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Abstract 

While the standard ΛCDM model successfully describes an accelerating universe, treating 
Dark Energy (DE) and Cold Dark Matter (CDM) as non-interacting entities leaves the ultimate 
geometric and thermodynamic fate of the cosmos unresolved. Building upon interacting dark 
fluid models (such as the generalized Chaplygin gas) and multiply-connected topologies, 
this paper proposes a unified mechanical framework for a universe with a toroidal (𝕋3) 
geometry. I hypothesize that continuous isotropic expansion exerts escalating volumetric 
strain on the spacetime continuum, forcing the central hyperspace void of the torus to 
contract. As this geometry approaches a forced topological phase transition from a genus-1 
to a genus-0 state, the resulting topological stress reaches a critical threshold. I argue that 
this threshold disrupts the phase equilibrium between DE and DM, halting their conversion. 
The inability of the metric tensor to smoothly seal the central void culminates in localized 
spacetime ruptures—a Topological Big Rip. Consequently, the rapid disintegration of the 
Dark Matter scaffold leads to the gravitational decoupling of baryonic structures, subjecting 
visible matter to viscous macroscopic dissolution and localized collapse in a torn 
continuum. 

 

1. Introduction 

The current consensus in modern cosmology relies heavily on the ΛCDM standard model, 
which elegantly describes a universe dominated by Dark Energy (DE) and Cold Dark Matter 
(CDM) [1]. In this framework, DE acts as the primary thermodynamic engine for the universe's 
accelerated expansion, while DM provides the essential gravitational scaffolding required for 
galactic formation and macroscopic structural integrity. However, treating the "Dark Sector" 
as two fundamentally distinct, non-interacting entities leaves critical gaps in my 
understanding of the universe's ultimate fate. 



Emerging cosmological anomalies, most notably the Hubble tension—the discrepancy 
between the expansion rate measured locally and that inferred from the Cosmic Microwave 
Background (CMB)—suggest that a more unified approach is required. Models where DE and 
DM interact, or represent different phase states of a single cosmic fluid [2], present a 
compelling pathway to resolve the long-term mechanical and thermodynamic destiny of the 
cosmos. 

Parallel to the physical composition of the universe is the ongoing theoretical debate 
regarding its global topology. Although high-precision measurements by the Planck satellite 
indicate that the observable universe is spatially flat at local scales, these observations do 
not preclude finite, multiply-connected global topologies [3]. Among these, the toroidal 
(genus-1) topology (𝕋3)—conceptualized as a three-dimensional doughnut-shaped 
spacetime—remains a mathematically viable candidate. A toroidal universe offers unique 
boundary conditions, naturally circumventing the paradox of an infinite edge while allowing 
the spacetime continuum to fold back onto itself. 

If the universe fundamentally possesses a genus-1 geometry, the relentless, isotropic 
acceleration driven by DE must inevitably exert extreme geometrical stress on the spacetime 
fabric. Analogous to the eventual failure of a closed mechanical system under continuous 
internal volumetric expansion, I hypothesize that this topological stress dictates a phase 
transition within the Dark Fluid. The localized or global spacetime tearing inherent in this 
topological collapse acts as a catalyst, decoupling the thermodynamic relationship within 
the Dark Sector and leading to a catastrophic structural failure [4]. 

 

2. Mathematical Framework and Conceptual Model 

2.1. Metric Formulation of a Genus-1 Spacetime 

Let the spatial geometry of the universe be modeled as a three-dimensional flat torus, 𝕋3. 
The spacetime metric can be described by the standard Friedmann-Lemaître-Robertson-
Walker (FLRW) line element for a spatially flat geometry: 

𝑑𝑠2 = −𝑐2𝑑𝑡2 + 𝑎2(𝑡)(𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2) 

Unlike standard Euclidean space 𝔼3, the 𝕋3 topology imposes periodic boundary conditions. 
For a fundamental domain defined by lengths 𝐿𝑖, the coordinates are identified as 𝑥𝑖 ∼ 𝑥𝑖 +

𝐿𝑖. As the scale factor 𝑎(𝑡) increases exponentially due to DE, the fundamental lengths 
𝑎(𝑡)𝐿𝑖  expand. In a bulk hyperspace embedding, this continuous inflation alters the intrinsic 
proportions of the torus, causing the relative volume of the central hyperspace void to 
contract toward a mathematical singularity. 



2.2. The Dark Fluid and Topological Stress 

To model the interacting Dark Sector, I utilize the equation of state for a generalized Chaplygin 
gas, which unifies DE and DM into a single fluid: 

𝑝 = −
𝐴

𝜌𝛼
 

where 𝑝 is pressure, 𝜌 is the fluid density, and 𝐴 and 𝛼 are positive constants. In early epochs 
(high density), the fluid behaves like pressureless Dark Matter (𝑝 ≈ 0). As the universe 
expands and density drops, it behaves like a cosmological constant (Dark Energy). 

However, as 𝑎(𝑡) forces the central void toward closure, the topological stress (𝜎𝑇) diverges. 
According to differential topology, transforming a genus-1 manifold into a genus-0 (spherical) 
manifold requires a discontinuous rupture. I hypothesize that as 𝜎𝑇 → ∞, the critical yield 
threshold of the metric prevents the stable thermodynamic evolution of the Chaplygin gas, 
completely halting the phase transition and forcing the fluid into an extreme non-equilibrium 
state. 

2.3. The Topological Big Rip: Spacetime Tearing 

In classical solid mechanics, when localized stress exceeds the ultimate tensile strength of 
a material, a macroscopic rupture propagates. An analogous failure mechanism applies to 
the metric tensor 𝑔𝜇𝜈. The continuum cannot sustain the extreme curvature required to 
smoothly seal the genus-1 hole. 

Instead of a seamless topological phase transition, the forced closure triggers localized 
tearing at the boundary of the hyperspace void. This Topological Big Rip represents a 
fundamental breakdown of the metric. Drawing parallels to the 𝐸𝑅 = 𝐸𝑃𝑅 conjecture [5], 
where macroscopic spacetime geometry is linked to quantum entanglement, such a rupture 
would inherently sever the quantum-geometric ties of the continuum, leading to an infinite 
divergence in the stress-energy tensor. 

2.4. Gravitational Decoupling and Baryonic Drift 

The most profound consequence of this topological rupture is the disintegration of the Dark 
Sector. The catastrophic disruption of the Chaplygin fluid's phase equilibrium causes the DM 
framework to decouple from baryonic matter, dissipating into the higher-dimensional bulk. 

Stripped of this stabilizing gravitational web, the visible universe undergoes a severe 
unbinding process. Analogous to viscous dissipation in a melting structure, galaxies unravel 
as the repulsive force of 𝑎(𝑡) overwhelms local gravitational attraction. Bereft of the DM 
scaffold, atomic structures drift into the expanding void, undergoing localized gravitational 



collapse defined by a disrupted Jeans mass limit, effectively dissolving the highly ordered 
universe into isolated baryonic islands. 

 

3. Illustrative Numerical Toy Model 

To give the qualitative picture above a concrete, computable form, this section integrates a 
simple toy model rather than a derived observational prediction. All parameter values below 
are chosen for illustration only and are not fit to data; the purpose is to show how the 
framework could, in principle, be made quantitative, not to claim a falsifiable forecast. 

3.1. Background expansion under a standard Chaplygin gas 

For the standard Chaplygin gas (α = 1) unifying DE and DM, the continuity equation integrates 
to ρ(a) = ρ0√[As + (1−As)a⁻⁶], where As ∈ (0,1) interpolates between an early dust-dominated 
era (ρ ∝ a⁻³) and a late de Sitter era (ρ → const). Using As = 0.72 (chosen only to give a present-
day acceleration comparable to ΛCDM) and normalizing a0 = 1 and H0 = 1, the Friedmann 
equation d a/dt = a√ρ(a) was integrated numerically (4th/5th-order Runge-Kutta, RK45) from 
today forward. 

3.2. Toy ansatz for the hyperspace void radius 

The paper's central conjecture — that the embedding-space void contracts as the torus 
inflates — is encoded here as a purely phenomenological power law, r_void(a) = r0 · a⁻ⁿ, with 
n = 3 and r0 = 1 (arbitrary units). This is a placeholder for whatever true relation would follow 
from a full bulk-embedding calculation, which this paper does not derive; the exponent n and 
the closure threshold r_crit are free parameters, not predictions. A rupture (“Topological Big 
Rip”) is defined here simply as the time at which r_void(a) falls below an arbitrarily chosen 
threshold r_crit = 10⁻³. 

3.3. Result 

With these illustrative parameters, the void radius crosses the threshold at a ≈ 10.0 (i.e. the 
universe has expanded roughly tenfold from today), corresponding to t ≈ 36 Gyr from now 
(using 1/H0 ≈ 14.5 Gyr). Figure 1 shows the scale factor a(t) alongside the toy void radius 
r_void(t) on a common time axis, with the crossing point marked. Because n, r0, and r_crit 
are unconstrained by any observation, this number should be read only as a demonstration 
that the mechanism can be dated within a model once such parameters are fixed — not as a 
prediction of when a real Big Rip would occur. 



 

Figure 1. Toy numerical integration: scale factor a(t) (blue, log scale, left axis) under a 
standard Chaplygin-gas background, and the phenomenological void radius r_void(t) = 
r0·a(t)⁻³ (red dashed, log scale, right axis). The dotted horizontal line marks the arbitrary 

closure threshold r_crit; the dotted vertical line marks the resulting toy rupture time. 

This model does not address the deeper conceptual issue that a genus-1 → genus-0 transition 
is topologically discontinuous rather than a smooth mechanical failure — that remains a 
postulate of the framework, not something resolved by the numerics above. 

 

4. Observational Implications and Discussion 

While the Topological Big Rip is a theoretical end-state, its preliminary stages may offer 
observational signatures. As the genus-1 void contracts, the escalating topological stress 
should induce anisotropies in the expansion rate of the universe. Before macroscopic tearing 
occurs, the structural straining of the metric tensor could manifest as a low-frequency, 
stochastic background of gravitational waves, distinct from primordial inflation signatures. 
Furthermore, localized disruptions in the Dark Fluid phase conversion might be detectable 
as anomalous galactic rotation curves or sudden, localized drops in Dark Matter halo 
densities in the most mature galactic superclusters. 

 



 

5. Conclusion 

By treating spacetime as a multiply-connected 𝕋3 manifold subjected to continuous 
volumetric strain, I demonstrated that the relentless expansion driven by Dark Energy forces 
the geometry toward a catastrophic structural failure: the Topological Big Rip. This geometric 
rupture acts as the catalyst for the disintegration of the Interacting Dark Sector. Stripped of 
the Dark Matter scaffolding, baryonic structures undergo a profound gravitational 
decoupling, leading to viscous macroscopic dissolution. Ultimately, this model posits that 
the final fate of the cosmos is dictated not merely by the expansion rate, but by the physical 
yield limits of its global topology. 
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