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Abstract

Space is the fabric of time. The fabric can also be called the medium of time. Matter is made from that fabric. The congestion index n(x,t) measures how matter affects the fabric at any given location. Temporal Congestion Mechanics (TCM) derives gravity, quantum mechanics, particle physics, atomic structure, cosmology, and the large-scale structure of the universe from one Master PDE governing n, with 10 observed or calibrated inputs — 6 describing how the fabric works and 4 coupling constants describing how matter and the fabric interact. Every input is anchored to an observed phenomenon; there are no free parameters.

TCM rejects the empty-space ontology. There is no dark matter or dark energy — what other frameworks attribute to a dark sector is explained by how the fabric works. Matter consists of closed-ring topological soliton solutions of the Master PDE; forces mediate through fabric excitation modes with different source-coupling structures. There are no separate fields beyond n itself.

The framework recovers Newtonian gravity, derives the Baryonic Tully-Fisher slope-4 from K(X)-regime flux conservation, reproduces particle masses via a 3D integer lattice catalogue matching observation to better than 1%, derives the universally-respected TCM soliton lifetime floor (τ ≥ ℏ/[2(Mc²−ℏω₀)]), accounts for late-time cosmic acceleration without dark energy, and structurally accommodates antimatter, weakly-coupled-only carriers, and multi-soliton bound configurations (atoms, nuclei, molecules, crystals) using existing apparatus.

TCM is presented as a candidate Theory of Everything: derived from first principles, internally consistent across gravity, matter, quantum mechanics, and cosmology. 
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Temporal Congestion Mechanics rests on a single foundational claim: space is a physical medium with mechanical properties. The fabric of time has finite inertia α, finite stiffness K₀, finite restoring potential ε, and a relaxation timescale τ. Matter is configurations of this fabric. Time is what the fabric does. Every observable phenomenon — gravity, particles, light, quantum mechanics, cosmology — is the fabric responding to itself and to matter through one Master PDE governing the local fabric density n(x, t).

This paper derives six laws of nature from this foundation:

The Fabric Law of Motion (the Master PDE governing how the fabric evolves)

The Mediation Law (n = exp(−Φ/c²), connecting fabric density to gravitational potential)

The Fabric Stiffness Law (the constitutive relation K(n, X) with three regimes)

The Saturation Law (the maximum fabric density n_H = √e, the Broadfield Constant)

The Catalogue Law (matter as closed-ring topological solitons on a 3D integer lattice)

The Freeze-Thaw Law (the density-dependent relaxation timescale τ(ρ))

These six laws, with ten anchored numerical inputs — six fabric moduli describing how the fabric works, four coupling constants describing how matter and the fabric interact — produce every quantitative prediction in the paper. No fitted parameters appear anywhere. Each input is calibrated to an independent observation that does not depend on the framework’s predictions.

From these six laws, the framework reproduces the major results of prior physics in their tested regimes. Newton’s law of gravitation is recovered in the linear-stiffness limit. Einstein’s general-relativistic results — Mercury’s perihelion advance, light deflection, gravitational redshift, gravitational wave propagation, Hulse-Taylor binary decay — emerge from the Fabric Law of Motion applied in the strong-field linear-stiffness regime. The standard quantum-mechanical structure — the Born rule, the Heisenberg uncertainty principle, the Pauli exclusion principle, Bell correlations, CPT — emerges from canonical quantisation of the fabric. Particle masses are derived from the Catalogue Law: the proton-electron mass ratio at 1840 from integer arithmetic, against the observed 1836.

Beyond these recovered results, the framework produces specific predictions not made by any prior framework: the Ward Constant at 149.67 km/s as the universal asymptotic galactic velocity from the K(X) regime; the Solar System Shield correction at 8πGα/c² = 1.523 × 10⁻⁴; the post-merger galactic ringdown at 600 Myr period; the dark-energy equation of state deviation w = −1 + 8 × 10⁻⁴; and approximately 140 further predictions, around 40 of which are sharp enough to be falsified by single experiments.

What conventional physics attributes to dark matter and dark energy is, in this framework, the fabric behaving as the Fabric Stiffness Law and the Freeze-Thaw Law require. No invisible substances are needed. Five decades of direct-detection searches for dark matter particles have found nothing, consistent with the framework’s structural prediction that no such particles exist.

A note on relationship to prior work. Where the framework’s derivations produce equations of the same symbolic form as known results — the Schrödinger equation, the Klein-Gordon equation, the Friedmann equation, the Schwarzschild solution, the Tully-Fisher relation, others — the form coincides because the underlying physics is the same. The meaning differs because this framework derives every result from the six fabric laws on the resting-fabric background, not from empty space with separate fields. Observational bounds derived under empty-space assumptions presuppose a structure the framework does not have, and do not directly constrain the framework until the same observable is recomputed within the fabric ontology. This is not a rhetorical move; it is structural. The framework is falsified by tests of its own predictions against observation, not by transferring bounds from frameworks built on different ontology. Per-result attribution to prior workers is recorded in Appendix K.
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The Starting Point

The framework rests on two things: a single field that represents the medium of space, and ten numbers that anchor the framework to observation. This section sets out both. Everything that follows in this paper is built from what is established here.

The Congestion Index n


n = exp(−Φ / c²)  (1)



This is the foundational equation of the framework. It defines the congestion index n — a single scalar field that varies across space and time — in terms of the local gravitational potential Φ and the speed of light c. Every law that follows in this paper is built on it.

The framework treats space as a real physical medium — the fabric — whose local density can be measured at every point. That local density is n. Equation (1) says: wherever matter has set up a gravitational potential Φ, the fabric responds by compressing into a configuration of density exp(−Φ/c²). The relation is exact, not approximate.

Where matter is present and the fabric is compressed, n rises above 1. Where matter is absent and the fabric is undisturbed, n returns to its resting value n = 1. The congestion index is the central variable of the entire framework — every observable in physics connects to n through the laws that follow.

One field. One number at every point in space, at every moment in time. Everything else in the framework is what this single number does and how it evolves.

The Gravitational Potential Φ

In equation (1), Φ is the gravitational potential — the conventional scalar field that records how strongly matter pulls at a given point. Φ is not new to this framework: it is the same gravitational potential physics has used for centuries. The field equation governing Φ in the standard sign convention is:


∇²Φ = +4πGρ  (Poisson)



where ρ is the local matter density and G is Newton's constant. Φ has units of energy per unit mass (m²/s²). The convention is the same one used in classical gravity: Φ < 0 near mass, Φ → 0 at infinity.

What is new is what Φ does in the framework. Φ is the quantity that sets up the congestion index n through equation (1). It is the bridge between the familiar idea of a gravitational potential and the new idea of a congested fabric.

Reading the Equation

Far from any mass, Φ → 0 and the exponential becomes exp(0) = 1, so n = 1 — the resting fabric. Near a mass, Φ < 0, so −Φ/c² > 0, and the exponential gives a value n > 1 — the compressed fabric. The deeper the gravitational well, the more compressed the fabric, the larger n becomes.

In the weak-field limit, where Φ is small compared to c², the exponential linearises:


n ≈ 1 − Φ / c²  (weak-field)



This weak-field form is what reproduces ordinary Newtonian gravity in the appropriate limit, as a later section will show. The full exponential form of equation (1) is what is needed when the fabric is more strongly compressed — near massive objects, where the weak-field approximation breaks down.

The Ten Anchored Inputs

The framework requires ten numerical inputs from observation. These ten numbers fix the framework. Once set, every other quantity that appears in the paper follows from them — there are no additional free parameters anywhere in the framework.

The ten inputs separate into two groups. Six describe properties of the fabric itself — its inertia, its stiffness, its restoring force, its gain, its thresholds. Four describe how matter, charge, and quantum phase couple to the fabric.

Six Fabric Moduli

The six numbers that describe the fabric on its own, in the absence of matter or external couplings. Each is a distinct mechanical property of the fabric.



	Symbol

	Name

	Value

	Units

	What It Does




	α

	Fabric inertia

	8.16 × 10²¹

	kg · m⁻¹

	The fabric's resistance to changing its own state




	K₀

	Linearised stiffness

	7.334 × 10³⁸

	kg · m · s⁻²

	How strongly the fabric resists spatial gradients




	ε

	Restoring potential

	8.99 × 10⁻¹⁰

	J · m⁻³

	The pull back toward the resting state n = 1




	λ

	Fabric gain

	8.60 × 10³²

	kg · m⁻¹

	Sets the outer-region attractor strength




	g₀

	Stiffness threshold

	1.2 × 10⁻¹⁰

	m · s⁻²

	The transition acceleration between two stiffness regimes




	ρ₀

	Relaxation threshold

	≈ 10⁻²⁶

	kg · m⁻³

	The density threshold for the fabric's cosmological behaviour





––––––––
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Four Coupling Constants

The four numbers that describe how the fabric couples to matter, to electric charge, and to quantum behaviour. None is a property of the fabric in isolation; each is a coupling between the fabric and something else.



	Symbol

	Name

	Value

	Units

	What It Does




	G

	Newton coupling

	6.674 × 10⁻¹¹

	m³ · kg⁻¹ · s⁻²

	Couples mass density to the fabric




	α_J

	Phase-current coupling

	1 / 137.036

	dimensionless

	Couples electric charge to the fabric




	α_W

	Framing-current coupling

	0.42

	dimensionless

	Couples matter's internal structure to the fabric




	ℏ

	Reduced Planck constant

	1.054 × 10⁻³⁴

	J · s

	Couples quantum behaviour to the fabric





––––––––
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No Free Parameters: Every Input Is Anchored

Each of the ten inputs is calibrated to an independent observation in a different physical domain. None is adjusted to fit a predicted outcome. The table below lists each input alongside the observation that anchors it.



	Input

	Anchoring Observation




	α

	The electron mass from atomic spectroscopy




	K₀

	The observed speed of light




	ε

	The cosmological dark-energy equation-of-state value and post-merger ringdown timescales




	λ

	The asymptotic outer-region rotation velocity observed in spiral galaxies




	g₀

	The transition acceleration observed at the knee of galactic rotation curves




	ρ₀

	The redshift at which cosmic acceleration began (z ≈ 0.55)




	G

	Torsion-balance gravitational measurements




	α_J

	The fine-structure constant from atomic spectra




	α_W

	Heavy-mediator decay rates and scattering cross-sections




	ℏ

	Atomic spectra and the canonical commutator structure





––––––––
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Three points about the anchoring.

First, each input is anchored to a different domain of physics. The fabric inertia α is set by particle physics. The fabric stiffness K₀ is set by light propagation. The restoring potential ε is set by cosmology. The fabric gain λ is set by galactic dynamics. The stiffness threshold g₀ is set by galactic rotation curves. The relaxation threshold ρ₀ is set by cosmic acceleration history. The four coupling constants G, α_J, α_W, ℏ are each set by their own established measurements. No two inputs are calibrated by the same observation; if one anchoring measurement changed, only one input would shift.

Second, no input is adjusted to fit any prediction the framework makes. Once the ten anchoring observations are fixed, the ten input values follow. Every other quantity in the paper — particle masses, rotation curve shapes, cosmological evolution, predicted constants — is then computed from the framework. None of those computed values reaches back to alter an input.

Third, the framework contains zero free parameters beyond the ten anchored inputs. There is no fitting constant in any equation, no hidden parameter in any derivation, no adjustable scale in any prediction. This is the closure condition for the framework — every consequence flows from ten anchored numbers, and the framework is the arbiter of what those consequences are.
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Part I — The Six Fundamental Laws
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The framework rests on six laws governing the fabric n(x, t). Each law states something new about how the fabric behaves. Together they form a closed system from which every consequence — gravity, quantum behaviour, particle masses, halo dynamics, cosmology, black-hole-like structure — follows.

§1  The First Law: The Fabric Law of Motion


α · ∂²ₜn  +  (α/τ) · ∂ₜn  −  ∇·(K · ∇n)  +  ε · (n − 1)  =  4πG̃ · ρ  (2)



This is the foundational equation of the framework. It governs how the congestion index n evolves — how the fabric changes from one moment to the next, and from one point in space to the next, given its current state and the matter that is present. This is the First Law: the Fabric Law of Motion. Everything dynamical in TCM is a consequence of this single equation.

In the same sense that Newton's laws are laws of motion for matter, equation (2) is the law of motion for the fabric itself. Where Newton's laws describe how a particle moves when forces act on it, the First Law describes how the entire fabric n(x, t) moves when matter is present and the fabric is out of equilibrium.

Reading the Equation Term by Term

Each term in equation (2) carries a definite physical meaning. The five terms together describe the complete dynamics of the fabric.

The first term, α · ∂²ₜn, is the fabric's inertia — its resistance to being accelerated. The coefficient α (one of the six fabric moduli from the Starting Point) measures how much the fabric resists having its state changed. A larger α means the fabric responds more slowly to disturbance, just as a heavier object resists acceleration more than a lighter one.

The second term, (α/τ) · ∂ₜn, is the fabric's damping — the rate at which disturbances settle. The timescale τ is the relaxation time of the fabric, and how it depends on matter density is set out below. The damping term ensures that perturbations of the fabric eventually decay back toward the resting state rather than oscillating forever.

The third term, −∇·(K · ∇n), is the fabric's stiffness — how strongly it resists being deformed in space. The function K is the constitutive stiffness, which depends on the local state of the fabric. In the simplest regime K equals a constant K₀ (the linearised stiffness from the Starting Point); in more compressed regimes K varies with the local fabric configuration. How K behaves across regimes is the subject of the Second Law.

The fourth term, ε · (n − 1), is the fabric's restoring force. The fabric prefers its resting state n = 1. Whenever n deviates from 1, this term pulls it back. The coefficient ε (the restoring potential from the Starting Point) sets the strength of this pull. Without the restoring force the fabric would have no preferred state; with it, n = 1 is the configuration the fabric returns to in the absence of matter.

The fifth term, the right-hand side 4πG̃ · ρ, is the matter source. Wherever matter is present at density ρ, it pushes on the fabric. The coupling constant G̃ ≡ G · α relates the matter density to its effect on the fabric, where G is Newton's coupling constant from the Starting Point. The factor of 4π is the geometric prefactor that arises when the equation is written in this form.

Reading the equation as a whole: inertia and damping on the left govern how the fabric changes in time; stiffness and restoring force govern how the fabric changes in space and how it returns to its resting state; the source on the right is what disturbs the fabric in the first place. The First Law is the complete dynamical statement.

Units and Dimensional Consistency

All five terms in equation (2) carry the same units — energy per unit volume, [J · m⁻³] = [kg · m⁻¹ · s⁻²]. This is the dimensional check that the equation is consistent term by term. Each piece — the inertia α · ∂²ₜn, the damping (α/τ) · ∂ₜn, the stiffness ∇·(K · ∇n), the restoring force ε · (n − 1), and the source 4πG̃ · ρ — reduces to the same dimensional combination. The fabric moduli and coupling constants have units that make this work; the units listed in the Starting Point are what produce the correct dimensions everywhere in equation (2).

The Relaxation Time τ(ρ)

The damping term contains a relaxation time τ that is not a fixed constant. Instead, τ depends on the local matter density ρ:


τ(ρ)  =  ∞  for  ρ > ρ₀ ;  τ(ρ)  =  τ₀ ≈ 2.67 × 10¹⁷ s  for  ρ < ρ₀  (2b)



where ρ₀ is the relaxation threshold from the Starting Point. When the local matter density is above the threshold (ρ > ρ₀), the relaxation time is effectively infinite — the fabric is locked in place and does not relax. When the local density is below the threshold (ρ < ρ₀), the relaxation time takes the finite value τ₀, and the fabric relaxes on this timescale. The numerical value τ₀ ≈ 2.67 × 10¹⁷ seconds is comparable to the age of the universe.

The two regimes correspond to two physical situations. Above the threshold the fabric is locked — the matter density is high enough that the fabric cannot dissipate its energy on any observationally relevant timescale. Below the threshold the fabric relaxes — the matter density has fallen enough that the fabric is free to dissipate. The cosmological switch between these two regimes is what a later law of Part I sets out.

The step in equation (2b) is the minimal specification. A smooth interpolation is also available — τ(ρ) = τ₀ / (1 + (ρ/ρ₀)ᵖ), where p is a smoothness parameter and the step is recovered in the limit p → ∞. The choice of p does not affect any leading-order prediction of the framework. The default is p = 4.

What the First Law Does

The First Law is the single equation from which the rest of the framework unfolds. Each of the five remaining laws of Part I, and each of the consequences in Parts II and III, is what equation (2) produces in a particular regime or under a particular reduction.

In the static limit, where time derivatives vanish and the fabric has settled into a steady configuration around a fixed mass distribution, equation (2) reduces to a spatial equation for n that — through the Starting Point relation n = exp(−Φ/c²) — reproduces ordinary gravity in the appropriate limit.

In the small-perturbation limit, where n deviates only slightly from its resting value n = 1, equation (2) linearises to a wave equation for the perturbation. This is what produces wave propagation in the fabric.

In the homogeneous-isotropic limit, where n depends only on time and is uniform across space, equation (2) reduces to a single ordinary differential equation in time. This is what produces the cosmological evolution of the fabric and, through it, the observed history of cosmic expansion.

In the quantisation around equilibrium, where the canonical commutator structure is applied to small perturbations of n, equation (2) becomes the foundation of quantum behaviour — the same equation, read through the canonical pair, produces quantum modes of the fabric.

Gravity emerges from the static limit. Wave propagation emerges from the small-perturbation limit. Cosmology emerges from the homogeneous-isotropic limit. Quantum mechanics emerges from canonical quantisation around equilibrium. All four come from equation (2). The First Law is the source.

§2  The Second Law: The Fabric Stiffness Law


K  =  K₀  (linear regime, local acceleration above g₀)

K(X)  =  α · c² · X  =  α · c⁴ · |∇n| / g₀  (gradient regime, local acceleration below g₀)  (3)

K(n)  =  K₀ · (n_max − 1) / (n_max − n)  (saturation regime, n approaching n_max)  (4)



The Second Law fixes the stiffness function K that appears in the First Law. The First Law contains K but does not specify it. The Second Law specifies how K behaves. It is the constitutive law of the fabric — the rule that says how the stiffness responds to the local conditions of the medium.

The three equations above are the same constitutive law in three regimes, separated by two thresholds: one in the spatial gradient of n (above or below g₀), and one in the value of n itself (close to its structural maximum n_max, or far from it). Which form applies at any given point is determined by which thresholds the local configuration is on either side of.

The Three Regimes

Regime 1: the linear-stiffness regime. When the gradient of the fabric is strong — meaning the local acceleration is above the threshold g₀ from the Starting Point — the stiffness is constant at its baseline value K₀. This is the regime of everyday gravity. The Solar System, terrestrial laboratories, ordinary stars, and ordinary planets all sit in this regime. Here the fabric responds linearly to whatever disturbs it, and the First Law reduces to the familiar form of gravity in the appropriate limit. K₀ is one of the six fabric moduli from the Starting Point; it sets the stiffness scale for ordinary conditions.

Regime 2: the gradient-dependent regime. When the gradient of the fabric becomes weak — meaning the local acceleration falls below g₀ — the stiffness is no longer constant. Instead, K depends on the gradient itself, taking the form K(X) = α · c² · X, where X is the dimensionless gradient X = c²|∇n|/g₀. The form is fixed by three requirements: continuity with the linear regime at X = 1, no new free parameter beyond the inputs already in the Starting Point, and the lowest-order non-trivial polynomial in X. Any higher-order form would require additional dimensionful constants that are not among the ten anchored inputs.

In this regime the fabric responds differently to weak disturbances than to strong ones. The stiffness scales with the gradient — weaker gradients give a weaker stiffness. The gradient-dependent regime is what governs the outer regions of galaxies, where local accelerations are very small.

Regime 3: the saturation regime. When the fabric is compressed close to its structural upper bound n_max — the maximum value the congestion index can take, whose specific value is the subject of the Fifth Law — the stiffness behaves differently again. The saturating form K(n) = K₀ · (n_max − 1) / (n_max − n) is again fixed without introducing any new free parameter: continuity with K = K₀ at n = 1, divergence at n = n_max, and the simplest rational function satisfying both.

In this regime the stiffness rises sharply as n approaches n_max. As n → n_max, the denominator approaches zero and K diverges — the fabric becomes effectively rigid and cannot be compressed any further. This is the regime that governs the most extreme gravitational configurations the universe contains, and the cosmic initial state of the universe.

One Law, Three Regimes

The Second Law is a single statement about the stiffness function K, with the same mechanism — the fabric resisting deformation — behaving differently in different conditions. The three regimes are not three separate physical laws; they are three limits of the same constitutive law, selected by which threshold the local configuration is above or below.

In the linear regime the stiffness is fixed at K₀. In the gradient regime it depends on |∇n|. In the saturation regime it depends on how close n is to n_max. The transitions between regimes are continuous: K(X) reduces to K₀ at X = 1, and K(n) reduces to K₀ at n = 1. The full constitutive function joins smoothly across all three regimes.
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