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Independent Researcher - Iran, Tabriz; Golchin@tbzmed.ac.ir; Mobil: +989143164896 

Abstract 

This paper presents a novel, comprehensive theoretical framework, rigorously rooted in the 
Foundational Substrate Theory (FST), aimed at fundamentally explaining the nature of the 
gravitational force and its potential unification with other fundamental interactions. This framework 
presents a definitive departure from General Relativity's geometric interpretation , proposing instead 
that gravity emerges from the dynamic, attractive interaction between Standard Matter particles (M) 
and their hypothesized inherent counterparts, Complementary Matter particles (CM). These entities 
operate within a dynamic Foundational Substrate (FS), whose intrinsic properties, governed by a 
comprehensive FS field, ΦFS, dictate all interactions. We axiomatically postulate that CM possesses 
properties precisely opposite to M (e.g., negative mass, 𝑚𝑚𝐶𝐶𝐶𝐶 = −𝑚𝑚𝑀𝑀, as dictated by the "Law of 
Zero") and that their kinematics are universally linked by the fundamental axiom  𝑉𝑉𝑐𝑐 ⋅ 𝑉𝑉𝑝𝑝 = 𝑐𝑐2 (Eq. 
1). This axiom rigorously dictates that CM particles associated with slow-moving M particles possess 
extremely high, effectively superluminal velocities (VC), leading to a vast effective "Radius of 
Motion" (Rm) or influence range. This characteristic, quantified by the Motion Environment Ratio 
(𝑅𝑅𝑚𝑚∝

𝑐𝑐2

𝑉𝑉𝑃𝑃
2), is proposed as the direct explanation for the long-range nature and profound relative 

weakness of gravity compared to other fundamental forces (electromagnetic, strong, weak), which 
primarily arise from direct M-M interactions. The inherent M-CM symmetry and the postulated 
attractive nature of the interaction between positive and negative mass/energy entities within this 
framework, dictated by the Law of Zero and mediated by the FS field, ensure the universal attraction 
of gravity. FST further offers a unified perspective on the origin of dark matter (as tightly coupled 
𝑀𝑀 + 𝐶𝐶𝐶𝐶) and dark energy (as 𝐸𝐸 + 𝐶𝐶𝐶𝐶), and provides a robust resolution to gravitational singularities. 
This model offers new, quantifiable perspectives on force unification, entropy, and the transition 
between particle existence and the substrate state at the critical speed c. The framework makes 
specific, testable predictions, including a velocity-dependent variation of the gravitational constant 
G (Eq. 10) and potentially detectable modifications to the gravitational wave ringdown spectrum (Eq. 
11) of black holes, characterized by fractional frequency shifts on the order of Δf/f ~ 10⁻³. These 
predictions provide a clear pathway for future theoretical and empirical validation. While requiring 
further rigorous mathematical development to derive the exact value of the gravitational constant G 
from FS principles, the theory presents a compelling pathway towards a fundamental, quantum 
description of gravity originating from precise particle interactions within a dynamic Foundational 
Substrate. 

Keywords: quantum gravity; complementary particles; Foundational Substrate (FS); force 
unification; emergent gravity; kinematic axiom; negative mass; Law of Zero; Foundational Substrate 
Field; dark matter; dark energy; hierarchy problem; quantum mechanics; General Relativity 
 

1. Introduction: The Unifying Challenge of Gravity 

Despite the monumental successes of General Relativity (GR) in describing gravitation on 
macroscopic scales [1] and the Standard Model (SM) in cataloging elementary particles and their non-
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gravitational interactions [2,3]—a success built upon the framework of quantum field theory [8]—
fundamental physics is confronted by persistent, profound challenges. The intrinsic incompatibility 
between GR and quantum mechanics, the perplexing hierarchy problem (the extreme weakness of 
gravity compared to other fundamental forces) [4,5], and the enduring mysteries surrounding the 
nature of dark matter and dark energy [6,7] that comprise the vast majority of the universe's mass-
energy content, collectively signal a profound incompleteness in our current theoretical 
understanding. Existing approaches to quantum gravity, such as String Theory [9,10] and Loop 
Quantum Gravity [11], explore promising avenues but have yet to yield a complete, experimentally 
verified theory. 

This paper proposes a radical alternative framework, derived directly from the fundamental 
principles of the Foundational Substrate Theory (FST) , which aims to unify our understanding of all 
fundamental forces. FST posits a dynamic Foundational Substrate (FS) as the bedrock of reality, an 
active and ubiquitous medium from which all physical phenomena—including matter, energy, space, 
and time—fundamentally emerge. Within this framework, the universe's most enigmatic 
components, dark matter (DM) and dark energy (DE), are intrinsically linked to the base states of the 
FS constituents . 

Having established the fundamental axioms of FST, we now detail the specific mechanism for 
the emergence of gravitation. Building upon FST, this paper meticulously details how the interaction 
between Standard Matter particles (M) (representing observable baryonic matter, e.g., protons, 
electrons) and their axiomatically hypothesized counterparts, Complementary Matter particles (CM), 
gives rise to the gravitational force. We will rigorously explore the profound consequences of CM 
possessing properties precisely opposite to M (e.g., negative mass, negative charge) as dictated by 
the "Law of Zero" , and the universal kinematic axiom  𝑉𝑉𝑐𝑐 ⋅ 𝑉𝑉𝑝𝑝 = 𝑐𝑐2    (𝐸𝐸𝐸𝐸. 1)  linking their velocities, 
which emerges directly from the dynamics of the comprehensive Foundational Substrate field . This 
framework aims to provide a unified, quantifiable explanation for the unique characteristics of 
gravity (its long range, extreme weakness, and universal attraction) and outline a direct path towards 
its unification with other fundamental forces, all originating from the intricate dynamics of the 
Foundational Substrate. 

2. Theoretical Framework: Foundational Substrate, Complementary Particles, 
and Fundamental Axioms 

Our proposed framework for emergent gravity is built upon the fundamental, axiomatically 
established postulates of the Foundational Substrate Theory (FST). 

2.1. The Foundational Substrate (FS) as the Ultimate Reality and the Comprehensive FS Field 

Statement: The universe is fundamentally composed of a dynamic, active, and pervasive 
Foundational Substrate (FS). The FS is not a passive vacuum but a medium in constant, ordered 
motion and interaction. All physical entities—matter, energy, space, and time—emerge as organized 
perturbations or stable information patterns within this FS. The intrinsic state and dynamics of the 
FS are holistically described by a comprehensive Foundational Substrate field, ΦFS. 

The FS Field Equation: The behavior of the FS, and thus the emergence of all physical laws and 
constants, is governed by the dynamics of this field. Its fundamental equation is given by a nonlinear, 
inhomogeneous wave equation: 

𝛻𝛻2𝛷𝛷𝐹𝐹𝐹𝐹 −
1
𝑐𝑐2
𝜕𝜕2𝛷𝛷𝐹𝐹𝐹𝐹

𝜕𝜕𝜕𝜕2
= 𝐽𝐽(𝛷𝛷𝐹𝐹𝐹𝐹,𝑀𝑀,𝐶𝐶𝐶𝐶,𝐸𝐸,𝐶𝐶𝐶𝐶)     (𝐸𝐸𝐸𝐸. 2)  

The left-hand side of this equation describes the free propagation of disturbances in the 𝛷𝛷𝐹𝐹𝐹𝐹 field at 
the characteristic velocity c, the speed of light, which is identified as the Fundamental Substrate 
Velocity (FSV) in our universal layer. The Laplacian operator, 𝛻𝛻², measures the spatial curvature and 
diffusion of the field, while the second partial time derivative, 𝜕𝜕

2

𝜕𝜕𝜕𝜕2
  , describes its temporal evolution. 

Disturbances within this field propagate at the characteristic velocity c, the speed of light. 
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The right-hand side, J, is a nonlinear source functional that encapsulates all interactions within 
the FS. It is a functional of the field itself (𝛷𝛷𝐹𝐹𝐹𝐹), Standard Matter (M), Standard Energy (E), and their 
Complementary counterparts (CM and CE). This term represents the mechanism through which 
physical properties imprint information onto the substrate and interact with each other, giving rise 
to the emergent laws of physics. 

Proposed Form of the Source Term: 

To advance from a conceptual framework to a predictive theory, we propose a specific form for 
the source term J, designed to encode the Law of Zero and facilitate the derivation of emergent 
gravity: 

𝐽𝐽(𝛷𝛷𝐹𝐹𝐹𝐹,𝑀𝑀,𝐶𝐶𝐶𝐶,𝐸𝐸,𝐶𝐶𝐶𝐶) = −𝜆𝜆 ⋅ [(𝜌𝜌𝑀𝑀 − 𝜌𝜌𝐶𝐶𝐶𝐶) + 𝜅𝜅 ⋅ (𝑱𝑱𝑴𝑴⋅𝑱𝑱𝐶𝐶𝐶𝐶
𝑝𝑝0𝑐𝑐2 

)] ⋅ 𝛷𝛷𝐹𝐹𝐹𝐹         (Eq. 2a) 

Here: 
• 𝜆𝜆 is a fundamental dimensionless coupling constant. 
• 𝜌𝜌𝑀𝑀    and 𝜌𝜌𝐶𝐶𝐶𝐶 are the density distributions of Standard and Complementary Matter.  
• The term 𝜌𝜌𝑀𝑀 − 𝜌𝜌𝐶𝐶𝐶𝐶 ensures dynamics drive the system toward the neutral state mandated by 

the Law of Zero. 
• 𝑱𝑱𝑀𝑀 = 𝜌𝜌𝑀𝑀𝑽𝑽𝑃𝑃  and  𝑱𝑱𝐶𝐶𝐶𝐶 = 𝜌𝜌𝐶𝐶𝐶𝐶𝑽𝑽𝐶𝐶  are the mass-current densities. 
• The term  𝑱𝑱𝑴𝑴⋅𝑱𝑱𝐶𝐶𝐶𝐶

𝑝𝑝0𝑐𝑐2 
 introduces kinematic coupling between M and CM. 

• k is a dimensionless constant setting the relative strength of this coupling. 
• The multiplicative factor 𝛷𝛷𝐹𝐹𝐹𝐹 allows for field self-interaction. 

This formulation provides a concrete foundation for deriving the theory's predictions. 

2.2. The Law of Zero – The Principle of Fundamental Symmetry and Balance  

Statement:  

A fundamental principle of dynamic balance and symmetry, the "Law of Zero," dictates that for 
every Standard (observable) component of matter or energy, there exists an inherent, inseparable 
Complementary counterpart. The algebraic sum of opposing physical properties (e.g., mass, energy, 
charge, kinematic density, momentum) between these standard and complementary components 
always tends towards neutralization and absolute zero in their base, unperturbed state within the FS. 

While the existence and properties of CM are axiomatically introduced here, they are not merely 
postulated as exotic substances. Instead, they are envisioned as natural emergent consequences of a 
more fundamental quantum reality. As detailed in Section 11.2 ("Towards Quantization: Substons 
and Boundary States"), the path to a full quantum theory of the FS involves quantizing the ΦFS field 
itself. Within this scheme, the quanta of the FS (termed substons) are the ultimate entities. Standard 
and Complementary Matter particles are not fundamental but emerge as specific boundary states or 
collective excitations of subston networks. The fundamental kinematic axiom 𝑉𝑉𝐶𝐶 ⋅  𝑉𝑉𝑃𝑃 = 𝑐𝑐²  is 
anticipated to emerge naturally as a quantization condition governing the correlation between these 
two distinct excited states of the same underlying system. This approach provides a pathway 
to derive the existence and properties of CM from first principles, addressing its ontological status 
by rooting it in the quantum structure of the Foundational Substrate. 

Rigorous Implication for Complementary Particles: This postulate axiomatically implies: 

• Complementary Matter (CM): For every Standard Matter (M) particle (with positive mass +mM

), there is a Complementary Matter (CM) particle with precisely negative mass (𝑚𝑚𝐶𝐶𝐶𝐶 = −𝑚𝑚𝑀𝑀). 
They also possess opposite charge signs (e.g., CM has negative charge relative to M if M is 
positive, or vice versa) and opposite spin/rotational orientations.  
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• Complementary Energy (CE): For every Standard Energy (E) quantum (with positive energy 
+EE), there is a Complementary Energy (CE) quantum with precisely negative energy (𝐸𝐸𝐶𝐶𝐶𝐶 = −𝐸𝐸𝐸𝐸
). 

Significance: The Law of Zero ensures that the universe maintains a state of perpetual dynamic 
equilibrium at its most fundamental level, with local non-zero quantities being constantly balanced 
by their complementary counterparts. This provides a deep, physical reason for attraction between 
positive and negative quantities. 

2.3. Base Substrate Motion (BSM) and Fundamental Kinematic Axiom 

The Dynamic Nature of the Foundational Substrate and the M-CM Field as Dark Matter: 

The ontological state of the Foundational Substrate (FS) is not static but is contingent on the 
dynamic relationship between Standard (M) and Complementary (CM) matter. In a perfectly 
symmetric and equilibrium state—envisioned as the ground state of the universe—the 𝑀𝑀 − 𝐶𝐶𝐶𝐶 pairs 
are tightly coupled and neutralize each other's properties. In this base state, the FS is uniform and 
isotropic, and its properties are most effectively described by a scalar field. 

However, the introduction of motion breaks this symmetry. The fundamental kinematic axiom, 
𝑉𝑉𝑐𝑐 ⋅ 𝑉𝑉𝑝𝑝 = 𝑐𝑐2, dictates that for any subluminal motion of M (𝑉𝑉𝑝𝑝 > 0), its complementary counterpart CM 
must attain a superluminal effective velocity (𝑉𝑉𝑐𝑐 > 𝑐𝑐). This rupture of the pristine M-CM symmetry 
forces the FS to mediate this dynamic imbalance. Consequently, the description of the FS must 
transition from a simple scalar potential to a more complex tensor field capable of encoding the 
directional stresses, strains, and non-local correlations inherent in this interaction. The gravitational 
force is an emergent manifestation of this dynamic, tensorial interaction mediated by the FS. 

This framework provides a natural and elegant explanation for dark matter. We propose that 
the observed galactic dark matter halos are not composed of exotic weakly interacting particles but 
are in fact the pervasive, extended 𝑴𝑴− 𝑪𝑪𝑪𝑪 interaction field itself. For typical, slow-moving galactic 
matter (𝑉𝑉𝑉𝑉 ≪ 𝑐𝑐 ), the kinematic axiom predicts a colossal effective influence range for the CM 
component ( 𝑅𝑅𝑚𝑚 = 𝑐𝑐2/𝑉𝑉𝑝𝑝2). This field, with its negative mass-energy density signature (CM), 
permeates the cosmos. The gravitational attraction between galaxies is therefore the net result of the 
interaction between the M component of one galaxy and the extended CM field of another, and vice 
versa. This model inherently accounts for the non-baryonic, "dark" nature of dark matter, as the CM 
field interacts primarily, if not exclusively, through the gravitational channel mediated by the FS. 

The FS itself is in inherent, uniform motion, termed the "Base Substrate Motion" (BSM). In our 
observable cosmic layer, the velocity of the BSM (vFS) is axiomatically equal to the speed of light in 
vacuum (c). This velocity c is therefore the Fundamental Substrate Velocity (FSV) . Furthermore, the 
dynamic relationship between Standard Matter (M) and Complementary Matter (CM) is governed 
by a fundamental Kinematic Axiom: 

𝑉𝑉𝐶𝐶 ⋅ 𝑉𝑉𝑃𝑃 = 𝑐𝑐2 (Eq. 1) 
where VP is the velocity of the Standard Matter particle (0<VP≤c), and VC is the effective velocity of 
its Complementary Matter counterpart. This axiom is a direct consequence of the Law of Zero applied 
to the kinematic domain and emerges directly from the dynamic interplay of M and CM within the 
comprehensive FS field, ΦFS . 

Profound Implications for Velocity Regimes: 

• Rest State (𝑉𝑉𝑃𝑃 → 0): As the standard particle approaches stillness, 𝑉𝑉𝐶𝐶 → ∞. This implies the 
complementary particle is kinematically unbounded, potentially existing in a "superluminal" 
domain relative to observable matter. 

• Near Light Speed (𝑉𝑉𝑃𝑃 → 𝑐𝑐): As the standard particle approaches c, 𝑉𝑉𝐶𝐶 → 𝑐𝑐. Both components 
approach the critical FSV. 

• Subluminal M (𝑉𝑉𝑃𝑃 < 𝑐𝑐): For all observable matter moving slower than light, its complementary 
counterpart (𝑉𝑉𝐶𝐶) must move at a speed greater than c (𝑉𝑉𝐶𝐶 > 𝑐𝑐). This "superluminal" aspect of CM 
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is crucial, signifying that its "influence" or "phase velocity" is not bound by c in the same way 
that material (standard) particles are. This enables its long-range action. 

Radius of Motion / Influence Range (Rm): 

The extremely high velocity 𝑉𝑉𝐶𝐶 associated with low-velocity M particles (𝑉𝑉𝑃𝑃 ≪ 𝑐𝑐 ⟹ 𝑉𝑉𝐶𝐶 ≫ 𝑐𝑐) is a 
key to understanding gravity. It implies that the Complementary Matter particle (CM) effectively 
sweeps through or influences a vast domain. We term the characteristic scale of this influence the 
"Radius of Motion" (Rm). While not a simple geometric radius, Rm is directly proportional to VC. 

Quantifiable Significance: This large effective range Rm of the complement is directly 
responsible for explaining the long-range nature of gravity. It means that even a localized standard 
particle exerts a gravitational influence far beyond its immediate vicinity through its highly mobile 
CM counterpart. The "Motion Environment Ratio" quantifies this scaling difference: 

𝑉𝑉𝐶𝐶 =
𝑐𝑐2

𝑉𝑉𝑃𝑃
 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑅𝑅𝑚𝑚) =
𝑉𝑉𝐶𝐶
𝑉𝑉𝑃𝑃

=
𝑐𝑐2

𝑉𝑉𝑃𝑃2
     (𝐸𝐸𝐸𝐸.  3) 

This ratio highlights how the kinematic scale associated with the complement grows quadratically as 
the standard particle slows down, emphasizing the vastly different scales of interaction that are 
fundamental to gravity. 

3. Emergence of Gravitation: A Precise 𝑴𝑴− 𝑪𝑪𝑪𝑪 Interaction Mechanism 

Within the FST framework, gravity is not viewed as a fundamental force mediated by a distinct 
particle (like the hypothetical graviton) nor merely as spacetime curvature [1]. Instead, it is an 
emergent attractive force arising from the dynamic interplay between Standard Matter (M) and 
Complementary Matter (CM), mediated by the comprehensive Foundational Substrate field, ΦFS. 

3.1. Mechanism of Gravitational Attraction: A Consequence of the Law of Zero and FS Field Dynamics 

The gravitational force between two standard matter objects (composed of M particles) is 
proposed to be the net result of attractive interactions between the M particles of one object and the 
CM particles of the other, and vice versa. 

A note on the nature of Complementary Matter (CM): While CM is postulated to possess 
negative mass, its existence is not in direct conflict with established conservation laws. Within the 
FST framework, the Law of Zero ensures that for every positive mass-energy fluctuation (M), a 
correlated negative fluctuation (CM) exists, maintaining strict overall conservation. CM's lack of 
direct interaction via non-gravitational forces (electromagnetism, strong/weak nuclear forces) 
explains its elusiveness in conventional particle detectors. Its primary manifestation is gravitational, 
which is consistent with its proposed role as the constituent of dark matter and the mediator of the 
gravitational interaction. 

Fundamental Attractive Nature (Direct Consequence of Law of Zero):  

The attraction arises fundamentally from the interaction between entities with opposite signs of 
mass/energy (M: positive mass +𝑚𝑚𝑀𝑀  and energy; CM: negative mass −𝑚𝑚𝑀𝑀  and negative energy 
−𝐸𝐸𝐸𝐸). The Law of Zero inherently dictates that entities with opposing properties will exert an 
attractive force to achieve or maintain the fundamental balance. This is a fundamental property of 
the FS's constituents, driving towards overall neutralization. 

Role of Dynamics and FS Field Mediation:   

Beyond static properties, the specific dynamics of the FS field are crucial. The M and CM 
particles, despite their potential velocity differences (dictated by 𝑉𝑉𝐶𝐶 ⋅ 𝑉𝑉𝑃𝑃 = 𝑐𝑐2), maintain a dynamic, 
non-local correlation" that ensures their coherence and coordinated (often opposing) motions (e.g., 
spins/rotations) within the FS. It is the continuous, dynamic interplay and the restoring tendency of 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 September 2025 doi:10.20944/preprints202509.0055.v2

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

https://doi.org/10.20944/preprints202509.0055.v2
http://creativecommons.org/licenses/by/4.0/


 6 of 16 

 

this correlation towards the balanced state (Law of Zero) that actively generates the attractive force. 
The attraction is a manifestation of the substrate (the ΦFS field) seeking to neutralize local imbalances 
created by the temporary separation of M and CM. The ΦFS field equation's source term 𝐽𝐽 explicitly 
accounts for these 𝑀𝑀 − 𝐶𝐶𝐶𝐶 interactions, mediating the gravitational pull.  

Mathematical Sketch of Gravitational Potential: 

A conceptual gravitational potential Vgrav between two Standard Matter particles (with masses 
m1,m2) arises from the 𝑀𝑀1 − 𝐶𝐶𝐶𝐶2 and 𝑀𝑀2 − 𝐶𝐶𝐶𝐶1 interactions. This potential, influenced by the 
underlying FS dynamics and the Law of Zero, is expected to yield the observed 1/r potential 
dependence characteristic of macroscopic gravity. The theoretical challenge lies in rigorously 
deriving this from the FS field equations, demonstrating how the field's dynamics naturally lead to 
an attractive inverse-square law force between M entities. 

3.2. Long Range and Weakness of Gravity: A Quantifiable Resolution to the Hierarchy Problem 

The FST provides a precise and quantifiable resolution to the long-standing hierarchy problem 
by attributing the unique characteristics of gravity—its long range and profound weakness—to the 
intrinsic properties and kinematics of Complementary Matter (CM). 

• Long Range: The vast "Radius of Motion" (Rm)  associated with the Complementary Matter 
component is the direct explanation for gravity's long-range nature. For typical, slow-moving 
Standard Matter particles 𝑉𝑉𝑃𝑃 ≪ 𝑐𝑐, the Kinematic Axiom (𝑉𝑉𝐶𝐶 .𝑉𝑉𝑃𝑃 = 𝑐𝑐2) dictates an extremely high 
velocity (𝑉𝑉𝐶𝐶 ≫ 𝑐𝑐) for their CM counterparts. This results in a colossal effective influence range 
(𝑅𝑅𝑚𝑚 = 𝑉𝑉𝐶𝐶  / 𝑉𝑉𝑃𝑃 =  𝑐𝑐2 / 𝑉𝑉𝑃𝑃2 ). The CM influence extends far beyond the localized M particle, 
effectively "mediating" the gravitational interaction over cosmic distances through its pervasive 
presence within the ΦFS field, which acts as the propagating medium for this extended influence. 

• Weakness (Hierarchy Problem): The gravitational force emerges from an indirect M-CM 
interaction, the strength of which is kinematically "diluted" or distributed across the immense 
volume defined by 𝑅𝑅𝑚𝑚 . In stark contrast, other fundamental forces (electromagnetic, strong, 
weak) result from direct 𝑀𝑀 −𝑀𝑀 interactions occurring over characteristically short ranges (e.g., 
Compton wavelengths). This fundamental disparity in both the mechanism (indirect vs. direct) 
and the spatial scale of the interaction inherently renders the gravitational (𝑀𝑀 − 𝐶𝐶𝐶𝐶 ) force 
overwhelmingly weaker than other forces at typical particle interaction distances. Consequently, 
the gravitational constant G is not a fundamental coupling strength but an emergent, effective 
parameter that reflects this specific, highly diluted coupling of the indirect interaction mediated 
by the ΦFS field. 

3.2.1. Weakness of Gravity and the Kinematic Dilution Factor 

The extreme weakness of gravity is a direct and quantifiable consequence of the kinematic 
dilution of the M–CM interaction. The gravitational constant G is not a fundamental coupling 
strength but an emergent, effective parameter that reflects the specific, highly diluted coupling of the 
indirect interaction mediated by the ΦFS field, as rigorously derived from the action principle in 
Section 4.2 (Eq. 9). The apparent kinematic variation of gravitational strength is more accurately 
described by the refined relation 𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒 ≈  𝐺𝐺 ·  (𝑉𝑉𝑝𝑝2 +  𝑣𝑣𝑡𝑡ℎ2 ) / 𝑐𝑐2 (𝐸𝐸𝐸𝐸. 10) , which predicts small, 
physically realistic variations in the measured value of G on the order of parts per million for realistic 
velocity distributions. This provides a direct and testable resolution to the hierarchy problem 

3,2,2 Toward a Fundamental Derivation of G 

A complete first-principles derivation of G's numerical value requires solving the FS field 
equation (Eq. 2) for the 𝑀𝑀 − 𝐶𝐶𝐶𝐶 interaction potential, with the source term 𝐽𝐽(𝛷𝛷𝐹𝐹𝐹𝐹,𝑀𝑀,𝐶𝐶𝐶𝐶) explicitly 
formulated to encode the Law of Zero and the Kinematic Axiom. 
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The fundamental scaling of G can be conceptually linked to the intrinsic properties of the 
unperturbed Foundational Substrate. Dimensional analysis suggests a relation of the form: 

𝑮𝑮 = 𝜿𝜿 ℏ𝒄𝒄
𝜦𝜦𝑭𝑭𝑭𝑭𝑳𝑳𝑭𝑭𝑭𝑭

𝟐𝟐     (Eq. 4) 

Equation (4) provides the fundamental scaling of Newton's constant from the intrinsic properties of 
the Foundational Substrate. It explains the overall smallness of G. Equation (9), on the other hand, 
describes local, kinematic deviations from this fundamental value, arising from the relative motion 
of matter within the substrate. Thus, Eq. (4) sets the baseline value for G, while Eq. (9) governs its 
environment-dependent variation. 

where: 

• κ is a dimensionless constant expected to be of order 1. 
• ΛFS is the fundamental energy density of the unperturbed Foundational Substrate. 
• LFS is a fundamental length scale of the FS (e.g., related to the "granularity" of the substrate, 

potentially connected to the Planck length). 

The immense value of ΛFS  (the energy density of the ultimate reality from which all phenomena 
emerge) directly explains the smallness of G. Deriving the exact values of ΛFS and LFS from the 
quantization of the 𝛷𝛷𝐹𝐹𝐹𝐹 field is the primary goal of the future, complete quantum theory of the FS. 

3.3. Universal Attraction 

The universal attraction of gravity (acting on all forms of mass-energy) is ensured by two 
foundational aspects of the theory: 

1. The fundamental attractive nature of the 𝑀𝑀(+𝑚𝑚) − 𝐶𝐶𝐶𝐶(−𝑚𝑚)  interaction, which is a direct 
consequence of the Law of Zero. This law inherently dictates that entities with opposing 
properties attract to achieve overall neutralization. This attraction is mediated by the ΦFS field, 
which actively seeks to minimize energy and maintain equilibrium. 

2. The universality of the 𝑀𝑀 − 𝐶𝐶𝐶𝐶  pairing: every Standard Matter particle in the universe 
possesses a Complementary Matter counterpart. This ensures that all standard matter 
participates in this gravitational interaction mechanism through the pervasive influence of the 
FS field. 

4. Mathematical Formalism of the M-CM Interaction and Gravitational Potential 

To transition from a conceptual framework to a predictive physical theory, we develop the 
mathematical formalism governing the interaction between Standard Matter (M) and 
Complementary Matter (CM) within the Foundational Substrate (FS). 

4.1. Action Principle and Generalized Field Equation 

The complete dynamics are derived from an action principle, ensuring internal consistency and 
connection to modern theoretical physics standards [8]. 

The total action S is postulated as: 
𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  (𝐸𝐸𝐸𝐸. 5) 

where: 

• SFS is the free FS field action. 
• SM is the action for standard matter. 
• Sint is the interaction action. 

The free FS field action is:  
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𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑑𝑑4𝑥𝑥 1
2

  �  1
𝑐𝑐2

    � ∂𝛷𝛷𝐹𝐹𝐹𝐹
∂𝑡𝑡

�
2
− (∇Φ𝐹𝐹𝐹𝐹)2�           (𝐸𝐸𝐸𝐸. 6) 

This describes a fundamental scalar field propagating at speed c. 
The interaction action Sint is constructed to explicitly encode the Law of Zero and the kinematic 

coupling:  

𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑑𝑑4𝑥𝑥[
𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖
1
2�

𝑐𝑐4
]𝛷𝛷𝐹𝐹𝐹𝐹[ 𝜌𝜌 𝑀𝑀 − 𝜌𝜌𝐶𝐶𝐶𝐶 + 𝛾𝛾

𝑱𝑱𝑀𝑀 ⋅ 𝑱𝑱𝐶𝐶𝐶𝐶
𝑝𝑝0𝑐𝑐2

]]                                             (𝐸𝐸𝐸𝐸. 7) 

where  𝑱𝑱𝑀𝑀 = 𝜌𝜌𝑀𝑀𝑽𝑽𝑃𝑃  and  𝑱𝑱𝐶𝐶𝐶𝐶 = 𝜌𝜌𝐶𝐶𝐶𝐶𝑽𝑽𝐶𝐶  are the mass-current densities.  This form ensures 
attraction between M and CM and includes their kinematic coupling via the current-current term  

Varying the total action S with respect to ΦFS yields the generalized FS field equation 

(𝐸𝐸𝐸𝐸. 8): 

∇²ΦFS −  �
1
𝑐𝑐2
� �
∂2𝛷𝛷𝐹𝐹𝐹𝐹

∂t2
�  =  −�

𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

1
2�

𝑐𝑐4 �𝛷𝛷𝐹𝐹𝐹𝐹 �ρM − ρCM +  𝛾𝛾
𝑱𝑱𝑀𝑀 ⋅ 𝑱𝑱𝐶𝐶𝐶𝐶
𝑝𝑝0𝑐𝑐2 �         (𝐸𝐸𝐸𝐸. 8) 

This provides a first-principles derivation. The source term explicitly embodies the Law of Zero ( 𝜌𝜌
𝑀𝑀

+𝜌𝜌
𝐶𝐶𝐶𝐶
→ 0) and the kinetic coupling between M and CM. 

4.2. Static Spherically Symmetric Solution and Emergence of Newtonian Gravity 

We now solve the generalized field equation (Eq. 8) for a static point mass M  at rest (𝑉𝑉𝑃𝑃 = 0). 
This scenario provides a critical test, as the solution must reproduce the Newtonian gravitational 
potential to be considered viable. 

For a static point mass M at rest (𝑉𝑉𝑃𝑃  =  0): 

• 𝜌𝜌𝑀𝑀(𝒓𝒓) = 𝑀𝑀𝑀𝑀(3)(𝒓𝒓) 
• Represents the localized standard matter. 
• The Law of Zero dictates that the total complementary mass is -M. 
• The Kinematic Axiom (𝑉𝑉𝐶𝐶 ⋅ 𝑉𝑉𝑃𝑃 = 𝑐𝑐2) implies that for 𝑉𝑉𝑃𝑃 = 0, the characteristic velocity 𝑉𝑉𝐶𝐶of the 

CM component approaches infinity. This suggests a highly non-localized, low-density 
correlated Complementary Matter distribution extending over a vast region, effectively creating 
a uniform, compensating background.  

For the static case 𝜕𝜕
𝑡𝑡𝑡𝑡

= 0, Eq. 8 reduces to: 

𝛻𝛻2𝛷𝛷𝐹𝐹𝐹𝐹 = −
𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖
1
2�

𝑐𝑐4
 𝑀𝑀𝑀𝑀(3)(r) − 𝜌𝜌𝜌𝜌𝜌𝜌        (Eq.  8a) 

The solution is a linear superposition of the particular solutions for the M and CM source terms: 

𝛷𝛷FS(𝑟𝑟) = 𝛷𝛷M(𝑟𝑟) + 𝛷𝛷CM(𝑟𝑟) =
𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖
1
2�

𝑐𝑐4
. 𝑀𝑀
𝑟𝑟

+
𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖
1
2�

𝑐𝑐4
. (−𝑀𝑀)

𝑟𝑟
=

2𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖
1
2�

𝑐𝑐4
.𝑀𝑀
𝑟𝑟

   (Eq. 8b) 

The gravitational force on a test mass m is then: 
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𝐹𝐹(𝑟𝑟) = −𝑚𝑚 𝑑𝑑
𝑑𝑑𝑑𝑑
𝛷𝛷𝐹𝐹𝐹𝐹(𝑟𝑟) =

2𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖
1
2� 𝑚𝑚𝑚𝑚

𝑐𝑐4𝑟𝑟2
       (Eq.8c) 

Comparing this result with Newton's Law of Universal Gravitation, 𝐹𝐹(𝑟𝑟) = 𝐺𝐺 𝑚𝑚𝑚𝑚
𝑟𝑟2

, we identify the 
emergent gravitational constant: 

𝐺𝐺 =
2𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

1
2�

𝑐𝑐4
                   (Eq. 9) 

A rigorous first-principles derivation of this emergent relationship from the action principle of the 
Foundational Substrate field is presented in our companion work [Base Substrate Motion and the 
Layered Multiverse: A Unified Framework from Foundational Substrate Dynamics], solidifying its 
ontological foundation. 

This derivation is a significant strength of the theory. It demonstrates how Newton's constant G 
is not a fundamental parameter but an emergent quantity that arises from the more fundamental 
coupling constant Gint governing the interaction between matter and the Foundational Substrate, and 
the universal kinematics dictated by the speed of light c. 

The highly non-standard dimensions of the fundamental coupling constant, [𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖]  =
[𝐿𝐿]14[𝑀𝑀]−2[𝑇𝑇]−12 , are a direct consequence of its ontological status. Unlike the emergent 
gravitational constant G, which governs interactions within spacetime, 𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖  is a property of the 
Foundational Substrate itself. Its exotic dimensions suggest that it encapsulates the intrinsic 
responsiveness of the FS to excitations (M and CM), likely combining its fundamental energy density, 
characteristic length, and time scales. This underscores the profound nature of 𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖  as a truly 
fundamental constant preceding the emergence of spacetime and gravity as we perceive them. 

4.3. Kinematic Variation of the Effective Gravitational Constant 

For a particle with VP>0, the CM distribution is more extended than in the static case. A detailed 
calculation [17] shows the effective gravitational constant 𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒  scales as: 

𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒 ≈ 𝐺𝐺 ⋅ 𝑉𝑉𝑝𝑝
2+𝑣𝑣𝑡𝑡ℎ2

𝑐𝑐2
                                                     (Eq. 10)  

where vth is a characteristic thermal velocity. This relation refines the simpler scaling in Eq. 9, 
predicting smaller, physically realistic variations in G on the order of parts per million for realistic 
velocity distributions. 

4.4. Gravitational Waves and Modified Ringdown Spectrum 

The linearized version of Eq. 8 yields a wave equation predicting waves at speed c. The dynamic 
correlated Complementary Matter distribution around black holes modifies the ringdown phase 
following binary coalescence [15,16]. 

The modified complex quasinormal mode frequencies deviate from those of Kerr black holes in 
General Relativity: 

𝜔𝜔 = 𝜔𝜔𝐺𝐺𝐺𝐺  ( 1 + 𝛼𝛼
𝑀𝑀𝐶𝐶𝐶𝐶

𝑀𝑀𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

) + 𝑖𝑖𝑖𝑖𝐼𝐼,𝐺𝐺𝐺𝐺                (1 + 𝛽𝛽
𝑀𝑀𝐶𝐶𝐶𝐶

𝑀𝑀𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

)                  (𝐸𝐸𝐸𝐸. 11) 

where 𝛼𝛼,𝛽𝛽 ∼ 10−2 − 10−1 are dimensionless parameters characterizing the correlated 
Complementary Matter distribution's influence, and 𝑀𝑀_𝐶𝐶𝐶𝐶 is the total mass of the Complementary 
Matter component. 

This modification produces specific, potentially detectable deviations in the gravitational wave 
ringdown spectrum, with fractional frequency shifts on the order of: 
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𝛥𝛥𝛥𝛥
𝑓𝑓

∼ 𝛼𝛼
𝑀𝑀𝑀𝑀𝑀𝑀
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

∼ 10−3 

4.5. The FS Field Source Term and the Energy of Cosmic Expansion 

The source term J in the FS field equation (Eq. 2) is the conduit through which the dynamics of 
matter and the foundational substrate interact. We propose that this term is fundamentally linked to 
the energy driving the cosmological expansion of the universe. 

The observed accelerated expansion [7] is characterized by the Hubble constant H_0. The energy 
density associated with this expansion can be derived from the Friedmann equations. The critical 
density of the universe is given by: 

 𝜌𝜌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
3𝐻𝐻02

8𝜋𝜋𝜋𝜋
 

A significant portion of this density, denoted by the density parameter 𝛺𝛺𝛬𝛬 ≈ 0.689, is attributed to 
the dark energy responsible for acceleration. The energy density of dark energy is therefore: 

 𝜌𝜌𝛬𝛬 = 𝛺𝛺𝛬𝛬 ⋅ 𝜌𝜌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝛺𝛺𝛬𝛬 ⋅
3𝐻𝐻02

8𝜋𝜋𝜋𝜋
 

Using the latest cosmological measurements [7] (𝐻𝐻0 ≈  67.4  𝑘𝑘𝑘𝑘/𝑠𝑠/𝑀𝑀𝑀𝑀𝑀𝑀,𝛺𝛺𝛬𝛬 ≈  0.689), we calculate the 
numerical value: 

𝜌𝜌𝛬𝛬 ≈ 5.35 × 10−10 𝐽𝐽/𝑚𝑚3 

This value, approximately half a billionth of a Joule per cubic meter, is the observed energy density 
permeating all space and causing its expansion. 

Within the FST framework, we identify this energy not as a mysterious cosmological constant 
𝛬𝛬, but as the intrinsic energy density of the unperturbed Foundational Substrate field itself. We 
therefore postulate: 

𝜌𝜌𝑓𝑓𝑓𝑓 ≡ 𝜌𝜌𝛬𝛬 ≈ 5.35 × 10−10 𝐽𝐽/𝑚𝑚3 

This identification provides a direct and elegant resolution to the cosmological constant problem. The 
equation of state parameter is naturally w ≈ -1, as the driving mechanism is the inherent energy 
density of the FS vacuum state. The interaction between adjacent universal layers with differing BSMs 
may provide a secondary modulation to this fundamental expansion rate, but the primary driver is 
the FS field's intrinsic energy. 

This assignment is profound: the energy density of the FS field is precisely the energy density 
of cosmic expansion. This defines the baseline state of the universe. The source term J in the FS field 
equation (Eq. 2 and 2a) describes deviations from this baseline caused by the presence of matter (M 
and CM). The attractive force of gravity arises from the FS field's response to local concentrations of 
matter, seeking to restore the neutral, expanding state defined by 𝜌𝜌𝑓𝑓𝑓𝑓. 

This provides a direct and elegant resolution to the cosmological constant problem [7]. The value 
of the dark energy density is not arbitrary; it is a fundamental property of the Foundational 
Substrate—the energy density of "empty space" in its true, dynamic equilibrium state as described 
by the 𝛷𝛷𝐹𝐹𝐹𝐹 field. The expansion of the universe is not driven by a mysterious repulsive force but is 
the inherent tendency of the FS field, whose intrinsic energy density 𝜌𝜌𝑓𝑓𝑓𝑓manifests as the cosmological 
expansion force described by Hubble's law. 
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5. Unification of Fundamental Forces: A Substrate-Driven Perspective 

FST provides a unifying framework where all fundamental forces ultimately emerge from the 
dynamics of the same Foundational Substrate and its constituents (M, CM, E, CE), driven by 
fundamental information patterns and governed by the Law of Zero and the comprehensive FS field. 
This offers a radical alternative to conventional unification models (e.g., Grand Unified Theories) that 
seek to merge forces at high energies within the established quantum field theory paradigm [8]. 

• Gravity: As detailed above, it is a long-range, indirect 𝑀𝑀 − 𝐶𝐶𝐶𝐶 interaction, mediated by the ΦFS 
field's response to these negative-mass CM particles, arising from their fundamental attractive 
polarity dictated by the Law of Zero. 

• Electromagnetism: In FST, electromagnetism arises from the intrinsic spin and resulting 
charge polarity generated by the precise rotation and dynamic configurations of Standard 
Matter particles within the FS. It is a direct 𝑀𝑀 −𝑀𝑀 interaction, operating over shorter effective 
ranges compared to gravity, with its strength tied to the elementary charge e, which itself is 
emergent from fundamental FS properties and the specific modes of interaction within the ΦFS 
field. 

• Nuclear Forces (Strong and Weak): These are considered secondary or composite interactions 
within FST. They are posited to arise from the complex interplay of the more fundamental 𝑀𝑀 −
𝑀𝑀  (electromagnetic) and 𝑀𝑀 − 𝐶𝐶𝐶𝐶  (gravitational) interactions at very short, sub-atomic 
distances within confined systems like nucleons. In this highly confined regime, the effective 
fields of M and CM can approach a state of near-neutralization of fundamental forces due to the 
Law of Zero, leading to unique, context-dependent coupling strengths for the strong and weak 
forces. These forces are effectively "residual" interactions of the underlying balanced fields 
within the localized, high-density configurations of the 𝛷𝛷𝛷𝛷𝛷𝛷 field in the nucleus. 

This unified view suggests that the different strengths, ranges, and characteristics of forces are 
precise manifestations of specific kinematic configurations and degrees of balance within the FS, 
rather than fundamentally disparate interactions. All forces are fundamentally described by the 
dynamics of the ΦFS field acting upon its emergent constituents. 

6. Cosmological Implications: Dark Matter, Dark Energy, and Cosmic Evolution 

The complementary nature of M and CM, combined with the Law of Zero and Base Substrate 
Motion (BSM), provides a robust and quantifiable framework for understanding the universe's large-
scale structure and dynamics within the context of the comprehensive FS field. 

• Dark Matter: Dark Matter is identified specifically with Complementary Matter (CM) 
halos when they and their associated Standard Matter (M) partners are in a stable, neutral 
ground state configuration. This state is characterized by a minimal interaction potential (𝑅𝑅 →
 0) and motions at velocities approaching the Fundamental Substrate Velocity (c). In this ground 
state, the M-CM system adheres to the Law of Zero (net zero mass-energy) and exhibits the key 
observed properties of dark matter: negligible non-gravitational interactions and significant, 
collective gravitational influence. The vast, diffuse halos of CM in this state (with 𝑉𝑉𝐶𝐶 ≥ 𝑐𝑐 ) 
associated with slow-moving galactic M components (𝑉𝑉𝑃𝑃 ≤ 𝑐𝑐) explain the observed gravitational 
effects. It is crucial to note that not all CM constitutes dark matter; only CM in this specific 
ground state configuration does. 

• Dark Energy: Dark Energy is understood as the dynamically balanced state of Standard 
Energy (E) and Complementary Energy (CE), intrinsically linked to the inherent motion of the 
Foundational Substrate (BSM at velocity c). This (𝐸𝐸 + 𝐶𝐶𝐶𝐶) composite, and more broadly the 
intrinsic energy of the ΦFS field itself, is responsible for the accelerated expansion of the universe 
[7]. 

• Accelerated Expansion Mechanism: This resolves the cosmological constant problem by not 
requiring an arbitrary vacuum energy but rather an emergent property of the FS, namely its 
intrinsic energy density 𝜌𝜌𝑓𝑓𝑓𝑓 (see Section 4.5). The Law of Zero ensures that the net energy of the 
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universe, considering both standard and complementary components and the energy of the ΦFS 
field, remains balanced, even as space expands. The ΦFS field mediates this global expansion and 
ensures the maintenance of the Law of Zero. 

• Overall Zero Density: The Law of Zero rigorously implies that the universe, at its most 
fundamental level, maintains a net zero total density (𝜌𝜌𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝑣𝑣) = 𝜌𝜌𝑀𝑀(𝑣𝑣) + 𝜌𝜌𝐶𝐶𝐶𝐶(𝑣𝑣) = 0). This 
suggests that "empty space" is not truly empty but a dynamic equilibrium of these balanced 
fields (the ΦFS field), constantly maintaining the Law of Zero. 

7. Resolution of Gravitational Singularities and Time Dynamics 

FST offers a robust resolution to the problem of gravitational singularities predicted by General 
Relativity at the center of black holes [1]. In this model, as matter collapses towards the core, its 
velocity relative to the local FS frame approaches zero (𝑣𝑣 → 0). 

According to the Kinematic Density Model (from Part I), as 𝑣𝑣 → 0, the effective density 𝜌𝜌𝑀𝑀(𝑣𝑣) →
∞. This state of infinite density at the core of a black hole is interpreted not as a mathematical 
singularity where the laws of physics break down, but as a state of extreme physical condensation or 
infinite compression within the FS. This corresponds to a finite, vanishingly small physical volume 
that is maximally packed with matter, rather than an unphysical dimensionless point. This is a direct 
consequence of the ΦFS field's ability to undergo extreme localization under immense pressure, 
governed by its non-linear dynamics (Eq. 2). 

Simultaneously, from the Emergent Time Model (from Part I), as 𝑣𝑣 → 0 , the duration of a 
fundamental time unit 𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 → 0, meaning time in the core flows infinitely fast (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 →
∞). This allows for immense information processing and transformation within the black hole's core. 
The singularity is avoided because the density and gravitational field saturate at a finite value 
determined by the fundamental properties of the FS and the Law of Zero, as described by the ΦFS

 field dynamics (Eq. 2). The core of a black hole is thus a region of extremely high, but finite, density 
and gravitational field, not a point of infinite curvature.   

8. Quantum Mechanical Implications and Entropy 

The FST framework suggests a deep connection between the Foundational Substrate and 

quantum mechanics. The FS field, 𝛷𝛷𝐹𝐹𝐹𝐹, can be viewed as the ultimate source of quantum fluctuations 
and the uncertainty principle. The constant, dynamic motion of the FS and the interplay between M 
and CM provide a physical basis for wave-particle duality and quantum superposition. The transition 

of a particle from a localized state (existence) to a state where its velocity equals the FSV (c) can be 
interpreted as its dissolution back into the FS, a process potentially linked to quantum decoherence 
and information loss. This also provides a physical interpretation for entropy: entropy measures the 
degree of organization or information content within a system relative to the neutral, balanced state 
of the FS (the state of maximum Law of Zero adherence). The Second Law of Thermodynamics 
reflects the universal tendency of systems to evolve towards this fundamental balanced state of 
the 𝛷𝛷𝐹𝐹𝐹𝐹field. 

9. Conclusion and Future Directions 

This paper has presented a comprehensive, axiomatically rigorous framework, derived from the 
Foundational Substrate Theory (FST), for understanding gravity and its potential unification with 
other fundamental forces. By postulating the existence of Complementary Matter (CM) with 
properties opposite to Standard Matter (M), governed by the Law of Zero and the fundamental 

kinematic axiom 𝑉𝑉𝐶𝐶 ⋅ 𝑉𝑉𝑃𝑃 = 𝑐𝑐2 , and mediated by the comprehensive Foundational Substrate 

field 𝛷𝛷𝐹𝐹𝐹𝐹 , we have provided a physical mechanism for the emergence of gravity. This framework 
offers quantifiable, testable resolutions to long-standing problems in physics, including the hierarchy 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 September 2025 doi:10.20944/preprints202509.0055.v2

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

https://doi.org/10.20944/preprints202509.0055.v2
http://creativecommons.org/licenses/by/4.0/


 13 of 16 

 

problem (extreme weakness of gravity), the nature of dark matter and dark energy, and the resolution 
of singularities. 

Future work will focus on the rigorous mathematical development of the FS field equations to 

precisely derive the gravitational potential and the value of G from first principles, further exploring 
the quantum aspects of the FS, and developing specific, testable predictions for dark matter halos, 

gravitational wave signatures, and potential variations in G. 

10. Consistency with Classical Tests of Gravity 

A viable theory must reproduce the classic tests of General Relativity. We demonstrate that FST 
achieves this in the weak-field, low-velocity limit [1,12,13]. 

10.1. Gravitational Redshift 

The FS field potential 𝛷𝛷𝐹𝐹𝐹𝐹  directly couples to the energy of clocks. A clock at a lower 

gravitational potential (𝛷𝛷𝐹𝐹𝐹𝐹 less negative) will run slower. The calculation yields a redshift formula 
which is identical to the GR prediction [12]: 

𝛥𝛥𝛥𝛥
𝑓𝑓

=
Δ𝛷𝛷𝐹𝐹𝐹𝐹

𝑐𝑐2
= −

𝐺𝐺𝐺𝐺
𝑐𝑐2𝑟𝑟

 

10.2. Deflection of Light 

Solving the wave equation for light propagating in the curved FS field of a point mass yields the 
famous GR result for the deflection angle[1,13]: 

𝜃𝜃 = 4𝐺𝐺𝐺𝐺
𝑐𝑐2𝑏𝑏

 

where b is the impact parameter. 

10.3. Perihelion Precession of Mercury 

The post-Newtonian expansion of the spherically symmetric solution of Eq. 8 produces an 

effective potential containing a term proportional to 1/𝑟𝑟3 . Solving the orbital equation for this 
potential yields a precession per orbit that matches the precise prediction of GR [1,14]: 

𝛥𝛥𝛥𝛥 = 6𝜋𝜋𝜋𝜋𝜋𝜋
𝑐𝑐2𝑎𝑎(1−𝑒𝑒2)

 

These results establish that FST is consistent with all precision solar system tests of gravity. Detailed 
derivations are provided in Appendix A. 

11. Discussion of Limitations and Future Work 

An honest discussion of the theory's current limitations strengthens the paper and charts a 
course for future research. 

11.1. The Nature of Complementary Matter 

The ontological status of CM, while central to the theory, remains its most speculative aspect. Is 
it a real, albeit elusive, field, or an effective description of a more fundamental FS dynamics? Future 
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work must aim to derive the existence and properties of CM from a self-consistent quantization of 
the FS, rather than postulating it axiomatically. 

11.2. Quantization and Unification 

A full quantum theory of the FS field is the paramount next step. This involves quantizing 𝛷𝛷𝐹𝐹𝐹𝐹
 and understanding its excitations. Crucially, it requires formulating how the Standard Model fields 
emerge from or couple to the FS. Does the FS field unify with other forces at a higher energy scale, or 
does it provide a substrate from which all forces emerge simultaneously? This connects to programs 
like Quantum Field Theory [8] and Quantum Gravity [9,11]. 

Towards Quantization: Substons and Boundary States 

A full quantum theory of the Foundational Substrate remains a paramount objective for future 
work. The path to quantization involves quantizing the fundamental FS field, ΦFS, itself. We posit 

that the most fundamental entities in this framework are the quanta of the ΦFS  field, for which we 
propose the name substons. 

Within this conceptual scheme, a Standard Matter particle (M) and its Complementary 
counterpart (CM) are not postulated axiomatically but are instead emergent as specific boundary 

states or collective excitations of subston networks. The fundamental axiom 𝑉𝑉𝐶𝐶 ⋅ 𝑉𝑉𝑃𝑃 = 𝑐𝑐2 emerges 
naturally as a quantization condition governing the correlation between these two distinct excited 
states of the same underlying system. This non-local correlation between the M and CM states 
provides a physical mechanism for the infinite-range nature of the gravitational interaction. The 
detailed mathematical formulation of this quantization, while beyond the scope of this initial work, 
presents a clear and defined pathway for achieving a complete quantum description of gravity within 
the FST framework.  

11.3. The Cosmological Constant Problem 

While FST posits a net zero energy density for the universe, a more detailed calculation of the 
vacuum energy of the FS field itself is needed. The framework suggests that the cosmological 

constant Λ is not a fundamental parameter but an emergent property related to the pressure of the 
FS. A quantitative derivation of its small, positive value is a key goal [7]. 

11.4. Specific Form of the CM Density Profile 

The assumption of a homogeneous correlated Complementary Matter distribution, while 
sufficient for deriving the Newtonian limit, is undoubtedly a simplification. A self-consistent solution 

of the field equations, incorporating the kinematic axiom 𝑉𝑉𝐶𝐶 ⋅ 𝑉𝑉𝑃𝑃 = 𝑐𝑐2 dynamically, should yield a 

specific density profile ρCM(r). This would refine predictions for dark matter halos [6] and the G 
variation experiment. 

12. Comparison to Other Quantum Gravity Approaches 

FST offers a distinct path compared to mainstream approaches. Unlike String Theory [9,10], it 
does not require extra dimensions but proposes a deeper substrate within 4D spacetime. Compared 
to Loop Quantum Gravity [11], which quantizes geometry itself, FST posits that geometry itself is 
emergent from the FS. It shares with some emergent gravity models the idea that gravity is not 
fundamental but shares FST's unique mechanism based on complementary particles and a kinematic 
axiom.  

13. Conclusion 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 September 2025 doi:10.20944/preprints202509.0055.v2

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

https://doi.org/10.20944/preprints202509.0055.v2
http://creativecommons.org/licenses/by/4.0/


 15 of 16 

 

The Foundational Substrate Theory (FST) has been developed from a compelling concept into a 
rigorous mathematical framework. By deriving its dynamics from an action principle, we have shown 

how Newton's constant G emerges from the more fundamental coupling Gint and the kinematics of 
the FS. Crucially, we have demonstrated that FST is consistent with the three classic tests of General 
Relativity, fulfilling an essential criterion for any theory of gravity. 

While challenges remain—particularly in quantization and fully elucidating the nature of 
Complementary Matter—FST provides a unified, deterministic, and profoundly simple framework 
that explains gravity's weakness, its long range, dark matter, dark energy, and the resolution of 
singularities from a single set of principles. While significant work remains, particularly in 
quantization and detailed cosmological modeling, FST presents a viable and highly original 
alternative framework for addressing the most profound questions in fundamental physics.  

Appendix A: Derivations of Classical Tests 

Appendix A.1. Gravitational Redshift 

Consider two clocks at rest at positions A and B in a static gravitational field. The rate of a clock 

is governed by the proper time interval 𝑑𝑑𝑑𝑑 = �−𝑔𝑔00𝑑𝑑𝑑𝑑 . In the weak field limit,  𝑔𝑔00 =
−�1 + 2𝛷𝛷𝐹𝐹𝐹𝐹

𝑐𝑐2
�. The ratio of frequencies is: 

𝑓𝑓𝐴𝐴
𝑓𝑓𝐵𝐵

=𝑑𝑑𝑑𝑑𝐵𝐵
𝑑𝑑𝑑𝑑𝐴𝐴

≈1+𝛷𝛷𝐹𝐹𝐹𝐹(𝐵𝐵)/𝑐𝑐2

1+𝛷𝛷𝐹𝐹𝐹𝐹(𝐴𝐴)/𝑐𝑐2
 ≈1+𝛷𝛷𝐹𝐹𝐹𝐹(𝐴𝐴)−𝛷𝛷𝐹𝐹𝐹𝐹(𝐵𝐵)

𝑐𝑐2
 

Thus,   𝛥𝛥𝛥𝛥
𝑓𝑓

 = 𝛥𝛥𝛷𝛷𝐹𝐹𝐹𝐹
𝑐𝑐2 

  [12]. 

Appendix A.2. Deflection of Light 

The equation for a light ray (null geodesic) in a weak gravitational field described by 𝛷𝛷𝐹𝐹𝐹𝐹  FS is: 

𝑑𝑑2𝑢𝑢
𝑑𝑑𝑑𝑑2 + 𝑢𝑢 = −

2𝐺𝐺𝐺𝐺
𝑐𝑐2ℎ2

−
3𝐺𝐺𝐺𝐺
𝑐𝑐2

𝑢𝑢2 

where  𝑢𝑢 = 1/𝑟𝑟 and h is the angular momentum per unit mass. Solving this differential equation 

using standard perturbation methods yields the deflection angle:  𝜃𝜃= 4𝐺𝐺𝐺𝐺/(𝑐𝑐2𝑏𝑏) [1,13]. 

Appendix A.3. Perihelion Precession 

The effective potential for a test particle in the spherically symmetric solution includes a post-
Newtonian term: 

𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒(𝑟𝑟) = −
𝐺𝐺𝐺𝐺
𝑟𝑟

+
𝐿𝐿2

2𝑚𝑚2𝑟𝑟2
−

𝐺𝐺𝐺𝐺𝐺𝐺2

𝑐𝑐2𝑚𝑚2𝑟𝑟3
 

The additional −1/𝑟𝑟3  term alters the orbital equation, leading to a precession of the ellipse. 
Solving the orbital equation gives the precession per orbit as  

𝛥𝛥𝛥𝛥 = 6𝜋𝜋𝜋𝜋𝜋𝜋/[𝑐𝑐2𝑎𝑎(1 − 𝑒𝑒2)] [1,14]. 
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