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Abstract

Considerable efforts have been devoted to modifying gravity in order to elucidate the possible
existence or nature of dark matter and dark energy, describe observational data effectively, and
advance toward a theory of quantum gravity. In addition, despite its immense success, quantum
field theory requires renormalization techniques and breaks down at high energies. Notably, the
Planck 2018 legacy release confirmed the existence of an enhanced lensing amplitude in the cosmic
microwave background power spectra, which suggests a positively curved early Universe with a
confidence level more than 99%. In this study, we model the global curvature of the Universe as the
curvature of a ‘4D conformal bulk’ — a geometric manifestation of vacuum energy, and regard
celestial objects that induce localized curvature within the bulk as ‘4D relativistic cloud-worlds’.
Employing a dual-action variational principle that incorporates both local and global curvatures,
we derive interaction field equations that generalize general relativity and recover quantum
behavior in the flat-bulk limit. Within this framework, gravity emerges as the local curvature of the
bulk — an indicator of the field strength of vacuum energy acting on embedded quantum fields,
which are described as localized geometric excitations embedded in a structured vacuum
background. A visualization of the evolution of the 4D relativistic cloud-world over the conformal
spacetime of the 4D bulk is presented. We apply the derived interaction field equations to model
active galactic nuclei and outline testable predictions that could confirm or falsify the framework.

Keywords: brane-world modified gravity; geometrization of quantum mechanics; conformal
geometry; quantum gravity

1. Introduction

After the formulation of Einstein’s theory of General Relativity (GR) by utilizing 4D spacetime,
Kaluza proposed in 1919 a potential field unification of electromagnetism and gravitation by
extending the theory into 5D spacetime. To address the physical interpretation of the fifth dimension,
Klein later suggested that it could be compactified. Nonetheless, these approaches and their
extensions to higher dimensions have not culminated in testable predictions nor in the competence
to elucidate observations yet. As an alternative to compactification, Randall, Sundrum and
Gogberashvili 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, such models typically require the existence of massive gravitons [1-3].

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, which included high-order
curvature terms and non-minimally coupled scalar fields [4-6]. Furthermore, although quantum
anomalies could necessitate the use of a non-local Lagrangian, one of the major differences between
GR and the 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].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202010.0320.v12
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2026 d0i:10.20944/preprints202010.0320.v12

2 of 15

Notably, 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]. In addition, the validity of combining
CMB lensing and baryon acoustic oscillation data to recover the spatial flatness has been challenged
because the curvature parameter tension between these sets of data is 2.5 to 30 [10]. Conversely, 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 global (including the background) 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 (local) and the
bulk (global including the background), and reduce to GR in a flat spacetime background. Moreover,
concerning the wave-particle duality and 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 geometric nature. This study aims to derive interaction
field equations that consider the global curvature, signified as the 4D conformal bulk curvature, and
its impact on celestial objects that are modeled as 4D relativistic cloud-worlds. It also aims to
incorporate the impact of gravity, expressed by 4D conformal bulk curvature, on quantum fields,
modeled as localized geometric excitations embedded in a structured vacuum background.

This paper is organized as: Section 2 introduces electromagnetic-gravitational interaction field
equations; Section 3 shows their application; Sections 4 and 5 include quantum interactions and
recover quantum electrodynamics. Section 6 outlines a theory test. Section 7 concludes this work.

2. Electromagnetic and Gravitational Interaction Field Equations

According to GR, the Sun resides in a nearly flat spacetime, where its induced curvature is
proportional to its energy density and flux. In contrast, the Earth propagates within a curved
background —interpreted here as a curved bulk—due to the gravitational influence of the Sun. The
Earth’s own curvature is therefore influenced not only by its intrinsic energy-momentum density but
also by the background curvature of the bulk. Notably, the PL18 release has preferred a primordial
global curvature, which in this study is interpreted as a curved conformal bulk whose evolving
curvature is associated to the scale factor of the Universe (see Appendix A). To incorporate the effects
of the bulk curvature and its evolution through conformal time toward the present-day spatial
flatness, we introduce a modulus of spacetime deformation, Ej, in terms of energy density via an
analogy with elasticity theory [13]. Ep can be expressed in terms of the resistance of the bulk to
localized curvature that is induced by celestial objects or in terms of the bulk’s field strength, F,,, by
using Lagrangian formalism of energy density existing in the bulk as vacuum energy density as

Tw = 5T 9w 9™ _ —Fy, FP
Ruv/R guv 4‘#0

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

Ep = 1)

the Ricci curvature tensor R, as the change in the curvature divided by the existing curvature R as
the bulk conformal curvature. Consequently, an extended Einstein—Hilbert action is expressed as

S=EDJ;[%+%]\/—_gd4p ()

where R is the Ricci scalar denoting a localized curvature, which is induced in the bulk by a celestial
object that is considered 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 £
as its internal stresses and momenta due to its curvature.
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Given that the modulus of the bulk, S, is constant with regards to the cloud-world action under
the constant vacuum energy density condition at macroscopic scales; and by considering the
expansion of the bulk over the conformal time owing to the expansion of the Universe and its
implication on the field strength of the bulk—we introduce a multiplicative dual-action principle.
This principle accounts for the conservation of energy across both global (bulk) and local (cloud-
world) scales, and is formulated as follows:

-F AyTa GP* v v
” M‘g g ]J_””g ”zw]\/_d‘*pd‘* 3)

v
uvg#

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 because d*p d*c = ¢? d®a, where d*p is the standard
four-dimension of Einstein-Hilbert action concerning a celestial object (conventional energy), d*o is
the four-dimension of the conformal bulk (vacuum energy) regarding the global curvature, and ¢?
is a dimension-hierarchy factor. The bulk metric, g,,, and the cloud-world metric, g,,, are correlated
by Weyl’s conformal transformation as §,, = g,,Q% where Q? is a conformal function [14]. The
global-local action should hold for any variation, where the whole variation is S = Sg S + 6Sp S¢,
i.e., Sg8S. = —6Sg S, which shows a balance between the bulk and cloud-world actions, and both
action variations are

[—FapF.8GY — G 6F;,FF

2
5Sy = f Ho J—=g d*o,
B

ogtv
i +sz§’177’ya§p“%

‘Rm,(?g’“’ + g’“’(YR,W B SRW(Sg”“’ + g’“’&Rw R g,WR(Yg’“’

R R 2R ,
05¢ = fc o Lw8g" + g1 8Ly L85 + §VOLyy  9lOg" V=g dip
L L2 2L

where 6\/—_ = —\/—_g guw6g"’ /2 [15]. By considering the boundary term of the cloud-world,
fc 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(8T #) v,(6r 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 g*'6R,, =
v,(g"s Ly, — g"Psr, 2,)- Therefore, the boundary term as a total derivative for any tensor density can
be transformed based on the Stokes’ theorem as

“@]H‘“P =L%[%(9’”$P —g**srg,)]J—g d*p
- [ 2 o -e [ [E Ve

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 boundary term of the bulk as

- ‘“’572 R 6R
[ [Pl er|vaa v = [ | 5o iins|og =g as

R 69w Ry G*
R 8lniRm, _
= J ]557’”\/—9 d*p = f [—g ]59’”\/—9 d*p
f[R SlngHv 71 N

where —g* = §,,6G"*/8§,, while ®* = §InR,,/5Ing,, resembles the Ricci flow in a normalized

®)

(6)

form, reflecting the conformal evolution in the boundary, which can be expressed as a function based
on Weyl’s transformation as g, = §,,8%/Q* = g, 9%
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By using the first approach of the boundary term’s transformations given in Equation (5), the
transformed boundary action, S, is

St _LB [zuo ( LC([R] [L ‘/__Ef,.,c DJI?I) @e d’ @

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 7, is a spacelike entity and equals -1 when it is a timelike entity. f; = F,,J” is the
4D Lorentz force density. The boundary action should hold for any variation and, by considering the
transformed boundary term of the cloud-world, € [, K Jlgqld3e/R, the variation in the transformed
boundary term is

P 54/lql
Km,(Sq +q 6K#V+K——K

d3 8
il RN Tl ®)

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

Rac

—v 14l 4,,8q*" /2 and the variation in the metric times the inverse metric, ¢*'6q,, = —q,,6q*", the
variation in the boundary term of the cloud-world is

€ 1 5K, . Ry ,R
_ — K 5 uv 3
7). [ 2K<q/w+2qw5qu 20 G 5~ 200 5" )| S0 Tl e ©
Equation (9) can be simplified to
€ 1
ifac [Kuv - EK (quv + szquv - prz(qitv - quﬁz))] 5q*\/lql d?e (10)

wherew? = 0K,y /8quK = (0K /Ky)(Quy /6qu) = 610K, /8Ing,, also 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
Ruw/R = Ry /Ry G* = Guv = quv¥*. Thus, the boundary term is € fac[Kuv - Kq‘w/Z]é‘q’“’\/m d3o/
R, where §,, =q,, + Zwa2 - ZqW(Z)2 is the conformally transformed induced metric on the
boundary of the cloud-world. The same approach can be applied to the bulk and Lagrangian
boundary terms. Accordingly, the variation in the whole action 8S = Sg 6S¢ + Sc0Sp with renaming
the dummy indices, is

1 Fo,F*  FaFr N\ L.
8 = (— f [_2,“ (TMTJ — =G+ =G || 976G %0
B 0
;w 9w L,w g,w ] 4
R Sghv /=g d*p
(f [ BT 2 L2k g
€ O € A uv 3
+ [i(Kuv — Kay) + 7 (b = lqu)] §q*"lql d”e

Le
f [RZ ( - Kﬁuv) + ﬁ (fuv - fﬁuv)] Spl“’v Ip| d39>
FrpFHP TMT’l
—_ ~Uv 4
(IZHO(TMT T >[72 ] §v-ed >

where the variation in the global action §S; resembles the electromagnetic stress-energy tensor, 7.,

while Sz =7 =7,,g"" = 655" (top row). By comparing Einstein field equations with Equations

(11)

(1), (2) and (11); it reveals that Sz =T = E, = Rc*/¢nGy, which is proportional to the fourth power
of the speed of light that in turn is directly proportional to the frequency; this in line with the
frequency cut-off predictions of vacuum energy density in QFT [17,18]. The whole action shows a
balance between the bulk and cloud-world actions as Sg §S; = — S:6Sg; but by disregarding the
contribution of the changes in the bulk action assuming the constant vacuum energy density
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condition at macroscopic scales and applying the principle of stationary action for Equation (11), the
interaction field equations are

Ruv _ 15 _ RRuv R(Kuv B :]CpAMV) B R(Kuv B qu) _ Tuv (12)
Iuv 2 + 2 -
R 2R R R4%L,. T

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 to the vacuum energy density of the bulk through the
expanding/contracting Universe. The interaction field equations feature the following:

e T, =Tu +7u/Ls T, is the Brown-York stress-energy tensor as the surface tension and L, is
vacuum penetration depth or the background curvature radius.

e T = Ej is the 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 global, R,
curvatures is significant.

The interaction 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

Fy T’“’ F, ,13'-"1, _ R,
/MT guv guv g 59 d*o

( f [R,W RR,, R R Ly LL, L
C

R g e E g g+ En] S0 4

€
+ f [i(K#V - Kq\llv) + Z(luv - lq\uv)] Sq#vv lql d3@
ac

FapF Fl

1
_ - A _ ~ IM uv 4
(LZuO(T wh = Gt )LR doaa )

By transforming intrinsic curvature of the bulk, R,, /R = 0§, where the bulk’s metrics can be

(13)

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

1 1 R R
Ruv - ER (guv - Zguv) [( Kp/w - i (Kuv - :quw)]

Vacuum Softening Geometric Mismatch (Slip)
(14)
4G R T uv
= T v + =
c* N L
Matter Stress <
Coupling Surface tension

where §,, = gy — % Juv, describe the spacetime background softening and it is the conformally
transformed metric counting for contributions of cloud-world metric, g,,, and bulk’s intrinsic
curvature based on §,, metric, whereas Einstein spaces are a subclass of the conformal space [14].
Similarly, the conformally transformed induced metric on the cloud-world’sboundary is §,, = qu, +
¢quy- The simplified interaction field equations feature:

e The term —RR,, /R = %R G = %R 9uwQ? = 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.

These interaction field equations can remove the singularities by the geometric mismatch slip.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Application of the Interaction Field Equations: Morphology of the Active
Galactic Nucleus

In this section, we utilize the interaction field equations to model the core of a galaxy as a 4D
relativistic cloud-world traveling in a curved 4D conformal bulk, as preferred by the PL18 release.
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 interaction field equations in
Equation (14) as

1 R _4mGr . R(% — KDpy) — R(Kyy — K@y)

Ruv - ERg/w - _:R/w - ct uv :RLC =0 (15)

R

These interaction 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 density 7. The field equations in
Equation (15) yield the following:

1 R 1 . 1 2
Ruv = ERg/w + ﬁithv = ERg/w + 0Yuy = ERglw(l + 200 ) =0 (16)

where §,, := Ry /R = Ry /Ry ", represents the intrinsic metric of the bulk reflecting the intrinsic
curvature of the bulk. The conformally transformed metric, §,, = gy + 0w = g (1 + 2007), can
be expressed as

ds? = —A()(1 + 20Q2(r,))c?de? + S*(B(r)(1 + 20Q2(r,7))dr? + r2d6? + r’sin?0 dp?)  (17)

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 7, which can be influenced by the cloud-world
curvature radius. S? is a dimensionless conformal scale factor. By performing the coordinate
transformation as follows

ds? = —(A(D) + 24D a2 (4, 7)) c?dt? + (B(A) + 2B(D)oQ?(4,7))dA? + A2d6? + A?sin?0 dp?  (18)
The derivations of these functions in Ref. [21] are

-1 2G
) LA =1-2
rc

GyM, (1 _2GM

fc2

ZGM)‘1

~ (19)
rc

M B = (1-

oQ?(r,7) = — 2

where the conformal function Q7 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 (7 — ). The minus sign of Q? reveals a spatial
shrinking through evolving in the conformal time, which agrees with the vortex model, the positive
and negative solutions of Equation (19) indicate that the evolution is in opposite directions. This
means that the central event horizon leads to opposite vortices (traversable wormholes).
Consequently, the conformally transformed metric tensor, ., = gy + 0Gu = g (1 + 20Q%), is

r, T /
d52=(1—%—7€) —c2dt? + 5

dr? N r2d0?% + r?sin’0d > \

(20)
Lok )
1+ T2 r 1 7S~ 7 /

This metric reduces to the Schwarzschild metric in a flat background (# — ). The potential of
this metric has been discussed in Ref. [21]. The conformally transformed metric can be visualized by
evolving in the conformal time by using the Flamm’s approach as

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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. - — 1 (21)
W(T.T)=+f 7 dr =+ rs(r—rs)—rp?+0+c

where € is a constant, and O denotes less significant terms. The visualization of Equation (20) as the
scenario of the galaxy formation and evolution as a 4D relativistic cloud-world in a curved
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 background of metric g, .

The evolution of
The evolution the bulk intrinsic
of the bulk curvature R (a
extrinsic possible
curvature K dircction
(the cxpansion ~ depending on the
of the slice due ~ gravitational
to the expansion influence of the

of the Universe) surrounding
structure)

b) the evolution of the
4D cloud-world after
several Gyrs of the
conformal time

Conformal Time (Gyr)

a) the 4D cloud-world of
an intrinsic curvature R
and extrinsic curvature K
at an mstant. of the P
conformal time

A 3D slice of the -

Universe at an instant

of the conformal time

\ Conformal Spacctime (Bulk)

Figure 1. The hypersphere of a compact core of a galaxy (the red—orange 4D cloud-world) along with its flow
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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4. Gravitational, Electromagnetic, and Quantum Interaction Field Equations

Regarding the wave-particle duality and analogous to the constant modulus of the bulk,
—FpoF A [4p,, the curvature of the bulk, including both that which is conformal, ®R,,§*", and
induced by a celestial object, R,,g"", can be considered constant regarding quantum fields,
Lag L*B /2x,. Thus, the dual action in Equation (3) can be extended in terms of the quantum waves, as

—F, FAP uv uv aty. qBy
S = f[ Ap ]\/_f[ wd ]\/—f [pﬂpvq aﬁq 2y 4 \/__qﬁzdlza (22)
B

4#0 uv.glw T[#T[vg” a[igaAL/lyg'By

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,3L% /2, are Lagrangian densities of two entangled
quantum fields of a metric tensor q,, and four-momentum p,p* respectively, while, m,m# are the
four-momentum of vacuum energy of a Lagrangian densities L,5L% /2y, , lastly, x, is a
proportionality constant. By considering the induced curvature by the cloud-world in the bulk, the
conceptual picture can be simplified into an interactive flow of 4D relativistic quantum clouds with
vacuum energy of a field strength that relies on the bulk curvature, which harmonizes the dual-action
concept. The action should hold for any variation: 8S = S5Sc6Sg + SpSe8Sc + ScSg8Sp, as follows

_TApTyp5§M | [ R 89" + 9"’ Ry,
2ug R
gAY SF, FP GHY 4 GHV
5Sy = f —g#-l' /_g d4'0'; 8S; = f _:Rﬂv 59 +4g (s:RuvR /_g d4p;
B 210 c R?
FapF ™ 409" _wde™
8up | - 2R ' (23)

5,

PuPv8q™ + 4" 8(pupy) b (mym,)89" + g 6(mumy) _ pup” 489"
T, H (n nu)z mmt 2
_ s [ g4
a B e ar al B B¢ ai al B v —qdia
Q LaBLA(Sq +q SLW;L/1 L Lab LopLy 6q* +q (SL,ZBLA L Lab qﬂv(Sq”
LopL?P b (LopLaF)? BT 4L, LB

By considering the boundary term of the quantum cloud, fQ qt*vé (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 @, can represent the flow of the four-current j, through the cloud
boundary dQ, where multiplying this current by the four-potential that is generated by the current
itself, A,, and that which is externally applied, B,, gives the following scalar: 6p, = & V(E/c—p) =
(A, + B,)J*. This deduction is based on the gauge theory. However, the cloud’s volume and its
boundary surface should be considered. The boundary term signifies two entangled quantum clouds

A a
f [q" 6(pupv)]\/_d4 - f [Eh(“‘p ¥ Bp)ealAy + By)e? ]\/—_€d3§ (24)
29Q

m m
T, T T, T

The variation in this transformed boundary term with relabeling A4, + B, as A, gives

A JPA8e  eM§ (1A, JPA A JP A% 5y —e
J- € ]A p] Y + (]/1 p] y)+]A p] _]AAp]pAA ( u \/_d3 (25)
aQ m T V= (m,m )
Equation (25) yields
]AAp]pAy 1]AAp]pAl 5(]AA ]pAy) 2 6(7'[;4771/) 2 u Ty Ay
LQ&[ T,k 2 T,k ey + 2¢ ’W] ApJPA*Sey, —2 "vrrﬂn“&g"v 20 T, be't=e d’ (26)
here e? = —e;,6e" /8¢y, and 9% = §In(J;4,]°A,)/Slne;, resemble the Ricci flow in a normalized
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form, reflecting the conformal distortion in the boundary, which can be expressed as a conformal
function @2, while ey, is the induced metric on the quantum cloud’s boundary. The last three terms
in Equation (26) can be treated as

p — p
J- [ y DI seM—e d3g :J- [e/w S AV)e’W] seM\—e d3g
a9Q

]/’V‘lp]pA)L ]AAp]pA 59/1}/ (27)
oin(J,A4,]PA
= [ [y Znlatel4y) 2 o= - [ lewol etz s
) Slney,
On the other hand, the cloud-world’s boundary term can be transformed as
gw‘g(”uEV) J- [pup" 9uv5(”u7TV) ]
J—qdta g\ [—q d*a
-[2 (m, M) T P m,mt T, mT,ghv e g, 28)

pﬂp 5ln(ﬂuﬂv) w [ 4 _f pl‘p w [— 4
f[nﬂn” sing,, 59 qda q’“’ oq qd’a

where @, represents the metric of the bulk regarding its extrinsic curvature. Accordingly, the
variation in the whole action with renaming the dummy indices is

1 . FroF*qunbq"  FopFY¥ _ - —
— (_f [Z_II()(THATVA(S‘QHV _ P 4[11/ _ PZ gﬂv(sg;w guv /_g d40
B

R R Rg

uv uv uv 4

A R——2E| g gt [—g d*p
(.fc R R? R ] >

PP m,m, p,p"q
ut v " v
_f w 2PP - 8q"\/—qd*a
o | (mm) " mat 2
Ly, LY L, LY L, L% L..LaB
ey ap _ Lapl® — Lagl ap] o —
Lggl 5q d
f [ oc,BL B (LaﬁLaﬁ)z ap LaﬁLa'B quv z, L“ﬁ 4 J—q d*a

AJPA, 1aApJMAP  JAnJ*AP J2A]" AP
—€ Z e, — Be,, — 2P
30 n#n!‘ 2 mmh H T, T K T,

ﬁzeuv] setVV—e d3s  (29)

2
uv

uv

y) y)
e f pp, | J,AI°A, _1GAT A 0 J,A,J" AP
a0 ™ T, + 2 nﬂn" nﬂn"

_ 5 J'A

m,

192 wl s0"'\/-a d* )

By applying the principle of stationary action with choosing € as a time-like entity, the whole
action gives

Pubv _ PuP® N I
m,mt 2m,mH Qv T, T T T, 21, T
(30)
+ pup# chﬂpgpc'qv _ Jﬂcﬂvglﬂpc;w _ L;ng - LaﬁLaﬁfyv/‘l'
m, mH m, mH 2m,mH (Lyalf — LaﬁL“ﬁfﬂv/ll)g"“’

where (L, Ly — LaﬁL"‘ﬁ Suw/%)/xo represents the stress energy tensors originated from the
Lagrangian densities of two entangled quantum fields that are considered as 4D relativistic quantum
clouds, whereas (L,,Ly — LaﬁL‘xﬁfw /4)g*" is the overall stress-energy scalar of the cloud-world
and the bulk. The third term in the left hand side in Equation (30) can be transformed as
(pup* /7y )y, /nt = (pup* /)t g, /T = (" /T ) g, ; Where g, is the metric tensor of
the parent cloud-world 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, g, and
the contributions from the metric tensor of the cloud-world, §,, =: g,,, regarding its intrinsic
curvature.
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By decoupling the entangled quantum fields in Equation (30) and using dimensional analysis,

P —lp”(q —-0g )—(A,J —X4,.J%(e,, — 06,, + c& )u"
U uv uv v Ao uv uv uv

1 1 o 5 5 v hGg v 1 v S
+ )—{(c/q”(jv — Z‘AUJ (e,W — 08, + gew) uv = m(Twu + )—{T,Wu )
where 7, =T, u’ in units of (kg/(m.s?)) represents the momentum density flux, u¥ is a

dimensionless four-velocity, p, is the four-momentum in (kg.m/s) units, and the coupling
parameter is in (m’.s) units. The proper acceleration a = W controls the strength of vacuum-
object coupling. For confined systems such as hadrons, an invariant confinement acceleration a ,,; =
m,c3/h characterizes the extreme causal forcing required to localize color degrees of freedom. An
effective gravitational-like coupling emerges, Gs = hic/m; ~ 10°%G. In addition, by applying the
transformation approach of the bulk boundary term, the equations can be simplified to

1 _ 1 1 _
Pu — Evaq;w - (Ay_]v - Aa]UAeuv + Céuv + )_( (C'q;ujv - ZCAUJUAe;w + Cem/)> u”

&
Metric Mismatch: Boundary Potentials
Virtual Mass Drag (32)

_ hG; (
" 2ac?

T u’ + )—{ ‘L'm,u”)

Quantum Source Flux

where Aq,, represents the metric mismatch between the quantum cloud’s metric and the bulk metric
giving rise to virtual mass drag. The simplified equations in terms of operators are

hG,
2ac?

1 . 1 ~
pf\#lp _ Eﬁquuvlp _ F#EM anChorl/) + }THVCuum BOOStlp — g—;tl/) (33)

where p, is the momentum operator and J, is the stress-energy (gravitational) operator. A plane
wavefunction, 1 = Ae~{@t=) = ge~tu*" can be expressed by utilizing Equation (31) as i =
Ae IR M T here k, is the 4-momentum vector and x* is the spacetime position; thus:

1 o _ 1
xH [ihau 31080, 44, (8, +8,) + A, (B + 65,) ] ¥ =5 hROp (34)

where R = /x#x, is the radial distance from the parent cloud-world center. Figure 2 shows the
quantum cloud where 7, is the stress energy flux on the inner surface S; and n is the unit normal.

Figure 2. The deformed configuration of the 4D relativistic quantum cloud of metric q,, 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.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202010.0320.v12
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2026 d0i:10.20944/preprints202010.0320.v12

11 of 15

5. Reproducing Concepts in Quantum Electrodynamics

The quantum 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, q,, —

Ny, Of metric signature (+,—,—,—) and using G as the present gravitational parameter as
_ 1 . 1o , G,
(R0 = 510 Mt — (44, = 2 J* AV 0¥ = 55 T (36)

where the conformal metric is q,, + ¢G,,. From Equation (36), the expected value of the quantum
cloud’s volume is V = hG/ca. This reveals that the quantum cloud’s volume is quantized and is
reliant on gravitational strength. Therefore, for a single electron of mass m (deemed as having the
same properties from all directions), the stress-energy vector of the quantum cloud is then T, =
mc?/V = mgc®/hG. Accordingly, the field equations are

iy (% + ﬁ) »— %ihy" (% - ﬁ) (1,-1,-1,~1)p — (]"A# - % ]“A"Z,n,) b = %mclp (37)

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* = eyy*1, then
1 9, - 1 _ 1
inyt (47 ) =S eyt = S mep (39)
where the four-current density is J* = eyy*1, and e is the charge of a single electron, thus, Equation
(38) can be reformatted along with the normalization condition as

ihy o, —mcyp = ey*A, Y (39)

This resembles the Dirac equation and the interaction with the electromagnetic field, which is
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 [22-26]. 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 (1) and (14), the Newtonian gravitational parameter is

C4

Go =
R 4AmE,

(40)

where R = R, §"" is the scalar curvature of the conformal bulk. According to Equation (40), Gy 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, Ep =
_TlpglyTyagpa/zl'ﬂo-

In addition, although the ground state of £ 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
Gx on the curvature of the bulk is discussed and visualized as in the following.

Regarding the Earth, Figure 3 shows the curvature of its background, the curved bulk owing to
the Sun presence. In this curved background (curved bulk), 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 Moon'’s position as shown by the blue and red-
dotted curves.
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Point A

The Moon is in between
the Sun and Earth

The Moon is away from
the Sun and Earth

N Towards a flat

- ol

background

|
|
|
|
|
|
| RN
|
|
|
|
|
|
|

The difference in the induced
curvature depending on the position

hich ts Earth’
¥—__ which represents Earth’s of the Moon

background curvature

|
The induced curvature by the Sun, !
i
|

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.

Figure 4 shows six of Gz values by measurements: BIPM-14 [27], BIPM-01 [28], UCI-14 [29],
UZur-06 [30], JILA-10 [31] and HUST-05 [32]. 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™ 1 m3 kg~! s72 [33].

BIPM-14 ——
BIPM-01 e
uCl-14 4 ]
UZur-06 e
JILA-10 | ——

HUST-05 f o i

CODATA-14 —e—
T T T T
6.671 6.672 6.673 6.674 6.675 6.676

Gr(x1071t m3 kg1 s72)
Figure 4. 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 [23] can be attributed to the differences in the curvature of the bulk
at the time that the measurements were conducted, as stated in Equation (40), owing to varied
positions of the Moon and other nearby planets. 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.
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7. Conclusions and Future Works

This study presented interaction field equations in terms of the brane-world modified gravity
and the perspective of geometrization of quantum mechanics. This study considered the global
curvature of the Universe as the curvature of a 4D conformal bulk and distinguished it from the
localized curvature that is induced in the bulk by the presence of celestial objects that are modeled as
relativistic 4D cloud-worlds. The derived interaction field equations are

1 1_ 1 R R ~
R, — ER (g;w - Zguv) + L. [(Kuv - Kpuv) - %CK!W - :qu“’)]
D —— e ——— ¢

Vacuum Softening Geometric Mismatch (Slip)
(41)
4G R T#v
4 wv L
X\ st —
> atter Stress
Coupling Surface tension

These interaction field equations indicate 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 to the vacuum energy density of the bulk through the expanding/contracting Universe.
Similarly, quantum clouds are modeled as localized geometric excitations embedded in a structured
vacuum background or 4D relativistic quantum clouds that are embedded in vacuum energy. The
quantum field equations:

1 1 hG 1
pﬂ _ EvaqIW _ FMEM Anchor + )_(THchum Boost _— Zacsz (leuv + )_{T’Wuv>

Virtual Mass Drag Boundary Potentials Quantum Source Flux

(42)

where Agq,, represents the metric mismatch between the quantum cloud’s metric and the bulk metric
giving rise to virtual mass drag. 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 relies on the bulk curvature. A plane

wavefunction, 1 = Ae {(@t=kx)

Ae iR 2Me) Tuxk .

can be expressed by utilizing the Equation (42) as ¥ =

1 1 1
i 100, = 580" g0 ) — a(4,06,0) + 4(A,0,) ] ¥ =5 hRO 43)

Finally, in order to test or falsify the derived interaction field equations, a relationship between
the Newtonian gravitational ‘constant’, Gy ,and the background curvature has been found as

(,‘4

Go =
R 7 4nE,

(45)

where R = R, §"¥ is the scalar curvature of the conformal bulk. According to Equation (45), Gx 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;,. However, the bulk modulus, E,, may
change as well, which reduces the change in Gz. To achieve precision measurements of Gz, 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 the
observed differences in the precision measurements of Gy according to the interaction field
equations. Future precision experiments should aim to address this issue of inconsistent Gg
measurements by accounting for the influence of these celestial bodies.
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Appendix A

The conformal time 7 is associated with the scale factor, a, according to the conformal time
formula dt = adn. As shown in Figure A1, both the radius of curvature and the scale factor increase
through the conformal time, where this curvature can be expressed as the global curvature or the

curvature of the 4D conformal bulk.

Scale factor a
U U >

The same celestial object

below after Gyrs of the @i
conformal time is facing §;
a flatter bulk (global) cur- éwl
vature g/
5!
@
i
<l
3 A
5 -
8! 2
& 9
g y
A celestial object is inducing Q/ E
curvature in the curved --":-_-.5:f ! =
global bulk B/ =
: =]
if Early Universe’s scale factor ap g
o :
/ i e e e ] b
/!’”—\
g . «
i Conformal Spacetime (Bulk) e
: &/
:’ ‘@'/;
i C:vé@/
! /
/ >
i _é,e’ Py
; &S
: 13’ /)
! Q,,b‘\
i s @»/-'éa:
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Figure A1. The evolution of the conformal curvature based on the scale factor.
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