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Abstract: The recent Planck Legacy (PL18) release revealed the presence of an enhanced lensing 
amplitude in the cosmic microwave background (CMB). Notably, this amplitude is higher than that 
estimated by the lambda cold dark matter model (ΛCDM), which endorses a positively curved early 
Universe with a confidence level greater than 99%. In this study, quantised spacetime worldlines 
are utilised to model the evolution of the Universe with reference to the scale factor of the early 
Universe and its radius of curvature. The worldlines revealed both positive and negative solutions, 
implying that matter and antimatter of early Universe plasma evolved in opposite directions as dis-
tinct Universe sides during a first decelerating phase, corroborating the CMB dipole anisotropy. The 
worldlines then indicated a second accelerated phase in reverse directions, where both sides could 
be free-falling towards each other under gravitational acceleration. Simulations of the spacetime 
continuum flux through its travel along the predicted worldlines demonstrated the fast-orbital 
speed of stars resulting from external fields exerted on galaxies via the spatial curvature through 
the imaginary time dimension. Finally, the worldlines predicted a final time-reversal phase of rapid 
spatial contraction leading to a Big Crunch, signalling a cyclic Universe. These findings indicate that 
early Universe plasma could be separated and evolved into distinct Universe sides that collectively 
and geometrically influencing the evolution of the Universe, physically explaining the effects at-
tributed to dark matter and dark energy. 
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1. Introduction 
Bounce cosmology provides an alternative perception of the Universe, in which our 

Universe expanded from a hot and very dense state of a previously collapsed Universe 
[1]. The idea was first proposed by Tolman in the 1930s; since then, many bouncing mod-
els have been introduced with the aim of providing a systematic description of the begin-
ning and evolution of the Universe [2]. 

This cosmology is free from the singularity problem and offers a clearer view of the 
early Universe [2]. However, the null-energy condition is generally violated by the con-
jectured bounce of re-expansion in several modified gravity theories [3,4]. Alternatively, 
the bounce realisation could be sought through other scenarios, such as the phenomenon 
of plasma drift in the presence of electromagnetic fields [5,6]. In this sense, matter and 
antimatter of early Universe plasma could have been separated upon the emission of the 
CMB and consequently evolved in opposite directions due to their opposite spin and 
charge. Additionally, in realising the singularity-free paradigm, a minimal Universe’s ra-
dius can be sought by considering the boundary contribution and the pre-existing curva-
ture of early Universe plasma based on the release Planck Legacy that indicated a posi-
tively curved early Universe with a confidence level higher than 99% [7]. 

A closed early Universe model is considered according to the PL18 recent release, 
where a solely theoretical work corroborated by mathematical proofs is presented in this 
study. The evolution of the Universe from early Universe plasma is modelled by utilising 
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quantised spacetime continuum worldlines. The paper is organised as follows. Section 2 
introduces the extended field equations considering the background/pre-existing curva-
ture. Sections 3 and 4 discuss the derivation of the quantised worldlines and the evolution 
of the Universe, while Section 5 illustrates the spiral galaxy rotation under external fields. 
Section 6 discusses the early Universe boundary contribution and the minimal Universe 
radius. Finally, Section 7 concludes this work and suggests future works.  

2. Extended Field Equations for a Curved Early Universe 
In addition to the PL18 evidence of a curved early Universe, recent findings regard-

ing light polarisation from the CMB support the concept of an exotic substance through 
space causing these measured polarisations [8]. Accordingly, spacetime is regarded in this 
study as a continuum with a dual quantum nature such that it curves according to the 
General Relativity as waves and fluxes as quantum energy particles. The latter is justified 
by the energy flux from early Universe plasma into space at the speed of light creating a 
‘spacetime continuum’ or ‘vacuum energy’ whereas the Universe expands. A modulus of 
spacetime continuum’s deformation/curvature 𝐸஽ is defined to incorporate the pre-exist-
ing/background curvature signified by the scalar curvature ℛ into the Einstein–Hilbert 
action. By using the Einstein field equations, 𝐸஽ =(stress/strain) is expressed as 

𝐸஽ =
𝑇ఓ

௩ − 𝑇𝛿ఓ
௩/2

𝑅ఓ
௩/ℛ

 (1)

where the stress is signified by the stress-energy tensor 𝑇ఔ
ఓ of trace 𝑇, while the strain is 

signified by the Ricci curvature tensor 𝑅ఔ
ఓ  as the change in the curvature divided by the 

pre-existing curvature ℛ, while 𝛿௨
௩ is the Kronecker delta [9]. According to the Theory of 

Elasticity, the modulus times the volume equals the internal energy of reversible systems 
[10]. Thus, 𝐸஽ could represent the internal energy density of the space, i.e. the vacuum 
energy density. In addition, according to Eq. (1), 𝐸஽ = ℛ𝑐ସ/8π𝐺, which is proportional to 
the fourth-order of the speed of light 𝑐, in accordance with Quantum Field Theory energy 
cut-off predictions of vacuum energy density [11]. By complying with the energy conser-
vation law, the Einstein–Hilbert action can be extended to 

𝑆 = න ൤
𝐸஽

2

𝑅

ℛ
+ ℒ  ൨ ඥ−𝑔 𝑑ସ𝑥 (2)

where ℒ is the Lagrangian density, 𝑅 is the Ricci scalar curvature and 𝑔 is the determi-
nant of the metric tensor 𝑔௨௩. The derivations of the extended action in Ref. [12] as 

𝑅ఓఔ

ℛ
−

1

2

𝑅

ℛ
𝑔ොఓఔ +

𝑅 − ℛ

ℛଶ
(𝐾ఓఔ −

1

2
𝐾𝑞ොఓఔ) =

𝑇ఓఔ

𝐸஽

 (3)

Eqs. (3) can be interpreted as indicating that the induced curvature over the pre-existing 
curvature equals the ratio of the imposed energy density, and its flux, to the vacuum en-
ergy density and its flux through an expanding/contracting Universe. Here, 𝑔ොఓఔ = 𝑔ఓఔ +

2�̅�ఓఔ  denotes the conformal transformation of the metric because Einstein spaces are a 
subclass of the conformal space [13]. The conformal transformation could describe the 
tidal distortion and gravitational waves in the absence of matter [14]. 𝐾ఓఔ  is the extrinsic 
curvature tensor and 𝑞ොఓఔ  is the conformally transformed induced metric on the spacetime 
manifold boundary. The extended field equations can be simplified by substituting 𝐸஽ 
value in Eqs. (3) as  

𝑅ఓఔ −
1

2
𝑅𝑔ොఓఔ +

𝑅 − ℛ

ℛ
(𝐾ఓఔ −

1

2
𝐾𝑞ොఓఔ) =

8𝜋𝐺 

𝑐ସ
𝑇ఓఔ  (4)

The new boundary term/tensor is only significant at high-energy limits such as within 
black holes [15] and the early Universe where it could remove the singularities from the 
theory. 
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3. Bounce from a Closed Early Universe 
The Friedmann–Lemaîtree–Robertson–Walker (FLRW) metric is the standard cosmo-

logical metric model, which assumes an isotropic and homogenous Universe [16,17], 
where the isotropy and homogeneity of the early Universe plasma based on the CMB are 
consistent with this model. The PL18 release revealed a closed and positively curved early 
Universe. Accordingly, the plasma reference radius of curvature 𝑟௉  upon the emission of 
the CMB and the corresponding early Universe scale factor 𝑎௉  at reference time 𝑡௣ are 
incorporated to reference the FLRW metric model as shown in Figure 1.  

      
 
 

 

 
 
 
 
 
 
 
 
 
 

 

Figure 1. The hypersphere of a positively curved early Universe plasma expansion upon 
the CMB emissions. 𝑟௣ is the reference radius of the intrinsic curvature and 𝑎௣ is the 
reference scale factor of the early Universe at the corresponding reference time 𝑡௣. 𝑛ෝ𝑢 and 
𝑡௩,௪ are the normal and tangential vectors on the manifold boundary respectively regard-
ing the extrinsic curvature. 𝑟, 𝜙, 𝜃 are the comoving coordinates.  

The referenced metric tensor is 

ൣ𝑔ఓఔ(x)൧ = diag ቆ−𝑐ଶ,
𝑎ଶ(𝑡)

𝑎௣
ଶ

/ ቆ1 −
𝑟ଶ

𝑟௣
ଶ

ቇ ,
𝑎ଶ(𝑡)

𝑎௣
ଶ

𝑟ଶ,
𝑎ଶ(𝑡)

𝑎௣
ଶ

𝑟ଶ𝑠𝑖𝑛ଶ𝜃ቇ, (5)

where 𝑎 (𝑡)/𝑎௣ is a new dimensionless scale factor and 𝑟, 𝜙, 𝜃 are the comoving coordi-
nates. No conformal transformation is included in this metric, therefore, its outcomes are 
comparable with the literature. The Ricci curvature tensor 𝑅௨௩ is solved using Christoffel 
symbols for 𝑔௨௩ in Eqs. (5) as follows 

𝑅௧௧ = −3
�̈�

𝑎
, 𝑅௥௥ =

1

𝑐ଶ ቆ
𝑎�̈�

𝑎௣
ଶ

+
2�̇�ଶ

𝑎௣
ଶ

+
2𝑐ଶ

𝑟௣
ଶ ቇ / ቆ1 −

𝑟ଶ

𝑟௣
ଶቇ, 

𝑅ఏఏ =
𝑟ଶ

𝑐ଶ ቆ
𝑎�̈�

𝑎௣
ଶ

+
2�̇�ଶ

𝑎௣
ଶ

+
2𝑐ଶ

𝑟௣
ଶ ቇ , 𝑅థథ =   

𝑟ଶ𝑠𝑖𝑛ଶ𝜃

𝑐ଶ ቆ
𝑎�̈�

𝑎௣
ଶ

+
2�̇�ଶ

𝑎௣
ଶ

+
2𝑐ଶ

𝑟௣
ଶ ቇ, 

(6)

                             The Ricci scalar curvature is 

𝑅 = 𝑅ఓఔ 𝑔
ఓఔ = −

6

𝑐ଶ
ቆ

�̈�

 𝑎 
+

�̇�ଶ

 𝑎ଶ
+

𝑐ଶ 𝑎௣
  ଶ

𝑎ଶ 𝑟௣
 ଶ

ቇ. (7)

where �̈� and �̇� are the second and the first derivatives of 𝑎 respectively. 
By using Eqs. (5-7) that count for the plasma parameters and considering a perfect 

fluid given by 𝑇ఓఔ = (𝜌 +
௉

௖మ) 𝑢ఓ𝑢ఔ + 𝑃𝑔ఓఔ  [9] in solving Einstein field equations results in 
 
 

a 
𝑟௣ 

𝑟 
𝜃 

𝜙 

𝑎௣ 

𝑛ො௨ 
𝑡௩ሬሬሬ⃗

  
𝑡௪ሬሬሬሬ⃗
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 the referenced Friedmann equations: 

𝐻ଶ ≡
�̇�ଶ

𝑎ଶ
=  

8𝜋𝐺 𝜌

3
 −

𝑐ଶ 𝑎௣
  ଶ

𝑎ଶ 𝑟௣
 ଶ

 , (8)

�̇� ≡
�̈�

𝑎
= −

4𝜋𝐺 

3
 ൬𝜌 + 3

𝑃

𝑐ଶ൰. (9)

where 𝐻, 𝑃, and 𝜌 are the Hubble parameter, pressure, and density respectively.  
By utilising the imaginary time, the referenced Friedman equations in Eqs. (8, 9) are 

solved over the conformal time by rewriting Eq. (8) in terms of the conformal time in its 
parametric form 𝑑𝜂 = −𝑖

௔೛

௔
𝑑𝜏 while initiating at the reference imaginary time 𝜏௣ as 

න 𝑑𝜂
ఎ

଴

= න 𝑎௣

ଶగ

଴

ቆ
8𝜋𝐺 𝜌௣𝑎௣

  ଷ

3
𝑎 −

𝑐ଶ𝑎௣
  ଶ

𝑟௣
ଶ

𝑎ଶቇ

ିଵ/ଶ

 𝑑𝑎 (10)

where 𝜌 =
ఘ೛௔೛

య

௔య  [18]. By integrating, the scale factor evolution is 

𝑎(𝜂)/𝑎௣  =
𝑀௣𝐺

𝑐ଶ𝑟௣
ቆ1 − 𝑐𝑜𝑠

𝑐

𝑟௣

𝜂ቇ (11)

where 𝑀௣ =
ସ

ଷ
𝜋𝜌௣𝑟௣

ଷ is the plasma mass at 𝜏௣. The constant in Eq. (11) can be written in 
terms of the modulus 𝐸஽ representing the vacuum energy density and the Universe en-
ergy density 𝐸 using Eq. (1) as 𝐸/6𝐸஽ .  

Additionally, the evolution of the imaginary time 𝜏(𝜂) can be obtained by integrat-
ing the length of the spatial factor contour of one Universe life cycle over the expansion 
speed 𝐻ఎ  while initiating at the reference imaginary time 𝜏௣ with the corresponding spa-
tial factor 𝑎௣. Thus, by rewriting Eq. (9) in terms of the Hubble parameter by its definition 
at 𝜏௣ as 𝑑𝜏 = 𝑖

ௗ௔

ு௔೛
 as 

න 𝑑𝜏
ఛ

ఛು

= 𝑖 න
𝐸

6𝐻ఎ𝐸஽
ቆ1 − 𝑐𝑜𝑠

𝑐

𝑟௣

𝜂ቇ 𝑑𝜂
ఎ

଴

 (12)

 By performing the integration, the imaginary time evolution is 

𝜏(𝜂) = 𝑖
𝐸

6𝐻ఎ𝐸஽
൬𝜂 − sin

𝑐

𝑟଴

𝜂൰ + 𝜏௣ (13)

According to the law of energy conservation, the covariant divergence of the stress-
energy tensor vanishes, ∆௩𝑇௨௩ = 0, this yields ௔̇

ୟ
𝑇௨

௨ + 3
௔̇

ୟ
𝜌 − 𝑖

பఘ

பఛ
= 0, 3 ቀ𝜌 +

௉

௖మቁ 
௔̇

ୟ
− 𝑖

பఘ

பఛ
=

0. By combining these outcomes, integrating, and substituting the spatial scale factor rate 
in Eq. (11) to their outcome, the Universe density evolution over the conformal time is  

𝜌ఎ = 𝐷௣ ቆ1 − 𝑐𝑜𝑠
𝑐

𝑟௣

𝜂 ቇ

ିଷ

 (14)

where 𝐷௉ is a constant. By substituting Eq. (14) in Eq. (9) and initiating the integration at 
𝜏௣ thus, �̇� =

௔̈

௔೛
 as 

න �̇�
ு

ு೛

= න −
4𝜋𝐺 𝐷௣  

3𝑎௣
ቆ1 − cos

𝑐

𝑟௣

𝜂ቇ

ିଷఎ

଴

𝑑𝜂 (15)

 By integration, the Hubble parameter evolution is  

𝐻ఎ = 𝐻௔ ቆ
1

5
cotହ

𝑐

2𝑟௣

𝜂 +
2

3
cotଷ

𝑐

2𝑟௣

𝜂 + cot
𝑐

2𝑟௣

𝜂ቇ + 𝐻௣ (16)

where 𝐻௔  and 𝐻௣ are constants. 
 



Proceedings 2021, 68, x 5 of 10 
 

 

The quantised hyperspherical spacetime wave function 𝜓௅
ሬሬሬሬ⃗ (𝜂) with respect to the refer-

ence wave function 𝜓௣ at 𝜏௣ is obtained using Eqs. (11, 13-16) as a possible third quanti-
sation: 

𝜓௅
ሬሬሬሬ⃗ (𝜂)/𝜓௣ = ∓

𝐸 

6𝐸஽

 ቌ൭ቆ1 − cos
𝑐

𝑟௣

𝜂 ቇ

ଶ

+
𝑐ଶ

𝐻ఎ
  ଶ𝑎௣

 ଶ
ቆ𝜂 − sin

𝑐

𝑟௣

𝜂ቇ

ଶ

൱

ଵ/ଶ

ቍ 𝑒

௜ ୡ୭୲ 

ுആ௔೛൬ଵି௖௢௦
௖

 ௥೛
ఎ ൰

௖ ൬ఎି௦௜௡
௖

 ௥೛
ఎ ൰

 

 

(17)

where 𝐸 /𝐸஽  denotes a new dimensionless energy density parameter as the ratio of the 
Universe energy density to the vacuum energy density. 

4. Evolution of Universe Worldlines 
The positive and negative solutions of the wave function in Eq. (17) imply that matter 

and antimatter in the plasma evolved in opposite directions. The phenomenon of plasma 
drift is caused by the presence of electromagnetic fields [5,6], which drives matter and 
antimatter in opposite directions, as they have opposite electrical charges. A chosen mean 
evolution value of the Hubble parameter of ~70 km∙s-1∙Mpc-1 and a phase transition of 
expansion at Universe’s age of ~10 Gyr were applied to tune the integration constants of 
the derived model, where the predicted energy density parameter is ~1.16.  

The cosmic evolution of radiation coupled with matter/antimatter according to the 
wave function is predicted to experience three distinct phases (Figure 2a, orange curve) 
while radiation only worldlines, which propagate faster than matter/antimatter, is pre-
dicted to pass to the other side (blue curve). Due to symmetry, only the positive solution 
is shown in Figure 2a. Additionally, the predicted Hubble parameter 𝐻 (speed of the spa-
tial expansion) and its rate �̇� (the spatial expansion acceleration) along with a rectified 
Hubble parameter reflecting the reverse evolution, direction are shown in Figure 2b. 
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Figure 2. (a) Evolution of the wave function of matter coupled with radiation of one side of the Universe, radiation only wave 
function in addition to the straight line of light cone (diagram is not to scale). (b) The Hubble parameter 𝐻 evolution and its rate. 
The orange curve shows a deceleration during the first ~10 Gyr followed by an accelerated expansion rate.  

These results can be interpreted as follows. Firstly, the matter and antimatter sides ex-
panded in opposite directions away from the early Universe plasma, possibly due to the 
phenomenon of plasma drift, where they would be blue and red-shifted in corresponding 
the CMB dipole anisotropy. During the first phase (i.e., the first ~ 10 Gyr), the expansion 
rate or the Hubble parameter shown in Figure 2b (blue curve) starts with a hyperbolic 
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expansion rate at the nascent stage upon the emission of CMB where the expansion rate 
is at its highest value. Then, the rate decreases, which could be due to gravity between 
both sides, until it reaches its minimal value at the phase transition. 

However, at the second phase, the worldlines reverse their directions, with both sides 
of the matter and antimatter entering a state of free fall towards each other under gravita-
tional acceleration causing current accelerated expansion, while vacuum energy cannot 
be responsible for this acceleration [19]. The Hubble parameter starts to increase in the 
second phase. According to the mechanics, the minus sign of the Hubble parameter (the 
speed of expansion) indicates an opposite expansion direction. Further, the opposite signs 
of the acceleration (green curve) and the expansion speed in the first phase indicate a 
slowing down while the matching signs in the second phase indicate the expansion speed 
is increasing. Interestingly, the model predicts a third phase of spatial contraction that 
appears after ~ 18 Gyr, where the Universe experiences a contraction, which could be 
due to a high concentration of matter/antimatter at both sides, leading to the big Crunch.  

Parallel worldlines were simulated according to the model in Eq. (17), where they 
produced a flat end or flat spacetime at the second phase of reverse directions as shown 
in Figure 3a, a schematic of 2D spatial and 1D temporal dimensions. The radiation only 
worldlines is predicted to pass from one side to another, which could explain why CMB 
light can be observed even though matter moves much more slowly than light. Addition-
ally, Figure 3b shows an approximate apparent topology due to gravitational lensing ef-
fects, which possibly in accordance with the large-angle correlations of the CMB and the 
SLOAN Digital Sky Survey data. 

  

  
(a) (b) 

Figure 3. (a) 2D-schematic of the predicted cosmic topology of both sides at the first phase away from the early plasma 
while the second phase corresponding to the reversal of the expansion direction. The future third phase corresponds to 
a spatial contraction leading to a Big Crunch. (b) The apparent topology during the first and second phases caused by 
gravitational lensing effects. 

A 3D spatial and 1D temporal dimensions schematic of the spacetime evolutions of 
both sides is shown in Figure 4, where antimatter travels backwards in time. As at the 
second phase, both sides move closer to each other, this could explain the current increase 
in the average temperature of the Universe [20], in contrast to the state of cooling down 
from the hot plasma during the first phase. 
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(a) (b) 

Figure 4. Schematic in 3D spatial and 1D temporal dimensions of both sides, according to the wave function of spacetime 
worldlines. (a) In the first phase, both sides expand away from the early plasma. (b) In the second stage, both sides 
expand in reverse directions and free-fall towards each other at gravitational acceleration. In the third phase, both sides 
contract leading to the big Crunch. Blue circles represent a 3D slice of the Universe that is not necessarily a simply path 
connected. 

5. Spiral Galaxy Rotation under External Fields 
The derived model in Eq. (17) predicted that the curvature of the spacetime contin-

uum increases along with its worldline evolution, with the highest degree of curvature 
occurring at the phase transition, as shown in Figures 2a and 3a. It can be inferred the fast-
orbital speeds observed for outer stars are a result of the variation of spacetime continuum 
curvature, which can exert external fields on galaxies. To evaluate this, a fluid simulation 
study was performed using the Fluid, Pressure and Flow software [21] as in Figure 5a.  

 
 
 

 

 

(a) (b) 

Figure 5. (a) External fields exerted on a galaxy because of the divergence of spatial curvature through the imaginary 
time dimension. Green curves represent the curvature of spacetime worldlines. Blue curves represent the simulated 
spacetime continuum flux. (b) Spiral galaxy rotation. Blue represents the slowest tangential speeds, and red represents 
the fastest speeds. 

3D slice of 

the universe 

at an instant 

Spatial contraction 

Big Crunch  

 Decelerated spatial expansion 

Plasma Separation          

Galaxy  

 

Sp
ac

et
im

e 
w

or
ld

lin
e 

cu
rv

at
ur

e 
 

Spiral galaxy simulation Imaginary time dimension (Gyr) 



Proceedings 2021, 68, x 8 of 10 
 

 

In this simulation, the fluid flow was utilised to simulate the spacetime continuum flux 
through incrementally flatter worldline curvature. Using the resultant momentums on 
objects flowing inside the fluid, a simulation of a spiral galaxy as a forced vortex was 
created as shown in Figure 5b. 

The simulation shows that the tangential speeds of outer parts of the spiral galaxy 
are rotating faster in comparison with the rotational speeds of inner parts. Additionally, 
galaxies of the same mass in the present Universe are rotating faster than they were in the 
past because of the increase in the external fields due to the highest spatial curvature at 
the phase transition, which could agree with the Tully–Fisher relation [22]. Based on the 
simulation results, it can be concluded the spacetime continuum curvature along its 
worldline evolution is responsible for the high speed of galaxies, explaining the effects 
attributed to dark matter. In contrast with the dark matter hypothesis as particles which 
is being challenged by findings of external fields reported in Ref. [23] or MOND which is 
being challenged by gravitational lensing as well as its prediction of the slower speed of 
gravitational waves than the speed of light [24].   

6. Early Universe Boundary Contribution 
At high energy limits, gravitational contributions of early Universe plasma boundary 

can be obtained using the boundary term/tensor in the extended field equations 
ோିℛ

ℛ
ቀ𝐾ఓఔ −

ଵ

ଶ
𝐾𝑞ොఓఔቁ =

଼గ  ீ

௖ర 𝑇ఓఔ . At the reference imaginary time 𝜏௣, there is no conformal 
transformation. Therefore, the induced metric tensor 𝑞ఓఔ  on early Universe plasma hy-
persphere is given in Eqs. (18), where 𝑅 is the extrinsic radius of curvature [25]:  

ൣ𝑞ஜ஝(x)൧ = diag ቆ−𝑐ଶ,
𝑎ଶ(𝑡)

𝑎௣
ଶ

𝑅ଶ,
𝑎ଶ(𝑡)

𝑎௣
ଶ

𝑅ଶ𝑠𝑖𝑛ଶ𝜃ቇ, (18)

The extrinsic curvature tensor is solved by utilising the formula 𝐾௨௩ = −𝑡௩ሬሬሬ⃗  . ∇௨𝑛ො௨. Due to 
the smoothness of the hypersphere, the covariant derivative reduces to the partial deriv-
ative as 𝐾௨௩ = −𝑡௩ሬሬሬ⃗  𝜕𝑛ො௨/𝜕𝑡௨ሬሬሬሬ⃗  [25]. The extrinsic curvature tensor at 𝜏௣ is 

[𝐾ஜ஝(x)] = diag ቆ0, −
𝑎ଶ(𝑡)

𝑎௣
ଶ

𝑅, − 
𝑎ଶ(𝑡)

𝑎௣
ଶ

𝑅𝑠𝑖𝑛ଶ𝜃ቇ (19)

The trace of the extrinsic curvature is 𝐾 = 𝐾ఓఔ𝑞ఓఔ = 2/𝑅. The pre-existing/intrinsic curva-
ture of early Universe plasma boundary at 𝜏௣ is the Gaussian curvature ℛ௣ = 1/𝑟 ௣

 ଶ [25]. 
On the other hand, the Ricci scalar curvature 𝑅௣ at 𝜏௣ can be written in terms of the 

difference between kinetic and potential energy densities whereby substituting Fried-
mann equations in Eqs. (8, 9) into the Ricci scalar curvature in Eq. (7) as 

𝑅௣ =
6𝐺 

𝑐ଶ ൬
4𝜋𝑃௣

𝑐ଶ
−

4𝜋𝜌௣

3
൰ (20)

By solving the boundary term ோିℛ

ℛ
(𝐾ఓఔ −

ଵ

ଶ
𝐾𝑞ఓఔ) =

଼గ  ீ

௖ర 𝑇ఓఔ  for a perfect fluid given by 
𝑇ఓఔ = (𝜌 +

௉

௖మ) 𝑢ఓ𝑢ఔ + 𝑃𝑔ఓఔ  [9], and then substituting Eqs. (18-19) into the boundary term: 

6𝐺 

𝑐ଶ ൬
4𝜋𝑃௣

𝑐ଶ −
4𝜋𝜌௣

3 ൰ −
1

𝑟 ௣
 ଶ

1/𝑟 ௣
 ଶ 

ቆ
−𝑐ଶ

 𝑟 ௣
 ଶ ቇ = 8𝜋𝐺௣𝜌௣ (21)

 Multiplying by early Universe plasma volume 𝑉௣ yields 

𝑟௣
  =

4𝐺 𝑃௣𝑉௣

𝑐ସ
= ඨ

𝐸௣

2𝜋𝐸஽

య

 (22)

where 𝐸௣ is the early Universe plasma energy. The reference radius of curvature 𝑟௣
  > 0 

because any reduction in the volume causes an increase in the pressure, which can realise 
a singularity-free paradigm. 
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7. Conclusions and Future Works 
In this study, a closed early Universe model was considered by utilising the refer-

enced FLRW metric model. The evolution of the Universe from early plasma was mod-
elled utilising quantised spacetime continuum worldlines. The worldlines revealed two 
opposite solutions implying that the Universe into two sides: matter and antimatter.  

The derived model predicted that a nascent hyperbolic expansion is followed by a 
phase of decelerating spatial expansion during the first ~ 10 Gyr, followed by a second 
phase of accelerating expansion, theoretically resolving the tension in Hubble parameter 
measurements. Both sides of the Universe expand away from the early plasma during the 
first phase. Then, during the second phase, they reverse their directions and fall towards 
each other. It is conceivable that the matter and antimatter are free-falling towards, caus-
ing the current accelerating expansion of the Universe. This could explain the effects at-
tributed to dark energy as well as the observed dark flow. 

Further, the simulated spacetime worldlines during the decelerating phase were 
found to be flattened during the accelerating phase due to the reverse direction of the 
continuum worldlines, explaining the current space flatness. Regarding the fast-orbital 
speed of stars, the simulation could provide a physical explanation by which the spatial 
curvature through the imaginary time dimension along with the spacetime continuum 
worldlines of both sides was found to exert external fields on galaxies. Thus, the geomet-
rical spacetime curvature can be causing them to increase in speed, rather than the exist-
ence of dark matter. 

The model predicted a final phase of time-reversal of spatial contraction leading to a 
Big Crunch, signifying a cyclic Universe. The derived smallest possible reference radius 
of the early plasma due to its boundary gravitational contributions can reveal the early 
Universe expansion upon emission of the CMB might mark the beginning of the Universe 
from a previous collapse one. Finally, this theoretical work will be tested against observa-
tional data in future works. 
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