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Article 

Further Insights into the Universe Evolution Problem 
John G. Barĵis 

Department of Mechanical Engineering, University of Western Macedonia, Active Urban Planning Zone (ZEP), 
50100, Kozani, Greece; bartzis@uowm.gr 

Abstract 

The ΛCDM cosmological model has been highly successful in describing the large-scale structure and 
evolution of the Universe, yet it continues to face persistent challenges, most notably the cosmological 
constant problem and the Hubble tension. Building upon a recently proposed conceptual framework, 
this work investigates the temporal evolution of the Universe’s total energy density and its 
constituent components—dark energy, matter, and radiation—under the assumptions that the 
Hubble parameter evolves inversely with cosmic time and that gravitationally repulsive dark energy 
remains in dynamical balance with attractive matter–radiation components. Within this framework, 
the Universe expands linearly with time and exhibits zero acceleration, sustained by a constant 
expectation value of an energy inflow rate attributed to gravity-driven vacuum energy fluctuations. 
Analytical results indicate that dark energy acts as a persistent energy reservoir, continuously 
supplying energy for the formation and evolution of matter and radiation throughout cosmic history. 
A simplified phenomenological description of the radiation–matter transition, while not derived 
from first principles, is shown to reproduce the broad thermal history of the Universe, yielding 
temperature estimates in good agreement with established cosmological epochs from the Planck era 
to the present day. Furthermore, the framework offers a potential pathway toward reconciling 
quantum field theory predictions of vacuum energy density with cosmological observations and 
provides a possible explanation for the unexpectedly rapid formation and maturity of early galaxies 
observed at high redshift. 

Keywords: universe expansion; universe evolution; dark energy; maĴer; radiation; cosmic 
temperature 
 

1. Introduction 

Modern cosmology rests upon the ΛCDM (Lambda Cold Dark MaĴer) model, which provides 
a quantitative description of the universe’s large-scale structure and evolution. According to current 
observations, the universe is composed primarily of dark energy, maĴer (both dark and baryonic), 
and radiation [1,2]. Dark energy dominates the present-day cosmic energy budget, driving the 
expansion of the universe. 

Present theoretical considerations suggest that dark energy may arise from a scalar field 
(quintessence), modified gravity, or vacuum energy, but its physical origin remains elusive [3]. 
However, the “cosmological constant problem” [4] persists as one of the most severe fine-tuning 
challenges in physics. This problem refers to the enormous discrepancy between the theoretically 
predicted and the observed values of the vacuum energy density (or cosmological constant, Λ) in the 
universe. Quantum field theory predicts that empty space should have an immense energy density—
about 10¹²⁰ times larger than what cosmological observations (such as the universe’s expansion rate) 
actually show [5]. 

An additional issue is the Hubble tension, referring to the discrepancy between the value of the 
Hubble constant (H₀) inferred from the early universe (e.g., cosmic microwave background data 
interpreted using the ΛCDM model) and the value measured directly in the local universe using 
supernovae and Cepheid variables [6]. The CMB-based ΛCDM estimate gives a lower H₀, while local 
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measurements yield a higher one—a difference that may indicate unknown systematics or new 
physics beyond ΛCDM. 

To address such discrepancies, a new conceptual framework was introduced by [7], offering a 
promising route toward resolving these problems. Among its key findings are: 

(a) The universe’s total energy density evolves as a function of time, reaching values remarkably 
close to the vacuum energy density expected from quantum field theory at Planck scales. This 
behavior offers a potential resolution to both the longstanding cosmological constant 
discrepancy and the Hubble tension problem. 

(b) The universe expands with zero acceleration, supported by a quantized energy inflow rate 
emerging from gravity-driven vacuum energy fluctuations with a constant expectation value 
(ER). 

This framework is grounded in two core hypotheses: 

1. The Hubble parameter evolves inversely with the age of the universe. 
2. The gravitationally repulsive dark energy and the gravitationally attractive constituents (matter 

and radiation) remain in dynamical balance, in conceptual consistency with Newton’s third law. 

These two hypotheses are treated as inseparable parts of General Relativity (GR) and the 
standard Friedmann equations for a flat Friedmann–Lemaître–Robertson–Walker (FLRW) universe, 
excluding the cosmological constant. The framework also capitalizes on contemporary knowledge of 
the universe’s composition. Preliminary comparisons of the Hubble parameter with state-of-the-art 
observations for a moderate range of redshifts have been encouraging. 

Discrepancies are expected when dealing with the early universe, where the cosmological 
constant problem is more pronounced. Initial estimations at the Planck scale indicate a relatively high 
dark energy density compared to the radiation density, with an approximate ratio of 4:1 [7]. 
Therefore, further investigation is warranted. The main aim of the present study is to examine how 
this new conceptual framework interprets the evolution of the universe’s individual components, 
including its thermal history and the role of dark energy in these processes. The objective of the 
present work is not to establish a fundamental microscopic theory of dark energy or vacuum physics, 
but rather to examine whether a simplified, phenomenological framework can provide a coherent 
and physically transparent description of the Universe’s global evolution. In this sense, the approach 
is intended to offer qualitative insight and conceptual guidance for future fundamental research 
aimed at assessing the validity and physical origin of the proposed framework. 

2. The Present Approach and the Results. 

2.1. The Basics 

The present analysis builds upon the fundamental relationship introduced in [7], which defines 
the Hubble parameter H(t) as the relative expansion rate of the Universe at cosmic time t after the Big 
Bang, 

(ݐ)ܪ = ௔ ̇ (௧)
௔(௧)

= 1
௧
 (1) 

where a(t) denotes the cosmic scale factor. 
Εquation (1) is claimed to be valid from Plack epoch. For the current epoch, the Hubble 

parameter may be well approximated by Equation (1) i.e., 

0ܪ ≈
1
௧0

 (2) 

where ݐ଴ is the present age of the universe. 
Solving Equation (1) yields a linear evolution of the scale factor with cosmic time, 
 (3) ݐ~ (ݐ)ܽ

As a consequence, any characteristic physical length scale R(t) in the Universe evolves according to 
Equation (4) : 

(ݐ)ܴ = ܴ(߬) ∙ ௧
ఛ
 (4) 
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where denotes an initial reference time and t the corresponding later epoch. 
Following the Big Bang, any length scale generated at the Planck epoch may be assumed to 

originate at ߬ =  ௉௟ , the Planck time. SeĴing this value in Equation (4) and taking into considerationݐ
that ܴ(ݐ௉௟) = ܿ ∙ ௉௟ݐ  , The physical radius of the Universe evolves linearly with cosmic time, as 
given by Equation (5) : 

(ݐ)ܴ = ܿ ∙  (5) ݐ
indicating a linear expansion with cosmic time. 

This result, implied by Equations (5) and (6), indicates that the Universe expands without 
acceleration, with an effective expansion rate equal to the speed of light. Importantly, this “speed” 
refers to the growth of the cosmological length scale rather than to the local motion of maĴer through 
spacetime. In this sense, the expansion remains consistent with the principles of special relativity, 
which constrain local signal propagation but not metric expansion. 

This behavior is consistent with the second Friedmann acceleration equation for a flat FLRW 
universe, which reduces in this case to Equation (6): 

(ݐ)̈ܽ = 0 (6) 
leading to the fundamental relationship for the total pressure (P) given by Equation (7): 

ܲ + 1
3
∙ ߩ = 0 (7) 

We now consider the total energy content of the Universe, approximated as: 

E(t) ≈ ߩ ∙ ସగ
ଷ

R(t)ଷ (8) 

where ρ=ρ(t) represents the universe’s energy density and R is given by the relationship (5). 
where ρ(t)\rho(t)ρ(t) represents the average cosmic energy density and R(t) 
is given by Eq. (5). 

The differentiation of Equation (8) and the application of the 3rd Friedmann energy equation 
lead to following relationship for the total energy rate (̇ܧ): 

ܧ̇ = 3ܴߨ4− ∙ (ݐ)ܪ ∙ ܲ (9) 
A key result reported in Barĵis (2025) is that the rate of energy inflow into the expanding Universe 
exhibits a constant expectation value (ER) , 

< ܧ̇ > =  ER ≈ c
2G

5
 (10) 

Details of the derivation of Equations (9) and (10) are provided in [7] 
In summary, the set of equations presented above, constitutes a closed and self-consistent 

dynamical system. This system can be wriĴen in a form formally equivalent to the standard 
Friedmann equations for a spatially flat FLRW universe without an explicit cosmological constant, 
while adopting a different physical interpretation of the energy budget and its evolution. Although 
the field equations retain their standard Friedmann form, the underlying physical interpretation 
differs from ΛCDM due to the presence of a constant energy inflow and non-adiabatic energy 
exchange among cosmic components, leading in particular to modified early-universe behavior. This 
alternative perspective will be explored further in the following sections. 

2.2. The Universe Composition Evolution 

Unless otherwise stated, all quantities refer to spatial averages within a flat FLRW cosmology. 
Recall that the total pressure P is the sum of the partial pressures of its constituents, namely 
ܲ ≈ ௠ܲ + ௥ܲ௔ௗ + ௗܲ௘  (11) 

where m, rad, and de denote maĴer, radiation, and dark energy, respectively. 
Following the state of the art, the corresponding equations of state , for the aĴractive gravity 

constituents are given by (e.g., [8]): 

௠ܲ ≈ 0 (12a) 

௥ܲ௔ௗ = ଵ
ଷ
∙ ௥௔ௗߩ  (12b) 

In the present conceptual framework ([7]), dark energy is treated as a perfect fluid : 
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ௗܲ௘ = − ଵ
ଶ
∙ ௗ௘ߩ  (12c) 

Having defined the equations of state for each constituent, we may now examine the universe’s 
composition and its transformation. 

Concerning the energy conservation per each constituent, energy exchange among the cosmic 
components is described phenomenologically through internal energy exchange terms, as expressed 
by Equations (13a) and (13b), while preserving local covariant conservation: 

ప̇ߩ = −3H( ߩ௜ + ௜ܲ) + ܳ௜ (13a) 
under the condition that : 

∑ܳ௜ = 0 (13b) 
The source term ܳ௜ allows for internal energy exchange among constituents. 

In cosmological modeling, the inclusion of an additional source term in the 3rd Friedmann 
equation has been widely employed to describe internal energy exchange among the different 
constituents of the Universe (e.g., [9]). The standard adiabatic conservation law (i.e.,  ܳ௜ = 0 ) 
assumes that each component (e.g., radiation, maĴer, or dark energy) evolves independently, without 
exchanging energy or particles. However, both theoretical and observational considerations motivate 
departures from this idealization. In the early universe, phenomena such as reheating and particle 
creation after inflation ([10][11]) require modeling energy transfer between fields, while in the late 
universe, interacting dark energy–dark maĴer scenarios have been proposed to alleviate the 
coincidence problem—the question of why the energy densities of dark maĴer and dark energy are of 
the same order of magnitude today despite evolving differently[12,13]. Similarly, within the 
framework of nonequilibrium thermodynamics, source terms have been introduced to account for 
particle production or bulk viscous dissipation in the cosmic fluid [14,15]. In other words, the 
introduction of such a source term (ܳ௜) provides a phenomenological and sometimes field-theoretic 
means to describe realistic, non-adiabatic cosmic evolution where internal energy exchange plays a 
role. 

The volume-integrated version of Equation (13a) can be derived analogously to Equation (9), 
yielding Equation (14): 

௜ܴܧ = 4గோ3

3
ܪ3−) ∙ ௜ܲ + ܳ௜) (14) 

Where ܴܧ௜  is the energy rate for the component i. 
Dividing Equation (14) by Equation (9), we obtain Equation (15a): 
ாோ೔
ER

≈ ௉೔
௉

+  ఐ (15a)ݍ

where 

௜ݍ = 4గோ3

3
∙ ொ೔
ாோ

 (15b) 

and 
௜ݍ∑ = 0 (15c) 

The dimensionless parameters ݍ௜ represent the fractional internal energy exchange rates among the 
cosmic components. obeying to constraint (15c). 

We can define the corresponding density parameters: 

௜ߗ = ఘ೔
ఘ

= ா೔
ா

 (16) 

In this case , if we take into consideration that under the present conceptual framework, ER is a 
constant and consequently E ~ t , the Equation (15a) can be rewriĴen: 

ாோ೔
ாோ

= 1
ாோ
∙ ణ
ణ௧

(ܧ௜ߗ) = ௜ߗ + ݐ ∙ ప̇ߗ ≈
௉೔
௉

+  ఐ (17)ݍ

Applying the individual equations of state (12) and the total pressure equation of state (7) to the 
equation (17), we obtain per constituent: 

ாோ೏೐
ாோ

= ௗ௘ߗ + ݐ ∙ ௗ௘ߗ̇ ≈
3
2
ௗ௘ߗ + ௗ௘ݍ  (18a) 

ாோೝೌ೏
ாோ

= ௥௔ௗߗ + ݐ ∙ ௥௔ௗߗ̇ ≈ ௥௔ௗߗ− +  ௥௔ௗ (18b)ݍ
ாோ೘
ாோ

= ௠ߗ + ݐ ∙ ௠ߗ̇ ≈  ௠ (18c)ݍ
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By adding Equations (18a)–(18c), we derive the relationship given by Equation (19a): 

ௗ௘ߗ = 2∙
3

௥௔ௗߗ) + 1) (19a) 

Taking into consideration that ߗௗ௘ + ௥௔ௗߗ + ௡ߗ = 1 we estimate ߗ௠: 

௠ߗ = ଵ
ଷ
− ହ

ଷ
∙  ௥௔ௗ (19b)ߗ

The differentiation of Equations (19a) and (19b) leads to the additional relationships: 

ௗ௘ߗ̇ = 2
3
∙ ௥௔ௗߗ̇  (20a) 

௠ߗ̇ = − ହ
ଷ
∙  ௥௔ௗ (20b)ߗ̇

In summary, the coupled system of Equations (18)–(20) provides a self-consistent frame for 
quantitatively investigating how the proposed conceptual model describes the temporal evolution of 
the universe’s individual components. In particular, this formulation allows one to follow the time 
dependence of the parameters, starting near the boundary of the Planck epoch and extending into 
later cosmological eras. 

It should be emphasized, however, that such an analysis is subject to several inherent limitations. 
These include: (i) the scarcity and largely indirect nature of observational constraints on the very 
early universe; (ii) uncertainties associated with the modeling assumptions and parameterizations 
employed within the theoretical framework; and (iii) the sensitivity of the results to the choice of 
initial conditions, which may amplify small deviations when extrapolated from Planck-scale physics 
to cosmological times. Additional challenges arise from the possible breakdown of classical spacetime 
descriptions at ultra-high energies, as well as from degeneracies among competing cosmological 
models that can lead to similar late-time observables. [e.g., [16,17]). 

In light of these considerations, the present study is deliberately restricted to a first-order 
approximation scheme. The aim is not to derive precise numerical predictions, but rather to obtain 
quantified estimates that reveal qualitative trends and to assess the extent to which the resulting 
behavior is consistent with the standard cosmological paradigm. Where additional empirical or 
theoretical input is required, the most relevant and currently established results available in the 
literature are employed. 

For the purposes of the present analysis, the evolution of the universe is divided into three 
distinct eras: (a) the post-radiation era; (b) the radiation-dominated era; and (c) the intermediate 
transition era between radiation and maĴer domination. 

2.2.1. The Universe Post-Radiation Era 

Let us examine first, the post-radiation era when the radiation has become negligible compared 
to maĴer. 

In this case. we can take for this analysis ߗ௥௔ௗ ≈ 0. 
It is noted that the today’s universe is considered to be well within this the post-radiation era. 
The approximate density parameters values for the present period ߗௗ௘,0 and ߗ௠,0 are taken as 

follows [7] : 

ௗ௘,଴ߗ ≈
ଶ
ଷ
 (21a) 

௠,଴ߗ ≈
ଵ
ଷ
 (21b) 

The equations (19), by seĴing ߗ௥௔ௗ = 0 , lead to constant values for both ߗௗ௘  and ߗ௠ i.e., 

ௗ௘ߗ = ଶ
ଷ

 ≈  ௗ௘,଴ (22a)ߗ

௠ߗ = 1
3

 ≈  ௠,0 (22b)ߗ

In other words, an expanding, not accelerating universe entails nearly constant density parameters 
for both maĴer and dark energy, as long as radiation parameter remains negligible. 

The above constant density parameters modify the terms in the Equations (18a) and (18c) for the 
post radiation era as follows : 

3
2
ௗ௘ߗ + ௗ௘ݍ ≈

ாோ೏೐
ாோ

≈ ௗ௘ߗ  (23a) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 December 2025 doi:10.20944/preprints202512.2048.v1

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

https://doi.org/10.20944/preprints202512.2048.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 14 

 

௠ݍ ≈  ாோ೘
ாோ

 ≈  ௠ (23b)ߗ

Equations (23) allow for the estimation of both source terms : 

ௗ௘ݍ ≈ − 1
2
∙ ௗ௘ߗ ≈ − 1

3
 (24a) 

and 

௠ݍ ≈ ௠ߗ  ≈ 1
3
≈ ௗ௘ݍ− ≈

1
2
∙ ௗ௘ߗ  (24b) 

We can write explicitly now, the energy rates for dark energy (ܴܧௗ௘  ) and maĴer (ܴܧ௠ ) starting 
from Equations (18a) and (18c) and incorporating the relationships (22) and (24) : 

ࢋࢊࡾࡱ = ࡾࡱ − ૚
૜
∙  (25a) ࡾࡱ

and 

࢓ࡾࡱ = ૚
૜
∙  (25b) ࡾࡱ

These relations represent the era when radiation can be considered negligible. They are significant 
for two main reasons: 

1. They support the interpretation that, during this regime, vacuum energy manifests entirely as 
dark energy. 

2. They indicate that matter draws its energy for existence and growth from dark energy, with a 
corresponding energy flow estimated to be roughly one-third of the incoming energy rate. 

In other words, dark energy acts as the sustainable component that, on one hand, provides the 
energy necessary to maintain a non-accelerating expansion of the universe and, on the other, 
determines decisively the fate of maĴer as a whole. 

Concerning consistency with relevant observations, the interpretation often depends on the 
theories used as bases. It could be quite useful to look such observations using the present conceptual 
framework as a basis in order to be clarified, to what degree there are agreements or contradictions. 
On the positive side for such an initiative, is that the present conceptual framework does not seem to 
face the cosmological constant Problem or the Hubble Tension Problem. 

2.2.2. The Radiation-Dominated Era 

It is noticed that in the very early universe, all relativistic species—photons, neutrinos, and any 
other light particles—are expected to form a nearly homogeneous radiation field. As the universe 
expanded and cooled, non-relativistic maĴer began to dominate. However, when considering the 
contemporary radiation density, we are in practice estimating only the cosmic microwave 
background (CMB) photons, since neutrinos, initially behaving as radiation, gradually transitioned 
to maĴer-like behavior, contributing to the maĴer-dominated era [18]. 

Focusing on the very early universe i.e., when time is still scaled by the Planck time (ݐ௉௅ ≈
5.4 × 10ି44). the only aĴractive gravitational constituent can be classified as radiation. In this case, 
we can assume ߗ௠ ≈ 0 and the Equations (19) yield: 

ௗ௘ߗ ≈ ௗ௘,௉௟ߗ ≈ 0.8 (26a) 
௠ߗ ≈ ௥௔ௗ,௉௟ߗ ≈ 0.2 (26b) 

It should be noted here that, if the present conceptual framework is valid, as we move from the 
present epoch toward the very early universe, the dark energy fraction shows a mild increase from 
0.7 to 0.8, while the radiation fraction stays below a maximum of about 0.2 corresponding to Planck 
regime. 

Feeding those values to the Equations (18) we end up with the following relationships for 
 : ௥௔ௗݍ ݀݊ܽ ௗ௘ݍ

ௗ௘ݍ = ௥௔ௗݍ− ≈ − 1
2
∙ ௗ௘ߗ ≈ − 2

5
 (27) 

In terms of energy rates , the ones for dark energy (ܴܧௗ௘  ) and radiation (ܴܧ௥௔ௗ  ), Equations (14) 
and (23) give : 

ࢋࢊࡾࡱ ≈
૟
૞
∙ ࡾࡱ − ૛

૞
∙ ࡾࡱ = ૙. ૡ ∙  (28a) ࡾࡱ
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and 

ࢊࢇ࢘ࡾࡱ ≈ − ૚
૞
ࡾࡱ + ૛

૞
∙ ࡾࡱ = ૙. ૛ ∙  (28b) ࡾࡱ

These relations represent the epoch when maĴer is negligible. They are also significant since they 
support the interpretation that, during this regime, vacuum energy manifests as a mixture of 
repulsive dark energy and aĴractive radiation energy in analogy 6:1. 

It is also interesting to note that looking at the Equations (27a) and (28), in both cases, nearly half 
of the dark energy is transferred to the aĴractive gravity constituents. This seems to happen at least 
when the dark energy rate remains nearly constant, i.e., when ̇ߗௗ௘ ≈ 0 . 

2.2.3. The Radiation – MaĴer Transition Era 

The radiation–maĴer transition era represents the period during which all three cosmic 
components—radiation, maĴer, and dark energy—contribute non-negligibly to the total energy 
density. 

In order to propose a simple but physically reasonable function for ߗ௠ , we adopt the following 
empirical relation, given by Equation (29): 

௠ߗ ≈ 1
3
∙ (1− exp(−ݐߣ)) (29) 

For the estimation of parameter λ we will exploit the present knowledge concerning the time when 
௠,௘௤ߗ ≈ ௘௤ݐ ௥௔ௗ,௘௤ . This time has been estimated to be roughlyߗ ≈  .[19] ݏݎݕ݇ 51

Under the present conceptual frame , the Equations (19) give: 
௠,௘௤ߗ = ௥௔ௗ,௘௤ߗ = 0.125 (30) 

Substituting the above values into the Equation (29) we end up with the following value for λ : 
ߣ = 9.216 ×  (31) 1ିݎݕ݇ 10ି3

The ߗ௥௔ௗ, is derived from Equations (19b) : 

௥௔ௗߗ = ଵିଷఆ೘
ହ

= 0.2 ∙ exp(−ݐߣ) (32) 

It should be emphasized that the above parametrization is not derived from first principles, but is 
introduced as a deliberately simplified and phenomenological representation of the transition era. At 
this stage, the objective is not to obtain a unique or exact solution, but rather to explore whether a 
deliberately simplified phenomenological description can capture the main qualitative features of the 
Universe’s compositional evolution. In this respect, Equation (29) satisfies several essential 
consistency requirements: (a) it qualitatively follows the expected monotonic growth of the maĴer 
density parameter ߗ௠ during the radiation–maĴer transition; (b) in the limit of sufficiently large 
cosmic time, it correctly asymptotes to the constant values of parameter ߗௗ௘   and ߗ௠  given by 
Equations (22); (c) it yields equal values of parameter ߗ௥௔ௗ  and ߗ௠ at t≈51 kyrs, in agreement with 
the standard cosmological estimate for radiation–maĴer equality; and (d) with respect to the 
radiation density parameter ߗ௥௔ௗ  , it is intended to apply only within the transition regime, where 
radiation remains dynamically significant. At later times, when ߗ௥௔ௗ  becomes relatively negligible, 
its evolution is treated separately, as discussed in subsection 2.3. Alternative parametrizations 
satisfying the same consistency conditions are possible, but their detailed comparison lies beyond the 
scope of this first-order investigation. 

An additional and independent consistency check of Equation (29) is provided by its 
implications for the thermal history of the Universe. When combined with the present formulation 
of energy exchange among cosmic components, this simplified parametrization leads to temperature 
estimates across major cosmological epochs that closely track widely accepted benchmark values, as 
summarized in Table 1. This level of agreement, achieved without the introduction of additional free 
parameters or epoch-specific fine tuning, suggests that Equation (29), despite its phenomenological 
nature, captures essential features of the radiation–maĴer transition relevant for the thermal 
evolution of the Universe. 

By adopting those relationships, we are able to produce a rough estimate of the individual 
constituent density parameters. The results are shown in Figure 1. 
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Figure 1. Evolution of the cosmological density parameters ߗ௥௔ௗ  (radiation), ߗௗ௘  (dark energy) and ߗ௠ 
(maĴer), as a function of cosmic time. The curves illustrate the relative contributions of each component to the 
total energy density over time. 

The radiation density parameter decreases, becoming relatively insignificant roughly after 300 
kyrs, a logical time, given that the radiation maĴer equality is set at 51 kyrs. After this period, the 
maĴer and dark energy are mutually adjusted to reach nearly steady state. The transition period 
seems to start after roughly 10kyrs. After this period , the dark energy starts gradually to be reduced 
reaching the steady state after 300kyrs. 

Figure 1 shows that at early cosmic times, the radiation density parameter dominates and 
decreases rapidly with time, reflecting the strong dilution of relativistic components. The maĴer 
density parameter increases and approaches a quasi-constant value, indicating the transition to a 
maĴer-dominated regime. Dark energy remains the dominant component at late times, varying 
slowly compared to maĴer and radiation. 

The radiation density parameter becoming relatively insignificant roughly after 300kyrs, a 
logical time, given that the radiation maĴer equality is set at 51kyrs. After this period, the maĴer and 
dark energy are mutually adjusted to reach nearly steady state. The transition period seems to start 
after roughly 10kyrs. After this period, the dark energy starts gradually to be reduced reaching the 
steady state after 300kyrs. 

We can also estimate the internal energy exchange fraction ( ݍ௜  ) for each constituent (i), 
obeying to the equations (18): 

ௗ௘ݍ ≈ − 1
2
ௗ௘ߗ + ݐ ∙ ௗ௘ߗ̇  (33a) 

௥௔ௗݍ ≈ 2 ∙ ௥௔ௗߗ + ݐ ∙  ௥௔ௗ (33b)ߗ̇
௠ݍ ≈ ௠ߗ + ݐ ∙  ௠ (33c)ߗ̇

The differentiation of Equation (32) yields Equation (34): 
ݐ ∙ ௥௔ௗߗ̇ = ݐߣ− ∙  ௥௔ௗ (34)ߗ
From Equations (20) we derive : 

ݐ ∙ ௗ௘ߗ̇ = − 2
3
∙ ݐߣ ∙ ௥௔ௗߗ  (34a) 

ݐ ∙ ௠ߗ̇ = 5
3
∙ ݐߣ ∙ ̇ߗ ௥௔ௗ (34b) 

Then Equations (33) become : 

ௗ௘ݍ ≈ − 1
2
ௗ௘ߗ −

2
3
∙ ݐߣ ∙ ௥௔ௗߗ  (35a) 

௥௔ௗݍ ≈ (2− (ݐߣ ∙ ௥௔ௗߗ  (35b) 
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௠ݍ ≈ ௠ߗ + 5
3
∙ ݐߣ ∙ ̇ߗ ௥௔ௗ  (35c) 

By adopting those relationships, we are able to produce a rough estimate of the individual energy 
exchange rate fractions individual constituent density parameters. The results are shown in Figure 2. 

 

Figure 2. Evolution of the internal energy exchange fractions ݍ௥௔ௗ ௗ௘ݍ ,     and ݍ௠  as functions of cosmic 
time, as predicted by the present simplified approximations. 

Figure 2 shows that at early cosmic times, the radiation exchange fraction dominates, reflecting 
the strong coupling of the radiation sector in the primordial Universe. As cosmic time increases, this 
contribution rapidly decreases, indicating a progressive decoupling of radiation from the energy 
transfer mechanism. Conversely, the maĴer exchange fraction grows monotonically during the early-
to-intermediate epochs and approaches a quasi-saturated regime at late times. This behavior suggests 
that maĴer becomes the primary mediator of internal energy redistribution once radiation becomes 
dynamically subdominant. The dark energy exchange fraction remains negative throughout the 
entire cosmic evolution considered here, with only mild temporal variation. This persistent negative 
contribution indicates a net transfer of energy away from the dark energy sector, consistent with its 
effective role as an energy reservoir. 

2.3. The Cosmic Temperature 

The cosmic temperature T refers to the photon temperature, while the radiation energy density 
includes all relativistic species. It can be estimated from radiation density (ߩ௥௔ௗ ) as follows, using 
Equation (36) (e.g., [10]): 

ܶ = ቀ ଶఘೝೌ೏
௚∗(்)௔ೝ

ቁ
଴.ଶହ

 (36) 

where ݃∗ (T) is the effective number of relativistic degrees of freedom contributing to the energy 
density [20], and ܽ௥   is the radiation constant [19], i.e., ܽ௥ = 7.5657 ∙ 10ିଵ଺ ܬ ∙ ݉ିଷ ∙  ସ . Theିܭ
parameter ݃∗(T) generally varies with the different cosmic epochs [20]. 

In the present study for the time period up to t=100kyears we estimate the cosmic temperature 
from Equation (36). The radiation density (ߩ௥௔ௗ)  is estimated from ߗ௥௔ௗ   and the total density 

(ݐ)ߩ = ଷ௖మ

଼గீ
∙ ଵ
௧మ

 derived in [7]. 

Concerning later times (i.e., t > 100kyears) the selected approach is to use simple relationships 
such as ܶ~ ݐ௡ , starting from the temperature predicted by Equation (36) at 100kyears, to ensure 
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continuation. The other end of the correlation is the contemporary temperature 0ܶ = 2.725 . The 
 :௡ fiĴing has led to following relationshipݐ ~ܶ

்
்0
≈ ቀ ௧

௧0
ቁ
௡

 ; ݊ ≈ ݐ ; 0.649− >  (37) ݏݎݕ݇ 100

In summary, Equations (36) and (37) are used to derive a first-order approximation for the 
cosmic temperature evolution, covering the whole time range up to the present time. 

Figure 3 shows the evolution of the cosmic temperature as a function of the normalized time 
ratio (t/t₀) as given by Equations (36) and (37). The monotonic decline reflects the cooling of the 
Universe due to cosmic expansion, with early epochs characterized by extremely high temperatures 
and later times approaching present-day values. 

 

Figure 3. Cosmic temperature as a function of normalized cosmic t time (t/t₀) (where ݐ଴ is the present age of the 
Universe), shown on logarithmic scales. 

It would be interesting at this stage to see how the present conceptual framework performs in 
predictions of key cosmic temperatures that characterize the Universe evolution. These estimations 
are as summarized in Table 1 and compared with the data reflecting more or less the present state of 
the art. 

Table 1. Temperature evolution of the Universe across major cosmological epochs as estimated in this work, 
compared with representative state-of-the-art values from the literature. 

Epoch / Event Time After Big Bang Estimated Temperature 

(This Work) 

Literature Values 

Planck Era ~10⁻⁴³ s 4.1 × 10³¹ K ∼10³² K [10] 

Grand Unification Era ~10⁻³⁶ s 9.2 × 10²⁷ K 10²⁹–10³² K [10] 

End of Inflation / 

Reheating 

~10⁻³² s 9.1 × 10²⁵ K 10²⁷–10²⁹ K [21] 

Quark–Gluon Plasma ~10⁻¹² s 9.2 × 10¹⁵ K ∼10¹⁵ K [22] 

Electroweak Symmetry 

Breaking 

10⁻¹²–10⁻⁶ s 9.2 × 10¹⁵ – 9.1 × 10¹² K    10¹⁵ → 10¹³ K [23] 

Hadron Era ~10⁻⁶ s 9.1 × 10¹² K ∼10¹³ K [10] 
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Electron–Positron 

Annihilation 

1–10 s (9.1–3.9) × 10⁹ K ∼5 × 10⁹ K [24] 

g-Bang Nucleosynthesis 1–3 min (1.6–0.93) × 10⁹ K ∼10⁹ K [25] 

Recombination / CMB 

Release 

~3.8 × 10⁵ yr 2.53 × 10³ K ∼3000 K [2] 

Present Day 13.8 × 10⁹ yr 2.725 K 2.725 K [2] 

 

Table 1 demonstrates a generally good level of agreement between the predictions of the present 
conceptual framework and representative state-of-the-art estimates. This agreement is particularly 
noteworthy given that (a) the present analysis is intentionally based on simplified, first-order 
approximations, and (b) the reference values reported in the literature themselves carry non-
negligible uncertainties, both in the estimated temperatures and in the corresponding cosmic times 
associated with each epoch 

3. Discussion 

In the present study an effort has been made to get further insight to the universe evolution, 
giving emphasis to what degree the conceptual framework initiated by Barĵis ([7]) can be considered 
as an approach able to contribute towards further understanding of this complex issue. The ambition 
is primarily justifiable from the fact that this approach is trying to build a bridge between Quantum 
Field Theory and General Relativity. The purpose of proposing the above simple empirical 
relationships concerning the universe key components evolution was not to give accurate numbers 
but (a) to try to reveal time trends with respect to composition and internal energy exchange and (b) 
to identify possible consistencies or inconsistencies with the present conceptual framework. 

It is noticed that the degree to which the present conceptual framework can be classified as a 
solid theoretical alternative depends on its compliance with: 

(a) well-established physical laws, 
(b) existing observations, and 
(c) future observations of the early or even pre–early universe. 

Its full consistency with the laws of General Relativity—while eliminating the cosmological 
constant problem—is a clear strength. Another positive aspect is that the framework is largely 
grounded in empirical and theoretical findings related to the contemporary universe. The present 
analysis has offered simplified scenarios of universe time evolution from Planck scale to today, able 
to predict cosmic temperatures rather close to ones suggested by standard Cosmology. 

However, as we move backward in time toward the early universe, discrepancies arise 
compared with the prevailing cosmological theories based on the standard ΛCDM model. A notable 
example concerns the dark energy density near the Planck scale. In the standard ΛCDM model, the 
dark or vacuum energy density, derived from the cosmological constant (Λ), maintains a constant 
value of approximately 10⁻⁹ Joules/m³ across all epochs. In the present conceptual framework, 
however, the dark energy density reaches quantum field theory (QFT) levels, yielding a value of 
about 10ଵଵଶ  Joules/m³ at the Planck time—a drastically different magnitude. Nevertheless, this 
agreement with QFT predictions opens a promising pathway toward resolving the cosmological 
constant problem. Consequently, building conceptual and quantitative bridges between cosmology 
and quantum field theory should be a high priority for future research. 

Turning to recent observational data from the early universe, particularly those from the James 
Webb Space Telescope (JWST), new findings show galaxies at redshifts z = 10–15 that appear 
unexpectedly evolved for their epoch. These systems exhibit substantial stellar masses, evidence of 
metal enrichment, and, in some cases, organized morphologies [26]. Such characteristics imply a level 
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of maturity far exceeding that predicted by conventional ΛCDM-based models of early galaxy 
formation [27]. 

This evidence invites interpretation within the present conceptual framework. A good example 
is the JADES-GS-z14-0 galaxy, one of the earliest known galaxies, with an observed redshift of z = 
14.3. Current estimations place its cosmic age at approximately 294 Myr [28]. According to the present 
conceptual framework, the redshift is related to cosmic time by the following relationship [7]: 

1 + ݖ = ௧0
௧

 (38) 

This yields a cosmic age t ≈ 902 Myr—roughly three times greater than the standard estimate. Such a 
result moves in the right direction when considering the observed high degree of maturity in early 
galaxies. This finding is also consistent with the predicted non-adiabatic evolution of the universe’s 
constituents, which allows rapid maĴer formation and creates favorable conditions for galaxy 
formation within the available timescales. 

4. Concluding Remarks. 

In this work, further insight into cosmic evolution has been pursued by examining the 
implications of a recently proposed conceptual framework that seeks to bridge General Relativity 
and Quantum Field Theory through a phenomenological description of cosmic expansion and energy 
exchange. The primary objective has not been to derive high-precision numerical predictions, but 
rather to explore qualitative trends in the evolution of the Universe’s energy components and to 
assess the degree of internal consistency and observational plausibility of the framework across a 
wide range of cosmological epochs. 

A key feature of the proposed approach is its full compatibility with the standard Friedmann 
equations for a spatially flat FLRW Universe, while eliminating the need for an explicit cosmological 
constant. Within this interpretation, cosmic expansion proceeds without acceleration and is sustained 
by a constant expectation value of an energy inflow associated with gravity-driven vacuum 
fluctuations. Dark energy emerges as a dynamically active component, acting as a persistent energy 
reservoir that continuously supplies both maĴer and radiation through non-adiabatic internal energy 
exchange. Despite the simplicity of the adopted approximations, the resulting first-order estimates of 
the Universe’s thermal history show encouraging agreement with established cosmological 
benchmarks, from the Planck epoch through recombination to the present-day cosmic microwave 
background temperature. 

At the same time, the framework departs significantly from the standard ΛCDM picture in the 
very early Universe. In particular, the predicted dark energy density near the Planck scale approaches 
values expected from quantum field theory, in contrast to the constant and extremely small vacuum 
energy density implied by a cosmological constant. While this discrepancy challenges conventional 
interpretations, it simultaneously highlights a potential pathway toward resolving the cosmological 
constant problem by directly linking cosmological evolution with vacuum energy physics. In this 
context, the present framework naturally accommodates non-adiabatic cosmic evolution and allows 
rapid energy transfer from dark energy to aĴractive gravitational components. 

The framework also provides an intriguing perspective on recent high-redshift observations by 
the James Webb Space Telescope. By predicting larger cosmic ages for given redshifts and allowing 
non-adiabatic energy transfer from dark energy to maĴer, the model naturally accommodates the 
early formation and apparent maturity of galaxies at redshifts ݖ ≥ 10 . Although these results 
remain preliminary, they point toward a potentially fruitful reinterpretation of early structure 
formation. 

It should be emphasized that the present study is deliberately phenomenological in character. 
Its purpose is not to replace a fundamental microscopic theory of dark energy or vacuum dynamics, 
but to examine whether a minimal and internally consistent description of cosmic expansion, energy 
exchange, and composition evolution can capture the main qualitative features of the Universe. In 
this sense, the framework provides a general and coherent picture of cosmic evolution that may serve 
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as a useful guide for future fundamental research. By identifying which global behaviors—such as 
linear expansion, sustained energy inflow, and non-adiabatic transfer among cosmic components—
lead to consistency with observations, the present approach helps constrain the properties that any 
underlying quantum or quantum-gravitational theory must reproduce in order to be viable. 

Taken together, the ability of the present framework to reproduce luminosity–distance relations, 
qualitative component evolution, and the thermal history of the Universe using a single expansion 
law suggests that gravity-driven vacuum energy exchange may offer a viable and testable alternative 
perspective on cosmic evolution. Further development of this approach—through more rigorous 
modeling of the early Universe, tighter confrontation with cosmological observations, and deeper 
connections with fundamental quantum theories—appears both necessary and promising. 

Conflicts of Interest: The author declares no conflict of interest. 
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