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Abstract: The G2 gas cloud motion data and the scarcity of observations on the event horizon-scale
distances have challenged the comprehensiveness of the central supermassive black hole model. In
addition, the recent Planck Legacy 2018 release has confirmed the existence of an enhanced lensing
amplitude in the cosmic microwave background power spectra. Notably, this amplitude is higher
than that estimated by the lambda cold dark matter model, which prefers a positively curved early
Universe with a confidence level higher than 99%. This study investigates the impact of the back-
ground curvature and its evolution over the conformal time on the formation and morphological
evolution of central compact objects and the consequent effect on their host galaxies. The formation
of a galaxy from the collapse of a supermassive gas cloud in the early Universe is modelled based
on interaction field equations as a 4D relativistic cloud-world that flows and spins through a 4D
conformal bulk of a primordial positive curvature considering the preference of the Planck release.
Owing to the curved background, this scenario of galaxy formation reveals that the core of a galaxy
undergoes a forced vortex formation with a central event horizon leading to opposite vortices (tra-
versable wormholes) that spatially shrink while evolving in the conformal time. It indicates that the
galaxy and its core are formed in the same process whereas the surrounding gas clouds form the
spiral arms due to the frame-dragging induced by the fast-rotating core. It demonstrates that the
accretion flow onto the central supermassive compact object only occurs at the central event horizon
of the two opposite vortices while their other ends eject the relativistic jets. This can elucidate the
relativistic jet formation and the G2 gas cloud motion if its orbit is around one of the vortices but at
a distance from the central event horizon. The gravitational potential of the early curved bulk could
contribute to galaxy formation while the present spatial flatness deprives the potential of bulk which
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1. Introduction
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Relativistic jets are extended beams of ionized matter that are emitted in opposite
directions along the axis of rotation of active galaxies, quasars, stellar black holes, neutron
stars and pulsars at speeds that approach the speed of light. Their radiative signatures
and kinetic luminosity can be immensely powerful and such jets can exceed thousandths
to millions of parsecs in length. The precise mechanisms by which the relativistic jets are
produced are under ongoing debate in the scientific community [1-3].

The Planck Legacy 2018 (PL18) release confirmed the presence of an enhanced
lensing amplitude in the CMB power spectra, which prefers a positively curved early Uni-
verse with a confidence level higher than 99% [4,5]. Albeit the spatial flatness could be
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recovered by combining the CMB lensing and baryon acoustic oscillation (BAO) data, con-
cerns were raised regarding the reliability of this combination because the curvature pa-
rameter tension between them was measured to be 2.5 to 30 [6]. In contrast, the closed
Universe can naturally explain the anomalous lensing amplitude, aid a large-scale cut-off
in primaeval density fluctuations [4] and agree with the low CMB anisotropy observations
[7,8].

This study presents a new galaxy formation scenario by utilizing interaction field
equations in which celestial objects are considered as 4D relativistic cloud-worlds that
flow and spin through a 4D conformal bulk of a primordial curvature considering the
preference of PL18 release. The derived model reveals a new mechanism of relativistic jet
generation.

2. Interaction Field Equations

The PL18 release has preferred a positively curved early Universe, that is, is a sign of
a primordial background curvature or a curved bulk. To incorporate the bulk curvature
and its evolution over the conformal time, a modulus of spacetime deformation, Ej in
terms of energy density, is introduced based on the theory of elasticity [9]. The modulus
can be expressed in terms of the resistance of the bulk to the localized curvature induced
by celestial objects by using Einstein field equations or in terms of the field strength of the
bulk by using the Lagrangian formulation of the energy density existing in the bulk as a
manifestation of the vacuum energy density as follows
gy = = To/2 _ Ta P M
R;w / R 4/"0
where F,, is the field strength tensor of the bulk and , is vacuum permeability. By in-
corporating the bulk influence, the Einstein—Hilbert action can be extended to

S=ED.L[%+%]Hd4p )

where R = R, g*” is Ricci scalar curvature representing a 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 = L, g"". R = R, §"¥ is the scalar curvature of the 4D bulk
of metric g,, whereas L = £, g"" is the bulk’s Lagrangian density as an indication of its
internal stresses and momenta reflecting its curvature. A dual-action concerning the con-
servation of energy on global (bulk) and local (cloud—world) scales can be introduced as
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By applying the principle of stationary action in [10] yields
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The interaction field equations can be interpreted as indicating that the cloud-world’s
induced curvature over the bulk (background) curvature equals the ratio of the cloud-
world’s imposed energy density and its flux to the bulk’s vacuum energy density and its
flux in the expanding/contracting Universe. By comparing Equation (1) with Einstein field
equations, which gives 7, = E, = Rc*/8nGg, the equations can be simplified to

87TGR ~

1 1
Ruv - ZRguv - (K - Kquv) —4Tuv (5)

where §,,, = gy + 2Ry /R + 23, or can be expressed as g, = guy + 29w + 29,0 1s the
conformally transformed metric counting for the contributions of the cloud-world metric,
Gy, IN addition to the contribution from intrinsic and extrinsic curvatures of the bulk,
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whereas Einstein spaces are a subclass of conformal spaces [11]. The evolution in Gg re-
flects the field strength of the bulk and depends on the bulk or background curvature.

3. Galaxy Formation and Relativistic Jet Generation

The entire contribution comes from the boundary term when calculating the black
hole entropy using the semiclassical approach [12,13]. By applying this concept and re-
arranging the field equations for this setting as

1,4 1., .
1 R.'le _ 87'[673 ~ R (%uv - 7jcq‘uv) -R (Kuv - ?Kquv) _ (6)
Rv =5 R === =~ T = R =0

The field equations can describe the interaction between a 4D relativistic cloud-world
of intrinsic R, and extrinsic K,, curvatures with a stress-energy T, and the 4D bulk of
intrinsic R, and extrinsic X, curvatures with a stress-energy 7,,,. From Equation (6),
the field equations yield

1 RR,, 1
R = RO+ =273

where §,, = gy + 24,y and g, = Ry /R = Ry /Ry G*V is the conformal bulk metric,
which can be expressed as proportional to cloud-world metric g,, as §,, = 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?de® +S*(B(r)(1 + 2Q2(r,7))dr? + r2d6? + r?sin6 dp?) ®8)

1
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where A and B are functions of the cloud-world radius 7, S? is a dimensionless confor-
mal scale factor. By performing the coordinate transformation as follows

ds? = —(A(A) + 2A(D)Q% (A, r))c?dt? + (B(D) + 2B(D)Q2 (A, r))dA? + 22d6? + A2sin?6 dp? )

where the conformal function Q2 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

L AL +207) + 440 _A(1+20%) + 440 _ B(1+20%) +4BQ
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where the sign ° is a total derivative of the function. The Ricci tensor components are
L(A(1+20%) +440) A(1+207) + 4408 (1 +207) + 4B
Ry =— -

2 (B + 2392) 2 (B + 2392) 2 (B + 2392)
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By substituting Ricci tensor components to Equation (7) gives
(A(1 +20%) + 440)(B + 2BQ?) + (A + 2402)(B(1 + 20%) + 4BQ) = 0 (16)

Equation (16) yields
k
2 _ 17
B +2BQ AT 2402 (17)

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

A U |
Iie = Ef Oihe = C_Zf 0ip (18)
where ¢ is the Newtonian gravitational potential. By integrating both sides
- 2¢;  2¢
Jee = —A(1 +20%) = - <77tt + Czc + C—2p> (19)
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 result-
ing from the bulk curvature, which can be expressed, using the same Newtonian ana-
logue, in terms of the mass, M, of the early Universe plasma of preferred positive curva-
ture and the bulk curvature radius » as ¢, = —G,M, /7. The metric should yield only
the gravitational potential of the cloud-world when there is no bulk curvature (Q* = 0)
and (¢, = 0); hence, 4 = (1 + 2¢./c?); consequently, the conformal function is Q% =
@p/Ac?.

By performing the coordinate retransformation and combining Equations (17-19)
yield

-1 -1
QZ:—G”NZ[” (1—2612”) , A:1—2612V1, B = (1—@) (20)
rc rc re

where the conformal function Q2 relies on the gravitational potential of the bulk while
its influence is inversely proportional to cloud-world potential. In the case of PI18's pre-
ferred early Universe positive curvature, the gravitational potential of the bulk can be ex-
pressed 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 (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 high-speed spinning. By substituting Equation (20) to Equa-
tion (8), the conformally metric G,y = gy + 2§,w = g (1 +202) is
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This metric reduces to the Schwarzschild metric in a flat background (# — o), where
7 is the background or bulk curvature radius, 7, is Schwarzschild radius, 73, =
2G,M,/c?is early Universe gravitational radius and $? is a dimensionless spatial scale
factor. The denominator of the radial dimension can be interpreted as an intrinsic curva-
ture term where the metric on the radial and two-sphere is warped by the bulk and cloud-
world radii. The metric can be visualized through evolving in the conformal time by using
Flamm’s approach as follows

_ (7_7"_2_7) _ 72 (22)
W(rﬂ")=+f dr =7 [rs(r=rs) =1y~ +0+C

where C is a constant and O denotes less significant terms. By choosing an appropriate
C, Figure 1 shows the proper distances, and their corresponding proper areas are increas-
ing as they are evolving in the conformal time while the radius decreases.

B

A possible orbit of the G2 gas cloud

Figure 1. The metric of the supermassive compact object as a central event horizon leading to oppo-
site vortices with two jets that are perpendicular on the rotation plane.

The increase in the proper distances and their corresponding proper areas as the ra-
dius decreases agree with the vortex model while the positive and negative solutions of
Equation (22) indicate the evolution of the vortex in opposite directions, i.e., forming a
dual vortex perpendicular on the galaxy plane. The 4D cloud-world of metric g,,
through its travel and spin in the conformal space-time of the 4D bulk of metric g, .
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Figure 2. 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.

The G2 cloud has only faced drag forces [14,15], where orbiting a vortex could explain
these observations if its orbit is at a distance from the central event horizon. In addition,
the observations of the superluminal motion in the x-ray jet of M87 [16] could be travelled
through these two opposite traversable wormholes.

To evaluate the influence of the spinning and the curvature of the bulk on the core of
the galaxy and the surrounding gas clouds (the spiral arms), a fluid simulation was per-
formed based on Newtonian dynamics by using the Fluid Pressure and Flow software
[17]. In this simulation, the fluid was deemed to represent the spacetime continuum
throughout incrementally flattening curvature paths representing conformal curvature
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Conformal Spacetime (Bulk)

evolution to analyze the external momenta exerted on objects flowing throughout the in-
crementally flattening curvatures. The momenta yielded by the fluid simulation were
used to simulate a spiral galaxy as a forced vortex as shown in Figure 3.

Galaxy

/——\

Fastest

Slowest

(J

References

Conformal Time (Gyr)

(a)

v

Spiral galaxy simulation

(b)

Figure 3. (a) External fields exerted on a galaxy due to the spacetime conformal curvature evolution.
Green curves represent the curvature of spacetime worldlines. Blue curves represent the simulated
spacetime continuum. (b) Simulation of spiral galaxy rotation. Blue represents the slowest tangen-
tial 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 re-
sembles observations of galaxy rotation except the simulation used an ideal fluid.

4. Conclusions and Future Works

In this study, interaction field equations are derived in which the curvature of the
background or the 4D conformal bulk evolves over the conformal time based on the PL18
recent release which has preferred a positively curved early Universe with a confidence
level higher than 99%. Throughout this bulk, 4D relativistic cloud-worlds flow and spin.

Owing to the curved background, the findings of galaxy formation showed that the
core of the galaxy undergoes a forced vortex formation with a central event horizon lead-
ing to opposite traversable wormholes that are spatially shrinking through evolving in
the conformal time. It revealed that the galaxy and its core form in the same process, while
the surrounding gas clouds can form spiral arms due to the fast-rotating core. These find-
ings demonstrated that the accretion flow onto the central supermassive compact object
only occurs at the central event horizon of the two opposite vortices while their other ends
eject the relativistic jets. The formation of the galaxy and its core at the same process can
explain the formation of supermassive compact galaxy cores with a mass of ~10° Mo at
just 6% of the current Universe age and could solve the black hole hierarchy problem.
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