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Abstract: Advances in cosmology and astronomical observations over the last two decades have
revealed significant tensions and many ambiguities within the standard model of cosmology of a
spatially flat Universe, the lambda cold dark matter model. Moreover, the recent Planck Legacy 2018
(PL18) release has confirmed the presence of an enhanced lensing amplitude in the cosmic micro-
wave background (CMB) power spectra, which prefers a positively curved early Universe with a
confidence level higher than 99%. This paper addresses the study of a quantum mechanism that
could replace the concept of dark matter and energy by considering a primordial curvature as pre-
ferred by the PL18 release while yielding the present-day spatial flatness. The implied primordial
curvature is incorporated as the background curvature to extend the field equations in terms of the
brane-world modified gravity. The Universe evolution is modelled by utilizing a new wavefunction
of the Universe that propagates in the bulk with reference to the scale factor of the early Universe
and its radius of curvature upon the emission of the CMB, which revealed both positive and negative
solutions. This characteristic implies that a pair of entangled wavefunctions was created and evolved
in opposite directions as a manifestation of distinct matter and antimatter sides of the Universe. The
wavefunction indicates a nascent hyperbolic expansion away from early energy is followed by a first
phase of decelerating expansion during the first ~10 Gyr, and then, a second phase of accelerating
expansion in reverse directions, whereby both sides free-fall towards each other under gravitational
acceleration. The predicted background curvature evolution demonstrates the fast orbital speed of
outer stars owing to external fields exerted on galaxies as they travelled through earlier conformally
curved spacetime. Finally, the wavefunction predicts an eventual phase of rapid spatial contraction
that culminates in a Big Crunch, signaling a cyclic Universe. These findings reveal that early plasma
could be separated and evolved into distinct sides of the Universe that collectively and geometrically
inducing its evolution, physically explaining the effects attributed to dark matter and energy.

Keywords: Duality; Antimatter; Brane-World Modified Gravity.

1. Introduction

The Planck Collaboration released in 2018 the most thorough spectrum of the cosmic
microwave background (CMB), the first light in the Universe. The Planck Legacy 2018
(PL18) release has confirmed the presence of an enhanced lensing amplitude in the CMB
power spectra, which prefers a positively curved early Universe with a confidence level
higher than 99% [1,2]. Although the spatial flatness could be recovered by combining the
CMB lensing and baryon acoustic oscillation (BAO) data, concerns were raised regarding
the reliability of this combination because the curvature parameter tension between these
sets of data was measured to be 2.5 to 30 [3]. In contrast, the closed Universe can naturally
elucidate the anomalous lensing amplitude, aid a large-scale cut-off in primaeval density
fluctuations [1] and agree with low CMB anisotropy observations [4,5].

Despite the successes of the lambda cold dark matter model, it masks large areas of
ambiguity [6]. It was built based on unclear ingredients, namely, inflation, dark matter
and energy, which have not been identified or fully understood despite extensive research
efforts over decades [7-9]. It leaves numerous enigmas including the inferred baryon
asymmetry, the fine tuning and coincidence problems, etc [10-12]. Moreover, advances in
cosmology and enhanced accuracy of observations have revealed inconsistencies among
key parameters of the model; notably, the Hubble tension at 4 to 60 [13,14].
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This paper addresses the study of a quantum mechanism that could replace the con-
cept of dark matter and energy by considering a primordial curvature as preferred by the
PL18 release while yielding a present-day spatial flatness. The primordial curvature and
its evolution over the conformal time is incorporated to extend the field equations in terms
of brane-world modified gravity in order to approach the problems of accelerated expan-
sion and fast orbital speed of outer stars from a new perspective. This paper is organised
as follows. Section 2 presents extended field equations, Sections 3 and 4 discuss the Uni-
verse model and its evolution. Section 5 presents spiral galaxy formation and rotation.
Section 6 discusses the Universe minimal radius. Finally, Section 7 concludes this work
and suggests future works.

2. Field Equations for Conformally Curved Spacetime

The recent PL18 release has preferred a positively curved early Universe, that is, is a
sign of a background curvature or a curved bulk. To incorporate the bulk curvature and
its evolution over conformal time, a modulus of spacetime deformation, Ej, is introduced
based on the theory of elasticity [15]. The modulus can be expressed in terms of the bulk
resistance to the localized curvature that is induced by celestial objects by using Einstein
field equations or in terms of the bulk field strength by using the Lagrangian formulation
of the energy density exists in the bulk as a manifestation of vacuum energy density as

A
E, = Ty —TGuv/2 _ —FrpF p )
Ruv/:R 4“0

where the stress-energy tensor T, of trace T signifies the stress while the strain is signi-
fied by Ricci curvature tensor R, as the change in the curvature divided by the scalar of
the bulk curvature R. F,, is the field strength tensor and p, is vacuum permeability. By
incorporating the bulk influence, the Einstein-Hilbert action can be extended to

Ruvg Lyg*”
S = EDf [ng” J—gd*p 2)

wd*

As the modulus, Ep, is constant with regards to the cloud-world action under the constant
vacuum energy density condition, and by considering the expansion of the bulk over the
conformal time owing to the Universe expansion (scale factor evolution) and its implica-
tion on the field strength of the bulk, a dual-action concerning the conservation of energy
on global (bulk) and local (cloud-world) scales can be introduced as

—F1p 0 FraGP” Rpg"  Lyg*”
5=L[p— [— f M L# g;w [— d4pd4 (3)
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where R, is Ricci curvature tensor representing the localized curvature induced in the
bulk by a celestial object that is regarded as a 4D relativistic cloud-world of metric g,,
and Lagrangian density L,, whereas R, is the curvature tensor of 4D bulk of metric g,
and Lagrangian density £, as its internal stresses and momenta reflecting its curvature.
The action can be further extended in terms of quantum wave interactions as follows

”—ﬂpg”? g”“] — ” wg’”] Ner f [pupvq“” Lapq™ Laya"" J—a9%dp (4)
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where L,gL* are Lagrangian densities of two entangled quantum fields of a metric g,
and four-momentum p,p" whereas m,n" are the four-momentum of vacuum energy
density of a Lagrangian density £,,g"", 9 is a dimensional-hierarchy factor and n is a
proportionality constant.
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By applying the principle of stationary action for the Equation (3) in [16] yields
1., 1., N
Ruv 1R RR[,LV n R(jcyv - 7764#1/) - :R(Kuv - EKquv) Ay (5)
R 2RI TR R "7,

As visualized in Section 5, these field equations can be interpreted as describing the
flow and interaction of a 4D relativistic cloud-world of intrinsic R, and extrinsic K,
curvatures and the 4D conformal bulk of intrinsic R, and extrinsic X,,, curvatures. The
equations can indicate that the induced curvature, R, of the cloud-world over the bulk
background (existing) curvature, R, equals the ratio of the cloud-world imposed energy
density and its flux, T, to the bulk vacuum energy density and its flux, 7,,, throughout
the expanding/contracting Universe. Because R, /R = R, /R,y G*" = §yv, which reflects
the bulk intrinsic curvature, and by transforming the boundary term of the bulk as in [16],
comparing Equation (1) with Einstein field equations and then substituting to Equations
(5), the field equations can be simplified to

_ 87'[ng A

1 1
Ruv - ERguv - (Kuv - EKQ;W) - ct Tuv (6)

where gy, = guv + 29y + 23,y is the conformally transformed metric tensor counting
for the contributions of the cloud-world metric, g,,,in addition to the contribution from
the intrinsic and extrinsic curvatures of the bulk based on §,, and g,, respectively. The
effective Newtonian parameter Gy reflect the bulk curvature and can accommodate its
evolution over the conformal time against constant G for a special flat spacetime case.
Tuv = (ZLW —L gw) - (ZIW - lqw) is an extended conformal stress-energy tensor that is
defined by including the Lagrangian density of the energy density and flux of the cloud-
world, L,,, and the electromagnetic energy flux from its boundary, [,,, over conformal
time whereas the term (K, — K§,,/2) represents the corresponding extrinsic curvature
of the cloud-world’s boundary. The field equations could remove the singularities and
satisfy a conformal invariance theory. In addition, by applying the principle of stationary
action for Equation (4) in [16], the equations in terms of quantum wave interactions are

o1 Ll 1hGs
pu_ip fuv_(] A[I._E.] A (I/W)ZE%% (7)

where P, is the momentum operator, 7, is the stress-energy (gravitational) operator and
$uv = Quy + 24,y + 24y, is the conformally transformed metric tensor counting for the
contributions of the quantum cloud’s metric, q,,, in addition to the contribution from the
intrinsic and extrinsic curvatures of the parent-world given by §,, and g,, metrics, re-
spectively. Accordingly, the quantized field equations are

1 1 1h
thy 0, — S ihy 0" — (HAy = SJHAY )Y = > i ROrY (8)

These field equations reduce to quantum electrodynamics for undeformed configuration
of the quantum cloud in a flat spacetime background as presented in [16], where y# are
Dirac matrices and 0z is part of the gravitational operator based on a plane wavefunc-
tion, ¥ = Ae~'@t~k%) which can be expressed by utilizing Equation (7) as

ip2

—iR
PY=A expm T, x* )

where T, is the stress-energy of the quantum cloud while the gravitational field strength
of the parent cloud-world of mass M and at radius R is gz = MGg/R*.
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3. Early Universe Closed Metric Model

The Friedmann-Lemaitre metric is the standard cosmological metric model, which
assumes an isotropic and homogenous Universe [17,18], where the isotropy and homoge-
neity of early Universe plasma based on the CMB are consistent with this metric. The PL18
preferred a closed early Universe; thus, the plasma reference radius of curvature r, upon
the emission of the CMB and the corresponding early Universe scale factor ap at the ref-
erence cosmic time t,, are incorporated to reference this metric shown in Figure 1.

Figure 1. The hypersphere of a positively curved early Universe plasma upon the CMB
emissions. 7, is the reference radius of the intrinsic curvature and a, is the reference
scale factor of the early Universe.f, and £, are the normal and tangential vectors on the
manifold boundary respectively regarding the extrinsic curvature.

The four-dimension spacetime interval of the referenced metric tensor g, is

a? dr?
ds* = c?dt* ——; — +12d0% +r2sin’0 dg? (10)
P \1-—
T

where a/a, is anew dimensionless scale factor. At the reference imaginary time 7, there
is no conformal distortion yet, i.e., the global and local boundaries are the same. By using
Christoffel symbols of the second kind for g,, in Equation (10), the Ricci curvature tensor
and scalar are (derivations in Appendix A):

R = 3('1' R 1 ad+2d2+2c2 L r?
= g ™2 a,?  a,®  n? / 2 )

(1)
R r? <a('1' N 2a? N 2c2> R rzsin29<aa' N 242 N 2c2>
g0 ==\—+—+—=) 6= ——\|\—S+—=+—=5)
C2 ap2 apz rpz C2 apZ ap2 rpZ
The Ricci scalar curvature is
v 6 (d a* c*a
R=Ru g :-C—2 ;+?+a2rp2 . (12)

where the dotes are time derivatives.


https://doi.org/10.20944/preprints202005.0250.v11

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2022 d0i:10.20944/preprints202005.0250.v11

5 of 21

By solving the field equations for a perfect fluid given by T,, = (p + P/c?) u,u, + Pg,,
[19-21] and substituting Equations (10)-(12), the Friedmann equations that count for the
plasma reference radius and reference scale factor are

52 2,2

y2 = a _ 8nGyrp B ceay (13)
a? 3 a?ny?
H_d_ 47TG:R( +3P)

“a 3 P70 (14)

where H, P,and p are Hubble parameter, pressure, and density respectively. By utilizing
the imaginary cosmic time, 7 = it, the referenced Friedman equations can be solved at the
reference time 7, by rewriting Equation (13) in terms of the conformal time in its para-
metric form, dn = %”dt (where a = Z—‘Z); thus, dn = Z—zda:

n 2T (8rG,p,a0,° c?a? 1/
f dn =f ap( pPpp a-— Zp a2> da
o 0 3 T,

P (15)
where p = p,a,®/a® [22]. By integrating, the dimensionless scale factor evolution is
a G,M c
@ = pz L4 <1 - cos—n) (16)
a, c’n, T

where M, = gn ppT,° is the early Universe plasma mass. The gravitational radius of early
Universe is G,M,/c?. The amplitude of Equation (16) can be rewritten in terms of early
Universe energy density E, (total energy) and the modulus Ej, representing vacuum
energy density by using Equations (1) as follows

a(m _ E (

c
1- — 17
o = 1m0 n) (17)

Tp

Additionally, the evolution of the imaginary cosmic time t(n) can be obtained by inte-
grating the scale factor over the expansion speed H, while initiating at the reference im-

aginary time 7, with the corresponding spatial scale factor a,. By rewriting Equation
(n)

(17) in terms of the Hubble parameter at Tpas dt =1 , gives
ff " E, ( c
dr=if 1—Cos—n>dr)
5 o 6H,Ep 7 (18)

By performing the integration, the imaginary time evolution is

00 =g (En-sm )+ (19)
™(n) =i —n—sin— T
V= et By \r, T ST T

According to the law of energy Conservat1on the covarlance dlvergence of the stress-en-
ergy tensor vanishes, A,T*", thus, —T“ +32 P l— 0,3 (p = ) g— l— = 0. By com-

bining these outcomes, integrating, and substltutmg the spatial scale factor rate in Equa-
tion (17) to their outcome, the matter density evolution is

-3
p (M) =D, <1—cosr£n> (20

14

where D, is a constant.
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According to Equation (14), the acceleration/deceleration of the Universe expansion, d ,
relies on the evolution in both the Universe’s density and its scale factor. By rewriting
Equation (14) in terms of the Hubble parameter rate, H, by its definition at 7,, as

-3
fHHn=fn—M<1—cos£n) dan 21
Hp 0 SaP rp ( )

By integrating using the Weierstrass substitution, the Hubble parameter evolution is

1 ,c
Hym = Hp | 5 cot” o—

c
n+ cot— )+H (22)
3 27, P

n
2r,

where Hp, and H, are integration constants. The Hubble parameter evolution for radia-
tion-only can be obtained by using Equations (14) and the procedure of Equation (20):

H—Hltsc +2 1+ cot—n | +H 23
mr S \GOOr g MO g MOt )T 23)

where H, is a constant. The quantized field equations in Equation (8) can be interpreted
as conceptualizing that a 4D conformal bulk, as a manifestation of vacuum energy, em-
beds a 4D relativistic cloud-world representing a celestial object of a conventional time
flow that in turns encapsulates 4D relativistic quantum clouds and so forth. As quantum
time is quantized in the conventional time, analogously, the latter should be quantized in
the conformal time. The early Universe metric can be expressed in terms of conformal time
as ds? = a?/a,? (c?dn* —dr?/(1 —r?/1,?) —r? d6? — r2sin*6 d$?). The wavefunction
of the Universe could be obtained by utilizing the quantized field equations as

_ 1. a AN 1 1h
my#a#zp—imyﬂa ? c — 1—rp—2 — 14 —r°sin“6 w—U”A#—E]”A (w)lpzzx—uRaRlp (24)

where 1 = a,t/a is the conformal time. Also, The wavefunction with respects to its ref-
erence value 1, can be obtained by using the scale factor and imaginary time evolution:

2 2\ 1/2
Y(n) E, c ¢t [c c a, — a, cos cn/n,
= 1—cos—n| +——|—n—sin— t7H 25
Y, 6Ep cosrpn H,2a} rp77 smrpn exp cot™| "lczn/rp —csinen/m, )

+I

where E/6Ep in denotes a new dimensionless energy parameter as the ratio of the early
Universe energy density E, to the vacuum energy density Ep.

4. Evolution of the Universe

The positive and negative solutions of the wavefunction 1, imply that matter and
antimatter of the plasma evolved in opposite directions. The evolution of the Universe
according to the wavefunction for both matter and radiation-only in addition to the light
cone are shown in Figure 2a; where only the positive solution of one Universe side is
shown due to their symmetry. A chosen mean evolution value of the Hubble parameter
of ~70 km-s-"Mpc' and a phase transition of expansion at an age of ~10 Gyr were ap-
plied to tune the integration constants of the model; the predicted energy density param-
eter is ~1.16. Further, the Hubble parameter evolution and its rate shown in Figure 2b.
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According to the wavefunction (Figure 2a, orange curve), the cosmic evolution can be in-
terpreted as comprising three distinct phases. Firstly, matter and antimatter sides expand
in opposite directions away from early plasma during the first phase perhaps due to the
phenomenon of plasma drift in the presence of electromagnetic fields. The expansion
speed shown in Figure 2b (blue curve) starts with a hyperbolic rate at the nascent stages,
then, the rate decreases due to gravity between the two sides, until it reached its minimal
at the phase transition at an age of ~ 10 Gyr.
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Figure 2. (a) Evolution of the wavefunction of matter of one side of the Universe, radiation only wavefunction, in
addition to the straight line of light cone (diagram is not to scale). (b) The Hubble parameter H evolution and its rate.

However, the matter wavefunction reverses its direction in the second phase with both
sides of matter and antimatter entering a state of free-fall towards each other at gravita-
tional acceleration possibly causing current accelerated expansion; the Hubble parameter
starts to increase in this phase.

Figure 3a shows a visualization of the wavefunction possibility explaining the dark
flow while the apparent Universe geometry due to the gravitational lensing effects in Fig-
ure 3b is possibility matching the SLOAN Digital Sky Survey data virtualization [23].

A spatial slice at an instant of conformal time of a possible

Light g location of a local observer at age of ~ 13.7 Gyr

]
<
5
=
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2 aq szas
e

1stPhase

Antimatter Side
Matter Side

Figure 3. (a) A schematic 2D spatial and 1D temporal dimensions of the predicted cosmic topology of both sides where
the expansion at the first phase is away from the early plasma while the second phase is 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 the gravitational lensing effects.
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According to mechanics, the minus sign of the expansion speed in the second phase
(Figure 2b, blue curve) indicates an opposite direction. In addition, the opposite signs of
the acceleration (Figure 2b, green curve) and the speed in the first phase indicate a slowing
down while the matching signs in the second phase indicate the speed of expansion is
increasing. Interestingly, the matter wavefunction predicts a final phase of spatial contrac-
tion that appears after ~18 Gyr, which could be because of the future high concentration
of matter/antimatter at both sides that culminates in a Big Crunch, signaling a cyclic Uni-
verse. On the other hand, the radiation-only according to its wave function, which prop-
agates faster than matter, is predicted to pass from a side to another side (See Figure 2a,
blue curve), which could explain why the CMB can be observed even though matter
moves much slower than light.

Regarding the present space-time flatness, the simulation of the congruence of space-
time worldlines coupled with an initial flat or positive curvature has produced a curved
geometry in the first phase, which is in agreement with the PL18 release [1,3] where the
ends of the worldlines are not equal at any age during the first phase shown in Figure 4a.
Conversely, at the accelerated expansion phase in the reverse directions, the simulation of
the worldlines coupled with initial positive curvature produced equal worldlines or a flat
spacetime as shown in Figure 4b.

Curved spacetime

. Flat spacetime Longest paths
Least propagation \ —

Z;; Shortest paths ——
v
£
= Furthest propagation
(@

Figure 4. Evolution of spacetime worldlines at (a) early and (b) present Universe.

This is because that the worldlines that propagate the furthest due to initial curvature at
the first phase, take longest paths at the second phase due to the reverse directions and
vice versa. Further, Figure 5 shows 3D spatial and 1D temporal view of the dual Universe.
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Figure 5. A schematic in 3D spatial and 1D temporal dimensions of both Universe sides. (a) 15t (b) 24 and 3¢ phases.
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5. Galaxy Formation, Evolution, and Rotation under External Fields

Observations from the Deep Extragalactic Evolutionary Probe 2 Survey of a large
sample of disk galaxies found that the motion of galaxies was steadily getting in order
with their rotation velocity increasing over the last eight billion years [24,25]. In addition,
galactic rotation curves were found to be influenced by external fields [26] and follow the
baryonic Tully-Fisher relation [27,28]. On the other hand, several studies reported that
some galaxies are missing dark matter [29-31]. To get insights from these observations
while aiming to present a new galaxy formation scenario considering the background cur-
vature as preferred by the PL18 release by utilizing the extended field equations as 4D
relativistic Cloud-World that flows and spins through the 4D conformal bulk of a curva-
ture evolving over the conformal time. The wavefunction showed the early Universe ex-
panded hyperbolically at nascent stages.

The entire contribution comes from the boundary term when calculating the black

hole entropy using the semiclassical approach [10,11]. Applying this concept and by re-
arranging the field equations for this setting as

1.4 1., .
R:Rﬂv _ 81TGR T R(Kuv - jx%uv) - :R(Kuv - 7KCI;W) -0 (26)

R#V_ERgHV_ R 4 uwv R2
Equation (26) gives
1 R 1 1
Ruv = 5 Ry + R—7 = S R(Gu + 20p) = 5 RG (14207 = 0 @7)

where §,,, = gy + 29,y and G,y = Ry /R = Ry /R G is the conformal bulk metric,
which can be expressed as proportional to cloud-world metric g,, as gy, = g,,Q* by
utilizing Q?, the conformal transformation function. The conformally transformed metric
Guv = 91 + 20%) can be expressed as

ds? = —A()(1 + 2Q2(r,7))c?dt? + S?(B(r)(1 + 2Q2(r,7))dr? + r2d6? + r2sin®0 dp?) (28)

where 4,B,S and Q2 are functions of the radius r; S is a dimensionless conformal scale
factor. The derived conformal metric in Appendix B is

. T / dr? r2d6? + r?sin?0d¢? \
ds? = (1 -2 —p) —c2dt? + §* + ¢ (29)
r o .2 T [
\ ik 1)

This metric reduces to the Schwarzschild metric in a flat background (#~ — o). In the case
of PI18’s preferred early Universe positive curvature, the gravitational potential of the bulk
can be expressed in terms of the early Universe plasma of mass, M,, and # denoting the
radius of curvature of the bulk, where the bulk’s potential decreases with the Universe
expansion and vanishes in the flat spacetime background (# — o). The minus sign of Q2
reveals a spatial shrinking through evolving in the conformal time, which agrees with the
vortex model that can occur due to the high-speed spinning. The metric can be visualized
by using Flamm's approach as

Wirr) =F ?_r_z_?)d—_ —r)—r D (30)
,T) = r=+ [rs(r—ry) 4~pr+0+c

where C is a constant and 0 denotes less significant terms.
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The visualization of Equation (30) of this scenario of the galaxy formation as a forced
vortex due to the curvature of the background is shown in Figure 6, the evolution of the
4D cloud-world of metric g,, through its travel and spin in the conformal space-time of
the 4D bulk of metric g,

The evolution of
The evolution of the bulk intrinsic
the bulk extrinsic curvature R (a
curvature K possible direction
(the expansion of depending on the
the slice due to gravitational
the expansion of influence of the
the Universe) surrounding

structure

The evolution of the

4D cloud-world after

Conformal Time (Gyr)

several Gyrs of the

conformal time

The 4D cloud-world

of an intrinsic curva-

ture R and extrinsic/

curvature K at an

(a)

L —1

instant of the

conformal time

A 3D slice of the Universe at

Conformal Spacetime (Bulk)

an instant of the conformal
time \

— i

Figure 6. The hypersphere of a compact core of a galaxy (the red-orange 4D cloud-world) along with its travel and

spin through the conformal spacetime (the blue-purple 4D bulk representing the bulk of distinctive curvature
evolving over the conformal time.
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This scenario of galaxy formation indicates that the core of the galaxy forms a central
event horizon leading to opposite traversable wormholes spatially shrinking through the
conformal time in the bulk. The galaxy and its core form at the same process while the gas
clouds outside the core would form the spiral arms where the fast-rotating core induces
frame dragging [34]. This could explain the formation of supermassive compact cores with
amass of ~10° Mo at just 6% of the current Universe age [35]; thus, it could solve the black-
hole hierarchy problem. Further, the observation of the superluminal motion in the x-ray
jet of M87 [37] could be travel through these traversable wormholes (vortices). These find-
ings are consistent with the observations of high-energy structures perpendicular to the
central plane of the disk galaxies [38,39]. Additionally, orbiting a vortex can explain the
orbit of the G2 cloud that just faced drag forces [41].

To evaluate the influence of the spinning momentum and the curvature of the back-
ground on the core of the galaxy and the surrounding gas clouds (the spiral arms), a fluid
simulation was performed based on Newtonian dynamics by using the Fluid Pressure and
Flow software [40]. In this simulation, the fluid was deemed to represent the space-time
continuum throughout incrementally flattening curvature paths representing conformal
curvature evolution to analyze the external momenta exerted on objects flowing through-
out the incrementally flattening curvatures. The momenta yielded by the fluid simulation
were used to simulate a spiral galaxy as a forced vortex (under external fields).
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Figure 7. (a) External fields exerted on a galaxy due to the space-time conformal curvature evolution. Green curves
represent the curvature of space-time worldlines. Blue curves represent the simulated space-time continuum flux. (b)
Simulation of spiral galaxy rotation. Blue represents the slowest tangential speeds and red represents the fastest speeds.

The simulation shows that the tangential speeds of the outer parts of the spiral galaxy are
rotating faster in comparison with the rotational speeds of the inner parts, which is consistent
with observations of galaxy rotation. Since the rotation speed only depends on the galaxy
mass and the background curvature, the findings are consistent with the baryonic Tully-
Fisher relation and the detected external fields.
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6. Early Universe Boundary Contribution

In the case of a closed early Universe, as preferred by PL18 [1,3,43], the gravitational
contributions of the early Universe plasma boundary for high energy limits can be ob-
tained by using the boundary term in the extended field equations. At the reference im-
aginary time 7, there is no conformal transformation. Therefore, the global X,,, and the
local K, boundaries are the same. Accordingly, the boundary term in the extended field
equations reduces to

R—R 1 8nG
= (jcuv - E%quv) = C—4tT,w (31)

For smooth hypersphere of early plasma, the induced metric §,, onits boundary is

R . a’(t) , a*@t)
[un] =diag (—cz,?Rz, 5

stinzg), (32)
P ap

where R is the extrinsic radius of curvature [32]. The extrinsic curvature tensor can be
obtained by utilising the formula X, = —t, .V,f,. Due to the smoothness of the hy-
persphere, the covariant derivative reduces to a partial derivative as K, = —t, 0f, /0t¥
[32]. The extrinsic curvature tensor at 7, is

2(t 2(t
[Kyw] = diag (O, - aa(z) R,— aa (2) Rsin26> (33)
P P

The trace of the extrinsic curvature is K = X,,q** = 2/R. To convert the extrinsic curva-
ture into intrinsic as follows 2/R = 2/r7.

The bulk curvature of early Universe plasma boundary at 7, is R, = 1/r7. On the
other hand, the Ricci scalar curvature R, at 7, can be written in terms of the difference
between kinetic and potential energy densities whereby substituting Friedmann equa-
tions in Equations (13) and (14) into the Ricci scalar curvature in Equation (12) as

6Gp 471'Pp 4‘7Tpp
) = ( _ ) (34)

c? c? 3

By solving the boundary term for a perfect fluid givenby T,, = (p + C%) w,uy, + Pgyy [19],
and then substituting Equations (31) - (33) into the boundary term in Equation (31) as

6G, (4an _ 4-7Tpp> 1 .
c? c? 3 r2(—c
D _
(7) = oGty >
D

1/rf

By multiplying both sides by early Universe plasma volume V,, yields

4017 PPVP

., =

s (36)

c4

The reference radius of curvature 7, > 0 because any reduction in the early plasma vol-
ume causes an increase in its pressure, which can realise a singularity-free paradigm. The
smallest possible reference radius of the early Universe plasma due to its boundary grav-
itational contributions can reveal that the early Universe expansion upon emission of the
CMB could mark the beginning of the Universe from a previously collapsed one. This in
agreement with the wavefunction prediction of an eventual phase comprising rapid spa-
tial contraction that culminates in a Big Crunch, signalling a cyclic Universe.
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7. Conclusions and Future Works

In this study, the background curvature is incorporated to extend the field equations
where a closed early Universe model is considered by utilizing a referenced Friedmann—
Lemaitre metric model incorporating the scale factor of the early Universe and its radius
of curvature upon the emission of the CMB. The evolution of the Universe from early
plasma is modelled by utilizing a new wavefunction of the Universe. The wavefunction
revealed both positive and negative solutions. This characteristic implies that a pair of
entangled wavefunctions was created and evolved in opposite directions as a manifesta-
tion of distinct matter and antimatter sides of the Universe.

The wavefunction indicates a nascent hyperbolic expansion away from early energy
is followed by a first phase of decelerating expansion during the first ~10 Gyr, and then,
a second phase of accelerating expansion in reverse directions, whereby both sides free-
fall towards each other under gravitational acceleration. This can explain the effects at-
tributed to dark energy and the observed dark flow wheras dark energy was found either
not constant or the Universe is expanding faster than estimated by the standard model.
Additionally, the wavefunction predicted an eventual phase of rapid spatial contraction
that culminates in a Big Crunch, signaling a cyclic Universe.

The predicted background curvature evolution demonstrated the fast orbital speed
of outer stars owing to external fields exerted on galaxies as they travelled through earlier
conformally curved spacetime. This can explain the effects attributed to dark matter. The
evolution of Gy could explain the galaxy formation without involving dark matter where
it was larger during the first phase of expansion.

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. This can explain the current spacetime flatness. The radiation only worldlines
predicted to pass from one side to another, which can explain why CMB radiation can be
observed even though matter moves much slower than light while the apparent cosmic
topology is possibly in accordance the SLOAN Digital Sky Survey data.

The wavefunction predicted a final phase of spatial contraction leading to a Big
Crunch, signalling a cyclic Universe while the derived smallest possible radius of the early
Universe plasma due to its boundary gravitational contributions can reveal that the early
Universe expansion upon emission of the CMB could mark the beginning of the Universe
from a previous collapse one. These findings reveal that early plasma could be separated
and evolved into distinct sides of the Universe that collectively and geometrically induc-
ing its evolution, physically explaining the effects attributed to dark matter and energy.
Finally, this theoretical work will be tested against observational data in future works.
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Appendix A
The referenced metric and its inverse are
c? 0 0 0
(&
o)
_ er 0 0
_r Al
G = (1 rpz) (A1)
a2
0 0 - (F) 7"2 0
p
a? ]
0 0 0 — (= |r*sin®6
p
1
= 0 0 0
r2
(1- r,,—z)
0o - N 0 0
<_2) (A.2)
a
g = p 1
0 0 TN 0
(&)
-1
0 0 0 5
a ,
(—2) r2sin?6
ap

The Ricci curvature tensor Ry, is solved using the Christoffel symbols of the second kind

which is given by I ’;W = % gpl(au v + 0y gau — 01gyy) for the referenced metric tensor
9uv- The non-zero Christoffel symbols are:

o — aa
=y (A3)
ccay, (1 —r—2>
p
ro rlaa
22 = A4
c?ay? (A4)
o r2aa sin%0
ro,, = W (A.5)
My=—
11 ) (A.6)
2
Tp 1-— 1})—2

2
rt,, = -r (1 - r—z) (A7)
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2
I't.; = —rsin?6 (1 - —2> (A.8)
)
a
Tlgy =T%0, =T33 =Tty =T% =T33 = P (A9)
2 2 3 3 1
F12:[‘21:[‘13:F31=; (A.10)
[%; = —sin 6 cosf (A.11)
F323 = F332 = cot 9 (A.lZ)

The Ricci curvature tensor given by Ry, = 8;I'%, — 8,I'%; + ', ', — " 3%y The non-
zero components are solved as follows.

The t —t component is

Ry =Roo = _60F101 - 60F202 - 30F303 - I‘101[‘110 - F202F220 - 1_‘303[‘330 (A.13)

2 . .2

a a da — a a a
R =—36——3(—) =-3———3—=-3— A.14
t ‘a a a? a? a ( )
The r —r component of the Ricci tensor is
Ry = Ryy = 0oT%q — 01T%, = 0,33 + 101120, + T T35 =TTy (A.15)
+ T2, + T3

P aa 261+ aa a+2 r 1 21

=y 20 \a A
c?ay? (1 - rp_z) c?ay? (1 - rp_z) T2 (1 - rp_z) (A.16)

Rpr = - + @ + - + 2
T T 2 2 2 2
c?a,? (1 - T—Z) c?a,? (1 — r_z) c?a,? (1 - T—Z) T,? (1 — r_2> (A17)
7, T 7, Ty
(aa 2a* 262)
a,?  a,®  n?
Ry =—t—7" _F (A.18)
c? (1 - —)
1,2
The 6 — 6 component is

Rgg = Ry = 0T %, + 01T, — 051355 + T3, T gy + 05,1305 + T 55T, (A.19)

+ l-‘1221-‘313 - I12201—‘022 - I122111122 - l-‘3231“332
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2

r?aa T r?aa a r2\ 1 5
R99=6tm—6rr 1_1"p_2 —69c0t(9)+ma— r 1__2 ;_COt (9) (AZO)

=

2 -

2.2 r2 X r24? r2 5
—+ 3r_2 — 1|4 csc?(0) + P 1——]—cot?(8) (A21)
P P

<

Roy = %% 070 (7Y Ly esc?(0) — cot2(0) (A.22)
00 — czapz czapz sz CSC CO .
R r? (ad N 242 N 2c? (A23)
06 = 2 a,®  ay?  1n? )
The ¢ — ¢ component is
Ryp = R33 = 0T %3 + 01T "33 + 0,233 + T35 oy + T332, + T 35T (A.24)

+ l-‘13311212 - 1-‘3301-‘033 - 1-‘3311-‘133 - I13321—“233

r?aa sin?0 - r? ] r?aasin®fa
Ryp = 0, ) — 0, rsin“6 l—rp—2 —695m96059+2T#5
] r? r ] r2\1
—rsin®f|1—— | —F—5<— rsin®f|1—-—|=
72) 2 (1 _ r_) n)T (A.25)
P 2

ar?aasin®0 . r?\1
———————trsin“6| 1 —— |-+ sinb cosb cotd
a c?ay )T

r?adsin®0 r?a’sin®0 - r? - 5
Ryp = R33 = —— T >—— — sin“0|1+3—|+sin“0 — cos“0
c2a, c2a, 7
r?a%sin%6 N 5 (A.26)
+———F—— sin“0|— )+ cos°6
c2a, 7
R R r?adsin®0 _r?a?sin?0 + 25in6 r?
pp ~ 3z =75 2, 2 St
c2a, c2a, 7 (A27)
R r?sin?0 ( ai 2a? 2c2>
b = 2 2 2Ty
c a,?  ap?  n (A.28)
The Ricdi scalar curvature is
R R g 6(d+d2+czap2>
== g = ——| — —_— —_—
w c2\a a%? a’rn? (A.29)

where the dotes are time derivatives.
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Appendix B

The conformally transformed metric §,, = g,,(1 + 20%) can be expressed as
ds? = —A(r)(1 + 2Q%(r,7))c?dt? + S2(B(r)(1 + 2Q%(r, 7))dr? + r2d6? + r’sin®0 d¢?) (B.1)

where A and B are functions of the cloud-world radius r, S? is a dimensionless confor-
mal scale factor. By performing the coordinate transformation as follows

ds? = —(A() + 24002 (A, r))c?de? + (B(D) + 2B(D)Q2 (A, r))dA? + 12d6? + A2sin?6 d¢p? (B.1)

where the conformal function Q? is a function of the bulk radius of curvature # and it
can be influenced by the cloud-world radius. The Christoffel symbols of this metric are

. A(1+20%) + 440 _A(1420%) + 440 _ B(1+20%) +4BQ

0 1

007 2(B+2B0?) 00 2(4+2402) M7 2(B+2B0?)
-1 —Asin?6 1
ry=——o | nlt=—""" 2 =r2== (B.2)
27 (B+2B0%)’ 7 (B+2BQ?)’ ]
%4 = — sin6 cosO F3_F3_cos¢9
33 — ) 32 — 123 — sin@

where the sign " is a total derivative of the function. The Ricci tensor components are

A (1 +20% + 4Q) + 440 + 404 N (A (1 + ZQZ) + 440 ) (B (1 + 292) + 430)
2 (B + 2392)

R, = —
“ 4(B +280%)’

(B.3)
(A(1+20%) +440)"  1A(1+207) +440

4 (A + ZAQZ) (B + 2392) A (B + ZBQZ)

A(1+20% +40) + 440+ 404 (A(1+207)+ 4,4('1)2
(4+2407) 2(4+240)

1
Rrrzz

(B.4)
(A(1+20%)+440)(B(1+20%)+4BQ) 1B(1+20%)+4BO

4 (A + ZAQZ) (B + 2392) A B+2BQ?

1 2 (B (1+20°) +4BG A (1+20%)+ 4AQ> . @)

- (B +2B0?%) (A+240%)

Roo = (B+2B0%) 2(B+2B0?)

. . B 2 A / 2 -
sin?o Asin6 (B (1+20%)+4B0 A(1+20°)+ 4AQ> g (BO)

Roo = (B+280%) 2(B+2B0%)\ (B+2B0%)  (A+2407)
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By substituting Ricci tensor components in Equation (7) gives
(A(1 +202) + 44Q)(B + 2B0?) + (A + 2A02)(B(1 + 20%) + 4BQ) =0 (B.8)
Equation (16) yields
B+ 2BQ? = K (B.9)
A+ 2407

where k =1+ 40% + Q* for the conformal metric by considering the bulk curvature.
By applying the weak-field limit: §,, ~ 7, + Ry, as follows

o1 ~ 1 B.10
Ftltzzfaihttzc_zfai‘l’ ( )

where ¢ is the Newtonian gravitational potential. By integrating both sides

R 29:  2¢ B.11
Gee = —A(1+20%) = — (ntt + C—zc + C—zb) ( )
where ¢, = —GM /A is the gravitational potential of the cloud-world’s spherical mass

and ¢, that arises from the integration can be interpreted as the gravitational potential
resulting from the bulk curvature, which can be expressed, using the same Newtonian
analogue, in terms of the mass of the early Universe plasma of preferred positive curva-
ture, M, and the bulk curvature radius r as ¢, = —G,M, /7. The metric should yield
only the gravitational potential of the cloud-world when there is no bulk curvature
(0% =0) and (¢, = 0); hence, A = (1 + 2¢./c?); consequently, the conformal function
is 0% = ¢, /Ac?. By performing the coordinate retransformation and combining Equa-
tions (17 - 19) yield

G,M 2G6M\! 26M 2G6M\"t
Qz=_PZP(1_ 2) ’ A=1-"0 B=(1— 2) (B.12)
rc rc rc rce

where the conformal function Q? relies on the gravitational potential of the bulk while its
influence is inversely proportional to cloud-world potential. In the case of PI18’s preferred
early Universe positive curvature, the gravitational potential of the bulk can be expressed
in terms of the early Universe plasma of mass, M,, and 7 denoting the radius of curva-
ture of the bulk, where the bulk’s potential decreases with the Universe expansion and
vanishes in the flat spacetime background (7 — o). The minus sign of Q? reveals a spatial
shrinking through evolving in the conformal time, which agrees with the vortex model
that can occur due to the high-speed spinning. By substituting Equations (20) to Equation
(8), the conformally metric g,y = guy + 2,0 = g (1 +202) is

The metric is

1 / dr? r2d0? + r?sin?0d¢?
ds? = (1—1——')) —c2dt? + §* + ¢
roor 52 7 n Tp (B.13)
1 +%— 2% 1 T

This metric reduces to the Schwarzschild metric in a flat background (# — o).


https://doi.org/10.20944/preprints202005.0250.v11

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2022 d0i:10.20944/preprints202005.0250.v11

19 of 21
References
[1] Di Valentino E, Melchiorri A and Silk J 2020 Planck evidence for a closed Universe and a possible crisis for cosmology Nat.
Astron. 4 196-203
[2] Mokeddem R, Hipdlito-Ricaldi W S and Bernui A 2022 Excess of lensing amplitude in the Planck CMB power spectrum
MNRAS 000

[3] Handley W 2021 Curvature tension: Evidence for a closed universe Phys. Rev. D 103 L041301

[4] Linde A 2003 Can we have inflation with Omega > 1? J. Cosmol. Astropart. Phys. 2003 002-002

[5] Efstathiou G 2003 Is the Low CMB Quadrupole a Signature of Spatial Curvature? Mon. Not. R. Astron. Soc. 343 0-000
(6]

6 Di Valentino E, Mena O, Pan S, Visinelli L, Yang W, Melchiorri A, Mota D F, Riess A G and Silk ] 2021 In the realm of the
Hubble tension—a review of solutions * Class. Quantum Gravity 38 153001
[7] Riess A G, Filippenko A V., Challis P, Clocchiatti A, Diercks A, Garnavich P M, Gilliland R L, Hogan C ], Jha S, Kirshner R

P, Leibundgut B, Phillips M M, Reiss D, Schmidt B P, Schommer R A, Smith R C, Spyromilio J, Stubbs C, Suntzeff N B and

Tonry ] 1998 Observational Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant Astromn. J.

116 1009-38
[8] Brout R, Englert F and Gunzig E 1978 The creation of the universe as a quantum phenomenon Ann. Phys. (N. Y). 115 78-106
[9] Trimble V 2003 Existence and Nature of Dark Matter in the Universe https://doi.org/10.1146/annurev.aa.25.090187.002233 25
425-72

[10] Bull P, Akrami Y, Adamek ], Baker T, Bellini E, Beltran Jiménez J, Bentivegna E, Camera S, Clesse S, Davis ] H, Di Dio E,
Enander J, Heavens A, Heisenberg L, Hu B, Llinares C, Maartens R, Mortsell E, Nadathur S, Noller J, Pasechnik R, Pawlowski
M S, Pereira T S, Quartin M, Ricciardone A, Riemer-Sgrensen S, Rinaldi M, Sakstein J, Saltas I D, Salzano V, Sawicki I,
Solomon A R, Spolyar D, Starkman G D, Steer D, Tereno I, Verde L, Villaescusa-Navarro F, von Strauss M and Winther H A
2016 Beyond ACDM: Problems, solutions, and the road ahead Phys. Dark Universe 12 56-99
[11] Sahni V 2002 The Cosmological Constant Problem and Quintessence Class. Quantum Gravity 19 3435-48
[12] Sivanandam N 2013 Is the cosmological coincidence a problem? Phys. Rev. D - Part. Fields, Gravit. Cosmol. 87 083514
[13] Schoneberg N, Lesgourgues ] and Hooper D C 2019 The BAO+BBN take on the Hubble tension
[14] Dainotti M G, De Simone B, Schiavone T, Montani G, Rinaldi E and Lambiase G 2021 On the Hubble Constant Tension in
the SNe Ia Pantheon Sample Astrophys. ]. 912 150
[15] Landau L D 1986 Theory of Elasticity (Elsevier)
[16] Al-Fadhli M B 2022 Celestial and Quantum Propagation, Spinning, and Interaction as 4D Relativistic Cloud-Worlds
Embedded in a 4D Conformal Bulk: From String to Cloud Theory
] Lachi Eze-Rey M and Luminet J-P 2003 COSMIC TOPOLOGY arXivgr-qc/9605010v2 9 Jan 2003
] Ellis G F R and van Elst H 1998 Cosmological models (Carg\ ‘{e}se lectures 1998)
19] Straumann N 2013 General Relativity (Graduate Texts in Physics) Springer (Springer)
] S. M. Carroll 2003 Spacetime and Geometry: An Introduction to General Relativity
] M. P. Hobson, Hobson/Efstathiou/Lasenby, G. P. Efstathiou A N L General Relativity - Google Books
22] Ryden B 2006 Introduction to Cosmology (San Francisco, CA, USA: Addison Wesley, ISBN 0-8053-8912-1.)
23] Aguado D S, Ahumada R, Almeida A, Anderson S F, Andrews B H, Anguiano B, Ortiz E A, Aragén-Salamanca A, Argudo-
Fernandez M, Aubert M, Avila-Reese V, Badenes C, Rembold S B, Barger K, Barrera-Ballesteros ], Bates D, Bautista ], Beaton
RL, Beers T C, Belfiore F, Bernardi M, Bershady M, Beutler F, Bird ], Bizyaev D, Blanc G A, Blanton M R, Blomqvist M, Bolton
A'S, Boquien M, Borissova J, Bovy ], Brandt W N, Brinkmann J, Brownstein ] R, Bundy K, Burgasser A, Byler N, Diaz M C,
Cappellari M, Carrera R, Sodi B C, Chen Y, Cherinka B, Choi P D, Chung H, Coffey D, Comerford ] M, Comparat J, Covey
K, da Silva Ilha G, da Costa L, Dai Y S, Damke G, Darling J, Davies R, Dawson K, de Sainte Agathe V, Machado A D, Moro


https://doi.org/10.20944/preprints202005.0250.v11

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2022 d0i:10.20944/preprints202005.0250.v11

20 of 21

A Del, de Lee N, Diamond-Stanic A M, Sanchez H D, Donor ], Drory N, des Bourboux H du M, Duckworth C, Dwelly T,
Ebelke G, Emsellem E, Escoffier S, Fernandez-Trincado J G, Feuillet D, Fischer J L, Fleming S W, Fraser-McKelvie A,
Freischlad G, Frinchaboy P M, Fu H, Galbany L, Garcia-Dias R, Garcia-Hernandez D A, Oehmichen L A G, Geimba Maia M
A, Gil-Marin H, Grabowski K, Gu M, Guo H, Ha ], Harrington E, Hasselquist S, Hayes C R, Hearty F, Toledo H H, Hicks H,
Hogg D W, Holley-Bockelmann K, Holtzman J A, et al 2018 The fifteenth data release of the sloan digital sky surveys: First
release of manga derives quantities, data visualization tools and stellar library arXiv 55 23

[24] Kassin S A, Weiner B J, Faber S M, Gardner J P, Willmer C N A, Coil A L, Cooper M C, Devriendt ], Dutton A A,
Guhathakurta P, Koo D C, Metevier A J, Noeske K G and Primack J R 2012 THE EPOCH OF DISK SETTLING: z ~ 1 TO NOW
Astrophys. ]. 758 106

[25] Kassin S A, Brooks A, Governato F, Weiner B ] and Gardner ] P 2014 KINEMATIC EVOLUTION OF SIMULATED STAR-
FORMING GALAXIES

[26] Chae K H, Lelli F, Desmond H, McGaugh S S, Li P and Schombert ] M 2020 Testing the strong equivalence principle:
Detection of the external field effect in rotationally supported galaxies arXiv 904 51

[27] Kroupa P 2012 The dark matter crisis: Falsification of the current standard model of cosmology Publ. Astron. Soc. Aust. 29
395-433

[28] McGaugh S S 2012 The baryonic tully-fisher relation of gas-rich galaxies as a test of AcDM and MOND Astron. ]. 143 40

[29] Guo Q, Hu H, Zheng Z, Liao S, Du W, Mao S, Jiang L, Wang ], Peng Y, Gao L, Wang ] and Wu H 2019 Further evidence for
a population of dark-matter-deficient dwarf galaxies Nat. Astron. 4 246-51

[30] van Dokkum P, Danieli S, Abraham R, Conroy C and Romanowsky A J 2019 A Second Galaxy Missing Dark Matter in the
NGC 1052 Group Astrophys. ]. 874 L5

[31] Danieli S, van Dokkum P, Conroy C, Abraham R and Romanowsky A J 2019 Still Missing Dark Matter: KCWI High-
resolution Stellar Kinematics of NGC1052-DF2 Astrophys. J. 874 L12

[32] Pavel Grinfeld 2013 Introduction to Tensor Analysis and the Calculus of Moving Surfaces (Springer)

[33] Dyer E and Hinterbichler K 2009 Boundary terms, variational principles, and higher derivative modified gravity Phys. Rev.
D - Part. Fields, Gravit. Cosmol. 79

[34] Krishnan V V, Bailes M, Van Straten W, Wex N, Freire P C C, Keane E F, Tauris T M, Rosado P A, Bhat N D R, Flynn C,
Jameson A and Ostowski S 2020 Lense-Thirring frame dragging induced by a fast-rotating white dwarf in a binary pulsar system

[35] Feng W-X, Yu H-B and Zhong Y-M 2021 Seeding Supermassive Black Holes with Self-interacting Dark Matter: A Unified
Scenario with Baryons Astrophys. ]. Lett. 914 L26

[36] Shen Y 2009 Supermassive black holes in the hierarchical universe: A general framework and observational tests Astrophys.
J. 704 89-108

[37] Snios B, Nulsen P E J, Kraft R P, Cheung C C, Meyer E T, Forman W R, Jones C and Murray S S 2019 Detection of Superluminal
Motion in the X-Ray Jet of M87

[38] Wang Q D 2021 Chandra large-scale mapping of the Galactic Centre: probing high-energy structures around the central
molecular zone Mon. Not. R. Astron. Soc. 504 1609-18

[39] Heywood I, Camilo F, Cotton W D, Yusef-Zadeh F, Abbott D, Adam M, Aldera M A, Bauermeister F, Booth S, Botha A G,
Botha D H, Brederode L S, Brits Z B, Buchner S J, Burger ] P, Chalmers ] M, de Villiers D, Dikgale-Mahlakoana M A, du toit
L J, P esterhuyse S W, Fanaroff B L, Foley A, Fourie D ], Gamatham G, Goedhart S, Gounden S, Hlakola M J, Hoek C J,
Hokwana A, Horn D M, G Horrell ] M, Hugo B, Isaacson A, Jonas J L, B L Jordaan J D, Joubert A F, G Jézsa G 1, Julie P M,
Kapp F B, Kenyon J S, A Kotzé P P, Kriel H, Kusel W, Liebenberg D, Loots A, Lunsky B M, Macfarlane P S, Magnus L G,
Magozore C M, Mahgoub O, L Main ] P, Malan ] A, Malgas D, Manley ], ] Maree M D, Merry B, Mnyandu N, Moeng I P,
Mphego M C, New W S, Ngcebetsha B, Oozeer N, Otto A J, Passmoor S S, Patel A A, Peens-Hough A, Perkins S ], ratcliffe S


https://doi.org/10.20944/preprints202005.0250.v11

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 December 2022 d0i:10.20944/preprints202005.0250.v11

21 of 21

M, rust A, Salie S, Schwardt L C, Serylak M, Sirothia S K, Smirnov O M, Sofeya L, Swart P S, tasse C, taylor D, theron I P,
thorat K, tiplady A J, tshongweni S, van Balla J, van der Byl A, van der Merwe C, van Dyk C L, rooyen V, Van tonder V, Wyk
V, Wallace B H, Welz M G and Williams L P Inflation of 430-parsec bipolar radio bubbles in the Galactic Centre by an
energetic event Nature

[40] Reid S, Podolefsky H and Pual A 2013 Fluid Pressure and Flow, PhET Interactive Simulations.

[41] Becerra-Vergara E A, Argiielles C R, Krut A, Rueda ] A and Ruffini R 2021 Hinting a dark matter nature of Sgr A* via the S-
stars Mon. Not. R. Astron. Soc. Lett. 505 L64-8

[42] Burkert A, Schartmann M, Alig C, Gillessen S, Genzel R, Fritz T K and Eisenhauer F 2012 Physics of the galactic center cloud
G2, on its way toward the supermassive black hole Astrophys. J. 750 58

[43] Aghanim N, Akrami Y, Ashdown M, Aumont J, Baccigalupi C, Ballardini M, Banday A J, Barreiro R B, Bartolo N, Basak S,
Battye R, Benabed K, Bernard J P, Bersanelli M, Bielewicz P, Bock J J, Bond J R, Borrill ], Bouchet F R, Boulanger F, Bucher M,
Burigana C, Butler R C, Calabrese E, Cardoso J F, Carron J, Challinor A, Chiang H C, Chluba J, Colombo L P L, Combet C,
Contreras D, Crill B P, Cuttaia F, De Bernardis P, De Zotti G, Delabrouille ], Delouis ] M, Di Valentino E, Diego ] M, Doré O,
Douspis M, Ducout A, Dupac X, Dusini S, Efstathiou G, Elsner F, Enf8lin T A, Eriksen H K, Fantaye Y, Farhang M, Fergusson
J, Fernandez-Cobos R, Finelli F, Forastieri F, Frailis M, Fraisse A A, Franceschi E, Frolov A, Galeotta S, Galli S, Ganga K,
Génova-Santos R T, Gerbino M, Ghosh T, Gonzalez-Nuevo ], Gérski K M, Gratton S, Gruppuso A, Gudmundsson ] E,
Hamann J, Handley W, Hansen F K, Herranz D, Hildebrandt S R, Hivon E, Huang Z, Jaffe A H, Jones W C, Karakci A,
Keihanen E, Keskitalo R, Kiiveri K, Kim J, Kisner T S, Knox L, Krachmalnicoff N, Kunz M, Kurki-Suonio H, Lagache G,
Lamarre ] M, Lasenby A, Lattanzi M, Lawrence C R, Le Jeune M, Lemos P, Lesgourgues ], Levrier F, et al 2020 Planck 2018
results: VI. Cosmological parameters Astron. Astrophys. 641

[44] Ryskin G 2020 Vanishing vacuum energy Astropart. Phys. 115 102387


https://doi.org/10.20944/preprints202005.0250.v11

