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Abstract: The necessity of the dark energy and dark matter in the present universe could be a
consequence of the antimatter elimination assumption in the early universe. Current cosmological
models that rely on the dark side have left many unsolved mysteries, remarkably: tension in Hubble
parameter measurements, the accelerated expansion, the fast orbital speed of stars, the dark flow
observations, cosmic horizon, space flatness, absent of the antimatter, etc. On the other hand,
General Relativity (GR) has relied on the spacetime to demonstrate the movement of matter due to
a local curvature caused by the presence of matter. Founded on this, I trace the evolution of the
spacetime worldlines based on the evolution of the universe spatial scale factor and its evolution
time in polar coordinates in order to construct a potential spatial curvature over the temporal
dimension or a global spacetime curvature. The mathematical derivations of a positively curved
universe governed by only gravity revealed two opposite solutions of the worldline evolution. This
possibly implies that the matter and antimatter could be evolving in opposite directions as distinct
sides of the universe. By implementing the derived model, we find a decelerated phase of spatial
expansion during the first ~10 Gyr, that is followed by a second phase of an accelerated expansion;
potentially matching the tension in Hubble parameter measurements. In addition, the model
predicts a final time-reversal phase of spatial contraction, due to rapid surge in density i.e. reversal
entropy, leading to a Big Crunch of a cyclic universe. The predicted density is Q, = ~1.14 > 1.
Other predictions are (1) an evolvable curved spacetime at the decelerated phase that is transformed
to flatness at the accelerated phase with internal voids which could continuously increase the matter
and antimatter densities elsewhere in both sides. (2) the spatial curvature through time dimension
along spacetime worldlines was found to increase galaxy orbital speed and (3) a calculable flow rate
of the matter side towards the antimatter side at the accelerated phase; conceivably explaining the
dark flow observation. These findings may indicate the existence of the antimatter as a distinct side,
which influences the evolution of the universe instead of the dark energy or dark matter. These
theoretical outcomes and predictions are promising, which can be verified, fine-tuned or disproved
using astrometric data in future works.
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1. Introduction

Spacetime is considered by GR as a four-dimensional manifold where its local curvature due to
the presence of matter governs how the matter moves. However, no global spatial curvature over the
evolution time or possible cosmic topology is currently theorized and tested, which may describe the
matter movement through space over the evolution time of the universe. This could be an alternative
approach and may provide physical reasoning for the accelerated expansion, the fast orbital star
rotation, tension in Hubble parameter measurements, dark flow observations, cosmic horizon,
current space flatness, the absent of the antimatter, etc. [1].

In addition, the fundamental CPT symmetry (Charge, Parity, and Time reversal) states that the
matter and antimatter would have been created in the same quantities at the Big Bang [2]. In contrast,
the matter-antimatter asymmetry, by the violation of the CP symmetry in the early era, could have
given rise to today’s matter-dominated universe according to the standard Big Bang theory [3].
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However, advanced measurements of the fine structure of hydrogen and antihydrogen atoms were
found to be consistent with the estimations of quantum electrodynamics theory [4], [5], which
contradicts the CP violation assumption adopted in the standard Big Bang theory. Further, the
monopole, horizon, and flatness problems arise from Big Bang singularity while the hypothetical
theory of inflation to solve these problems was found to be problematic and unfalsifiable [6], [7].

As an alternative, the non-singular Big Bounce theory assumes the primordial substance was
concentrated from a previous collapsed universe, and the universe experiences continuous
expansions and contractions [8], [9]. However, a version of the Big Bounce theory could be
recommended that a Bang of a primordial substance at thermal equilibrium produced a hot and
dense early universe where the matter and antimatter of that fireball could have been separated by
electromagnetic fields [10], [11]. In addition, according to the Big Bounce theory, the initial scale factor
of the universe must be greater than zero [8], [9] where a constant R; could represent the initial space
curvature. Besides, a closed finite universe could aid a large-scale cut-off in primaeval density
fluctuations and may provide an agreement with low CMB anisotropy quadrupole observations [12].
Further, quantum entanglement could support closed universe that in which the energy that were at
Big Bounce are always the same, therefore a cosmic conservation would ensure for example, the total
spin of a pair of particles to be always conserved regardless to their locations.

To comply with the fundamental CPT symmetry and the laws of thermodynamics, cosmology
and mathematical scientists have proposed that the universe could consist of matter and antimatter
dominated halves/sides [3], [13], [14]. The first theory of a dual universe was proposed by Sakharov
in 1967 [3], who proposed a baryonic asymmetry that may have violated the CP symmetry and
created surplus matter. In addition, Petit in 1977 and Robles-Pérez in 2013 proposed a CPT preserved
model with anti-universe of a reverse arrow of time [13], [14]. However, the dual universe theories
appear to lack the comprehensive dual geometry and the evolution space curvature, which may allow
them to provide physical explanations for the unsolved stated problems.

On the other hand, a few models adopting a single universe assumption were introduced prior
to General Relativity. However, most of these models had a lot of uncertainty of how a finite
Newtonian universe could survive the gravitational breakdown [15]. Einstein proposed the first
cosmological model of a static universe in 1917 where he introduced the cosmological constant as the
vacuum energy to balance gravity. De Sitter introduced an expanding and almost empty universe
dominated by the cosmological constant in 1917. However, these modes were reported to be unstable
[15]. In 1922, Friedmann developed an expansion-contraction model of the universe. The model
proposed that the universe began from a small size and then expands to the critical scale factor, and
then contracts towards the Big Crunch [16]. However, his model was ignored for some time as the
expansion of the universe was not established until Hubble’s discovery in 1929. In 1927, Lemaitre
developed a cosmological model compatible with the Friedmann model and introduced the early
state of the universe as a hot and dense period [15]. Nevertheless, after the discovery of the expansion
of the universe, both De Sitter and Einstein jointly developed a simpler model of an expanding
universe in 1932, where Einstein abandoned the cosmological constant [1], [17]. Furthermore, in 1998,
the universe expansion was discovered to be accelerating [18]-[21], which invalidated the reliability
of the available cosmological models. To end this, the current standard A cold dark matter (ACDM)
model was developed, which proposed a flat expanding universe with dark energy as the vacuum
energy, quintessence or cosmological constant to explain the accelerated expansion [22]. The ACDM
model has provided appropriate alignments with astronomical observations [23]. However, the
assumption of the dark energy continuous formation from vacuum to sustain the accelerated
expansion is an obvious violation of the energy conservation law [24]. Also, the predicted value of
the ACDM cosmological constant contradicts with the quantum field theory where the discrepancy
between estimations and the experiment is about 120 orders of magnitude [25].

Similar to previous models, the ACDM model has faced inconsistency with the advancement of
new astronomical observations [26], [27]. The recent Planck Legacy 2018 (PL18) release indicated the
existence of an enhanced lensing amplitude in the CMB that is higher than what is expected in the
ACDM model [28]. This endorses the existence of a positive curvature of the universe with a level of
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confidence greater than 99% [27]. In addition, the precise Hubble parameter measurements from the
early universe using the Planck datasets based on the CMB show a lower value of expansion rate in
comparison with the value of Hubble parameter in the present universe using the type la supernovae
distance-redshift method [20], [26], where the variation is three standard deviations [26], [27].
Further, the cosmic shear observed by the Kilo Degree Survey 450 is conflicting with Planck datasets
at about two standard deviations [27], [29]. Riess in 2020 found that the expansion of the universe is
faster than what ACDM estimates where the disagreement between several independent
measurements taken from the early and present universe is at four to six-sigma and concluded this
outcome cannot be ignored [21]. Accordingly, a profound adjustment of the ACDM model or new
physics are now growing due to this new evidence underlying the model assumptions [23]. On the
other hand, several alternative theories which encounter the assumptions of the ACDM model are
under consideration, such as modified gravity, entropic gravity, bimetric gravity, modified
Newtonian dynamics, scale invariance of empty-space, large-scale variations in the matter density of
the universe and the decaying dark matter [30]-[33].

In this paper, I trace the evolution of spacetime worldlines using basic cosmic model that
correlates the universe spatial scale factor to its evolution time in order to construct a possible cosmic
topology or a space curvature over evolution time. The paper is organized as follows: in Section 2, I
modify the metric tensor to account for the initial space curvature according to the Big Bounce theory
and derive the model. Sections 3, 4 and 5 discuss the stated problems. Section 6 summaries the
conclusions. Finally, Section 7 presents future work.

2. The Mathematical Model

The Einstein—Hilbert action is given by:

[y e

where ¢ is the speed of light in vacuum, G is Newton's gravitational constant, R is the scalar

curvature, Ly, is the matter fields of the universe and g is the determinant of the metric tensor g,,, .
The integration of this action gives Einstein's field equations without a cosmological constant:

C4

1
Ty = % (Ruw — ER Juv) 2)

where Ty, is the energy-momentum tensor and Ry, is Ricci curvature tensor [34]. The metric tensor
Ggu» canbe characterized using the Friedmann-Lemaitre-Robertson—-Walker (FLRW) model [35], [36].
Based on equivalent Newtonian dynamics of this metric, the isotropic spherical coordinates of the
FLRW metric could be enhanced to account for the initial space curvature as follows:

dr?
ds* = c?dt? — a*(t)(———— +r?do* +r*sin®* 6 dp?)
1 - k15 )
R;

where ds is the four-dimension spacetime interval in polar coordinates, a is the spatial scale factor,
and k & R;* are constants representing the space curvature [34], [37] and the initial space curvature
respectively. k = 1,—1,0 for closed, open and flat universe while R;*> = 1,2 1,5 1 for flat, positive
and negative initial space curvature.

The tensor signature (—, +, +, +) is utilised throughout this research. By solving the Ricci tensor
for the enhanced metric tensor g,,,, we obtain its components:

i
R = 35 (4)
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where &Y is the Kronecker delta[34].
By solving the field equations in Eq (2) for a perfect fluid given by T;* = (p + C% ) utu, + C% oy
and submitting the Ricci tensor components to them, we get the Friedmann equations that count for

the initial space curvature:

a’®  8mGp  kc?

i TR ©)
a 4nG P

= 3— 7
a 3 (p+ C2) @

where p is the mass density and P is the pressure. Using the notation ¢ = 1 and rewriting Eq (6) in
terms of the conformal time dn = % in its parametric form in the range of (0 <7 < 2m) where a,

can be normalized to 1 at time t, and k = 1 by the definition of the metric for the positively curved
universe [38]:

f 21 da
dn = f
0 \/(ZQOma—izaZ) ®)
’ Rl
where Qg = srerO = ﬂo,m1 is the matter density and Qg,, = 5 £ is the matter density
- critical

parameter. By integrating, we get the spatial scale factor of the universe as a function of the conformal
time:

Qy . R;?
a(n) =%(1—cos%) 9)
L

In addition, we can obtain the evolution time of the universe t(n) as a function of the conformal time

using Eq (9) in terms of the Hubble parameter where dt = daT(n) [38]:

Q
jdt_J omR l 1—cosl>dn (10
R;
H? _ (1- Qo) _ Qom
where HZ T a —+ and Qg = mfor a positively curved universe and is matter-

dominated [38]. By mtegratmg, the evolution time of the universe is:
Q0 mR i2 .1 )
() 2H, <TI st R; (1

Regarding the evolution of the matter den51ty, according to the energy conservatlon Ty =0
and because of the isotropy, we get —+ 3— + = T“ =0 and —+ 3(p + P) == 0. This leads to

pa® = constant for a matter- dommated universe [38] and by submlttmg Eq (9) to it, we get:
Q) M, (1 L )_3 (12)
n)=—————|1—cos—
" Q‘0,m3Ri6pcritical R;

where M, is a constant and Q,,() is the evolution of the matter density from the initial density.
Regarding the evolution of the Hubble parameter, by submitting Eq (12) to Eq (7) for non-
relativistic matter-dominated universe, we get:

Hn) a 32nGM, (1 n )‘3 13
=—=———7—(1—-cos—
P 300 m°R;® R; (13)

By integrating, we get the expansion rate as follows:
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a  8nGM, 1 1 1
H() = - = + + + M, (14)
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where M, is a constant.

We can now trace the evolution of the spacetime worldlines in polar coordinate based on the
spatial scalar factor and its evolution time starting from their minimum at the Big Bounce of the
primordial substance of the minimal radius. The polar radius of the spacetime worldline R, (1) is:

R.(n) = FV (2t +am?) (15)

The + solutions of the polar radius of the spacetime worldline evolution implies that the universe
could be evolving in opposite directions where the negative radius solution could be an indication of
the existence of the antimatter as a distinct side. Submitting Eqs (9, 11-14) to Eq (15), we get the polar
radius of the spacetime worldline evolution:

R =F %\/701"_2 (,7 —sin Rli)z + ( 1- cosRli)Z)l tan™' H,™* (7) —sin Rl,) (1 - cosRii)‘1 (16)

0<n<=2m

According to this, we can distinguish R; (1) which represents the spacetime worldline radius due to
the age of the universe while a(n) could represent a local radius of the universe slice at an instant of
the time. (R_L)(n) can be considered as the cosmic horizon for an observer that is located at the minimal
spatial and temporal origin.

3. The Evolution of Spacetime Worldlines

By tuning the integration constants of the derived model in Eq (16) to guide the mean evolution
value of the Hubble parameter at around ~70 km/s/Mpc and to guide a phase transition of expansion
at an approximate universe age of ~10 Gyr, the model predicted the density €, = ~1.14. In addition,
the predicted spacetime worldlines of both sides are shown in Figure 1, where the cosmic evolution
might experience three distinct phases.

Firstly, both sides of the universe expand away from the Big Bounce ‘origin” which could be
because of the power of the explosion and the electromagnetic fields that could throw the matter and
antimatter in opposite directions. The slope of the worldlines during the first phase (the first ~10
Gyr) shows a deceleration until they reach their critical radii. The expansion rate is discussed in detail
in the next Section.

However, at the second phase, the evolution worldlines reverse their directions and both sides
free fall towards each other. The matter and antimatter could be under free-fall towards each other
at gravitational acceleration, causing the current accelerated expansion of the universe. The slope of
the worldlines during the second phase (after ~10 Gyr) shows an accelerated rate. These two phases
could be expressed as in the analog that when a ball is thrown upwards, it would decelerate until it
stops and then it reverses its direction and free fall at an accelerated rate.

Interestingly, the model predicts a third phase of spatial contraction with a reversal-time arrow
at ~20 Gyr and afterwards due to a rapid surge in density i.e. drop in entropy according Eq (12). At
this phase, the universe experiences a contraction which could be due to high concentration at both

sides leading to a Big Crunch of a cyclic universe.


https://doi.org/10.20944/preprints202005.0250.v4

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 August 2020 d0i:10.20944/preprints202005.0250.v4

20.0

17.5 1

15.0 4

<
d
<

12.5 4

Time (Gyr)

10.0 4

7.5

5.0 4

2.5

0.0 -

0.0
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Figure 1. The worldlines of spacetime evolution of both sides, which are known to be unrestricted by the light
worldlines. The spacetime worldlines are represented by the polar radius of the spatial scale factor and its
evolution time. The evolutions are firstly a phase of spatial expansion away from the Big Bounce of both sides
until they reach their critical radii. Then, a second spatial expansion phase in a reverse direction. Finally, a third

rapid time-reversal phase of spatial contraction leading to a Big Crunch.

The worldlines of spacetime evolution of both sides can be schematically represented as shown
in Figure 2. The first phase is shown in Figure 2-A where both sides expand in opposite directions
away from the Big Bounce origin while Figure 2-B shows the second and third phases of reverse

directions where both sides are free falling towards each other.
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Decelerated spatial expansion Big Crunch ) )
Spatial contraction
(A) First phase (B) Second and third phases

Figure 2. Schematic representation of both sides according the spacetime worldline evolution. (A) Both sides
expand away from the Big Bounce origin. (B) At the second stage, both sides expand in reverse direction and
free fall towards each other. In the third phase, both sides shrink which could be due to high concentration
leading to a Big Crunch of a cyclic universe. Blue circles represent a 3-dimensional slice of the universe at an

instant of time, which is not necessarily to be a simply path connected.
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4 The Expansion and Flow Rates

4.1 Evolution of the Hubble Parameter

The Hubble parameter or the speed of the spatial expansion H = d/a and its deceleration or
acceleration rate H () = d/a can be found using Eq (14) and Eq (13) respectively. The predicted
speed H, rectify speed, and deceleration/acceleration H of spatial expansion are shown in Figure 3.
The Hubble parameter H starts at its highest values at the Big Bounce, which could be as result of
the power of the explosion where the speed of expansion at its highest value. Then the speed of
expansion decreases during the first 10 Gyr, which could be due to gravity between the two sides,
until it approaches its minimal value at the phase transition at around 10 Gyr.
Afterwards, the Hubble parameter starts to increases in a reverse direction (the minus sign at the
second phase of the universe expansion speed confirms the opposite direction of the expansion
direction discussed in the previous Section), which could be as a result that both sides free-fall
towards each other at gravitational acceleration. Then it goes to its highest value at the Big Crunch.

According to the mechanics, the opposite signs of acceleration and expansion speed at first phase
indicate a slowing down until the deceleration/ acceleration rate reaches its minimal value at around

10 Gyr while the same signs at the second phase indicates the expansion speed is increasing.
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Figure 3. The Hubble parameter and its rate
The expansion rate was decreasing at the first phase, and this conforms with the lower value of
the Hubble parameter obtained by the Planck datasets of the early universe. However, at the second
phase, the expansion rate is increasing, and this aligns with the higher value of the Hubble parameter

obtained using the supernovae type la distance-redshift method at the present universe.

4.2 Flow Rate of Both Sides

Both sides are predicted to expand away from each other during the first phase then they free
fall towards each other at the second phase. The flow rate of the matter side of the universe due to
the gravitational attraction by the antimatter side could be predicted by taking the derivative of Eq

(16) with regards to the conformal time:

R =F W\[(Hn‘z (1 - cos%)2 + (sin%)2>, tan™* H,™* (1 — cos Rll) (sin%)_l (17)

T<N<2T i i
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5. Simulation of Spacetime Flatness and Voids

The spacetime worldline of one side of the universe can be simulated according the derived
model along with the nearer spacetime worldlines for both the early and present universe as shown
in Figure 4A and 4B respectively. At the early universe as shown Figure 4-A, the evolution of the
spacetime worldlines are not equal at any universe age. This means the spacetime is curved at the
early universe in a similar shape of a ball surface and this aligns with recent findings of space
curvature from CMB [27]. On the other hand, at present accelerated phase of expansion of reverse
direction, the spacetime worldlines are aligned and they produce a flat spacetime as shown in
Figure4-B. In addition, internal voids could be produced, which could continuously increase the

matter and antimatter densities elsewhere in both sides.

2004

3.0 175

251 15,0

1254

Void

T 100
e

% g 15
b [

[
251
0.0 00
T
0.30 00
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Figure 4. The evolution of spacetime worldlines at both early and present universe.

A schematic represented in 2D spatial and 1 temporal dimension is shown in Figure 5-A while Figure 5-

B shows the apparent topology due to gravitational lensing.
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Figure 5. 2D-Schematic representation of the predicted the cosmic topology of both sides of the universe where
internal voids are predicted at the second phase of the reverse of direction. B) The apparent topology due to

gravitational lensing of the universe during the first and second phases of expansions.
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5. Simulation of Spiral Galaxy

The consistent patterns of galactic rotation curves using precise and independent galactic
redshift data confirmed that the hydrogen clouds and outer stars are orbiting galaxies at speeds faster
than that calculated using Newtonian laws. Accordingly, the dark matter hypothesis was introduced
to account for the apparently missing galactic mass and to explain the fast-orbital velocity [39], [40].
However, no evidence of the existence of the dark matter, which is supposed to account for the
majority galactic mass, was observed since its introduction. The failure to find dark matter led to the
introduction of new theories such as modified gravity and modified Newtonian dynamics [30], [31],
[41]-[43]. On the other hand, several recent studies found that many galaxies do not contain dark
matter [44], [45]. This observation was considered in some studies where the galaxy formation was
simulated using modified Newtonian dynamics without considering the dark matter [32]. Thus, it
seems that there is no evidence or agreement on the existence or nature of the dark matter as well as
it is not an essential element in some galaxies.

As an alternative, as the predicted shape of spiral galaxies is very similar to a vortex shape, we
can study a spiral galaxy as a forced vortex where an external torque is presence by the curvature of
the spacetime worldlines along the evolution time. In Figure 5-A, it was shown that the curvature of
the spacetime worldlines varies and increases along the evolution time with highest curvature at the
phase transition. Accordingly, it can be purposed that the observed fast star orbital speeds could
occur as a result of the variation of the universe curvature along the spacetime worldline.

To evaluate this, a fluid simulation study was performed based on the Newtonian dynamics
using the Fluid - Pressure and Flow software [46]. In this simulation, a perfect fluid of mass density
p and isotropic pressure p was assumed to represent the spacetime while the fluid flow was traced
to study its movement. The fluid was considered as a perfect fluid because it is frictionless with no
heat conductivity [47]. Using these conditions, the fluid model was built to simulate the fluid flow
speed between an incrementing worldline curvature and their distance from a highly curved to a

lesser spacetime curvature, as shown in Figure 6.

A

Galaxy O External torque

Towards lessor curved spacetime worldlines

»
>

Time (Gyr)
Figure 6. External torque exerted on a galaxy due to the divergence of the curvature of spacetime worldlines
through time dimension. Green curves represent the curvature of spacetime worldlines. Blue curves represent

the stimulated spacetime flux through the time dimension.
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Using the resultant torque, a spiral galaxy is simulated as a forced vortex as shown in Figure 7

A) Spiral galaxy rotation at early universe B) Spiral galaxy rotation at the present universe

Figure 7. Spiral galaxy rotation at early and present universe.

According to these outcomes, it could be concluded that the variation of the curvature of the over the
time dimension could influence the speed galaxy rotation. These results seem to follow the Tully—

Fisher relation.

6. Conclusions

In this research, I traced the evolution of the spacetime worldlines to construct a potential spatial
curvature over the time dimension or a global spacetime curvature. The mathematical derivations of
a positively curved universe governed by only gravity revealed two opposite solutions of the
worldline evolution. It was concluded that these results imply the universe has two sides, matter and
antimatter. The implementation the derived model, it predicted the density is Q, = ~1.14 > 1. Italso
revealed a decelerated phase of spatial expansion during the first ~10 Gyr, that is followed by a
second phase of an accelerated expansion, which potentially matching the tension in Hubble
parameter measurements. In addition, the model predicted a final time-reversal phase of spatial
contraction leading to a Big Crunch of a cyclic universe. The rate during the early universe was
decreasing while the rate at the current universe is increasing. These results conceivably align with
Hubble parameter measurements from the early and current universe.

The abandonment of the cosmological constant in this model could fit the quantum field theory
as it distinguishes the quantum vacuum energy from the energy of space and attributes the
accelerated expansion to the gravitational attraction between both sides. However, the literature on
dark matter/energy can be utilized to accurately estimate the matter and spatial density distribution.

Regarding the fast orbital speed of stars, the simulation can provide a plausible explanation
where the curvature of spacetime through time dimension of both matter and antimatter sides could
provide external torque on galaxies causing them to increase in speed over their evolution time,
which seems to fit the Tully—Fisher relation.

These findings may indicate the existence of the antimatter as a distinct side, which influences

the evolution of the universe instead of the dark energy or dark matter.
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7. Future Work

The research presented a new theory with promising outcomes and predictions, which can be
verified, fine-tuned or disproved using astrometric data in future works. The integration constants
of this model can be fine-tuned in order to accurately estimate of the matter and curvature densities.
Finally, the accurate age of the universe could be estimated based on the non-linear Hubble parameter

derived equation.
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