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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. In this research, 

I derive a new model to obtain the potential cosmic topology and the horizon radius of 

spacetime curvature 𝑅ℎ(𝜂) utilising a new construal of the geometry of space inspired by 

large-angle correlations of the cosmic microwave background (CMB). I utilise the Big 

Bounce theory to tune the initial conditions of the curvature density, and to avoid the Big 

Bang singularity and inflationary constraints. The mathematical derivation of a positively 

curved universe governed by only gravity revealed ∓ horizon solutions. Although the 

positive horizon is conventionally associated with the evolution of the matter universe, the 

negative horizon solution could imply additional evolution in the opposite direction. This 

possibly suggests that the matter and antimatter could be evolving in opposite directions as 

distinct sides of the universe, such as visualised Sloan Digital Sky Survey Data. Using this 

model, we found a decelerated stage of expansion during the first ~10 Gyr, which is followed 

by a second stage of accelerated expansion; potentially matching the tension in Hubble 

parameter measurements. In addition, the model predicts a final time-reversal stage of spatial 

contraction leading to the Big Crunch of a cyclic universe. The predicted density is Ω0 =

~1.14 > 1. Other predictions are (1) a calculable flow rate of the matter side towards the 

antimatter side at the accelerated stage; conceivably explaining the dark flow observation, 

(2) a time-dependent spacetime curvature over horizon evolution, which could influence the 

galactic rotational speed; possibly explaining the high speed of stars, and (3) evolvable 

spacetime internal voids at the accelerated stage, which could contribute in continuously 

increasing the matter and antimatter densities elsewhere in both sides respectively. 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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INTRODUCTION 

The fundamental CPT symmetry states that the matter 

and antimatter would have been created in the same 

quantities at the Big Bang [1]. In contrast, the matter-

antimatter asymmetry, by the violation of the CPT in 

the early era, could have given rise to today’s matter-

dominated universe according to the standard Big 

Bang theory [2]. However, advanced measurements 

of the fine structure of hydrogen and antihydrogen 

atoms were found to be consistent with the 

estimations of quantum electrodynamics theory [3, 

4], which contradicts the CPT violation assumption 

adopted in the Big Bang theory. Further, the 

singularity of the Big Bang theory rises the monopole, 

horizon, and flatness problems while the hypothetical 

theory of inflation to solve these problems was found 

to be problematic and unfalsifiable [5, 6]. Moreover, 

current cosmological models left many unsolved 

problems, remarkably: the accelerated expansion of 

the universe, the fast movement of stars and the 

contradictory Hubble parameter measurements from 

the early and present universe [12, 15].  

As an alternative to the Big Bang theory and its 

singularity problems, the non-singular Big Bounce 
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theory assumes the primordial substance was 

concentrated from a previous collapsed universe, and 

the universe experiences continuous expansions and 

contractions [7, 8]. This, besides, a closed finite 

universe model could aid a large-scale cut-off in the 

primaeval density fluctuations and provide an 

agreement with the low CMB anisotropy quadrupole 

observations [12, 15, 17].  

Recently, the ΛCDM model has faced inconsistency 

with the advancement of new astronomical 

observations and measurements [9, 12]. 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 

ΛCDM model [13, 14]. This endorses the existence 

of a positive curvature of the universe with a level of 

confidence greater than 99% [15]. 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 Ia supernovae 

distance-redshift method [16,19], where the variation 

is about three standard deviations [15]. Riess [11, 19] 

found that the expansion of the universe is faster than 

what ΛCDM estimates where the disagreement 

between several independent measurements taken 

from the early and present universe is at four to six-

sigma. Accordingly, a profound adjustment of the 

ΛCDM model or new physics are now growing due 

to this new evidence underlying the model 

assumptions [18].  

Motivated to find plausible and physical solutions for 

the mysteries of the universe, I looked for a different 

understanding of the cosmic topology. Accordingly, 

in this paper, I derive a model to obtain the horizon 

radius of spacetime curvature while utilising a 

metaphorical representation based on the large-angle 

correlations of the CMB to help to understand the 

cosmic topology. I also utilise the non-singular Big 

Bounce theory to avoid the Big Bang singularity and 

to provide further tuning of the curvature density.  

This paper is organised as follows: In Section 2, I 

modify the metric tensor to account for the curvature 

radius of the space 𝑅0 according to the Big Bounce 

theory and derive the model. In Section 3, I discuss 

the model application, matter and antimatter growth, 

and the model outcomes. In Section 4, I present the 

speed of star simulation using variable space 

curvature, while in Section 5, I introduce the 

predictions of the model. In Section 6, I discuss and 

summarise the conclusions. Finally, in Section 7, I 

present future work. 

2. The Mathematical Model  

To derive the model, I utilise Einstein's field 

equations: 

𝑅𝑢𝑣 −
1

2
𝑅 𝑔𝑢𝑣 = 

8𝜋𝐺

𝑐4
 𝑇𝑢𝑣                                    (1) 

where 𝑅𝑢𝑣 is Ricci curvature tensor, 𝑅 is the scalar 

curvature, 𝑔𝑢𝑣  is the metric tensor, 𝐺 is Newton's 

gravitational constant, 𝑐 is the speed of light in 

vacuum, and 𝑇𝑢𝑣  is the energy-momentum tensor. I 

omitted the cosmological constant while considering 

gravity as the only force governing the universe [10, 

20].  

In addition, according to the Big Bounce theory, the 

spatial scale factor of the universe must be greater 

than zero [7, 8] and this would influence the 

curvature density. Therefore, I note the 

dimensionless space curvature radius as 𝑅0 and 

henceforth I can incorporate in the metric tensor 𝑔𝑢𝑣 

[26]. The metric tensor 𝑔𝑢𝑣 can be characterised 

using the Friedmann– Lemaître– Robertson– Walker 

metric (FLRW) model [23, 24]; the isotropic 

spherical coordinates are: 
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 𝑑𝑠2 = 𝑐2𝑑𝑡2 − 𝑎2(𝑡)( 
𝑑𝑟2

 1 −  𝑘
𝑟2

𝑅0
2

 + 𝑟2𝑑𝜃2 +

                𝑟2 𝑠𝑖𝑛2 𝜃 𝑑𝜙2)                                          (2) 

where 𝑑𝑠 is the four-dimension spacetime interval in 

polar coordinates,  𝑎 is the scale factor, and 𝑘 is a 

constant representing the curvature of the space [25, 

29]. The tensor signature (+,−,−,−) is utilised 

throughout this research.  

Einstein's field equations can be solved for a 

perfect fluid. By using the notation 𝑐 = 1 and 

rising one index in Equation 1, it can be 

expressed in term of mixed component tensors:  

𝑅𝑣
𝑢

 
−

1

2
 𝑅 𝛿𝑣

𝑢  =  8𝜋𝐺  𝑇𝑣
𝑢

 
                                       (3) 

where 𝛿𝑣
𝑢 is the Kronecker delta [25, 29]. The 

energy-momentum tensor 𝑇𝑢𝑣  for the perfect 

fluid is given by: 

𝑇𝑢𝑣 = (𝜌 + 𝑃) 𝑢𝑢𝑢𝑣 + 𝑃 𝑔𝑢𝑣                                  (4)   

where the four-dimensional velocity of the 

celestial fluid is 𝑢⃗  =  (1, 0, 0, 0), 𝑢𝑢 = 𝑢𝑢 =

0, 𝑢𝑡 = −𝑢𝑡 = 1, 𝜌 is the energy density and 

𝑃 is the isotropic pressure [29]. By rising one 

index of Equation 4, thus, it can be expressed 

in term of mixed component tensors as 

follows:  

𝑇𝑣
𝑢   = (𝜌 + 𝑃) 𝑢𝑢𝑢𝑣 + 𝑃 𝛿𝑣

𝑢                                   (5)  

The trace tensor 𝑇𝑢
𝑢  of the energy-momentum 

tensor 𝑇𝑣
𝑢 can be obtained by contracting 

through indices 𝑢 and 𝑣 in Equation 3: 

𝑅 = −8𝜋𝐺 𝑇𝑢
𝑢                                                            (6) 

where  𝑅 is the scalar curvature.  

The trace tensor for the perfect fluid is 

equivalent to [29]: 

𝑇𝑢
𝑢  ≡  (−𝜌 + 3𝑃)                                                       (7) 

Submitting Equation 6 to Equation 3 gives: 

𝑅𝑣
𝑢

 
=  8𝜋𝐺 (𝑇𝑣

𝑢
 
−

1

2
  𝑇𝑢

𝑢 𝛿𝑣
𝑢)                                  (8) 

Also, submitting Equations 5 and 7 to Equation 

8, the field equations become as follows:   

𝑅𝑣
𝑢

 
= 8𝜋𝐺( (𝜌 + 𝑃) 𝑢𝑢𝑢𝑣 + 

+
1

2
 (𝜌 − 𝑃) 𝛿𝑣

𝑢 )                       (9) 

In addition, we can calculate the Ricci tensor 𝑅𝑣
𝑢

 
 

using Christoffel symbols in Equation 10 for the 

adjusted matter metric tensor 𝑔𝑢𝑣  with evoking 

𝑔𝑢𝑣 𝑔
𝑣𝜎 = 𝛿𝜎

𝑢  where 𝜌 and 𝜎 are dummy indexes and 

∂ is a partial derivative operator: 

Γ𝑢𝑣
𝜌

=
1

2
 𝑔𝜌𝜎  (∂𝑢𝑔𝑣𝜎 + ∂𝑣𝑔𝑢𝜎 − ∂𝜎𝑔𝑢𝑣)           (10) 

By resolving the outcomes, we obtain the 

components of the Ricci tensor along the 𝑖 − 𝑖  and 

𝑡 − 𝑡 as in Equations 11 and 12 respectively: 

𝑅𝑖
𝑖 =  (

𝑎̈

𝑎
+  2

𝑎̇2

𝑎2
+ 2

𝑘

𝑎2𝑅0
2) 𝛿𝑣

𝑢                           (11) 

𝑅𝑡
𝑡
 
= 3

𝑎̈

𝑎
                                                                     (12) 

Submitting Equations 11 and 12 to Equation 9 while 

solving it along the 𝑖 − 𝑖  and 𝑡 − 𝑡 components gives 

Equations 13 and 14 respectively: 

𝑎̈

𝑎
+  2

𝑎̇2

𝑎2
+ 2

𝑘

𝑎2𝑅0
2  =   4𝜋𝐺 (𝜌 − 𝑃)                (13) 

3
𝑎̈

𝑎
 =   8𝜋𝐺( −(𝜌 + 𝑃) + 

1

2
 (𝜌 − 𝑃))               (14) 

Combining Equations 13 and 14, we get the 

Friedmann equation that includes the dimensionless 

space curvature radius is obtained as follows: 
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𝑎̇2

𝑎2
− 

8𝜋𝐺𝜌

3
+ 

𝑘

𝑎2𝑅0
2 = 0                                     (15) 

Equation 15 can be solved at the time 𝑡0 where 𝑎0 is 

normalised to be 1, and  𝑘 = 1 by the definition of 

the metric for the positively curved universe as 

follows: 

𝑑𝑎 =  ( 
8𝜋𝐺

3
 
𝜌0𝑎0

3

𝑎3
𝑎2 −

1

𝑅0
2 )

1
2

𝑑𝑡                    (16) 

where 𝜌0𝑎0
3 = constant [26].  

By integrating with regards to the conformal time 

𝑑𝜂 ≡  
𝑑𝑡

𝑎
 in the parametric form, which is represented 

in the range of (0 < 𝜂 < 2𝜋), we can find the scale 

factor as follows: 

∫𝑑𝜂 = ∫
𝑑𝑎

(2Ω0,𝑚 𝑎 −
1

𝑅0
2  𝑎2)

1
2 

2𝜋

0

                   (17) 

𝜂 = 𝑅0 sin−1(
𝑎

 Ω0,𝑚𝑅0
2 − 1) +

𝜋

2
𝑅0                   (18) 

Equation 18 can be simplified where the scale 

factor can be written as a function of the 

conformal time as follows: 

𝑎(𝜂) =
Ω0,𝑚𝑅0

2

2
( 1 − cos

𝜂

𝑅0

 )                             (19) 

where Ω0,𝑚 =
4

3
𝜋𝐺𝜌0 is the matter density. In 

addition, we can obtain the evolution time 𝑡(𝜂) 

as a function of the conformal time using 

Equation 19 in term of Hubble parameter 

where 𝑑𝑡 ≡  
𝑑𝑎(𝜂)

𝐻
  [26, 29] and then integrating 

both sides: 

∫𝑑𝑡 = ∫
Ω0,𝑚𝑅0

2

2𝐻
(1 − cos

𝜂

𝑅0

) 𝑑𝜂                    (20) 

𝑡(𝜂) =  
Ω0,𝑚𝑅0

2

2𝐻0

(𝜂 − sin
𝜂

𝑅0

)                              (21)  

where 
𝐻2

𝐻0
2 =    

Ω0

𝑎3 +
( 1−Ω0) 

𝑎2  for a positively 

curved universe and is matter-dominated  [26]. 

The Friedmann equation of deceleration - 

acceleration of the universe can be obtained using 

Equation 14 [10]: 

𝑎̈

𝑎
= −

4𝜋𝐺

3 
 (𝜌 + 3𝑝 )                                              (22) 

Through inspiration by CMB large-angle correlations 

where temperature correlation across the microwave 

sky vanishes on scalars wider than 60° [30], we may 

metaphorically visualise the universe topology and 

its evolution as the evolution of a fountain; where the 

radius (scale factor 𝑎) of the top circumference of the 

fountain and its corresponding radius of curvature 

(horizon radius of spacetime curvature 𝑅ℎ) increase 

as the fountain heads away from the source (evolve 

in time 𝑡). Please refer to Appendix 1, Figure A.1 for 

the fountain schematic representation and further 

details. Figure 2 also represents this concept. 

Using this metaphorical representation, we can 

find the horizon radius of spacetime curvature 

vector 𝑅ℎ(𝜂) as a function of the conformal 

time based on the scale factor and evolution 

time of the universe as follows: 

𝑅ℎ
⃡⃗⃗⃗ (𝜂)
0≰𝜂≤2𝜋

=

∓ 
Ω0,𝑚𝑅0

2 

2
√𝐻0

−2 (𝜂 − sin
𝜂

𝑅0
)
2

+ ( 1 − cos
𝜂

𝑅0
 )

2

,

tan−1  𝐻0
−1 (1 − 𝑐𝑜𝑠

𝜂

𝑅0
 )

−1

(𝜂 − 𝑠𝑖𝑛
𝜂

𝑅0
) )       (23) 

The evolution of the horizon radius 𝑅ℎ
⃡⃗⃗⃗ (𝜂) is in 

the direction of the cosmic evolution while the 

scale factor can be understood as the local 

radius. Thus, we can interpret that the negative 

horizon radius can indicate the existence of the 

antimatter as a distinct side of which is 

evolving in the opposite direction with regards 
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the matter side evolution direction. If we 

reintroduce the speed of light in the Friedmann 

equation, the length of the horizon radius is:  

𝑅ℎ(𝜂) = ∓ 𝑐 (𝑡(𝜂)2
+ 𝑎(𝜂)2

)
1/2

                     (24) 

According to this new interpretation, we can 

differentiate 𝑅ℎ(𝜂) which represents the 

overall space curvature radius due to the 

overall age of the universe while 𝑎(𝜂) 

represents the universe slice radius in time. 

3. Model Implementation and Outcomes 

3.1 Model Implementation  

We can utilise the derived model to find the evolution 

of the universe over the conformal time. I assume 

Hubble parameter as 70 km/s/Mpc as an average of 

the early and today’s universe, and use the 

approximate universe age of ~10 Gyr when the 

accelerated expansion started, as well as I assume 𝑅0
2 

as 1, thus, the model represents the exact solution of 

the well-known Friedmann equation. 

By implementing these values, the model 

predicts the density is Ω0  = ~1.14. In 

addition, the predicted evolution paths are 

shown in Figure 1. The model predicts that 

both sides of the universe are expanding in 

opposite directions away from the Big Bounce 

during first ~10 Gyr. The slope of the 

evolution curves shows that the rate of 

expansion was slowing down, which could be 

due to gravity. The expansion then reached a 

critical radius where both halves reversed their 

direction.   

To interpret the reverse direction after passing 10 

Gyr, we can utilise the metaphorical concept that the 

fountain reverses its direction and free-fall under 

gravity while its circumference continues to increase, 

as shown in Appendix 1, Figure A.2. 

 
Figure 1: The evolution of the dimensionless horizon 

radius Rh of the matter and antimatter sides. Both 

sides of the universe are expanding in opposite 

directions away from the Big Bounce during first ~10 

Gyr. Then they reverse their direction and free-fall 

towards each other. 

Using this reasoning, we may interpret the reverse 

direction of the evolution paths after passing 10 Gyr 

as the matter and antimatter at the critical horizon 

radiuses reverse their directions and free-fall towards 

each other due to the gravitational attraction between 

them. At this reverse direction stage, the expansion 

continues to increase as the horizon radius increases 

due to evolution in time as shown in Figure 2.  

 

Figure 2: Schematic representation of the 

evolution of both sides of the universe. Rh and 

a are the horizon radius of space curvature 

and the scale factor respectively, while t is 

the evolution time. 

Rh 

Ti
m

e 
(G

yr
) 

Matter half Antimatter half 

Antimatter                                                                    Matter      

half                                                                                  half                                 

Space curvature  

 

Evolution paths 

a 

t 

-Rh 

Universe evolution 

over time 

 

Big Bounce 
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Figure 2 shows a representation of the 

expansion of both sides. It shows the horizon 

radius of curvature evolve in the direction of 

each side evolution while the scale factor 

represents a local size of the universe slice in 

time. 

Nevertheless, the model should be optimised to 

account for the effect of the coexistence of the 

two halves on the matter and antimatter 

densities as the approaching of each half to 

another may highly increase the density and 

collapse the universe such as in back holes. 

3.2 Matter-Antimatter Density Growth  

As we interpreted that the universe is predicted 

to pass through two spatial stages. In the first 

stage, both sides spatially expand away from 

the Big Bounce until they reach their critical 

horizon radiuses. If we consider a symbolic 

representation of two fountains, then we can 

expect that both matter and antimatter sides are 

simply path connected at the first stage of 

expansion. 

At the second stage on the other hand, and by 

considering the symbolic concept that the two 

fountains reverse their directions and free-fall 

towards each other, we can expect that both 

sides of matter and antimatter could develop 

hollow spacetimes and both could be multi-

path connected where spacetime voids might 

exist. Therefore, the spacetime-voids inside the 

volume the universe would increase the matter 

and antimatter densities elsewhere at both 

halves during the second stage of reverse 

direction. Based on the Friedmann equation 

where 𝜌𝑎3 = constant [26]. We can 

mathematically reason that the matter density 

at the second stage Ω2,𝑚 can be expressed as 

function of the conformal time as follows: 

Ω2,𝑚  ∝  𝜂                                     𝜋 > 𝜂 >  2𝜋     (25)       

Ω2,𝑚 = Ω𝑐,𝑚 (1 + σΩ2,𝑚
)       𝜋 > 𝜂 >  2𝜋     (26) 

where Ω𝑐,𝑚 is the critical matter density and 

σΩ2,𝑚
 is assumed as the matter density growth 

factor. 

In addition, based on the Friedmann equation 

of deceleration/acceleration that the expansion 

rate is a function of the scale factor while the 

scale factor is a function of the conformal time. 

Therefore, we can account for the variable 

expansion rates where the Hubble parameter 

can be considered as a second-order function 

of the conformal time for both stages of 

expansion as follows: 

𝐻1 = 𝐻𝑖(1 + σ𝐻1
)−2                0 > 𝜂 >  𝜋         (27) 

𝐻2 = 𝐻𝑐(1 + σ𝐻2
) 2                 𝜋 > 𝜂 >  2𝜋      (28)  

where  𝐻𝑖 , 𝐻1 ,  𝐻𝑐 , 𝐻2  represent the Hubble 

parameter at the initial, first, critical, and 

second stages respectively; σ𝐻1
 is Hubble 

decrease factor at the first stage and σ𝐻2
 is the 

Hubble increase factor at the second stage. 

Accordingly, the optimised model of the 

universe during the first and second stages of 

expansion is as follows respectively: 

𝑅ℎ
⃡⃗⃗⃗ (𝜂)
0≰𝜂≤𝜋

=

∓ 
Ω0,𝑚𝑅0

2 

2
√𝐻1

−2 (𝜂 − sin
𝜂

𝑅0
)
2

+ ( 1 − cos
𝜂

𝑅0
 )

2

,

tan−1   𝐻1
−1 (1 − 𝑐𝑜𝑠

𝜂

𝑅0
 )

−1

(𝜂 − 𝑠𝑖𝑛
𝜂

𝑅0
) )      (29) 

𝑅ℎ
⃡⃗⃗⃗ (𝜂)
𝜋≰𝜂≤2𝜋

=

∓ 
Ω2,𝑚𝑅0

2 

2
√𝐻2

−2 (𝜂 − sin
𝜂

𝑅0
)
2

+ ( 1 − cos
𝜂

𝑅0
 )

2

,

tan−1   𝐻2
−1 (1 − 𝑐𝑜𝑠

𝜂

𝑅0
 )

−1

(𝜂 − 𝑠𝑖𝑛
𝜂

𝑅0
) )      (30) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 May 2020                   doi:10.20944/preprints202005.0250.v1

https://doi.org/10.20944/preprints202005.0250.v1


7 
 

3.3 Optimised Model Outcomes 

Both Hubble parameter measurements at the early 

universe of ~67.4 km/s/Mpc and the current universe 

of ~73.5 km/s/Mpc at universe ages of ~0.4 and 

~13.8 Gyr respectively as well as the approximate 

age of ~10 Gyr when the accelerated expansion 

started were used in tuning the optimised model. Due 

to the symmetry of both sides, we can investigate the 

evolution of the matter side while the antimatter side 

should evolve similarly but in the opposite side. 

Three cases with different values of the model 

parameters as illustrated in Table 1 were investigated: 

Table 1:  Model parameters 

 Ω0,𝑚 𝑅0
2 σΩ𝑒,2

% σ𝐻1
% σ𝐻2

% 

Case 1 1.14 1 0.001 0.01 0.07 

Case 2 1.14 1.1 0.001 0.01 0.07 

Case 3 1.16 1.1 0.001 0.01 0.07 

By implementing these parameters, we can obtain the 

predicted evolution paths of the horizon radius as 

shown in Figure 3. 

The model predicts that cosmic evolution might 

experience three distinct stages. Firstly, the matter 

half of the universe was expanding away from the Big 

Bounce during first ~10 Gyr with a decelerated 

spatial expansion, which could be due to gravity 

between the two sides, until it reaches its critical 

horizon radius.  

Secondly, after passing ~10 Gyr, an accelerated stage 

of a reverse direction of the universe expansion 

started, which could be due to the gravitational 

attraction between the matter and antimatter at their 

critical horizon radiuses. The matter and antimatter 

could be under free-fall towards each other at 

gravitational acceleration, causing the current 

accelerated expansion of the universe.  

 
Figure 3: Evolution of the dimensionless horizon 

radius Rh of the matter side. Firstly, a decelerated 

stage of spatial expansion away from the Big Bounce 

until it reaches its critical radius. Secondly, an 

accelerated stage of a reverse direction. Finally, a 

time-reversal stage of spatial contraction.  

Interestingly, the model predicts a third stage of 

spatial contraction with reversal-time direction at 

~16.5 Gyr and afterwards (depending on the tuning 

of the model conditions). At this stage the universe 

experiences a stage of contraction which could lead 

to final collapse in the Big Crunch. Based on the 

evolution paths of the horizon radius, we can 

schematically represent the predicted cosmic 

topology as shown in Figures 4.  

 

Figure 4: 2D-Schematic representation of the 

predicted actual cosmic topology of both sides.  
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However, due to gravitational lensing and how we 

observe light, the universe during the first and second 

(current) stages would appear as shown in Figure 5, 

potentially matching the Sloan Digital Sky Survey 

Data. Please refer to Appendix 1, Figure A.3 for 3-D 

visualization of Sloan Digital Sky.  

 

Figure 5: 2D-Schematic representation of the 

observed topology of the universe during the first and 

second (current) stages of expansions.  

4. N-body Simulations of Galaxy Rotation  

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 [32, 33]. 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 [21, 22, 34 - 36]. On the other 

hand, several recent studies found that many galaxies 

do not contain dark matter [37 – 39]. This observation 

was considered in some studies where the galaxy 

formation was simulated using modified Newtonian 

dynamics without considering the dark matter [40].  

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, I introduce a new hypothesis based 

on the variation of the curvature of both sides along 

the evolution of the horizon radius as shown Figure 

4, where the curvature of the spacetime varies at 

different instants of time. Accordingly, I argue that 

the observed fast movement could occur as a result of 

the variation of the universe curvature, where the 

gravitational attraction between both sides of the 

universe can highly bend the spacetime over the 

evolution of the horizon radius.  

To evaluate this hypothesis, I perform a fluid 

simulation study based on the Newtonian dynamics 

using the Fluid - Pressure and Flow software [41]. In 

this simulation, a perfect fluid of mass density 𝜌 and 

isotropic pressure 𝑝 was assumed to represent the 

matter of the universe while the fluid particles were 

assumed to represent the stars. The fluid was 

considered as a perfect fluid because it is frictionless 

with no heat conductivity [42]. Using these 

conditions, the fluid model was built to simulate the 

star movement speed between highly and barely bent 

curvatures, as shown in Figure 6.  

 

Figure 6: Simulation of fluid-particle movement. The 

particles located at lesser curved paths move faster 

than their counterparts that are located within highly 

paths. 

Void 

 

Void 

 

Matter side 

 

Antimatter side 

 

Big Bounce and Big Crunch 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 May 2020                   doi:10.20944/preprints202005.0250.v1

https://doi.org/10.20944/preprints202005.0250.v1


9 
 

The Figure illustrates the movement of fluid particles 

at the various curvatures where the particles located 

in the lesser curved paths were found to move faster 

than the ones that were passing in the highly curved 

paths. Considering these outcomes, it could be 

concluded that the variation of the curvature of the 

spacetime over the horizon radius can influence the 

speed of star movement when they are located 

through different curvatures of the universe.  

5. The Predictions of the Model  

This model predicts the rate of expansion varies over 

time. The expansion rates at the first and second stage 

of spatial expansion can be estimated according to 

Friedmann equation (Equation 22).  Accordingly, we 

can find the normalised deceleration and acceleration 

of the universe over the conformal time for the stated 

three cases in Section 3.3, as shown in Figure 7.  

 

Figure 7: The deceleration and acceleration of the 

universe expansion rate over time. 

The expansion rate was decreasing at the first stage, 

and this may conform with the lower value of the 

Hubble parameter obtained by the Planck datasets of 

the early universe [12, 15]. However, at the second 

stage, the expansion is increasing, and this may align 

the higher value of the Hubble parameter obtained 

using the supernovae type Ia distance-redshift 

method at the current universe.  

According to this dual horizon theory, it seems 

that each side is not a mirror image of the other 

half, but each is a separate identity where 

galaxies can evolve and spread in different 

locations and shapes. A new ‘Cosmic 

Conservation’ term can be suggested to 

illustrate that this finite and positively curved 

symmetrical model has a fixed amount of 

energy [7, 8]. Therefore, the Cosmic 

Conservation can explain the instantaneous 

quantum entanglement where the finite 

universe conserves the total spin of a pair of 

particles regardless of their locations.  

Therefore, we can predict that the locations of 

quantumly entangled particles have no effect 

on their entanglement where their total spin is 

conserved.  

Finally, at the second stage of expansion, the 

model predicts a flow of the matter side of the 

universe due to the gravitational attraction by 

the antimatter side. We can predict the flow 

rate using the derivative of the optimised 

matter model with regards to the conformal 

time as follows: 

𝑅ℎ
⃡⃗⃗⃗ (𝜂)
𝜋≰𝜂≤2𝜋

̇ =

∓ 
Ω2,𝑚𝑅0

2 

2
√𝐻2

−2 (1 − cos
𝜂

𝑅0
)
2

+ ( sin
𝜂

𝑅0
 )

2

,

tan−1  𝐻2
−1 (sin

𝜂

𝑅0
  )

−1

(1 − cos
𝜂

𝑅0
 )                 (31) 

6. Conclusions 

In this research, I derived a new model of dual 

horizon radius of space curvature. The model 

recommends the universe consists of two sides 

of matter and antimatter that are symmetrical 

in geometry and evolve in opposite directions. 

I used the model to simulate the evolution of 

the horizon radius of the universe. The results 

predicted that the expansion rate is variable. 
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The rate during the early universe was 

decreasing while the rate at the current 

universe is increasing. These results 

conceivably align with Hubble measurements 

from the early and current universe 

observations. The results also indicate that the 

universe would experience a third stage of 

accelerated contraction towards the Big Crunch 

in the reverse time direction. The model also 

predicts a flow rate of the matter side towards 

the antimatter side at the accelerated stage of 

expansion.  

Regarding the movement of the star, the fluid 

simulation can provide a plausible explanation where 

the highly curved spacetime fabric of both matter and 

antimatter sides could drive stars located at a lesser 

curved spacetime to move faster than their 

counterparts that are located within a highly curved 

fabric.  

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 utilised to accurately estimate the matter 

density distribution and its growth factor.  

7. Future Work 

The values of the matter density, curvature 

density, energy growth factor, the Hubble 

parameter change factors at both stages have 

act a vital role in the estimation of the universe 

evolution paths. Therefore, accurate values can 

provide a better estimation of the evolution 

paths.  The accurate age of the universe can be 

estimated based on the non-linear Hubble 

parameter and its change factors. 
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Appendix 1: Fountain Representation 

 

 

 

Figure A.1: Fountain Representation. Both the height of the fountain and its radius of the curvature are evolving 

in time upwards 

 

According to Pythagorean theorem, the radius of curvature of the fountain 𝑅 can be calculated as follows: 

𝑅2 = ℎ2 + 𝑎2                                   (𝐴. 1) 

Taking square root for both sides: 

𝑅 = ∓(ℎ2 + 𝑎2)
1
2                           (𝐴. 2)   

If we apply this concept on the spacetime of the universe where time 𝑡 replaced the height of the fountain, then 

we find: 

𝑅ℎ
2 = 𝑡2 + 𝑎2                                   (𝐴. 3) 

𝑅ℎ = ∓(𝑡2 + 𝑎2)
1
2                           (𝐴. 4)  
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Figure A.2: Fountain Representation of upwards and downwards directions.  

 

 

 

Figure A.3: SLOAN Digital Sky Survey (3-D Visualization of Visible Universe) [44]. 
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