(1118-1 Mp.c-—l s (79)
0~ ‘ '

whereat the value 1+z=1.05 represents a lower limit because of the
accuracy of the data. Consequently, the result {(7.9) means a decrease of the
accelerated expansion if it is compared with the value (7.6).

Then, for z=0, because of r=¢, and 7 =t,, Egs. (7.6) and (7.9) yield the
indefinable value H,  =(0/0)H,. Instead of this value, we apply the results
(3.42) according to Refs. [1, 2] i.e. we can now estimate the présent Hubble
parameter by the semi-empirical expression

2~ — A
Hypo = Ay/3) = twh g (7.10)
Consequently, taking the data, applied in the result (3.42), we have
tur —fp =3.676-10'7s and (7,,In2)—t,=3.322-10"s, so that Eq. (7.10)
yields (via the cosmological parameters of Table I) as present Hubble
parameter

Hy,=—"0"0 g _241.10"s=744kms  Mpc,  (7.11)

i.e. the epoch of Eq. (7.11) begins at #, = 4.358-10"7s =13.81 Gyr (see Table I).
after the big bang. Thus, we need no new physical assumptions. .
Then, for £ >¢,, at t,; =8.034-10""s and 7, In2 =7.680-10""s [1, 2], we
assume semi-empirically
2 .
() =| i =f0 | Cn D7 (7.12)
Thus, for H,(f) = H,, we obtain
_ (ter =10 Vl(zs In2) = 1]) 75y In2 - 15 _
t= : =
(e =16 Vl(zs2 In2) 1, ])* —1
=6.103-10'75=19.34Gyr. (7.13)
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Therefore, in future, from ¢ =19.34 Gyr, for H,(¢) < H,, the expansion of
‘the universe is still slower, i.e. the accelerated expansion is decelerated.

Consequently, the results (7.6) as well as (7.9) and (7.11) mean a father
expansion than the value H,=2.181-10"%s"=673kms™ Mpe™ (see
above). However, the Hubble parameters (7.9) and (7.11) yield a slower
expansion than the value (7.6). Because of the result (7.13), the accelerated
expansion of the universe is extremely reduced at #=19.34 Gyr. This result
agrees with the derivation of a slow linear expansion [1, 2], which is
characterized by the expressmn 11, 2]

—l—iAU 2.733-10 257, . (7.14) .
AU d :

where AU —1 49597870700(3) 10" m describes the astronomical unit [10],
whereas dAU/dt [1, 2] represents the astronomical unit changing [1, 2]

4 AU = C[Qm( 1+ z3a)" + QA/( 1+ ZMNA)]_—_*Rearth i Rsunv =

dt : R,

=(12.95%) emyr™ ' . (7.15)
in accordance with the observation [19]

diAU=(1514) cmyr | (7.16)

The values Ry, =6.378137-10°m and R, = (6 9551%0. 0004) 108m are

the equatorial radii of the earth and the sun [10].
Then, by Egs. (7.14) and (7.15), because of R, =¢/H, (see Table l) for the

slow linear (lin) expansion, we can assume its Hubble parameter to
1 d

Hy, ¥—'—AU=
AU dr
= [Qm(1+zWA)2 +QA/(1+ZWA)]£°@~X[#HO =
=0.843kms ™ Mpc™'. : (7.17)

Consequently, in future, the result (7.17), means a slow linear expansion of
the late massive universe (see above) in comparison with the Hubble
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parameters 95.0kms™ Mpc"lZlﬁfacc>0.843kms"1 Mpc™ {see Egs. (7._6),

(7.9), (7.11) and (7.17)}.
Thus, at H,(f) = Hy, , we get

ace

(H{)/Hlm)([fctr to)/l(z35 In2) =4, ] 7y In 2 legr - _
(Ho/ Hyn ) (e = 1o V(52 10 2) =1 ] —1
=7.676-10"7s=24.32Gyr . . (7.18)
Therefore, in future, at H,  (¢) = Hy, , i.e. from ¢ =24.32 Gyr, the slow linear

. expansion of the universe dominates up to the final state of the massive
universe.

Indeed, the present Hubble parameter HaccO =744kms Mpc™ (see Eq.
(7.11)) is confirmed by the observations of Riess et al. [20], which yield a
value for the present Hubble “constant” of 74.03kms™ Mpc™'. The deviation
between these two expansion rates is about 0.5% . Thus, we cannot more
denote the Hubble parameter H, = 67.3kms™ Mpc™ as present expansion

rate of the universe, since it was interpreted as the present Hubble “constant”
of the CMB, so that we have assumed that we can express all Hubble

parameters as a function of the present CMB value H, = 67.3kms™ Mpc™ of
the Planck observations 2013, since the present CMB value is slower in
comparison with the present Hubble “constant” H, ., =74.4kms™ Mpc“l.

Thus. we have used the present CMB value H| as basis for the description of
the evolution of the universe, since it was reasonably derived via data [12] of

the CMB formed at 3.72-10° years after the big bang. Because of these
assumptions, in this work, all considerations are correct.

Consequently, our result of a slower expansion of the massive universe is in
contrast to the interpretation of Riess et al. [20], in which the universe
expands always father, i.e. this interpretation contradicts the known physics
and is only understandable in the framework of a new physics [20], whereas
our far-reaching result agrees with the known physics [A cold dark matter
model ( ACDM ) confirmed experimentally].
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Because of a better explanation of the dark energy in the second. half of Sec.
4, for the confirmation of this far-reaching conclusion, we use the new
particle-defined cosmological parameter values of Table VI, since the
accelerated expansion is determined by the normal dark energy

@p —0683+883§ (introduced by Eq. (4.24) and Table VI) via the vacuum

energy density 721 ¢ =Q¥ proct =0 29%013):10% eV em™, which is again

defined by the 3 sterile neutrinos Vpr Vam and v, (see Sec. 4), i.e. we expect

that we can estimate a still better present Hubble “constant” H,.., than

H,

ace,0

=74.4kms™ Mpc ., using again the result (7.10). Therefore, we apply
following procedure in 3 steps.

Firstly, via this vacuum energy density p:ac_ ¢t = (3.29:“8:12)-103. eV cm_3,
according to Eq. (3.8), we determine the distance

E? %
dhe =| — Pl =(3.311709%.10% m, 7.19
off [hc%Q*A*ngcz%ﬁJ ( 0.075) (7.19)

so that because of Egs. (3.15) and (3.42) including (7.10) the lifetime 7; — 3,
of the sterile neutrinos is found to

Ty = Do _ =(. 1o4+8 053)-10"% s = 3498973 Gyr. (7.20)
C
Thus, the corresponding expression (z;, In2) —¢; yields
(z3In2)—1 = (3.301014).10"s. (7.21)
Secondly, using Eq. (2.30) with N(T') = 3.362644 , we can form the condition

B 122G 1,
T = T 3 T = Py € =

pvac( ) 3 15 (h ) N(T) PVEI .

=0 pgc ¢ =(3:29015).10% eV em™2, | (7.22)

i.e. the temperature 7" can be determined to :
T =51.49"03 K, , (7.23)
so that we obtain the redshift cond.iti()n
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14z = T _1s. 89%03s . : (7.24)
. TO
where now the influence of the normal dark matter Q)" begins (see Eq. (2.20)).
Then, taking the blueshift condition '1+z(ve) =0.406'002  of the electron
neutrino (see Eq. (2.67)), analogous to Eq. (2.22), we estimate now the mean
redshift condition 1+ zy,, to ‘

1+ 2 = (L4 23 |10 2] = 27697384 (7.25)
where it defines the mean negative acceleration I'éf,INA via Egs. (2.23) and
(2.24), i.e. we obtain this mean negative acceleration to

B =——EcH0[Q (1+ Zhpa)? + Q0 [+ Zipen) | =
= (-8.64"08)-10 cm 572, (7.26)
if the transformations H, — H, =2.191-10%s7!, Q_— Q! =0.311 and

Q, —> Q} =0.683 are used according to Tables V and VI. Consequently, via
Eq. (2.26), the effective scale factor Ry is glven by

-k
R =—MNA 2 63+028).10% m 7.27
‘ o = O 2 =(2.632931)" (7.27)
so that via Eqgs. (2.27) or (2.28) by the corresponding values of Table VI we can

determine the time difference

Lo —1y = “1 in Retr (3.61*:352) 10”s_11 44*333 Gyr. (7.28)
: Q / : RO

Thirdly, using the results (7.21) and (7 28), via the corresponding expression

(7.10), we find more exactly,the present Hubble “constant” H aco0 1O~

Hipo = —‘fﬂl’— _H: =74.0°2 kms™ Mpc™! (7.29)
( To2 In 2) rﬂ :
i.e. the deviation between the observed value 74. 03 kms™ Mpe™ (see above)
and the result (7.29) is very small.
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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

*EK

also the introduction of the normal (Q} ) and the total (Q}") 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 dependence of the cosmological “constant”

The cosmological “constant” problem has a complex history [21]. In this waork,
for the total (massless and massive) universe, the vacuum energy densities or
cosmological “constants”, introduced already in" Refs. [1, 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 are initially restricted to the results of Sec. 3.1. Firstly, we take
into account only the 3 limiting cases (Hubble time ( 7y ), Planck time (#p;) and
big bang (tgg)). Secondly, we treat generally the case ¢ <ty . Thirdly, we

consider the case f 2 #p,.
Now, we describe firstly the 3 limiting cases (Hubble time, Planck time and
big bang). For the Hubble time z; = I/HO =4.585.10""s, we have '

3H
pvac,A'c =Q_AP0CC =Q, =
3¢ 3 N7 a3
=Q, ———=327-10*eVem (8.1)
87 Gy Ty :
or
' 30 3Q
A=A, =—A = A —
bR cZ/Hé
- QA =1.087- 10*52 (8.2)

2 T





