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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
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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



- 396 -

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




- 405 -

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





