Pre prints.org

Article Not peer-reviewed version

Celestial and Quantum Propagation,
Spinning, and Interaction as 4D
Relativistic Cloud-Worlds Embedded in
a 4D Conformal Bulk: From String to
Cloud Theory

Mohammed B. Al-Fadhli *

Posted Date: 18 July 2024
doi: 10.20944/preprints202010.0320:10

Keywords: conformal spacetime; brane-world modified gravity; quantum field theory

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1072817

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 July 2024 d0i:10.20944/preprints202010.0320.v10

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Celestial and Quantum Propagation, Spinning, and
Interaction as 4D Relativistic Cloud-Worlds
Embedded in a 4D Conformal Bulk: From String to
Cloud Theory

Mohammed B. Al-Fadhli 12

1 College of Science, University of Lincoln, Lincoln LN6 7TS, UK;
mo.fadhli7@gmail.com or malfadhli@lincoln.ac.uk
2 College of Engineering, University of Basrah, Basrah 61004, Iraq

Abstract: Considerable efforts have been devoted to modifying gravity, which aim to elucidate the
possible existence or nature of dark matter and energy, describe observational data more effectively,
and formulate quantum gravity. In addition, despite the immense success of quantum field theory,
the framework requires renormalization techniques and breaks down at high energies. Recently, the
Planck legacy 2018 release confirmed the existence of an enhanced lensing amplitude in cosmic
microwave background power spectra, which prefers that the early Universe had a positive
curvature with a confidence level higher than 99%. This study considers the implied primordial
curvature as the global curvature or curvature of “4D conformal bulk as a manifestation of vacuum
energy” and distinguishes it from the localized curvature that is induced in the bulk by the presence
of celestial objects that are regarded as 4D relativistic cloud-worlds”. Analogously, because gravity
appears to emerge owing to spacetime curvature and does not exhibit critical characteristics that are
shared by other fields, it has been incorporated as the bulk’s local curvature affecting embedded
quantum fields that are regarded as propagating “4D relativistic quantum clouds”. To consider the
effects of the bulk on embedded clouds, this paper presents interaction field equations in terms of
the brane-world modified gravity and perspective of geometrization of quantum mechanics;
wherein gravity is manifested by the curvature of 4D conformal bulk as an indicator of the field
strength of vacuum energy on the embedded 4D relativistic clouds in addition to the boundary
interactions, which could eliminate the singularities and satisfy a conformal invariance theory. A
visualization of the evolution of the 4D relativistic cloud-world over the conformal spacetime of the
4D bulk is presented. The standard said theories are recovered from the interaction field equations,
whereas experimental conditions are recommended to directly falsify or provide confirmations to
the derived equations.

Keywords: conformal spacetime; brane-world modified gravity; quantum field theory

1. Introduction

After the formulation of Einstein’s theory of General Relativity (GR) by utilizing 4D spacetime,
Kaluza discovered in 1919 a potential field unification of electromagnetism and gravitation in 5D
spacetime. To deal with the fifth dimension, Klein posited that it could be compactified. Nonetheless,
these attempts and their expansions to higher dimensions have not culminated in testable predictions
nor in the competence to elucidate observations yet. As an alternative to compactification,
Gogberashvili, Randall, and Sundrum demonstrated in 1999 that the weak field of gravity could be
explained by using a model of 4D spacetime that is embedded in a negatively curved and large fifth
dimension; nevertheless, the model demanded massive gravitons [1-3].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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On the other hand, to achieve an effective action for quantum corrections, several theories were
formulated based on alterations of curvature terms and Lagrangian fields that included high-order
curvature terms and non-minimally coupled scalar fields [4-6].

Moreover, although quantum anomalies can necessitate the use of a non-local Lagrangian, one
of the major differences between GR and Quantum Field Theory (QFT) is that GR is background-
independent, meaning it does not rely on the global structure, whereas QFT involves a background
metric that in turn influences its predictions [7]. Recently, the Planck legacy 2018 (PL18) release
confirmed the presence of an enhanced lensing amplitude in cosmic microwave background (CMB)
power spectra, which prefers a positively curved early Universe with a confidence level higher than
99% [8,9], which is regarded in this study as curved global structure. In addition, the validity of
combining CMB lensing and baryon acoustic oscillation data to recover the spatial flatness was
challenged because the curvature parameter tension between these sets of data is 2.5 to 30 [10]. On
the other hand, the closed early Universe provides a physical justification for the anomalous lensing
amplitude and is consistent with the low CMB anisotropy observations [8,11,12].

Based on this sign of a primordial global curvature and its feasible evolution over the conformal
time into the present Universe spatial flatness, it is obvious that the background-independent
theories, such as GR, do not consider the evolution in the background (global or bulk) curvature and
regard celestial objects in the early Universe with a preferred curvature on equal footing with their
counterparts in the present Universe of a spatially flat background; this shortcoming can be the cause
of the dark matter problem.

A desirable gravity theory should consider metrics of both the celestial object and the bulk
(background), and reduce to GR in a flat background. Moreover, concerning the wave-particle
duality and the quantum interactions, a mutually harmonious geometrical formalism of quantum
mechanics should be deemed to maintain the equivalence principle and count for the influence of
gravity on the quantum systems. This is because gravity appears to emerge owing to spacetime
curvature, imparting it with a geometrical nature, where it cancels out in free fall and cannot be
shielded. This study aims to formulate interaction field equations that consider the global (including
the background) curvature, signified as the 4D conformal bulk curvature, and its impact on celestial
objects that are regarded as 4D relativistic cloud-worlds. It also aims to incorporate the impact of
gravity, expressed by 4D conformal bulk curvature, on quantum fields that are regarded as 4D
relativistic quantum clouds. This paper is organized as follows. Section 2 presents the
electromagnetic-gravitational interaction field equations; Section 3 presents their visualizations;
Section 4 incorporates quantum interactions and Section 5 reproduces quantum electrodynamics.
Section 6 proposes a theory test. Finally, Section 7 concludes this work.

2. Electromagnetic and Gravitational Interaction Field Equations

The Sun flows in a nearly flat background, based on GR, where its induced curvature is
proportional to its energy density and flux. Conversely, the Earth flows in a curved background
(curved bulk) due to the Sun’s presence, where its own induced curvature is affected by the bulk
curvature in addition to its energy density and flux. Moreover, the PL18 release preferred a positively
curved early Universe that is a sign of a primordial global curvature or a curved conformal bulk
where the evolution of conformal curvature is associated with the Universe scalar factor (Appendix
A). To consider the bulk curvature and its evolution over conformal time into present spatial flatness,
a modulus of spacetime deformation, Ejp, in terms of energy density is used based on the elasticity
theory [13]. Ep can be expressed in terms of the bulk’s resistance to localized curvature that is
induced by celestial objects or in terms of the bulk field strength, F,,, by using Lagrangian formalism
of energy density existing in the bulk as a manifestation of the vacuum energy density as
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where the stress is signified by the stress-energy tensor T, of trace T while the strain is signified by
the Ricci curvature tensor Ry, as the change in the curvature divided by the existing curvature R as
the background or bulk conformal curvature.

By incorporating the bulk influence, a nonlocal action is expressed as

SZEDL[%+%]ﬁd4p @)

where R is the Ricci scalar denoting a localized curvature, which is induced in the bulk by a celestial
object that is regarded as a 4D relativistic cloud-world of metric g,,, and Lagrangian density L while
R is the scalar curvature of the 4D conformal bulk of metric §,, and Lagrangian density L as its
internal stresses and momenta due to its curvature.

Because of the bulk modulus, Ej, 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
conformal time owing to the expansion of the Universe and its implication on the field strength of
the bulk, a dual-action concerning the conservation of energy on global (bulk) and local (cloud-world)
scales is introduced as follows

—F M/_fp ~pa uv u
f[ Apg ad ]f[ w9 HV‘ZW]\/_MP d*c 3)

Ry G*

This action can be interpreted as describing an interactive flow of a 4D relativistic cloud-world
through vacuum energy of field strength that is manifested by the 4D conformal bulk curvature. It
implies eight-dimensional degrees of freedom as d*p d*c = ¢2d®a, where d*p is the standard four
dimensions of the Einstein—Hilbert action concerning a celestial object (conventional energy), d*o is
the four dimensions of the conformal bulk (vacuum energy) regarding the background curvature,
and ¢? is a dimension-hierarchy factor. The bulk metric, g, and the cloud-world metric, gy, are
related by Weyl's conformal transformation as §,, = g,,9% where Q? is a conformal function [14].
The global-local action should hold for any variation as follows
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where 6\/—_ = —H guwdg*’/2 [15]. By considering the cloud-world’s boundary term,
J.g"'s Rwﬁ d*p/R, the variation in the Ricci curvature tensor, §R,,, can be expressed in terms of
the covariant derivative of the difference between two Levi-Civita connections, the Palatini identity,
OR,, = V(6T u) v, (6T u) this variation with respect to the inverse metric, g*¥, can be obtained
by using the metric compatibility of the covariant derivative, V,g** =0 [15], as gt'OR,, =
V,(g" 8Ly, — g#*8rg,). Thus, the boundary term as a total derivative for any tensor density can be
transformed based on Stokes theorem as

[ [ V= ato = [ 710 (oort - gresraly=g o
= [ zlnmly=g ao=c [ [g]Viiae

where the bulk scalar curvature, R, is left outside the integral transformation as it only acts as a

®)

scalar. Besides, a second approach can be applied to the bulk’s boundary term as
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where —g" = §,,6G"' /8§y, while ¢* = §InR,, /5Ing,, resembles the Ricci flow in a normalized
form, reflecting the conformal evolution in the boundary, which can be expressed as a function based
on Weyl’s transformation as g, = §un 8%/ = g,, 0.

By using the first approach of the boundary terms’ transformations given in Equation (5), the
transformed boundary action, S, is

o= [, el (e [ (T ()i [ (5] (D)) e ”

where K and X are the traces of the cloud-world and the bulk extrinsic curvatures, respectively; 1
and ¢ are the extrinsic traces of the Lagrangian density on the cloud-world and the bulk boundaries,
respectively; ¢ and p are the determinants of their induced metrics, respectively; and € equals 1
when the normal 1, is a spacelike entity and equals -1 when it is a timelike entity. f; = F;,/° is the
4D Lorentz force density. The boundary action should hold for any variation and, by considering the
transformed cloud-world’s boundary term, € [ acKla |d30/R, the variation is

K. 8q* + q* 8K, + reaili

€
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where K = K,,q"¥. By utilizing the Jacobi formula for the determinant differentiation, §./|q| =

6

=14l q,,6q"*" /2 and the variation in the metric times the inverse metric, g*V8q,, = —q,,6q""; thus,
the variation in the boundary term of the cloud-world is, as

K695 — 2k [ qu + 2, —t DRy
w8 = S K| q,w(squ g,w(s~72 =

where 6K, /8, K = (6K, /K)(@uy/84,0) = SInK,, /8Ing,,, = w* resembles the Ricci flow in a
normalized form, reflecting the conformal distortion in the boundary over conformal time, which can
be expressed as a function, according to Weyl’s conformal transformation [16], while the term
Ruv/R = Ry /R G = Guv = q,v9%. Thus, the boundary term is € faC[K,w - K@HV/Z](?q”"\/lq_l d3o/
R, where Gy, = qu + 2q,,0* — 2q,,8* is the conformally transformed induced metric on the
boundary of the cloud-world. The same is applied to the bulk and Lagrangian boundary terms. The
variation in the whole action, by renaming the dummy indices, is

1 FapFH
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While the variation in the inve... .aetric, §g*¥, can be omitted from both the curvature and
Lagrangian sides of the local action, C, (the standard action procedure), this is not the case with
regards to the global action, B. The outcome of the global action resembles the electromagnetic stress-
energy tensor times the variation in inverse metric in addition to the boundary term: 7,,6g*" +
G*' 67, . By comparing Einstein field equations with Equations (1), (2) and (10); it reveals that
TG + g*v T, := Ep = Rc*/8rGy, which is proportional to the fourth power of the speed of light

= 5q/lq] do )
R ac

(10)

that in turn is directly proportional to the frequency; this agrees with the frequency cut-off predictions
of vacuum energy density in QFT [17,18]. Under the constant vacuum energy condition and by
treating the boundary term as in Equation (6), which gives 7,65 = T g,,6g""; this shows changes
in vacuum energy density metric in a region changes its boundary, i.e., the global action outcome is
a constant representing vacuum energy density and corresponds to Ep = 7.

By applying the principle of stationary action for Equation (10), the field equations are
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These interaction field equations can be interpreted as indicating that the induced curvature, R,
by the cloud-world over the bulk (background) curvature, R, equals the ratio of the imposed energy
density of the cloud-world and its flux, to the vacuum energy density of the bulk and its flux through

the expanding/contracting Universe. The interaction field equations feature the following:

o T =Tu—ty= 2Ly —L3u)— (21, —14,,) is an extended conformal stress-energy tensor
by including the cloud-world’s energy density and flux, T,,, and the electromagnetic energy
flux from its boundary, t,,, over the conformal time.

e T =Ep is a conformal electromagnetic stress-energy scalar representing vacuum energy
density.

e  The boundary term given by the extrinsic curvatures of the cloud-world, K, and the bulk, X, is
only significant at high energies when the difference between the induced, R, and background,
R, curvatures is significant.

The field equations include four contributions that come from the cloud-world’s intrinsic and
extrinsic curvatures and bulk’s intrinsic and extrinsic curvatures. The field equations can be
expressed in different forms depending on which contribution is required to be implicit or explicit.
By applying the second approach in Equation (6) to the bulk boundary terms, the variation in the
action with renaming the dummy indices is

1 FapFH - 3
8S = (—f [2— (TMTV’I - p4 v + TMT,}gWﬂ 6g”"d40)
B :uO

R RR R R L LL L L
1% uv = v v =
(fc[___2__g”v+_guv+___2_2_guv+_guv]6gﬂv/ gd‘*p) (12)
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By transforming intrinsic curvature of the bulk, R, /R = R, /R, §*" = §,., where the bulk’s

metrics can be incorporated with cloud-world metric into a conformal metric. By applying the
principle of stationary action, the simplified interaction field equations are

87TGR A
— T

Rm/ - %Rguv - (Kuv - %KEI\MV) = P (13)
where §,, = gy + 2R, /R — 23, , or can be expressed as §,, = guy + 20w — 29,y , is the
conformally transformed metric counting for contributions of cloud-world metric, g,,, and bulk’s
intrinsic and extrinsic curvatures based on §,, and g, (intrinsic-equivalent to reflect external
fields') metrics, respectively, whereas Einstein spaces are a subclass of the conformal space [14].
Similarly, the conformally transformed induced metric on the cloud-world’s boundaryis §,, = q, +

24,y — 2q,,- The simplified equations feature:

e The implicit term RR,,/R = R§,y, = Rg,;,Q2* = Ag,, is the background conformal curvature
term, which reflects the cosmological ‘constant’ (parameter).

® Gy is an effective Newtonian gravitational parameter that relies on the background curvature,
which can accommodate the bulk curvature evolution over the conformal time against constant
G for a special flat spacetime case.

The field equations can remove singularities and satisfy a conformal invariance theory.

! The field equations can be expressed as Ry, — %R(guv +2G) — (K — %K(?m,) + %(:K/w - %%ﬁw) =

8GR A
=k Tuv based on the eight-dimensional metric according to the action in Equation (3), where the bulk boundary term seems

4
to resemble an analogue to the Higgs mechanism as external fields exerted on galaxies, where an example as discussed in the

next section.
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3. Evolution of the 4D Relativistic Cloud-World Traveling in the 4D Conformal Bulk

This section visualizes the evolution of the 4D relativistic cloud-worlds over the conformal
space-time of the 4D bulk. Galaxy formation and evolution as a 4D relativistic cloud-world traveling
in a curved 4D conformal bulk, as preferred by the PL18 release, is considered. The entire contribution
comes from the boundary term when calculating the black hole entropy using the semiclassical
approach [19,20]. This concept can be applied to the field equations in Equation (11) that are
multiplied by the bulk curvature, R, as

1 R 8rGy P R(Kyy = 3KByy) = R(Kyy = 3Ky -

R/w - 2 Rguv - iﬂuv = o+ w R

0 (14)

The field equations can describe the interaction between a 4D relativistic cloud-world of intrinsic
R,y and extrinsic K, curvatures with a stress-energy T‘,w and the 4D bulk of intrinsic R, and
extrinsic X, curvatures with a stress-energy J,,. From Equation (14), the field equations yield
R
R

where §,, = R/R =Ry /Ry ", represents the bulk intrinsic curvature. The conformally
transformed metric, gy, = guv + 2G,w = g (1 + 2Q%), can be expressed as

ds? = —A()(1 + 2Q2(r,7)c?dt? + S*(B(r)(1 + 2Q%(r,7))dr? + r?g,) (16)

1 1 - 1
Ry, = ERg,uv t R = ER(ng + 29#1/) = ERglﬂ/(l +20%) =0 (15)

where A and B are functions of the cloud-world curvature radius r, while the conformal function
Q? is a function of the bulk curvature radius #, which can be influenced by the cloud-world curvature
radius. S? is a dimensionless conformal scale factor and g, = d8? + r2sin?6 d¢? is the metric on
the two-sphere. The derivations of these functions in Appendix B are

2GM
rc?

2GM>‘1

2 (17)

>_1, A(r) =1-—

G,M 26M
Q) = -2 (1 -

Fc?

. B(r)= (1—

rc?
where the conformal function Q? relies on the gravitational potential of the bulk, while its influence
is inversely proportional to the 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,, while 7 denotes the
radius of the 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 Q? reveals a spatial
shrinking by evolving in the conformal time. Consequently, the conformally transformed metric
tensor, G,y = Guv + 2Guy = (1 +202), is

rn 7 / dr? r2d0? + r?sin?0d¢? \
d32=< —i_Tp) _CZdt2+SZ . + _ ¢ (18)
r s s s 4
r T r 7

This nonlocal metric reduces to the Schwarzschild metric in a flat background (# — o). The
conformally transformed metric can be visualized by evolving in the conformal time by using
Flamm'’s approach as

B J(?‘W‘?) N (19)
W(F, 1) =+f—dr=+ rs(r—rs)—?p?+0+6

where C is a constant, and 0 denotes less significant terms. Figure 1 shows this scenario, which
reveals that a galaxy forms as a dual forced vortices due to the curvature of the background.

The visualization of Equation (19) as the scenario of the galaxy formation as a dual forced
vortices due to the curvature of the background is shown in Figure 1, 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

Guv-
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Figure 1. 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.

4. Gravitational, Electromagnetic, and Quantum Interaction Field Equations

Regarding the wave-particle duality and analogous to the constant modulus of the bulk,
—TM}"“’ /4y, the curvature of the bulk, including both that which is conformal, R,,g*", and
induced by a celestial object, R,,g"", can be considered constant regarding quantum fields,
Lo BL“"’ /2x0. Accordingly, the dual action in Equation (3) can be extended in terms of quantum waves,

as follows
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This action can be interpreted as conceptualizing that a 4D conformal bulk, as a manifestation of
vacuum energy of a conformal time flow, embeds a 4D relativistic cloud-world representing a
celestial object of a conventional time flow that in turns encapsulates 4D relativistic quantum clouds
of a quantum time flow and so forth, where L,gL*# /2y, are Lagrangian densities of two entangled
quantum fields of a metric tensor g, and four-momentum p,p# respectively, while, m,7# are the
four-momentum of vacuum energy density of a Lagrangian density L,,g"” and yx, is a
proportionality constant.

By considering the induced curvature by the cloud-world in the bulk, the conceptual picture can
be simplified to an interactive flow of 4D relativistic quantum clouds with the vacuum energy of a
field strength that relies on the 4D conformal bulk curvature, which harmonizes the dual-action
concept. The action should hold for any variation, as follows

_FF85Y" 1 [ R,6g% + gh'SR,,
20 R
~ P ~ ~
5S = J‘ g yé'TMIF}, N f _IRW oG™ + g‘“’&‘RwR
B 2p c R?
T/lpj:lpqlwaqw _ Qg R
8o |t 2R . @1
Irpupvéq‘” +a"8(pupy) oY (m,my)8g" + g*'6(mumy)  pup* 469" +1|
| T, T H (nﬂnu)z Tt 2 | -
I Y al ai Y v v I —4 97d"o
Q| LayLBc?q +q Laﬁc?Lﬁ 1 L#V(Sg# +g*veL,, L b 409 |
XoL el XoL? P ayoL

By considering the boundary term of the quantum cloud, [ 0 q*vs (pup,,)\/—_q d*a/m,m*, the
variation in the four-momentum &p,, i.e., the change in the total energy of the charged fields
enclosed within the quantum cloud boundary @, can represent the flow of the four-current j,
through the cloud boundary 0Q, where multiplying this current by the four-potential that is
generated by the current itself, 4,, and that which is externally applied, B,, gives the following
scalar: §p, = SV(E/c—p) = (A, + By)J*. This deduction is based on the gauge theory. However, the
cloud’s volume and its boundary surface should be taken into consideration. The boundary term
signifies the variation of two entangled quantum clouds, g**é (pupv) ; thus,

[qu6(pupv)]\/_—qd4a _ f [Eh(Ap +B,)e™], (A, + B,)eP?] e -
aQ ]

m m
T, T T, T

The variation in this transformed boundary term with relabeling 4, + B, as 4,, yields

J2ApJPA,8e"  1],A,]P A 8J,A,]PA Sm,m\]
—— W _ 9,4y P 14 U — 13
faq € [ T 2 m,mt ewde 2e JaA,]P A m,m# /| ed’s (23)

where e, is the induced metric on the boundary of the quantum cloud. The last two terms resemble
the Ricci flow in a normalized form, reflecting the conformal distortion in the boundary, which can
be expressed as a conformal function as
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where e’ = —e,lyé'e’ly/é'e,ly, and ¢% = Sln(],lAp]”Ay)/(Slnely is the conformal function.
On the other hand, the cloud-world’s boundary term can be transformed as
_g# 6(7-[;17-[17 [pupu guva(”unv)
J—q d*a f Sg*.[—q d*a

J;? (ﬂuﬂ”) T P T, T, gH 6 gy g 1 25)

pup* 5171(71'#7'[,, puo"
f [T[”T[u 6lng [.w 6‘gllv [— d4a_f qu 6quv [ d4-

where g*¥ = —g,,69""/8g,, while §? = §ln(m,m,)/8Ing,,, which resembles normalized Ricci flow
and g,, represents the metric of the bulk regarding its extrinsic curvature. Accordingly, the variation
in the whole action is

= <_fB [2_/110 (Tﬂlj:vlagw - TAP?APZW(S(IW B TM;AP g:uv(sguv)] do )
([ -5en- e agfommima s | [l w0 Jooriiee)
<f [pupz T HV)Z P Z#ZH q‘z“’]a uV\/_ d*a >
Q ]

XoL XoL? XoLl

p) y) y)
o[ PueAA LA A LA DAY e s g
€ m T Cuv m w — —————U%ey, | be ed°g
sl TuT 2 mm T, T T, T

te f Puby [ JuApdP Ay LA I AP Ty A J AP e
aq TuTH T, T 2 mmt wv T, wv
chﬂp‘jlcﬂp 2
[ uwv_ [__ 3
T 9%e,, etV —e d°¢

By applying the principle of stationary action while choosing € as a time-like entity, the general
form of the field equations is

PuPv _ PuP" Gy _ PuP" o (Juhpl?Ay JiAp) A\ | pub" (J" AT A, T AT A G\ T T, 7)
T, T 2m, mh T, T T, T 2m,

T, T 2m, mh T, T T

T

where T, T, = (LyoLS — LaﬁL“ﬁ Ew/ %) /X0 are the stress tensors, as shown in Figure 2, of the deformed
onflguratlon of two entangled quantum fields, whereas T is the overall stress-energy scalar of the
cloud-world and the bulk. The third term can be transformed as (p,p*/m,n*)m,/7* = (p,p*/
m,m)mhg,, /m* = (oo /mum*)q,n ; Where Gy, is the metric of the parent-cloud regarding the
intrinsic curvature. Consequently, the transformed term can be incorporated with the second term in
a conformally transformed metric tensor counting for the contribution of the metric of the quantum
cloud, q,y, and the contributions from the metric of the cloud-world, §,,, regarding its intrinsic
curvature.
By separating the two entangled quantum fields by renaming the dummy indices and utilizing
the dimensional analysis,

Gy

1 . 1 p” 1
P3P (o + 200) = (4 = 500 ) 4 5 (95, = 5 0560 = 5T 28)
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where # is the Planck constant and J;, denotes the energy density and its flux of the quantum cloud
and gr = MGy/R? is the gravitational field strength of the parent cloud-world of mass M and at
radius R.
In addition, by implementing the transformation approach of the bulk boundary term in
Equation (25), the field equations can be simplified to
1, ug 1 i gV _ hGg )
pp._zp fuv_ ] H_E] (p.v _mff;}. (9)
where ¢, = q, + 2§,y — 2q,, is the conformally transformed metric tensor counting for the
contribution of the quantum cloud’s metric, q,,,in addition to contributions from the intrinsic and
extrinsic curvatures of the bulk based on its metrics §,, and g,, (intrinsic-equivalent). Similarly,
Cuv = ey + 28, — 28, is the conformally induced metric on the quantum cloud boundary. The
equations in terms of operators are
. 1., ug 1 b gy _ hGg 7
Pullj—ip S — (] ”_5] Cuv lp—m A (30)
where p, is the momentum operator and J, is the stress-energy (gravitational) operator. Because
the gravitational field strength of the cloud-world of mass M and at radius R is g = MGg/R?, a
plan/e wavefunction, 1 = Ae @t~k can be expressed by utilizing the Equation (30) as ¢ =

Ae~UR*2Me?) Tyxk | consequently:

1 1 1nh
iy 0,p = 5y Etp = (JH Ay =51 A )0 = 5= RORD G1)

where y# are the Dirac matrices. Figure 2 shows the quantum cloud where 7;, is the traction vector
on the inner surface S; and n is the unit normal vector.

Figure 2. The deformed configuration of the 4D relativistic quantum cloud of metric g,, along its
travel and spin though the curved background (bulk) of metric §,,. The configuration is given by,
S;, the inner surface of the quantum cloud that separates its continuum into two portions and encloses
an arbitrary inner volume while S, is the outer surface of the cloud’s boundary.

On the other hand, by using the explicit boundary term of the bulk in Equation (28), which could
contribute towards the emergence of mass, the quantized equations are

) 1 ~ 1 1 CyRVYy 1R
iRy Oy = 5 iRy 0 Gy + Gy = (144 = 5 1A )+ (3 = 5 3H AV, ) i = 2 RO (32)

where J#4, is the boundary interaction of the quantum cloud with electromagnetic field, y#dvy/m¥
represents the spin-spin correlation of the conventional, y#3"y, and vacuum energy, m", fields.
While m,m” are two entangled fields denoting the momentum of vacuum energy (could be of total
zero spin), m¥ can be conjectured as a single field of vacuum energy of a spin as an analog of a part
of singlet Cooper pair of total zero spin. The spin-spin correlation times the bulk (vacuum
energy) boundary term interaction, J*A,, contribute towards the emergence of mass.
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5. Reproducing Concepts in Quantum Electrodynamics

The quantized field equations can be utilized to reproduce concepts in quantum electrodynamics
by using an undeformed configuration of the quantum cloud given by the Minkowski metric, g, —

7y, of metric signature (+,—,—,—) and using G as the present gravitational parameter as
, 1 1 1 hG
P I P L pe (33)

where the conformal metric is &, = q,, + 2§, — 24, (using both background’s metrics in a flat
form leads to cancelation of both while using only one flat background metric reverses the quantum
metric signature). From Equation (33), the expected value of the quantum cloud’s volume is V =
hG/cg. This reveals that the quantum cloud’s volume is quantized and is reliant on gravitational
strength. Thus, for a single electron of mass m (deemed as having the same properties from all
directions), the stress-energy tensor of the quantum cloud is then 7, =mc?/V =mgc3/hG .
Accordingly, the field equations are

ity (% + I7> . %ihy“ (% - |‘7’> (1,-1,-1, 1) — (]“A# - % jﬂAV(w> » = %mclp (34)

By applying the same approach for the boundary term and choosing the quantum metric
signature as (1,—1,—1,—1), where the four-current density is J# = epy*y, then

1 9, 1 _ 1
> ihy* <?t + V) Y =S epyrphah = Smeyp (35)

where the four-current density is J# = ey, and e is the charge of a single electron, thus, Equation
(35) can be reformatted as

ihy#0, —meyp = ey A, (36)

This resembles the Dirac equation and the interaction with the electromagnetic field, which the
principal of quantum electrodynamics.

6. Experimental Tests of the Interaction Field Equations

The Newtonian gravitational ‘constant’” G plays a crucial role in theoretical physics, astronomy,
geophysics, and engineering. About three hundred experiments attempted to ascertain the value of
G up to date. However, the significant inconsistencies in their results have made it unfeasible to reach
a consensus on an exact value. Many of them are precision measurements with a relative uncertainty
of only 12 to 19 parts per million [21-25].

The achievement of such a low level of uncertainty can indicate that the margin of systematic
errors in experiments is narrower than generally anticipated. At the same time, the significant
inconsistencies among measurements’ outcomes imply that there could be phenomena that are not
yet accounted for in the current framework of physics. From Equations (5) and (1), the Newtonian
gravitational parameter is

C4

R
8k,

Gz = (37)
where R = R, §"" is the scalar curvature of the bulk. According to Equation (6), Gg is proportional
to R and reflects the field strength of vacuum energy because any changes in the bulk’s metric, g, :
=R, changes the field strength of the bulk, F;,, because of the constant modulus, E, =
—T,lpg”?—"yagp“/zluo. In addition, although the ground state of R at the local present Universe
appears to be spatially flat, it could have a small temporal curvature reflecting the present value of
G. The dependency of Gz on the curvature of the bulk is discussed and visualized as follows.

Regarding the Earth, Figure 3 shows the curvature of its background, the curved bulk owing to
the Sun’s presence. In this curved background, both Earth and Moon are further inducing different
curvature configurations depending on their positions. For instance, at Point A, the Earth’s
background curvature is influenced by the Moon’s position as shown by the blue and red-dotted
curves.
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Point A
I

The Moon is in between ‘[ The Moon is away from
the Sun and Earth i the Sun and Earth
i
i
|

Towards a flat
background

-

[

i
The induced curvature by the i The difference in the induced
¥—___ Sun, which represents Earth’s ‘L

background curvature i

curvature depending on the

position of the Moon
Figure 3. The blue curve represents the induced curvature by the Sun, which signifies the curvature
of the background with respect to the Earth and Moon. Concerning both planets, they in turn are
inducing further curvature in their background as visualized beneath them by the blue curve. On the
other hand, when the Moon is at the away position (dotted circles), an altered background (bulk)
curvature configuration is shown by the red dotted curve.

According to the Gauss's law, the flux of a field is stated as

P, =c # FA [—G dS, (38)
S

To investigate the influence of the induced curvature by the Sun in the bulk (background) on the
G value, a positively curved metric, g, of the Sun as a 4D relativistic cloud-world is utilized as

ds? = —c2 dt? + @ (_drt +712d6? + r2sin?0d > (39)
a;?\1—r2/r?

where a(t)/a; is a dimensionless scale factor. According to the inverse square law, G can be derived
based on spherical symmetry. The changes in surface area in bulk can be modelled by changing its
metric from spherical symmetry, which gives

aZ/aiZ

TR 0

arédcyryeq = Arédsiqe

As the background curvature has different values at point A in Figure 3, G is predicted to have
different values according to Equation (37). Based on this result, Equation (40) can be utilized to
derive Gy as follows:

aZ/aiZ

Gz = Go 1Fr?/r?

(41)

where G, is the underline gravitational constant.
For general positive or negative curvatures, Figure 4 shows Sun’s induced curvature in the bulk:
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Figure 4. The blue curve represents the Sun’s induced curvature in the bulkewhielieduees-and then
vanishes far away from the Sun. The red and orange curves represent negative and flat cases
respectively.

Figure 5 shows six of Gy values by measurements: BIPM-14 [26], BIPM-01 [27], UCI-14 [28],
UZur-06 [29], JILA-10 [30] and HUST-05 [31]. These values were among those adopted in the
CODATA (Committee on Data for Science and Technology) 2014 of the recommended value of
(6.67408 + 0.00031) x10™ 11 m3 kg=1 s72 [32].

BIPM-14 - —e—
BIPM-01 ——
UCI-14 - =
UZur-06 - e
JILA-10 - —c—

HUST-05 + f ® {

CODATA-14 —c—
T T T
6.671 6.672 6.673 6.674

6.6I'.-'5 6.676
Gp(x1071Tm? kg1 s72)
Figure 5. Six of G values among those that were adopted in the CODATA 2014 recommended
value.

A one-way ANOVA test was performed on these precision measurements, resulting in an F-
statistic of 302.089 and a p-value of 0.000, which indicates strong evidence against the null hypothesis.
This signifies that there is a significant difference in the variances of these measurements. Despite the
small relative uncertainty in the measurements, the significant differences in their outcomes that
puzzled scientists [21] can be attributed to the differences in the curvature of the bulk at the time that
the measurements were conducted, as stated in Equation (37), owing to varied positions of the Moon
and other nearby planets.

7. Conclusions and Future Works

This study presented interaction field equations in terms of brane-world modified gravity and
the perspective of geometrization of quantum mechanics. This study considered the implied
curvature of the early Universe as the curvature of the background or 4D conformal bulk and
distinguished it from the localized curvature that is induced into the bulk by the presence of celestial
objects that are regarded as ‘relativistic 4D cloud-worlds’. Similarly, the quantum clouds are regarded
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as propagating ‘4D relativistic quantum clouds’ that are embedded in vacuum energy of a field
strength that is reliant on the curvature of 4D conformal bulk. The derived interaction field equations

are
. 1 L “a 1 gy _ hGy . n
pp.l»b_zp g,uvlp_ ] p._zj Z/,w w—mﬂﬂl’ ( )
1 1 8nGy .
R/.w - ERguv - (Kuv - Equ.v> = C—4Tuv (43)

The interaction field equations in Equation (42) can indicate that the general flow is of a wave
nature where the collapse of the wave gives rise to the particle behavior or trapped waves, i.e., the
wave particle duality, whereas the particle behavior is described by Equation (43). These equations
can be interpreted as conceptualizing that a 4D conformal bulk, as a manifestation of vacuum energy
of conformal time flow, embeds a 4D relativistic cloud-world representing a celestial object of
conventional time flow that in turns encapsulates 4D relativistic quantum clouds of quantum time
flow and so forth. By considering the induced curvature by the cloud-world in the bulk, the
conceptual picture can be simplified to an interactive flow of the 4D relativistic clouds with vacuum
energy of field strength that is reliant on the 4D conformal bulk curvature. The equations with explicit
bulk term are

. 1. 5 n v P (qu 1 qv _hGg 5
b = 50" (A + Q)W = (] Ay ——1 Ay ) ,,—<<7 Ay _“7 A CW) = 202, WY ()
1 R 1
Ry — ER(guv + 29#1/ ( qu“’) R (‘7(#1’ - Ej{p“V)
87TG N 43
T

The interaction field equations can indicate that the induced curvature by the cloud-world over
the bulk curvature equals the ratio of the imposed energy density of the cloud-world and its flux to
the vacuum energy density of the bulk and its flux through the expanding/contracting Universe. They
feature:

e  Anextended conformal stress-energy tensor by including the cloud-world’s energy density and
flux and the electromagnetic energy flux from its boundary, over the conformal time.

e A conformal electromagnetic stress-energy tensor as vacuum energy density and flux, and
counting for the conformal evolution in the bulk’s extrinsic curvature.

e  The boundary term given by the extrinsic curvatures of the cloud-world and the bulk is only
significant at high energies when the difference between the induced and background
curvatures is significant.

e Abackground conformal curvature term reflecting the cosmological parameter.

e (g is an effective Newtonian gravitational parameter that relies on the background curvature,
which can accommodate the bulk curvature evolution over the conformal time against constant
G for a special flat spacetime case.

Finally, to achieve consistent Gz measurements, it is necessary to consider the positions of the
Moon and other nearby planets, as they can influence the curvature of the background. Variations in
background curvature can significantly contribute to observed differences in the precision
measurements according to the derived interaction field equations, and it is essential to determine
the extent of their impact on measurement variability. Future precision experiments should aim to
address this issue of inconsistent Gz measurements by accounting for the influence of these celestial
bodies. One simple approach could be to conduct measurements twice, with one set taken when the
Moon is on the horizon and another set taken when it is on the opposite side of the Earth. Finally, to
ensure higher consistency, the positions of nearby planets can also be considered as well as the
influence of changes in the background curvature on the field strength of vacuum energy and hence
the emergent values of the experiment’s test masses. The standard theories are recovered from the
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interaction field equations, whereas the equations could remove the singularities and satisfy a

conformal invariance theory.

Appendix A
The conformal time 7 is associated with the scale factor, a, as dt = adn. As shown is Figure Al,

the radius of curvature increases through the conformal time as well as the scale factor where this
curvature can be expressed as the background curvature or the curvature of the 4D conformal bulk.

Scale factor a
e e e i St S E g ’

The same celestial object

below after Gyrs of the o
conformal time is facing _é",-'
a flatter bulk (global) cur- écl
vature g/
s!
@l
=]
gi
T A
5 =
£ o
& )
5 z
A celestial object is inducing Q £
. N E_4
curvature in the curved g ! =
global bulk “3!-" &
: =}
J-', Early Universe’s scale factor a, 5
@ ‘," e e e » v
/!”—\
g ] o«
i Conformal Spacetime {Bulk) &,
k ;
1 /"
i &l
i Q‘}?’ £ &
, £
i o oy
oY
NI
s
,Q
Figure Al. The evolution of the conformal curvature based on the scale factor.
Appendix B
The conformally transformed metric, gy, = guv + 24,0 = g (1 + 2Q2), is
(AT)

ds? = —A(r)(1 + 20%(r,7))c?dt? + S?(B(r)(1 + 202(r,7))dr? + r?g,,)

By performing the coordinate transformation as follows
ds? = —(AQ) + 2A)Q%(4, 7)) c?dt? + (B(D) + 2B(M)Q%(4,7))dA* +. (A2)

The Christoffel symbols of this metric are
L A1 +20%) + 440 o AL+207) +4AQ . B(1+20%) +4BQ
007 2(B+2BA?) ' 00T 20(442402) M 2(B+2B02) (A3)
-2 —Asin?6
Ii=r5= 7

L= e, Iy=
(B + 2BQ?) (B + 2BQ?)
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5 . 3 5 _ cosO
I3 = —sinB cosl, I3, =15 = <ind
The Ricci tensor components are
A (1 +20% + 4(2) +4A0 4 404 (A (1 + 292) + 440 ) (B (1 + 292) + 4BQ)
Ree == 2(B +2B0%) ’ 4(B+ 215'92)2
(A4)
(A(1+20%)+440)"  14(1+20%)+440
4(A+240%)(B+2B0%) 1 (B+2B0Y)
o 1 A(1 +20% + 4(1) + 440 + 404 (A(1 + 292) + 4AQ)2
"2 (4+240%) 2(A+240%)
(A5)
(A (1 + 292) + 4AQ) (B (1 + 292) + 430) 1B (1 + 292) + 4B
- 4(A+240%) (B +2BQ?) "2 B+2BQ?
B 1 1 B(1+20%)+4B0  A(1+20%)+440
Roo = (B+289%) 2(B+280%)\ (B+280%)  (A+2407) | (A6)
_ sin’6 Asin’e (B(1+20%)+4BQ A(1+20%)+440)\
Roo = (B+2B9%) 2(B+2B9%) < (B+280%)  (A+240%) | Smo (A7)

By substituting Ricci tensor components in Equation (27) gives

(A1 +20%) + 440)(B + 2BQ?) + (A + 2A0%)(B(1 + 20%) + 4BQ) = 0 (A8)
Equation (B8) yields
B +2B0? = _k
T A+ 2402 (A9)

where k =1+ 402+ Q* for the conformal metric by considering the bulk curvature.
By applying the weak-field limit: §,, ~n,, + flm,, as follows

1 - 1 A10
Ftlt=§faihtt=c_2f0i‘.0 ( )
where ¢ is the Newtonian gravitational potential. By integrating both sides

g = A1 +20%) = — (ntt + % %) (all)
where ¢, = —GM /21 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 curvature, M,, and the bulk curvature radius r as ¢, =
—GpM, /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?); thus, the conformal function
is 0% = ¢, /Ac?. By combining Equations (B9 - 11) yield

02 =

_GyM, (1 _ ZGM)‘1 2GM (1 _ 2GM>‘1 (A12)

A=1-" B=
rc? rc? re?’ rc?
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where the conformal function Q? relies on the gravitational potential of the bulk while its influence
is inversely proportional to cloud-world potential.

Appendix C

The referenced metric in Equation (Al) is inversed as follows

Iuv = (

The inverse as follows

= 0 0
o )
@)

I 0 0 L
|

-1

a2\ 52
— |r#sin%6
ap

—_——— e —

)

(A13)

(Al4)

The Ricci curvature tensor R, is solved using the Christoffel symbols of the second kind which
is given by I ’Lv = gr*/ 2(0ugav + Ovgay — 029,y) for the referenced metric g,, . The non-zero

Christoffel symbols are

0 aa
[ = ")
20 2(1 -1
ccay <1 rz)
ro rlaa
22 = 2 2
cca,
ro r?aa sin?0
33 = 2 2
cay
r
1
Iy, =

(A15)

(A16)

(A17)

(A18)

(A19)
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;. = -rsin?6( 1 —i
33 = 2 (A20)
a
[y =T =T33 =Tty =% =T, = 2 (A21)
2 2 3 3 1

F12=F21=F13=F31=? (A22)

['%; = —sin 6 cosf (A23)

%, =T%, = cot 0 (A24)

The Ricci curvature tensor given by Ry, = 8;I'%, — 8,I'* ; + I, — r*

The non-zero components are solved as follows. The t —t component is

Ry =Ry = _60F101 - 60F202 - 00F303 - F101F110 - onzrzzo - F303[‘330 (A25)
a a2 da — a? a? da
Rtt=—3ata—3(a) =—3T—3?=—3E (A26)

The r —r component of the Ricci tensor is
Ry =Ryq = 60[‘011 - 61F212 - 61F313 + F011F202 + l-‘011[‘303 - l-‘110[‘011 + F111F212

(A27)
+T1,03
R =2 aa 261+ aa d+2 r 1 21
A S \a A
c?a,? (1 - rp—2> c?a,? (1 - rp_z) % (1 - rp_z) (A28)
R = ad 4 a® + a? N 2
T 2 2 2 2
c?ay? (1 - r_z) c?a,? <1 - r_2> c?a,? (1 - 7‘_2) 1,2 (1 - 7‘_2) (A29)
) ) ) )

a? " a2 ' 12
R,y = P P p (A30)

2
c? (1 - r_z)
™

(84 4 222, 201

The 6 — 6 component is

Rgg = Ry = 60['022 + 61['122 - 62['323 + l-‘0221-‘101 + F022F303 + Flzzrlu + l-‘122[‘313

2 0 2 1 3 3
-Tr ZOF 22 -T 21F ZZ_F 23F 32

(A31)

rZaa r? r?ad a r2\1 5
—pz—arr 1_T_2 —69cot(6)+ma—r 1_T_2 ;—COt (C))]

Rgg = atcza
) )

(A32)
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r?ai  r?a® r? 5 r2q? r? 5
R99=W+W+ 313)—2—1 + csc (9)+m— l_T'p_Z — cot (9) (A33)
r?ad r2aq? r? ) 5
Rgg =W+ZW+ er—z — 1+ csc?(8) — cot*(0) (A34)
R _r?(ad +2c'12_|_2c2
60 ~ 2 ay? " a? T2 (A35)
The ¢ — ¢ component is
Rpg = Rz = 0T %; + 0135 + 0,1% 33 + T033T gy + T033T % + T 35Ty + T332, (A36)
—T3300%; — 335 — T35,
r?aa sin’6 - r? ] r?aa sin®f a
R¢¢=6tT—6rrsm0 1_7'_2 —agSlTLHCOSH‘l‘ZTE
P P P
] r? r ) r2\1 ar?aasin?f
—rsinff|1—— | ———F<— 1sin*f |1 —— |- ——————
T r2< _rs n2)r a c?a,
L% (A37)
. r2\1
+ rsin?6 (1 — — | = + sin8 cosé coth
)T
r?adsin®0  r?a’sin?0 - r? ., 5
Ryp = R33 = 5 t—————— sin®0|1+3—|+sin“0 — cos“0
c2a, c2a, T
r2a?sin?0 a7 5 (A38)
— 5 — sin"0(— | +cos“6
c?a, 7
r?adsin?d _r%a’sin?6 r?
Rypp = Ryz = —5— s + 2sin*0 — (A39)
c2a, c?a, Ty
r?sin?0 (ad 2a® 2c?
Rep = —z—\gzt=zt7= (A40)
c a,®?  a,?
The Ricci scalar curvature is
v 6 (d a* c*af
R=R,,g == z+?+az—rpz (A41)

where the dotes are time derivatives.
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Appendix D

The action in Equation (20) can be expanded to the non-abelian group as

_ f [—ﬂpg’wfyagp“] f [ ,wg‘“’] f [p,myq”
4po Ry g™ T, g (A42)
CM-L qﬁy
],/ d*a d*p d*c

where LY BL‘;‘B /2x, are non-abelian Lagrangian densities of two entangled quantum fields.
Analogous to the extending of quantum electrodynamics into chromodynamics, the quantized field
equations in Equation (20) could be generalized to

aﬁq
ZXOLp.vguv

. 1. 1
ihy*a, ¢/ — Elh}"‘avfwll'f - (U AL - EJ“A”(W)W
1 hGy ., (A43)
== TIyps
2c2gg

where ¥/ is the quark field. The boundary term, J*#A{, indicates the energy flux from the boundary,
which could represent Electroweak interactions.
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