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Abstract

The cosmological model presented here rests on the postulate that the universe can be described
as an interacting attraction (exerted by matter) and repulsion (exerted by the excitation energy
of the quantum vacuum) system in virial equilibrium. The basic parameters of the model, the
matter density and the excitation energy of the quantum vacuum are determined by observations
and are not adjusted to the model. The model requires only a few assumptions that can be
deduced from the laws of conventional physics and from the rules of quantum field theory.
Existing problems in standard cosmology, such as the flatness and the horizon problems, among
others, can be resolved in a straightforward way without inflation and without recourse to dark
matter and dark energy.
Keywords: Flatness problem, horizon problem, cosmic microwave background anisotropy,
isothermization, thermalization
1 Introduction
1.1 Development of the ACDM cosmological model
In 1917 Einstein applied his theory of general relativity (GR) to the universe as a whole, and
found the surprisingly simple solution [1]

V=" P ®
Equation (1) describes an expanding universe, where the expansion velocity v is a function of

the mass density pm.
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Einstein believed in a static universe and accepted the expanding universe hypothesis only in
1929 after Hubble published his famous “relation between distance and radial velocity among
extra-galactic nebulae” [2]

z = const.xX d 2

which is usually expressed as a redshift-velocity law:

3
CxZ=V=H,xd )

where z is the redshift, v is the expansion velocity, c is the speed of light, Ho is Hubble’s constant
and d is the co-moving distance of the emitting object.
In 1931 the Einstein — deSitter (EdeS) model of an expanding universe was developed [3] and

this became the standard model of the universe for many decades.

872G R
Ht2 = Tpcr = (4)

Rt
This model describes a flat universe expanding with velocity Hy, with a critical density Qm =
per, and curvature term k = 0.
Due to the difficulty in finding detectible amount of intergalactic matter and subluminous stellar
objects etc., direct observation of the matter density is difficult. With a firm belief in the velocity
interpretation of Ho, the argument and the function value in Equation 1 were exchanged as

follows:
pm = f(Hy) (5)

with serious consequences for the further development of the cosmological model. A number
of fatal contradictions arose between observation and the predictions of the theory such as the
missing mass and age problems. The Lambda Cold Dark Matter (ACDM) model, which

contains variable amounts of dark matter (DM) and dark energy (DE) and a fixed value of Ho,
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was devised in order to make the model compatible with observations. The dynamic of the
universe can be described by the Friedman Equation [4].

2 2

281G ke | Ac
Ho =222 5 _KC | AC 6
3 Pm 2 3 (6)

where a is the scale factor, A is Einstein’s cosmological constant, pm is the mass density
containing both luminous and dark matter and k can take the values +1, -1, or O for representing
a closed, open, or flat universe, respectively.

Convinced by the ‘three evidences of proof’, i.e., the existence of the cosmic microwave
background (CMB), the big bang nucleosynthesis (BBN) and the Hubble Law and in view of
the excellent agreement between the concordance model and astronomical observations the
majority of astronomers believe that the ACDM model is a correct description of the beginning
and evolution of the universe.

1.2 Objections against the ACDM model

Despite its great success for explaining cosmological and astronomical observations we should
bear in mind that the ACDM model consists of a large number of unexplained and in partially
unprovable hypotheses such as the still elusive DM and dark energy DE, negative pressure, the
actual tiny value of the cosmological constant, and the redshifts (RS) of spectral lines emitted
by distant galaxies is due to expansion, among others.

It is important to note that in its present form the ACDM model is incomplete in that without
pre-BB fine—tuning it cannot explain the horizon and flatness problems on its own. These
problems were solved by inflation as put forward by Guth 1981[5]. The inflationary theory,
however, is not generally accepted. In order to work inflation requires a pre-inflationary fine
tuning of the initial conditions in order of 10™° every other number would lead to “bad
inflation” [6]. In addition to this, the theory is based on a number of subsequent, mutually
substantiating hypotheses and assumptions without profound physical basis. For these reasons

inflation is object to serious criticism [7—10]. Dispensing with inflation, however, would mean
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that the fine-tuning and horizon problems cannot be explained within the standard model and
this shortfall remains an unsolved conundrum of current cosmology.

1.3 The Hubble constant dilemma

The problem with the Hubble constant is twofold. Firstly, redshift from local measurements
(calculated from the redshift of spectral lines emitted by distant galaxies) and redshift from
global measurements (calculated from the CMB power spectrum) lead to different results: h =
72-73 as compared to h = 67.8 (h = (km s Mpc™)/100). The problem is that the error bars of
these two independent measurements do not overlap. The significant difference between the
local and global measurements is taken so seriously that the need for new physics beyond the
current standard model has been discussed in order to explain this discrepancy [11, 12].
Secondly, it was demonstrated [13, 14] that simpler EdeS models with zero cosmological
constant fit the CMB power spectrum as well as, or even better, than the concordance model.

The calculation of h from various EdeS models without the cosmological constant leads to a

substantially lower value of h:0.3f%8 [13]. A Hubble constant of h = 0.3 is completely

inconsistent with h ~ 0.7 and attempts to bring together these two values have been
unpromising. Both values cannot mean expansion and hence the possibility has been considered
that the RS of the spectral lines and the RS derived from the CMB may have different physical
origins [15]. This idea may appear controversial, but the Hubble diagram (HD) tests suggest
that this reasoning is correct.

(i) The representation of the shape of the HD in the more sensitive linear d/z instead on the
strongly dumped logarithmic p/z scale in the RS range of 0.0104 — 8.1 does not follow the
prediction of the ACDM model but clearly shows an exponential slope [16, 17, 18, 19] that is
characteristic for energy decay with a constant rate.

(i) In contrast to the global-scale isotropic and homogeneous CMB radiation in thermal
equilibrium, starlight is a local property of the vacuum, far away from the thermal equilibrium,

that, expectedly, as every excited quantum mechanical system, has the tendency to roll down
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towards the energy equilibrium state, that is the Planckian-type black-body radiation. This
process means there is no loss of energy, but only an energy transfer of starlight into the
equilibrium black- body radiation and the law of energy conservation is not violated. In this
case the RS of the starlight does not represent the velocity of expansion (in km s Mpc?), but
the velocity of thermalizaton (in kHz s 3.08 x 10%*Hz™). For convenience, the energy loss by
thermalization is expressed in the numerical range of the velocity interpretation.

(iii) There are further reasons to consider the case that the value of h = 0.3 could be the right
one. Various tests based on observational data [20-23] have been performed to provide evidence
for the expansion hypothesis, and the results show that static universe models fit the
observational data better than the ACDM model [24-29]. It is important to point up that within
measurement errors, slowly expanding universe models are also compatible with the results of
the expansion tests [30], and hence should not be excluded from further considerations.

2 Aim

The large number of hypothetical objects and unprovable hypotheses raises legitimate doubts
about the validity of the underlying ACDM theory, and suggest the need for alternative theories
that can account for cosmological observations without DM and/or DE and without resorting
to unprovable hypotheses. In recent years a number of papers have appeared in the literature
explaining CMB anisotropy, flat rotation curves of galaxies and further astronomical
observations [31-38] as well as proposals of new universe models without DM or DE or both
[14, 39-45].

The present paper is an attempt to investigate if alternative models based only on forms of
matter and the excitation energy of the quantum vacuum (EEQV) above the ground energy
state, which is equivalent to the energy of the CMB photons contained and known to be present
in the universe, could explain astronomical observations without invoking improvable

constituents and hypotheses. | will show that models based on ordinary matter and EEQV can
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explain the flatness and the horizon problems, the energy conservation problem of the redshifted
radiation and the BBN.

3 The EEQV governed cosmological model - basic postulates

Postulate 1: The presented cosmological model (abbreviated as the PB model in the following
discussion) rests on the basic postulate that the universe can be described as an interaction
attraction (exerted by matter, baryons (B)) and repulsion (exerted by the excitation energy of
the quantum vacuum (P)) in a virial equilibrium.

Postulate 2: The excitation energy of the quantum vacuum (EEQV), i.e., the energy of
excitation above the ground energy state, is represented by the energy of the photons (P)
contained in the universe.

3.1 Supporting line of reasoning

(i) A vacuum is thought of as an entity of dynamical, intimately interacting quantum fields filled
with virtual particles that are in continuous energy fluctuation according to Heisenberg’s
uncertainty principle. Photons are the dominant virtual particles and can be interpreted as
elementary excitations of interacting quantum fields, where the energy of the photons represents
the measure of the excitation energy above the ground energy state.

(i) Empty space possesses a repulsive force that expands space. The existence of a repulsive
force working in the universe is a generally accepted hypothesis and supported by astronomical
observations [46, 47, 48]. For example, the peculiar velocities of galaxies on the surface of
empty spaces (voids) reveal an unexplained, additional velocity component: the empty or less-
dense region inside voids expands faster than the background, due to the suspected Hubble
flow. Whereas regular energy and matter always attract other energy and matter, the empty
space repels [49]. This special feature of void expansion leads to the conclusion that the energy
of empty space must be repulsive. The physical nature of this force, however, is unknown. The
most widely accepted hypothesis is that DE, the energy of the QV, is the source of this energy,

and, thus, the repulsive force is a property of empty space itself. However, the discrepancy
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between the vacuum energy calculated from quantum field theory and the observed vacuum
energy from cosmology exceeds the observed value by some 120 orders of magnitude. This
result suggests that the energy of the vacuum cannot account for the low actual value of the
cosmological constant.

(iii) In the following discussion | assume that it is not the almost infinite energy of the QV but
only the excitation energy above the ground energy state represents the cosmological constant.
In contrast to the constant energy density of the true vacuum, which exists at a global minimum
state and unlike the constant energy density of the false vacuum, which exists at a local
minimum of energy and hence exerts a negative pressure, the EEQV does not represent a
minimum energy, and in the same way as every excited quantum mechanical system its energy
has the tendency to decrease towards the ground energy state. According to conventional
physics, the EEQV will exert a positive pressure, i.e., a repulsive force, which is equal to the

excitation energy density.

Pt = Peeqv ) = Ecma (7

The most natural way for the excitation energy to decrease is through the expansion of space,
acting against the gravitational attraction of the baryons, and this expansion is accompanied by
an equivalent RS.

3.1.1 Notes on postulates (1) and (2)

The repulsive force of the EEQV, expressed by the energy of the photons, is to be seen as an
inherent property of the excited QV-light entity itself and must not be confused with the
mechanical nature of radiation pressure exerted upon any surface exposed to electromagnetic
radiation, where individual photons are pushing on something substantial.

4 The attraction, repulsion governed universe

Marosi [39, 40] was the first to point out the striking fact that the total energy of the CMB

contained in the universe has a value close to the gravitational energy GM?/R, i.e.:
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2
GM
Y—=EEQVY, ~ Ecvpu (8)

Mu is the total mass contained in the universe, Ry is the radius of the universe and the subscript
U is an abbreviation for Universe.

In Equation (8) the attractive gravitational force of baryons is balanced by the repulsive force
of the EEQV (expressed by the energy of the CMB) rather than by the kinetic energy of

expansion.

The radius Ry of a flat universe with GMS = Eppy can be inferred from

Adr 53 )2
G ?Rupb Ax

R, =3 RS PPhu )
To give
PPh
_ | __peh (10)
R TR

In Equations (9) and (10) ps is the baryon mass density, prh the energy density of the photons
and Ry the radius of the universe.

The cosmological parameters used for these calculations and the results for the different mass
densities are shown in Tables 1 and 2.

Table 1. Cosmological parameters used for calculation

Parameter Accepted range
Nphoton €M 413
Ephoton €rgs cm™ 4.2x10713
Pbaryon g cm3x10731 Broad: 1.0 - 5; sensible: 1.7-4.1
Ng/Nphx10710 25-6
Energy photon/particle (ergs) 1.017x10°%
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Table 2. Parameters calculated using the values in Table 1

ps, g cm3 1 1.7 2 3 4 5
x10'31
Ru (cm x 10%) 1.22 0.71 0.60 0.41 0.30 0.24
Mu (gx10%) 77.1514 15.7035 9.64392 2.85746 1.20549 0.61721
Ng/Nphx1010 1.43 2.43 2.85 4.29 571 7.14
Ho 7.28 9.49 10.29 12.6 14.55 16.27
km s Mpc?

It is indeed puzzling that the radius of the universe as inferred from Equation (10) roughly
corresponds with the radius of the visible universe calculated on basis of the ACDM model.

5 Basic Equations: A return to Einstein’s repulsive force

In its simplest form, general relativity predicts that the universe must either expand or contract.
Einstein thought the universe was static, so he added a repulsive term (the cosmological
constant A) to the theory of general relativity in order to and obtain a static solution. In
Einstein’s original idea, the cosmological constant represented a repulsive force
counterbalancing the attractive force of gravitation.

Einstein assigned the cosmological constant A to the left-hand side of Equation (11) which

represents the geometrical part of the gravitational field
1 872G
Rik_ERgikJFAgik:?Tik (11)

In Equation (11) Rix is the Ricci tensor, Rgik is the Ricci scalar, Tik is the matter tensor and A is
Einstein’s cosmological constant.

This stands in contradiction to the currently preferred interpretation of the matter tensor
according to every form of energy, including the energy of the quantum vacuum, that

contributes to gravitation is thus part of the matter tensor [50].
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My interpretation, however, is not entirely arbitrary, since it is completely consistent with
Einstein’s original reasoning. Since GR never defined the exact nature of matter both
interpretations of the matter tensor could turn out to be more successful when applying GR to
the universe as a whole. Observations and experiments are needed to determine what matter
means and the appropriate interpretation that generates the real world [51].

In this work | investigate the case that the cosmological constant in Equations (11) is actually

a time-dependent quantity, i.e., the decaying excitation energy of the quantum vacuum

A(t) = EEQV(t) ~ Ecws(t) (12)
which, similar to Einstein’s repulsive force, is not part of the matter tensor.
By rearrangement of Equation (11) one can set A on the right-hand side and thus the

cosmological constant appears as an additional matter tensor

4

Ti= 5.5 * Ad, (13)
and hence we have
1 872G .
Rik_ERgik:?(Tik—i_Tik) (14)

The matter term in Equation (14) consists of two different sources of energy: the term Tix, which

represents the gravitational energy of the baryonic matter, and a repulsive term Ty the

excitation energy of the quantum vacuum that is represented by the energy of photons. Thus,
when applied to the universe as a whole, the Friedman solution of equation (14) obtains the

following form:

Rl =73 M3 Peequ (15)

or in an equivalent representation
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0 (16)

0|0 e

The first term on the right-hand side of Equation (15) is Einstein’s matter tensor. The second
term is a new repulsive term; the excitation energy of the quantum vacuum above the ground
energy state, expressed by the energy density of the CMB, pen, Which is considered to be a
property of space-time itself and consequently not part of the matter tensor. ¥ is a constant used
to convert the total energy of the CMB into energy per unit mass. For a flat universe the
numerical value of ¥ can be inferred from Eq. (9) for every mass density pm and the

corresponding radius Ru.

GMu _Eer Ru_GMy Ru (17)
Ru Mu Ru Ru My
g - Ru (18)
Mu

The results are shown in Table 3.

Table 3: Normalization factor W for different matter densities;

PMx 1 1.7 2 3 4 5
10%g cm®

Wy 1,8883E-26 2,70102E-26 | 3,17767E-26 | 4,7665E-26 6,35533E-26 | 7,94417E-26
cmg?

Equation (15) describes a flat, static universe in which the attractive (gravitational) and
repulsive (EEQV) forces maintain an exact balance for every radius Ru > Rsch (Where Rseh IS
the Schwarzschild radius) suggesting a static universe.

For radii Ru = Rsch the gravitational potential (8tG/3)xpwm increases to ¢ which is the maximum

value allowed by GR and remains constant c¢? for any radii Ru < Rsch. The repulsive force of the
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EEQV overwhelms the gravitational attraction, meaning that the universe becomes EEQV
(radiation) dominated.

2¥Epy,
Ry

H2=-2C%+ (19)

6 Physical processes occurring during the EEQV (radiation) dominated era, Ru < Rsch
According to speculations regarding the emergence of the universe, the infant universe was an
extremely hot, dense sphere of rapidly expanding radiation and some massless, relativistic
particles and it began with zero baryon number. The physical processes occurring in this very
early era of expansion are described by the Planck era, the grand unifying epoch and the
inflationary epoch (if there was any inflation at all). About 10%® K the strong interaction
becomes distinct from the electroweak interaction, and the universe expanded as assumed in
the standard cosmologys; it is sensible to start discussion at this temperature.

6.1 Quasi inflation and instantaneous isotropization of radiation simultaneously with the
Big Bang event

Expanding universe models consider the universe to be homogeneous and isotropic on a large
scale; however, this approach is physically incomplete. The incompleteness follows from the
reasonable prediction that without fine-tuning of the initial conditions the Big Bang event must
have produced regions with different radiation densities and temperatures, which were not in
causal contact via either radiative or gravitative forces. Accordingly, the initial universe was
neither homogeneous nor isotropic at the outset; rather, it must be considered as consisting of
a large number of individual patches (approximated by spheres) with different radiation
densities ppn, €ach of which expanded independently according to their own energy density.
From this it follows that according to Equation [16] regions with higher energy density must
have expanded faster than regions with lower density, and this process is accompanied by

prompt isotropization of primordial radiation. Setting 3/(2xt) = constant = 1 in Equation (20),
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for equal expansion times t the redshift ratios for the different Hubble constants, Ho = 10, 15,

20 km st Mpc, for example, can be inferred as 1: 0.832: 0.687

2
Z:(§H0

0.667
1) .

(20)

For Ho = 10, 15, 20 km st Mpc* at the RS rations of 1: 0.832: 0.687 the expansion time (inferred

from Equation (21)), the Hubble constant (inferred from Equation (22)) and the critical mass

density (inferred from Equation (23)) have the same value, regardless of whether the separate

spheres are in causal contact or not.

tz_

2

3 H ;1(l+ 2)73/2

H2=QyuH1+2)3

The results are shown in Table 4 and 5

Table 4: Cosmological parameter used for calculation

: _3H?
pcr 841G

Ho Po Ru My ¥

km s Mpc? kg m3x10-% cm g cmg?
10 1.878 6,52556E+27 2,18643E+53 2,98458E-26
15 4.226 2,90E+27 4,31887E+52 6,7153E-26
20 7.514 1,63139E+27 1,36652E+52 1,19383E-25

(21)

(22)

(23)

Table 5: RS rations at the same expansion times, and Hubble constants and densities

Ho z Age universe H(t) at z patz ergsg? Age universe
Epoch km s* Mpc! at z, sec. km st Mpc! kg m3 at z = 1090, sec.
Isotropisation 10 1,09E+28 1,8E-24 1,138E+43 2,46E+53 1.36E+47
15 8,32E+27 1,8E-24 1,138E+43 2,46E+53 1.36E+47 -
20 6,87E+27 1,8E-24 1,138E+43 2,46E+53 1.36E+47
Nucleosynthesis 10 1,09E+10 5,7E+4 3,6E+14 2,46E-6 1.36E-10
15 8,32E+9 5,7E+4 3,6E+14 2,46E-6 1,36E-10 -
20 6,87E+9 5,7E+4 3,6E+14 2,46E-6 1.36E-10
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Recombination 10 1090 5,7E+13 3,6E+5 2,46E-22 1.36E-28 5,7E+13
15 832 5,7E+13 3,6E+5 2,46E-22 1.36E-28 3,8E+13
20 687 5,7E+13 3,6E+5 2,46E-22 1.36E-28 2,85E+13

It can be seen from Table 5 that due to the high value of the Hubble variable H(t) = 1.138 x
10* km st Mpc? at z = 1.09 x 10%, for example, immediately after the BB the expansion is
accompanied by a proceeding simultaneous and instantaneous leveling of the density
fluctuations (occurring in a few quadrillionths of second). The energy distribution becomes
isotropic and the universe consists of a number of spheres of different sizes; however, all the
spheres have now equal expansion times, expansion velocities, gravitational potential and mass
densities and this equality is preserved for the duration of the entire period of expansion.

7 Thermalization of the isotropic radiation

Following isotropization, thermalization of the primordial radiation can take place at any point
of the henceforward isotropic universe, thereby creating the perfect black-body spectrum of the
same temperature in all spheres. At redshifts z = 2 x 10°, effective thermalization mechanisms
have been proposed that are capable of thermalizing almost any amount of radiation via
Compton scattering, double Compton emission and the up-scattering of photons to high
frequencies [52, 53].

8 Primordial Big — Bang nucleosynthesis

After about 10 sec. the universe cooled down to ~ 10° K and the BBN started. The most
important parameters that allow for successful synthesis of the light elements H, D, He and Li
are the photon-to-baryon ratio and the density of the baryonic matter. The accepted limits are
Na/Nph = (2.5 - 6) x10™%° corresponding to ps = (1.7 — 4.1) x 107! gcm™. Because the critical
density depends upon the Hubble constant, perit = 3H?/8nG, the contribution of the baryons to
the critical density is constrained by the Hubble constant. When the universe is at its critical
density, then, for h > 0.2 nonbaryonic matter is required. Calculating BBN on basis of the

presented model with h = 0.126 and with pg = 3x1073! g cm™ leads to Qgh? = 0.0158, a value
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that is within the range of Qgh? = 0.01 - 0.025 in which nucleosynthesis can successfully take
place without the need for DM.

9 The cosmic microwave background

The next cosmological important event is the decoupling of the radiation of matter at z ~ 1090,
thereby releasing the cosmic microwave background with remarkable properties. The CMB has
a perfect thermal blackbody spectrum with a temperature To = 2.725 K and minor local
fluctuations from a perfect isotropy of ST/T = 10*. The question therefore arises as to how it is
that different regions of the universe that were not in causal contact with each other following
the BB can have the same temperature level. In order to explain this cosmological conundrum,
standard cosmology assumes that the uniformity of the radiation temperature should actually
exist since the BB; however, this requires an extremely precise fine-tuning of the initial
conditions. This is the horizon problem of standard cosmology.

9.1 Is the horizon problem a real problem at all?

Due to the isotropization of the radiation during the very first instant of expansion means that
the horizon problem has a straightforward explanation: as discussed in Sections 6 and 7, due to
the individual expansion rates of each non-interacting sphere, there is a necessary leveling of
the density fluctuations and this process takes place without the need for causal contact between
the various non-interacting spheres. The universe becomes homogeneous without causal
contact of the non-interacting spheres. Neither the presented model, nor the standard
cosmological model requires inflation or fine tuning of the initial conditions, the answer to the
horizon problem is derived from the physics and mathematical interpretation of the expansion
hypothesis itself.

10 Solution of the flatness problem

The area of the visible universe (CMB) shows no measurable curvature of space implying a flat
universe. The flatness of the universe requires that the matter density and the kinetic energy of

expansion must be fine-tuned in an order of magnitude of 10°:1. Within the frame of the PB
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model this outstanding puzzle in standard cosmology (i.e., the flatness or the fine-tuning
problem) has a straightforward solution and no supernatural initial conditions are necessary to
explain the fine tuning of the matter density pm : Ho of 1:10%. Regardless of what the photon-
to-baryon ratio was at the beginning, with decaying photon energy (increasing Ru) the universe
will automatically settle down at a radius Ru = Rsch to an exactly flat, static state with exact
balance of the attractive and repulsive forces according to Equation (15) and hence the total
energy of the universe will have zero net value. This result is also in agreement with the law of
energy conservation which requires that the total energy in the universe, as measured by the
space curvature, GMu/Ru — yEpn/Ru, has zero net value.

11 Evolution of the static universe

The formally static universe as represented by Equation (16) is instable and underwent
numerous structuring processes under the formation of huge voids with an extension of 100
Mpc and beyond. The three-dimensional distribution of luminous matters observed today has a
soup bubble-like appearance with the galaxies located on the surface of the soup bubbles [54].
Since voids are regions of suppressed gravity, the repulsive force of the EEQV overwhelms the
gravitational attraction within the voids, and consequently the voids expand. Results indicate
[39] that the universe expands with a velocity of h = 0.04 comparable to the expansion rate of
the local void. The age of universe can therefore be inferred as =~ 100 billion years, and galaxies
can be formed in a regular way without the need for DM and/or DE.

12 Conclusions

The proposed PB model is based on the postulate that the universe can be described as an
interacting attraction (gravitation)-repulsion (EEQV) system. Rather than presupposing
repulsive scalar fields of unknown physical origin, I have introduced the excitation energy of
the QV, expressed in terms of the energy density of the CMB, as a repulsive force. The basic
parameters pm and ppn are determined from observations and not adjusted to the model and no

free parameters are necessary. The model provides a straightforward explanation for the flatness
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and horizon problems without the need for DM and DE and without inflation or supernatural
fine-tuning of the initial conditions. Flatness follows from the ratio of photons to baryons and
this process is governed by microphysics and has nothing to do with the initial conditions.

The consideration of the separate development of gravitationally non-connected primordial
density fluctuations immediately after the Big Bang and the rapid isotropization of radiation
accompanying this process allows a subsequent thermalization of the radiation to a perfect

Planckian-type energy distribution regardless whether or not the regions are in causal contact.
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