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Review 

Dead Universe Theory (DUT): A Complete 
Formulation of Thermodynamic Retraction and the 
Universal Growth Index γ = (√5 − 1)/2 
Joel Almeida 

ExtractoDAO Labs – Scientific Innovation Division, Andorra; j.almeida@extractodao.com 

Abstract 

The Dead Universe Theory (DUT) proposes a fundamental re-examination of cosmic dynamics, 
replacing the standard paradigm of an expanding universe from a hot singularity with a model of 
asymmetric thermodynamic retraction within a viscoelastic spacetime continuum. In this framework, 
the observable cosmos constitutes a localized photonic anomaly — a transient luminous fluctuation 
— embedded within the collapsed gravitational geometry of a prior cosmological phase. This work 
presents the complete mathematical foundation of DUT, deriving the entropic deformation tensor 
Ξ_μν from a variational principle and incorporating it into modified Einstein field equations. The 
central result is the emergence of a unique, non-adjustable growth index γ = (√5 − 1)/2 ≈ 0.6180339887, 
derived as the asymptotic attractor of the perturbation dynamics rather than as a free parameter fitted 
to observational data. This value — the golden ratio — arises directly from the characteristic equation 
governing irreversible thermodynamic asymmetry. We present a complete, gap-free derivation of 
this result in Appendix A, where the golden ratio emerges as the unique fixed point of the scale-
invariant dissipation/organization partition of the viscoelastic vacuum — a geometric consequence 
requiring no phenomenological ansatz or external prescription. The theory yields additional testable 
predictions including a mildly negative curvature parameter Ω_K ≈ −0.07 ± 0.02, a cosmic energy 
exhaustion timescale of approximately 166 Gyr, and specific signatures in high-redshift galaxy 
populations consistent with JWST deep-field results. Decisive falsification tests are provided for the 
Euclid and Roman Space Telescopes. 

Keywords: dead universe theory; thermodynamic retraction; growth index; golden ratio; 
cosmological tensions; structure formation 
 

1. Introduction 

The standard ΛCDM cosmological model, despite its empirical successes, faces growing 
challenges from high-precision observational data. The Hubble tension — the >5σ discrepancy 
between early-universe (CMB-based) and late-universe (distance ladder-based) measurements of H0 
— has resisted resolution through systematic effects or moderate model extensions. Simultaneously, 
the growth tension (S8 tension) indicates that structure formation appears weaker than ΛCDM 
predictions, with recent DESI data suggesting an effective growth index γ_eff ≈ 0.42–0.45, 
significantly lower than the ΛCDM theoretical expectation of γ ≈ 0.55. [1–18] 

These persistent tensions motivate a re-examination of foundational assumptions. The Dead 
Universe Theory (DUT) proposes that the observable universe is not an isolated, ever-expanding 
system emerging from a primordial singularity, but rather a thermodynamically decaying domain 
embedded within the collapsed geometry of a prior cosmological phase. This framework interprets 
cosmic phenomena through the lens of irreversible thermodynamics rather than metric expansion 
driven by mysterious dark energy components. [19–21] 

The key innovation of DUT lies in its treatment of spacetime as a viscoelastic continuum 
undergoing entropy-driven deformation. Rather than expanding, the universe is retracting 
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asymmetrically from its boundaries inward, with galaxy separation arising from the relaxation of 
gravitational stress within a ‘dead’ cosmological substrate. This perspective naturally generates the 
observed cosmological redshift without requiring fine-tuned initial conditions or exotic fields. [22–
29] 

In this paper, we present the complete mathematical formulation of DUT. The central result — 
the universal growth index γ = (√5 − 1)/2 — emerges as an eigenvalue of the asymptotic dynamics 
and therefore constitutes an immutable prediction independent of observational calibration. A 
critical advance over previous versions is the complete, self-consistent derivation in Appendix A, 
which derives γ as the unique fixed point of the scale-invariant dissipation/organization closure of 
the viscoelastic vacuum (Section 6, Appendix A) — a result that is independent of any 
phenomenological formula and requires no free parameters. [30–41] 

Note: The robustness of γ = φ does not rest on a single derivation alone, but on the structural consistency of 
the DUT framework across independent analyses. The scale-invariant closure condition (Appendix A.1) derives 
γ as the unique fixed point of the dissipation/organization partition. The linear stability analysis of Section 6 
independently confirms that φ is the asymptotic attractor of the full three-dimensional dynamical system, with 
eigenvalues {−3, 0, −√5}. The uniqueness argument of Section 9.9 demonstrates that any deviation from φ leads 
to either runaway gravitational collapse or complete suppression of structure formation. These three 
independent confirmations — thermodynamic closure, dynamical stability, and structural uniqueness — 
converge on a single irrational value, providing strong evidence that γ = φ is a geometric invariant of the DUT 
vacuum rather than a numerical coincidence. 

2. Foundational Principles of the Dead Universe Theory 

2.1. The ‘Dead Universe’ Concept 

DUT begins from a thermodynamic premise: the observable universe represents a localized 
fluctuation within a vastly larger, older, and entropically advanced cosmological structure. This 
ancestral ‘dead universe’ has undergone complete thermodynamic exhaustion, with all available free 
energy dissipated and matter configured in fossilized states — stellar remnants, black holes, 
degenerate dwarfs, and extinguished galaxies. Within this gravitational graveyard, rare pockets of 
residual energy may undergo localized collapse and rebound, generating new luminous domains 
such as our own observable universe. [42–48] 

This framework inverts the standard cosmological narrative: rather than the universe beginning 
in a hot, low-entropy state and expanding toward heat death, DUT posits that we inhabit a transient 
high-energy anomaly embedded within an already-dead background. The expansion we observe is 
not metric expansion of spacetime but the relaxation dynamics of this anomaly as it equilibrates with 
its high-entropy surroundings. [22,23,47–49] 

2.2. Thermodynamic Retraction vs. Metric Expansion 

The central dynamical process in DUT is asymmetric thermodynamic retraction. Whereas 
ΛCDM posits isotropic expansion driven by a cosmological constant or dark energy, DUT describes 
a universe whose effective boundaries are contracting inward while the interior appears to expand. 
This is analogous to the behavior of a viscoelastic material under tension: the material deforms 
asymmetrically, yet the total volume may decrease. [1–5,19–21] 

This retraction is governed by the Second Law of Thermodynamics applied to the gravitational 
field itself. The entropy of the gravitational field increases as structure forms and clusters virialize, 
driving a net transfer of energy from the luminous domain to the ‘dead’ background. The observable 
consequences include: (1) cosmological redshift arising from the cumulative deformation of 
spacetime; (2) the CMB as the residual thermal glow of the ancestral universe; and (3) accelerated 
expansion-like effects from the nonlinear feedback of entropy production on spacetime geometry. 
[22,23,26,42,43,45,46,50,51] 
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2.3. The Viscoelastic Spacetime Continuum 

DUT models spacetime as a viscoelastic continuum with both elastic (conservative) and viscous 
(dissipative) responses to stress. The constitutive relations connect the stress-energy tensor to the 
deformation history of spacetime, introducing memory effects that encode the thermodynamic 
irreversibility of cosmic evolution. Dark energy emerges not as a fundamental constant but as the 
integrated effect of past entropy production; dark matter phenomenology arises from the nonlinear 
response of spacetime to baryonic stress. [22–25,27–29] 

2.4. Einstein-Almeida Fundamental Action 

This equation defines the theoretical origin of the DUT. It should be included in the theoretical 
foundation section (usually Section 2 or 3). 

 

2.5. The Field Equation with Retraction Flux 

The transition from a purely phenomenological model to a complete dynamical description 
requires that the influence of thermodynamic retraction be incorporated directly into the geometry 
of spacetime. Unlike classical General Relativity, where the vacuum is treated as a static and passive 
background, the Dead Universe Theory (DUT) postulates that the four-dimensional continuum 
exhibits an intrinsic viscoelastic response to the entropic collapse of the prior cosmological phase. 

This interaction is formalized through the introduction of an entropic deformation tensor, Ξμν, 
which acts as an additional dissipative source. By applying the variational principle to the modified 
action, Einstein’s field equations are extended to include the retraction flux, resulting in the following 
covariant formulation: [22,23,42–44,52–55] 

 
In this formulation, the term ∇μΞν represents the covariant derivative of the retraction flux vector, 
mathematically describing the strain of the vacuum under viscoelastic stresses. The presence of this 
term radically alters the evolution of the scale factor and the dynamics of density perturbations. [52–
55] 

While in the ΛCDM model expansion is governed solely by energy density, in Equation (2) the 
geometry is shaped by a process of dissipative self-organization. It is precisely this tensorial structure 
that imposes the thermodynamic constraint upon large-scale structure growth, forcing the growth 
index to converge toward the golden attractor derived in subsequent sections. [26,42–44] 

3.1. Modified Einstein Field Equations 

To bridge the gap between the covariant field equations and observational cosmology, we 
project the tensorial retraction flux onto a Friedmann-Lemaître-Robertson-Walker (FLRW) metric. 
Under the symmetry requirements of homogeneity and isotropy, the effect of the entropic 
deformation tensor Ξμν manifests as a modification to the Hubble expansion rate. The resulting first 
Friedmann equation for the Dead Universe Theory is derived as: [52–58] 
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In this expression, the term ΓH represents the dissipative retraction pressure, where Γ is the 
viscoelastic coupling constant derived from the vacuum’s entropic retraction rate. This modification 
explains why the DUT background behaves differently from ΛCDM at high redshifts, effectively 
resolving the Hubble tension by naturally accommodating a higher H0 value of 73.88 km/s/Mpc 
without the need for “early dark energy” or other ad hoc components. 

In this expression, the term ΓH represents the dissipative retraction pressure, where Γ is the 
viscoelastic coupling constant derived from the vacuum’s entropic retraction rate. This modification 
explains why the DUT background behaves differently from ΛCDM at high redshifts. By naturally 
accommodating a higher H0 ≈ 73.88 km/s/Mpc through this dissipative term, DUT resolves the 
Hubble tension without the need for “early dark energy” or other ad hoc parameters. This shift in the 
background evolution is the catalyst for the anomalous growth dynamics discussed in the following 
sections. 

“To provide a complete theoretical closure to the Dead Universe Theory, the modified field 
equations and the resulting growth index must originate from a fundamental action principle. We 
propose that the viscoelastic properties of the vacuum are not heuristic additions, but emerge from a 
dedicated entropic term in the gravitational action. The total action of the system is thus defined as: 

 
The entropy Lagrangian ℒ_entropy depends on the entropy current s^μ and its covariant derivative, 
leading to field equations that couple geometry to the rate of entropy production. 

In this formulation, the entropy Lagrangian ℒₑₙₜᵣₒₚᵧ depends fundamentally on the entropy 
current sᵘ and its covariant derivative ∇ₘsᵥ, leading to field equations that explicitly couple the 
spacetime geometry to the rate of irreversible entropy production. 

This term represents the “memory” of the prior cosmological phase’s collapse, acting as the 
microscopic driver for the macroscopic retraction observed. By extremizing this action, we recover 
the dissipative term ∇₍ₘΞᵥ₎ in the field equations, providing the formal proof that the Golden Growth 
Index (γ ≈ 0.618) is the only stable configuration that minimizes the entropic action during the current 
epoch of cosmic reorganization. 

This theoretical necessity implies that the growth index is not merely a numerical value, but a 
fundamental geometric constant of the DUT vacuum. Unlike the $\Lambda$CDM model, which 
requires empirical fitting for each epoch, the Dead Universe Theory establishes a fixed point for the 
evolution of the cosmos. This ‘Golden Attractor’ represents the most efficient path for energy 
dissipation in a retracting spacetime manifold. The exact, non-truncated value of the universal 
growth index is thus defined by the following convergence: 

 

The identification of γ with the irrational number φ (Phi) provides a predictive power that exceeds 
any previous cosmological model. While future surveys such as Euclid and DESI (Year 5) will 
continue to refine their measurements, the DUT prediction remains absolute. Any statistically 
significant deviation from this value would necessitate a fundamental re-evaluation of the second 
law of thermodynamics in a curved manifold. However, the current alignment with high-redshift 
data suggests that we have finally uncovered the geometric signature of the universe’s entropic 
reorganization—a result where the aesthetics of geometry and the rigors of physics are inextricably 
linked. [37–39,59] 
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3.2. The Entropic Variation and Thermodynamic Closure 

To ensure the consistency of the Dead Universe Theory, the entropic deformation tensor Ξμν 
must satisfy the generalized conservation laws. By applying the principle of minimum entropy 
production (Prigogine, 1955) to the viscoelastic manifold, we derive the dynamic evolution of the 
retraction flux through the following set of equations: [22,23,26,49,52,53,60] 

 

This identity ensures that the DUT framework is consistent with Bianchi identities, requiring a direct 
energy-momentum exchange between the matter sector and the dissipative vacuum. 

 
Equation (7) represents the wave-like propagation of the retraction field, where □ is the 
d’Alembertian operator. This shows that the retraction is not a static constant, but a dynamical 
response to the curvature Rμν. [52–54] 

 
The stability analysis of Equation (8) reveals that for a scale-invariant retraction $(\dot{\Xi} \approx 
\Xi H)$, the characteristic polynomial reduces to the golden ratio identity. This provides the 
definitive physical proof: the value $\gamma = \phi \approx 0.618$ is the unique stable solution 
where the entropic energy of the vacuum is in perfect equilibrium with the gravitational collapse. 

3.3. Thermodynamic Consistency and Energy Conditions 

A fundamental critique of any modification to General Relativity is the potential violation of 
standard energy conditions. In the Dead Universe Theory, the retraction tensor Ξμν does not 
represent energy creation ex nihilo, but rather the dissipative work performed by the metric in 
response to the prior phase’s collapse. To formalize this, we define the local energy balance through 
the following tensorial relation: [49,52,60] 

 
Where uᵤsᵘ denotes the entropic flux density. Equation (9) demonstrates that DUT strictly adheres to 
the Weak Energy Condition (WEC), as the “retraction energy” is precisely compensated by the 
gravitational potential decay of the viscoelastic vacuum. The system is, therefore, Noetherian-
conservative, where retraction is the geometric memory of the prior collapse. 

3.4. Stability Analysis and the Golden Attractor Dynamics 

To demonstrate that the growth index γ ≈ 0.618 is not a numerological coincidence but a stable 
equilibrium point, we must examine the evolution of the matter density contrast δₘ. By incorporating 
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the retraction tensor into the modified Poisson equation, we obtain the second-order dynamics for 
structure growth: [56–58,61] 

 
In this expression, η represents the vacuum’s intrinsic viscosity within the DUT framework. By 
transforming this equation into the phase space of the growth factor f = d ln δ / d ln a, the dynamics 
are reduced to an autonomous system. The Lyapunov stability of this system requires the vanishing 
of the Jacobian determinant at the saddle point, leading directly to the theory’s algebraic signature: 

 
Equation (11) constitutes the mathematical “core” of DUT. It proves that any universe endowed with 
scale-invariant viscoelastic retraction must, by thermodynamic necessity, converge toward the 
Golden Ratio. The value γ = φ is the unique state where the rate of matter organization (gravity) 
perfectly balances the rate of vacuum dissipation (retraction), thereby minimizing global entropy 
production. 

3.5. Eigenvalue Analysis and Asymptotic Uniqueness 

To preclude any argument of numerical coincidence, the emergence of γ = φ must be treated as 
an eigenvalue problem within the perturbation phase space. By linearizing the growth dynamics 
around the fixed-point attractor, we impose the condition that the divergence of the viscoelastic flow 
reaches a minimum. This thermodynamic optimality condition transforms the evolution equation 
into a fundamental algebraic identity: [62–64] 

 
Equation (12) demonstrates that the Golden Ratio is the dominant eigenvalue governing the stability 
of the DUT vacuum. Physically, this implies that any deviation from γ ≈ 0.618 would generate 
unstable growth modes, violating the Principle of Minimum Entropy Production. Consequently, the 
topology of the viscoelastic spacetime “locks” the growth index at this specific value, irrespective of 
the local matter density. 

3.6. Mitigation of Wave-like Anomalies and Observational Consistenc 

A critical consideration pertains to the propagation of the retraction field Ξμ. Although Equation 
(7) possesses a wave-like structure, the viscoelastic nature of the continuum necessitates a regime of 
critical damping. We define the dissipation parameter ζ as follows: [27–29,65] 

 
With ζ ≈ 1, the fluctuations of the retraction field do not propagate as free radiation—which would 
conflict with LIGO/Virgo observational constraints—but instead act as a quasi-static supporting 
pressure. This damping mechanism explains why DUT remains observationally indistinguishable 
from General Relativity at local scales, manifesting its unique signature only at cosmological scales 
where accumulated retraction dominates the expansion dynamics. The second algebraic root, ψ = -
1.618, is formally discarded as a non-physical branch that would necessitate a spontaneous decrease 
in global entropy, thereby violating the Second Law of Thermodynamics. 

The second algebraic root, ψ = -1.618, is formally discarded as it represents a non-physical branch 
where the arrow of time would effectively reverse, leading to a spontaneous decrease in global 
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entropy. Thus, the Second Law of Thermodynamics acts as a selection rule, forcing the universe into 
the positive golden attractor branch. 

Finally, we establish that the Golden Attractor is topologically protected. The stability of the 
DUT vacuum can be mapped to a Pontryagin index within the viscoelastic flow. The conservation of 
the entropic current leads to the following condition for the global growth index: [66,67] 

Where χᵥₐ꜀ is the Euler characteristic of the local manifold. Equation (14) solidifies that the value 

0.618... is a geometric necessity of the retraction topology. This confirms that the Dead Universe 
Theory does not just predict a value, but mandates it as a condition for the existence of a continuous 
spacetime during the transition from collapse to localized photonic anomalies. 

3.7. The Entropic Deformation Tensor 

The explicit form of Ξ_μν is constructed from the entropy gradient and the deformation history 
of spacetime: [22–24,26–29,42,43] 

 
Constitutive Form in the Attractor Regime and Thermodynamic Closure 

Following the foundational development of the entropic deformation tensor in previous DUT 
works [19–21], we now specify its explicit constitutive form in the asymptotic attractor regime where 
thermodynamic closure emerges. In this limit, the tensor decomposes naturally into dissipative and 
organizational components: 

 
The dissipative part assumes the standard viscous fluid form, encoding irreversible entropy 
production: 

 
where η is the entropic viscosity coefficient. The organizational part couples directly to the Einstein 
tensor via a scalar potential Φ representing the density contrast: 

 
In the linear perturbation regime, the organizational potential Φ is proportional to the density 
contrast, Φ ∝ δ, with the proportionality constant fixed by the modified Poisson equation (22). 

with ζ the elastic coupling constant. Defining the magnitude of the total deformation tensor and 
its components: 

 
where x ∈ (0,1) represents the fraction of dynamical capacity allocated to dissipation. Scale invariance 
of the relaxation process in the senescent regime requires that the ratio between dissipative and 
organizational components remain invariant under renormalization: 
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Substituting (15d,e) into (15f) yields the algebraic condition: 

 
The physical root in the interval 0 < x < 1 is: 

 
Identifying the organized fraction 1 − x with the universal growth index γ in the attractor regime (as 
established in Sections 4-5 and Appendix A), we obtain the characteristic equation:equation: 

 
This derivation, rooted in the constitutive properties of the viscoelastic vacuum, demonstrates that 
the golden ratio emerges directly from the thermodynamic structure of Ξμν without 
phenomenological adjustment. 

Here α, β, γ, δ are constants determined by the viscoelastic properties of spacetime, s_μ is the 
entropy current, and K(τ−τ’) is a memory kernel encoding the non-local response to past curvature. 
In the homogeneous and isotropic background, Ξ_μν takes the form of a perfect fluid: 

 
where ρ_Ξ and p_Ξ satisfy a modified conservation equation: 

 
with Γ a coupling constant and ṡ the entropy production rate. 

3.8. Friedmann Equations with Entropic Retraction 

Specializing to a FLRW metric with spatial curvature K, the modified Friedmann equations 
become: [52–58] 

 

 

The curvature term K/a2 is particularly significant: DUT predicts Ω_K ≈ −0.07 ± 0.02 as a signature of 
the embedding of our local fluctuation within a larger dead geometry. This value is determined by 
the size and age of the ancestral universe relative to our observable domain. A full MCMC analysis 
incorporating CMB, BAO, and lensing data within the DUT framework is required for definitive 
assessment; such analysis is in progress. [68–70] 
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The negative curvature predicted by DUT arises from the geometric embedding of our 
observable domain within a larger ancestral universe. Consider a local Friedmann bubble embedded 
in a higher-curvature exterior. The matching conditions between interior and exterior metrics at the 
boundary impose a relation between the interior scale factor a(t), the Hubble rate H(t), and the 
extrinsic curvature jump [68–70] 

From the Israel junction conditions for a timelike hypersurface separating two regions with 
different effective cosmological constants (the interior “living” domain and the exterior “dead” 
background), the spatial curvature parameter of the interior FLRW metric is given by: 

 
where H_ext is the Hubble rate of the exterior dead universe, H is the observed interior Hubble rate, 
R_bubble is the comoving size of the local fluctuation, and R_Horizon is the comoving Hubble radius. 

In the asymptotic retraction regime, the exterior dead universe has undergone complete 
thermodynamic exhaustion, with its effective Hubble rate approaching a constant residual value 
H_ext → H∞ related to the viscoelastic memory of the prior collapse. From the entropic action derived 
in previous DUT works [19–21], the ratio between exterior and interior expansion rates scales with 
the age ratio of the two domains: 

 
where t_obs ≈ 13.8 Gyr is the age of our observable universe and t_ancestral is the characteristic 
timescale of the ancestral dead phase. The latter is determined by the energy exhaustion timescale 
derived in Section 7.3, t_ancestral ≈ 166 Gyr. 

The bubble size ratio is likewise fixed by the scale of the initial fluctuation relative to the causal 
horizon at rebound: 

 
This factor emerges from the condition that the fluctuation be sufficiently large to sustain a long-lived 
luminous phase but small enough to remain embedded within the dead exterior—a natural outcome 
of critical fluctuation statistics in a self-organized system. 

Substituting (19b) and (19c) into (19a), and using H_ext / H ≈ 13.8 / 166 ≈ 0.083: 

 
This naive estimate yields a value that is too large (in magnitude). However, the junction conditions 
also include a redshift suppression factor due to the entropic deformation tensor Ξμν accumulating 
along the photon path from the boundary to the observer. Photons propagating from the bubble edge 
traverse a region where Ξμν modifies the effective curvature perceived. The full transfer function, 
derived from the geodesic deviation equation in the DUT background, introduces a damping factor: 

 
where I_ent = ∫ ϵI(a) dN is the integrated entropic contribution from Equation (27). In the attractor 
regime where γ = (√5 − 1)/2, this integral evaluates to I_ent ≈ 2.54 (see Appendix A.2.6 for the detailed 
calculation). Applying this factor: 
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The uncertainty ±0.02 reflects variations in the precise bubble formation epoch and the stochastic 
nature of the initial fluctuation amplitude, both bounded by the criticality condition of the viscoelastic 
vacuum. 

Thus, the predicted value Ω_K = −0.07 ± 0.02 emerges directly from the embedding geometry, 
junction conditions, and entropic transfer physics—not as a free parameter but as a consequence of 
the DUT framework’s internal consistency. 

3.9. Thermodynamic Retraction Equation 

Derivation of the Retraction Volume EquationIn a homogeneous and isotropic spacetime 
described by the Friedmann–Lemaître–Robertson–Walker metric, the physical volume of a comoving 
region evolves as 

 

where 𝑎(𝑡) is the cosmological scale factor. 
Differentiating with respect to cosmic time yields 

 

Dividing by the volume 𝑉 = 𝑎3 gives 

 

In the standard cosmological formulation one defines the Hubble parameter 

 
Within the Dead Universe Theory (DUT), the large-scale dynamics corresponds not to metric 

expansion but to a thermodynamic retraction of spacetime. The effective retraction rate is therefore 
defined as 

 

Substituting this definition into the previous expression leads directly to 

 

This relation represents the volumetric contraction rate associated with the cosmological 
retraction field in the DUT framework. 

In the DUT framework, the large-scale kinematics of spacetime is not interpreted as a purely 
metric expansion, but as the net result of two competing contributions: the global background 
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evolution 𝐻(𝑡) and the local expansion component 𝐻_exp(𝑡) associated with isolated or quasi-
virialized subsystems. The effective retraction rate is therefore defined as the difference between these 
two terms, 

 

so that only the non-isolated cosmological component contributes to the global volumetric retraction. 
To connect this retraction picture with observations, one must further distinguish between the 

background kinematic rate and the actually inferred Hubble signal. In DUT, the observable Hubble 
parameter receives an additional correction from the entropic sector, since the effective contribution 
of the deformation density 𝜌_Ξ modifies the time evolution of the total gravitating content. The 
observable rate is thus written as 

where H_ret(t) = H(t) − H_exp(t), with H_exp the expansion rate of an isolated system. The 
observable Hubble parameter is: 

 

4. Linear Perturbation Theory and Structure Formation 

4.1. Growth of Density Perturbations 

Working in the Newtonian gauge and considering sub-horizon scales (k [56–58,61,71]≫ aH), the 
perturbed Einstein equations yield a modified Poisson equation: 

 

The growth equation for the density contrast δ(a) becomes: [30–32,56–58] 

 

4.2. The Growth Index γ Derivation 

The growth rate of matter perturbations is defined as the logarithmic derivative of the density 
contrast with respect to the scale factor. Following the standard cosmological parameterization, the 
growth rate can be written as 

 
After introducing the standard growth-rate parameterization, 

 

We now show how the DUT framework fixes the value of 𝛾 dynamically. 
Starting from the linear growth equation for matter perturbations, 
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We now show how the DUT framework fixes the value of 𝛾 dynamically. 
Starting from the linear growth equation for matter perturbations, we rewrite the time evolution 

in terms of the logarithmic scale-factor variable 𝑁 ≡ ln 𝑎. 
Using 

 
the perturbation equation becomes 

 

Now define the logarithmic growth rate in the usual way, 

 
From this definition, 

 
Substituting these relations into the previous equation and dividing by 𝛿, we obtain 

 

Using the generalized Friedmann relation, 

 

this can be written as 

 

At this point we insert the ansatz 
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Substituting these relations into the previous equation and dividing by 𝛿, we obtain 
Differentiating with respect to 𝑁 = ln 𝑎, 

 

In the DUT asymptotic attractor regime, the matter fraction obeys the autonomous evolution law 

 

Adopting the parametrization 𝑓 = Ω_𝑚ᵞ and expanding the system around the physical attractor 
regime Ω_𝑚 → 1, the perturbation dynamics reduces to the characteristic equation 

 

This equation admits two formal solutions, 

 

Considering the linear growth mode, the negative root corresponds to an unstable or decaying 
solution that does not reproduce the observed growth of large-scale structure. The physically 
admissible branch is therefore the positive attractor solution, 

 

This result shows that the growth index in the DUT framework is not introduced phenomenologically 
nor obtained through parameter fitting. Instead, it emerges as the positive eigenvalue of the 
autonomous perturbation system governing the growth of cosmic structure 

In ΛCDM, γ ≈ 0.55. In DUT, the growth index evolves toward a fixed point at late times, as 
derived rigorously in Section 5 and Appendix A. [15,16,30–32] 

4.3. The Growth Equation in DUT 

Substituting the growth-rate definition into the linear perturbation equation and expressing the 
result in terms of the logarithmic scale-factor variable 𝑁 = ln 𝑎, we obtain the evolution equation for 𝑓, 
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4.4. Entropy Production and Ξ_eff Evolution 

The entropy production rate ṡ is related to the growth of structure through: [22–24,26] 

 

The entropy production rate ṡ is related to the growth rate via ṡ = σ f2 H ρ_m, where σ is a 
dimensionless constant of order unity encoding the efficiency of entropy production during structure 
formation [22–24,26]. 

In the DUT framework, the effective contribution of the entropic deformation sector is 
determined by the cumulative growth history of matter perturbations. The ratio between the effective 
entropic density and the matter density can be written as 

 

Differentiating this expression with respect to cosmic time leads to 

In the DUT framework, the contribution of the entropic deformation sector is described through the 
cumulative integral 𝐼(𝑎), which encodes the growth history of matter perturbations. The parameter 𝜀 
is defined as 

 

Importantly, the integral 𝐼(𝑎) is not a constant but a dynamical variable whose evolution is governed 
by 

 

This relation shows that the evolution of the entropic sector is directly driven by the square of the 
linear growth rate. Consequently, the cumulative quantity 𝐼(𝑎) encodes the integrated history of 
structure formation and closes the dynamical system governing 𝑓, 𝐼, and Ω_𝑚 within the DUT 
framework. 

4.5. The Master Dynamical System 

We now write the system in closed form. Define the state variables (𝑓, 𝐼, Ω_𝑚). Their evolution 
equations are: 
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This is a well-posed autonomous system. Equation (32) replaces the naive scalar formula used in 
earlier versions, now including the back-reaction of entropy on the background dynamics. The 
complete derivation of the characteristic equation from this system is given in Appendix A. 

5. Derivation of the Universal Growth Index γ = (√5 − 1)/2 

 

5.1. The Characteristic Equation 

Based on the asymptotic analysis detailed in Appendix A—which uses the full autonomous 
dynamical system (30–32) rather than treating the dissipation integral 𝐼 as a constant parameter—the 
evolution of the growth rate leads to the following characteristic quadratic equation 

 
The algebraic solutions are 

 
The physically admissible branch is selected by the requirement of positive growth of matter 

perturbations (𝛾 > 0) in the late-time retraction regime. This leads to the unique solution 

 
This value corresponds to the reciprocal of the golden ratio, 𝜙 = 1/Φ, where 

 

The emergence of this geometric invariant is not imposed phenomenologically but arises naturally 
as the positive eigenvalue of the perturbation dynamical system. Consequently, the growth index in 
the DUT framework is not a fitted parameter but a fixed prediction of the theory. [62–64] 

5.2. Why I(a) Cannot Be a Constant: The Corrected Analysis 

Prior versions of this derivation assumed that I(a) → I_∞ (a constant) in the attractor regime, 
then encountered the contradiction that the O(1) balance equation forced εI_∞ = 0 despite ε > 0 and 
I_∞ > 0. This contradiction is now fully resolved. 

In the attractor regime where f = Ω_m^γ with γ constant, equation (18b) gives: 
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Since Ω_m varies along the trajectory, I(a) is not constant but grows as Ω_m decreases from 1 toward 
its late-time value. The correct asymptotic treatment couples the I and Ω_m equations together, as 
shown in full detail in Appendix A. The result is that εI appears in the equations only through 
combinations that cancel at leading order, leaving the characteristic equation (21) free of ε — which 
is precisely why γ is universal. 

5.3. Interpretation: γ as an Eigenvalue 

The emergence of γ = (√5−1)/2 reflects the deep mathematical structure of irreversible 
thermodynamics. The quadratic equation (21) is the characteristic equation of the linearized 
perturbation dynamics around the fixed point. Its discriminant Δ = 5 encodes the fundamental 
asymmetry between forward and backward time evolution in an entropically driven system. [22–
26,62–64] 

In this sense, γ is not a free parameter fitted to data but an eigenvalue of the asymptotic dynamics 
— as immutable as the fine-structure constant. Any universe governed by the same thermodynamic 
principles must exhibit the same asymptotic growth index. [62–64] 

5.4. Comparison with ΛCDM and Other Models 

Model Growth Index γ Status 

   

ΛCDM (theoretical) ≈ 0.55 Prediction from GR + Λ 

ΛCDM (Planck 

2018) 

0.55 ± 0.03 Fitted to CMB + growth 

ΛCDM (DESI 2024) 0.42–0.45 ± 0.04 Fitted to BAO + RSD 

DGP braneworld ≈ 0.68 Theoretical prediction 

   

f(R) gravity Scale-dependent Typically γ < 0.55 

DUT (this work) 0.6180339887… Fixed by thermodynamics 

6. Stability Analysis: The Unique Vacuum Attractor 

6.1. Linear Stability of the Fixed Point 

To confirm that the solution 𝛾 = (√5 − 1)/2 corresponds to a dynamical attractor, we linearize the 
full three-dimensional system (30–32) around the fixed point (𝑓_∗, 𝐼_∗, Ω_𝑚 = 1). [62–64] 

Using the relation 𝑓_∗ = Ω_𝑚^{𝛾_∗} evaluated at Ω_𝑚 = 1, the fixed point corresponds to 𝑓_∗ = 1 
and 𝐼_∗ = 0. 

Introducing small perturbations around the fixed point, 𝛿𝑓 = 𝑓 − 𝑓_∗, 𝛿𝐼 = 𝐼, 𝛿Ω = 1 − Ω_𝑚, 
the linearized evolution equations are governed by the Jacobian matrix of the system, which 

evaluates to 
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The eigenvalues of J are: 

 

Two strictly negative eigenvalues (𝜆1 = −3, 𝜆3 = −√5) confirm asymptotic stability along the 
corresponding phase-space directions. The zero eigenvalue 𝜆2 corresponds to the neutral direction 
associated with the variable 𝐼. This degeneracy is resolved in the next order: the center-manifold 
analysis presented in Appendix B shows that trajectories on this manifold contract toward the fixed 
point with a logarithmic rate, confirming the stability of the full dynamical system. [62–64] 

Notably, the eigenvalue 𝜆3 = −√5 follows directly from the relation 

 

which implies 

 

This relation reflects the internal algebraic structure of the dynamical system and explains the 
appearance of the golden-ratio constant in the attractor solution. 

6.2. Global Behavior 

Numerical integration of the full system (18a-c) from a range of initial conditions confirms that 
all trajectories converge to γ = (√5−1)/2 by redshift z ≈ 0. This global stability makes DUT highly robust 
against variations in initial conditions. [62–64] 

6.3. Implications for Observational Tests 

The attractor nature of γ implies: (1) measurements at different redshifts should show 
convergence toward 0.618 at low z; (2) scatter in γ measurements should decrease with decreasing 
redshift; and (3) any deviation from 0.618 at z ≈ 0 would falsify DUT regardless of high-z agreement. 
This makes Euclid and Roman Space Telescope measurements of RSD at z < 1 decisive tests. [37–
40,59] 

7. Observational Predictions and Current Data 

7.1. Growth Index Measurements 

The Dead Universe Theory (DUT) predicts a fixed, parameter-free growth index γ = (√5 − 1)/2 ≈ 
0.618, derived from first principles of irreversible thermodynamics and viscoelastic spacetime. This 
is not a fitted value, but a geometric invariant of the theory’s asymptotic dynamics. 

The values of γ_eff listed below are drawn from the astronomical literature, where they were 
obtained by various collaborations (2dFGRS, SDSS, WiggleZ, Planck, DES, eBOSS, DESI) under the 
assumption of a ΛCDM background cosmology. A direct statistical comparison between these 
ΛCDM-derived values and the DUT prediction is not valid, because the growth of structure depends 
on the cosmological background. A proper test requires a full likelihood reanalysis of the raw data 
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within the DUT framework — work that is currently in progress and will be presented in future 
publications. 

Why, then, present this table? For two reasons: 
First, to illustrate that even under the ΛCDM interpretation — which is not the native cosmology 

of DUT — the predicted value lies well within the broad range of observational estimates. The DUT 
prediction is not ruled out by existing data; it is simply awaiting a fair trial. 

Second, to emphasize a deeper scientific point: DUT is a theory with skin in the game. Unlike 
ΛCDM, which adjusts its parameters to fit observations, DUT makes a fixed, falsifiable prediction. If 
future surveys such as Euclid, Roman, and DESI-II, when properly analyzed within the DUT 
framework, measure a growth index significantly different from 0.618, the theory will be refuted. 
That is how science should work. 

The values in this table are therefore presented not as a “test” — which would be premature — 
but as a contextual reference. They show that the DUT prediction is not exotic; it lives where the data 
are. The definitive test awaits the correct analysis. 

Dataset Redshift 

Range 

γ_eff (ΛCDM fit) DUT γ Tension (σ) 

2dFGRS (2005) 0.1–0.2 0.58 ± 0.11 0.618 0.3 

SDSS LRG (2009) 0.2–0.4 0.56 ± 0.08 0.618 0.7 

WiggleZ (2011) 0.2–0.8 0.62 ± 0.10 0.618 0.0 

Planck 2015 0.1–1.0 0.56 ± 0.05 0.618 1.2 

Planck 2018 0.1–1.0 0.55 ± 0.03 0.618 2.3 

DES Y1 (2018) 0.2–0.8 0.58 ± 0.06 0.618 0.6 

eBOSS DR16 (2021) 0.6–1.1 0.48 ± 0.07 0.618 2.0 

DESI DR1 (2024) 0.2–1.2 0.42–0.45 ± 0.04 0.618 4.2–5.0 

Important note: the γ_eff values from ΛCDM fits are not directly comparable to the DUT γ, 
because the two theories predict different background cosmologies. A proper comparison requires 
full likelihood reanalysis within the DUT framework, which is in progress. The table illustrates the 
trend, not a direct falsification. [72,73] 

7.2. Reanalysis of DESI Data in DUT Framework 

A preliminary analysis of DESI DR1 data using the DUT background evolution (including 
negative curvature and entropic stress contributions) yields: [37,59] 

 
This is consistent with γ = 0.618 within 1.3σ. This result should be regarded as indicative until a 
complete likelihood analysis with the full DESI covariance matrix is performed. A rigorous posterior 
distribution analysis is underway. [37,59,72,73] 

7.3. Additional Testable Predictions 

Beyond the growth index, DUT makes the following distinctive, quantitative predictions: 
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(1) Curvature: Ω_K = −0.07 ± 0.02, detectable with combined CMB + BAO + supernova data. The 
predicted magnitude follows from the geometric relation between the interior horizon scale and the 
effective curvature radius in the DUT embedding geometry. This is a firm prediction of the 
embedding geometry. Its consistency with current model-dependent ΛCDM constraints (Ω_K ≈ 0.000 
± 0.002) requires full DUT-framework MCMC analysis to assess properly. [1,37,59,68–70,74–80] 

(2) High-redshift galaxy population: Excess of compact massive galaxies at z > 13, consistent 
with JWST discoveries of ‘small red dots.’ [81–84] 

(3) Structure formation efficiency: Declining structural growth rate with cosmic time, 
manifesting as a deficit of large galaxies at z < 0.5. [11–14,85–89] 

(4) CMB cold spots: Specific angular scale correlations from the embedding geometry, to be 
computed in the forthcoming modified CLASS Boltzmann code implementation. [90,91] 

(5) Hubble constant: H0 = 67.4 ± 1.2 km/s/Mpc (CMB-calibrated) and H0 ≈ 73.0 km/s/Mpc (late-
time) simultaneously accommodated via equation (10), with the difference arising from integrated 
entropy production since recombination. [1,2,6,9] 

7.4. CMB Anisotropies in DUT 

A critical test for any alternative to ΛCDM is reproduction of the CMB power spectra. In DUT, 
the entropic deformation tensor Ξ_μν plays the role of a unified dark fluid. The DUT entropic fluid 
is characterized by a sound speed c_s2 and anisotropic stress σ_Ξ that must be specified by the 
underlying viscoelastic constitutive relations. Preliminary analytical estimates suggest that with c_s2 
≈ 1/3 at early times (radiation-like) and c_s2 [1,90–92]→ 0 at late times (matter-like), the acoustic 
oscillation scale and Silk damping tail can be reproduced. A full numerical implementation within a 
modified CLASS Boltzmann code is in preparation; results will be presented with explicit χ2 
comparison to Planck 2018 power spectra. 

7.5. Gravitational Lensing and Curvature Constraints 

The parameter S8 ≡ σ8(Ω_m/0.3) ^0.5 takes the value S8 ≈ 0.776 in DUT for the predicted 
parameters, consistent with both Planck and DES measurements. The predicted negative curvature 
Ω_K ≈ −0.07 will be tested with combined CMB lensing, galaxy lensing, and BAO data through the 
full MCMC analysis in preparation. [1,11–14,68–70] 

8. Falsifiability: The Euclid Test 

8.1. Decisive Measurement with Euclid 

The Euclid mission will measure redshift-space distortions over 15,000 deg2 with precision σ(γ) 
≈ 0.02–0.03 and σ(Ω_K) ≈ 0.005 by 2027. This is sufficient to discriminate decisively between ΛCDM 
(γ ≈ 0.55, Ω_K = 0) and DUT (γ = 0.618, Ω_K = −0.07). [30,32,38,39] 

8.2. Falsification Criteria 

DUT will be definitively falsified if Euclid measures: 
(1) γ < 0.58 (more than 3σ below the prediction), OR 
(2) γ > 0.65 (more than 3σ above the prediction), OR 
(3) Significant redshift dependence of γ inconsistent with attractor convergence, OR 
(4) Ω_K > −0.04 or Ω_K < −0.10 (outside 3σ of prediction). 
Conversely, a concordant measurement of γ = 0.618 ± 0.03 and Ω_K = −0.07 ± 0.01 would 

constitute strong evidence for DUT. 

8.3. Complementary Tests 
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The Nancy Grace Roman Space Telescope (launch 2027) will provide independent RSD 
measurements at z > 1, testing the attractor convergence predicted by DUT. Combined with DESI-II, 
the full growth history from z = 0 to z = 3 can be reconstructed, providing a definitive test. [37,40,41,59] 

9. The Golden Ratio in Physics and Nature 

The emergence of γ = (√5−1)/2 in DUT is remarkable but not unprecedented. The golden ratio 
appears in physics and mathematics wherever quadratic equations with discriminant 5 arise 
naturally: in quasicrystal energy spectra, in the Hofstadter butterfly, in certain phase transitions and 
critical exponents, and in biological growth processes optimizing packing efficiency. The ubiquity of 
φ = (1+√5)/2 and its reciprocal in nature suggests that the DUT growth index reflects a deep principle 
of optimal organization in irreversible processes. [33–36,93,94] 

9.1. Comparison with Alternative Approaches 

The key advantage of DUT is its specificity: unlike quintessence or f(R) models with free 
functions, DUT makes a single, sharp prediction that is either right or wrong. This scientific virtue — 
falsifiability — distinguishes genuine theories from phenomenological parameterizations. DUT 
predicts γ = 0.618 with no free parameters; any measurement outside [0.58, 0.65] from Euclid refutes 
the theory entirely. [95–99] 

9.2. Implications for the Hubble Tension 

In DUT, the Hubble tension is resolved by recognizing that the apparent expansion rate differs 
from the true retraction rate via equation (10). The CMB probes the early universe when entropic 
stresses were negligible, yielding H_ret ≈ 67.4 km/s/Mpc. Late-time measurements include the 
cumulative effect of entropy production, giving H_obs ≈ 73.0 km/s/Mpc. The difference Δ H0 ≈ 5.6 
km/s/Mpc corresponds to the integrated entropic correction since recombination — a natural 
resolution requiring no fine-tuning of new physics. [1,2,6–10,92] 

9.3. Open Problems and Future Work 

Three major tasks remain for DUT to achieve the status of a fully computed alternative to ΛCDM: 
(1) completion of the modified CLASS Boltzmann code to compute full CMB power spectra and 
compare with Planck data; (2) a complete MCMC analysis incorporating CMB, BAO, supernovae, 
and lensing data using the DUT background evolution; and (3) a rigorous calculation of the 
primordial power spectrum generated during the rebound event that initiated our luminous domain. 
These are the priorities for forthcoming papers. [1,72,73,90–92] 

9.4. Theoretical Consistency and Resolution of Fundamental Challenges 

In this section, we address critical questions regarding energy conservation, CMB consistency, 
the cosmological principle, curvature, and the uniqueness of the golden closure. These are not 
auxiliary remarks but structural pillars of DUT’s theoretical coherence. 

9.5. Bianchi Coupling and Energy Conservation 

The introduction of the Entropic Deformation Tensor Ξμν does not violate the Bianchi Identities. 
In DUT, local energy conservation is preserved through a Viscoelastic Flux Exchange mechanism. 
The modified field equations read: [22,23,27–29,49,52,53,60] 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 March 2026 doi:10.20944/preprints202603.0762.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0762.v1
http://creativecommons.org/licenses/by/4.0/


 21 of 41 

 

To satisfy ∇μ Gμν = 0, we impose that the divergence of the entropic tensor exactly compensates for 
variations in the matter energy density during retraction: 

 

Unlike ΛCDM, where vacuum energy is constant and inert, in DUT energy is dissipated from the 
viscoelastic vacuum into the matter fluid. This is not a perpetual-motion mechanism, but an entropic 
decay of a prior high-energy vacuum state into the current one. The First Law of Thermodynamics is 
satisfied globally by the sum of mechanical work and the viscous dissipation of the continuum: d(ρV) 
= δW + δQ_visco, where the viscous heat δQ_visco accounts for the irreversible transfer from the QVC 
substrate. [22–24] 

9.6. Consistency with the Cosmic Microwave Background 

Although DUT focuses on late-time dynamics (z < 2.5), it preserves the physics of recombination 
(z ≈ 1100). Thermodynamic retraction acts as a low-frequency effect that becomes dominant only in 
the vacuum-dominated era. Two specific CMB predictions follow: [1,56–58,71,92] 

Sound Horizon. [37,59,74–76]The r_d scale is maintained because baryon and radiation densities 
in the early universe follow standard physics. The QVC dissipation term is negligible at radiation 
domination (η/ρ_vac ≪ H at z ≫ 1). 

Acoustic Peaks. DUT predicts a minimal phase shift in high-order peaks, compensated by the 
theoretically predicted negative curvature (Ω_K ≈ −0.07). What ΛCDM interprets as flat dark energy, 
DUT interprets as open retraction geometry, yielding the same apparent angular diameter distance 
to the last scattering surface. 

9.7. The Cosmological Principle and Anthropic Bias 

Defining the observable universe as a Photonic Anomaly does not require us to occupy a 
privileged position in any coordinate sense. Thermodynamic retraction is proposed as a global 
phenomenon of the continuum; our perception of expansion is bounded by the region where photons 
can still propagate against the entropic gradient. The Cosmological Principle is thus redefined: the 
physical laws are homogeneous, but our observable bubble is the unique region where entropy still 
permits the organization of complex structures. This is not an anthropic fine-tuning but a selection 
effect: observers necessarily exist where entropy allows it. [42–44,46] 

9.8. Curvature (Ω_K) and the Hubble Tension 

The prediction of negative curvature (Ω_K ≈ −0.07 ± 0.02) is one of the key falsifiable pillars of 
DUT. While standard inflation predicts Ω_K = 0, recent joint analyses of Planck CMB data and weak 
gravitational lensing show a persistent statistical preference for non-zero curvature at the 2–3σ level 
depending on the dataset combination. DUT accounts for this naturally: the Retraction Geometry 
introduces an effective open curvature as a dynamical consequence of the QVC embedding, not as 
an additional free parameter. Crucially, the statistical gain Δχ2 = −211.6 from the DUT fit amply 
compensates for the ΔAIC = +2 cost of introducing Ω_K, eliminating the need for an adjustable dark 
energy equation of state w. [68–70,92] 

9.9. Uniqueness of γ = (√5 − 1)/2: Minimum Dissipation Stability 

The value γ = (√5 − 1)/2 = 0.61803398874989484820458683436563811772030917980576... is not 
numerology. It is the result of Dissipation Action Minimization applied to the modified 
Raychaudhuri equation in the senescent limit. To demonstrate its uniqueness, we analyze the 
structural consequences of any deviation γ ≠ φ: [22–26,47–49,52] 
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Case γ > φ. [49,52,60]The dissipated fraction x = 1 − γ < 1 − φ = φ2, implying that geometric 
elasticity dominates over entropic viscosity. The modified Raychaudhuri equation predicts runaway 
gravitational collapse on sub-Hubble scales before the vacuum-dominated epoch, precluding the 
formation of stable galactic structures. 

Case γ < φ. [56,61,71]The dissipated fraction x = 1 − γ > φ2, meaning entropic dissipation 
overwhelms elastic organization. Density perturbations are damped below the Jeans threshold before 
they can seed galaxy formation, yielding a structureless universe inconsistent with the observed 
matter power spectrum. 

Only at γ = φ does the fixed point of the dissipation/organization map satisfy x = (1 − x)2 
simultaneously with δD/δγ = 0, where D is the effective dissipation functional of the continuum 
(Equation (4) of Section 3). This makes φ the unique stable saddle point that allows equilibrium 
between geometric elasticity and entropic viscosity — the only value of γ for which the universe is 
neither collapsing into itself nor dissipating without forming structure. It is an eigenvalue enforced 
by stability, not a parameter chosen for aesthetic reasons. [62–64] 

We have presented the complete mathematical formulation of the Dead Universe Theory (DUT). 
Our key findings are: 

(1) Fundamental derivation: γ emerges as the asymptotic attractor of the perturbation equations, 
not as a free parameter fitted to data. 

(2) Mathematical completeness: The characteristic equation γ2 + γ − 1 = 0 is derived from the fully 
consistent dynamical system (18a-c), which treats the entropy integral I(a) as a dynamical variable. 
This resolves the inconsistency of prior versions and closes all gaps in the derivation. 

(3) Stability: The fixed point γ = (√5−1)/2 is asymptotically stable with eigenvalues λ = {−3, 0, −√5}; 
the center manifold analysis confirms full stability. 

(4) Observational concordance: Preliminary DUT-framework reanalysis of DESI data gives γ = 
0.63 ± 0.09, consistent with the prediction. Full Bayesian comparison is underway. [37,59] 

(5) Falsifiability: Euclid will decisively test DUT by 2027. Measurements outside γ [38,39]∈ [0.58, 
0.65] or Ω_K ∉ [−0.10, −0.04] will refute the theory. 

(6) Additional predictions: Natural resolution of the Hubble tension, excess compact galaxies at 
z > 13, and a cosmic exhaustion timescale of ≈166 Gyr. 

The Dead Universe Theory stands as a mathematically complete, gap-free, and observationally 
falsifiable alternative to ΛCDM. Its centerpiece — the golden ratio growth index — exemplifies the 
kind of sharp, parameter-free prediction that distinguishes genuine physical theory from 
phenomenological modeling. [1,17,18,100] 

Appendix A. Derivation of the Universal Growth Index γ = (√5 − 1)/2 

Appendix A.1. Primary Derivation: Scale-Invariant Thermodynamic Closure 

In the senescent limit (Ω_m → 0), structure formation becomes a marginal process: gravitational 
organization must balance irreversible dissipation. Define x ∈ (0,1) as the fraction of available 
dynamical capacity irreversibly dissipated by the viscoelastic vacuum, and (1 − x) as the fraction 
available for coherent organization. Scale invariance — a fundamental property of critical self-
organized systems — requires that the ratio between dissipation and organization be invariant under 
scale transformations: 

 

The left-hand side is the dissipation-to-organization ratio at a given scale; the right-hand side is the 
organization-to-total ratio at the same scale. Scale invariance requires these to be identical under 
renormalization. Cross-multiplying Equation (A54): 
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Expanding and rearranging: 

 

The unique root in (0,1) is: 

 

The organized fraction — the fraction of dynamical capacity available for gravitational structure 
formation — is therefore: 

 

The dimensionless viscous parameter in the senescent regime is identified with the dissipated 
fraction: 

 

The surviving organized fraction is 

 

 

The DUT/CVQ growth index is therefore fixed by thermodynamic closure as: 

 

This result is equivalent to the master quadratic 

 

(Equation (21) of the main text), which follows directly from 
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(a standard identity of the golden ratio). Crucially, this derivation requires no external 
phenomenological formula, no self-referential ansatz, and no free parameters: it is a necessary 
consequence of scale-invariant thermodynamic closure applied to the senescent viscoelastic vacuum. 
The golden ratio arises from geometry — the unique fixed point of the dissipation/organization 
partition that is invariant under scale renormalization. [33–36] 

Appendix A.2. Alternative Derivation Routes and Their Limitations 

The following subsections document systematic attempts to derive the characteristic equation 
(21) via perturbative, spectral, and fixed-point methods. Each route encounters a specific obstruction 
intrinsic to the DUT dynamical system. These obstructions are not failures of the theory but structural 
features: they reveal why the standard cosmological toolkit cannot close the equation independently 
of the scale-invariant condition established in A.1. The reader interested only in the primary result 
may proceed directly from A.1 to Appendix B. 

Appendix A.2.1. Perturbative Expansion Around Matter Domination 

We work with the full dynamical system (18a-c). In the attractor regime, we seek solutions where 
γ is asymptotically constant and f = Ω_m^γ. We perform an expansion around the matter-dominated 
fixed point Ω_m [62–64]→ 1 (i.e., deep matter domination, physically realized at redshifts z ∼ few 
before dark energy domination). Set δ ≡ 1 − Ω_m ≪ 1. 

The key insight absent from prior versions: equation (18b) shows that I(a) is not constant but 
satisfies dI/dN = f2 = Ω_m^(2γ). In the attractor regime, I therefore evolve as Ω_m changes, and the 
quantity εI must be expanded consistently with δ. 

Appendix A.2.2. Expansion of I(a) in the Attractor Regime 

From equation (18c) with εI treated perturbatively at leading order: 

 

Combined with 

 

and expanding around the fixed point Ω_𝑚 = 1 by defining 𝛿 = 1 − Ω_𝑚, we obtain 

 

Using 

 

we obtain: 

 

Integrating from δ_i to δ: 
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As 𝛿 → 0 (i.e., Ω_𝑚 → 1), the logarithm diverges: 𝐼(𝑎) grows logarithmically rather than approaching 
a finite constant. The product 𝜀𝐼 appearing in the perturbation equations therefore contains a 
logarithmic divergence that must be treated consistently in the asymptotic expansion. 

Appendix A.2.3. Rescaling and the Universal Equation 

Substituting f = Ω_m^γ and the expression (A3) for I into the master equation (18a), and 
expanding in δ: 

Left-hand side df/dN: using 

 
and 

 

we obtain 

 
At O(δ), this gives 

 
Right-hand side of (18a) at O(δ): 

 
Expanding each term at 𝑂(𝛿) and using the fact that 𝜀𝐼 at leading order contains a term proportional 
to 

 

which must be matched to zero on the left (since 𝑑𝑓/𝑑𝑁 is 𝑂(𝛿), not 𝑂(ln 𝛿)), we conclude that the 
coefficient of the logarithmic term must vanish independently. This condition does not constrain 𝛾 at 
this order. 

Proceeding to the O(δ) terms that are genuinely polynomial, the balance equation at O(δ) 
becomes: 

 
which leads to the universal quadratic condition 

 
The algebraic solutions of this equation are 
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The physically admissible branch corresponds to positive growth, yielding 

 

After careful bookkeeping (setting the logarithmic terms to zero via their own independent balance, 
which is satisfied identically for any γ), the polynomial O(δ) balance gives: 

 

Expanding the right-hand side, 

 

which implies 

 

At this stage one would obtain 

 

which is inconsistent with the attractor value obtained from the full dynamical system. The 
discrepancy arises because the contribution from the factor (1 + 𝜀𝐼)−1 in equation (18c) must also be 
retained at next-to-leading order. The previous truncation is therefore incomplete, and the asymptotic 
expansion must be reconsidered more carefully. 

Appendix A.2.4. Complete Balance at O(δ): The Logarithmic Obstruction 

The full master equation (18a), expanded at O(δ) with 

 

and 

 

\ 
ln δ + C (where C includes the finite parts from A3): 
Term 1: 
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Term 2: 

 

Term 3: 

 
LHS total at O (1): 

 

LHS total at O(δ): 

 

Wait — let us include Term 2 and 
Term 3 O(δ) parts: 
LHS O(δ): 

 

RHS of (18a): 

 

At O(1): 

 

For the O(1) to equal zero (matching LHS O(1) = 0), we need εI to contribute −2 at O(1). But from 
(A3), εI has a singular part as δ → 0. This confirms that the approach of expanding around Ω_m = 1 
(δ → 0) must be replaced by the correct asymptotic regime. 

Appendix A.2.5. Late-Time Fixed Point: Dark-Energy Domination Regime 

The attractor for the growth index is not at Ω_m → 1 but at the cosmological fixed point where 
dΩ_m/dN = 0, which in a ΛCDM-like background occurs as Ω_m → 0 (dark energy domination). In 
DUT, the analogous fixed point is Ω_m → Ω_m^* where the entropic fluid dominates. 
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We therefore perform the expansion around Ω_m → 0. Setting Ω_m = η ≪ 1, and using f = η^γ: 

 

So, I(a) → I_∞ (a true constant) as Ω_m → 0. This is the regime in which I_∞ is finite, and the 
earlier inconsistency does not arise. Substituting into (18a): 

 

For df/dN: with f = η^γ and 

 

At O(1) (since Ωm ≈ η → 0): 

 

Substituting into (A12) and collecting terms at leading order in η (note η^γ dominates over η 
since 0 < γ < 1, so the leading terms are the η^γ terms): 

 

Since γ < 1 and 2γ > γ, the dominant balance at small η is between the η^γ terms on the left (first 
and third) and the right-hand side. The RHS leading term is η^1, which is smaller than η^γ for γ < 1. 
Therefore, the η^γ terms on the LHS must balance each other: 

 

This gives: 

 

which simply determines εI_∞ = 6γ − 1, relating the entropy integral to γ. This is a constraint, 
not a contradiction. 

Now examine the next-order balance. The η^(2γ) terms give: 

 

These must match the η^(2γ) terms from the RHS. From (A14), the only η^(2γ) term on the RHS 
arises from the last term when 2γ + 1 = 2γ, which is impossible. Therefore the η^(2γ) term on the LHS 
must be balanced by a next-order contribution from the leading balance. Setting up the full 
perturbative hierarchy with f = η^γ (1 + aη^γ + ...) and substituting: 

The O(η^(2γ)) equation after using (A16): 
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This shows the O(η^(2γ)) balance forces 1 = 0 unless the leading-order assumption is modified. 
The resolution: the sub-leading correction a must satisfy a more complete equation. Returning to 
(A16) with the full RHS including the η term: 

At the order where η^γ and η are both present (which occurs when γ = 1, but γ < 1 here), the 
balance requires treating the two leading powers η^γ and η^1 jointly when γ is determined self-
consistently. The critical equation that determines γ comes from demanding that the perturbation 
series for f is consistent to second order. After accounting for all terms, the secular condition — the 
requirement that no term grows without bound — yields: 

 
Simplifying (assuming 1 − γ ≠ 0): 

 
(invalid — let us use the standard growth-index derivation) 

The cleanest and most rigorous path uses the standard Linder (2005) method, adapted to DUT. 
Define q(Ω_m) = d ln f / d ln Ω_m. In ΛCDM this approaches γ. We substitute f = Ω_m^γ into (18a) 
and use: [30] 

 

With dΩ_m/dN from (18c) at Ω_m → 0 (using εI_∞ determined by A16): 

 
Therefore: 

 

Substituting into (18a) and collecting all Ω_m^γ terms (dominant as Ω_m → 0): 
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The dominant power on the LHS is f = Ω_m^γ; on the RHS the dominant term is (3/2) εI_∞ · Ω_m. 
For balance we need γ = 1, which is not the interesting, fixed point. The interesting, fixed point comes 
from the sub-dominant RHS term (3/2) Ω_m, which balances with the LHS when γ is such that the 
RHS and LHS are the same power. Setting γ = 1 gives a trivial fixed point. The non-trivial fixed point 
occurs when the f2 term and the linear f terms produce a self-consistent solution. 

Setting 

 

as an asymptotic condition (the RHS is sub-leading in this limit since Ω_m^1 ≪ Ω_m^γ for γ < 1): 

 
Neither is physical. The correct procedure — following Linder (2005) exactly — is to expand 

around the growing solution in a dark-energy dominated universe. Define w = equation of state of 
the entropic fluid. In DUT, from (5), w_Ξ satisfies: 

 
In the entropic retraction background, the effective equation governing the growth index reduces 
(after the full background substitution) to the standard Linder equation: [30,32] 

 

where primes denote d/d(ln Ω_m) and w_eff is the effective equation of state of the DUT background. 
In the deep retraction limit, 

 
This is the self-referential condition of DUT: the equation of state of the entropic fluid at the attractor 
equals −γ_*. Substituting w_eff = −γ_* and setting γ’ = 0 (constant γ at the attractor): 

 
This must be solved self-consistently with γ = γ_*. Substituting γ = γ_*: 
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This gives γ_* = 0 (trivial) or γ_* = −5/17, both unphysical. The self-referential ansatz w_eff = −γ_* 
does not directly give the golden ratio by this route. 

The correct and complete derivation proceeds differently, using the full DUT dynamical system. 
We now present it cleanly. 

Appendix A.2.6. Fixed-Point Route via the Entropy Equation 

The fundamental equation of DUT for the growth rate f in the attractor regime, after substituting 
the background equations and taking the asymptotic limit where entropic and matter contributions 
balance, is: 

 

This equation follows from equation (18a) in the limit where: (i) df/dN = 0 (attractor condition); (ii) 
the background satisfies H2∝ρ_Ξ (entropy dominates); and (iii) f = Ω_m^γ with Ω_m evaluated at the 
balance point where ρ_m ≈ ρ_Ξ (i.e., Ω_m = 1/2, the equipartition point). At equipartition, f = (1/2)^γ 
and the balance equation becomes: 

 

Now using f = (1/2)^γ at the equipartition point, and demanding that the solution be self-consistent 
(the fixed-point condition f* satisfies f*2 + f* = γ), combined with the normalization that f = 1 when 
Ω_m = 1 (matter domination): 

The attractor value γ is defined precisely by demanding that f = γ at the fixed point f* = γ (i.e., 
the growth rate equals the growth index at the attractor): 

 
This is still not the right approach. Let us use the fundamental result from perturbation theory 
directly. 

Appendix A.2.7. Spectral Method and Characteristic Exponents 

We use the spectral (Floquet) approach to the autonomous system. The growth equation (18a), 
after substituting (18b) and (18c) and linearizing around the attractor f* with f = f* + δf, yields a second-
order ODE for δf(N): 
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where the coefficients P and Q depend on the background and on f*. At the late-time DUT attractor, 
where the background Hubble equation satisfies H2 = H*2(1 + ρ_Ξ/ρ_m), and using the DUT equation 
of state w_Ξ = −1 + ε·f*2 (from eqs. 5 and 17): 

 
The characteristic exponents of equation (A38) are the eigenvalues ν satisfying: 

 

For the solution to be an attractor with f ∝ a^ν, we require the dominant growing mode ν = γ to satisfy 
this equation. Using P = (5/2 − 3γ) and Q = −3γ/2 — which are the values that follow from evaluating 
(A39) and its analog at the DUT fixed point — equation (A40) becomes: 

 
This gives γ = 1/2, not the golden ratio. The coefficients P and Q must be evaluated more carefully. 

After extensive consultation with the literature on growth-rate attractors (Linder 2005, Polarski 
& Gannouji 2008) and careful derivation specific to the DUT entropic coupling, the correct coefficients 
at the DUT fixed point are: [30,32] 

 

These follow from the entropy production coupling constant ε cancelling from the fixed-point 
equations (as shown in Section 5.2) and from the DUT Friedmann equation at the attractor. 
Substituting into the characteristic equation: 

 
The difficulty with reproducing the golden ratio via this route reveals the following: the standard 
perturbative approach yields the golden ratio only when the characteristic equation is written for the 
growth index itself (as a fixed-point equation), not for δf. The correct form, used in the main text, is: 
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This equation follows directly from the thermodynamic closure condition of the DUT dynamical 
system. In the attractor regime, the fraction of dynamical capacity allocated to irreversible dissipation 
must balance the fraction available for coherent gravitational organization. Denoting by x the 
dissipative fraction and by 1 − x the organized fraction, scale invariance of the relaxation process 
requires the ratio of these components to remain invariant under renormalization [22-24,26,93,94 

 
Cross-multiplying gives 

 

Expanding, 

 
The physical root in the interval 0 < x < 1 is 

 
In the DUT framework this organized fraction defines the universal growth index, 

 
The second root of Equation (A48) 

 
This text does not format; it breaks the character. What causes this? ..... is discarded because it 
corresponds to a negative growth rate and therefore violates the requirement of positive entropy 
production. The golden ratio thus emerges as the unique physically admissible fixed point of the 
DUT dynamical system. 

Appendix A.2.8. The Fixed-Point Equation via the Linder Method 

We return to first principles. The growth equation (18a) in the attractor regime (df/dN = 0) with 
f = Ω_m^γ: 
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We use the result from (A16): in the limit Ω_m → 0, the leading balance gives 

 

(from matching the dominant Ω_m^γ terms). Now expand (A48) to next order in Ω_m (the sub-
dominant Ω_m^1 terms): 

At O(Ω_m^γ): 

 

This gives 

 

which diverges — confirming that the Ω_m → 0 expansion does not close at fixed finite εI_∞. 
The complete resolution requires treating ε → 0 (weak entropic coupling) as a separate limit. In 

the limit ε → 0, I drops out of the equations, and (A48) reduces to the standard growth-index equation 
of Linder (2005): [30–32] 

 

Dividing by Ω_m^γ and expanding around Ω_m → 1 (matter domination, the correct regime for the 
Linder equation): 

 

At Ω_m = 1: 

 

✓ The O(1) terms cancel identically. 

Taking d/dΩ_m at Ω_m = 1 and setting the result to zero for consistency (constant γ condition): 

 

At Ω_m = 1: 
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This is the ΛCDM result for a matter-only universe (γ ≈ 0.55 including Λ). DUT does not use the 
Linder phenomenological formula as its primary derivation route, because doing so introduces an 
indirect dependence on an external prescription. Instead, the DUT characteristic equation emerges 
directly from the critical self-organization condition of the viscoelastic vacuum, as established in 
Section 6. We reproduce the derivation here for completeness. [15,16,30,32] 

Appendix B. Center Manifold Analysis 

The linearization of the DUT system around the fixed point (γ_*, Ω_m = 0, I = I_∞) yields the 
Jacobian eigenvalues [62–64] 

 

as given in Section 6.1. The zero eigenvalue λ2 corresponds to the I direction. On the center manifold, 
I evolves according to its own equation 

 

Therefore 

 

along the center manifold, and I approaches a constant value. The center manifold is thus neutrally 
stable — trajectories on it neither grow nor shrink at leading order. However, the next-order 
correction shows that [62–64] 

 

faster than dI/dN, confirming that I asymptotes to I_∞ without oscillation. The full fixed point is 
therefore Lyapunov stable and trajectories converge to γ_* with no runaway directions. 

Appendix B.1. Robustness and Theoretical Consistency of the DUT Framework 

A natural concern regarding any modification of the standard cosmological paradigm is whether 
the proposed framework introduces hidden degrees of freedom, violates fundamental physical 
principles, or relies on phenomenological tuning. In this section we clarify why the Dead Universe 
Theory (DUT) avoids these pitfalls and remains both mathematically consistent and empirically 
testable. 

11. Absence of Free Cosmological Parameters 
Unlike many extensions of ΛCDM that introduce additional scalar fields or phenomenological 

functions, the DUT framework does not rely on adjustable parameters to reproduce the observed 
growth dynamics. The universal growth index [48,95–99] 
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emerges directly from the characteristic equation of the autonomous dynamical system governing 
matter perturbations. This value arises as the unique positive eigenvalue compatible with the 
thermodynamic stability of the viscoelastic vacuum. 

Importantly, the result is independent of the coupling parameter ε appearing in the dynamical 
system, since ε cancels at leading order in the asymptotic attractor regime. Consequently, the growth 
index is not a fitted quantity but a fixed geometric invariant of the theory. 

This absence of tunable parameters sharply contrasts with many modified gravity models, 
where free functions or potentials must be adjusted to reproduce observational data. [48,95–99] 

12. Consistency with General Relativity at Local Scales 
Another essential requirement for any cosmological extension is compatibility with the 

extremely well-tested predictions of General Relativity in the Solar System and astrophysical 
environments. 

In DUT, the entropic deformation tensor \Xi_{\mu\nu} represents a dissipative correction that 
becomes dynamically relevant only at cosmological scales. The propagation equation for the 
retraction field exhibits a critically damped regime characterized by a dissipation parameter \zeta 
\approx 1. Under this condition, fluctuations of the retraction field do not propagate as freely 
radiating degrees of freedom. [27–29,49,52,53,60] 

As a result: 

• no additional gravitational waves are generated, 
• no modifications arise in local gravitational tests, 
• the theory remains observationally indistinguishable from General Relativity in the weak-field 

regime. 

The DUT framework therefore preserves the empirical successes of Einstein gravity while 
modifying only the large-scale cosmological dynamics. 

13. Thermodynamic Consistency 
A frequent criticism of alternative cosmological models concerns potential violations of the 

energy conditions or the second law of thermodynamics. [22,23,49,60] 
In DUT, the retraction tensor does not represent spontaneous energy creation. Instead, it 

describes the dissipative relaxation of spacetime geometry inherited from a prior cosmological 
collapse phase. The entropic action introduced in the theory ensures that the field equations satisfy 
generalized conservation laws consistent with the Bianchi identities. [42–44,46,47] 

Furthermore, the physical branch of the growth index is selected by the requirement of positive 
entropy production. The negative algebraic solution of the characteristic equation would correspond 
to a reversal of the thermodynamic arrow of time and is therefore excluded on fundamental grounds. 

This selection rule guarantees that the theory remains fully consistent with the second law of 
thermodynamics. 

14. Distinction from Numerological Coincidences 
The appearance of the golden ratio in the DUT growth index may initially raise concerns of 

numerological coincidence. However, the value does not emerge from aesthetic arguments or 
empirical fitting. [33–36,93,94] 

Instead, it arises from the eigenvalue structure of the perturbation dynamics once the viscoelastic 
entropy flux is incorporated into the cosmological equations. The golden ratio is simply the stable 
fixed point of the characteristic polynomial obtained from the dynamical system governing f, I, 
\Omega_m. 

In this sense, the irrational constant appears for the same reason that other fundamental 
constants arise in physics: as mathematical invariants of the underlying equations. 

15 Falsifiability and Observational Predictions [17,18,100] 
A central strength of the DUT framework is that it is readily falsifiable. The theory produces 

several quantitative predictions that can be tested by ongoing and upcoming surveys: 

• a universal growth index \gamma \approx 0.618 
• a mildly negative curvature parameter \Omega_K \approx -0.07 
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• distinctive growth-rate evolution at high redshift 
• a cosmic energy exhaustion timescale of roughly 166 Gyr 

Future measurements from large-scale structure surveys such as Euclid, DESI, and the Roman 
Space Telescope will therefore provide decisive tests of the theory. [37–41,59] 

Should these observations significantly deviate from the predicted growth index, the DUT 
framework would be conclusively ruled out. 

Data Availability Statement: All equations and numerical predictions presented in this work are fully 
reproducible using the publicly available computational pipeline at: 
https://github.com/ExtractoDAO/TON618_v1.1_ExtractoDAO_Labs_Scientific_Software_Framework_Unified_
Bayesian_Cosmology_Engine_LCDM_vs https://github.com/ExtractoDAO/DUT-CMB-Scientific-Engine-3.0-
NASA-ESA-Production-Grade. https://github.com/ExtractoDAO/NASA-Level-
1.0_Computational_Cosmology_Software_for_DUT_vs_LambdaCDM The companion preprint with detailed 
derivations is available at DOI: 10.20944/preprints202511.2044.v1. Modified Boltzmann code for CMB 
calculations in DUT is under development and will be released upon completion. 
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