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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°%




-453 -
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



- 456 -

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.





