HADRONIC JOURNAL 43, 363 - 461 (2020) -363 -
DOI 10.29083/HJ.43.04.2020

UNIVERSE AND TIME-REVERSAL ANTI-UNIVERSE AS ETERNAL
CYCLE OF EVOLUTION WITH PHOTON REST ENERGY, HUBBLE
“CONSTANTS” AND TIME-DEPENDENT COSMOLOGICAL “CONSTANT”

H. Strusny
Hohenschoenhauser Str. 1
10369 Berlin, Germany
p.ressel@freenet.de

Received March 25, 2020

Abstraet

In this work, we give a detailed review of the transition from the final state of
the universe and the time-reversal anti-univérse in the direction to the state of
the big bang as a start of an eternal cyclic evolution, i.e. these two states are
related to one another, so that we can estimate their parameters and the lifetime
of the sterile neutrinos. The ‘beginning of the universe and the anti-universe
results from two equivalent energy uncertainties via one quantum fluctuation of
the vacuum (origin), so that they expand in the opposite time directions. These
Euclidian universes are based on the zero-point oscillations. The dark matter as
well as the dark energy are described via the massive sterile breakup neutrinos
as well as the massless sterile neutrino decay and breakup products,
respectively. We estimate the rest energy of the photons, so that we can derive
the quantum mechanical zero-point velocity. This rest energy of the photons,
which must be identical with the rest energy of the gravitons, is confirmed by
the intergalactic magnetic field. In the framework of the ACDM model, we
derive various Hubble “constants” for the different epochs of evolution of the
universes in excellent agreement with the most recent observations in 2019,
Thus, in future, we observe a slow linear expansion of the universes instead of
their accelerated expansion, i.e. their accelerated expansion is decelerated. Via
a time-dependent cosmological “constant”, we solve generally the discrepancy
between the vacuum energy of the Planck scale and the present-dark energy as
a continuous transition in accordance with the quantum field theory. The same
solution is obtained from the big bang to the final state of the universe, using
again the Planck scale.

Copyright © 2020 by Hadronic Press, Inc., Palm Harbor, FL. 34684, USA
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1 Introduction

According to Ref. [1, 2], we consider a total {“massless” (0 = Rgg < R < Rp)
and massive (R > Ry )} universe, where R,z << Rp and R < R;, describe the

radius distance of the big bang (BB) and of the “massless” universe, whereas
R, and R>Rp are the Planck distance and the known scale factor,

respectively. The denotation “massless” universe, we have applied because it
contains mainly massless and nearly massless particles. It is determined by the
gravitation [1, 2], whereas the massive universe is defined by a new inflation
model [1-5] and the Friedmann-Lemaitre .Equations [1-12]. In Refs. [2-5], we
have shown that these universes have a Euclidian geometry.

In work [2], for the total (“massless” and massive) anti-universe, all
assumptions derived from the known properties of the antiparticle, are
completely correct. Unfortunately, in contrast to work [2], the work [1] gives a
negative scale factor — R as one incorrect assumption instead of the correct
positive scale factor R for the anti-universe. Thus, we define once more the
correct assumptions for the anti-universe in this work with starting point,
universe, (see Sec. 3.10). We propose that the total (“massless” and massive))
anti-universe had its existence in the past, i.e. for a negative time direction
—00 ¢ ~t < =iy < 0. Thus, for the anti-universe, because of its negative

time direction (from the big bang at —f;; to the past), the Friedmann-

Lemaitre Equations provide an expanding anti-universe with the scale factors
greater than zero as well as the negative velocities —c <—v <0 (see Table IV).
For the universe, we have the positive time direction (from the origin (big
bang at +55) to the future), so that the Friedmann-Lemaitre Equations yield
an expanding universe with scale factors greater than zero as well as positive
velocities ¢>v > 0. Thus, the Friedmann-Lemaitre Equations give a time
reversal solution, in which anti-universe and universe result from two
equivalent energy uncertainties via the uncertainty relation by one quantum
fluctuation of the vacuum (origin).

In the works [1-4], we have uniquely estimated the rest energy of the light
neutrinos and the supersymmetric grand unification particles. The works [1-4]
show clearly that the massive universe (and anti-universe) are completely
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described by the (present), cosmological parameter values [1-12], which were
also exactly estimated in Refs. [1, 2] via the light (anti)neutrino density
parameters [1-5], multiplied by the different ratios of the relativistic energy
and the rest energy of the supersymmetric grand unification (anti)particles [1-
4]. On this way, it is also possible to calculate the rest energy and number
density of the heavy and the sterile neutrinos [1-4], using the astronomical
unit changing [1-5] and observed data of one sterile neutrino (as long-sought
dark matter particle candidate [1-4, 13]).

At R < Ry, for the “massless” universe and anti-universe, we must use the

quantum cosmology or the quantum gravity. However, unfortunately, to this
day, this quantum gravity is still highly incomplete and yields therefore no
reliable predictions because the connection between the cosmological
“constant” and the vacuum energy density is not clear [6]. Therefore, in the
works [1, 2], for the “massless” universes, by aid of the virtual matter of the
quantum vacuum, we have derived a simple solution for the long-sought four-
dimensional quantum gravity. In works [1-3], we have derived generally the
vacuum energy density for the total (“massless” and massive) universe and
anti-universe, so that we solve generally the problem of the connection
between the vacuum energy density and the cosmological “constant [1, 2].
These universes exist by the zero-point oscillations [1].

Thus, this four-dimensional quantum gravity, which is transferable to the
massive universes, permits the determination of the parameters of the big
bang and the evaluation of the lifetime of the sterile neutrinos via the
transition from the final state of the universes in the direction to the big bang
[1, 2]. Thus, we obtain a cyclic evolution of the total (“massless” and massive)
universes as a result of the dark energy converted into photons and neutrino
relics by the complete decay of the sterile neutrinos via the gravitation [1, 2].
Thus, this decay process must lead to an overheat of the final state of the
universes because of the particle accumulation by deceleration, so that their
heat death takes place [1]. Therefore, from these final states, we find to the
“massless” universes and the big bang [1].

Using the expansion in opposite time directions from the big bang, the
momentary beginning of the formation of the “massless” universe and anti-
universe leads to a separation of the virtual particle-antiparticle pairs of the
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quantum vacuum into real particle pairs (matter) in the “massless” universe
and antiparticle pairs (antimatter) in the “massless” anti-universe via the
gravitational interaction. These separated particles and antiparticles are in a
new thermal equilibrium with the photons, so that at the Planck length all real
particles and antiparticles have the Planck energy kTp = Ep,; as relativistic
energy for their start in the correspondingly separated massive universe and
anti-universe [1, 2].

Consequently, at R = Ry, all separated particles (universe) or antiparticles
(anti-universe) have the Planck energy as relativistic energy, i.e. the non-
separated particles and antiparticles can be formed only by interactions
between the separated particles or antiparticles, so that these non-separated
particles and antiparticles disappear again by annihilation. These interactions
~ are determined by the known laws of nuclear physics or elementary particle
physics. Because the statistical particle weights were derived by aid of these
laws, the new thermal equilibrium has no influence on .these statistical
weights [1, 2]. In the old interpretation, where for the universe the non-
separated particles and antiparticles are produced simultaneously by photons
with the thermal energy of the sum of their rest energy in this old thermal
equilibrium, so that this interpretation leads to difficulties at the explanation of
the separation of matter and antimatter [1, 2].

In this work, for a better intelligibility; we give firstly a detailed review for
the transition from the final state of the universes in the ditection “big bang” as
a start of an eternal cyclic evolution, so that these two states are bound with
each other. The reason of this final state is a mean negative acceleration [1-5]
interpreted as Pioneer anomaly [1-5, 14, 15]. We confirm the parameters of the
big bang and the lifetime of the sterile neutrinos, so that we can corroborate the
eternal cyclic evolution of the universes, whereat we derive a time reversal
solution for anti-universe and universe, in which they begin their existence via
two equivalent energy uncertainties by one quantum fluctuation of the vacuum.
Secondly, we describe the dark matter and dark energy by the special
properties of the sterile neutrinos. Thirdly, on the basis of all these results, we
propose a solution of following important problems.

The existence of the new thermal equilibrium is supported by the light
neutrinos. ’
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We estimate the rest energy of the photons and the gravitons in accordance
with their limiting values [16]. The existence of the rest energy of the photons,
which is probably identical with the rest energy of the gravitons, is confirmed
by the measured general galactic magnetic field [9, 17] and the theoretical
magnetic neutrino moment [1-5, 10, 18].

Theoretical data, derived via the rest energy of the photons, permit far-
reaching conclusions about the Hubble “constants”. The Hubble expansion rate

H,=673 kms™ Mpc™', which in Ref, [7] was assumed as the present Hubble
“constant” of the universe, is interpreted in this work as the present “Hubble

constant” of the cosmic microwave background (CMB), since it was derived by
the Planck observations [12] from the measurement of the cosmic back ground

radiation, which was formed at 3.72-10° years after the big bang [7], 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 (see Sec. 7).
Thus, in the ACDM model, we assume that this present CMB value
H,=673kms™ Mpc™ must also yield a new Hubble constant for the

beginning of the “present” accelerated (acc) expansion of the universe, where
we expect this new Hubble “constant” with a larger value H,,, > H,. After the
accelerated expansion, we have a slow linear (lin) expansion [1, 2] with the
new Hubble “constant” H,,, << Hy, derived by aid of the astronomical unit

changing [1-5, 19]. The accelerated expansion is decelerdted, so that pr"esehtly
we must observe the present Hubble “constant” .., with the condition

H,. > Hyoo > Hy. The calculated value H,, is excellently confirmed by

ace,
'the most recent observations of Riess [20] in 2019.

Via time-dependent vacuum energy densities or cosmological “constants”
(see, e.g., Ref. [21]), we solve generally the discrepancy between the vacuum
energy of the Planck scale and the present dark energy as a continuous
transition in accordance with the quantum field theory. The same solution is
obtained from the big bang to the final state of the universe, using again the
Planck scale. We demonstrate this behaviour from the big bang to the Planck
scale as well as from Planck scale to the final state of the massive universes via
the X, Y gauge bosons [1-5], the Higgs boson and the electron.
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Thus, this work is organized as follows. In Sec. 2, we summarize the
necessary equations and parameters. In Sec. 3, for a better intelligibility of
this work, we give a detailed review for the universe and the time-reversal
anti-universe as an eternal cycle of evolution, whereat we -derive the
transition from the final state of the massive universes in the direction to the
big bang of the massless universe (Sec. 3.1), the lifetime of the sterile
neutrinos (Sec. 3.2), the constant volume of the sterile neutrinos (Sec. 3.3),
the heat accumulation in the final state of the universe as a result of the very
high energy density (Sec. 3.4), the mean (maximum) energy of the “massless”
and massive universe (Sec. (3.5), the zero-point oscillations as an existence
form of the massless universes (Sec. 3.6}, the particle horizon and the zero-
point oscillations for the early and late massive universe (Sec. 3.7), the
greatest possible gravitational energy and the hypothetical superforce of the
particle interactions (Sec. 3.8), the very high temperature of the big bang (Sec.
3.9), the time reversal solution for anti-universe and universe (Sec. 3.10) as
well as the eternal cyclic evolution for anti-universe and universe (Sec. 3.11).
In Sec. 4, we explain the present dark matter and ‘dark energy via the special
properties of the sterile neutrinos. In Sec. 5, we give a reasonable argument
for the new thermal equilibrium via the light neutrinos. In Sec. 6, we estimate
the rest energy of photons and gravitons including conclusions. In Sec. 7, we
calculate the different Hubble “constants” as a function of the cosmic
evolution epochs. In Sec. 8, the time dependence of the cosmological
“constant” is derived. In Sec. 9, we give a short summary. The values of
physical constants, used in this work, are given in Refs. [7, 10].

2 The necessary equations and parameters

In Refs. [2-5], we have generally derived k=0 by Q;, =1 and Q,;(z) =1, so
that in the ACDM model the Friedmann-Lemaitre Equations are given by

L \2 2
LA [%J = S_ﬂEN_p+E_A (2.1
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and _

R 4zGy 3P\ ¢

—=——2L| p+—[+—A, 2.2

R 3 (p ¢ ] 3 @2
where H = H(t) is the Hubble parameter, R = R(¢) is the scale factor, Gy, is
thegravitational constant, p is the mean mass density, A is the cosmological

constant, P is the isotropic pressure and c is the speed of light in vacuum.
It is usual to introduce the mass density [1-3, 5-8, 10]:

PEP TPt = lQ +Q (RO/R)3+Q RO/R)4JPOC—

[QA+Q A+2) +Q,( 1+z)“] 3H° (2.3)
v
where according to Table I p, is the present, critical density
3 H? |
= ' 2.4
Poc = Py GN (2.4)
The radlatlon density parameter 2 is deﬁned by
Q = 5 N(T) Q,, ' (2.5)

where the statistical particle weights N(7") are given in Refs. [1-3, 10]. For
example, in Eq. (2:8), at temperatures T << 0.5MeV, N(T) has the value
N(T)=3.362644 (see also Sec. §), (2.6)
since the only relativistic species are photons at temperature T as well as
massless or nearly massless neutrinos and antineutrinos of three different
types at the temperature 7, = “n 1)%T because of the entropy conservation
[1-3, 6, 8]', i.e. N(T) of Eq. (2.5) has the value 3.362644 [6; 8] at the present
CMB temperature T =T, =2.7255K (see Table I) and increases at higher

temperatures (see Refs. [1-3, 10]). Thus, the present, massive universe
contains a relic background of light neutrinos [6] with the temperature

4 V4 o |
T0=(1—1-j T,=1.9454K. __ 2.7)

v,

The radiation density parameter Q, [1-3, 5-8, 10] is defined by
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Q= AW _ 5 46.10° (2.8)
- Poc '
with the radiation density [1-3, 5-8, 10, 11]: ,
po(y) = {m* 15 (W)} (kT,)" 2.9)

where % and k describe the reduced Planck constant and the Boltzmann
constant, respectively:. ‘

In an expanding universe, the observed wavelength A of the light emitted
(e) from a, distant source with A, is shifted towards the red. Via the

Friedmann-Robertson-Walker metric [1-3, 5-8, 10, 11], this so-called redshift
z is defined for these photons by

ezl K T o (2.10)
A R T,

(v}
where R, and R are the scale factors of absorption and emission of light,

respectively. Then, by Egs. (2.3) and (2.4), the relativistic formula (2.1) yields

- \2 3 4
i =H | Q,+Q_ (&) +Q (&) (.11
Ar) 0 R R
with the general solution
A=)~ = [ g 2.12)

TOH N x( @+ Qux T+ Quxyh
where x = (R/R;) = (I/[1+ z]).

The most important parameter values, which were partly above introduced,
are summarized in the Table 1, which contains the critically analyzed observed
(present) cosmological parameter values for the massive universe according
to Ref. [7]. For better comparison of observed and estimated cosmological
parameter values, we mention here also their measured Planck 2013 data
[12], summarized in Table Il. In Ref. [1, 2], we have shown that for the
description of the massive anti-universe the (present), cosmological
parameter values of Tables | and Il are also valid, except the values H, and #,
which are here negative. This behavior can be attributed to the known
properties of particles and antiparticles according to Table Il [1, 2]. Using
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these special properties for the Friedmann-Lemaitre Equations, we have also
assumed the most important quantities in Table IV, which are necessary for
the description of the “massless” and massive universe and anti-universe (see
Sec. 1). In Refs, [1-4], we have estimated particle-defined (present)
cosmological parameter values for universe and anti-universe, given in Table
V. They agree well with the observed data in Table .

It is usual to take apart Eqg. (2.3) in the dominant density terms in
dependence on the redshift evolution (2.10). Then, for example, if the universe
expands adiabatically, the entropy per comoving volume is constant, so that
we can describe the mass density of the radiation-dominated universe for

z210° (T'23-10°K) by
p=pe= BN Q(1+2) o = KNI (1+2) po(r) - (2.13)
By the new inflation model [1-5], for the redshift evolution 1+ z, we have

e . (2.14)
I+zy 1+z
R=(1+ZM)1?=&, - (2.15)
_ 1+z

where R and R characterize the scale factors for the emission of light of prior
to and ‘after the inflation, whereas R, and R, define the constant scale factors
for the absorption of light before and after.the inflation, respectively.

In Refs. [1-4], we have proved that these cosmological parameters of Tables
| and Ii are excellently described by particle-defined, (present), cosmological
parameter values, calculated by the light neutrino density parameters as well
as the ratios of the relativistic energy to the rest energy of the SUSY GUT
particles. In detail, we have summarized these particle-defined, (present),
cosmologlical parameters in Table V (see above). In Ref. [1, 2], by aid of the
data of Tables Il and IV, we have shown that these particle-defined, (present),
cosmological parameters are also valid for the anti-universe. Because of the
excellent agreement between these observed (Tables | and Il) and calculated
(Table V) cosmological parameters, we apply always the cosmological
parameter values of Table | in this work at the calculations except for the
second half of Sec. 7. '
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TABLE 1. The most important, critically analyzed, (present), cosmological
" parameter values [7] of the massive universe. In this work, H, is interpreted

as the present CMB Hubble “constant” (see also Sec. 1). ® Calculated by us for

h=0.6731£0.012. ® Different fits [7]

Hubble
expansion rate

critical present
density of the
universe

baryon
(proton)
density of the
universe

(cold) dark
matter density
of the universe

dark energy
density of the
universe

Poc =3H} /S”GN

Q, = Pb/Poc

Qim = Pdm/ Poc

Q, =PA/P<')C‘

Quantity Symbol, equation  Value
present day Ty 2.7255(6) K
CMB '
temperature

~ present day H, 67.3+12kms™ Mpc—1 =
CMB Hubble 3 g
expansion rate =hx(9.777752 Gyr) " =

=(2.181+0.039)-107% s

scale factor for & 0.673+£0.012

1.05375(13)-105 #? (GeV/c?) em™ =
= 4.77(17)-10* (€V/c?) em™

0,02207(27) 2 = 0.0487(23)%,
0.0499(22)”

0.1198(26) 1 * = 0.265(15)%,
0.265(11)

- 0.6851091
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Quantity

Symbol, equation

Value

pressureless
matter density of
the universe

CMB radiation
density of the
universe

curvature

sum of neutrino
masses

neutrino density
of the universe

redshift of
matter-radiation
equality.

redshift of photon
decoupling -

redshift at half
reionization

age of the
universe

Hubble length

Qm =Qb +Qdm

Qy = p;'//pOC

Quor = Qpy +Q +-0

Zm“,cz
QV . pv/pOC

¢q

Zdec

Zteion

0.315290:
2.473-107°(T/2.7255K)*h2 =

=5.46(19)-10°

0.96704 (95% CL);
1.000(7) (95% CL; CMB +BAO)

<0.23eV

<0.002557%; <0.0055

3360+ 70

1090.2+0.7
11.1+1.1

13.81+0.05 Gyr =
=(4.358£0.016)-10" s

0.9250629-10%4 ' m =
=(1.375+0.025)-10% m ¥
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TABLE-1ll. The measured, cosmological parameter values of Planck 2013 [12].
In column 1, the corresponding parameter symbols are given. The column 2
gives results for the Planck temperature data alone. Column 3, denoted as
Planck+WP, combines these Planck data and the WMAP polarization data at
low multipoles.

Planck Planck+WP
Parameter Best fit Best fit
[68% limits] [68% limits]
H, [km/sMpe]  67.11 67.04
[67.41+1.4] [67.3£1.2]
Q, 0.6825 0.6817
[0.686+0.020] [0-685f81812
100 Q, 42 2.2068 2.2032
' [2.207+0.033]  [2.205+0.028]
Q, W 0.12029 0.12038
[0.1196 £0.0031] [0.1199+0.0027]
Q. h? 0.14300 0.14305
[0.1423£0.0029] [0.1426+0.0025]
Aget, [Gyr] 13.819 13.8242
[13.8131£0.058] [13.817+0.048]
Zeq 3402 3403
[3386+69] [3391£60]
7. 1090.43 1090.48
[1090.37+£0.65] [1090.4310.54]
z 11.37

reion

[11.1£1.1]
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TABLE lll. The most important known properties of particles and anfiparticles.

Property Particle Anti-particle
energy ' E E

mass ‘ _ M M

time t =¥
momentum p -p
velocity _ v ~v
elementary electric charge q - —q

TABLE IV. The most important quantities of the “massless” and massive
universe and anti-universe, derived via the known properties of the particles

and the antiparticles (in connection with the time reversal). ®

Quantity Universe Anti-universe
energy E E
temperature T T
Boltzmann constant k __ k

mass density P 2
gravitational constant | Gy | Gy

age Iy fo
distance; scale factor R R

acceleration B R
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TABLE IV, continued.

Quantity Universe Anti-universe
velocity including ¢~ R —R
reduced Planck constant h‘ —h

time t —f

Hubble expansion rate H -H
present CMB Hubble constant  H ' -H,

scale factor of H,, h —h
ionized charges | q -9

YIn work [2], for the total (massive and “massless) anti-universe, all
assumptions derived from the known properties of the antiparticle, are
correct. Unfortunately, in contrast to Ref. [2], the work [1] gives a negative
distance and scale factor — R as one incorrect assumption instead of a correct
positive scale factor R . We have here corrected this quantity.

Table V. The estimated particle-defined (present) cosmological parameter
values for universe and anti-universe according to Refs. [1-4] (compare with

Tables | and Il). ® Universe: “+”sign, anti-universe: “—"sign.

Symbol, equation  Value for universe and anti-universe

[ h|® 0.67363.91%5

E G 1004 km s Mpc™ = 67.36*1% km s~ Mpc™!
= hx(9.777752Gyr) " = (2.1837953)-10 78 57!




Table V, continued.

-377-

Symbol, equation

Value for universe and anti-universe

poc =3H3 837Gy,
)

Qo
- Qy=py/Poc

Qg = Pdm/Poc

Q) =pa /Poc
Q=P /Poc
Q, = py/Poc
Q,=p,/Poc
z:m‘,c2

2Q

m

Crn S
“NDQ,

Zdec

Zyeion (Vr )

(1373

(4.7

13.82705¢ Gyr

1

0.02211

0.1202"

0.31

.00 N
0.14237000% h™2 = 0314

+0.15
8—0.14

+0.01
1—0'.01

+0.00089
-0.00091

0.0059
0.0051

10,020~ 126
T0.021)°107 m

)-10°(eV/c?) em™

h —2

- 0.020
gh ?= 0.686" 051

- 0265933

+0.013
—-0.012

B2 =0.0487+0.0020

(2.4728+0.0025)- 10 1™ = (5.45013

(6357014

(5974014

3423107

1090.7

11.6

0 +0.31

)-1074 K72 = (1.4027054

)-1072eV

-0.26

)-107

}.107°
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In Ref. [1], for the anti-universe, the negative sign of the scale factor is
incorrect. In this work, using the time reversal of the time component of the 4-
vectors and the tensors, we have corrected this inadmissibility, which is based
on a careless application of the CPT conservation.

According to Refs. [1-5], via the present critical mass density (2.4), for the

‘conditions (2.14) and (2.15), the quantities 1?0 and R, were found to

L Ry =(Ryc/Hp = (4.713%£0.042)-107 m (2.16)
and
Ry =c/H,=(1.375£0.025)-10° m . (2.17)
The quantity . oo
1+ 2y =T—M=ﬁ=§£=(2.916i0.026)-103° (2.18)
T, Ry |

enlarges the early (massive) universe (Rp, < R< EO) by the enormous factor
1+ 2y =2.916-10* to the late (massive) universe (EO < R), whereat 1), is
the temperature, which is defined by the magnetic monopoles (M) via their
rest energy (see Eq. (2.58) or Refs. [1-5]).

In Refs. [1-5], by aid of the blueshift 1+z(v,)= 0.406i8:g§2 of the light
electron neutrino v,, for the final (f) state of the universe, we have found its
scale factor to / : ‘l
R=R;=R(v,) = K (3.397021Y.10% m. (2.19)

1+2z(v,) ,

In Eq. (2.4), according to Refs. [1-3, 5], the influence of the dark mass density

Q, poc begins at '

14z, =18.90*5% , (2.20)
so that by Eq. (2.15) we find its minimum scale factor
R=R, L. (7.28+0.32)-10% m. : (2.21)
142z, = : ‘
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/ Because of the expressions (2.19) and (2.21), which define the range of
- influence of the dark energy (Q,), for the mean, negative acceleration
(MNA), we must assume the average of their redshift conditions [1-3, 5];

' R 1
| =2 =1 1 2 =2.771010" 2.22
+ZvNa RRG) ( + ZA] 1+ Z(Ve)])/ ~0.12 ( )

so that we obtain the corresponding scale factor [1-3, 5]:
R .
0 =(4.96031)-10" m. (2.23)
ZMNA
Consequently, according to Refs [1-3, 5], by Eq. (2.2), for A =0, at the
pressure P =0, in the matter-dominated universe, we obtain this mean

negative acceleration to
1

Ryyp =a= _EHg[Qm(Ro/RwA)‘S +QA]RMNA =
=(-8.717878).10% cm s™2. - : (2.24)
The value (2.24) agrees excellently with the Pioneer anomaly [14, 15]. Then,
by Eq. (2.2), for A=0 (wCDM model), according to p = p,,. 4 =2, pc (see

Eq. (2.3)) and P =—py 4 ¢t = = Poc c?, the acceleration of the “present”
accelerated expansion (see below) is positive [1, 2] because of

- R=Q,HR. (2.25)
Thus, for the end of this “present” accelerated expansion, the effective (eff)
equilibrium condition R + Ryq,.= 0 yields the effective scale factor [1, 2]:

iy _ :
e = — DA = 267-10% m. : (2.26)
adZg -
Because the “present” accelerated expansion [1, 2] is defined by
% , Sl
R - RO eQAzH_O (=) _ RO eH(r—to) at H= Q%HO , (2.27)
. the effective equilibrium takes place at the time
te =1, +%1n£°‘i =8.034-10" s = 25.46 Gyr , (2.28)
) QH, R

where £, describes the present age of the universe (see Table1).
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Consequently, after this effective equilibrium, according to Refs. [1, 2], we
have only still a slow linear expansidn. By this slow linear expansion, in Refs.
[1, 2], we find the provisional age of the final state of the universe to

1, =2.136-10° 5= 6768 Gyr . (2.29)
This age 6768 Gyr is much greater than the age 1= Foxp (Ve ) 29.63 Gyr 'in
Refs. [3-5], which is alone defined by the “present” exponentlal expansion of
the universe, i.e. for R=R; = R(v,) = 3.39-10% m in Eq. (2.27).
However, to the result (2.29), where we must still take into account the
influence of the general vacuum energy density or the corresponding
cosmological “constant” of the massive universe, we will return in Sec. 3.2.

According to Refs. [1, 2], the general vacuum energy density or the
cosmological “constant” of the massive universe were found to

122D 1

Prc(T) 315 ey N (2.30)
or
A=A= SﬂGN PraeT) =~ 7 ()" 1. (2.31)

45" E}(hc)* N(T)~
respectively. Using Eqs (2 30) and (2.31), we can introduce the two conditions
1 7Z' (kT) R

T TG =D Diee 232
pvac( ) 3 15 (hC) N(T) pva AC A,DOC ( )
and
4 ;
A=l e (Zkr) 5 ! 2A=AA=3—92£, (2.33)
45" E%(hc)* N(T) R

where on the right-hand side the terms describe the corresponding values of
the “present” accelerated expansion of the massive universe [1, 2].
 Using N(T)=3.362644 (see Eq. (2.6)), by the two conditions (2.32) and

(2.33), we get the lower limiting temperature _
T =5141K. . (2.34)

This temperature agrees excellently with the value T =(1+2z,)I;, =51.45K,
where for 1+z, =18.90 the influence of the vacuum mass density Q, pyc
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begins according to Eq. (2.20). Thus, we assume that the vacuum energy
density (2.30) influences the “present” exponential expansion, which therefore
is considered as follows.

According to Refs. [1, 2], at the redshift condition 1+2z,, =1.632, the

“present” accelerated expansion began after the big bang at the time

H(Z,0) = 2-43-10" 5 =7.70 Gyr . (2.35)
Then, by Eq. (2.15)), we find the corresponding scale factor .
R=R(z,,) = Ry/(1+2,,) =8.43-10"m. * (2.36)

Using Egs. (2.27) and (2.36),. the fictitious beginning of the “present”
accelerated expansion takes place before the time

thoo =ty —1 = 2.72-10"7 s =8.62 Gyr, ) (2.37)
seen backward from the prese\nt age f, = 4358-10"s of the universe (see

Table 1). We can solve the discrepancy between Eqgs: (2:35) and (2.37) if we use
the cosmological “constant” (2.31) in the following expression

- QpH
(-1 =g —) =77 =
0 \ 0 2A/3)y
QfH,
(os 7Y N () B 125
derived in Refs. [1, 2].
Thus, we can solve the discrepancy between Egs. (2.35) and (2.37) if in Eq.

(2.38) we select T =1(z,,,) =2.43-10"s, so that for #,—¢=2.72-10""s the
result (2.38) provides (02/\/3)/2 =2.55-10*“‘3s_1 with A=2.16-10"2m™ or

Pone () ? = 6.50-10°eVem™ for N(I')=3.362644 at T =61K .

Therefore, in the matter-dominated universe, by this constant temperature
T = 61K, the influence of the dark energy (vacuum energy) begins a little

earlier for the “present” accelerated expansion
R = R(zy) = Ry R0 (239

Finally, we summarize still the results of the quantum gravity [1 2] for the
massless universe (R < RP]) According to Refs. [1, 2], we have obtained here

=(t—1)

(2.38)
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the following expressions for the connection between distance R as well as
thermal energy &7 or particle (P) rest energy E,(P):
R=Cw P 4r O
g Pl
for the vacuum energy density:

2 2
2 _ 2 ”_Epl

Ey(P), (2.40)

acRcziAvcc = : H (2.41
PuacR) ¢ = ¢ =50, 1= (24
for the cosmological “constant™:
~ 16 3 1
A=A=—7nQ, —, 2.42
45~ T R? 242)
for the distance: :
R=ct, (2.43)
for the thermal particle number density:
2 2 2 S
R 2
mp(R) = LD _ PN 2 7 1 (2.44)
kT - E,(P) 3 15 R
for the kinetic photon energy:
2
. Ex(y)=2.701178 kT =2.701178’§11R , (2.45)
_ - ke

and for the thermal photon number density:
2 2 2
n,(R)=2.701178 Puac(B)E” _ Puac(R)C” _ 397 g % : (2.46)

Ex(y) KT 3 715 R .
Consequently, we have np(R) =n, (R).

The usefulness of the expressions (2.40) to (2.46) is demonstrated at the big
bang, for example, in Sec. 3.1. .

In Refs. [1-3, 5], for the three light (left handed) neutrinos (electron neutrino

Ve, muon neutrino v, and tauon neutrino v_ ), we have estimated the

following rest energies for these neutrinos: o
Ey(v,) = (1.58915.008)107eV '~ (2.47)
Ey(v,) = (8.85%18)-107eV, | (2.48)

Ey(v,) = (4.931912)-10%eV . (2.49)
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Then, the sum of the neutrino rest energies (see Egs. (2.47) to (2.49)) gives
the approximate solution

D Eo(v) = Ey(v) + Ey(v,) + Ey(v,) = (5.97*014)-1072eV, (2.50)
where the subscript i =e, 4, 7 characterizes the e, 1 and 7 neutrino.
According to Refs. [1-3, 5], we have derived the following general expression
for the light neutrino density parameters:
Q,(v;) =(429.88910.095) Ey(v;) Q, =
=(0.010630£0.000011) Ey(v;) HZ, : ' (2.51)
where
| Q, =(2.4728+0.0025)-10° 12, (2.52)
Then, using the rest energies (2.47) to (2.49) together with the radiation
density Q, =’(5.46i0.19)-10_5 (see Table 1), by Egs. (2.51) and (2.52), we
get the following neutrino density parameters;
Q,(v,) £ (0.683'354) Q, = '

= (1.69799).105 K% = (3.73793%) .10°7%, ‘ (2.53)
Q,(v,) = (3.805505%)Q, =

= (9.417018)-10 K™% =(2.08+0.11)-107*, (2.54)
Q,(v,)=(119:953)Q, =

= (5.24701.107 12 = (1.157°098y 1072 (2.55)

The sum of Egs. (2.53) to (2.55) determines the total neutrino density
parameter as follows

Q,=30,)=(256875%)Q, = ,
=(6.357019)-107* h™% = (1.40273383y 1073, \ (2.56)
In Refs. [1-3, 5], we have estimated the rest energy of the X and Y gauge
bosons as well as the magnetic monopoles to '
Eg(X) = Ey(Y) = (2.675153) - 10" GeV (2.57)
and ' ;
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E,(M) =(6.849+ 0.063)-10' GeV, (2.58)
respectively. According to Refs. [1-3, 5], the correctness of the estimations of
the rest energies of these particles of the supersymmetric grand unification
theories (SUSY GUTs) (see Egs. (2.57) and (2.58)) can be proved by their
coupling constant a;r, which is defined by

dgur = ZolX)

Ey(M)
in excellent agreement with the value o, ~0.04 obtained by a completely

=0.0391" 0001 ; (2.59)

different way via the extrapolation of the gauge couplings constants of the
standard model to very high energies [7]. * .
By the Gunn-Peterson effect [1-6], the intergalactic neutral hydrogen (Hl)

gas, which has the density ny;(z) # 2.42:107 7(z) h E(z) em ™ (see Ref. [6])
{using E(z)=[QA +Q (1+2)° +Qr(1+'z)4]% (see Refs. [1-3, 5])}, can be
estimated according to Ref. [6] by the measurement of its optical depth 7(z)
from flux decrement in quasar spectra at the wavelength A4, =121.6nm in
Lya absorption (of the neutral hydrogen), which has a very large cross-
section for 4 '

Lya

: 27 hc
TIGM << TLyog =

Ly
The observations show that at a redshift of order z~5-6 the neutral
hydrogen, left over from the time of recombination, becomes reionized by
this ultraviolet light (ﬂLya =121.6 nm ) from the massive stars (quasars) [6, 8]. _

Consequently, according to Refs. [1-3, 5], via Eqs. (2.54) to (2.56), at
N(T)=3.362644 (see Eq. (2.6)), for this reionization, we assume that the

- redshifts z

=1.183-10°K . - (2.60)

of the neutrinos

| 2 Z,QV(V:' )
Zreion (Z}Vi) = W -

reion
1=1427437 (2.61)

2Q,(v,) +0.31
: =—21>7 _1=11.60", 2.62
Zreion (Vz-) N(T) Q}, -0.26 ( )
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and

2Q (v

200 126350025 (2.63)
NT)Q, '

define the beginning, the half and the end of the reionization, respectively.
This assumption is supported by the neutrino temperatures

Zreion (Vp) .

T(Yv) = 114 Zeion Q¥ | Ty = 41.62 K, ' (2.64)
T(v,) ={1+ Zgion () } T, =34.34 K ' (2.65)
and ’
T(W,) ={1+ zion (v,) } Ty = 6.168 K , (266)

since they fulfil the condition (2.60).

We see that the value (2.62) agrees excellently with the redshifts of the half
reionization in the Tables | and Ii, which were found on completely other way.
This fact is a strong argument for the correctness of the assumptions (2.61)
and (2.63) as the beginning and the end of the reionization, respectively.

At the electron neutrino, its blueshift [1-3, 5] is defined by

L 2() = 20 = 0406232, @6
e o

so that the scale factor of the final state of the massive universe is determined
via the expression (2.19).

In this work, the results of the most recent analysis of the observed
cosmological parameters and the 3 neutrino oscillation parareters of Ref [16]
‘are not applied, since within the error limits these most recent data agree well
with the corresponding cosmological parameters of Ref. [7] and the 3 neutrino
oscillation parameters of Ref [10]. Therefore, a renewed calculation of all
astrophysical parameters, determined in Refs [1-5], where they were derived by
aid of the cosmological parameters of Ref. [7] and the 3 neutrino oscillation
parameters of Ref. [10], is first necessary, if new better measurements are
available, since within the error limits the application of the cosmological
parameters and 3 neutrino oscillation parameters from Ref. [16] gives similar
results. Thus, in this work, we use always as basis the cosmological parameters
from Table I, given by Ref. [7]. We will return to this problem in Sec. 4, where
we have exceptionally derived correspondingly new cosmological parameters
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(Table VI) as a result of a new interpretation of the dark matter and dark
energy, which are needed in the second half of Sec. 7.

Using the data of Tables III to V, these considerations, derived in this Sec. 2
for the universe, are also valid for the anti-universe.

3 Final state and big bang as well as the time reversal solution
and the eternal cyclic evolution of universe and anti-universe

In this Sec. 3, via results of Refs. [1, 2], we give a detailed review, whereat we
show the relationship between the final state of the universe and the big bang.

3.1 The final state of the universe and the big bang

According to the results of Refs. [1, 2], in this chapter, via the relationship
between the final state of the universe and the big bang (see also Sec. 3.11), we
calculate their parameters.

At the time 7 =8.034-10'7 s =25.46 Gyr (see Eq. (2.28)) or the scale

factor Ryy =2.67-10%m (see Eq. (2.26)), we have the end of the “present”

accelerated expansion because of the effective equilibrium (see Eq. (2.26)), so
that here the final value of the dark (d) energy E; is found via the vacuum

energy density Py x €2 = Quppc ¢ =3.27-10°eVem™ (see Eq. (2.32)) to

Ey=Qupoce’ Y7 dgg » ENERY
where the proper distance d g is defined by '
dete = Regy Tty = Rege ¥ (3.2)

with » =r as the dimensionless, time-independent, comoving coordinate

distance (see Refs. [1, 2, 6, 8, 11]).
Using the hypothesis of the joint origin of the dark matter and dark energy by

the three sterile, neutrino types Vo, Vam and v, (see, e.g., Ref. [1]), we can
assume that this dark energy E,; must be distributed among the decay products
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of these sterile neutrinos (V). Assuming initially the decay condition of these
sterile  neutrino types via the gravitation into one photon with the energy of
their half rest energy }5 E(V) and one sterile neutrino relic with the énergy of

their half rest energy Y E,(¥) (see Refs. [1-4]), all these photons
KT, = )5 Ey(V) must define in average the half dark energy Y E; as the
greatest possible thermal photon energy kT according to

kT =Y Ey=3 (kT) =3 (4 Ey()). (3.3)

v y
Therefore, applying the -new thermal equilibrium [1, 2] between the photons
kTy, and the 'sterile neutrino relics Y Ey(v), because of the energy
conservation, all these sterile neutrino relics ) Ey(V) = kT}; must also form in

average the other half of the dark energy Y E, as the greatest possible thermal
energy kT accordingto ‘ X
KT =Y By =Y (kTy) = - (15 E(9), (34)
VA4 KV
since the corresponding energy 7, Z,, of the sterile neutrino relics must be
equivalent to k7, of the corresponding photons. The nature of the decay
product J Ey(¥) = kT, is explained by Eq. (3.135). |
The gravitational potential energy Vy, (dey) of these decay products can be
defined by

Gy (M E)*  he (BE,)? ' |
I/gr(deff) =_iV (A d) =— (A 4d) ) - (3.5)
' ¢ Aege Ep  dy
Using V,, (degy) = }4 E4, We obtain

- Gy .,, . ke
deff=—fiv“%Ed=—2‘%~Ed- ' (3.6)

(& Ep,

" By Egs. (3.1) and (3.6), we find the condition
Ao = 2,7% Q,pocc® 47 doge (3.7
Pl

with the solution of the proper distance
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]
doge = 2 & =3.321-10%m (3.8)
e Qupoce” K7 , .
so that Eq. (3.2) gives
P =Ty = Dotr _ 1.2438. (3.9
: Rog
Using Egs. (3.1) and (3.8), we get quantitatively the dark energy
Ey =Qupocc” % mdag =5.017 10% eV, (3.10)
By the result (3.10), the assumptions (3.3) and (3.4) are trivially defined by
KT = Y By = Y (KT,)) = ()4 Eo(9)) = 2.509-107 &V (3.11)
' y ¥
and |
KT = Y, Ey = Z(kTM =3 (3 Ey(9)) = 2.509-10% eV : (3.12)
VA P4 '

Then, according to Refs. [1, 2], via Eq. (3.11), the thermal photon number
density 7, (Reg) 1 found to

2.4041138 ( 1 Ey

R.)=2.701178
n;'( cff) '7Z'2, he

whereas because of Egs. (3.4) or (3.12) for the sterile neutrino relics their
thermal number density 7, (Ry) must be equivalent to n,(Reg), 1.8

3 N 3
) =1353.10%2cm™, (3.13)

according to Eq. (3.13) we have the condition
2 3
7" (B Ed) 282 | -3
1 (Ro) =1, (R ) = —— ~*+—%—=1.353-10""cm ~. 3.14
}év( eff) }/( eﬁ) 15 (hc)3 ( )
Thus, at” Ry = 2.67 .10%m (see above), in the massive universe, because of -
n,(Reg) = n%‘;(R_eff) , we have a stable equilibrium between the photons and

the sterile neutrino relics, since still no complete decay of the sterile neutrinos

has taken place. , B .
Taking the result (3.8), the proper lifetime 7, of the sterile neutrinos can be

assumed to



-389-

rﬁ='dc—ff=1.108-1018s=35.11(}yr. | (3.15)

c
Consequently, for 7. = 8.034-10"7 s =25.46 Gyr (see above), if we use the
denotation n(v) for the total nu_mber density of the sterile neutrinos, because of

their constant volume V() (see Sec. 3.3), by the universal decay law

My (tee) = (V) €7 %, (3.16)
we have the decay of the half of all sterile neutrinos, since we observe -

o (tege) = Y3 1(P) (3.17)
Therefore, via Egs. (3.13) and (3.14), we assume :

15 (e ) = 1, (Rege) = 1y (Rege) = 1.353-10%2 e >, (3.18)

so that for the total number density of the sterile neutrinos we get
n(9) = 21, (Rgr) = 25 (Regy) =

| ; |
1 . . )
=2x2.701178 2'4042“38 (/;_lEdj =2.706-10*? cm™ . (3.19)
/2 4 :

Then, for the final state of the massive universe, at R, =3:39-10% m (see
Eq. (2.19)) or ¢, =2.136-10"s = 6768 Gyr (see Eq. (2.29)), we can assume a

complete decay of all sterile neutrinos with n(¥) =2:706-10%> cm=, so that

because of the complete conversion of the dark energy we get correspondingly
an unstable equilibrium (see Eq. (3.135)) between the photons with

ny(Rf) = 2ny(Reﬁ') & n(‘l)) =

. 3 B
v N
=2x2.701178 2'40421 i (/Zh Ed] =2.706-10*** cm™ (3.20)
' T .nc

and the sterile neutrino relics with
n(v) = ny(Rf) » ”%0(Rf) =2n,(Ryr) = 2”%")(Reﬁ)) =

. g 3 !
1 i
=2x2.701178 2'40421 fe (A Eq j =2.706-10%%? cm™ (3.21)
. T hic _ ‘
This. unstable equilibrium leads to a transition from the final state of the

massive universe in the direction of the big bang of the massless universe.
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Therefore, for example, by Egs. (2.46) and (3.20), because of partlcle
conservation, we assume the condition

24, z 1
n,(R =
( BB) y 15 RBB
3
: ,

=n,(R;) =2x2.701178 2'40421138(45‘1‘] (3.22)

with the solution for the big bang distance
1 _
7 Q A hc o8
\ Rpp = =2.069-10""m. (3.23)
292.2273.| W E, '

Then, the remaining parameters of the big bang are defined as follows. By
Eq. (2.43), the big bang has taken place at the time

%
Q,
. 2 R 69011077 s, (3.24)
¢ |2922273] 4E,

According to Egs. (2.41) and (2.42), for the big bang, the vacuum energy
density or the cosmological “constant” are given by

2 2 7[2 EP]

Rpp)c® =P ==Q, — =
pvac( BB) Pvac - 3 }'15 théB

= Q;A 2 247 -3
- 7 hc)3 (}é E )" =4.227-107" eVem (3.25)
or
45 Ry
( Q,)¥ (2922273 (/ Ed] =1.406-10? m (3.26)
respectlvely

Then, using Eq. (2.40) and the uncertainty relation, the smallest possible
particle energy kTnp and the energy uncertainty EBB (see Egs. (3.128) and
(3.129)) for the big bang in the universe are correspondingly found to
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1
2 Q Aop
Ky = 2R R = z 1 5631075 eV (3.27)
hc 2922273 | W E,
and
' - s B h EZ :
Epp =kl = © TP _4769.10%eV . (3.282)

2py 2Ry 2Ty
Then, Eq. (3.28 a), multiplied by a factor 2, gives the greatest possible
relativistic energy Egg = 2Eg5 by the origin (see also Eq. (3.130)) to
2
Epp =2Eg, el PO Bn g s37.00% eV, (3.28b)
'sg  Rpg Klpg
- In Eq. (3.28 b), the expression fic/ Ry is interpreted as the potential energy of

a new attractive force, similar to the gravitational force (see Eq. (3.110)). To
this new force, we will retiirn in Egs. (3.114) and (3.115). .

With that, we have shown the relationship between the final state of the
universe and the big bang (see also Sec. 3.11), since the transition, from the
final state of the massive universe (R; = R > Rp,) in the direction to the big

bang of the massless universe (0 —-Rgpp < R < Ry;), means the start' of an
eternal cyclic evolution of the total [massless (Rpg < R < Rp;) and massive
(R¢ 2 R = Rp))] universe (see Sec. 3.11). More generally, when the universes

begin by a hot big bang, they must have also an end and a fresh start.

Using the data of Tables III to V, all results, derived in this Sec. 3.1 for the
total (massless and massive) universe, are also valid for the total (massless and
. massive) anti-universe and its cyclic evolution.

3.2 The lifetime of the sterile neutrinos in the total universe

According to Refs. [1, 2], in this chapter, we estimate the lifetime of the sterile
neutrinos in the total universe. For this goal, we must still determine the initial
sterile neutrino number density.
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Therefore, we use the fact that the present day universe contains a relic
neutrino (v) background with the temperature 7, , = (4/1 1)% Ty =1.945K (see

Eq. (2.7)), where v characterizes the light neutrinos, which were assumed as
nearly massless.

For the formation of the particle-defined cosmological parameters (see Refs.
[1-4]), which were identified as the cosmological parameters of the heavy
neutrinos (see Refs. [1, 2]), the necessary energy for the light neutrinos was
taken from the early universe, so that the light and the heavy neutrinos have the

same number density, i.e. #(v) =n(¥) =112cm™ (see Refs. [1, 2]).
Consequently, the light () and the heavy (V') neutrino background must
possess the same temperature 7, , =T;; o =1.945K according to the ideal gas

law because of the constant pressure.
At the pressure P, between the energy E and the volume V', for the
expansion of the massive universe, the kinetic theory of gases yields
dE =-PdV . (3.29)
At the formation of sterile neutrinos, the necessary energy is taken, from the
relic neutrino (V') background, whereat the number density of the sterile

neutrinos (¥ ) decreases to n(¥) = 0.178cm™ (se¢ Refs. [1, 2]).
Therefore, according to Eq. (3.29), at constant pressure, for the heavy
neutrino relic of 7, =1.945K, we must here assume the small volume

changing —1/n(V), so that we get a cooling of this relic neutrino background
from T, =1.945K to Ty, in the large volume changlng ~1/n(V), so that the

ideal gas law yields
Ty = 1l Y T, ,=3.09-10°K, ’ (3.30)
n(V)

i.e. the corresponding thermal photon energy is given by
kT = k(11/4)/ 50 =373 107 eV. (3.31)
Then, using Egs. (2.40) and (3.31), for the quantum gravity of the massless
universe ( R < Rp)), we obtain the distance

R=R;= Z—j k U1/45T,, =4.938-10 cm, (3.32)
) | _
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so that Egs. (2.44) or (2.46) yield the initial thermal numbet density of fhe '
sterile neutrinos, which must be identical with that of the sterile neutrino relics
n;(R;) or of the massless photons 7,(R;) from the decay of these initial

sterile neutrinos in the massless universe, i.e. we have

(Re) =, (B) =20, L

3 715 R

Therefore, by the universal decay law, for n,(R;)=1.989-1

Eq. (3.33)) and n,(Re)=2. 706-10%82 cm ™ (see Eq. (3.20)), using a constant
sterile neutrino volume V() for n ,(R;) and n, (R), we can assume

n,(Ry)=n,(Re) e '™, ' (3:34)

where £, yields the age of the final state of the massive universe, whereas 7,

—=1.989-10"" cm3. (3.33)

0197 3 (see

describes the lifetime of the sterile neutrinos. Their constant volume V' (V) is
determined in Sec. 3.3. Now, we have two possibilities.

F1rst1y, in the variant 1, we can thus calculate 7, =7, using the age
te =tg =2.136:10%s = 6768 Gyr (see Eq. (2.29)) for the final state of the

massive universe.
Secondly, in the variant 2, we can estimate the age f; =1;, for the final state

of the massive universe, taklng T; =75, =1.108- 10" 5 =35.11Gyr (see Eq.

(3.15)).
Then, taking the results (3.20) and (3.33), via Eq. (3.34), the variant 1 yields

T = by (In{ 7 (Re) [, (R;)}) " =1.090-10' 5 =34.52 Gyr,, (3.35)
whereas the Va_riail't 2 provides '

tes = T3p In{ 1, (Rp) /1, (R)} = 2.172-10% 5 = 6883 Gyr. (3.36)

Now, we show that the variant 2 is correct. For this goal, we introduce the

proper distances

dey = Revy, = ety = 6.404-10% m (3.37)
and 4 '

dey = Retpy =ty =6.512:10% m , (3.38)
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where r;; and rg, describe agafn the dimensionless time-independent

comoving coordinate distances » (see Eqgs. (3.2) and (3.9)). Thus, via Egs.
(3.1) and (3.8), because of the dark energy of Eq. (3.10), we can form its
energy densities

N3
Pr1€% = Qupocc’ [‘;eff-] =4.560-10*eVem™ (3.39)
£1 : ,
and
i.)
Pey € = Q pocc? (deff ] =4.337-10eVem™, (3.40)
f2 ¢ .

so that because of the proper volumes V;; and V;, we have the ratios

3 N3 3
| d 1 Ty
P _Tr2 |Gt _[h2 ) 152 L0580 (3.41)
Prr Vo \dn 1) (% ' -

The discrepancy between ¢, =t;, = 2.136-10*°s = 6768 Gyr (see Eq. (2.29))
and f;, = 2.172-10%° s = 6883 Gyr (see Eq. (3.36)) has the plausible reason
that the derivation of #; =1; is alone based on the vacuum energy density
Pras n € = Qpppce” =3.27-10° eV em™ (see Eq. (2.32) and Refs. [1, 2]) or the
cosmological “constant” A, = 3QA/R§ =1.087-10*m™? (see Eq. (2.33) and

Refs. [1, 2]), i.e. the limiting conditions (2.32) and (2.33) yield here the
temperature 7' =7;; =51.41K (see Eq. (2.34)).

However, this discrepancy can be explained uniquely by Eq: (2.38), using the
assumptions for the times 7 =17, In2=7.680-10"s (r;, see Egs. (3.15))
and t =ty = 8.034-10" s (see Eq. (2.28)), so that the result (2.38) provides

=
AT _tr~h  ofg —1997.10 (3.42)
3 (Tf)z In 2) =1

as semi-empirical present limiting value. By Eq. (3.42), we obtain
A=1331-10%"m™, (3.43)
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so that the temperature T' =7}, = 54.07K results from Egs. (2.31) and (3.43)
for N(T') =3.362644 {see Eq. (2.6) or Refs. [6, 8]}. )

For the constant pressure P =—-Q, p,cc>, the ideal gas law yields following
connection between the temperatures T =T;, =54.07K (see above) and
T =T; =51.41K (see also above) as well as the corresponding volumes 7},

and V;, for the state changing according to Eq. (3.41);

3 “\3 3
I, W de, | (2 5 _
fr_ TR B2 S22 2105200 (3.44)
Ty Ve A\ dn It1 T
Thus, we get '
]
Tty %
f1
and
1
7., Y’ |
Tpy =Ty — | =35.11Gyr, (3.46)
Ity )
ie. t;, =6883Gyr (see Eq. (3.36)) and r;, =35.11Gyr (see Eq. (3.15)) are
correct. -

Using the data of Tables III to V, the results, derived in this Sec. 3.2 for the
total (massless and massive) universe, are also valid for the total (massless and
massive) anti-universe.

3.3 The constant volume of the sterile neutrinos

In this chapter, we derive the constant volume V' (V) of the sterile neutrinos

(see also Sec. 3.2) in the total (“massless” and massive) universe.
For this goal, we assume that in the final state of the massive universe by the

sterile neutrinos of the dark energy E, = 5.017-10¥eV (see Eq. (3.10)) the

~

volume V; is occupied, i.e. we have
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V=i o1 534-10% e’ (347

Q, poce
Using the number density n(¥) =0.178cm™ of the sterile neutrinos (see Sec.
3.2), we can introduce their constant volume V' (V) to ‘

y(p) = 2omt) - (3.48)
| n(%) | |
so that for the final state of the massive universe the number N, of the sterile
neutrinos is given by ,
W n(W) TV 2.731-10%

T7V(@)  const(¥)  const(V)
At the enormous age of the final state of the massive universe, we have

assumed a complete decay of the N, sterile neutrinos (s€e Sec. 3.1).
Consequently, in the massless universe, the beginning of the sterile neutrino
decay, which must lead to the results (3.30) to (3.33), takes place in one photon
and one sterile neutrino relic, so that instead of the volume V; these 2 different
decay products must yield the initial (i) volume V; of the stenle neutrinos in

the massless universe to
2

V,=———=11.24cm’>. : (3.50)
n(v) . , -
Thus, the initial number N, of the sterile neutrinos of the massless universe
must be defined by
.= Viﬂ = 2 —. (3.51)
V(v) const(v)
Therefore, instead of Eq. (3.34), we can assume
N, = Npe™t'7, (3.52)
so that via the Egs. (3 48) to (3.52) we can form the expresswns

M=V @), (Ry) = C’(’f:s)t(pj) = °°:(St()v) (R (3.53)

(3.49)

and
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2 const(y)

N =V@) nR,) = =V (R). 3.54
W), (Rs) const() ~ n(V) ry (K5 (3:59)
Then, the expressions (3.53) and (3.54) provide the conditions
n(V)V;  const(v)
= ——~n, (R 3.55
const(¥)  n(®) 7 &) (3:35)
and ’
2 t(v
_const) Ry, (3.56)

| const()  n() -7
Thus, the conditions (3.55) or (3.56) yield

1
2.A A E
const(?) =| TV [ 21 34,107 (3.57)
ny (Rf) \
or
V2
const(V) = 2n(v) - =1.34.107%, (3.58)
. .ny( 19)
so that Eq. (3.48) leads to the constant sterile neutrino volume
V(@)=L 7 528.10°% omd. (3.59)
n(v '

Taking: Egs. (3.20) and (3.33) as well as (3.53) to (3.59), we obtain the
particle numbers (see above):
N; =V (P) n,(Ry) = 2.04-10'** . (3.60a)
and .
N, =V (@) n,(R;)=150-10". . (3.60b)
Consequently, by Egs. (3.20) and (3.33), considering the expressions (3.47)
as well as (3.49 to (3.51)), the results (3.60a) and (3.60b) yield the following

connections for the constant volume V (V) of the sterile neutrinos
Vo o N 2953.10% md (3.61a)

Vy=-"1=

N n, (R¢)

or
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1405 AN 75300 o (3.61b)

N, i n}/ (RV)
_ in accordance with Eq. (3.59).
Thus, the expressions (3.60a) to (3.61b) confirm the results (3.35) and

(3.36) because of Eq. (3.34), i.e. we have again

R
B BB Ne o603, 66
&) N

With that, the assumption (3.34) is proved.
Using the data of Tables III to V, the results, derived in this Sec. 3.3 for the
total universe, are also valid for the total anti-universe.

3.4 Heat accumulation in the final state (big bang) of the universe as
reason of the very high energy density

In this chapter, we explain the high number densities (3.20) and (3.21) of the
decay products of the sterile neutrinos as a result of the very high energy
densities in the final state of the universe.

For this goal, we use the expression (3.29), which for positive pressure
defines an energy decrease at the expansion of the massive universe. However,
if for the final state of the universe the negative pressure —P =, c® is
assumed, we obtain a gigantic energy increase, which by the heat accumulation
leads to an overheat, so that the consequence is a heat death of this final state
of the universe, since its heat death means simultaneously a transition in
direction to the “massless” univetse and the big bang, so that we get a
relationship of the final state of the universe and the big bang. The reason is the
incréased concentration of the decay products of the sterile neutrinos by their
deceleration in the final state of the universe, so that the very high temperature

of the vacuum energy density p,. ¢t = PoacD) ¢* of the universe (see Eq.
(2.30)) can be attributed to the half dark energy ¥ E; (see Eqgs. (3.3) and (3.4)
as well as (3.11) and (3.12)). This assﬁmption confirms the hypothesis of a
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joint origin of the dark matter and the dark energy by sterile neutrinos (see,
e.g., Ref. [1]). .

Because of the expressions (3.16) to (3.21), for the final state of the massive
universe, the total energy density of the sterile neutrinos can be assumed to
PP =2p,(Regr) ¢ +20)5(Rege )

Then, using Eq. (2.30), in the final state of the massive universe, because of
the condition 2, (Rie) =2 p%l,(Rcff) c?, for the decay products of the sterile
neutrinos, we can assume

7 (B E, )4 ‘ 371 . -3
2——*2—%— =6.787-10°"eVem ™ =
15 (ko) ' _ '

=2p,(Rir) ¢ =20y, (Resr) € = J5 p(0) & =2 pe * =

2 (kT)* 1 :
pets G 1 . (.63)
315 (ac)y” N(T)
so that for the final state of the massive universe we obtain the thermal energy

kT, =B NV 4 E,, (3.64)
which leads to an overheat of the final state of the universe by the very high
energy density (3.63), i.e. this universe meets one’s heat death (see above),

Therefore, by the kinetic energy Ey (y) =2.70117x Y E; (see Refs. [1, 2]),
because of Egs. (3.18) to (3.21), the energy densities (3.63) lead to the number
density of the decay products of the sterile neutrinos

. 20, (Ryy) ¢
n() =1, (R;) = 21, (Ryp) = 2.701178 <27
i T ) Ex ()
2p, ‘(Reff)cz
= nyp(Rp) = 2my5(Rir) = 2701178 —AEVKT -

2 (1 N3 '
_2 7 (2B 2706102 cm3. (3.65)
15\ Ac » o
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Similar to Eqgs. (3.63) and (3.65), taking again Eqgs. (3.18) to (3.21), we can
express the energy densities Y po(V) = 2p0,(Rer) = Zp%ﬁ (R¢) ¢ of the

sterile neutrinos also as follows

27 kT 4 : 2 4 ‘ :
W)y =2 AE)” _ 6 787.10" eVem™, (3.66)
15 (hc) | 15 (he) ~ _
so that in the final state of the universe we get the thermal energy
kT, =2 Y E,, (3.67)

‘i.e. analogous to Eq. (3.65) we find
1 AN 2
n(9) =2.701178 2L _

Ex(»)
2 YE ’ :
=22 | 274 =2706-10°% ecm™, (3.68)
15\ 7c

Indeed, by Egs. (3.65) and (3.68), we can explain the high number densities
(3.20) and (3.21) of the decay products of the sterile neutrinos. This result is
confirmed by Eqs (3.64) and (3.67), since we can introduce the ratio

I [3 N(T)]%
T2 - 2 \

~ so that for the final state of the universe (see Egs. (3.37) to (3.41)) the entropy .
conservation (see, €.g., Refs. [6, 8]) yields

B

" (3.69)

>

T, 2 R
Using the condition (3.41) in the result (3.70), we obtain
[&2(!)] =1.052 (3.71)
with the solution
N(T)=0.713 (3.72)

in accordance with
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4Vh
NT) = (ﬁj - =0.713  (see Eq.(2.7)). (3.73)

Then, by the conditions (3.41) as well as (3.70) to (3.73), the results (3.45)
and (3.46) are confirmed because of '

: nw 7
ty =l (—3’]\22&) = 6883 Gyr (3.74a)
and ‘
|  (3NEI)YA-
Tpr =Ty (Tj E3511Gyr (374b)

With that, the conception of a heat death of the final state of the massive
universe, which simultaneously means the transition in direction to the
massless universe and the big bang, is confirmed Via the corresponding vacuum
energy density (see Eq. (2.30)) of the quantum- gravity for the massive
universe. Then, taking again the conditions (3.41) as well as (3.70) to (3.73),
for the dark energy density (3,39), we can introduce

: 3 3 3
_ d il T
2 21 Gefr 1 2| 4
= Q) Poct L =p,e? 2L =
Pri€ A/‘?OC [ctfz] [Tz) =FPr2 (sz

%
= pfzcz(”;m] ~4.56-10"eVem™, (3.75a)

whereas the reversal

3 3 3
' d. T, A
2 2 € 2] - 2| 42
¢ =Q c = | = pec" | = | =
Pr2 APoC [ctﬂ) (Tl) Pri1 [IJ

= pric’ &WT_)] ‘=4.34.10*eVem™ (3.75b)

is forbidden, i.e. the dark energy density ppc®=4.56- 107 eV cm™ of the
final state of the universe is a function of #;, because of 7} > T, .

Considering the data of Tables III to V, the results, derived in this Sec. 3.4-_f0r
the total universe, are also valid for the total anti-universe.
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3.5 Mean (maximum) energies of “massless” and massive universe

In this chapter, we explain the mean (maximum) energies of the total
(“massless” and massive) universe, applying the relationship between its final
state and the big bang (see Sec. 3.11). In work [1], the interpretation of these
mean (maximum) energies is incorrect, Therefore, in this work, we cotrect this
interpretation. For this goal, for the “massless” and massive universe (see also
Refs. [1, 2]). we consider their joint boundaries R = R, and E = E;.

As starting pomt we use the massive universe. Then, the boundary E = EPl

of the massive universe i$ the reason that we can assume the mean energy
densities Ep n,(R;) or. Ep n vy (R¢) for its final state, taking Eqgs. (3.20) or

(3.21). Thus, by the decay products of the sterile neutrinos, we" have
correspondingly the two identical mean energy densities

i ¢* = Eg n,(Rg) =3.304-10"% ¢V em™ (3.76)
or )
B¢’ = Ep nyy(Re) =3.304-10" eV em™. (3.77)

Then, using the sterile neutrino volume V(¥)=7.528-10"° cm’ (see Eq.
(3.59)) for the final state of the massive universe, we can evaluate the mean
(maximum) energy

E =p c*xV(P)=2.49-10*eV. (3.78)
By the sterile neutrino number N; =2.04-10'%" (see Eq.(3.60a)), for the

beginning of the massive universe, the greatest possible relativistic particle
energy {Planck energy (see also Refs. [1, 2])} is again defined by

5 =1.22-10% V. (3.79)

£

. In the next step, we consider the mean (maximum) energy of the “massless”
universe, using the transition direction from the final state of the universe to the
“massless” universe and the big bang as a result of the complete decay of the
sterile neutrinos (see Sec. 3.1). Taking the expressions (3.63) and (3 66) as well

as (3.69) and (3.73), via the ratio 4,0vac / p(v), multiplied by p(¥) c* x (T2 / T)*,

Ep =
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because of 4p,,./p(V) =1, for the final state of the massive universe, we can
derive the very high energy density

4 4
. A . A T T
P (V) ¢ = p(V) * x (—ﬁ—] =4y ¢* (ﬁj =

1 1

2 1 4
47 U BJ” 2 126810 eVem?. (3.80)
15 (ne) 3N(T) |

Similar to the expression (3.80), the fourfold vacuum énergy density (3.25),
multiplied by (Z,/7;)* = 2/3N(T), permits the introduction of the high energy
density .

oy 2 2Tz48 z’ EI%I T24
Pee(V) € = 4Py (Rpp) ¢” % (EJ = 5 Q, TS“ m [FJ =
89 ”—2 By 2 a9 00y em™>. (3.8))
3 715 heRyy 3N(T) ,

Then, we can assume a mean energy density of the sterile neutrinos to »

2, ¢ = (p(P) ¢ X pp(P) ¢2)2 =1.415-10°% eV em ™, (3.82)
so that via the volume ¥ =% zRy=1.768-10" cm® we obtain the mean
(maximum) energy of the “massless” universe to

E,=p,c*x V =250-10"2eV, (3.83)
i.e. because of the sterile neutrino number N; =2.04-10' (see Eq.(3.60a))
we find again the Planck energy (see Eq. (3.79))

Ep = B c1;a08ev. (3.84)
N¢
It is plausible that the mean energies (3.78) and (3.83) must be identical,

since the ratio of the mean densities p, (see Egs. (3.76) and (3.77)) and’ P
(see Eq. (3.82)) is defined by

AoV in3g (3.85)
/T :
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We assume that we can interpret the mean (maximum) energy. (3.83) as
kinetic enefgy,, which is necessary for the complete expansion from the big
bang of the “massless” universe to the final state of the massive universe. In
contrast to energy (3.83), for the mean (maximum) energy (3.78), we assume
its interpretation as potential energy, which is responsible for the transition
from the final state of the massive universe in direction to the “massless”
universe and the big bang. We prove these assumptions in the chapters 3.8
and 3.11, respectively.

Using the data of Tables III to V, the results, derived in this Sec. 3.5 for the
total universe, are also valid for the total anti-universe.

3.6 The zero-point oscillations for the massless universe

In this chapter, we demonstrate that the existence of the “massless” universe
(0'< Ryp < R < Ry) can be attributed to the zero-point oscillations.

Therefore, at the distance Rpp =2.069-107°cm (see Eq. (3.23)), these
zero-point oscillations must be formed via the greatest possible relativistic
energy Egp = 2Eqp = he/Rgp =9.537-10%eV (see Egs. (3.28 a) and (3.28 b))
~ because of the start of the universe at the distance Rgp =2.069-10° cm {see
Eq. (3.23) and Sec. 3.10}. |

Now, we prove the formation of these zero-point oscillations for the

existence of the massless universe. For this goal, we use de Broglie waves. In
the extremely relativistic case, between its momentum p of the particle as well

as its relativistic energy E, we have the connection

p=. (3.86)

c
Then, the de Broglie wavelength A of the sterile neutrinos v,, vy, and v,

which describe the joint origin of the dark matter and dark energy (see Refs. [1,
2]), is defined by

A=2rlt= E;‘; . (3.87)
p T
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For Eq. (3.87), we can write
he E
A 2
Bécause we have N;y =3 excited sterile neutrinos v,, V4, and ¥, as a

' (3.88) |

result of the zero-point oscillation via Dirac’s fermion-antifermion theory, we
can introduce E(V\)+EW,,)+EW,) > E for EW,)=EWy,)=E(®W,) in
Egs. (3.87) and (3.88), so that analogous to Eq. (3.88) we get the condition
e/ A0y) = he/ AVym) = he[/A(D,) with A(P,) = A(Pgn) = A(Wy) > A4 for the

“massless” universe. The arrow T describes their spin direction.
Analogously, the zero-point oscillations must excite simultaneously N, =3

sterile anti-neutrinos ¥ in the anti-universe, so that we obtain N =3 sterile
neutrino-antineutrino pairs for these “massless” universes. If we consider
correspondingly still N, =3 sterile neutrinos and N, =3 anti neutrinos with

opposite spin direction (Pauli exclusions principle), we have together N =6
excited sterile neutrino-antineutrino pairs.

Considering the simultaneous application of Dirac’s fermion-antifermion
theory for the universe and the anti-universe, we must introduce N =12 sterile
neutrino-antineutrino pairs. This N doubling is extremely importart at the
calculation of the properties of the massive universe and anti-universe {see the
application of Eq. (3.90 c¢) in Eq. (3.132) to (3.134)}.

For the massive universe (anti-universe), we assume that the excitation
energy of the zero-point oscillations has an energy loss in form of the factor

(Qym +Q A)% =0.9915 by the induction of the decay of the 3 fundamental

massive sterile neutrinos of the dark matter and dark energy into two massless
decay products (see Sec. 4). In Ref. [1], we have neglected this influence of the
dark matter and dark energy. In this work, we consider this effect.

Therefore, for the N excited sterile neutrino-antineutrino pairs, we must

introduce the real excitation (exc) energy Eq, (N)=(Qqp +0 A)%EBB , Where

Fpp = 2Eop = e /Ry =9.537-10% eV {see Egs. (3.28 b) and (3.130)}.
Consequently, at N excited sterile neutrino-antineutrino pairs, by the

transition £ — E,(N), Eq. (3.88) must be transformed correspondingly to
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2

D) (Quy QNS = Zeel)
A 27

A= (Qdm + ng )%ﬁc

b) = ,
' E"(N)
. Y%
C) E*(N) = E.exc(N) . (Qdm +QA) EBB . (389)
4 N2z N2z
Thus, for the cases N =3, 6,12, Eq. (3.89 ¢) yields
a) E'(3)=(Quy+Q,) Eyg /67 =5.017-10 eV,
b) E*(6) = (Qup +Qp )" Egp /127 =2.509-10% 6V,
Q) E'(12) = (Quy +Q, )% Egp /247 =1.254-10 eV . (3.90)

Consequently, the cases N =3 and N =6 are¢ described by the energies
(3.90 a) and (3.90 b), which agree with dark energy E; =5.017-10% eV (sce
Eq. (3.10)) and with the half dark energy Y E, =2.509-10% eV (see¢ Egs.

(3.11) and (3.12)) in the massive universe, respectively. The case N =12,
which is defined by the doubling of the number N =6 of the sterile neutrino-
antineutrino pairs (see above), is taken into account by the energy (3.90 c).
Therefore, the energy (3.90 c) must be identical with Y E; = 1.254-10% eV .
To this energy (3.90 c), we will return in Eqgs. (3.112) and (3.113) as well as
(3.132 to (3.134)). "

By Egs. (3.89 b) and (3.90), we find the corresponding wavelength 4 to

A= (Qdm +Qh)}/ﬁhc _ - h’.c

2) p = =3.90-10% cm,

E"(3) - Egp/bm
Yonn .

by A=Cm*Q7he | R _5gq.10%5 e,

E'(6) Eyg (127 |
| ' ay - :

o 2=Cm*B e Ry 5610°% o, (3.91)

E°(12) Egg /247

Introducing the reduced wavelength & = 4/2x, Eq. (3.91) provides
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+QYlhe _ he

a) %= Lhim*D =621 10—96
27E*(3) . Epg/3
/ i
b) a=ClmtQOTRC L RC o4 079 o
27EN6) . Egp/6
ﬁ |
o t=Elm* Q)he e ~2.48-10% cm.  (3.92)

27E*(12) EBB/12 ;
By generalization of Eq. (3.92), we get Ryp =X/N =%c/Egy, where N
describes again the sterile neuttino-antineutrino pair number, i.e. we have
A = N Rpp because of N as the basis of the zero-point oscillations.
Therefore, we can assume that the reduced wavelengths (3.92) lie in the
wavelength range App = Rpg <A <XA; =R, of the massless universe, where

the distance R, =4.938:10"%cm is defined by Eq. (3.32). Thus, for %, 'we
have the condition X; = NRgp = R;, whereat the number N of the particle-

antiparticle pairs is determined by N =R;/Ry; = 2.387-10%%. Then, the

wavelength Ay = NRyy = Ry is also given by N = Ry, /Ryp = 7.812-10%.
Using the data of Tables III to V, the corresponding results, derived in this

Sec. 3.6 for the massless universe, are also valid for the massless anti-universe.
With that, we have shown that the massless universe and anti-universe are

connected with each other by the zero-point oscillations as a result of Dirac’s

fermion-antifermion theory.
We can thus assume that Zero-point oscillations are also responsible for the
massive and present universes, we will return to this problem in Sec. 3.7.

3.7 The particle horizon and the zero-point oscillations for the early
and late massive universes (including the present universes)

- In Ref. [1], the derivation of the particle horizon distances and of the sterile
neutrino-antineutrino pair numbers are partly incorrect. Therefore, in this work,
we correct now this inadmissibility.
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According to Weinberg [8], the particle horizon distance d,,, (f) = qu,((z)

of the known univérse is defined by

(@ 2= R@)[ £4E 3.9
G (1) = Ao (2) = ()jR(,) (3.93)
since the time ¢ is a ﬁmctlon of the redshift z (see Eq. (2.12)). This partlcle
horizon limits the distance at which we can observe past events.

Using Egs. (2.1) as well as (2.3) and (2.4), for the present (massive) universe

(z=0), by its age t =1, (see Tables I and V), in accordance with Weinberg,
the value d,,, () = d,,x(0) is given by

Ao (1y) = e (0) = L.

¥ (Q, +Q Q0 x"4)/ ’
where x=R/R, =1/(1+2) (see Eg. (2,15)) and the corresponding quantities
are explained by Tables I and V' as well as by Eq. (2.5).

Then, for the known universe, we can introduce the general expression

(=L Ry J-1/(1+z) dx
D=0k Q)+ Q12+ Qx4
However, for o= l/(1+z) — 0, the integrals (3.94) and (3.95) would be
infinite, Consequently, we must determine a new lower integration limit. For
this goal, via the big bang, we can assume as the lower .integration limit

x =1/(1+ zgg),, if we select 1+ zgp = Ry/Ryp =6.646-10'>*, so that because of
142y, = 2.91610% {see the new inflation model (2.14) to (2.18) as well as
Refs. [1-3]} we have 1+zgg >>1+2zy, i.e., for example, Eq. (3.95) can be
converted into its smallest possible value

J-l/(1+zM) dx (3 96)
1/(1+25) Qr/ . TN

(3:_94).

(3.95)

d.. (z
max( M) 1+Z

Then, at the limit R — Ry, because of this new inflation model, we must
apply (see Eq. (2.5)) and N(T)=1/2 Q, (see Refs. [1-3]), so that Eq. (3.96)
yields

R 2 2
d M) = g — — =2Ry =2ty . 3.97
max(ZM) (I+ZM) |:1+ZM 1+ZBB:| Pl Pl ( )
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For the quantum mechanical range 1+ zgp 214z 21+2z, of the massless
universe (Rgg SR < Rp or tyg <t <tp) [1, 2], we must apply the result
R =ct (see Eq. (2.43)) of the quantum gravity [1, 2] in Eq. (3.93) with the
lower integration limit ¢ =1fy5, so that the particle horizon (3.93) has the
limiting expression

\ dt) = c(t—tgg) , (3.98)
which disappears for £ = 55 = 6.901.107'%7 s (see Eq. (3.24)).

Consequently, because the results (3.97) and (3.98), we obtain the plausible
condition

d(t) =c(tp —1gp) < dpax(2y) =C2tp . (3.99)

~ Thus, for the total (massless and massive) universe, Egs. (3.94) to (3.99)
yield the connection ‘

0<d(t <tp) <2Rp <d 0 (22 2) < (0). ' (3.100)

AccOrding to the end of Sec. 3.6, the value 1+ zgg = Ry /Ry = 6.646-10'3 is

identical with the sterile neutrino-antineutrino pair number

N=N0=£°— \ ' : (3.101)

BB
for the universe and anti-universe, i.e. we must assume that the sterile neutrino

antineutrino) number Y% N, is alone responsible for the universe (anti-
0

universe).
Now, we prove this assumption by the new inflation model (see Egs. (2.14)

to (2.18) or Refs. [1, 2]) via the early (Rp <R< Ro) for the late (R0 R<R,)
massive universe [1, 2]. For this goal, by Egs. (2.1) as well as (2.13) and

(2.14), we can use E/ﬁ =(¥% N(T) Qy)%Ho(l.;.z)Z,‘ so that because of
N(T)=1/2Q, at t=ty we can write : \

Rty | '
= =Hy=——.= 4 Hy(1+z 3.102
Rto) ST = Y5 Hy( M) ( )
or
liPl - 1 e %RO - %l 0 . (3103)

H, 2H,t; Ry Np,
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Indeed, via the result (3.101), Eq. (3.103) yields the sterile neutrino
(antineutrino) number alone for the universe (anti-universe) to

Y Ny = Y Ry Npy /Ry =} Ro [ Ry =3.323-10"%, (3.104)
whereat
Npy = Ry /Ry =7.812-10%  (see Sec. 3.6). (3.105)

By Eq. (3.104), we have supported the assumption to the end of Sec. 3.6 that
the massive universe can be attributed also to zero-point oscillations which are
based on the sterile neutrino-antineutrino pairs.

Using the data of Tables 111 to V, the results, derived in this Sec. 3.7 for the
massive universe, are also valid for the massive anti-universe.

Then, by Eq. (3.105), the Planck energy of the early massive universe or anti-
universe is determined by

Ep = Npy x kT 21.221-10% V. (3.106)

The Hubble (H) energy Ey of the present late massive universe or anti-

universe can be evaluated by the present critical energy density given by

Poc ¢’ =477-10°eVem™ (see Tables I and V), and the Hubble length
R, =1.375-10%cm (see Tables I and V as well as Eq. (2.17)) to

Ey = poc Y mR =5.194-10% €V . (3.107)

This energy (3.107) can be determined also by the smallest thermal (particle)

energy kT =1.536-10eV (see Eq. (3.27)), multiplied by the sterile

neutrino (antineutrino) number (3.104), so that the Hubble energy of the
present universe (anti-universe) is also defined by ‘
Ey = Y5 Nyx kTgp =5.194.10% eV . (3.108)
The results (3.107) and (3.108) support again the assumption that the present
late massive universe (anti-universe) can be described also by zero-point
oscillations (see the end of Sec. 3.6).
Similarly, by Eqs (3.20) and (3.27), we get . 7
Poac(Rep) € = n, (Re)x kT = 4.227- 10%7 eV em™ (3.109)
in excellent agreement with the result (3.25).
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3.8 The greatest possible gravitational energy and the hypothetical
superforce of the particle interactions

Using in the massless universe the Planck energy Ep = (¢’ / GN)% for the big
bang at R = Rpy (see Eq. (3.23)), we obtain the normal gravitational energy -
'EBB at the big bang for the massless universe and anti-universe by the

gravitational potential energy to

= E AC o enri 10 e _
g = BB _ 7€ g 537.10% v, (3.110)

¢t Rgg BB
The result (3.110) is equivalent to the energy (3.28 b). This energy (3.28 b)
was interpreted as the energy Epp =rc/Ryp  via the potential of a new
attractive force, which is now assumed as the attractive, hypothetical
superforce of the particle interactions. _
Therefore, we can assume that the normal gravitational energy (3.110) of the

big bang corresponds to the highest value of the potential energy E = #c/R of
the attractive, hypothetical superforce of the particle interactions.

At R= Rp =Gy / c3)% , the normal potential energy of this hypothetical
superforce has its lowest value Ep, where the unification of the strong and

electroweak interaction (grand unification) begins, since the gravitational force
and this hypothetical superforce are here again equivalent because of
By =0 BB _TC g pa0030.10%ev. @.111)
¢ Ry, Rpy ,
Because of Eq. (3.110), the normal gravitational energy Epp =ic/Rgp at the
big bang and the highest energy value Egp =#c/Rgy (see Eq. (3.110)) of this
hypothetical superforce are conserved quantities with the same values.

~ Consequently, the greatest possible value 2F,  of the gravitational energy

at the big bang (origin) for the universe and anti-universe {distance 2Ry, (see
Eqgs. (3.284a), (3.128) and (3.129))} is precisely and uniquely determined by

the energy E*(12) = (Quy, + QY Eng /247 =1.254-10° 6V (see Eq. (3.90 c))
to
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zE‘mst () 3 o %) e ev, @112
c 2 Ryp ‘

so that for the universe (anti-universe) alone we find the greatest possible

gravitational energy E,_ . to

Emax = S (£ a2h (£ 12) =2.51.1022 V. (3.113)
. ¢ 23l Ron

This energy (3.113), which is interpreted as the kinetic energy for the complete
expansion of the total (“massless” and massive) universe (anti-universe), is so
identical with the mean (maximum) energles (3.83) {see also the end of Sec.

3.5
l\/iore generally, for the potential V' (R) of the hypothetical superforce of the
particle interactions, in the massless universe, analogous to the gravitational

potential, we can assume

V(R) = ’: (3.114)

so that we ﬁnd the law of this hypothetical superforce via the potential (3.114)
to ' :

KR)=——+=-=
ok R dR
=_%§% for Rgy<R<Rp. . (3.115)

Using the data of Tables III to V, the results, derived in this Sec. 3.8 for the
“massless” and massive universe, are also valid for the “massless” and massive
anti-universe.

3.9 The very high temperature of the big bang

Using Eqgs. (2.40) and (2.41), we can introduce the vacuum energy density
Puc € of the quantum gravity of the massless universe as a function of the
temperature, i.e. we obtain
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Poac(RYC* = Py c* =P (T)c2=3Q LA (3.116)

vact vac Va(% 3 4 15 (hC)3 (kT)2 i :
Because of the relationship of the final state of the massive universe and the
big bang, at ¢ =typ, in the massless universe, for the big bang, according to

Eq. (3.129), the relativistic energy uncertainty

Epp = kg = ML, 4.769-10” eV (3.117)

2ty 2Ry
must be connected with the dark energy density of the final state of the massive
universe (see Eq. (3.75 a))

o (a. V(Y d. ) (3NDYVE
perc” = Quppec® | = || L =y pyec? | R ( j )
Cley T, , clgy 2.

%

y\74 *
‘ =pf2c2(3].\’2(T,)) =4.56-10"*eVem™, (3.118)

Thus, taking the result (3.118), because of the relationship of the final state bf
the massive universe and the big bang, we can so assume the connection

Posc = Pr1 = Pea X (T, /T,)? with N(T) = (4/11), so that we obtain

8 7[2 E!(’Jl

2
So % . ., . 3.119
3715 (he) (k) P (3-119)
with the solution
. N ) 6 b :
kg = Epg = §Q}, Ei ——% =4.76-10 eV, (3.120)
S {3 715 (he) pgc” -

i.e. the result (3.28 a) is correct by P, = g = Pro X (1/T,)° (see above), since

the energy Egg =4.76-10%° €V realizes also the state of p;, = prqy X (T} /T5)>
{see also Sec. 3.11}. Because of the result (3.120), the very high temperature
of the start of the universe (see also Sec. 3.10 or 3.11) is given by
T =Eop /b =552-10"K. (3.121)
Using the data of Tables III to V, these considerations, derived in this Sec.
3.9 for the universe, are also valid for the anti-universe (see Sec. 3.10).
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3.10 The time reversal solution for universe and anti-universe

At the 4-vectors and the tensors, the time reversal leads to a sign change of
their time component. Consequently, for the universe and the time-reversal
anti-universe, we must apply the results of Tables IV and V. However, because
the parameters of Table I and V agree excellently, we use predominantly the
parameters of Table I in this work. The universe is treated by the known way,
for example, using the Friedmann equation (2.1). The time-reversal anti-
universe is also determined, for example, by the Friedmann equation (2.1),
whereat we must however consider the minus sign of the root as well as the
results of Tables IV and V, i.e. we must take into account the sign “—" of the
root together with — R. Thus, we obtain the “same” solution for the scale
factor of the anti-universe as at the universe. However, in contrast to the
universe, at the anti-universe, we have a negative velocity and a negative time.
Then, using the result (2.43) of the quantum gravity [1, 2] for the “massless”
(Rpy 2R 2Ry and Rpp < R< Rp) anti-universe and universe as well as the
general solutions [1-3, 5] of Egs. (2.1) and (2.13) via the results (2.14) to (2.18)

for the early (R, >R>Ry and Ry, <R<R,) and, for example, the late

(R2 Eo and EO < R) radiation-dominated massive' anti-universe and universe,
we have the positive distances and scale factors

R=crt . : (3.122)
as well as

R=QNT Q) Ry c)” =c@NT) Q)4 (¢, 1 (3.123) -
and '

1 1 S 1 t %
R=Q2ND)Q)A(Ryet)t =c@NT)Q, ) (H J , (3.124)
: : ' 0

respectively. Then, the corresponding velocities are given by

g=_c , (3.125)

dt

as well as
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—~

) g 1
R=="=2QNT) Q) Rn c/1) =

%

e aND 02 e

and

k= ‘;—f =+Q2N(T) Q) (Ry c/t)? =

1j%

8 3.127
o (3.127)

where according to Table IV the sign “+” and the sign “—"* are valid for the
universe and the anti-universe, respectively. Therefore, we have the positive
time direction (from the origin (big bang) to the future), which is valid for all
fundamental physical processes in the universe, so that we have here an
expanding universe with scale factors greater than zero as well as positive
velocities ¢ >v > 0. Correspondingly, for the anti-universe, we get a negative
" time direction (i.e. from the origin (big bang) to the past as a result of the time
reversal), which is valid for all- fundamental physical processes in the anti-
universe, i.e. we have here an expanding anti-universe with scale factors
greater than zero as well as negative velocities —c<-v<0 and the
transitions H, > —H,, tp = -ty and t-—>—f. The velocities (3.125) to
(3.127) of the anti-universe possess a negative sign because of the transition
t — —t in the differential quotients of the velocities, so that we get here the
negative velocities in contrast to the universe. Thus, we have simply explained
the long-sought problem of the separation between matter (universe) and
antimatter (anti-universe.

It is now clear that the results of the universe, derived in this work and the
papers [1-5], are completely transferable to the anti-universe, using the data of
Tables Il to V. - '

Because of this time reversal solution, the beginning (big bang) of the anti-
universe and the universe are a result of two equivalent energy uncertainties of
the vacuum (origin), which arise from quantum fluctuations of the time or the
distance according to the uncertainty relation. Then, according to Table IV, via

=+c(2N(T) Qy)%(
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the result (3.28 a), for the antimatter (anti-universe) and the matter (universe),
these two equivalent energy uncertainties are given by

o — = MO 4 769.10% ey ' (3.128)

2(~tgs)  2Rpy

and
~ _ h ke
BB ten . 2Ry
respectively. Thus, for a transition from the anti-universe to the universe, for
the zero-point oscillations (see Sec. 3.6 or 3.7), we need the total energy (see

also Eq. (3.28 b)) o
h ke

Eyp =2, =;—_—=9.537-1'09° eV o (3.130)
BB BB

This total energy Egy =9.537-10° ¢V, released by the vacuum (origin), is

applied as the excitation energy for the zero-point oscillation which act again
on the particles and antiparticles in the total {massless (see Sec. 3.6) and
massive (see Sec. 3,7)} universe and anti-universe, respectively.

Therefore, at =0 (origin), the antimatter (3.128) and the matter (3.129)
disappear by annihilation, so that the anti-universe (antimatter) and the
universe (matter) expand in opposite time directions. These universes are based
on the zero-point oscillations formed by the sterile neutrino-antineutrino pairs

according to the chapters 3.6 and 3.7.

" Now, we can explain the new inflation model {see Egs. (2.14) to (2.18) or
Refs. [1-5]} via a gigantic resonance as a result of the excitation of the
magnetic monopoles [1-5] by the zero-point oscillations. This resonance,
which is possible because of the binding of these monopoles to the early
massive universe, ends at the rest energy of the X and Y gauge bosons [1-5], so
that during a short inflationary phase [1-5] an enormous energy is released.
This released energy is.so large that it is enough for the inflation of the total

" early massive universe ( Rp < R< Eo ), i.e. it leads to an inflation, in which the
scale factors of the early universe are enlarged by the enormous factor -
142y =2.916-10° (see Eq. (2.18)). However, for the excitation of this
resonance, the expended energy is very small in comparison to the excitation

=4.769-10" eV, | (3.129)
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energy Eyp =9.537-10°° eV of the zero-point oscillations, so that the zero-
point oscillation are not influenced.

Thus, similarly, at the beginning of the present accelerated expansion (see
Eds. (2.27) and (2.35)), we can assume the formation of a new very large
" resonance by excitation of the here dominating sterile neutrino- antineutrino
pairs of the dark energy (see Eq. 3.132)) via the zero-point oscillations.
Consequently, the very large energy of this new resonance could be
responsible for the present accelerated expansion of the universe (see also
Sec. 7).

The kinetic energy, which is necessary for the complete 'expansion of the
total (“massless” and massive) universe,.is given by the mean (maximum)
energy (3.83), which is identical with the greatest possible gravitational
energy E_. =2.51-10*% ¢V (see Eq. (3.113)).

In this Sec. 3.10, the results of the last four paragraphs are also valid for the
anti-universe. '

3.11 The eternal cyclic evolution for universe and anti-universe

For the final state of the universe, because of 5., = pr; = P, x (7 / T,)* , the

result kTBB . EBB of Eq. (3.120) gives again the big bang distance

hc . hc —96 . .
= =2.069-10 " cm (see Eq. (3.23 3.131
BB ~ 5 kTBB 5 EBB ( q. ( ). ( )

Thus, this expression (3.131) proves uniquely the relatlonshlp between the final
state of the universe and the big bang.

Via the dark energy E,; =5.017-10¥ eV (see Eq. (3.10)), the case N =12,

which is based on the simultaneous application of the Dirac theory for the
universe and the anti-universe (see Sec. 3.6), leads to the connection’

Y, Ey=E*(12) = (Quy + Q) Epp 247 =1.254-10° eV, (3.132)
considering the results of the zero-point oscillations (see Eq. (3.90 c)).
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Consequently, via Eq. (3.132), we obtain the greatest possible gravitational
energy for the universe and the anti-universe to

ZEW_G;V VA B Ui} 5 55,1020 eV, (3.133)
c 2Ryp :
so that for the universe alone we find the greatest possible gravitational energy
Emax to
_ ]
B, - S BB} gy, (3.134)

mXT et 2% 2Ry
Then, this enormous energy (3.134), which can be interpreted in the extreme
case as the potential energy for a gravitational collapse at the transition of the
total (“massless” and massive) universe from its final state to the big bang, is
so identical with the mean (maximum) energy (3.78) {see also the end of Sec.

3.5}. In this extreme case, the potential energy E,, =2.51- 10 eV leads to a

very fast transition via the reduction of the dimension of the final state of the
universe (see Eq. (3.37)) to the distance of the big bang (see Eq. (3.23)) in the

time fy = 6.901-10""7 s (see Eq. (3.24)), i.e. the start of an eternal cycle of

evolution is found. However, by a deeper analysis of the result (3.131), in
connection with the zero-point oscillations (see also Egs. (3.128) to (3.130)),
we can exclude this extreme case of a gravitational collapse, so that the

igantic potential energy K, = 2.51-10** ¢V must be responsible for a ver
gig p 8Y Lmax y

slow transition from the final state of the universe to the big bang in the time
t;5 = 6883 Gyr (see Egs. (3.36) and (3.45)). i.e. we obtain the start of an eternal

cyclic evolution of the universe by the corresponding reversal of its expansion.
Consequently, we have proved finally the relatlonshlp between the final state
of the universe and the big bang.

Because we have used the assumption B, = pp = 2p, x(T;/T;)° for the
result (3.131), we must still explain the application of the dark mass density
Pr1 as ppy x (T /T2-)3 (see Eq. (3.75 a)), i.e. we have here the application of

dp, =6.512:10" cm (see Eq. (3.38)) instead of dj, =6.404:10*" cm (see Eq.
(3.37)). Then, according to uncertainty relation, via the quantum fluctuation
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deyy =dpy —dpy = 1.08:10% cm of the distance dgy, We obtain the energy
uncertainty

Ep =6klgp =

. &Q5a]

for the decay products of the 3 sterile neutrino types of the dark energy (see
Sec. 3.1). Therefore, in the final state d;, of the (massive) universe, for

Eg(;/) = E(‘)’(% V), the energy uncertainty 6 kTzp =3x Eg(y) +3x Eg“ (% V) of
these decay products is correspondingly identical with the triple sum of thé rest
energies of the photons Ey(y) = kTgzs =1.563-10 ¢V (see Eq. (6.1 b)) and

of the gravitons E,(G)=kTpp =1.563 - 103 ev (see Eq. (6.1 a))}. These two
new assumptions are based on the existence of the sterile neutrino-antineutrino
pairs in the final state of the universe because of the Dirac theory, since one
sterile neutrino-antineutrino pair determines these decay properties of the
sterile neutrinos. Thus, the final state d;, of the universe is a result of these

tic

=9.14-103% eV (3.135)

photons and gravitons in an unstable equilibrium, which is destroyed by the
gigantic potential energy (3.134), so that it gives the transition from the final
state of the universe in the direction to the big bang. Then, the proper distance

d;, is determined by the quantum fluctuation dp,, = dy, —d;; =1.08-10% cm ,

i.e. the assumption p,,. = pr; = pPp, x (T / T,)* is a function of dy, = ct;, (see
- Egs. (3.75 a) or (3.118)).
Using the data of Tables III to V, all these events are also valid for the
transition from the final state of the anti-universe in direction to the big bang.
With that, we have precisely and uniquely proved the eternal cyclic evolution
of the anti-universe and the universe.

4 The explanation of the present dark matter and dark energy

Because of several incorrect interpretations in Ref. [1], we perform here once
more the explanation of the present dark matter and dark energy, whereat these
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results are used for the derivation of new cosmological parametets instead of
that in Table V.
According to Table I, the present, (ionisable, visible or baryonic) matter is

Q, =0.0499, whereas the present, dark matter Qg , and dark energy Q, are
given by Q,, =0.265 and Q, =0.685.
They possess the total relation Q, +Q,, +Q, =1, which was generally

derived in Refs. [2-4].
The fluxes ®V,), ®(W,,) and ®(V,), calculated correctly in Ref. [1],

show uniquely that the joint origin of the dark matter and the dark energy is
based on the three sterile neutrino types v,, vy, and v, [1-4] without the

consideration of the Dirac theory. The Dirac theory leads to the corresponding
sterile neutrino-anti-neutrino pairs (see Sec. 3.6 or 3.7). Therefore, we assume
the decay of the corresponding sterile neutrinos via the gravitation in one
massless photon () with the energy of their half rest energy and one sterile

neutrino relic (% V) with the energy of their half rest energy (see also Eq.

(3.135)). Consequently, we must together consider the present dark matter and
dark energy, i.e. the sum Q, +Q, =0.265+0.685 = 0.950,

The decay of these sterile neutrinos is again determined by the universal
decay law N(t)=N,e 7%, where 7, is the lifetime “z, =35.11 Gyr” of the
sterile neutrinos (see Eq. (?;.15)). Assuming N, = Qi +2, , the remaining
dark matter and dark energy N(f) is given by N(f) = (Q,, +Q,) e /% . Using
the Hubble (H) time z;; =1/H, =14.53Gyr (see Table 1), which is valid for all
galaxies. (which, for example, expand by the velocity v= H, R at very small
redshifts, i.e. for v <<c), we can assume the time ¢ = 7; — 7y = 20.58 Gyr, so
that we obtain e % ~™1/% =0.5565.

This assumption is supported by the fact that according to Eq. (2.17) this
Hubble time (see Table I) defines also the scale factor R, = czy =¢/H, of the
present (massive) universe for z = 0, using Eq. (2.15).

Then, the decay products of the dark matter and dark energy (see above) are
_defined via the slow decay process
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(Qn + ) (1 — 6@ /%) 20,4213 (4.1)
to ,

{Qn () + Q1 (1)} gocay =0-2107 4.2)
and _ ,

{Qin (50) + Qp (59)} gocay =0:2107. , (4.3)

For these decay products, the dark radiation energy (4.2) lies in an invisible
range of the radiation spectrum, whereas the neutral dark sterile neutrino relics
(4.3) are thus also invisible.
Because of Egs. (4.1) to (4.3), the remaining dark matter and dark energy

_ (see above) is determined to

(Qy, +,) e /% 20,5287, (4.4)
Now, we assume that the repulsive (rep) force of the dark energy leads to a
breakup of the remaining dark matter and dark energy (4.4) into two equivalent
invisible patts of the massive sterile breakup neutrinos

{Qum +Qn frep =0.2644 : (4.5)
and of the sum of the two equal massless sterile breakup neutrinos products

Qi)+ Qi D}y + 1R (B9 + Q) (50}, =0.2644,  (4.6)
so that results (4.5) and (4.6) are in equilibrium.
For Eq. (4.6), on the left hand side, the first term {Q g, (7)+Q, (1)}, gives

the fraction of the breakup radiation, which lies in the invisible range of the

radiation spectrum, whereas the second term {Qu (B +Q, (1 0)}rep gives

the fraction of the invisible massless sterile breakup neutrino relics.
These two fractions {Qgy (1) +Qs (N}, 80d { Qe (50) + Q4 (57}

exist independently on the corresponding decay products (4.2) and (4.3).

In this connection, by the slow decay process (4.1) to (4.3), we must consider
that the massless photons (4.2) move with the velocity v=c, whereas the
sterile massless neutrino relics (4.3) possess also the velocity v=c¢ via Eq.
(3.135), so that the results (4.2) and (4.3) cannot be connected with the
(ionisable or visible) massive matter Q, because of v=c.

rep
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A completely other situation exists for the breakup process (4.4) to (4.6),
where we have the sterile massive breakup neutrino packet (4.5) with the
velocity v~ ¢ and the two sterile massless breakup neutrino products (4.6)
with the velocity v=c, so that only the massive (v~c) sterile breakup
neutrino packet (4.5) can exist as the massive dark matter Q, togethet with

the massive (ionisable or visible) matter €, whereas the massless (v=c)

sterile breakup neutrino products (4.6) cannot be connected with the massive
(ionisable or visible) matter Q,,.

Therefore, for the total matter Q =Q, +{Q,, +Q A} =0.3143, we

ep

obtain the ratio
total matter Q|
matter  .Q,
which agrees excellently with the experimental value (Q, +Qy,)/Q; =6.31

(see above).

This agreement confirms our above-mentioned assumptions, i.e. the results
(4.1) to (4.6) can be summarized correspondingly in the gigantic present
universe after the process (4.4) to (4.6) because of the particle conservation to

the massive dark matter
Qyn = 1Qu4m + Q4 },., =0.2644 (4.8)

rep
and to the massless dark energy

Q4 ={Qun () + 2 M} {Qun D) + QB +

+{Qam (D + 2 )} gecay + {Ran 59) + Qp (159)} gy =0.686 (4.9)
via the sum of the invisible massless sterile breakup neutrino products (see Eq.
(4.6)) as well as the invisible massless decay products (see Eqgs. (4.2) and (4. 3))
of the sterile neutrinos.

With that, we have found a simple model for the explanation of the present
dark matter and dark energy, i.e. it was proved that the invisible sterile breakup

neutrinos v, , v, and v, as well as their invisible decay and breakup products
form the joint origin of the dark matter and the dark energy. -
Because of the two decay products of the 3 sterile neutrinos v,, vy, and v, ,

=630, - | (4.7)

we have already introduced the new factor (Qg, +Q A)% =0.9915 for the
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excitation energy E, (N)=(Qy, +2 A)%EBB at the zero-point oscillations in
Sec. 3.6. Consequently, this factor describes the energy loss of the excitation
energy for the zero-point oscillations, since they excite the decay of the 3
fundamental sterile neutrinos into the two decay products.

Then, via Egs. (4.1) and (4.4), at the massless dark energy, because of the
equivalence of the results (4.5) and (4.6), by the two massless decay (see Eqs.
(4.2) and (4.3)) and the two massless breakup (see Egs. (4.6)) products, i.e.
because of 4 events, we can assume semi-empirically

- 1_ e—(T‘;—i’H)/T‘; A
Qu +Q, = —————| =0945. (4.10)

e (% )T

Indeed, the result (4.10) agrees well with the sum Q,  +Q, =0.950 of the
present dark matter and dark energy (see above).

However, according to Refs. [1-4], we have 4 heavy neutrinos v, Vg, , ¥,
and VCMB, which are derived by aid of the light neutrinos [1-4]. These 4 heavy
neutrinos are again coupled correspondingly with the 4 sterile neutrinos 19A,|
Vim» Vp and Vg [1-4]. In Refs. [1-4], we have also assumed that the fourth
sterile neutrino V- could be responsible for the photon decoupling. In Refs.
[1, 2], we have in detail discussed the properties of these heavy and sterile
neutrinos. However, in Refs. [1, 2], the value 629.2 of the semi-empirical
explanation of the sterile neutrino calculation, estimated by the rest energies
of the light and heavy neutrinos, for example, via formula (5.30) in Ref. [1], is
useless, i.e. it is invalid more generally.

In'Egs. (4.1) to (4.10), we have shown that only the 3 sterile neutrinos v, ,

Vam and vy describe the dark matter and the dark energy. Therefore, instead
of the particle-defined present cosmological parameters of Table V, on the
same way, we must introduce several new particle-defined present
cosmological parameters of the universe.

The old particle-defined density parameters of Table V (see, e.g., Ref. [2])
are defined by

Q,(v,) = (0.683'05) Q, = (1.69101) 107472, (4.11)
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Qy (Vems) = Q, (Vo) = ——

2«/_ EO(X)
= (110,273 Q, = (2.721015)-10° 472, (4.12)
Qb;_‘Qv(Vy) EPI +Qvi
2E4(X)
= (89430 Q, _(0 02211735558y 2, (4.13)
‘o -
i = 0 )2E0(X) ’
= (48627%36) Q, = (0.1202* 050 12, (4.14)
Qpy = Qg +Qp, = (57567536) Q, = (0.14237 030 12 (4.15)
and :
Q0,072 +0,
2Ey(Y) Ey(Y)
_(12589+§g§)g = (03113330 m2, ~ (4.16)

ie. via Qg =1=Q,+Q, +1.681322Q =(18347'3)Q, we obtain the

radiation density parameter to

Q, =(5457013)-107°, (4.17)
so that because of Q, = (2.4728+0.0025)-1075 472 [1-5] we can derive
h=0.67367y ‘3,},32 (4.18)

The applied neutrino density parameters of the universe are defined by Egs.
(2.51) to (2.56). The Planck energy has the value Ej; = 1.220932-10% . For the
X and Y gauge bosons, the rest energies Ej(X) and E,(Y)are defined by Eq.

(2.57). The corresponding values (4.13) to (4.18) are tabulated in Table V.
Then, in this work, instead of these old density parameters of the universe,
we assume their new corresponding values to

Q) (v,) = (0.683'4,033) Q5 = (1.6970))- 10717, (4.19)
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Qu%mrﬂxm»zf%66=
0.

= (110,275, Q) = (2.724039)- 107K 2, (4.20)
E g
v( ) 1 QV .

2Ey(X)
= (8943 Q) = (0.0221 133088 ;2 , (4.21)
Qdm_—Q w,) —2— En Q=

2Ey(X)
= (4862'330) 2, = (0.1202705055) 1.2, (4.22)
ds%ﬁ%=mV%mumﬂww2ﬁ; (4.23)
Qr =Q + O =Q,(v,) + ;iﬂg;:

2E0(Y) Ey(Y)

—(12615*332)9; = (0312700 K2 (4.24)

and

Q*A** = QA +Q v (Vomp) =

= (127255 Q@ = (0315501 1.2, (4.25)
ie. via Qf, =1=Qf +0%+1.681322Q) = (184833%) Q' we have found

the radiation density parameter to

Q5 = (5.41'519)-107, ' (4.26)
so that because of Q; =(2.4728% 0.0025)-10"5h;_2 we can determine
=0.676"5010 . \ (4.27)

in Egs. (4.24) and (4.25), instead of the old dark energy Q, (see Eq. (4.16)),
the two new values Q) = Q) +Q; and Q" = QF + Q) (Vo p): were defined.
The values (4.20) to (4.27) are tabulated in Table VI. The first value Qy,
which describes alone the normal dark energy of the 3 sterile neutrinos v,

V4, and ¥, , is improved by the term Q;, in analogy to the expressions (4.13)
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and (4.14), i.e. (Q, +Q,))" > QF . At the second value Q}, which yields the
total dark energy of the 4 sterile neutrinos v,, V., v, and Voyg, the term
| Q5 (Voyp) could be responsible again for the decoupling of the photons [1, 2].
Then, by Refs. [1, 2, 6], the age of the present massive universe (z=0),
which now depends on the dark matter Q;, and the total dark energy Q),
is defined by

. B JQ*“ T A
3H0 Q***/ \/Qm

The'values (4.20) to (4.28) are tabulated in Table VI. These values of Table VI
. agree well with the most recent data of Ref. [16], which are given in Table VII.

According to Table VI, the new sum Qf +Q} =0.946 confirms the value

(4.28)

fo =

(4.10). Because of the heavy neutrino number density n(Vog) =112cm™ (see

Refs. [1-4]), the above-mentioned assumption, where the fourth heavy neutrino
Veup could be responsible for the decuopling of the photons, is supported by

its rest energy E,(Vcyp) Vvia the connection [1-4]

* g~ # 2
Qy(Vems) Poc €

EoVou) == = = 0.2565 015 eV, (4.29)
since by Eq. (4.29) we obtain the redshift of the photon decoupling to
2y, = Foemn)/k _ ) 10ggvss (4:30)

0
in excellent agreement with the corresponding value z, =1089.9+0.4 of the

redshift (at which optical depth equals unity) in Table VII. Within the error
limits, the cosmologlcal parameter values of Tables I, I, V, VI and VII agree
excellently. Thus, in this work, we do not correct generally all results derived
by the data of Tables I and V, since the data of Table VII yield the same results
for all considerations of the works [1-5] and the present paper within the error
limits, i.e. we apply always the data of Table I (see also the paragraph before
last in Sec. 2).
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Table vi. The estimated (present-day) values of the new particle-defined
cosmological parameters for the universe. ¥ see Eq. (2.56).

Symbol, equation
4

*

",

&

&

Ry =/ Hi

Oo =3H 827Gy,
Qi {Fens)

Q= p // Poc

Qg = f’ﬁmff’{if:
Qtﬁ =L + Q;
Qy = !*‘f'\-,fiﬁf‘}c
QY =" e
Q; =P, f Boc

th

Value
Hane
9'6?6w€}).€31(>

1007 km s'Mpe™ = 67.6774 km s Mpe™ =
=4, x(9.777752 Gyr) " = (2191503 10 B 5!

(435600173 10" s = 13.80 +:0.03 Gyr
(1.3687002%.10% m

(4.82701%7.10% (eV/¢? ) em
(63501631074 A7 = (13907 535y 107
@72 10787 = (59553107
0.0221 11500087 4,7 = 0.048473 o3
0.120230%58 B2 = 9,263/ 004
014230005 .2 = 031150013
0311501 A = 06837004

03157208 177 = 0.689%) 0oy

(24728 +0.0025)- 1017 = (5.41255)-10°°
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Table Vil. The most recent {present-day} values of the cosmological
parameters for the universe according to Ref. (16)

ms‘y—mboi, equatlo_;{ Value

EE 2.7255(6) K
h 0,678+ 0.009
H, 1004 kms ' Mpe ' =678+0.9 kms Mpe ' =
= hx(9.777752 Gyr)™! = (2.197£0.029)-10 "5~
I 13.80 +0.04 Gyr
R.=¢[H, 0.9250629-10% 8 'm=(1.364+0.018)-10° m

Poc =3H 8 Gy 1.05371 A0t eV /et em™ =
= (4.84£0.13)-10 (eV/e?y cm™

Q < 0.016 (Planck CMB); 200012 (mixing)

€3

Qy = ph/ oc 0.02226 £ 0.06023 &% = 0.0484 £ 0.0010

Qi = P/ Poc: 0.1186 +0.0020 57 = 0.258+0.011

fzm =g ,2;}0{‘1(“- {0.308+0,012
Q. =p, ) Poc 0.692£0.012
Q, =p, /P (2.4728 £0.0025)-10 A * = (5.38£0.15) 107

z 1089.9£0.4

i d
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" Exceptionally, because of the new introduction of the normal (5, , Vim> Vp)
and the total (¥, Vgn » V> Vems) dark energy (see above), we use the
improved data of Table VI in Egs. (7.19) to (7.29) for the important
confirmation of the far—reachmg conclusion in Sec. 7.

Consequently, using the data of Tables III to V including VI, the results,
derived in this Sec. 4 for the universe, are also valid for the anti-universe.

5 The new thermal equilibrium and the light neutrinos

Via the results (2.47) to (2.50), we can directly support the introduction of the
new thermal equilibrium by the assumptions

kT = kTy(v,) = Ey(v,) = (1.589*2978).10eV, (5.1)
KT =kTy(v,) = Ey(v,) = (8.85701¢) 10V, (5.2)
kT = kTy(v,) = Ey(v,) = (4.937012)-102eV , (5.3)
T =kTy(Q ) =D Ey(v,)= (5.97%513)-102€V. (5.49)
Then, the assumptions (5.1) to (5.4) yield the redshift conditions
‘ Ey(ve)
1+ = 20We) _ 6766, : 5.5
zo(Ve) = T, (5.5)
14 24(v,) = ‘;C(V") ~37.68, (5.6)
N ' ; 0 .
Ey(v;)
1+2z,(0.) = =92 _ 2099 5.7
1+25(v,) 7 (5.7
and
1+20(2v)—z Folvi) _ 5547, . (5.8)

KTy
For N(T) = 3.362644 (see Eq. (2.6)), the expression (2.5) yields

Q, = %N(T) Q,=9.18-107. _ (5.9)
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Then, taking Egs. (2.61) to (2.67) as well as (5.5) to (5.9), we get semi-
empirically the identical connections

% o poa )
o, =[Q 1+z°(Z'V')J =[Q z"E"(V")J ~0.0391,  (5.10)

"1 Zigion (D) “KT(Q v
RV %
a =[Qr —1—“"—(")—} =l MJ * 20,0301, (5.11)
s 1+ Zreion (VT) = kT(VT)
r Ao %
o o 120 17 g Bl (705 (5.12)
aur 5 1+ Zgion (V) | kT(v)
and
" % oo 4
o =lQ ”—z‘l("—c)} ’ =[Q, ﬂi"—l} * 00391 - (5.13)
ol 1+z(v) kT(v,) '

in excellent agreement with Eq. (2.59).

The results (5.10) to (5.13) can be considered also as a reasonable argument
for the introduction of the new thermal equilibrium in Refs. [1-5].

Using the data of Tables III to V, these considerations, derived in this Sec. 5
for the universe, are also valid for the anti-universe.

6 Rest energy of photons and gravitons including conclusions

To this day, it was assumed that the rest energies of the photons and the
gravitons are zero. Therefore, we expect for their rest energies greater than zero
also the same values. Then, the results (3.108) and (3.109) permit unique
conclusions about the rest energy. of the gravitons (G) and the photons ().

Consequently, by Eq. (3.108), we have the first condition

2 4 3 ‘
Ey(G) = Ty = —2H_ = PocC % 7Ry 21.563-10% eV, (6.1a)
/5Ny Y No -
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whereas Eq. (3.109) yields the second condition

. 2
Ey(y) = kTyp = Puac(Bap) ¢~ - 5631055 ey | (6.1b)
”;(R r) ' '

Thus, we can assume that the results (6.1 a) and (6.1 b) describe the smallest
possible thermal (particle) energies in the total (massless and massive)
universe. Therefore, we suggest that because of the new thermal equilibrium
these smallest possible thermal (particle) energies (6.1 a) and (6.1 b) of the big
bang should be responsible for the rest energies E,(G) and E,(y) of the
gravitons and photons, respectively, i.e. we assume also

Ey(7) = Ey(G) = kT =1.563-107°eV . (6.2)
Thus, they are practically massless. The suggestion (6.2) is supported by the
gravitational potential energy (see Refs. [1, 2])
Ey(r) = 2141 Ey()x Ey(7) _
c Ryp
Gy Ey(G)x Ey(G)

= E,(G) = X 2156310V, ' (6.3)

: , BB
where Ry is given by Eq. (3.23). These results (6.1 a) to (6.3) agree with the
observed limits Ey(G) <9.0-10* eV and Ey(y) <3-107 eV (see Ref. [16]).

Now, the considerations are restricted to photons. Then, assuming the present
relativistic thermal energy E(y) =kI,+ Ey(y) (see Table I for T, ), the redshift
condition for photons yields

1+ = , 6.4
ZO(}/). T | (6.4)
i.e. we find the redshift of the photons to
z(y) = Elg;—”) = 6,655-1072 .- (6.5)

0 e

Assuming also for the big bang at Rgy = ctzz =2.069-107° cm (see Egs.

(3.23) and (3.24)) because of the Robertson-Walker metric the validity of the

Hubble relation v =cz = HR as a result of the Doppler effect for v << ¢ (see,
e.g., Ref. [9]), the quantum mechanical zero-point velocity vgg is given by
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vas = Rgg = € 25(¥) = HRyp = Hyg Ry =1.995.10 2 ms™ (6.6)
so that for the big bang we obtain

=S 200 2 g 643107571, (6.7)
Rgg  1gg \
Introducing the limiting values
Vap = Rap = ¢ 2y (%) = Hp Rpj 21.995-10 3 ms™?, - (6.8)
we find
Hy=Rom o200 2y 934102570, (6.9)
Ry 1y a

Using the result Hy =1/2t, of Eq. (3.102), the expression (6.9) yields the
connections O

J— " Z . ' - ,

i =22 2 2205) Hp = 20 Hy (4 230 - 610)
. Ip

By the limiting values of Egs. (6.6) ta (6.9), we can generally introduce
Vap = Rgp = 2y(») =HR =1.995-10 2 ms™", (6.11)
i.e. because of Eq. (2.43) for tpg <t <1p we get ’

H= Ryp _ M. ' (6.12)

R t

Because of kT >> Ey(y), we have E(y)=kI;, so that via Eq. (3.104) we
can estimate the present total energy E, () of the photons to

Et(7) = E()% Y3 No = KTy x Y, Ny =7.805-10" V.. (6.13)

The present total photon energy (6.13), multiplied by 2y(y) = 6.655 1073

(see Eq. (6.5)), yields again the Hubble energy E, (see Eqs (3.107) and
(3.108)) of the present universe as follows ,

Ey = 2y()x By () 2 5.194.10% &V (6.14)

Similar results can be found for all remaining extreme massive particles in

the universe. For example, we consider the X and Y gauge bosons as well as
the protons and the electron neutrino.
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~ According to Eq. (2.57) or Refs. [1-3, 5], for the X and Y gauge bosons if
we introduce Ey(X) = Ey(X,Y) and Ey(Y) = Ey(X,Y), we find

E,(X,Y)=2.675-10" ¢V (see Eq.(2.57)), , (6.15)
EX,Y = G—f‘EOO(, Y)=3.541-10% cm (see Eq.(2.40)), (6.16)
Ey(X, Y)= GN EXOXEXY) ) 675.105 v, (6.17)
Ry y _ ‘
Rop = M Ry y =2.069-10° cm , (6.18)
Ey(X,Y)
l+zy y = _BXY) g 130 102, (6.19)
TO
Ryy=—20 21207107 em (see Bqs.(2.15) and (2. 17), (6.20)
) +2zx vy
ViByy 9%
/NXX =2.917-10%, (6.21)
RBB
E(X,Y) = Ey(X,Y)x %4 Ny y = 7.804-10'° eV (6.22)
and .
Ey = 20(7) X E (X, Y) = 5.194-10% ¢V, (6.23)
For the Higgs boson (see Ref. [16]), we have
Ey(H%)=126-10" eV, (6.24)
R, =5 g (1% =1.66810 0 cm, (6.25)
c
. 0 10 .
E,H%) = Gy Eo (L) x By (') =1.260-10" eV, (6.26)
. ”0
Eo(?’) —96
=2, 069 10 6.27
BB =7 (HO Ry (6.27)
0 : .
142z, E"(H ) =5.365-10", ; (6.28)

Ty
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R,= B 5563.10% cm , C(6.29)
1+ Zg0 _
1
BNy = )2 R =6.194-10'% . (6.30)
RBB
B (H') = Ey(H)x }4 N0 =7.804-10'" eV (6.31)
and
Ey = 2y(7) X E,(H®) = 5.194.10% eV, (6.32)
For the electron [10], we obtain '
Ey(e) = 5.109989-10° eV, , (6.33)
— G : T '
R, = C—Q’ Ey(e) =6.764-10~ em, (6.34)
Eo(e)=G—Q’M=5.110-105 eV, (6:35)
c 5 .
Ryp = B R, =2.069-10* c¢m, | (6.36)
Ey(e) ~
142, =20© _ 5 176.10°, (6.37)
: kT, ‘
R, = K 631910 cm, (6.38)
1+z,
1 .
YN, =28 150700, (6.39)
RBB ’
E(e) = Ey(e)x Y4 N, = 7.804-10'° eV (6.40)
and o .
Ey = 2y(y)x E,(€) =5.194-10% eV . (6.41)

Consequently, for the extremely massive particles, the total energies (see,
Egs. (6.22, (6.31) and (6.40)) exist also during the evolution;(')f the massive
universe at the different times f=1#(z), defined by Eq. (2.12) via the

corresponding redshifts (see Eqs. (6.19), (6.28) and (6.37)) and values N(7T")
[1-3, 10]. These total energies, multiplied by the redshift zy(y) = 6.655-10>
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(see Eq. (6.5)), yield again the Hubble energy Ey (see Eq. (3.108)) of the

present universe according to Egs. (6.23), (6.32) and (6.41). Therefore, this fact
means that the zero-point oscillations describe also completely the massive
universe. Using Eqgs. (3.102) to (3:109), this result is confirmed by the ratios

(14 zy)* == 1 _ SR )N By _, 254.10%, (6.42)
: 2Hytyy Ry Npy EPI
since the basis of the mean (maximum) energies (3.78) and (3.83) of the
universe and the anti-universe is the Planck energy Ep (see Egs. (3.79). and
(3.84)) as the greatest possible relativistic particle energy. Thus, new results are
possible by coupling of all corresponding expressions. For example, in th1s
chapter, the coupling of Eqs. (6.10) and (6.42) leads to
(1+2zy) 2o o 5B
Hy zy(7) Ey,

Usmg the data of Tables III to V, the results, derived by (6.1 a) to (6.43) for
the total (massless and massive) universe, are also valid for the corresponding
anti-universe.

In Refs. [1, 2], for particles (P) and antiparticles (P ), we have introduced
the Schwarzschild (S) radius Ry = R', where R’ is defined by

- (643).

R =2 B ®)+ B P ], (6:44)
so that because of E,(P) = E,(P) we obtain as Schwarzschlld radius [9, 11]
R, =2— GN + Eo(®) (6.45)

as distance between particle-antiparticle pairs in the quantum vacuum [1, 2],
which penetrates completely the space-time continuum of the total (massless
and massive) universe and anti-universe (see Eqs (6.46) to (6.48)).

For example, at Higgs boson-antiboson pairs, we have the Schwarzschild

radius |
Ry = Ry(H’)=2R , =3.336-10 cm, - (6.46)
where EHO is given by Eq. (6.25). In the case of photons, for the corresponding

photon-photon pairs, we obtain as Schwarzschild radius
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Ry = Rg(¥) = 2Ry = 4.138-10 % cm , | (6.47)
where the big bang distance Ry =2.069-107% cm (see Eq. (3.23)) is defined

according to Eq. (2.40) by Ry = (Gy / ¢’)Ey(y) via Eqgs. (6.1 b). For grav1tons
_we can assume an “analogous” situation.
According to Eqgs. (3.108), for the Hubble energy Ey; of the present (z =0)

massive universe and anti-universe, we find plausibly for their Schwarzschild
radius

RS=2%N~EH =Ry =2x); Ry =1375-10% em. . (6.48)

Then, we find the escape (esc) velocity v, (see, e.g., Refs. [9, 11]) for the
present massive universe or anti-universe to

. [ﬁ(Rfi—/)]}/ s, 5

i.e. they are black holes because the surfaces of the present massive universe or
anti-universe are limited by their Schwarzschild radius Rg = R, , so that even

the light cannot escape from the present massive universe or anti-universe.
Because of Rgp < Ry (see¢ Eq. (6.47)), an analogous situation has the big

bang, so that we get no information about the big bang, since from a mass with
the surface within the range of the Schwarzschild radius no events can be
observed. ,

A completely other situation is observed at the -extremely massive particles
and antiparticles, which form the corresponding universe and anti-universe. For
example, at the Higgs bosons and Higgs antibosons, their scale factors
R, =2563-10° cm (see Eq. (6.29)) and analogously R =2.563-10" cm
do not lie within the range of the Schwarzschild radius (6.46).

Now, we try to calculate the rest energy of the photons via the general
galactic magnetic field, assuming a coupling with the magnetic neutrino
moment. ‘

In Sec. 4, we have shown that the joint origin of the dark matter and the dark
energy is a result of the invisible decay and breakup products of the sterile



-437 -

neutrinos V,, V4, and v, . Therefore, we can assume that their magnetic
(mag) energy density émag must be equivalent to

Emag = Qum +Q0) Q, 2 ¢ = (Qu +Q,) 2o (7) & (6.50)
because of the definition (see, e.g., Refs. [7, 8])
Q, =22 =P 546107 (sce Table D), (6.51)
~ Poc  Poc

where p, = py(y) is the electromagnetic mass density of the photons of the

present cosmic microwave background (CMB) explained, for example, in Ref.
[8]. Taking

2 3, 4
L2 x (RTG)" , -3 :
f)e? = =07 =0.26057eV cm 6.52
and
Pocc =4.77-10°eVem™, (6.53)
we obtain the magnetic energy density £,,, to
bmag = Qum + Q1) po(7) ¢? =0.2475eVem ™. (6:54)

The galactic magnetic (gmag) energy density Egmag 1S Biven by

2
Eymag = —— B = 1 = (5) eV/em®, (6.55) -
2uy  87-1.602176565-102°\T) »

where 4, describes the permeability of free space and B represents the
general galactic magnetic field. Then, by the condition &,,,, = £,,,, we find

the present general galactic magnetic field B to
: _ ) \

B= [(Qdm +Q,) po(]/)c2 X 8ﬂx1.6022+10_2° cm3/eV]AT =

=3.157-107°T : : (6.56)
in excellent agreement with the observations [17], which lie in the small range
(14%02)-10°T<B<(44+0.9)-10°T.

Consequently, the remaining energy density &, = Q, p,(7) ¢ must provide

the present luminosity density of all galaxies to
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Ay = Hy p(7)c? =4.544-103 W/m® =

= 2.886-10% Ly, /Mpc?, - (6.57)
where the Hubble parameter H, =Q%HO =1.805-10"®s™", which
characterizes the present day situation of the massive universe by the
exponential expansion (2.27) for t=t,, and the solar (SOL) luminosity
LyoL, =3.828-102° W [10] were used. The result (6.57) agrees with the

limiting value of the total luminosity A, <3-10° Lgor, / Mpc® of all galax1es in
Ref. [9]. This agreement supports the upper assumptions. :

Because of the estimations (6.54) to (6.56), we can assume that the gravitons
yield no contribution to this general galactic magnetic field.

Therefore, we assume that'a connection must exist between the magnetic
field (6.56) as well as the rest energy of the photons via the magnetic
moments of the light neutrinos [1-3, 5, 10, 18] if we consider the sum of ratios
of the corresponding rest energies [1-3] of the end products of the 3
transformation types [2, 3] (in form of light neutrinos v ‘into heavy neutrinos
v, heavy neutrinos v into sterile neutrinos. v and light neutrinos v into
sterile neutrinos ¥) as well as the neutrino number densities
n(vy=n()=112cm™ and n(¥) = 0.178 cm™? [1-3]. This sum provides 3Q,,
since it contains once Q,,, = Ey(Vy)/ [Ey W\ ) + Ey (V) + E(¥,)] = 0.265 and
twice Qu, = Ey(P4n)/ [Eo(Pr) + Eo(Pam) + Eo(Vy)] = 0.265 . These rest energies
possess the values Ey(V,)=29.3¢eV, Ey(Vy,) =11.31eV, Ey(V,) =2.08¢eV,
Ey(V,) =18436€V, E,(Vy,) =7120eV and Ey (V) =1309¢V [1-4]. Thus, we
find semi-empirically the constant of this process to 3Q, n(¥)/n(V), which
must be distributed symmetrically among the two decay products of the
sterile neutrinos, i.e. this process must be characterlzed presently by the
constant factor

30y, n(#)/n()}? = 22.37. | (6.58)

Using the geometric mean from the product of the neutrino number density
ratio n(V)/n(?) =629.2 (see above) and the ratio of the results(4.1) and (4.4),
for the present universe, a similar factor is plausibly found to
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5 (1= e~y 12
Qd,{”(") e )J' %2239, (6.59)

n®) o

According to Refs. [1-3, 5, 10,.18], the sum of the magnetlc moment of all
light massive neutrlnos can be derived to

C 1, OV Z'W e[Gr/(heyThe? 3 o) =

=3.203-107°) Ey(v)) [eV) a5 - (6.60)
with the Bohr magneton [10]
iy = ehc® —(5.7883818066(38)-10““MeV/T (6.6
2Ey(e) -
where the new quantities e, [GF/(hc)] Z Ey(v;) =597 10%eV and

E,(e) describes the elementary charge, the Fermi coupling constant [10], the
sum of the rest energies of the light neutrinos [1-3, 5] and the rest energy of
the electron [10], respectively. The subscript i =e, x4, 7 characterizes the light
e, 4 and 7 neutrino. Thus, for the magnetic moment (6.60), we can also
write '

1,y =1.107-10% eV T, (6.62)
so that, for example, via the factor (6.58), we ‘find semi-empirically the

connection between the magnetic field (6.56) as well as the rest energy of the
photons (see Eq. (6.1 b)) to

B = [3Qyy n®)/n) P 227 (6.63)
ﬂv(zivi)
Indeed, if we use B =3.157-1071° T, the expression (6.63) yields
E,(y) = 7 #,(D V) =1.563-10% eV . (6.64)

[3 Qdm n(ﬁ)/n(ﬁ)] ’
With that, we have confirmed the existence .of the photon rest energy by the
experimental value of the general galactic magnetic field (see, e.g., Ref. [17]),
i.e. by a convincing direct experimental observation.
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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
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For the Planck units as the limits between massless and massive universe,
accarding to Eqs. {2.30} and {2.31), because of N{T)=1/20 B {1, 2], we obtain

17 (kT )

(et = ——=p_{ty) =
pvm{ ?2)" 115 (h{!}j F\'(?) p\:u( P[)

1z h 121 3 .
= e —— = 693107 eVem 8.3}

315 &y N

or
3
f\ - AI-’I "?‘;gﬂ-"-—":-}—m-" =
45 RN

Sl L 230.10%m. 8.4)

45 2 N(T)
At the big bang {see Egs. {3.23) to {3.26}}, we get

Pl Rap) et =20, — — = poallpn)e® =
et g ) 3 v 15 he R}?Au .{vac( BB}
N
2o 7 Fa_4297.10% eV om™ (8.5)
3715 hetigy

or
. (1T= gz, l J’T“ Slp " 5 .
A=Agg=10F r SOT Y —1.406-10% 2. (8.6)
45 Rgp 45 "Iy
Using Eqs. (8.1) to (B.4) at =1, and f = ry as well as Egs. {8.3) to {8.6) at
! =ty and { =1y , we can introduce

Paclln) _Ap _ 1oz’ ;Q_Yr_azz‘mg.m”ﬁ (8.7)
Pacn  Ax o 135 Q155 ,
as well as
Pacin) _ App = 6.10.101%5 , {8.8)

f)vac(’]"i}' AH
respectively. We summarize correspondingly these calcuiated data (8.1} to
[8.6) in the Takles Viit and IX.
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Table VIII. The calculated time-dependent vacuum energy densities or
cosmological “constants” for fgg <t <1y, . '

kT Time o2 A
State o
: eVv)y - @)

(eVem™) (mdz)

Bighang  1.563-107° 6.901-107" 4.23-10°Y 1.41.10"”
Ey(e) 5.110-10°  2.256-10% 3.95.10'% 1.32.10'!
E,(H")  1.260-10"  5.564-10" -'1.49-10 2.16&0“’0
E,(X,Y) 2.675-10% 1.181-107%  1.44.10%7 4.80-10"

Planck  1221-10%®  5.391-10™  6.93-10%*' = 2.30-10%

Because of the new inflation model [1, 2], we have a discontinuity in the
evolution of the universe, so that Egs. (8.7) and (8.8) do not agree with the
result of the quantum field theory, which predicts a value of about 10'*? for
the result (8.7) at a continuous evolution of the universe [11]. However, we
can simulate a continuous evolution for the total (massless and massive)
universe by (ABBAA)%/AA = (ABB/AA_% =1.137-10"2, so that we obtain an
excellent agreement with the quantum field theory, In other words, the
expression (ABB/AA-)% =1.137-10"? corresponds to the geometric mean of
the results (8.7) and (8.8).

Secondly, we treat now generally the case tzp <f<t, which is also

tabulated in Table VIIl. Here, as examples, we estimate still the corresponding
data for the X and Y gauge bosons as well as Higgs boson and the electron,
given also in Table VIII.
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For typ <t <tp, according to Eqgs. (2.41) and (2.42), for R =R (see, e.g., Eq.
(6.16)), because of R=ct [see Eq. (2.43)), we have the varlable (time-
dependent) vacuum energy density or cosmological “constant:

2 x* EY 2 n* E?
Rct==Q = B __“q Z_ M
Prac(R) 3 "15hcR* 3 715 KA

(8.9)

or

16 2 1 E;ﬁ 1

5T TR T s a2
For example, at the X and Y gauge bosons, we have IT)'(’Y =3.541-107¢ cm

(see Eq. (6.16)), i.e. we obtain 7 = Ry y/c =1.181-107s, so that we get

A= (8.10)

' 2 x* E:
X,Y)t=2Q — =B -
P V)¢ =3 715 heRZ 4
2 . n* Ej 127 X7 a3
=ZQ = =1.443.10“" eV cm . (811
37715 he'? G40
or
16 5 . 1
A =—7Q, ==
XY 45T TR,
e 2Q, 1- = 4.80- 1071 - (8.12)
45 Y P

The data (8.11) and (8.12) are tabulated in Table VL.

By the results (8.9) and. (8.10), we have estimated also the corresponding
data for the Higgs boson and the electron, given also in Table VIIl.

Thirdly, we describe now generally the case ¢ >#, (tabulated in Table IX),
whereat the considerations are here restricted particularly to the radiation-
dominated universe (z2> 105, T>310°K or t<3-10°s ). Here, according to
Egs. (2.30) and (2.31), via the results (2.10) and (2.12), we have generally the
variable vacuum energy density or cosmological “constant
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10Dt 1

T 315 (he) N ®.13)

PuacD) €

or _

Sr:GN )= 8 (kT)“ 1-

45" E}(he)* N(T)

i.e. ekplicitly for the radiation-dominated universe their time dependence is
considered according to Refs. [1-5] by the connection

_1{ 90838 % 1 ~
C2(874°Gy ) JN@) T
_ (2.42035+0.00015) {Me‘v’ T
JN(T) kT

A= (8.14)

(8.15)

Table IX. The calculated time-dependent vacuum energy densities or
cosmological “constants” for ¢ > 1y, .

kT Time Pvaccz A
State N(T) V) ) | . (m™)
(eVem™)

Planck  1/2Q, 1.221-10%  5.39.10% 6.93-10151 2.30-10%
E(X,Y) 16075  2675.10%  2.67-10* 9.09.10"* 3.02.10°
E,(H%)  385/4 1.260-10"  1.55-10"  7.48-10° 249
Ey(e) 43/4 5.110-10° 2.83 1.81-10°  6.02-107%
Q, ppec’ 3362644 4430.10°  6.65-10°  3.27-10°  1.09-107%2
final (4/11%4 5811107 21710 457-10°* 1.52.10°%
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Using the results (8.13) to (8.15), we get as their time dependence

m 5.85809 MeV* s?
T315 (el[NOP 2

Poae) € (8.16)

- or

4 2 '
L 5.85809 MeV s2_ &.17)
457 (he) Ex[N(DF 1

Now, by the results (8.13) to (8.17), we estimate also the corresponding
data for the X and Y gauge bosons as well as the Higgs boson and the electron,
given also in Table IX. '

For example, at the X and Y gauge bosons, we have N(I')=160.75 (see

Refs. [1-3, 5, 10]) and AT =2.675-102 eV (see Eq. (6.15)), ie. we can
determine ¢ =2.67-107* s via Eq. (8.15), so that we get the results

pvac(X Y)e? EE—_‘(hc) N

2 4 2
17 5.85809 Mev E_ — 9.09 .10112 eV cm“3 (8.18)

“315 me[NDF P

or
- 8 (sz) 1
" 45" X N(T)
_8 5 585809 MeV* i
457 (ney EAIN()F 7

=3.02:10" m™2, (8.19)

~ tabulated in Table IX. :
Analogous to the X and Y gauge bosons (see Eqgs. (8.18) and (8. 19)), we have
calculated still the corresponding data for the Higgs boson H°

(N(T) =385/4) and the electron ( N(T) = 43/4), for which the rest energy is
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given in Sec. 7 and their value N(T) is defined in Refs. [1-3, 5, 10]. They are
also tabulated in Table IX, where we have also summarized all calculated
values for the time-dependent vacuum energy densities or cosmological
“constants” for £ = . :

At a temperature of T’ ~5-10° K, the neutrinos decouple from the photons
[6], i.e. from this point we have N(T)=3.362644 [6, 8] in formula (8.15),

which is valid for T >3:10°K. However, from T~5-10°K, we have

T, =(41 1)%T (see also Sec. 2), where T ‘is again the photon temperature,
i.e. the photons and neutrinos dominate now the universe. Then, by
N(T)=3.362644, for T<3-10°K, via the formulae (8.13) and (8.14), the
corresponding time of the variable vacuum energy densities or cosmological
“constants” can be determined only by the redshift 1+z=T/T; (see Eq.

(2.10)), using the result (2.12) for the time calculation.

Then, for Table 1X, the corresponding time of the limiting values (2.32) and
(2.33) is again evaluated by 1+z=T/T,=18.86 (see Eq. (2.34)) via the
expression (see Eq. (7.7))

2 JQA(1+Z) Q1+ +Q,,
3 H, Q/ NN

Using Egs. (3.8) and (3.38) as well as interpreting because of Eq. (8.1) the
result (3.75 a) as vacuum energy density of the final state of the massive
universe, by Eqgs. (3.10) and (8.13), for N(T) = (4/11)% (see Eq. (3.73)), we
can write

£ =t(z) = (8.20)

- RYa (kT) 1 2| degr | [ T
Tye =puc =Q T,)
pvac( ) 3 15 (h ) N(T) pﬂ APOCC [th2J (TZ
| 7 | '
- Eq . (3 N(-T))' ' 24.56.10 eVem™, (8.21)
% 7 (ctgy) 2

so that via the middle term of Eq. (8. 14) we can estimate the corresponding
cosmological “constant” to

0 !
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E 4 | '
e= 20y =r L BONDBE _ysi0.109 2, 62
c Ep  Yr(ctp) :

where the time #;, = 2.172-10%" s is defined by Eq. (3.36).
Then, using again N(T)f—-(4/11)% and the connection (8.21), we can

estimate the energy kT of the state py, ¢%"of the massive universe to
1

45 4 0-
kT = [;2- (hie) pry ¢ N(T)J =5.811-10 eV, (8.23)

The data (8.21) to (8.23) are also tabulated in Table IX.

Via the geometric means (ABBAf)% and (AAAf)y?, we can once more
simulate a continuous evolution of the total (massless and massive) universe
by (ABBAf)%/(AAAf)% = (ABB‘/AA)% =1.137-10"** as a consequence of the

geometric mean {[(ABBAf)/'AZPI]x [AZPI/_(AA Af)]}% = (Agp/AL )% 21022, so
that we obtain again an excellent agreement with the quantum field theory
(see above).

We mention still that because of the result (2.59) for the magnetic
monopoles their rest energy E (M) = 6.849 10" GeV (see Eq. (2.58)) must be

correct. However, their assumed statistical quantity N(T)=1/2£27 [1-3] is

only correct for the estimation of their relativistic maximum energy Ej. Its
real value must lie in the range 1/2Q > N(T)>160.75. Because this

“unknown” value N(T) is necessary for corresponding calculations, we have
not considered the magnetic monopoles for Tables Viil and IX.

With that, we have solved the problem of the time-dependent vacuum
energy densities or cosmological “constants” on the basis of our quantum
gravity [1, 2]. ‘ ’ :

Thus, we have shown that the energy density (8.1) of the dark energy and
the cosmological “constant” (8.2), which describe the present accelerated
expansion of the universe, can be identified with the vacuum energy density
or cosmological “constant” of the quantum field theory, so that we have
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confirmed the derivation of the quantum gravity [1, 2] by the gravitation via
the particle-antiparticle pairs of the quantum vacuum [1, 2].

Besides, this solution corroborates the correctness of the estimation of the
parameters of the big bang [1, 2], the new inflation model [1-5], the (light [1-
5], heavy [1-4] and sterile [1-4]) neutrinos as well as the SUSY GUT particles (X
and Y gauge bosons [1-5] as well as magnetic menopoles [1-5]). Consequently,
the conception of the SUSY GUT is now well established within the theories of
the early universe.

Using the data of Tables III to V, the results, derived in this Sec. 8 for the
massléss and massive universe, are also valid for the massless and massive
anti-universe. : h p

9 Summary

We have derived the transition from the final state of the universe and anti-
universe to the big bang (origin) via the complete sterile (anti)neutrino decay
and the quantum gravity. With that, we have solved precisely and uniquely
this fundamental problem, whereat we have confirmed the explanation that
the present dark matter and dark energy can be attributed to the invisible
decay and breakup products of the sterile neutrinos. We have proved that the
massless universe and anti-universe exist by zero-point oscillations. Finally, we
have also shown that the massive universe and anti-universe can be explained
reasonably by zero-point oscillations.

By aid of the time-dependent vacuum energy densities or cosmological
“constants”, we confirm the predictions of the quantum field theory.

The final age of the universe and the anti-universe was confirmed to
t;, = 6883 Gyr, derived in Refs. [1, 2]. The lifetime z; of the sterile neutrinos

[1, 2] was also confirmed to 7; =35.11Gyr [l, 2]. The rest. energy of the

photons was estimated to Ey(y) =1.563 -10%eV . This estimation is confirmed

by the measured general galactic magnetic field. It was assumed that the rest
energy of the gravitons has probably the same value as at the photons.
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In the framework of the ACDM model, we determine various values of the
Hubble “constant” in the evolution of the universes as a function of the
present CMB Hubble constant H, = 67.3+1.2 kms™ Mpc™ so that we can
determine the present Hubble constant of the accelerated expansion to

"Hyo"= 74.0'2% kms Mpc™' in excellent agreement with its most recent

observed value 74.03kms™ Mpc™ by"Riess et al. in 2019, i.e. we need no new
physical assumptions. However, the accelerated expansion began with a large
Hubble constant H, = 95.0kms™ 1Mpc , so that the accelerated expansion
is decelerated. In future, this result is «in accordance with a slow linear
expansion, which has the small Hubble constant H,;, = 0.843kms™ Mpc™

For the big bang, we have confirmed the distance Rgp =2.069-10"*m and

the time #3 = 6.901-107'%7 s of Refs. [1, 2]. The vacuum energy density or the
cosmological “constant” of the big bang were also confirmed to
Peac(Rpp)c® =4.227-10" eVem™ and A =1.406-10"m™? (see Refs. [1,

2]). The very high temperature Ty = By /k = 5.52-10** K was estimated for
the hot big bang. Therefore, for the direct investigation of the big bang,
ultrahigh-energy accelerator experiments, which under terrestrial conditions
also in the near future have not the necessary energies, are utopian. Thus, for
example, they should be stopped in favour of the neutrino physics.

Using the Friedmann equation as well as the known properties of particles
and antiparticles, we have found a time reversal solution for the anti-universe
(—tgy <~ < —tpp «-0) and the universe (0 — tpy -1 ->1¢;,.), since they
expand in the opposite time direction by scale factors greater than zero and at
velocities with opposite 31gn (see Table IV) The beginning of the anti-universe
(antimatter)- and the universe (matter) is a result of two equivalent energy
uncertainties by one quantum fluctuation of the vacuum according to the
uncertainty relation in form of Ky, = fh/2 (—tgp) and Ky = h/ZtBB N
respectively. The total energy Egp =2Eg, =h /z‘BB', which must yield the
vacuum, is used for the excitation of the zero-point oscillations. At =0
(origin), these two energy uncertainties disappear by annihilation.
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With that, we have simply solved the fundamental problem of the separation
of antimatter and matter because the unknown anti-universe must be existent in
the past, whereas the known universe exists in the future. Besides, we have
shown that the existence of the anti-universe and the universe is determined by
an eternal cyclic cosmic evolution, for which is responsible the transition from
their final state in the direction to the big bang.

. If we go in direction to the end of the universes, we have shown that we have
an enormous increase of the energy density and the temperature because of the
relationship “final state of the universe and big bang”. To this day, in these
processes, at the dark ‘energy, the complete sterile neutrino decay was not
considered, so that this work yields a strongly improved picture of the universe
and the corresponding anti-universe in contrast to the hitherto existing big bang
models.

In these hitherto existing big bang models [6-12], where the physics of the

early universe (z <107%s™") is still ver uncertain, their theories are not well
y y

established [6]. They predict, e.g., for the elusive dark matter, the existence of
many exotic particles [6, 8, 11], for which however there is no experimental
evidence [6]. ’

In contrast to these theories, by a1d of time-dependent vacuum energy
densities or cosmological “constants” [1, 2], this work yields new contributions
for the picture of the universe and the corresponding anti-universe by the
derivation of the parameters of the big bang (as a result of the complete sterile
(anti)neutrino decay) via the results of the quantum gravity [1, 2], which was
derived by the gravitation via the particle-antiparticle pairs of the quantum
vacuum, using the new thermal equilibrium between photons and particles [1-
3] as well as the new inflation model [1-3].

By these new contributions, the SUSY GUT transition is. now well
established at the theories of the early universe. These new arguments are
based on (convincing) direct experimental observations as the 3-neutrino
oscillation parameters (see, e.g., Ref. [10]), the Planck 2013 results (see, e.g.,
Refs. [7, 12]), “the sterile neutrino decay” (see, e.g., Refs. [13, 22-26]), “the
Pioneer anomaly” (see, e.g., Refs. [14, 15]), the general galactic magnetic field
[9, 17],“the astronomical unit changing” (see Ref. [19]) and the present Hubble
“constant” [20] as well as “well” established theories as the neutrino statistics
(see, e.g., Refs. [6-11]), “the magnetic neutrino moments of the standard
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SU(2) x U(1) model” (see, e.g., Refs. [10, 18]), the hot big bang model (see,
e.g., Refs. [6-12]) and “the SUSY GUT transition” (see, €.g., Ref. [7]), used in
Refs. [1-5], which are the fundamental basis of this work.

The “dark energy” was not introduced a priori in the ACDM model. This
dark energy is based on the convincing experimental observation of the
expansion of the universe by Hubble because by this discovery Einstein’
cosmological constant A, introduced by him to get a static universe, has
obtained a Renaissance via the quantum field theory as vacuum energy density
(negative pressure), which in the works [1, 2] was thus connected with the
cosmological “constant” and the dark epergy as variable quantities. This work
supports once more this hypothesis [1, 2] by the transition to a time-dependent
vacuum energy density or cosmological “constant” in the eternal cyclic
evolution of the total (massless and massive) universe and anti-universe. This
assumption is confirmed By discovery of the present accelerated cosmic
expansion [7], defined as the corresponding “present dark energy” [1, 2].
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