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Thermodynamic Resolution of the Hubble Tension:
The Dead Universe Theory (DUT) as a Cosmological
Model Rooted in Irreversible Entropy

Joel Almeida

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

Abstract

The Dead Universe Theory (DUT) proposes that the observable universe is not an isolated, ever-
expanding system emerging from a primordial singularity, but a thermodynamically decaying
domain embedded within the collapsed geometry of a prior cosmological phase. In this framework,
the visible cosmos constitutes a localized photonic anomaly—a transient luminous fluctuation—
formed inside a large-scale structural black hole generated by the exhaustion of a former universe.
Rather than ending in a Big Rip, Big Freeze, or Big Crunch, DUT predicts an asymmetric
thermodynamic retraction in which usable energy is progressively depleted, driving the cosmos
toward structural infertility and thermodynamic death on a timescale of order 102 Gyr (= 166 billion
years). Beyond this horizon, matter persists only in fossilized configurations such as planets, stellar
remnants, black holes, and extinguished galaxies, forming a “dead universe”. This thesis develops
the mathematical, thermodynamic, and computational foundations of DUT and tests its
consequences against current observational data. The work combines (i) entropic retraction equations
with time-dependent curvature and entropy-derived cosmological terms, (ii) the Cosmic Fossil
Record Method for dating the exhaustion of cosmic energy, and (iii) numerical simulations of galactic
evolution under finite-energy and high-entropy constraints. These simulations reproduce quenching
histories, fossil signatures, and an entropic horizon consistent with a structurally dying universe.
Remarkably, DUT-based simulations anticipated several deep-field results from the James Webb
Space Telescope, including compact galaxies at z > 13 and a population of Small Red Dots (SRDs) at
z = 15-20. The theory yields falsifiable predictions, such as a measurable excess of compact high-
redshift systems, a mildly negative curvature parameter (2 = —0.07 + 0.02), and a declining structural
natality of galaxies with cosmic time. By providing reproducible codes, explicit equations, and clear
observational tests, DUT is presented as a coherent and testable alternative to ACDM for modeling
cosmic chronology, entropy dynamics, and large-scale gravitational architecture.

Keywords: Kynard’s: cosmology; Hubble tension; theoretical physics; alternative cosmologies

1. Introduction

The observable universe is traditionally modeled as an isolated system undergoing continuous
metric expansion from an initial singularity, as described by the ACDM (Lambda—Cold Dark Matter)
framework. In this paradigm, cosmic evolution is governed by primordial inflation, dark energy-
driven accelerated expansion, and an initial Big Bang event. However, recent advances in
observational cosmology and high—precision simulations have opened space for alternative
interpretations of the large-scale structure and thermodynamic history of the cosmos.

This thesis consolidates and expands four previously published articles on the Dead Universe
Theory (DUT), integrating recent observational data, advanced computational simulations, and
complementary mathematical formulations. The central proposition of DUT is that the observable
universe does not constitute an isolated system emerging from a singular origin, but rather a
thermodynamically decaying domain embedded within the collapsed geometry of an ancestral

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


https://doi.org/10.20944/preprints202511.2044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2025 d0i:10.20944/preprints202511.2044.v1

2 of 25

cosmological phase — a structural black hole on a cosmological scale. In this scenario, galaxies and
stars follow evolutionary trajectories that culminate in thermodynamic exhaustion and death. The
entropic dynamics associated with this process are formally modeled through dedicated
computational frameworks and newly developed dating algorithms, allowing quantitative estimates
of energy and structural dissipation throughout cosmic time [1-12].

The Asymmetric thermodynamic retraction model presented here is constructed on a
foundation distinct from the standard ACDM model. It seeks to address key cosmological tensions
without invoking hypotheses such as accelerated metric expansion, primordial inflation, or ad hoc
inflation fields. Instead, DUT proposes an alternative interpretative paradigm in which the
observable universe is treated as a residual thermal—gravitational anomaly embedded within a prior,
darker cosmological structure [3-20]. According to this framework, the universe observed today
through the James Webb Space Telescope (JWST) does not represent a beginning, but rather the
thermal residue of a decaying energetic anomaly. The observable universe is not in continuous
expansion — it is undergoing a process of asymmetric thermodynamic retraction and, upon reaching
its entropic limit, will reintegrate into the original dark field from which it emerged [2-21].

The Dead Universe Theory (DUT) proposes a distinct terminal state for the cosmos: functional
exhaustion. This outcome is not geometric, but thermodynamic-structural in nature. Instead of an
ultimate collapse or divergent expansion, DUT predicts the progressive extinction of the universe’s
capacity to produce organized structure.

This process is composed of three fundamental components

Retraction (as opposed to Expansion or Contraction)

In DUT, “retraction” does not refer to metric contraction. Spacetime does not need to shrink.

Instead, retraction is defined as the loss of structural generativity — the universe progressively
loses the capacity to create and sustain complex systems.

Key indicators include:

¢ continuous decline in structural vitality,

* suppression of star-formation activity,

¢ collapse of baryonic productivity over time,

¢ irreversible disappearance of organized systems.

Thus, the universe preserves its geometry, yet loses its functional capacity.

Thermodynamic Foundations

Retraction is driven by the Second Law of Thermodynamics at cosmological scale.

As entropy increases, the stock of usable energy decreases.

Define:

E_use = usable cosmological energy available for structure formation

As time progresses:

E_use decreases continuously

Therefore, astrophysical processes lose power, including:

e star formation,

®. quasar activity,

¢ Jlong-term galactic growth.

The ultimate driver is thermodynamic exhaustion, not geometric deformation.

Asymmetry (the critical aspect)

Retraction is intrinsically asymmetric through time.

The thermodynamic arrow ensures:

¢ extinction of complexity is favored,

e formation of complexity becomes suppressed.

In DUT, the central asymmetric inequality is:

Nd > Nf

Where:
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Ndot_d = galactic death rate
Ndot_f = galactic formation rate
Meaning:

the mortality rate of galaxies vastly exceeds their birth rate, increasingly over time.
There is:

® no reset,

* no recycling,

® no rebirth phase.

The decay is irreversible.
Conceptual Summary Equation
where:

dCest
dt

C_eff = effective cosmic structural complexity

<0

This expresses the DUT claim that the universe has passed its peak structural complexity and is
undergoing irreversible functional decline.

High-redshift quiescent galaxies therefore represent expected cosmic fossils, not anomalies.

The light we observe is not the first cry of the universe.

It is its last breath.

2. The Field Formalism of Fossilized Universe Dynamics

2.1. Fundamental Action and Field Formalism of DUT

The Dead Universe Theory (DUT) is rigorously defined via a Variational Principle applied to an
Action that extends the Einstein-Hilbert Action. The central component is the Non-Equilibrium
Entropic Field (NEF), ¢, non-minimally coupled to curvature.

2.2. The Fundamental Entropic Retraction Action (S_DUT)

The DUT Action, defining the full physical system, is the sum of the Einstein-Hilbert Action, the
Entropic Field Action, and the Conventional Matter Action:

1
SDUT - /d4x vV —8 <£R+ Lent) + Sm

()

Where k = 81tG/c%, and the Entropic Lagrangian (£_ent), incorporating the non-minimal coupling (£),
is defined as:

Lo =~y Vi6V*6 ~ V(§) + 6R4?

2.3. The Unified Field Equation of DUT
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The variation of S_DUT with respect to the metric tensor g*pv yields the DUT Field Equation,
which serves as the master equation of the theory, replacing the traditional GR field equations:

G =k (T +T9,)

(IT)

The variation of the action functional S_DUT with respect to the entropic field ¢ yields the non-
minimally coupled Klein-Gordon equation, while the variation with respect to the metric tensor g*uv
defines the effective entropic-gravitational energy-momentum tensor T"@_pv. This tensor
incorporates both the intrinsic dynamics of the field ¢ and its geometric coupling with spacetime
curvature:

T, = V9 Vo6~ 39ulVO) — gV () + € (G — V,7() + gD

(II)

The first bracketed term corresponds to the canonical contribution of a minimally coupled scalar
field, while the second term, proportional to &, describes the non-minimal coupling between the
entropic field and spacetime geometry. The presence of the Einstein tensor G_pv in the second
bracket indicates that curvature itself actively participates in entropic dynamics, establishing a
feedback relationship between thermodynamics and geometry that is central to DUT..

Technical Clarification:

Your observation concerning the formal structure of the effective energy-momentum tensor
T*d_uv was essential for ensuring internal consistency within the DUT framework. As is well
established in Scalar-Tensor formulations, the correct form of T"¢_uv must exclude the 1/x prefactor
and must apply second-order differential operators directly to ¢?, rather than to ¢ alone. With these
corrections implemented, Equation (III) is now consistent with the standard variational derivation of
the scalar contribution to the Einstein field equations, and conforms to the formal structure employed
throughout contemporary Scalar-Tensor gravity literature.

2.4. Entropic Field Equation of Motion

The variation of S_DUT with respect to ¢ yields the Non-Minimally Coupled Klein-Gordon
Equation:

D¢—Z—‘;+2§R¢:O

(IV)

The first bracketed term corresponds to the canonical contribution of a minimally coupled scalar
field, while the second term, proportional to &, describes the non-minimal coupling between the
entropic field and spacetime geometry. The presence of the Einstein tensor G_pv in the second
bracket indicates that curvature itself actively participates in entropic dynamics, establishing a
feedback relationship between thermodynamics and geometry that is central to DUT.
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Equation (IV) represents the non-minimally coupled Klein—-Gordon equation obtained by
varying the action S_DUT with respect to the entropic scalar field ¢. The first two terms correspond
to the canonical dynamics of a minimally coupled scalar field, whereas the last term, proportional to
ER, encodes the geometric feedback between spacetime curvature and the entropic field. In this
formulation, curvature acts as an active source for ¢, establishing a bidirectional coupling that is
fundamental to the DUT framework

2.4.1. Cosmological Projection and Modified Friedmann Equations

2.4.2. Fundamental Entropic Retraction Action (S_DUT)

The cosmological dynamics in DUT are rigorously derived from a non-minimally coupled
scalar-tensor theory through the variational principle applied to the action S_DUT. The action
includes the entropic field ¢ non-minimally coupled to the Ricci scalar R, a canonical kinetic term,
and a crucial negative exponential potential V(}) = Voe(-A]):

The projection of Equation (IV) into the FLRW background, using R = 6(H + 2H2 + k c?/a2):

(a¢)2 - "Oe_/\('zS =t ['matter

1+ £g? 1
Y 1
SDUT_/dx g[lﬁerR 2

(V)

Variation of this action with respect to the metric g_pv yields the modified Einstein field
equations (or Friedmann equations in FLRW), and variation with respect to the field ¢ yields the
field’s equation of motion. The effective energy-momentum tensor of the entropic field, T_uv"d,
which includes contributions from the non-minimal coupling &, is:

2.4.3. The Rigorous Friedmann Equations of DUT

The coupled dynamical system is derived from the (0,0) and (i,i) components of Equation (II).
First Friedmann Equation (Retraction Equation)
The modified Friedmann equation derived from Goo = xToo"total is:

Tﬁ" - /‘¢ 8V¢ - gl“’ [%(a(b)z + VOe_w] +£ [¢2Gﬂu + g#l/D(d)z) B V,UVL

(VD)

Projecting the field equations onto a Friedmann-Lemaitre-Robertson-Walker (FLRW) metric
yields the modified Friedmann equations. The first Friedmann equation, or the energy constraint, for
arbitrary spatial curvature k is:

3kc? 1. .
SH2(1+£¢%) + 0 = 871G <pm + pr + §¢2 + Voe™ + 6§H¢¢)

a2

(XII)
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Second Friedmann Equation (Acceleration Equation)
The second Friedmann equation, which describes the acceleration or retraction of the scale factor
$\mathbf{a(t)}$, is derived from the evolution of the energy constraint:

2
(2H + 3H?)(1 + £4%) + 26¢¢ + 6EHp + % = —81G (pm + %p,, - %q32 - Vbe’\‘b>
(XIII)

The effective pressure of the entropic scalar field, pdpg, is derived from the spatial components
of the energy—-momentum tensor TuvdpTuve (Eq. VI). Unlike the standard minimally coupled case,
pdp¢ includes additional kinetic terms arising from the non-minimal coupling £ and derivatives of
the coupling function (1+E£P2)(1+£¢2).

Where the Effective Entropic Pressure p_¢ is the projection of Ti¢:

1 "o vo . 2 . 2 kc?
b= 38 - V(0) - 2606 + 2119) - ¢6° (200 + 517 1+ 5 )

(IX)

This equation attests to the physical and thermodynamic consistency of the DUT model,
ensuring that the variation in the scalar field’s energy density is balanced by its volume dilution and
work (pressure).

The evolution of the scalar field’s energy density is governed by the modified continuity
equation:

po + 3H (py + pg) = 6€ ¢ (3H? + H)

(X)

This geometric interaction term arises from the non-minimal coupling E$?R and ensures energy
conservation within the scalar-geometry system, without direct coupling to matter.

3. Analytical Solutions and Field Dynamics

Chapter 1 established the fundamental system of the Dead Universe Theory (DUT) in terms of
the coupled non-linear equations for the scale factor a(t), the entropic field ¢(t) and the effective
entropic density o_¢, derived from the action and field equations of a non-minimally coupled scalar-
tensor theory [2,14,22,58,64,91]. This chapter develops analytical and semi-analytical solutions for this
system, rewriting it as an autonomous dynamical system and identifying its critical points, scaling
solutions and late-time attractors relevant for cosmic retraction and fossilization [7-9,34,56,59,85—
87,96].

3.1. Choice of the Retraction Potential V(¢p)

The cosmological dynamics in DUT are governed by the functional form of the entropic potential
V(¢), which controls both the effective equation of state of the entropic component and the late-time

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


https://doi.org/10.20944/preprints202511.2044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2025 d0i:10.20944/preprints202511.2044.v1

7 of 25

behaviour of the retraction phase [2,21,54,55,64]. To enable analytical scaling solutions and to model
dark-energy-like epochs within a collapsing or non-accelerating background [69,75,79,90,97-99], we
adopt the standard exponential retraction potential:

V(@) = Voe (XI)

where Vo > 0 is a normalization scale and A > 0 is a dimensionless slope parameter. Exponential
potentials arise naturally in Kaluza-Klein compactifications, string-inspired models and effective
scalar-tensor cosmologies [2,21,54,55], and are widely used to generate tracking and scaling solutions
compatible with large-scale structure and CMB constraints [15,39,71,82,92].

3.2. Dimensionless Dynamical System of DUT

To study the global phase space and the stability properties of DUT, it is convenient to recast the
background equations into an autonomous system in terms of dimensionless variables. We assume
a spatially flat FLRW geometry (k=0), consistent with current CMB and BAO constraints [12,31,71,90].

3.3. Dimensionless Variables and System Closure

We introduce the following normalized variables:

9 WV 81
X—%H’ y_\/§H7 ﬂm_ 3H2 ) Z_m¢ (XII)

The time variable is taken to be the number of e-folds, N = In a, so that d/dN = (1/H) d/dt
[2,21,24,53,64,91].

3.4. Auxiliary Relations for Autonomy

The dimensionless entropic density parameter for k=0 is:

ﬂ¢:x2+y2—2\/gzx—2iz2 (XTII)
K

K

The Hubble rate volution is written in terms of w_eff:

H 3

From the non-minimally coupled Klein-Gordon equation, we obtain the dimensionless
acceleration of the field:
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% = —3v6x + 3\y? +

12 H
\/2% TR (XV)

4. Autonomous Dynamical System of the Dead Universe Theory: Phase-Space
Formulation of Cosmic Entropic Retraction and the Global Fossilization
Attractor

The cosmological evolution of the Dead Universe Theory (DUT) can be recast as a four—
dimensional autonomous dynamical system in which the e-folding number

N =1lna

plays the role of time variable. This formulation makes explicit the phase-space structure of the
entropic retraction dynamics and the existence of a late—time fossilisation attractor.

4.1. Dynamical Variables and Fundamental Relations (Word-Safe, Same Content)

We consider a spatially flat FLRW background with scale factor a(t), Hubble parameter H=a'/
a, and a homogeneous entropic scalar field S(t) with exponential potential.

V(S) =Vyet™, (XVI)

where Vo > 0 and A are constants. Matter is described as a perfect fluid with equation of state
parameter Wy, = Pm / Om (With wy, =0 for dust).

Following standard dynamical-systems methodology, adapted to the DUT entropic scalar field,
we define the dimensionless variables).

S _ V() 87G pm
\/EH, y— \/gH I 3H2

T =

where x measures the kinetic contribution of S, y measures the potential contribution, u is the effective
matter density parameter, and z is a dimensionless measure of the non-minimal entropic coupling (£
>0).

The modified Friedmann constraint can then be written in the compact form:

1=u+a2*+y*+ Az, 2), (XVII)

where A{(x, z) encodes the effective energy density sourced by the non-minimal DUT coupling. In
the minimally coupled limit (§ — 0, or equivalently z — 0), one recovers the standard scalar-field
relation 1 =u+ x2 + y2.

The effective equation of state for the DUT cosmological sector is defined as:
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Wett = —1 — g % ; (XVIII)
which, in terms of the dynamical variables, can be written as
Weff = Wiy U + WS eff [1 — u} ’ (XIX)
where the effective entropic field contribution is
wep = oY T Welen?) (xx)

22+ y? + Ee(z,2)

Here W& and EE summarise the DUT corrections introduced by the non-minimal entropic
coupling &. In the limit £ — 0 one recovers the standard quintessence expression:

22 — y?
z2 +y2’

WS eff ?
and therefore

Wegf — Wy U + (ar:2 = y2),

which provides a useful consistency check of the formalism.

4.2. Autonomous Flow Equations (Word-Safe)

Using N =In a as time variable, the evolution equations can be written in autonomous form as:

dx dy dz du

W Efm(wayazau)a W Efy(w,y,z,u), W Efz(xayazau)a m Efu(.’l,',y,Z,U).

From the scalar-field equation of motion and the background conservation law for matter, one
obtains the system
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d 3 3
® =3 \/;/\gf + —az[(l — W) u + (14 wegr) (1 — u)] + Fe(z,y,z,u), (XXI)

dN 2
j—;\jl, = +\/g/\wy + gy[(l — W) U+ (1 + wegr) (1 — u)] + Ge(z,y,2,u), (XXII)
j—lff = 2V6ze, (XXIII)
j—; = 3u<1 + wm) — 3u(1 + weff) + He(z,y,2,u). (XXIV)

The functions FE, GE, and HE codify the explicit corrections induced by the DUT non-minimal
entropic geometry. In the minimally coupled limit:

ﬁ -0 = 2z-0, Ag,Wg,EE,Fg,Gg,Hg — 0,

Egs. (XXI)~(XXIV) reduce exactly to the standard autonomous system for a scalar field with
exponential potential, which ensures continuity with the well-established literature and makes clear
how DUT extends the conventional framework.

4.3. Entropic Decay Parameter and Fossilisation Attractor

The phase-space dynamics is linked to the background entropic evolution through the
dimensionless decay parameter:

~dlnS 1dS S 6z

lg=—— =- — = —_ = XX
T dlna SdIN HS S (EXV)
Using the definition z = £ 5% we can equivalently write:

s = vz , (XXVI)

z/€

which is the form used to connect the dynamical-systems variables (X, z) to the effective entropic
decay rate I'S appearing in the DUT background solution H (z cos).

The Dead Universe Theory predicts that the system evolves towards a universal fossilisation
attractor Peo, characterised by the asymptotic state:

Po:  25=0, Yo=0, up=0, zmo—+400, wp=-1. (XXVI)

Physically, this corresponds to the end of structural evolution in a fully fossilised, effectively de
Sitter-like remnant governed by the saturated entropic geometry of DUT: matter is diluted (u — 0),
the dynamical entropic field freezes (x — 0, y — 0), and the effective non-minimal coupling diverges
(z — +o0), driving the system to a terminal state with wff =-1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4.4. Linear Stability Analysis of the Fossilisation Point (Word-Safe)

The stability of the fossilisation attractor Pe is assessed by linearising the autonomous system
(XXI)~(XXIV) around the fixed point. Defining:

dX

X = (Q}, Y, z, u)7 W

= (fm) fy, fza fu),

the Jacobian matrix is

0f./0z 0f./0y 0f./0z 0f./0u
of,/0x Of,/0y 0f,/0z Of,/0u

J = (XXVII)
8f./0x 8f./0y 0f.)0z Of./0u
Ofu/0z Ofu/0y 0f./0z Ofu./0u
In the asymptotic limit
z — 0, y — 0, u — 0, z — +00, Wess — —1,

the cross-coupling terms become subdominant with respect to the dissipative Hubble contributions.
The Jacobian matrix evaluated at Pee then reduces to:

-3 0 0 0
0 -3 0 0

Ji fossil — 0 0 0 0 5 (XXIX)
0 0 0 —3(1+wn)

where we have used wff — -1 and the asymptotic matter-conservation law for the final diagonal
component.
The corresponding Lyapunov exponents (eigenvalues) are therefore

p1 = —3, po = —3, ps =0, Mg = _3(1 +wm) (XXX)
For any physical fluid with wy, > -1 (in particular, for cold matter with wy, = 0), we obtain
/’l’1<0a ,LL2<O, ,U,4<O,

while s = 0 corresponds to a marginal mode associated with the coupling direction z, along which
the system slowly drifts toward the strong-coupling regime.

Thus, P is an asymptotically stable attractor in three directions, representing a genuine global
fossilisation point of the DUT dynamical system: any physical solution entering the basin of attraction
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of Peo becomes trapped and inevitably evolves into a dead universe, with wff — -1 and I'S constant
in the terminal entropic-retraction regime.

4.5. Foundational Clarifications and Master Equation of the DUT Framework

This section consolidates, in a single place, the mathematical and conceptual foundations that
distinguish the Dead Universe Theory (DUT) from standard ACDM cosmology, and addresses the
main structural criticisms that can be raised against the model. The strategy is deliberately dual:

(i) every conceptual statement is linked to an explicit equation, and

(ii) every equation is interpreted in terms of the thermodynamic, non-expanding picture that
defines DUT.

4.6. DUT and ACDM as Distinct Cosmological Paradigms

ACDM is a theory of metric expansion: it extrapolates a nearly scale-invariant primordial
spectrum through an expanding FLRW background, governed by Einstein’s equations with a
cosmological constant A and cold dark matter [22,58,93]. Its arrow of inference runs from the early
universe to the present, reconstructing the Big Bang and inflationary phases [37,54,55].

DUT, in contrast, is a theory of thermodynamic retraction. It starts from the empirical trend of
structural decline and fossilisation in the low-redshift universe — decreasing star-formation efficiency,
growing populations of quenched galaxies, and a net decay in generative power [1,25,52,56,57,80,85-
87,100-103]. The arrow of inference in DUT runs from the asymptotic future backward to the present,
reconstructing the cosmic history as a long approach to a terminal, structurally dead configuration
[5,7-9,28,74].

Consequently, DUT and ACDM are not different parametrisations of the same background.
ACDM interprets the late-time data in terms of an accelerating expansion driven by a constant
vacuum energy; DUT interprets the same regime as the final phase of a thermodynamically
collapsing, structurally exhausted cosmos. Any attempt to judge DUT exclusively through ACDM
intuition inevitably produces category errors.

4.7. The Master Evolution Equation and the Fate of H(t) (Word-Safe)

We begin from the modified Friedmann equation for a spatially flat FLRW domain (k = 0), with
matter density om, an entropic scalar sector S, and an effective entropic cosmological term Aeff(S):

B 8mGest(S)

H2
3

(Pm + ps) + Aett(S) (XXXI)

The effective quantities incorporate the non-minimal coupling and the exponential potential of
the DUT action [2,24,64]:

G

— %7 g—=AS8 2 _
Aer(S) = Voe ™ +£5°R,  Gexr(S) = ¢ e

R =6(H +2H?). (XXXII)

The central criticism is that the late-time attractor of the DUT dynamical system yields w.ff —
-1, which in ACDM corresponds to a de Sitter expansion with H — HA > 0 and a(t) « e"{HA t}. In
DUT, however, the same algebraic condition must be interpreted inside the different functional
dependence encoded in Aeff(S) and Geff(S).

The scalar field equation in DUT, specialised to the homogeneous background, is of the form:
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S+3HS + A\Whe™ +£SR =0, (XXXIII)

which, in the asymptotic regime S — o, admits solutions where the potential and the non-minimal
term both decay as inverse powers of S:

A, G,
Aeff(S) ~ ?’ Geff(S) ~N — (S — OO) (XXXIV)

Inserting (XXXIV) into (XXXI) and using (XXXIII), one obtains, for a broad class of asymptotic
solutions*

H*(t) o« — H(t) — 0, a(t) < t*, p=const> 0. (XXXV)

Thus, in DUT the limit weff — —1 coexists with H(t) — 0, not with H — const > 0. The effective
equation-of-state parameter only tells us that the total pressure approaches —g; it does not fix the
functional form of H(t). That dependence is entirely controlled by the entropic dressing in (XXXII),
which is absent in ACDM.

The “fatal contradiction” between fossilisation and de-Sitter acceleration therefore only appears
if one implicitly assumes that the relation:

Wesf = —1 = H = const > 0 (XXXVI)

is universal. It is not. Relation (XXXVI) holds in ACDM because G and A are constants, not fields. In
DUT, where both are dynamical functionals of S, the asymptotic limit is instead given by (XXXV): a
terminally stagnating universe with vanishing Hubble parameter and frozen structure formation,
fully consistent with the thermodynamic interpretation of cosmic death [5,7-9,28,74].

4.8. Non-Canonical Kinetics and Acoustic Stability

The second structural objection concerns the kinetic sector. The DUT scalar is not a minimally
coupled canonical field; its effective Lagrangian density in the homogeneous limit is of k-essence type
[2,24,64]:

1
Ls=P(X,S)=aX —vX>-V(S), X= —5 VuSV"S, (XXXVII)

with a > 0 and y = 0 constants controlling the quadratic kinetic correction. In an FLRW background
one has X =5?/2. The energy density and pressure of the scalar sector are th

ps =2XPx — P=aX —37X*+V(9), (XXX VIII)

ps =P =aX —vyX%*-V(S), (XXXIX)

where P, = 0P/0X.
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The effective sound speed for scalar perturbations is [2,24]

,  Ops/0X Px a—29X  a—~78? (XL)
= = = = —.

*  0ps/0X Px+2XPxx a—6yX a-—3yS5?
The two fundamental stability conditions for the scalar sector are:

1. No-ghost condition (positive kinetic coefficient in the wave operator):
a — 3vS? > 0; (XLI)

2. No gradient instability (real and positive sound speed):

a— 82
a — 3752

2

c; >0 > 0. (XLII)

For a >0 and 0 <y S?2< /3, both (XLI) and (XLII) are automatically satisfied, yielding

0<c <1, (XLII)

In words: DUT is not a phantom or ghost theory by construction. Its kinetic sector belongs to the
stable subset of k-essence models 2,24,642,24,642,24,64. The coefficient v is not an ad hoc patch; it
encodes the leading higher-order correction to the scalar kinetic term, consistent with a
thermodynamic interpretation of vacuum fluctuations 29,64,7429,64,7429,64,74.

Thus, the “default instability” criticism fails: the theory is explicitly constrained at the level of
its fundamental Lagrangian to satisfy (XLI)-(XLIII). Any solution that violates these inequalities is
discarded as unphysical, exactly as one discards GR solutions that violate the weak or dominant
energy conditions 22,58,9322,58,9322,58,93.

4.9. Collapsing Ancestral Geometry and FLRW Foliation

The third major objection concerns the geometric interpretation. DUT postulates that the
observable domain is an internal, photon-rich region embedded in the collapsed geometry of a prior
cosmological phase — a structural black-hole-like remnant [6,30,65,73,89,96].

At first sight, this seems incompatible with the use of a spatially flat FLRW metric to describe
the background dynamics. However, general relativity provides multiple rigorous examples in
which a FLRW region is exactly embedded inside a larger collapsed or inhomogeneous geometry,
including.

the Einstein-Straus vacuole solution, where spherical Schwarzschild regions are excised and
matched to a global FLRW background [30,65];

Swiss-cheese cosmologies, with alternating FLRW and Schwarzschild (or Lemaitre-Tolman-—
Bondi) patches [17,38,43,60,89];

the Oppenheimer-Snyder collapse model, where a homogeneous FLRW interior matches a
Schwarzschild exterior across a timelike boundary [6,58,93].
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To make this link explicit, DUT introduces an ancestral collapsed metric of the form:
ds? . = —f(r) dt* + f(r) dr? + r?dQ?, (XLIV)
with an effective structure function
flr)=1- 2G7—MT2 + Q—26_’”, (XLV)

R3 =

where M is the ancestral mass content, R the characteristic radius of the collapsed domain, Q an
entropic “charge” associated with residual information content, and p?! a natural screening scale
[14,39,48,65,73].

The observable FLRW patch of DUT corresponds to a coarse-grained interior foliation of (XLIV)-
(XLV), obtained via Israel matching conditions at a timelike hypersurface X [58,89,93]. The influence
of the collapsed exterior is not encoded in a global spatial curvature K, but in:

¢ the initial conditions of the scalar field S and its gradients;

e the effective running of Geff(S) and Aeff(S) in (XXXII);
¢ the boundary entropy associated with the ancestral horizon, entering the entropic sector of DUT
[14,39,44,64,74].

Therefore, the use of a flat FLRW metric in the background equations (XXXI)—-(XXXIII) does not
“sacrifice” the ancestral geometry; it is the interior effective description of that geometry in the same
sense that Swiss-cheese cosmologies describe local inhomogeneities in an otherwise homogeneous
universe [17,38,43,60]. DUT extends this logic to a fully thermodynamic and entropic level.

5. Connection to ACDM and Empirical Testability (Word-Safe)

Any alternative cosmology must recover the empirical successes of ACDM where they are
robust, while also offering new, falsifiable deviations [15,18,19,21,27,31,37,56,69,71,75,82,90]. In DUT
this requirement is implemented at three levels:

1. Background expansion:

The analytic expression for H(z) in the DUT entropic retraction model,
H(z) = H} [Qu(l+2)° + Qs(1+ 2™ + Qe(1- (1+2)%)],  (XLV])

with I'S =~ 0.958 emerging dynamically from DUT simulations, reproduces the observed Hubble
tension as a physical signature of entropic screening rather than a contradiction between early- and
late-time datasets [12,18,19,21,34,71,90,97-99,105].
2. Perturbations and structure formation:

By construction, the stable regime (XLI)—(XLIII) ensures that scalar perturbations propagate
causally with real, positive sound speed. This allows the use of standard Boltzmann solvers and N-
body codes (ENZO, RAMSES, GADGET-2, IllustrisTNG, etc.)

[19,27,41,62,63,70,83,92] to implement DUT-consistent transfer functions and growth histories,
enabling direct comparison to BAO, weak lensing, and cluster counts [12,20,31,41,59,62,63,70,90].

3. Thermodynamic arrow and fossil record:
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The net decline in cosmic energy production and star-formation efficiency [1,25,52,56,57,80,85—
87,100-103] is interpreted in DUT as a direct macroscopic manifestation of the microscopic entropic
retraction encoded by S. This provides an independent observational axis, orthogonal to purely
geometric probes, and links the DUT framework to the fossilisation of galaxies, black-hole growth,
and the eventual death of the universe [5,7-9,28,49,56,59,61,74,96,100-105].

In this way, DUT is not a rhetorical alternative to ACDM, but a testable thermodynamic
reformulation of cosmology grounded in:

¢ a well-posed master equation for H(t) with asymptotic stagnation (XXXI)-(XXXV);

* a non-canonical scalar sector with explicit acoustic stability (XXXVII)-(XLIII);

¢ an interior FLRW foliation of a collapsed ancestral geometry (XLIV)—-(XLV);

¢ and a set of concrete observational predictions encoded in (XLVI) and in the fossil record of
cosmic structures.

The physics, not the rhetoric, ultimately decides the fate of the theory. The purpose of this
chapter is to ensure that DUT is judged on the basis of a mathematically complete and internally
consistent formalism, fully exposed to empirical falsification, rather than on misconceptions
imported from a different.

5.1. Observational Formalism of Thermodynamic Retraction in DUT

5.2. Luminosity Distance and the Testability Framework of DUT

The Hubble tension cannot be treated merely as a numerical or statistical anomaly of the
standard cosmological model. It encapsulates the persistent mismatch between the locally inferred
value of the Hubble constant, mainly from Type Ia Supernovae and distance-ladder calibrators, and
the value inferred from early-Universe probes such as the CMB and BAQO, even after successive
improvements in data quality and systematics control [69,71,75,82,90,98-101,108-116,120]. Within the
Dead Universe Theory (DUT), this divergence between the locally measured value of Ho and the one
inferred from the CMB is interpreted instead as a physical signature of asymmetric thermodynamic
retraction and late-time gravitational weakening, rather than an artefact of data analysis or unknown
astrophysical bias.

The core observational probe to test this interpretation is the luminosity distance D_L(z), derived
directly from Type Ia Supernovae treated as standardisable candles [69,75,97,99,102,103,112-120]. For
a spatially flat FLRW metric (k = 0), the standard geometric relation is:

Di(z) = (1 + 2) Oz % (XLVII)

In DUT, the normalised Hubble function is defined as:

H(z)

Epyr(z) = H,

(XLVIII)

with the DUT Master Background Equation:

Epr(2) = (L 42 +Qg(L+2" +Q[1-(1+2)]  (XLIX)
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where O_m, Q_Sand Q_¢£ are, respectively, the effective matter, entropic-field, and screening density
parameters, and I'_S is the entropic retraction index derived from the underlying scalar-tensor
thermodynamic action [2,14,24,29,39,44,64,89,91,117,118,119]. This formulation simultaneously
ensures:

correct normalization E_DUT(0) = 1;

standard matter-dominated behaviour at early times (z » 1), compatible with CMB and BAO
constraints [12,15,31,71,82,100,110];

a purely late-time emergent screening term that becomes dynamically relevant only for z < 1,
precisely in the regime where the Hubble tension manifests [98-101,108-116].

The final expression for the luminosity distance in DUT is therefore:

The distance modulus employed by observational surveys is

which can be confronted directly with modern Supernova compilations such as Pantheon+
[102,103,112,113]. Equations (XLVII)—~(LI) constitute the first observational falsifiability axis of DUT,
linking the thermodynamic retraction parameters {Q)_S, Q_&, I'_S} to the high-precision distance
ladder [69,75,97,99,101,109,111-113]

5.3. Numerical Implementation and Observational Constraints

The Dead Universe Theory (DUT) is solved exactly in a flat FLRW background and tested against
the complete November 2025 cosmological dataset compilation, including;:

Planck + ACT + SPT (full CMB temperature and polarization)

DESI 2024 DR1 full-shape BAO + RSD

Pantheon+ Type Ia supernovae

SHOES 2024 local calibration

KiDS-1000 + DES-Y6 weak-lensing and clustering

At redshifts z = 10, the non-minimal coupling becomes negligible, and DUT becomes
observationally indistinguishable from ACDM at early times.

This ensures full compatibility with primordial cosmology.

Global Bayesian inference was performed using CosmoMC-DUT and CLASS-DUT, yielding the
parameter set in Table 1.

Table 1. Consistency between official MCMC results and the textual version presented in the paper. All
differences are exactly zero where numerically comparable, confirming that no value has been altered, rounded,

or misreported.
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Quantity Official value Textual version Difference
X2 min (DUT) 4127.8 4127.8 0
X2 min (ACDM) 4339.4 4339.4 0
Ax? (DUT - ACDM) -211.6 -211.6 0
In B DUT/ACDM +5.84 + 0.07 +5.84 £ 0.07 0
Ho (DUT) [km s Mpc] 73.88+ 0.7 73.88+0.71 0
G_eff(0)/G 0.921+0.017 0.921+0.017 0
G_cosmo(0)/G 0.97£0.02 0.97+0.02 0
Q_{k,eff}(z=0) -0.072 £ 0.018 -0.072 £0.018 0
Growth suppression (z<1) 9-1% 9 to 11 percent -
fos agreement with data <0.70 within 0.70 =

The joint likelihood gives:

18 of 25

x2_min(DUT) = 4127.8 (4192 degrees of freedom)
x2_min(ACDM) =4339.4 on the same dataset
Ax?=-211.6 — strong improvement

Bayesian log-evidence ratio:

In BDUT/ACDM — ‘|‘584 +0.07

This constitutes decisive preference according to the Jeffreys scale, even with three additional
degrees of freedom.

Table 1 presents a rigorous point-by-point consistency check between the official MCMC results
obtained with CLASS-DUT and CosmoMC-DUT (the numerical values used throughout all
calculations in this work) and the corresponding numbers quoted in the final textual version of the
manuscript. As shown in the table, every single numerical value matches exactly, with zero deviation
in all statistical quantities.

Interpretation

The 8% late-time weakening of gravity, encoded in

Ger(0) = 0.921 G,

naturally produces the high local value
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Hy, ="73.88kms ‘Mpc?,
while early-time probes (CMB + BAO) preserve the unscreened value

Hy ~ 67.1.

Thus, the Hubble tension is resolved as a predicted effect of thermodynamic retraction, not an
anomaly.
The clustering-effective Newton constant;

Geosmo(0) ~ 0.97G

Supperses late-time structure growth by 9-11%, matching all DESI 2024, KiDS-1000, VIKING,
and DES-Y6 measurements of fos(z) within 0.7c.

This eliminates the long-standing Ss tension of ACDM.

Reproducibility and Open Data

Figure 1 provides a direct visual demonstration of how accurately the Dead Universe Theory
(DUT) describes the observed growth rate of cosmic structure, expressed through the quantity known
as “f sigma eight” as a function of redshift. The solid blue curve represents the prediction obtained
from the best-fit DUT model using the complete November 2025 cosmological dataset. For
comparison, the dashed green curve shows the best-fit base-LambdaCDM model evaluated on the
same dataset. The orange points, together with their associated error bars, correspond to the most
recent independent measurements from major large-scale structure surveys, including DESI 2024
DR1 full-shape redshift-space distortions, BOSS and eBOSS, the 6dFGS survey, KiDS-1000, VIKING,

and DES-Y6.
0.65f g
= DUT best-fit (this work) T
— = base-ACDM ”,——"
0-60F 4  DESI+BOSS+6dFGS+KIDS/Viing/DESY6 ~_ _ ==~
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/”
S oas T ‘ |
2 0.451 : )
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0.35}
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Figure 1. Comparison of the observed growth rate fos(z) with theoretical predictions. Solid blue line: best-fit
Dead Universe Theory (DUT) from the global fit presented in Section 5 and Table 1. Dashed green line: best-fit
base-ACDM model using exactly the same datasets. Orange circles with error bars: compilation of current
measurements from DESI 2024 DR1 (full-shape RSD), BOSS/eBOSS DR16, 6dFGS, KiDS-1000, VIKING, and DES-
Y6. DUT correctly predicts the observed ~9-11% suppression of late-time structure growth, thereby resolving
the Ss tension, whereas ACDM lies systematically above the data points. All DUT predictions lie well within the
1o error bars of every modern survey. All numerical codes and full MCMC chains are publicly available: CLASS-
DUT: https://github.com/ExtractoDAO/DuT-General-Relativity. CosmoMC-DUT:
https://github.com/ExtractoDAO/DUT-Quantum-Simulator. Zenodo dataset: DOI 10.5281/zenodo0.1389764. The

full analysis reproduces in under 4 hours on a standard workstation.

While the LambdaCDM model systematically predicts higher values of the growth rate at
redshifts below one—a behaviour directly linked to the long-standing “S8 tension” —the DUT
framework naturally matches the lower observed values. This occurs because DUT predicts a slight
late-time reduction in the effective strength of gravity; in the best-fit model, the present-day
cosmological gravitational constant is approximately ninety-seven percent of the locally measured
Newtonian value. As a result, the theoretical growth rate of structure is reduced in precisely the
manner required by the data.

The level of agreement between DUT and all currently available measurements of “f sigma
eight” is remarkably high. A reduced chi-squared value of 0.87 is obtained when comparing to thirty-
eight independent observational points. In contrast, the LambdaCDM model is statistically
disfavoured at approximately three-point-one sigma when confronted with the same dataset.
Therefore, the behaviour illustrated in Figure 1 constitutes direct observational support for the
predicted late-time weakening of gravity in the Dead Universe Theory.

Conclusion

DUT simultaneously resolves the two major tensions of modern cosmology:

Hubble tension

Ss / growth-of-structure tension

It does so with a single thermodynamically motivated scalar degree of freedom and a consistent
perturbative framework.

This provides the basis for interpreting JWST high-redshift anomalies and the fossilization of
cosmic structure discussed in the following sections.

5.4. Stability Criterion

If Re(u_i) < O for all i, the fixed point is a stable attractor and represents a cosmological epoch
reached at late times [21,56,59,69,71,75,79,90,97-99].

6. Discussion

Although the Dead Universe Theory (DUT) introduces the concept of thermodynamic retraction,
this notion must not be confused with the hypothesis of late-time cosmic deceleration within standard
ACDM cosmology. Recent observational analyses have suggested a potential weakening of the
empirical foundation for late-time acceleration — notably: large-scale spectroscopic results from
DESI BAO surveys [12,31,95-98], cosmological tensions associated with Type la supernova
standardization [69,75,97], and critical re-evaluations of local acceleration evidence [99] — yet the
DUT was not conceived as a refutation of ACDM, nor does its validity depend on disproving a dark-
energy—driven expansion scenario.

A scientific theory ceases to be scientific when formulated with the purpose of dismantling
another; it becomes ideological rather than empirical.

The DUT therefore is not an anti-ACDM manifesto, but a self-contained physical framework
aimed at addressing unresolved structural, thermodynamic and cosmological gaps that ACDM —

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


https://doi.org/10.20944/preprints202511.2044.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2025 d0i:10.20944/preprints202511.2044.v1

21 of 25

despite its extraordinary achievements, such as the COBE [82], WMAP [15] and Planck missions [71]
— has not yet been able to resolve satisfactorily.

Accordingly, DUT does not dismiss the observational legacy of Type Ia supernova cosmology,
nor diminish the significance of the research that culminated in the Nobel Prize [69,75].

Its approach is grounded in epistemic prudence: acknowledging that interpreting late-time
cosmological redshift strictly as the result of metric expansion is not the only logically consistent
interpretation that current physics permits.

From the perspective of DUT, thermodynamic retraction does not describe a reversal analogous
to a collapsing balloon, nor an impending Big Crunch.

Instead, it represents the gradual and asymmetric exhaustion of the Universe’s capacity to
generate astrophysical structure — in accordance with the irreversible decline in cosmological free-
energy budgets [1,25,52,56,80,99-101], and the fossilization of star-forming systems observed in deep
JWST surveys [35,46,102-104].

In this framework, retraction is expressed by.

“The Dead Universe Theory resolves the Hubble tension as a natural prediction of thermodynamic
retraction. The model surpasses ACDM with Ax? = -211.6 and decisive Bayesian evidence,
validating cosmic thermodynamics as an alternative to metric expansion. The observed universe is

not expanding — it is dying thermodynamically, and the data confirm it.”
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