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Article 

Celestial and Quantum Dynamics as 4D Relativistic 
Cloud-Worlds Embedded in a 4D Conformal Bulk: 
From String to Cloud Theory 
Mohammed B. Al-Fadhli 

University of Basrah, Basrah 61004, Iraq; mo.fadhli7@outlook.com 

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]. 
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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 3σ [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, 𝐸𝐸𝐷𝐷, in terms of energy density via an 
analogy with elasticity theory [13]. 𝐸𝐸𝐷𝐷  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, 𝓕𝓕𝝀𝝀𝝀𝝀, by 
using Lagrangian formalism of energy density existing in the bulk as vacuum energy density as 

𝐸𝐸𝐷𝐷 =
𝑇𝑇𝜇𝜇𝜇𝜇 − 1

2𝑇𝑇𝑔𝑔𝜇𝜇𝜇𝜇  
𝑅𝑅𝜇𝜇𝜇𝜇/ℛ

𝑔𝑔𝜇𝜇𝜇𝜇

𝑔𝑔𝜇𝜇𝜇𝜇 =
−ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆

4𝜇𝜇0
 (1) 

where the stress is signified by the stress-energy tensor 𝑇𝑇𝜇𝜇𝜇𝜇 of trace 𝑇𝑇, while the strain is signified by 
the Ricci curvature tensor 𝑅𝑅𝜇𝜇𝜇𝜇 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 

𝑆𝑆 = 𝐸𝐸𝐷𝐷 � �
𝑅𝑅
ℛ

+
𝐿𝐿
ℒ

� �−𝑔𝑔 𝑑𝑑4𝜌𝜌
 

𝐶𝐶
  (2) 

where 𝑅𝑅 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 𝑔𝑔𝑢𝑢𝑢𝑢  and Lagrangian density 𝐿𝐿 

while ℛ is the scalar curvature of the 4D conformal bulk of metric 𝑔𝑔�𝜇𝜇𝜇𝜇  and Lagrangian density ℒ 
as its internal stresses and momenta due to its curvature. 
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Given that the modulus of the bulk, 𝑆𝑆𝐷𝐷, 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: 

  𝑆𝑆 = � �
−ℱ𝜆𝜆𝜆𝜆𝑔𝑔�𝜆𝜆𝜆𝜆ℱ𝛾𝛾𝛾𝛾𝑔𝑔�𝜌𝜌𝜌𝜌

4𝜇𝜇0
�

 

𝐵𝐵
�−𝑔𝑔�  � �

𝑅𝑅𝜇𝜇𝜇𝜇𝑔𝑔𝜇𝜇𝜇𝜇

ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇 +
𝐿𝐿𝜇𝜇𝜇𝜇𝑔𝑔𝜇𝜇𝜇𝜇

ℒ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇�
 

𝐶𝐶
�−𝑔𝑔 𝑑𝑑4𝜌𝜌 𝑑𝑑4σ (3) 

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  𝑑𝑑4𝜌𝜌 𝑑𝑑4σ = 𝜑𝜑2 𝑑𝑑8𝛼𝛼, where 𝑑𝑑4𝜌𝜌 is the standard 
four-dimension of Einstein–Hilbert action concerning a celestial object (conventional energy), 𝑑𝑑4σ is 
the four-dimension of the conformal bulk (vacuum energy) regarding the global curvature, and 𝜑𝜑2 
is a dimension-hierarchy factor. The bulk metric, 𝑔𝑔�𝜇𝜇𝜇𝜇 , and the cloud-world metric, 𝑔𝑔𝑢𝑢𝑢𝑢, are correlated 
by Weyl’s conformal transformation as 𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔𝜇𝜇𝜇𝜇Ω2 , where Ω2  is a conformal function [14]. The 
global-local action should hold for any variation, where the whole variation is 𝛿𝛿𝛿𝛿 = 𝑆𝑆𝐵𝐵 𝛿𝛿𝑆𝑆𝐶𝐶 + 𝛿𝛿𝑆𝑆𝐵𝐵  𝑆𝑆𝐶𝐶 , 
i.e., 𝑆𝑆𝐵𝐵 𝛿𝛿𝑆𝑆𝐶𝐶 = −𝛿𝛿𝑆𝑆𝐵𝐵  𝑆𝑆𝐶𝐶 , which shows a balance between the bulk and cloud-world actions, and both 
action variations are 

𝛿𝛿𝑆𝑆𝐵𝐵 = �

⎣
⎢
⎢
⎢
⎡−ℱ𝜆𝜆𝜆𝜆ℱ𝛾𝛾

𝜌𝜌𝛿𝛿𝑔𝑔�𝜆𝜆𝜆𝜆 − 𝑔𝑔�𝜆𝜆𝜆𝜆𝛿𝛿ℱ𝜆𝜆𝜆𝜆ℱ𝛾𝛾
𝜌𝜌

2𝜇𝜇0 

+ℱ𝜆𝜆𝜆𝜆𝑔𝑔�𝜆𝜆𝜆𝜆ℱ𝛾𝛾𝛾𝛾𝑔𝑔�𝜌𝜌𝜌𝜌 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔𝜇𝜇𝜇𝜇

8𝜇𝜇0 ⎦
⎥
⎥
⎥
⎤

 

𝐵𝐵
�−𝑔𝑔� 𝑑𝑑4σ, 

𝛿𝛿𝑆𝑆𝐶𝐶 = �

⎣
⎢
⎢
⎢
⎡

𝑅𝑅𝜇𝜇𝜇𝜇𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇 + 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑅𝑅𝜇𝜇𝜇𝜇

ℛ
−

ℛ𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇 + 𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿ℛ𝜇𝜇𝜇𝜇

ℛ2 𝑅𝑅 −
𝑔𝑔𝜇𝜇𝜇𝜇𝑅𝑅𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇

2ℛ 

+
𝐿𝐿𝜇𝜇𝜇𝜇𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇 + 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝐿𝐿𝜇𝜇𝜇𝜇

ℒ
−

ℒ𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇 + 𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿ℒ𝜇𝜇𝜇𝜇

ℒ 2 𝐿𝐿 −
𝑔𝑔𝜇𝜇𝜇𝜇𝐿𝐿𝐿𝐿𝑔𝑔𝜇𝜇𝜇𝜇

2ℒ ⎦
⎥
⎥
⎥
⎤

 

𝐶𝐶
�−𝑔𝑔 𝑑𝑑4𝜌𝜌 

(4) 

where 𝛿𝛿�−𝑔𝑔 = −�−𝑔𝑔 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔𝜇𝜇𝜇𝜇/2  [15]. By considering the boundary term of the cloud-world, 
∫ 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑅𝑅𝜇𝜇𝜇𝜇�−𝑔𝑔 𝑑𝑑4𝜌𝜌/ℛ 

𝑐𝑐 , the variation in the Ricci curvature tensor, 𝛿𝛿𝑅𝑅𝑢𝑢𝑢𝑢, can be expressed in terms of 
the covariant derivative of the difference between two Levi-Civita connections, the Palatini identity, 

𝛿𝛿𝑅𝑅𝜇𝜇𝜇𝜇 =  𝛻𝛻𝜌𝜌(𝛿𝛿𝛤𝛤 𝜈𝜈𝜈𝜈
𝜌𝜌 ) − 𝛻𝛻𝜈𝜈(𝛿𝛿𝛤𝛤 𝜌𝜌𝜌𝜌

𝜌𝜌 ); this variation with respect to the inverse metric, 𝑔𝑔𝜇𝜇𝜇𝜇 , can be obtained 
by using the metric compatibility of the covariant derivative, ∇𝜌𝜌𝑔𝑔𝜇𝜇𝜇𝜇 = 0  [15], as 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑅𝑅𝜇𝜇𝜇𝜇 =
𝛻𝛻𝜌𝜌�𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝛤𝛤𝜈𝜈𝜈𝜈

𝜌𝜌 − 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝛤𝛤 𝜎𝜎𝜎𝜎
𝜎𝜎 �. Therefore, the boundary term as a total derivative for any tensor density can 

be transformed based on the Stokes’ theorem as 

  � �
𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑅𝑅𝜇𝜇𝜇𝜇

ℛ
� �−𝑔𝑔  𝑑𝑑4𝜌𝜌

 

𝐶𝐶
= �

1
ℛ

�𝛻𝛻𝜌𝜌�𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝛤𝛤𝜈𝜈𝜈𝜈
𝜌𝜌 − 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝛤𝛤 𝜎𝜎𝜎𝜎

𝜎𝜎 ���−𝑔𝑔  𝑑𝑑4𝜌𝜌
 

𝐶𝐶
 

= �
1
ℛ

�𝛻𝛻𝜇𝜇𝐻𝐻𝜇𝜇��−𝑔𝑔  𝑑𝑑4𝜌𝜌
 

𝐶𝐶
= 𝜖𝜖 � �

𝐾𝐾
ℛ

� �|𝑞𝑞| 𝑑𝑑3𝜚𝜚
 

𝜕𝜕𝜕𝜕
    

(5) 

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 

� �
−𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿ℛ𝜇𝜇𝜇𝜇

ℛ2 𝑅𝑅� �−𝑔𝑔  𝑑𝑑4𝜌𝜌
 

𝐶𝐶
= � �

𝑅𝑅
ℛ  

𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿ℛ𝜇𝜇𝜇𝜇

𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇� 𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇�−𝑔𝑔  𝑑𝑑4𝜌𝜌
 

𝐶𝐶
  

= � �
𝑅𝑅
ℛ  

𝛿𝛿𝛿𝛿𝛿𝛿ℛ𝜇𝜇𝜇𝜇

𝛿𝛿𝛿𝛿𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇 𝑔𝑔�𝜇𝜇𝜇𝜇� 𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇�−𝑔𝑔  𝑑𝑑4𝜌𝜌
 

𝐶𝐶
= � �

𝑅𝑅
ℛ  𝑔̿𝑔𝜇𝜇𝜇𝜇� 𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇�−𝑔𝑔  𝑑𝑑4𝜌𝜌

 

𝐶𝐶
  

(6) 

where −𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇/𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇 while ∅2 = 𝛿𝛿𝛿𝛿𝛿𝛿ℛ𝜇𝜇𝜇𝜇/𝛿𝛿𝛿𝛿𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇 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 𝑔̿𝑔𝜇𝜇𝜇𝜇 = 𝑔𝑔�𝜇𝜇𝜇𝜇∅2/Ω2 = 𝑔𝑔𝜇𝜇𝜇𝜇∅2. 
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By using the first approach of the boundary term’s transformations given in Equation (5), the 
transformed boundary action, 𝑆𝑆𝑏𝑏, is 

𝑆𝑆𝑏𝑏 = � 𝜖𝜖 �
𝑓𝑓𝜆𝜆

2𝜇𝜇0
�

 

𝜕𝜕𝜕𝜕
�|𝑞𝑞�| �𝜖𝜖 � ��

𝐾𝐾
ℛ

� + �
𝑙𝑙
ℒ

��
 

𝜕𝜕𝜕𝜕
�|𝑞𝑞| − 𝜖𝜖 � ��

𝑅𝑅𝑅𝑅
ℛ2 � + �

𝐿𝐿ℓ
ℒ 2�� �|𝑝𝑝|

 

𝜕𝜕𝜕𝜕
� 𝑑𝑑3𝜚𝜚 𝑑𝑑3ς (7) 

where 𝐾𝐾 and 𝒦𝒦 are the traces of the cloud-world and the bulk extrinsic curvatures, respectively; 𝑙𝑙 
and ℓ are the extrinsic traces of the Lagrangian density on the cloud-world and the bulk boundaries, 
respectively; 𝑞𝑞 and 𝑝𝑝 are the determinants of their induced metrics, respectively; and 𝜖𝜖 equals 1 
when the normal 𝑛𝑛�𝑢𝑢 is a spacelike entity and equals -1 when it is a timelike entity. 𝑓𝑓𝜆𝜆 = ℱ𝜆𝜆𝜆𝜆𝐽𝐽𝜌𝜌 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, 𝜖𝜖 ∫ 𝐾𝐾�|𝑞𝑞|𝑑𝑑3𝜚𝜚/ℛ 

𝜕𝜕𝜕𝜕 , the variation in the transformed 
boundary term is 

𝜖𝜖
ℛ

� �𝐾𝐾𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇 + 𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝐾𝐾𝜇𝜇𝜇𝜇 + 𝐾𝐾
𝛿𝛿�|𝑞𝑞|

�|𝑞𝑞|
− 𝐾𝐾

𝛿𝛿ℛ 

ℛ  � �|𝑞𝑞| 𝑑𝑑3𝜚𝜚
 

𝜕𝜕𝜕𝜕
 (8) 

where 𝐾𝐾 = 𝐾𝐾𝜇𝜇𝜇𝜇𝑞𝑞𝜇𝜇𝜇𝜇 . By utilizing the Jacobi’s formula for the determinant differentiation, 𝛿𝛿�|𝑞𝑞| =
−�|𝑞𝑞| 𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇/2 and the variation in the metric times the inverse metric, 𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇 = −𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇, the 
variation in the boundary term of the cloud-world is 

𝜖𝜖
ℛ

� �𝐾𝐾𝜇𝜇𝜇𝜇 −
1
2

𝐾𝐾 �𝑞𝑞𝜇𝜇𝜇𝜇 + 2𝑞𝑞𝜇𝜇𝜇𝜇
𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇

𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇𝐾𝐾 
− 2∅2𝑔𝑔�𝜇𝜇𝜇𝜇

𝛿𝛿ℛ𝜇𝜇𝜇𝜇

𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇ℛ
− 2∅2 ℛ𝜇𝜇𝜇𝜇

ℛ
�� 𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇�|𝑞𝑞| 𝑑𝑑3𝜚𝜚

 

𝜕𝜕𝜕𝜕
 (9) 

Equation (9) can be simplified to 

𝜖𝜖
ℛ

� �𝐾𝐾𝜇𝜇𝜇𝜇 −
1
2

𝐾𝐾 �𝑞𝑞𝜇𝜇𝜇𝜇 + 2𝜔𝜔2𝑞𝑞𝜇𝜇𝜇𝜇 − 2𝜑𝜑2�𝑞𝑞𝜇𝜇𝜇𝜇 − 𝑞𝑞𝜇𝜇𝜇𝜇𝜗𝜗2��� 𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇�|𝑞𝑞| 𝑑𝑑3𝜚𝜚
 

𝜕𝜕𝜕𝜕
 (10) 

where𝜔𝜔2 = 𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇/𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇𝐾𝐾 = (𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇/𝐾𝐾𝜇𝜇𝜇𝜇)(𝑞𝑞𝜇𝜇𝜇𝜇/𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇) = 𝛿𝛿ln𝐾𝐾𝜇𝜇𝜇𝜇/𝛿𝛿ln𝑞𝑞𝜇𝜇𝜇𝜇  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 
ℛ𝜇𝜇𝜇𝜇/ℛ = ℛ𝜇𝜇𝜇𝜇/ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑞𝑞𝜇𝜇𝜇𝜇𝜗𝜗2. Thus, the boundary term is 𝜖𝜖 ∫ �𝐾𝐾𝜇𝜇𝜇𝜇 − 𝐾𝐾𝑞𝑞�𝜇𝜇𝜇𝜇/2�𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇�|𝑞𝑞| 𝑑𝑑3𝜚𝜚/ 

𝜕𝜕𝜕𝜕
ℛ , where 𝑞𝑞�𝜇𝜇𝜇𝜇 = 𝑞𝑞𝜇𝜇𝜇𝜇 + 2𝑞𝑞𝜇𝜇𝜇𝜇𝜔𝜔2 − 2𝑞𝑞𝜇𝜇𝜇𝜇∅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 𝛿𝛿𝛿𝛿 = 𝑆𝑆𝐵𝐵 𝛿𝛿𝑆𝑆𝐶𝐶 +  𝑆𝑆𝐶𝐶𝛿𝛿𝑆𝑆𝐵𝐵  with renaming 
the dummy indices, is 

𝛿𝛿𝛿𝛿 = �− � �
1

2𝜇𝜇0
�ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈

𝜆𝜆 −
ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆

4
𝑔𝑔�𝜇𝜇𝜇𝜇 +

ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈
𝜆𝜆

2
𝑔𝑔�̅𝜇𝜇𝜇𝜇�� 𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇𝑑𝑑4σ

 

 

𝐵𝐵
� 

�� �
𝑅𝑅𝜇𝜇𝜇𝜇

ℛ
−

ℛ𝜇𝜇𝜇𝜇

ℛ2 𝑅𝑅 −
𝑔𝑔𝜇𝜇𝜇𝜇

2ℛ
𝑅𝑅 +

𝐿𝐿𝜇𝜇𝜇𝜇

ℒ
−

ℒ𝜇𝜇𝜇𝜇

ℒ 2 𝐿𝐿 −
𝑔𝑔𝜇𝜇𝜇𝜇

2ℒ
𝐿𝐿� 𝛿𝛿𝑔𝑔𝜇𝜇𝜇𝜇�−𝑔𝑔 𝑑𝑑4𝜌𝜌  

 

𝐶𝐶
 

+ � � 
𝜖𝜖
ℛ

�𝐾𝐾𝜇𝜇𝜇𝜇 − 𝐾𝐾𝑞𝑞�𝜇𝜇𝜇𝜇� +
𝜖𝜖
ℒ

�𝑙𝑙𝜇𝜇𝜇𝜇 − 𝑙𝑙𝑞𝑞�𝜇𝜇𝜇𝜇�� 𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇�|𝑞𝑞| 𝑑𝑑3𝜚𝜚
 

𝜕𝜕𝜕𝜕
 

− � �
𝑅𝑅𝑅𝑅
ℛ2 �𝒦𝒦𝜇𝜇𝜇𝜇 − 𝒦𝒦𝑝̂𝑝𝜇𝜇𝜇𝜇� +

𝐿𝐿𝐿𝐿
ℒ 2 �ℓ𝜇𝜇𝜇𝜇 − ℓ𝑝̂𝑝𝜇𝜇𝜇𝜇�� 𝛿𝛿𝑝𝑝𝜇𝜇𝜇𝜇�|𝑝𝑝|

 

𝜕𝜕𝜕𝜕
𝑑𝑑3𝜚𝜚� 

− ��
1

2𝜇𝜇0
�ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈

𝜆𝜆 −
ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆

4
𝑔𝑔�𝜇𝜇𝜇𝜇 +

ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈
𝜆𝜆

2
𝑔𝑔�̅𝜇𝜇𝜇𝜇� �

𝑅𝑅
ℛ

+
𝐿𝐿
ℒ

� 𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇�−𝑔𝑔 𝑑𝑑4𝜌𝜌
 

𝐶𝐶
� 

(11) 

where the variation in the global action 𝛿𝛿𝑆𝑆𝐵𝐵 resembles the electromagnetic stress-energy tensor, 𝒯𝒯𝜇𝜇𝜇𝜇, 
while 𝑆𝑆𝐵𝐵 = 𝒯𝒯 = 𝒯𝒯𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝛿𝛿𝑆𝑆𝐵𝐵𝑔𝑔�𝜇𝜇𝜇𝜇  (top row). By comparing Einstein field equations with Equations 
(1), (2) and (11); it reveals that 𝑆𝑆𝐵𝐵 = 𝒯𝒯 = 𝐸𝐸𝐷𝐷 = ℛ𝑐𝑐4/𝜍𝜍𝜍𝜍𝐺𝐺ℛ , 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  𝑆𝑆𝐵𝐵 𝛿𝛿𝑆𝑆𝐶𝐶 = − 𝑆𝑆𝐶𝐶𝛿𝛿𝑆𝑆𝐵𝐵 ; 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 

𝑅𝑅𝜇𝜇𝜇𝜇

ℛ
−

1
2

𝑅𝑅
ℛ

𝑔𝑔𝜇𝜇𝜇𝜇 −
𝑅𝑅ℛ𝜇𝜇𝜇𝜇

ℛ2 +
𝑅𝑅�𝒦𝒦𝜇𝜇𝜇𝜇 − 𝒦𝒦𝑝̂𝑝𝜇𝜇𝜇𝜇� − ℛ�𝐾𝐾𝜇𝜇𝜇𝜇 − 𝐾𝐾𝑞𝑞�𝜇𝜇𝜇𝜇�

ℛ2𝐿𝐿𝑐𝑐
=

𝑇𝑇�𝜇𝜇𝜇𝜇

𝒯𝒯
 (12) 

These interaction field equations can be interpreted as indicating that the induced curvature, 𝑅𝑅, 
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: 
• 𝑇𝑇�𝜇𝜇𝜇𝜇 = 𝑇𝑇𝜇𝜇𝜇𝜇 + 𝜏𝜏𝜇𝜇𝜇𝜇/𝐿𝐿𝑐𝑐; 𝜏𝜏𝜇𝜇𝜇𝜇 is the Brown-York stress-energy tensor as the surface tension and 𝐿𝐿𝑐𝑐 is 

vacuum penetration depth or the background curvature radius. 
• 𝒯𝒯 = 𝐸𝐸𝐷𝐷 is the electromagnetic stress-energy scalar representing vacuum energy density. 
• The boundary term given by the extrinsic curvatures of the cloud-world, 𝐾𝐾, and the bulk, 𝒦𝒦, is 

only significant at high energies when the difference between the induced, 𝑅𝑅, 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 

𝛿𝛿𝛿𝛿 = �− � �
1

2𝜇𝜇0
�ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈

𝜆𝜆 −
ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆

4
𝑔𝑔𝜇𝜇𝜇𝜇 +

ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈
𝜆𝜆

2
𝑔𝑔�̅𝜇𝜇𝜇𝜇�� 𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇𝑑𝑑4σ 

 

 

𝐵𝐵
� 

� � �
𝑅𝑅𝜇𝜇𝜇𝜇

ℛ
−

𝑅𝑅ℛ𝜇𝜇𝜇𝜇

ℛ2 −
𝑅𝑅

2ℛ
𝑔𝑔𝜇𝜇𝜇𝜇 +

𝑅𝑅
ℛ

𝑔̿𝑔𝜇𝜇𝜇𝜇 +
𝐿𝐿𝜇𝜇𝜇𝜇

ℒ
−

𝐿𝐿ℒ𝜇𝜇𝜇𝜇

ℒ 2 −
𝐿𝐿

2ℒ
𝑔𝑔𝜇𝜇𝜇𝜇 +

𝐿𝐿
ℒ

𝑔̿𝑔𝜇𝜇𝜇𝜇� 𝛿𝛿𝑔𝑔𝜇𝜇𝜇𝜇�−𝑔𝑔 𝑑𝑑4𝜌𝜌 
 

𝐶𝐶

+ � � 
𝜖𝜖
ℛ

�𝐾𝐾𝜇𝜇𝜇𝜇 − 𝐾𝐾𝑞𝑞�𝜇𝜇𝜇𝜇� +
𝜖𝜖
ℒ

�𝑙𝑙𝜇𝜇𝜇𝜇 − 𝑙𝑙𝑞𝑞�𝜇𝜇𝜇𝜇�� 𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇�|𝑞𝑞| 𝑑𝑑3𝜚𝜚
 

𝜕𝜕𝜕𝜕
  �  

− ��
1

2𝜇𝜇0
�ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈

𝜆𝜆 −
ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆

4
𝑔𝑔�𝜇𝜇𝜇𝜇 +

ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈
𝜆𝜆

2
𝑔𝑔�̅𝜇𝜇𝜇𝜇� �

𝑅𝑅
ℛ

+
𝐿𝐿
ℒ

� 𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇�−𝑔𝑔 𝑑𝑑4𝜌𝜌
 

𝐶𝐶
� 

(13) 

By transforming intrinsic curvature of the bulk, ℛ𝜇𝜇𝜇𝜇/ℛ = 𝜎𝜎𝑔𝑔�𝜇𝜇𝜇𝜇, 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 

𝑅𝑅𝜇𝜇𝜇𝜇 −
1
2

𝑅𝑅 �𝑔𝑔𝜇𝜇𝜇𝜇 −
1
4

𝑔𝑔�𝜇𝜇𝜇𝜇����������
Vacuum Softening

+
1
𝐿𝐿𝑐𝑐

��𝐾𝐾𝜇𝜇𝜇𝜇 − 𝐾𝐾𝑝̂𝑝𝜇𝜇𝜇𝜇� −
𝑅𝑅
ℛ

�𝒦𝒦𝜇𝜇𝜇𝜇 − 𝒦𝒦𝑞𝑞�𝜇𝜇𝜇𝜇�������������������������
Geometric Mismatch (Slip)

                                                      

=
4𝜋𝜋𝐺𝐺ℛ

𝑐𝑐4���
Coupling

�  𝑇𝑇𝜇𝜇𝜇𝜇  �
 Matter Stress 

+  
𝜏𝜏𝜇𝜇𝜇𝜇

𝐿𝐿𝑐𝑐
  

�
 Surface tension 

� 

(14) 

where 𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔𝜇𝜇𝜇𝜇 − 1
4

𝑔𝑔�𝜇𝜇𝜇𝜇 , describe the spacetime background softening and it is the conformally 
transformed metric counting for contributions of cloud-world metric, 𝑔𝑔𝜇𝜇𝜇𝜇 , and bulk’s intrinsic 
curvature based on 𝑔𝑔�𝜇𝜇𝜇𝜇  metric, whereas Einstein spaces are a subclass of the conformal space [14]. 
Similarly, the conformally transformed induced metric on the cloud-world’s boundary is 𝑞𝑞�𝜇𝜇𝜇𝜇 = 𝑞𝑞𝜇𝜇𝜇𝜇 +
𝜍𝜍𝑞𝑞�𝜇𝜇𝜇𝜇 . The simplified interaction field equations feature: 

• The term −𝑅𝑅ℛ𝜇𝜇𝜇𝜇/ℛ = 1
4

𝑅𝑅𝑔𝑔�𝜇𝜇𝜇𝜇 = 1
4

𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇Ω2 ≡ 𝛬𝛬𝑔𝑔𝜇𝜇𝜇𝜇  is the background conformal curvature term, 
which reflects the cosmological ‘constant’ (parameter). 

• 𝐺𝐺ℛ  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 
𝐺𝐺  for a special flat spacetime case. 

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

𝑅𝑅𝜇𝜇𝜇𝜇 −
1
2

𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇 −
𝑅𝑅
ℛ

ℛ𝜇𝜇𝜇𝜇 =
4𝜋𝜋𝐺𝐺ℛ 

𝑐𝑐4 𝑇𝑇�𝜇𝜇𝜇𝜇 −
𝑅𝑅�𝒦𝒦𝜇𝜇𝜇𝜇 − 𝒦𝒦𝑝̂𝑝𝜇𝜇𝜇𝜇� − ℛ�𝐾𝐾𝜇𝜇𝜇𝜇 − 𝐾𝐾𝑞𝑞�𝜇𝜇𝜇𝜇�

ℛ𝐿𝐿𝑐𝑐
= 0 (15) 

These interaction field equations can describe the interaction between a 4D relativistic cloud-
world of intrinsic 𝑅𝑅𝜇𝜇𝜇𝜇  and extrinsic 𝐾𝐾𝜇𝜇𝜇𝜇   curvatures with a stress-energy 𝑇𝑇�𝜇𝜇𝜇𝜇  and the 4D bulk of 
intrinsic ℛ𝜇𝜇𝜇𝜇   and extrinsic 𝒦𝒦𝜇𝜇𝜇𝜇  curvatures with a stress-energy density 𝒯𝒯  . The field equations in 
Equation (15) yield the following: 

𝑅𝑅𝜇𝜇𝜇𝜇 =
1
2

𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇 +
𝑅𝑅
ℛ

ℛ𝜇𝜇𝜇𝜇 =
1
2

𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇 + 𝜎𝜎𝑔𝑔�𝜇𝜇𝜇𝜇 =
1
2

𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇(1 + 2𝜎𝜎Ω2) = 0 (16) 

where 𝑔𝑔�𝜇𝜇𝜇𝜇 ∶= ℛ𝜇𝜇𝜇𝜇/ℛ = ℛ𝜇𝜇𝜇𝜇/ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇 , represents the intrinsic metric of the bulk reflecting the intrinsic 
curvature of the bulk. The conformally transformed metric, 𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔𝜇𝜇𝜇𝜇 + 𝜎𝜎𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔𝜇𝜇𝜇𝜇(1 + 2𝜎𝜎Ω2), can 
be expressed as 

𝑑𝑑𝑠𝑠2 = −𝐴𝐴(𝑟𝑟)�1 + 2𝜎𝜎Ω2(𝑟𝑟, 𝑟̃𝑟)�𝑐𝑐2𝑑𝑑𝑡𝑡2  + 𝑆𝑆2�𝐵𝐵(𝑟𝑟)�1 + 2𝜎𝜎Ω2(𝑟𝑟, 𝑟̃𝑟)�𝑑𝑑𝑟𝑟2 + 𝑟𝑟2𝑑𝑑𝜃𝜃2 + 𝑟𝑟2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃 𝑑𝑑𝜙𝜙2� (17) 

where 𝐴𝐴 and 𝐵𝐵 are functions of the cloud-world curvature radius 𝑟𝑟, while the conformal function 
Ω2  is a function of the bulk curvature radius 𝑟̃𝑟 , which can be influenced by the cloud-world 
curvature radius. 𝑆𝑆2  is a dimensionless conformal scale factor. By performing the coordinate 
transformation as follows 

𝑑𝑑𝑠𝑠2 = −�𝐴𝐴(𝜆𝜆) + 2𝐴𝐴(𝜆𝜆)𝜎𝜎Ω2(𝜆𝜆, 𝓇𝓇)�𝑐𝑐2𝑑𝑑𝑡𝑡2 + �𝐵𝐵(𝜆𝜆) + 2𝐵𝐵(𝜆𝜆)𝜎𝜎Ω2(𝜆𝜆, 𝓇𝓇)�𝑑𝑑𝜆𝜆2 + 𝜆𝜆2𝑑𝑑𝜃𝜃2 + 𝜆𝜆2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃 𝑑𝑑𝜙𝜙2 (18) 

The derivations of these functions in Ref. [21] are 

𝜎𝜎Ω2(𝑟𝑟, 𝑟̃𝑟) = −
𝐺𝐺𝑝𝑝𝑀𝑀𝑝𝑝

𝑟̃𝑟𝑐𝑐2  �1 −
2𝐺𝐺𝐺𝐺
𝑟𝑟𝑐𝑐2 �

−1

,     𝐴𝐴(𝑟𝑟) = 1 −
2𝐺𝐺𝐺𝐺
𝑟𝑟𝑐𝑐2 ,       𝐵𝐵(𝑟𝑟) =  �1 −

2𝐺𝐺𝐺𝐺
𝑟𝑟𝑐𝑐2 �

−1

 (19) 

where the conformal function Ω2 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, 𝑀𝑀𝑝𝑝, while 𝑟̃𝑟 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 ( 𝑟̃𝑟 → ∞) . The minus sign of Ω2  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, 𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔𝜇𝜇𝜇𝜇 + 𝜎𝜎𝑔𝑔�𝜇𝜇𝜇𝜇 = 𝑔𝑔𝜇𝜇𝜇𝜇(1 + 2𝜎𝜎Ω2), is 

𝑑𝑑𝑠𝑠2 = �1 −
𝑟𝑟𝑠𝑠  
𝑟𝑟

−
𝑟̃𝑟𝑝𝑝

𝑟̃𝑟
�

⎝

⎛−𝑐𝑐2𝑑𝑑𝑡𝑡2 + 𝑆𝑆2 �
𝑑𝑑𝑟𝑟2

1 + 𝑟𝑟𝑠𝑠
2 

𝑟𝑟2 − 2 𝑟𝑟𝑠𝑠  
𝑟𝑟

+
𝑟𝑟2𝑑𝑑𝜃𝜃2 + 𝑟𝑟2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃𝜃𝜃𝜙𝜙2

1 − 𝑟𝑟𝑠𝑠  
𝑟𝑟 −

𝑟̃𝑟𝑝𝑝
𝑟̃𝑟

�

⎠

⎞ (20) 

This metric reduces to the Schwarzschild metric in a flat background (𝑟̃𝑟 → ∞). 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 
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 𝒲𝒲(𝑟𝑟�, 𝑟𝑟)  = ∓ �

��𝑟𝑟𝑠𝑠 
𝑟𝑟 − 𝑟𝑟𝑠𝑠2 

𝑟𝑟2 −
𝑟𝑟�𝑝𝑝
𝑟𝑟� �

�1 − 𝑟𝑟𝑠𝑠 
𝑟𝑟 �

  𝑑𝑑𝑑𝑑 = ∓�𝑟𝑟𝑠𝑠(𝑟𝑟 − 𝑟𝑟𝑠𝑠  ) − 𝑟𝑟�𝑝𝑝
𝑟𝑟2

𝑟𝑟� + 𝒪𝒪 + 𝐶𝐶 
(21) 

where 𝐶𝐶 is a constant, and 𝒪𝒪 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 𝑔𝑔𝜇𝜇𝜇𝜇  through its 
travel and spin in the conformal space-time of the 4D bulk background of metric 𝑔𝑔�𝜇𝜇𝜇𝜇 . 

 
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, 
−ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆/4𝜇𝜇0 , the curvature of the bulk, including both that which is conformal, ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇 , and 
induced by a celestial object, 𝑅𝑅𝜇𝜇𝜇𝜇𝑔𝑔𝜇𝜇𝜇𝜇  , can be considered constant regarding quantum fields, 
𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼/2𝜒𝜒0. Thus, the dual action in Equation (3) can be extended in terms of the quantum waves, as 

𝑆𝑆 =  � �
−ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆

4𝜇𝜇0
�

 

𝐵𝐵
�−𝑔𝑔� � �

𝑅𝑅𝜇𝜇𝜇𝜇𝑔𝑔𝜇𝜇𝜇𝜇

ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇�
 

𝐶𝐶
 �−𝑔𝑔 � �

𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣𝑞𝑞𝜇𝜇𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣𝑔𝑔𝜇𝜇𝜇𝜇 +
𝐿𝐿𝛼𝛼𝛼𝛼𝑞𝑞𝛼𝛼𝛼𝛼𝐿𝐿𝜆𝜆𝜆𝜆𝑞𝑞𝛽𝛽𝛽𝛽

ℒ𝛼𝛼𝛼𝛼𝑔𝑔𝛼𝛼𝛼𝛼ℒ𝜆𝜆𝜆𝜆𝑔𝑔𝛽𝛽𝛽𝛽�
 

𝑄𝑄
�−𝑞𝑞 𝜗𝜗2𝑑𝑑12α   (22) 

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 𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼/2𝜒𝜒0 are Lagrangian densities of two entangled 
quantum fields of a metric tensor 𝑞𝑞𝜇𝜇𝜇𝜇  and four-momentum 𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇 respectively, while, 𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 are the 
four-momentum of vacuum energy of a Lagrangian densities ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼/2𝜒𝜒0 , lastly, 𝜒𝜒0  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: 𝛿𝛿𝛿𝛿 = 𝑆𝑆𝐵𝐵𝑆𝑆𝐶𝐶𝛿𝛿𝑆𝑆𝑄𝑄 + 𝑆𝑆𝐵𝐵𝑆𝑆𝑄𝑄𝛿𝛿𝑆𝑆𝐶𝐶 + 𝑆𝑆𝐶𝐶𝑆𝑆𝑄𝑄𝛿𝛿𝑆𝑆𝐵𝐵, as follows 

      𝛿𝛿𝑆𝑆𝐵𝐵 = �

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡ −

ℱ𝜆𝜆𝜆𝜆ℱ𝛾𝛾
𝜌𝜌𝛿𝛿𝑔𝑔�𝜆𝜆𝜆𝜆

2𝜇𝜇0 

−
𝑔𝑔�𝜆𝜆𝜆𝜆𝛿𝛿ℱ𝜆𝜆𝜆𝜆ℱ𝛾𝛾

𝜌𝜌

2𝜇𝜇0
+

 
ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇

8𝜇𝜇0 ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

𝐵𝐵
 �−𝑔𝑔� 𝑑𝑑4σ;  𝛿𝛿𝑆𝑆𝐶𝐶 = �

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝑅𝑅𝜇𝜇𝜇𝜇𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇 + 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑅𝑅𝜇𝜇𝜇𝜇

ℛ 

−
ℛ𝜇𝜇𝜇𝜇  𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇 + 𝑔𝑔�𝜇𝜇𝜇𝜇𝛿𝛿ℛ𝜇𝜇𝜇𝜇

ℛ2
 

−
𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇

2ℛ
𝑅𝑅

𝑅𝑅

⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

𝐶𝐶
 �−𝑔𝑔 𝑑𝑑4𝜌𝜌; 

𝛿𝛿𝑆𝑆𝑄𝑄

= �

⎣
⎢
⎢
⎢
⎢
⎡ 𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇 + 𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿�𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣�

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 − 𝑝𝑝𝜇𝜇𝑝𝑝𝜈𝜈 �𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣�𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇 + 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿�𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣�

�𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇�2 −
𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇
𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇

2
+

 
𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝜆𝜆

𝛽𝛽𝛿𝛿𝑞𝑞𝛼𝛼𝜆𝜆 + 𝑞𝑞𝛼𝛼𝜆𝜆𝛿𝛿𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝜆𝜆
𝛽𝛽

ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼 − 𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼 ℒ𝛼𝛼𝛼𝛼ℒ𝜆𝜆
𝛽𝛽𝛿𝛿𝑞𝑞𝛼𝛼𝜆𝜆 + 𝑞𝑞𝛼𝛼𝜆𝜆𝛿𝛿ℒ𝛼𝛼𝛼𝛼ℒ𝜆𝜆

𝛽𝛽

(ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼)2 − 𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼 𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇

4ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼⎦
⎥
⎥
⎥
⎥
⎤

 

𝑄𝑄
�−𝑞𝑞 𝑑𝑑4α  

(23) 

By considering the boundary term of the quantum cloud , ∫ 𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿�𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣��−𝑞𝑞 𝑑𝑑4𝛼𝛼/𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 
𝑄𝑄  , the 

variation in the four-momentum 𝛿𝛿𝑝𝑝𝜇𝜇, i.e., the change in the total energy of the charged fields enclosed 
within the quantum cloud 𝑄𝑄 , can represent the flow of the four-current 𝐽𝐽𝜇𝜇  through the cloud 
boundary 𝜕𝜕𝜕𝜕, where multiplying this current by the four-potential that is generated by the current 
itself, 𝐴𝐴𝜇𝜇 , and that which is externally applied, 𝐵𝐵𝜇𝜇 , gives the following scalar: 𝛿𝛿𝑝𝑝𝜇𝜇 ≡ 𝛿𝛿√(𝐸𝐸/𝑐𝑐 − 𝑝𝑝) ≡
(𝐴𝐴𝜇𝜇 + 𝐵𝐵𝜇𝜇)𝐽𝐽𝜇𝜇 . 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 

� �
𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿�𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣�

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 � �−𝑞𝑞 𝑑𝑑4𝛼𝛼 =  � �𝜖𝜖
𝐽𝐽𝜆𝜆(𝐴𝐴𝜌𝜌 + 𝐵𝐵𝜌𝜌)𝑒𝑒𝜆𝜆𝜆𝜆𝐽𝐽𝛼𝛼(𝐴𝐴𝛾𝛾 + 𝐵𝐵𝛾𝛾)𝑒𝑒𝜌𝜌𝜌𝜌

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 � √−𝑒𝑒 𝑑𝑑3ς
 

𝜕𝜕𝜕𝜕

 

𝑄𝑄
 (24) 

The variation in this transformed boundary term with relabeling 𝐴𝐴𝜌𝜌 + 𝐵𝐵𝜌𝜌 as 𝐴𝐴𝜌𝜌, gives 

� 𝜖𝜖 �
𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾𝛿𝛿𝛿𝛿𝜆𝜆𝜆𝜆

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 +
𝑒𝑒𝜆𝜆𝜆𝜆𝛿𝛿(𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾)

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 +
𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜆𝜆

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇
𝛿𝛿√−𝑒𝑒
√−𝑒𝑒

− 𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜆𝜆 𝛿𝛿(𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇)

�𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇�2�
 

𝜕𝜕𝜕𝜕
√−𝑒𝑒 𝑑𝑑3ς (25) 

Equation (25) yields 

� 𝜖𝜖 � 
𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 −
1
2

𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜆𝜆

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 �𝑒𝑒𝜆𝜆𝜆𝜆 + 2𝑒𝑒𝜆𝜆𝜆𝜆
𝛿𝛿(𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾)

𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜆𝜆𝛿𝛿𝑒𝑒𝜆𝜆𝜆𝜆
− 2∅2𝑔𝑔𝜇𝜇𝜇𝜇

𝛿𝛿(𝜋𝜋𝜇𝜇𝜋𝜋𝜈𝜈)
𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇 − 2∅2 𝜋𝜋𝜇𝜇𝜋𝜋𝜈𝜈

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇�� 𝛿𝛿𝛿𝛿𝜆𝜆𝜆𝜆
 

𝜕𝜕𝜕𝜕
√−𝑒𝑒 𝑑𝑑3ς  (26) 

here 𝑒𝑒𝜆𝜆𝜆𝜆 = −𝑒𝑒𝜆𝜆𝜆𝜆𝛿𝛿𝑒𝑒𝜆𝜆𝜆𝜆/𝛿𝛿𝑒𝑒𝜆𝜆𝜆𝜆, and ∅2 = 𝛿𝛿𝛿𝛿𝛿𝛿�𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾�/𝛿𝛿𝛿𝛿𝛿𝛿𝑒𝑒𝜆𝜆𝜆𝜆 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 𝑒𝑒𝜆𝜆𝜆𝜆  is the induced metric on the quantum cloud’s boundary. The last three terms 
in Equation (26) can be treated as 

� �𝑒𝑒𝜆𝜆𝜆𝜆 𝛿𝛿(𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾)
𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜆𝜆 �

 

𝜕𝜕𝜕𝜕
𝛿𝛿𝛿𝛿𝜆𝜆𝜆𝜆√−𝑒𝑒 𝑑𝑑3ς = � �𝑒𝑒𝜆𝜆𝜆𝜆  

−𝛿𝛿(𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾)𝑒𝑒𝜆𝜆𝜆𝜆

𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾𝛿𝛿𝑒𝑒𝜆𝜆𝜆𝜆
�

 

𝜕𝜕𝜕𝜕
𝛿𝛿𝛿𝛿𝜆𝜆𝜆𝜆√−𝑒𝑒 𝑑𝑑3ς 

= � � 𝑒𝑒𝜆𝜆𝜆𝜆
𝛿𝛿𝛿𝛿𝛿𝛿�𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝛾𝛾�

𝛿𝛿𝛿𝛿𝛿𝛿𝑒𝑒𝜆𝜆𝜆𝜆
�

 

𝜕𝜕𝜕𝜕
𝛿𝛿𝛿𝛿𝜆𝜆𝜆𝜆√−𝑒𝑒 𝑑𝑑3ς = � �𝑒𝑒𝜆𝜆𝜆𝜆∅2�

 

𝜕𝜕𝜕𝜕
𝛿𝛿𝛿𝛿𝜆𝜆𝜆𝜆√−𝑒𝑒 𝑑𝑑3ς 

(27) 

On the other hand, the cloud-world’s boundary term can be transformed as 

   � �
−𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿�𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣�

�𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇�2 𝑝𝑝𝜇𝜇𝑝𝑝𝜈𝜈� �−𝑞𝑞 𝑑𝑑4𝛼𝛼
 

𝑄𝑄
= � �

𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇  
𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿�𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣�

𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔𝜇𝜇𝜇𝜇
� 𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇�−𝑞𝑞 𝑑𝑑4𝛼𝛼

 

𝑄𝑄
  

= � �
𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇  
𝛿𝛿𝛿𝛿𝛿𝛿�𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣�

𝛿𝛿𝛿𝛿𝛿𝛿𝑔𝑔𝜇𝜇𝜇𝜇
𝑔𝑔𝜇𝜇𝜇𝜇�

 

𝑄𝑄
 𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇�−𝑞𝑞 𝑑𝑑4𝛼𝛼 = � �

𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇  𝑞𝑞�𝜇𝜇𝜇𝜇� 𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇�−𝑞𝑞 𝑑𝑑4𝛼𝛼
 

𝑄𝑄
 

(28) 

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

𝛿𝛿𝛿𝛿 = �− � �
1

2𝜇𝜇0
�ℱ𝜇𝜇𝜇𝜇ℱ𝜈𝜈

𝜆𝜆𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇 −
ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆𝑞𝑞𝜇𝜇𝜇𝜇𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇

4
−

ℱ𝜆𝜆𝜆𝜆ℱ𝜆𝜆𝜆𝜆

2
𝑔𝑔�̅𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔�𝜇𝜇𝜇𝜇�� 𝑔𝑔�𝜇𝜇𝜇𝜇�−𝑔𝑔� 𝑑𝑑4σ  

 

 

𝐵𝐵
� 

� � �
𝑅𝑅𝜇𝜇𝜇𝜇

ℛ
−

ℛ𝜇𝜇𝜇𝜇

ℛ2 𝑅𝑅 −
𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇

ℛ
� 𝑔𝑔𝜇𝜇𝜇𝜇𝛿𝛿𝑔𝑔𝜇𝜇𝜇𝜇�−𝑔𝑔 𝑑𝑑4𝜌𝜌

 

𝐶𝐶
� 

�� � 
𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 −
𝜋𝜋𝜇𝜇𝜋𝜋𝑣𝑣

�𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇�
2 𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇 −

𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇

𝑞𝑞𝜇𝜇𝜇𝜇

2
� 𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇�−𝑞𝑞 𝑑𝑑4𝛼𝛼   

 

𝑄𝑄
 

+ �  � 
𝐿𝐿𝜇𝜇𝜇𝜇𝐿𝐿𝜈𝜈

𝛾𝛾

ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼 −
ℒ𝜇𝜇𝜇𝜇ℒ𝜈𝜈

𝛾𝛾

(ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼)2 𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼 −
𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼

ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼  𝑞𝑞�𝜇𝜇𝜇𝜇 −
𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼

ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼

𝑞𝑞𝜇𝜇𝜇𝜇

4
� 𝛿𝛿𝑞𝑞𝜇𝜇𝜇𝜇

 

𝑄𝑄
�−𝑞𝑞 𝑑𝑑4𝛼𝛼 

− 𝜖𝜖 � �
𝐽𝐽𝜇𝜇𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜈𝜈

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 −
1
2

𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 𝑒𝑒𝜇𝜇𝜇𝜇 −
𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 ∅2𝑒𝑒𝜇𝜇𝜇𝜇 −
𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌𝐽𝐽𝜆𝜆𝐴𝐴𝜌𝜌

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 𝜗𝜗2𝑒𝑒𝜇𝜇𝜇𝜇�
 

𝜕𝜕𝜕𝜕
𝛿𝛿𝛿𝛿𝜇𝜇𝜇𝜇√−𝑒𝑒 𝑑𝑑3ς  

+ 𝜖𝜖 �
𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 � 
𝒥𝒥𝜇𝜇𝒜𝒜𝜌𝜌𝒥𝒥𝜌𝜌𝒜𝒜𝜈𝜈

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 −
1

2

𝒥𝒥𝜆𝜆𝒜𝒜𝜌𝜌𝒥𝒥𝜆𝜆𝒜𝒜𝜌𝜌

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 𝜕𝜕𝜇𝜇𝜇𝜇 −
𝒥𝒥𝜆𝜆𝒜𝒜𝜌𝜌𝒥𝒥𝜆𝜆𝒜𝒜𝜌𝜌

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 ∅2𝜕𝜕𝜇𝜇𝜇𝜇

 

𝜕𝜕𝜕𝜕

−
𝒥𝒥𝜆𝜆𝒜𝒜𝜌𝜌𝒥𝒥𝜆𝜆𝒜𝒜𝜌𝜌

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 𝜗𝜗2𝜕𝜕𝜇𝜇𝜇𝜇� 𝛿𝛿𝜕𝜕𝜇𝜇𝜇𝜇√−𝜕𝜕 𝑑𝑑3ς � 

 

 

 

 

(29) 

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

𝑝𝑝𝜇𝜇𝑝𝑝𝑣𝑣

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 −
𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

2𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 𝑞𝑞𝜇𝜇𝜇𝜇 −
𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇
𝜋𝜋𝑣𝑣

𝜋𝜋𝜇𝜇 − �
𝐽𝐽𝜇𝜇𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜈𝜈

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 −
𝐽𝐽𝜇𝜇𝐴𝐴𝜌𝜌𝐽𝐽𝜌𝜌𝐴𝐴𝜈𝜈𝜁𝜁𝜇𝜇𝜇𝜇

2𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 � 

+
𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 �
𝒥𝒥𝜇𝜇𝒜𝒜𝜌𝜌𝒥𝒥𝜌𝜌𝒜𝒜𝜈𝜈

𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 −
𝒥𝒥𝜇𝜇𝒜𝒜𝜈𝜈𝒥𝒥𝜆𝜆𝒜𝒜𝜌𝜌𝜍𝜍𝜇𝜇𝜇𝜇

2𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇 � =
𝐿𝐿𝜇𝜇𝜇𝜇𝐿𝐿𝜈𝜈

𝛼𝛼 − 𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼𝜉𝜉𝜇𝜇𝜇𝜇/4
(ℒ𝜇𝜇𝜇𝜇ℒ𝜈𝜈

𝛼𝛼 − ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼𝜉𝜉𝜇𝜇𝜇𝜇/4)𝑔𝑔�𝜇𝜇𝜇𝜇      
(30) 

where (𝐿𝐿𝜇𝜇𝜇𝜇𝐿𝐿𝜈𝜈
𝛼𝛼 − 𝐿𝐿𝛼𝛼𝛼𝛼𝐿𝐿𝛼𝛼𝛼𝛼𝜉𝜉𝜇𝜇𝜇𝜇/4)/𝜒𝜒0  represents the stress energy tensors originated from the 

Lagrangian densities of two entangled quantum fields that are considered as 4D relativistic quantum 
clouds, whereas (ℒ𝜇𝜇𝜇𝜇ℒ𝜈𝜈

𝛼𝛼 − ℒ𝛼𝛼𝛼𝛼ℒ 𝛼𝛼𝛼𝛼𝜉𝜉𝜇𝜇𝜇𝜇/4)𝑔𝑔�𝜇𝜇𝜇𝜇  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 
(𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇/𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇)𝜋𝜋𝑣𝑣/𝜋𝜋𝜇𝜇 = (𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇/𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇)𝜋𝜋𝜇𝜇𝑔𝑔𝜇𝜇𝜇𝜇/𝜋𝜋𝜇𝜇 = (𝑝𝑝𝜇𝜇𝑝𝑝𝜇𝜇/𝜋𝜋𝜇𝜇𝜋𝜋𝜇𝜇)𝑔𝑔𝜇𝜇𝜇𝜇 ; where 𝑔𝑔𝜇𝜇𝜇𝜇  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, 𝑞𝑞𝜇𝜇𝜇𝜇 , and 
the contributions from the metric tensor of the cloud-world, 𝑞𝑞�𝜇𝜇𝜇𝜇 = : 𝑔𝑔𝜇𝜇𝜇𝜇 , regarding its intrinsic 
curvature. 
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By decoupling the entangled quantum fields in Equation (30) and using dimensional analysis, 

   𝑝𝑝𝜇𝜇 −
1
2

𝑝𝑝𝜈𝜈�𝑞𝑞𝜇𝜇𝜇𝜇 − 𝜎𝜎𝑞𝑞�𝜇𝜇𝜇𝜇�
 

− �𝐴𝐴𝜇𝜇𝐽𝐽𝜈𝜈 − 1
4
𝐴𝐴𝜎𝜎𝐽𝐽𝜎𝜎(𝑒𝑒𝜇𝜇𝜇𝜇 − 𝜚𝜚𝑒̃𝑒𝜇𝜇𝜇𝜇 + 𝜍𝜍𝑒̿𝑒𝜇𝜇𝜇𝜇� 𝑢𝑢𝜈𝜈     

+
1
𝜒𝜒

�𝒜𝒜𝜇𝜇𝒥𝒥𝜈𝜈 − 1
4
𝒜𝒜𝜎𝜎𝒥𝒥𝜎𝜎(ℯ𝜇𝜇𝜇𝜇 − 𝜚𝜚ℯ�𝜇𝜇𝜇𝜇 + 𝜍𝜍ℯ�𝜇𝜇𝜇𝜇� 𝑢𝑢𝜈𝜈 =

ℏ𝐺𝐺𝑠𝑠

2𝑎𝑎𝑐𝑐2 �𝑇𝑇𝜇𝜇𝜇𝜇𝑢𝑢𝜈𝜈 +
1
𝜒𝜒

𝜏𝜏𝜇𝜇𝜇𝜇𝑢𝑢𝜈𝜈� 
(31) 

where 𝒯𝒯𝜇𝜇 = 𝑇𝑇𝜇𝜇𝜇𝜇𝑢𝑢𝜈𝜈  in units of ( 𝑘𝑘𝑘𝑘/(𝑚𝑚. 𝑠𝑠2))  represents the momentum density flux, 𝑢𝑢𝜈𝜈  is a 
dimensionless four-velocity, 𝑝𝑝𝜇𝜇  is the four-momentum in ( 𝑘𝑘𝑘𝑘. 𝑚𝑚/𝑠𝑠 ) units, and the coupling 
parameter is in (𝑚𝑚2. 𝑠𝑠) units. The proper acceleration 𝑎𝑎 = �𝑎𝑎𝜇𝜇𝑎𝑎𝜇𝜇 controls the strength of vacuum–
object coupling. For confined systems such as hadrons, an invariant confinement acceleration 𝑎𝑎conf =
𝑚𝑚𝑝𝑝𝑐𝑐3/ℏ characterizes the extreme causal forcing required to localize color degrees of freedom. An 
effective gravitational-like coupling emerges, 𝐺𝐺s = ℏ𝑐𝑐/𝑚𝑚𝑝𝑝

2 ∼ 1038𝐺𝐺 . In addition, by applying the 
transformation approach of the bulk boundary term, the equations can be simplified to 

  𝑝𝑝𝜇𝜇 −
1
2

𝑝𝑝𝜈𝜈∆𝑞𝑞𝜇𝜇𝜇𝜇�������
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀ℎ:

Virtual Mass Drag

− �𝐴𝐴𝜇𝜇𝐽𝐽𝜈𝜈 − 𝐴𝐴𝜎𝜎𝐽𝐽𝜎𝜎∆𝑒𝑒𝜇𝜇𝜇𝜇 + 𝜍𝜍𝑒̿𝑒𝜇𝜇𝜇𝜇 +
1
𝜒𝜒

�𝒜𝒜𝜇𝜇𝒥𝒥𝜈𝜈 −
1
4

𝒜𝒜𝜎𝜎𝒥𝒥𝜎𝜎∆ℯ𝜇𝜇𝜇𝜇 + 𝜍𝜍ℯ�𝜇𝜇𝜇𝜇�� 𝑢𝑢𝜈𝜈

�������������������������������������������
Boundary Potentials

 

=
ℏ𝐺𝐺𝑠𝑠

2𝑎𝑎𝑐𝑐2 �𝑇𝑇𝜇𝜇𝜇𝜇𝑢𝑢𝜈𝜈 +
1
𝜒𝜒

𝜏𝜏𝜇𝜇𝜇𝜇𝑢𝑢𝜈𝜈�
�������������

Quantum Source Flux

        

(32) 

where ∆𝑞𝑞𝜇𝜇𝜇𝜇 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 

  𝑝̂𝑝𝜇𝜇𝜓𝜓 −
1
2

𝑝̂𝑝𝜈𝜈∆𝑞𝑞𝜇𝜇𝜇𝜇𝜓𝜓 − 𝐹𝐹�𝜇𝜇𝐸𝐸𝐸𝐸 𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑜𝑜𝑜𝑜𝜓𝜓 +
1
𝜒𝜒

ℱ�𝜇𝜇
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝜓𝜓 =

ℏ𝐺𝐺𝑠𝑠

2𝑎𝑎𝑐𝑐2 𝒯𝒯�𝜇𝜇𝜓𝜓 (33) 

where 𝑝̂𝑝𝜇𝜇 is the momentum operator and 𝒯𝒯�𝜇𝜇 is the stress-energy (gravitational) operator. A plane 
wavefunction, 𝜓𝜓 = 𝐴𝐴𝑒𝑒−𝑖𝑖(𝜔𝜔𝜔𝜔−𝑘𝑘𝑘𝑘) ≡ 𝐴𝐴𝑒𝑒−𝑖𝑖𝑘𝑘𝜇𝜇𝑥𝑥𝜇𝜇 , can be expressed by utilizing Equation (31) as 𝜓𝜓 =
𝐴𝐴𝑒𝑒−𝑖𝑖(𝑅𝑅2/2𝑀𝑀𝑐𝑐2) 𝑇𝑇𝜇𝜇𝑥𝑥𝜇𝜇, where 𝑘𝑘𝜇𝜇 is the 4-momentum vector and 𝑥𝑥𝜇𝜇 is the spacetime position; thus: 

𝑥𝑥𝜇𝜇 �𝑖𝑖ℏ𝜕𝜕𝜇𝜇 −
1
2

𝑖𝑖ℏ𝜕𝜕𝜈𝜈∆𝑞𝑞𝜇𝜇𝜇𝜇 − 𝑞𝑞𝐴𝐴𝜇𝜇�∆𝑒𝑒𝜇𝜇𝜇𝜇 + 𝑒̿𝑒𝜇𝜇𝜇𝜇� +
1
𝜒𝜒

𝓆𝓆𝒜𝒜𝜇𝜇�∆ℯ𝜇𝜇𝜇𝜇 + 𝜍𝜍ℯ�𝜇𝜇𝜇𝜇�
 

� 𝜓𝜓 =
1
2

ℏ𝑅𝑅𝜕𝜕𝑅𝑅𝜓𝜓 (34) 

where 𝑅𝑅 = �𝑥𝑥𝜇𝜇𝑥𝑥𝜇𝜇  is the radial distance from the parent cloud-world center. Figure 2 shows the 
quantum cloud where 𝒯𝒯𝜇𝜇 is the stress energy flux on the inner surface 𝑆𝑆𝑖𝑖 and 𝑛𝑛 is the unit normal. 

 

 
 
 
 

 
 
 

 
 

 
 
 

 

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

x 

y 
t 

𝒯𝒯𝜇𝜇 
 

𝑆𝑆𝑖𝑖 

 𝑆𝑆𝑜𝑜 

 

𝑛𝑛 

 

z 

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

© 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/


 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, 𝑞𝑞𝜇𝜇𝜇𝜇 →
𝜂𝜂𝜇𝜇𝜇𝜇, of metric signature (+, −, −, −) and using 𝐺𝐺 as the present gravitational parameter as 

𝑖𝑖ℏ𝜕𝜕𝜇𝜇𝜓𝜓 −
1
2

𝑖𝑖ℏ𝜕𝜕𝜈𝜈𝜂𝜂𝜇𝜇𝜇𝜇𝜓𝜓 − �𝐽𝐽𝜇𝜇𝐴𝐴𝜇𝜇 −
1
4

𝐽𝐽𝜇𝜇𝐴𝐴𝜈𝜈𝜂𝜂𝜇𝜇𝜇𝜇� 𝑢𝑢𝜈𝜈𝜓𝜓 =
ℏ𝐺𝐺𝑠𝑠

2𝑎𝑎𝑐𝑐2 𝒯𝒯𝜇𝜇𝜓𝜓       (36) 

where the conformal metric is 𝑞𝑞𝜇𝜇𝜇𝜇 + 𝜍𝜍𝑞𝑞�𝜇𝜇𝜇𝜇 . From Equation (36), the expected value of the quantum 
cloud’s volume is 𝑉𝑉 = ℏ𝐺𝐺/𝑐𝑐𝑎𝑎. This reveals that the quantum cloud’s volume is quantized and is 
reliant on gravitational strength. Therefore, for a single electron of mass 𝑚𝑚 (deemed as having the 
same properties from all directions), the stress-energy vector of the quantum cloud is then 𝒯𝒯0 =
𝑚𝑚𝑐𝑐2/𝑉𝑉 = 𝑚𝑚𝑔𝑔𝑐𝑐3/ℏ𝐺𝐺. Accordingly, the field equations are 

𝑖𝑖ℏ𝛾𝛾𝜇𝜇 �
𝜕𝜕𝑡𝑡

𝑐𝑐
+ 𝛻𝛻�⃗ � 𝜓𝜓 −

1
2

𝑖𝑖ℏ𝛾𝛾𝜇𝜇 �
𝜕𝜕𝑡𝑡

𝑐𝑐
− 𝛻𝛻�⃗ � (1, −1, −1, −1)𝜓𝜓 − �𝐽𝐽𝜇𝜇𝐴𝐴𝜇𝜇 −

1
2

𝐽𝐽𝜇𝜇𝐴𝐴𝜈𝜈𝜁𝜁𝜇𝜇𝜇𝜇� 𝜓𝜓 =
1
2

𝑚𝑚𝑐𝑐𝜓𝜓 (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 𝐽𝐽𝜇𝜇 = 𝑒𝑒𝜓𝜓�𝛾𝛾𝜇𝜇𝜓𝜓, then 

 
1
2

𝑖𝑖ℏ𝛾𝛾𝜇𝜇 �
𝜕𝜕𝑡𝑡

𝑐𝑐
+ 𝛻𝛻�⃗ � 𝜓𝜓 −

1
2

𝑒𝑒𝜓𝜓�𝛾𝛾𝜇𝜇𝜓𝜓𝐴𝐴𝜇𝜇𝜓𝜓 =
1
2

𝑚𝑚𝑐𝑐𝜓𝜓 (38) 

where the four-current density is 𝐽𝐽𝜇𝜇 = 𝑒𝑒𝜓𝜓�𝛾𝛾𝜇𝜇𝜓𝜓, and 𝑒𝑒 is the charge of a single electron, thus, Equation 
(38) can be reformatted along with the normalization condition as 

𝑖𝑖ℏ𝛾𝛾𝜇𝜇𝜕𝜕𝜇𝜇𝜓𝜓 − 𝑚𝑚𝑐𝑐𝜓𝜓 = 𝑒𝑒𝑒𝑒𝜇𝜇𝐴𝐴𝜇𝜇𝜓𝜓 (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’ 𝐺𝐺 plays a crucial role in theoretical physics, astronomy, 
geophysics, and engineering. About three hundred experiments attempted to ascertain the value of 
𝐺𝐺 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 

 𝐺𝐺ℛ =
𝑐𝑐4

4𝜋𝜋𝐸𝐸𝐷𝐷
ℛ (40) 

where ℛ = ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇 is the scalar curvature of the conformal bulk. According to Equation (40), 𝐺𝐺ℛ is 
proportional to ℛ and reflects the field strength of vacuum energy because any changes in the bulk’s 
metric, 𝑔𝑔�𝜇𝜇𝜇𝜇 ∶= ℛ, changes the field strength of the bulk, ℱ𝜆𝜆𝜆𝜆, because of the constant modulus, 𝐸𝐸𝐷𝐷 =
−ℱ𝜆𝜆𝜆𝜆𝑔𝑔�𝜆𝜆𝜆𝜆ℱ𝛾𝛾𝛾𝛾𝑔𝑔�𝜌𝜌𝜌𝜌/4𝜇𝜇0. 

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 𝐺𝐺. The dependency of 
𝐺𝐺ℛ 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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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 𝐺𝐺ℛ 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) x10−11 𝑚𝑚3 𝑘𝑘𝑔𝑔−1 𝑠𝑠−2 [33]. 

 

Figure 4. Six of 𝐺𝐺 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. 

𝐺𝐺ℛ(x10−11 𝑚𝑚3 𝑘𝑘𝑔𝑔−1 𝑠𝑠−2) 

Earth 
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𝑟𝑟 
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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 

𝑅𝑅𝜇𝜇𝜇𝜇 −
1
2

𝑅𝑅 �𝑔𝑔𝜇𝜇𝜇𝜇 −
1
4

𝑔𝑔�𝜇𝜇𝜇𝜇����������
Vacuum Softening

+
1
𝐿𝐿𝑐𝑐

��𝐾𝐾𝜇𝜇𝜇𝜇 − 𝐾𝐾𝑝̂𝑝𝜇𝜇𝜇𝜇� −
𝑅𝑅
ℛ

�𝒦𝒦𝜇𝜇𝜇𝜇 − 𝒦𝒦𝑞𝑞�𝜇𝜇𝜇𝜇�������������������������
Geometric Mismatch (Slip)

                                                      

=
4𝜋𝜋𝐺𝐺ℛ

𝑐𝑐4���
Coupling

�  𝑇𝑇𝜇𝜇𝜇𝜇  �
 Matter Stress 

+  
𝜏𝜏𝜇𝜇𝜇𝜇

𝐿𝐿𝑐𝑐
  

�
 Surface tension 

�      

(41) 

These interaction field equations indicate that the induced curvature, 𝑅𝑅, 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: 

  𝑝𝑝𝜇𝜇 −
1
2

𝑝𝑝𝜈𝜈∆𝑞𝑞𝜇𝜇𝜇𝜇�������
Virtual Mass Drag

− 𝐹𝐹𝜇𝜇
𝐸𝐸𝐸𝐸 𝐴𝐴𝐴𝐴𝐴𝐴ℎ𝑜𝑜𝑜𝑜 +

1
𝜒𝜒

ℱ𝜇𝜇
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

�������������������
Boundary Potentials

=
ℏ𝐺𝐺𝑠𝑠

2𝑎𝑎𝑐𝑐2 �𝑇𝑇𝜇𝜇𝜇𝜇𝑢𝑢𝜈𝜈 +
1
𝜒𝜒

𝜏𝜏𝜇𝜇𝜇𝜇𝑢𝑢𝜈𝜈�
�������������

Quantum Source Flux

 (42) 

where ∆𝑞𝑞𝜇𝜇𝜇𝜇 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, 𝜓𝜓 = 𝐴𝐴𝑒𝑒−𝑖𝑖(𝜔𝜔𝜔𝜔−𝑘𝑘𝑘𝑘) , can be expressed by utilizing the Equation (42) as 𝜓𝜓 =
𝐴𝐴𝑒𝑒−𝑖𝑖(𝑅𝑅2/2𝑀𝑀𝑐𝑐2) 𝑇𝑇𝜇𝜇𝑥𝑥𝜇𝜇, thus: 

𝑥𝑥𝜇𝜇 �𝑖𝑖ℏ𝜕𝜕𝜇𝜇𝜓𝜓 −
1
2

𝑖𝑖ℏ𝜕𝜕𝜈𝜈∆𝑞𝑞𝜇𝜇𝜇𝜇𝜓𝜓 − 𝑞𝑞�𝐴𝐴𝜇𝜇∆𝑒𝑒𝜇𝜇𝜇𝜇� +
1
𝜒𝜒

𝓆𝓆�𝒜𝒜𝜇𝜇∆𝑑𝑑𝜇𝜇𝜇𝜇�
 

� 𝜓𝜓 =
1
2

ℏ𝑅𝑅𝜕𝜕𝑅𝑅𝜓𝜓 (43) 

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

 𝐺𝐺ℛ =
𝑐𝑐4

4𝜋𝜋𝐸𝐸𝐷𝐷
ℛ (45) 

where ℛ = ℛ𝜇𝜇𝜇𝜇𝑔𝑔�𝜇𝜇𝜇𝜇 is the scalar curvature of the conformal bulk. According to Equation (45), 𝐺𝐺ℛ is 
proportional to ℛ and reflects the field strength of vacuum energy because any changes in the bulk’s 
metric, 𝑔𝑔�𝜇𝜇𝜇𝜇 ∶= ℛ, changes the field strength of the bulk, ℱ𝜆𝜆𝜆𝜆. However, the bulk modulus, 𝐸𝐸𝐷𝐷, may 
change as well, which reduces the change in 𝐺𝐺ℛ . To achieve precision measurements of 𝐺𝐺ℛ , 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 𝐺𝐺ℛ  according to the interaction field 
equations. Future precision experiments should aim to address this issue of inconsistent 𝐺𝐺ℛ 
measurements by accounting for the influence of these celestial bodies. 
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Appendix A 

The conformal time 𝜂𝜂 
  is associated with the scale factor, 𝑎𝑎 , according to the conformal time 

formula 𝑑𝑑𝑑𝑑 = 𝑎𝑎𝑎𝑎𝑎𝑎. 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. 

 

Figure A1. The evolution of the conformal curvature based on the scale factor. 
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