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ABSTRACT

At first, we study some contradictions of the current cosmological model related to the early Universe, leading to a new modified age for the CMB and
therefore for the Universe. We analyze the Kinetic Energy density and speed of electrons expelled by the photoelectric effect from ElectroMagnetic spectrum
at different scenarios, specially after the recombination epoque. Then we deduce how an emergent time directly associated to Gravity arises from the
interaction among matter and electromagnetic energy and the conditions that must be fulfilled for such emergent time is preserved on cosmological time.
It's shown how the Gravity induced by time dilation is accumulated during fusion processes for any element as a function of its atomic mass. Finally, we
introduce a new cosmological model supported by Gravity Evolution over Time through different stages, checking it against latest JWST and DESI/BAO
data, dispensing the need for dark energy and cosmological constant. The consistency of the new model is also checked against Pantheon +, as well as
against Schwarzschild and Kerr metrics, concluding not only its full validity but clues for new observations.
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Introduction

It has been analyzed in detail how kinetic energy can counteract
gravitational potential energy and how in turn the gravitational
potential energy (bowstring) would have been created by
electromagnetic energy (archer) which can be expressed finally
as kinetic energy [1,2].

Our goal in this paper is to delve into the processes that have led
gravity to arise and evolve over Time and achieve its expression
in form of a new cosmological model [3,4].

At first, although it is not an initial goal of this paper, it’s necessary
to do a brief review of the current cosmological model (Lambda-
CMD model) relative to the early Universe to put our Theory into
context at that stage of the Universe.

The Dark Ages, so named because they represent a period of
darkness where light was unable to pass through ionized plasma
(H2 and He), are estimated to have lasted from approximately
380,000 years (when the formation of the first atoms is thought to
be possible) to an age whose estimation has been changing based
on the recent results obtained by the JWST telescope. It could be
estimated at around 250 million years currently, but I anticipate
that, supported by our new theory, this figure could still decrease
very significantly.

During such “dark” period, always according to the current
cosmological accepted model, the electromagnetic energy would
not have been able to spread because it would have been "trapped"
in a highly ionized plasma. According to such version, the density
of this plasma would have been very low during the recombination
age, although the possibility that some accumulations of matter
could have formed is not ruled out.

My perception is that this "official" cosmological version has some
important contradictions. As a result of such contradictions, its
not surprising that the JWST is discovering increasingly earlier
galaxies.

In [3] it’s explained how, based on a stellar model (using our own
sun as a reference), Light is also “trapped” in a highly ionized and
dense plasma located in the radiative layer (so the light could take
several hundred thousand years to pass through). Scattering and
photoelectric effects practically do not allow light to “advance”
through this layer. Due to this fact, a “layer of kinetic energy” is
stored around matter (at the atomic/molecular level, atomic length
units, Bohr’s radius) which is the cause of the appearance of an
emergent time and therefore of the gravitational phenomenon.

If we compare this environment with the one that classical
cosmology proposes for the Dark Ages, we observe that, apart
from the decreasing temperature ranges over time (which
influences directly the scattering and photoelectric effects), another
fundamental difference is the matter density. According to classical
cosmology, the density would be very low during the Dark Ages.
This represents a huge contradiction, because... how could one
explain in such a case that electromagnetic energy was "trapped"
in those conditions?... With such a small volume of atoms per m3,
scattering would be so reduced that it would have been impossible
to keep the radiation trapped, so any radiation would have had to
reach us. There’s not radiation detected among CMB (estimated
at 380.000 years from the Big-Bang, recombination epoque) and
the light of the first detected galaxies (currently 250 million of
years). It has no sense that such weak “fog” was able to trap the
electromagnetic energy preventing it of reaching to us. Therefore,
the matter density and the radiation should be much more relevant
than the pointed out by the current cosmological model.
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In fact, if we do simple calculations from CMB based on its current
spectrum, it’s easy conclude that the radiation at the CMB time
(380.000 years) would be negligible for causing a “trapping” effect
(in energy terms, the spectrum average would have been lower
than 1 ev with a low kinetic energy density).

My view is the CMB age is not right located in the cosmological
history. 1t should not belong to the recombination epoque, but
pretty later, when the primordial radiation decayed significantly.
In other words: the radiation called CMB would not belong to the
recombination epoque but to a later time, very likely 50 millions
of years at least from Big-Bang. I think there’s no reason to think
that it fits with the recombination time because precisely due to
the increased density of the newly created atoms, such “fog”
should have been even more intense. It would have no sense that
we receive a spectrum from an epoque that we should not have
received. Therefore such “CMB” spectrum should belong to a
later time, when the primordial electromagnetic radiation really
decayed and the Universe became really “transparent”.

If the CMB spectrum belonged to 50 million of years from Big-
Bang instead 380.000 years, we should calculate what would be
the new estimated temperature for 380.000 years (supposing that
the recombination age remained the same. We’ll round to 400.000
years instead 380.000 years for calculations purposes).

The current temperature estimated for the radiation source of the
current CMB is 3000 K.

In this new scenario, the CMB is observed at = 5x107 years with
a temperature of approximately 3000 K. The present-day CMB
temperature is 7o =~ 2.725K, so the redshift of the CMB is

TcmB 3000
ZrMB = To - = 2725 —1=1100
The scale factor at # = 5x107 years is:
-~ io08x107*
dems = 70—~ 101~ 0%

Scale Factor at 400.000 Years. We need to know the “new”
temperature at £ = 4x10° years (400.000 years):

In a matter-dominated universe, the scale factor evolves as a(t)
 t 23, The ratio of scale factors between two times is:

a(ty) _ (2)2’3
a(ty)  \t

For t1=5%107 years (new CMB time) and 2=4x10° years:

a(4x10%)  (4x10° 2 (4 7 0008
a(5x10") \5x10’ 500 '

(0.008)3= 0.04

Temperature at 400.000 Years:
Temperature scales inversely with the scale factor:

T(ty) = T(ty)- 253

So

. . a(5x107)
T(4x10%) =T (5% 107)- = 3000K
a(4 % 10)

0.04

~ 3000 % 25 = 75,000K

The new reference Temperature would be 75000 K.

This would not have been impediment at all for the recombination
processes. On the contrary, recombination could have happened
successfully in this temperature range.

What’s more, such temperature would have facilitated the first
stellar fusion processes.

The following step is knowing the energy spectrum (in eV) of the
kinetic energy of electrons produced via the photoelectric effect
for such range of temperatures.

The photon energy distribution follows a blackbody spectrum,
characterized by the Planck distribution [5]. We could calculate
it for a temperature of 75000 K. The temperature determines
the energy distribution of the photons that could cause the
photoelectric effect. We must take into account the ionization
energy of neutral hydrogen (H) is 13.6 eV. So for the photoelectric
effect to occur, photons must have energy Ey > 13.6eV.

When a photon with energy Ey ionizes a hydrogen atom, the
kinetic energy of the ejected electron is: Ekin = Ey —Eion = Ey
—13.6¢eV.

Blackbody Photon Energy Distribution: At 75000 K, the photon
energy spectrum is given by the Planck distribution for the number
of photons per unit volume per unit energy:

8 E?
c exp(ﬁ) -1

where E is the photon energy, k is the Boltzmann constant (k =
8.617x10—5eV/K), T = 75000K, h is Planck’s constant, and c is
the speed of light. We need the energy spectrum of the ejected
electrons, which depends on the photon energy distribution for
Ey > 13.6eV.

Thermal Energy at 75000 K
Calculate the characteristic energy of the blackbody radiation: kT
=8.617x10%¢V/Kx75000K =~ 6.463¢V.

The peak photon energy for a blackbody spectrum (using Wien’s
displacement law in energy form, Epeak =~ 2.82kT) is: Epeak ~
2.82%6.463 =~ 18.22eV.

Since 18.22 eV is above the ionization energy of hydrogen (13.6
eV), a significant fraction of photons in the high-energy tail of
the blackbody spectrum can ionize hydrogen.

Photon Energy Spectrum
The Planck distribution gives the number density of photons per
unit energy. For energies Ey > 13.6eV, we evaluate the distribution:
£
n(E,) x - r

exp(f—;) -1
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Since kT ~ 6.463¢V, for Ey = 13.6¢eV:

E, 136 _ 5104
kT ~ 6463 °

E
exp(ﬁ) —1=~exp(2.104) -1~ 8197 -1 =7.197
The photon number density peaks around Ey = 18.22eV. The
distribution for Ey > 13.6eV follows.

Electron Kinetic Energy Spectrum

The kinetic energy of the ejected electrons is Ekin = Ey —13.6eV.
Thus, the minimum kinetic energy is 0 eV (when Ey = 13.6eV),
and higher photon energies produce a spectrum of electron kinetic
energies.

The number of electrons with kinetic energy Ekin is proportional
to the number of photons with energy Ey =FEkin +13.6eV. The
electron energy spectrum ne(Ekin) is therefore:

2
(Eyin + 13.6)
Ne(Eyin) 51:” ¥136
exp (=) — 1

This distribution describes the number of electrons per unit kinetic
energy. The shape follows the high energy tail of the Planck
distribution, shifted by the ionization energy.

Characteristic Electron Energies
At the threshold (Ey = 13.6eV): Ekin = OeV.

At the peak photon energy (Ey = 18.22eV): Ekin = 18.22—13.6
~4.62¢eV.

For higher energies, say Ey = 30eV: Ekin =30—13.6 = 16.4¢eV.

E, 30
—— ~ 4.641,

T = 6463 exp(4.641) — 1 = 103.7

The number of photons decreases exponentially at higher energies,
so the electron spectrum will peak around lower kinetic energies
(near 4.62 ¢V) and decline for higher Ekin.

Energy Spectrum Summary

The electron kinetic energy spectrum starts at Ekin = OeV
(corresponding to Ey = 13.6eV) and extends to higher energies,
following the shape of the Planck distribution for Ey > 13.6eV.

The peak of the electron kinetic energy spectrum occurs around:
Ekin, peak =~ 18.22 — 13.6 = 4.62¢V, corresponding to the peak
of the blackbody photon spectrum at ~18.22 eV.

The spectrum declines exponentially for higher kinetic energies
due to the exp (EY/kT) term in the Planck distribution. For
example, at Ekin = 16.4eV, the number of electrons is significantly
lower than at the peak.

This is an initial reference: an energy spectrum at approx. 400.000
years taking the CMB spectrum as from 50 million of years from
Big-Bang. Obviously if we’d increase the CMB time to 70 million
of years, we’d increase significantly the peak and distribution of
energies.

If we set the recombination age at a value significantly lower than
400.000 years, we’d also increase the peak.

In summary, although it’s not possible to know the correct values
accurately, we’ll take a reference value for kinetic energy among
10eV-100eV (1).

As consequence, Universe could be around 50 millions of years
older. The real “Dark Ages” would belong to this period, and not
to the current estimated one.

In summary, my perception is that the assumption of setting
the CMB as only 380.000 years old according to the classical
cosmology is flawed. The radiation, on the one hand, and the
density of matter (H and He) on the other one would have been
high enough for the scattering and photoelectric effects to be
significant. If my perception is right, we could find early galaxies
very close to the current “CMB” estimated age. Please take into
account that I’'m not discussing at all about the recombination
epoque, not about how time it took, not about the estimation of
380.000 years for it. I’'m discussing only about the validity of
dating the ancient radiation (“CMB”) as 380.000 years old.

As consequence, our calculations can’t follow strictly the current
cosmological model. In any case we’ll do a first approximations
that should be refined by future observations.

For this reason, we’re going to extrapolate the results obtained
in (3) for a stellar environment in our model. Therefore, we’re
going to assume a matter density that should be similar to the
plasma density in the zone of the radiative layer closer to the
convective layer. That is, in the same range of values used in the
models used in [3].

What would be debatable is whether the density was homogeneous

(isotropic) or clustered in a large number of clumps (high density)

which would not allow the electromagnetic energy to be released to

the outside, surrounded by large areas of low density. My view is

more in favor of this possibility, that is, a large number of clumps.

Furthermore, this would also explain:

*  Why Universe is not isotropic, as indicated by the latest data
collected by JWST.

*  Some of these accumulations could have acted as "seeds"
for the first galaxies. That is, small, primitive galaxies could
be found very early.

In any case, with or without accumulations, we can establish that
the reference density of the plasma for our model in the early
Universe should be close to 0.2 kg/m3, which is the density in
the outermost zone of the Suns radiative layer.

As for the range of primordial electromagnetic energy density
for this stage, we could estimate a energy spectrum among 10eV
to 100eV, depending obviously of the new age estimated for the
Universe. It entails a significant amount of kinetic energy that
would have been accumulating around the primitive atoms over
a long period of time. We’ll do some estimations for our model
forward.

Just I told before, the first consequence of our model is that the
first stars and galaxies would have formed in a relatively very
short period. Its more than likely that we could find galaxies even
older than the earliest galaxies detected by JWST. It wouldnt be
out of the question to find galaxies only 100 million years after
the Big Bang.
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Kinetic Energy and Speed from ElectroMagnetic Spectrum
We’re going to study the kinetic energy and kinetic speed coming
from a electromagnetic radiation among 100eV to 10keV. This
is specially relevant for our model, because the kinetic speed is
closely related to the time dilation, while kinetic energy is closely
related to the time needed to consolidate the emerging time, as
we’ll analyze later.

Photoelectric Equation (Hydrogen)

1
hv = E; +Emev2

where:

*  hvis the photon energy (100 eV to 10,000 eV),

e Ei=13.6¢eV is the ionization energy of hydrogen (ground
state, 1s orbital),

e me=9.109x107*'kg is the electron mass,

*  vis the electron speed,

*  1eV=1.602x10""J for energy conversions.

We’ll calculate the electron speeds at the lower bound (100 eV)
and upper bound (10 keV) of the photon estimated energy range.
We’ll take 100 eV as reference for radiation from primordial
electromagnetic radiation at approx. 380.000 years from Big-Bang
and a range among 100 eV and 10 keV for the gamma rays in the
Sun’s radiative layer closest to the convective layer.

Lower Bound: Photon Energy = 100 eV
Kinetic Energy:

1
Emevz = hv — E; = 100eV — 13.6eV = 86.4eV

Convert to Joules: 86.4x1.602x109=1.384x107""J

,  2x%1384x107"
9.109 x 103!

v =+/3.039x 103 ~ 5.513 X 10°m/s

. v  5.513x 10°
Relativistic Check: ——
¢ 2.998x10

Speed Calculation: =3.039 % 10 m?/s?

=~ (0.0184

Since v=~0.0184c, relativistic effects are negligible (and relativistic
kinetic energy is close to conventional kinetic energy).

Upper Bound: Photon Energy = 10 keV (10,000 eV)
Kinetic Energy: %mev2 = 10,000eV — 13.6eV = 9986.4¢eV
Convert to Joules: 9986.4x1.602x107°=1.600x107J

Speed Calculation:

2% 1.600 x 1071°
~ 9109x% 1073t

2

v =3.514 x 10"°m?/s?

v =+/3514x 10" ~ 5928 x 10" m/s

]
Relativistic Check: ~ = 2228x10°

= ~ 0.198
¢ 2998x10°

Since v=0.198c, relativistic effects are noticeable but still small.
The non-relativistic formula is reasonable, but for precision, we
could use the relativistic kinetic energy:

1

J1I=v%/c%

Ek = (]/ - 1)meC2J Y=

That is, Ex=1.02 mec?

The correction is minor (a few percent), so we’ll stick with the
non-relativistic result for consistency.

In any case, we’ll focus on the v/c values, because they’ll be very
important as we’ll analyze forward.

In summary, the speed of electrons expelled from hydrogen via
the photoelectric effect for photons with energies from 100 eV
to 10 keV (stellar, Sun) ranges from approximately 5.51x10°m/s
to 5.93x10m/s. This corresponds to roughly 1.8% to 19.8% of
the speed of light.

If we knew in depth the energy distribution, we could do a better
approximation to the v/c average value.

But for our reasoning we could accept a simple extrapolation to
an average value of 10% of the light speed for Sun’s model and
a 2% (from previous calculations in (1) for an average of 100 eV
for photons energy) for primitive radiation model.

It means that we’re going to have a kinetic energy around our
Hydrogen atoms composed by a cloud of electrons with speeds
around v/c=10% in one case and v/c=2% in the another one.
Of course the “trapped” electrons around the atom will travel in
different directions, but that’s not going to be relevant [1] (2).

The small variation among the relativistic kinetic energy and the
kinetic energy is not going to be relevant either.

The really relevant fact that should take our attention is we could
consider the “kinetic cloud” (or kinetic layer) as a a single entity
that is moving around an atom at a relevant speed. Such speed
produces a time difference among a “static entity”, defined by a
hollow sphere whose radius is close to the atom radius, and other
“dynamic entity” which is the same hollow sphere with a very
thin kinetic layer moving around the atom to a speed of value v,
or, using relativistic terms, v/c.

That is, we could simplify the phenomenon as a very thin disk
composed by kinetic energy moving to a high speed around an
atom/molecule. This speed difference induces a time difference
between the “static” and “dynamic” entities that could be
expressed in a simplied way, according to [1] as

2
2_17
ATs ==

This time difference is what we call “emergent time”.

In other words: we’re seeing in front of our eyes, how Time
emerges at an atomic scale.

In the Figure 1, we show a very schematic representation of this,
where v/c is the speed relation what defines the emergent time,
Ke the kinetic energy density of the “kinetic cloud” around an
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H atom and WB the warping boundary where we could consider
that an emergent time (and its associated gravity) takes form.

Therefore Gravity emerges from the Special Relativity. In other
words: General Relativity is physically derived from the Special
Relativity.

Warping

V
Boundary (WB) .

Figure 1

What is our next goal is showing under what circumstances (with
Ke playing a decisive role) such emergent time is conserved over
cosmological time.

The qualitative influence of the kinetic energy on the additional
gravity that emerges as consequence of the time dilation was
explained in detail [3]. Therefore I consider it has no sense to
repeat it here, because there’re only some parametric differences:
primitive electromagnetic radiation over Dark Ages vs Sun’s
radiation and very likely different matter (Hydrogen) densities.
What we pretend here is studying how time (and its associated
gravity) emerges at an atomic scale instead. In that sense, we
know that the emergent time is directy related to the v/c parameter
[1]. According to, the own gravity emerging as consequence of
the time dilation, will work as inertia to continue the dilation
of the emerged time [1]. In other words: emergent time would
be associated to an intrinsic property (“clasticity” or “rigidity”
depending from our view).

It means that if we apply a kinetic speed v (or under a relativistic
view v/c¢) to an object, the time dilation does not emerge instantly.
It takes some time to reach it.

When I made some experiments to demonstrate the Special Zero
Gravity Theory (applying different constant speeds), the final
dilation time did not appear instantly. It increased in a high pace
at first, then at an increasingly slower pace. There’re some videos
where this fact can be observed and analyzed [1].

Because of my initial goal during my experiments had nothing to
do with this discovery, I didn’t pay attention to this phenomenon at
first. So [ couldn’t do a detailed analysis. But with more according
equipment a rigurous quantitative analysis could be done.

In anycase, under a qualitative view, I consider the following
reasoning is right:

The rigidity of the emergent time would be directly proportional
to the kinetic energy, to be more exact also to the kinetic velocity
(v/c), the dilation time (ATs) and the exposure time (t). The more

the time dilation is getting closer to v/c, the higher the rigidity.
Time dilation for a speed v presents an asymptote (v/c) that can’t
be reached, but when 0R/ot > 0,

A;s A %

Figure 2

the more difficult is reverting the emerged time. It means that if the
object is suddenly stopped or simply v — 0, then the time dilation
is reverted faster the further it’s from the asymptote.

There’s a point (to) where the rigidity is not reversible, that is,
elasticity — 0. Crossing such theoretical point, the emerged time
is conserved on time as gravitational energy or using another
conventional expression, as gravity. More kinetic energy will not
imply more dilation, or the dilation will be meaningless. That is,
kinetic energy will be converted into gravitational energy, being
irreversible once such to point of “no return” (elasticity — 0) has
been crossed.

Therefore the value of the emergent time is closer to the average
speed of the electrons than to the kinetic energy while the value
of t0 is directly influenced by the kinetic energy. The more the
kinetic energy density, the lesser the value of to. That is, the point
of irreversible conversion of kinetic energy in gravitational energy
is reached sooner the greater the kinetic energy density.

Other consequence is that the value of the emergent time (and
the according exposure time needed to it can be preserved)
of Hydrogen in a star is going to be pretty the same over the
cosmological time. But it could be slightly different for every star.

Corollary: Singularities in Black Holes could never be reached,
because time dilation could not increase undefinitely but it would
always have an asymptotic limit.

The Rigidity (Figure 2) will follow a function of the kind
f)y=1—e

Where x=exposure time, k a parameter which value must to be
defined. The t0 value must be also defined.

Although such values could be calculated based on empirical
research, we’re going to do a first approximation doing some
changes to the Einstein Field Equations (EFE) which should reflect
the proposed electromagnetic origin of Gravity. As consequence,
the new EFE also should reflect our hypothesis: kinetic energy is
converted into gravitational energy when an exposure time (to)
is reached.

Then we’ll refine some parameters to ensure that such model is
consistent with latest DESI and JWST data, eliminating the need
of considerating “dark energy”. That is, we’re looking for a new
cosmological model supported by a new Gravity theory but with a
generic view based on some parameters that could change slightly
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in the future supported by new observations and research. In this
way we’ll get not only a generic but “dynamic” model.

Dilation (Emergent) Time (alias Gravity) Associated to Matter

The dilation time would follow always an add function, that is:

e The dilation time for any chemical element would be the
result of adding the according dilations during the fusion
processes.

Studying at high level the most common fusion processes for
creating new elements starting from the simplest Hydrogen
atom:

e Where four hydrogen nuclei fuse and produce one helium
nucleus and two positrons. (Note: This is a net reaction of a
more complicated series of events).

41H — jHe 4+ 2% n

It means that the time dilation for He would be the result of adding
four H time dilations. In other words, its time dilation (induced
“gravity”) is directly linked to its atomic mass.

And we could follow for next elements based on He fusion and
S0 on:

* Inthefirst case, two He nuclei fuse and produce one Beryllium
nucleus. The time dilation for Beryllium would be the result
of'adding two Helium time dilations, that is, eight Hydrogen
time dilations. So its time dilation (induced “gravity”) is
directly linked to its atomic mass.

He + 4He — %Be (-0.0918 MeV)
%Be + 3He — '2C + 2y (+7.367 MeV)

* Inthe second case, one Be nucleus fuses with one He nucleus
to produce one Carbon nucleus. The time dilation for Carbon
would be the result of adding one Beryllium time dilation to
one Helium time dilation, that is, twuelve Hydrogen time
dilations. So its time dilation (induced “gravity”) is directly
linked again to its atomic mass.

Just another example:
12C + SHe — 150 + v (+7.162 MeV)

*  Where one C nucleus fuses with one He nucleus to produce
one Oxygen nucleus. The time dilation for Oxygen would be
the result of adding one Carbon time dilation to one Helium
time dilation, that is, sixteen Hydrogen time dilations. So
its time dilation (induced “gravity”) is directly linked to its
atomic mass.

And we could continue in this way undefinitely

*  Foramolecule, its dilation time would be the result of adding
simply the according dilations of every atom.

e The same reasoning is valid for any set of molecules.

e The same reasoning is valid to any matter scale.

Or, talking in conventional words, the total gravity of the matter
is the result of adding the gravities of every of its elementary
components.

In the following graph (Figure 3) we draw the most basic
representation of some atoms/molecules in shape of layers,
showing the different time dilations for every layer. The total
time dilation would be the add of every of them (ATs=ATsi+
ATs2+ ATs3). The origin of the time dilation of the set ATs would
be the outermost concentric sphere.

Therefore the classic mathematical interpretation based on finding
a geometric center of gravity, it’s not valid when we talk about
time dilation instead of simply “weight”. The influence of the
time dilation over external objects follows other physical way.

Another interpretation could be find a “center of times” instead.
Supposing a matter with the same density, we’d find (by simple
integration), a value to 2/3 R from the center for a sphere.

Figure 3

But time dilation does work in other way. The add of time dilation
layers is always applied to the outermost layer for any external
object.

This conclusion was also reached by very different ways, leading to
an important assertion in a previous paper: "... being the surface
of the celestial body (the Earth in this case) our reference/ origin
which is also the origin of our Time axis ...” [1]

A New Cosmological Model
Our next goal is building a new cosmological model based on the
previous assumptions.

Therefore the summary of the new specifications that should fit

the modified Einsteins Field Equations are the following ones:

e As the kinetic energy density increases, it’s gradually

converted into gravitational potential energy according
to the following assumption:
Emergent Time (time dilation) has a property (“Rigidity”),
which follows a function f{x)= I—e—* (where x=exposure
time) and it’s also directly proportional to the square root of
the kinetic energy density and the own time dilation. Rigidity
(R) is very close to the asymptote R=1 when the exposure
time of the kinetic energy surpases a value (t0). We’ll suppose
that to is reached when 1-R= ¢. The lower the value of g, the
more appropiate the value of t0.

to is also inversely proportional to kinetic energy density, that
is, as the kinetic energy density increases, t0 is reached before.

The Rigidity is also proportional to the kinetic speed, or, in
relativistic terms, to v/c. But what defines the time t0 for getting
Rigidity --> 1 is the kinetic energy density. The relation v/c has
an inertia to be reached that is the own time dilation, or, in one
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word, the gravity. But what defines the time needed for getting
that the emerged time is preserved on time, that is, that Rigidity
is very close to one, is the time t0.

*  When exposure time < t0, then gravitational potential energy
(time dilation) decreases according to R (see Figure 2)
“deconverting” again in kinetic energy. But when exposure
time >= t(, then gravitational potential energy (time dilation)
remains forever.

This model is not called to replace the standard EFE model for any
circumstances that do not involve a relevant relation among kinetic
energy and matter over a time >= t0. We must take into account
that for relationships among electromagnetic/kinetic energy and
matter that, due to insufficient kinetic energy density, are far
to reach a rigidity time (t0), there will not be real/irreversible
conversion into gravitational energy. Therefore conventional EFE
should be used in such cases, but using the modified gravitational
constant in any case.

In short, this model must represent how the Gravity has evolved
over cosmological Time. It also must guide us about how the
gravitational “constant” evolves (because it will not be constant
anymore due it will change over cosmological Time just as
explained in the next point).

e The gravitational constant G will not be constant. 1t will
depend of the degree of conversion of kinetic energy into
gravitational energy (always for exposure times t>=t0), which
increases over some stages linked to cosmological Time. We’ll
take the current cosmological constant (GO) like reference.

Although G would not have evolved in a continuous way, we’re
going to assume a function G(t) as continuous as possible.

The values for the different stages will be the following ones:

*  Gi (G value in Big-Bang)=0.

e First Stage: G=Gi+uG till cosmological time is 380.000 years
(recombination epoque). G will be a very small value, only
to be consistent with current cosmological models in that very
early stage. We’ll suppose a value in a first approximation of
pG=0.01 GO. It would be the result of a minimal effective
relationship among electromagnetic radiation and matter over
the first years of the recombination epoque, when the matter
density would be still very low.

*  Second Stage: from the end of the recombination epoque to
the first stage of the “Dark Ages”. That is, from 380.000 years
till 50 million of years (Ti), with a high degree of conversion
of kinetic energy (from the primitive electromagnetic energy)
in gravitational energy which would lead to an estimation of
Gi=G0/5 (as consequence of the kinetic speed of the electrons
according to the expected spectrum according to (2)).

Although such associated gravity could seem a bit low for star
formation, it’s actually not that low.

According our hypothesis, the recombination process would have
shaped in pretty higher temperatures than suggested by current
cosmological model (approx. 75000 K against 3000 K). On the
one hand, recombination is well-known to be not only possible
but strongly enhanced by such temperatures. On the other hand,
such range of temperatures would have helped to ease fusion
processes without need for increasing so much the pressure as
consequence of a high density. What’s more: the discovery inherent

to a previous work shows that the gravity added by kinetic energy
would have increased continuously its contribution to the star’s
gravity. In this case, it should affect positively to the stability of
the early stars [3].

In any case, some recent JWST observations point out that some
very early galaxies might have not consolidated and eventually
disappeared. It’s a logic consequence of this model due to the
precarious gravity characteristic of this stage.

What’s more, future studies could calculate the percentage of
galaxies that could have disappeared. I would expect a relevant
percentage. We could have here a significant source of “dark
matter” in the early Universe.

Of course, these parameters are a first approximation that must
be ratified by new JWST observations. Which is becoming
increasingly clear is that the extent of the dark ages is much shorter
than the indicated by classic cosmological models. That is entirely
consistent with our Theory. We’ve made a first approximation of
50 millions of years. Although its actual extension is unknown,
this model is consistent with very early galaxies. We should find
galaxies considerably older than the latest ones discovered by
JWST.

The effective relationship between electromagnetic energy and
matter in this stage would have taken shape over the first millions
of years.

*  Third Stage: It’s a stellar stage. Takes place in the stars from
the new length estimated for the Dark Ages till today, that is,
from Ti to our current cosmological Time, with G increasing
from Gi=G0/5 to GO.

*  Fourth Stage: It’s expected that G(t) > GO because it also
takes place in the stars with Hydrogen still not fused, at an
estimated rate similar to that of the third stage.

We’ll build our model supported by the current cosmological
assumptions instead adding 50 millions of years to the early
Universe. The reason is if our model changed the Universe
timeline, it would not be possible to check its consistency against
many cosmo data sets (JWST, DESI, Pantheon ...). If we added
50 millions of years to the Universe age, our model should be
slightly modified but obviously it would come out even more
reinforced for sure.

Starting Point: Standard Einstein Field Equations (EFE)
The standard EFE in general relativity is:

1 816,
R_m-' - ERQ#"' +Ag,uv = TTHV

where:

Ruv: Ricci curvature tensor

R: Ricci scalar

guv: Metric tensor

A: Cosmological constant

GO: Standard gravitational constant
Tuv: Stress-energy tensor

c: Speed of light

Our first goal is to modify this equation to include:

e A variable gravitational constant G(t) evolving over
cosmological time.

* A conversion mechanism between kinetic energy density
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and gravitational potential energy, governed by a "rigidity"
function R(t) =1 — e,

* A time dilation effect tied to kinetic energy density and
rigidity.

*  Ensure Conservation laws (energy-momentum conservation).

Define the Rigidity Function and Time Dilation
The shape of the rigidity function we’re looking for is R(x) =
1—e™

where x is the exposure time, and k is a rate constant. The critical
time 70 is defined such that:

1-R(t0) =€, R(t0) = 1-e kP =1-¢, k0= g, ktp=-In (¢)

—In(e)
to =~ where t( is inversely proportional to the kinetic
energy density pk:

o . L
to i Let’s define t; = — where «a is a proportionality
P Pr

constant with appropriate units. Since to = —In (€)/k, we have:

_ —In(e) —In(e)p,
Tt o«

k

-In(e)p,
The rigidity R(t) thus becomes: R(t) =1 —¢ ~ «

rigidity R is proportional to the square root of the kinetic energy
density and time dilation. Let’s denote time dilation by a factor
7, which could relate to the proper time relative to coordinate
time (e.g., T =Vg00 in a weak-field approximation). Assume: R
< pk-T

This suggests that the rate constant k or the rigidity function
influences the metric through time dilation effects.

Variable Gravitational Constant G(t)

G(t) evolves in four stages:

Big Bang to 380,000 years: G = Gi +uG, where Gi = 0, uG<
0.01Go.

380,000 years to 50 million years: High conversion of kinetic
(electromagnetic) energy to gravitational energy, with Gi = Go/5.

50 million years to present: G increases from G/5 to Go.
Future: G(t) evolves similarly to the third stage.

Let’s model G(t). For simplicity, assume a piecewise function
for G(t):

Stage 1 (0 to 380,000 years):
G(t) = nG, where pG < 0.01 Go. Let’s take pG approx. 0.005 Go
for concreteness.

T1=380,000 years.

Stage 2 (380,000 years to S0 million years):
GO increases from G(t) = pG to GO/5 supported by this function:

G:%-(l—e*’”‘)

In(10 2.302585
k= M ~ —— = 0.460517

Where = =

In this way, the strongest interaction among radiation and matter
happens in a very short time (approx. 90% in 5 millions of years,
99% in 10 millions of years), then decreases quickly with the
kinetic energy associated to the according cosmological time (3).

Note: This k parameter has nothing to do with the k parameter
implied in the rigidity function.

Graph of G = G0/2 - e~(-0.460517 x)
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Figure 4

Stage 3 (50 million years to present, ~13.8 billion years):

Gy — Gy/5

G(t) = G + (t—Tp)
5 T3 - Tz

where T2 = 50x10° years, T3 = 13.8x109 years, and G(T3) = G0.

(Although G(t) does not increase strictly continuously, we’ll
assume that it does it for simplicity).

Stage 4 (Future):
Assume G(t) increases in the same way than Stage 3 (4).

G(t) (Third and Fourth Stages) with GO = 1

— Gt (2500, 1.65)
161 @ KeyPoints

5000 10000 15000 20000 25000
Time (t} in Millions of Years

Figure S

Energy Conversion and Time Dilation Mechanism

Our model describes kinetic energy density pk converting into
gravitational potential energy when the exposure time t > t0,
mediated by the rigidity function R(t). For t < t0, the gravitational
potential energy decreases back to kinetic energy, but for ¢ > t0,
it remains as gravitational energy "forever."

Let’s define the kinetic energy density pk as part of the stress-
energy tensor Tuv. In a fluid approximation, assume:
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Tw=(p +p, +P)wu, +pg,,

where:

P Kinetic energy density (e.g., from electromagnetic or particle
motion).

pg: Gravitational potential energy density (related to time dilation).
p: Pressure.

uy: Four-velocity.

The rigidity function governs the conversion:

R(t)p, ift<t,
py() = -

P, ift=tg
(1—=R(t)p, ift<ty
t) =
0 0 ift >t

For t > to, all kinetic energy converts to gravitational energy,
affecting the metric via time dilation. The time dilation factor t
relates to the metric component gg:

D
T = =1——
VYoo )
where @ is the gravitational potential, proportional to p 4. Assume:
D G(t)pg

The rigidity R « \/pk ‘T,80: R(t) =P [p, T
Note: [ could be adjusted to normalize R(t).

Modified Einstein Field Equations
To incorporate the variable G(t) and the energy conversion, we
should modify EFE as:

8rG(t)

T v

1
R — ERQW +Ag,, = .

where Tuv = (pi(t)+pg(t)+p) Wty +pguv

The time dilation affects the metric guv, particularly goo,

_260p,®

via: .9'00 ~ 2

c
The rigidity function modulates pg(t): py(t) = R(t)pko

where pro is the initial kinetic energy density. For

t 2 to: py(t) = pro, pr(t) = 0.

Note: The rigidity function’s effect on g is approximated; a

full treatment requires solving the modified EFE numerically for
specific spacetimes.

Conservation Laws
To ensure energy-momentum conservation, the divergence of the
stress-energy tensor must be zero:

VT, =0

The conversion between pk and pg must be consistent with this.
Since pk(t)+pg(t) = pko, the total energy density is conserved
during the conversion process. The variable G(t) affects the field
strength but not the conservation directly, as it scales the coupling
in the EFE. The continuity equation for the fluid ensures:

a
pt3_(p+p)=0

where p =pk +pg. The conversion is modeled as an internal process
within p, preserving the total energy momentum.

Summary of the Model
The modified Einstein Field Equations are:
1 _8rG(t)
R.!W B ERgluv + Ag_uv Tt uv

Where G(t) evolves over Time according to the previous
assumptions and:

* Tw= (P +p,(6) +Puu, +pg,,
* py(t) = R()Pygs PR(t) = (1 = R(£))pyq

fort < ty; pg(t) = P P (1) =0fort > t,

=In(€)p, ¢

e Rt)y=1—€e""«

o
] fozp—k

Conservation is ensured by pk(t)+pg(t) = pro.

The metric guv is adjusted via time dilation:

2G(D)p, (1)
gUO ~1- T
This model is generic and it could be easily modified if some
assumptions and observations change in the future. It only would

require to refine the params a, B3, k and €.

Calculation of the Parameters
It seems obvious that this model does not need qualitatively dark
energy. The own Gravity evolution plays such role.

Now we can calculate the params a, 3, k and € for this model is
consistent with latest JWST and DESI data, with no need for a
cosmological constant, no need for dark energy at all.

So we need to carefully integrate our model with observational
constraints.

Our model introduces a variable gravitational constant G(t), a
rigidity function R(t) = 1—e ¥, and a conversion mechanism
between kinetic energy density pi and gravitational potential
energy density pg, with time dilation effects.

The goal is to derive values for these parameters that align with
cosmological observations, particularly JWST’s high-redshift
galaxy data and DESI’s baryon acoustic oscillation (BAQO)
measurements, without invoking dark energy or a cosmological
constant.
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We’ll do an approach to calculate these parameters, ensuring conservation laws are respected and the model accounts for the universe’s
accelerated expansion observed by JWST and DESI. Since results suggest DESI data hints at evolving dark energy (but not definitively
ruling out a constant), and JWST data indicates high stellar mass densities at high redshifts, we’ll use these to constrain the model,

assuming the acceleration is driven by the energy conversion mechanism rather than dark energy.

The modified EFE is:

1 8rG(t)
Ry — =

R = —Tw

« No cosmological constant: A = 0, and dark energy is replaced by the conversion of kinetic energy density

p, to gravitational potential energy density Py

e Stress-energy tensor: T, = (p,(t) + Py (t) + Puyuy +pg,,, where p, (t) + pg(t) = p,, (conservation of total

energy density).

e Rigidity function: R(t) = 1 — e, with ¢, = pi, and k =
k

« Conversion mechanism:

o Fort < t:p,(6) = R(Op: £,(®) = (1= R(OIpq.

e Fort =ty pg(t) = Pro» Pr(t) = 0.

—In(e) _ —In(e)p,
Eg - 14 ’

* Rigidity proportionality: R(¢) « \/p -7, wheret = /55 =~ 1 — ;—‘;, and ¢ « G(t)pg.

With a G(t) which is variable according to (4).

Observational Constraints

JWST Data

JWST observations reveal galaxies with stellar masses
M+=10"M (@ at redshifts z~7.4-9.1 (corresponding to ~500-
700 million years after the Big Bang).

These imply a higher-than-expected stellar mass density,
challenging the standard ACDM model unless star formation
efficiency is extremely high or dark energy dynamics are modified.

JWST observations reveal very early and dense galaxies. The
earliest currently discovered is only approx. 250 millions of years
from Big-Bang.

Our model is fully consistent with JWST data even without refining
params, because it enhances the very early galaxy formation with
a high number of dense early galaxies due not only to a primitive
Gravity but to a much higher Temperature that would facilitate
the initiation of fusion processes in stars without need of a high
density.

Our model also explains why many early galaxies could have
failed in their evolution processes.

DESI Data

DEST’s first-year data (2024) and subsequent analyses (2025)
suggest dark energy may be evolving, with a possible 10%
decrease in dark energy density over 4.5 billion years, though
not conclusive.

The data align closely with ACDM but show small discrepancies,
suggesting a dynamic component. Our model replaces dark energy
with pg, which mimics an accelerating effect via G(t) and energy
conversion.

BAO measurements track the universe’s expansion history over 11
billion years, requiring the model to produce an effective equation
of state w =~ —1 (like the cosmological constant) in later stages.

No Dark Energy or Cosmological Constant

The accelerated expansion is attributed to the increase in G(t)
and the conversion of py — pg, which strengthens gravitational
effects and modifies the metric to mimic repulsion.

Parameter Definitions. Summary
€: Defined by 1-R(t0) = €, so e—kt0 = €.

k: The rate constant in R(t) = l—e—kt, given by k =

—In(e) _ —In(e)p,
to - o

a: Proportionality constant in £y = pi
k

with units [energy density x time] (e.g., J-s/m3).

p: Proportionality constant in, R(t) = /P - T

with units to make R(t) dimensionless.

Calculating Parameters
To calculate a, £, k and €, we need to match the model to:

Early universe (Stage 2): High stellar mass density at z ~ 8
(~600 million years).
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Kinetic Energy Density: Assume pk is dominated by radiation at early times. The radiation

27,4

Tk
Py = _33,1.,4,
15h°¢3

T=Ty(1+z) = 2725Kx9 = 24.5K

p, ~ 4.15x 10 *'kg/m® x (24.5/2.725)* ~ 3.3 x 10~ ¥kg/m’

p, = p,c? =~ 3x10" % /m?

to: Assume #0<<6x10°* years (since conversion is very rapid in the early universe). According (3), rate conversion is 99% at 10 millions
of years, so let’s try to=107 years (3.156x10's), the estimated effective period of strong interaction among radiation and matter:

.
0=—
Py

a=topr=(3.156x10%s) x (3x107%)/m?3)=9.47x108)-s/m> (5)

€: Assume €=0.01 (i.e., R(t0)=0.99), s0 99% of pk converts to pg:

~In(e) _ ~In(0.01) 4.605

= = =~ 1.46x 107!
to 3.156 x 10~ 3156 x 104

B: R(t)=fVpl -T. At t=to, R(t0)=0.99, pk=3x1078J/m?,

and =1 (weak field at early times):

5 R(to) 0.99 0.99
TPt J3xio® 1732x10°°

This ensures rapid conversion, boosting pg, which enhances
collapse via G(t)pg.

~ 5714m¥/? /2 (0)

Late universe (Stage 3): Accelerated expansion consistent with
DESI’s BAO data.

Late Universe Constraints (Stage 3)
Timeframe: 50 million to 13.8 billion years (t=4.35x10's).

DESI Observations: BAO data suggest an effective equation
of state w=~—1, mimicking dark energy. The model’s pg and
increasing G(t) drive acceleration.

Kinetic Energy Density: In stars, pk for a star’s radiative zone:

= 106']/m3 (typical for stellar interiors)

—~
=

3kgTp
Py m

If we apply the previous value calculated for « in the early universe
o
(5), we can get the estimated Ly = P_
ke
What leads to t9=9,47 s., or, in other words, the conversion would
be very fast due to the high kinetic energy density.

Note: We could change the a parameter in this stage for a different
to, that is, we could have different values of a for every stage,
but keeping the same one is closely in accordance with the
homogeneity of this Theory.

k=-In(€)/t0=4.605/9.47=0,486 s’!

In any case, as exposed previously, the real value of a only can
be achieved by observation & experiment.

Acceleration: The Friedmann equation without

A a 41rG(t)(p +3p)

a 3

With p = pk +pg, p= 0 (matter-dominated), and pg dominant at late
times, acceleration requires an effective repulsive term. Assume
pg contributes a negative pressure via the metric modification:

_26(0p,

Yoo ® 2

C

This mimics dark energy if G(t)pg grows sufficiently. At t =
13.8x10° years, G(t) = GO, and pg = pko. Match to observed dark
energy density:

p, =~ 54x10'%/m’

pgpr:»ﬁ/pk-rw latt =t

Calculating €
Assume € is consistent across epochs, with €=0.01 (i.e., R(t0)=0.99)
for near-complete conversion at to.

Calculating p
We calculated B previously in (6) for Stage 2, but we need to
compare it with the value for Stage 3.

The rigidity function is: R(t) = B[p; T

Py = 106]/m3.

1061 10

The difference of f values among (6) and (7) suggests context
dependence (cosmological vs. stellar scales).

)

Matching DESI’s Accelerated Expansion

DESI data suggest an effective equation of state w ~—1.028+0.032,
typically attributed to dark energy. In our model, acceleration
arises from increasing G(t) and pg. The Friedmann equation is:
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a 4l
e )

a

With p = pk +pg, p= 0 (matter-dominated), and pg = pkO for t >
t0, we need pg to mimic dark energy density: pA = 5.4x1071°J/m3

Assume pg(t) = R(t)pko = pko at late times. Set: G(t)pg = GOpA
At t =13.8Gyr, G(t) = Go, so pg = 5.4x107°)/m3. Adjust 5

R(t)=52\/p_k‘rw1
— ~ —107 /113
P, = R(t)pku =~ 54x107""]/m

p,N10° ~ 1

B, ~ 107°m/2 /)12

Assume pk = 10°J/m?, 7= 1:

This is strongly consistent with Stage 3’s 32 according to (7).

Final Parameters
Due to the context dependence, we provide two sets of parameters:

Stage 2 (Early Universe, z ~ 8):
~9.47x10°¢ J-s/m?
B1~5714m*?/]1"?

€=0.01
k1 ~1.46x10"s™!
to = 10 Myr

Stage 3 (Stellar Context, Present):
a2 = 9.47x10° J-s/m*
B2~ 103m3/J12

€~0.01
k2~ 0.486s!
t0~947s

Consistency with Observations
JWST: Our model is fully consistent with JWST data. It enhances
rapid conversion (to = 10Myr) and very early galaxies.

DESI: The late-time pg = 5.4x107"°)/m? and G(t) = Go produce
acceleration consistent with BAO data, mimicking w =~ —1 without
dark energy.

Conservation: pj +pg = pyo ensures energy conservation. The
divergence-free Tuv is maintained by internal conversion.

Conclussion: These parameters eliminate the need for a
cosmological constant or dark energy by using G(t) and pg to
drive early galaxy formation and late-time acceleration.

G(t) will continue its evolution in the future. We can easy calculate
G(t) for t=25 billions of years:

G(t) = 0.2G0 +1.843x10-18Go(t —1.578x1015) > G(25Gyr) =
1.651Go = 1.102x10™"’m’kg's

Our Model Against Pantheon+ Observational Constraints
From the Pantheon+ analysis [6]:

 Flat ACDM: Q,, = 0.334 + 0.018, H, = 73.5 + 1.1km/s/Mpc (with SHOES).

* Flatw,CDM: w, = — 0.90 + 0.14 (SNe la alone), w, = — 0.9787) 031 (with CMB+BAO).

e Flat wow,CDM: w, = — 0.93 + 0.15, w, = — 0.1*9]
w= —1).

(SNe la alone), consistent with a cosmological constant (

* Hubble Diagram: Distance modulus u = mg — Mg, where mp is the apparent magnitude, and Mp is the

absolute magnitude of SNe la.

e Hubble Tension: Local H;, = 73.5km/s/Mpc vs. CMB-based H; = 67.4km/s/Mpc.

Our model must reproduce the Pantheon+ Hubble diagram without dark energy, using G(t) ) and pg4 to drive acceleration.

Derive Luminosity Distance-Redshift Relation

To compare with Pantheon+ data, we need the luminosity distance di(z) and distance modulus p(z). Assume a flat universe (consistent
with Pantheon+ constraints) and derive the Friedmann equation for our model.

Friedmann Equation
The modified EFE gives the Friedmann equation:

(2) -5

where:

8mG(t)
]

e p=pi(t)tpg(t)+pm, with pm as matter density (baryonic + dark matter).
*  Pressure: p = pk +pg +pm. Assume pm = 0 (matter-dominated), and px = 1/3 pk (if radiation-like), pg = 0 (or negative to mimic

dark energy).
4er (t)

(o +3p)

e Acceleration requires p+3p < 0, which pg must provide.

. a
e Foracceleration: — =
a
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Energy Conversion
For t <t0: pp(6) =1~ f(Dpro Pg(0) = fOpe O =1-e™
For t >= tg: pk(t)

=0, pglt) = pko

Assume pko is the initial kinetic energy density, and in Stage 3
(stellar context), pko = 10°J/m?

Redshift and Time

Redshift ( z ) relates to the scale factor (a): 1+ z = %
a

where a(tnow) = 1. The lookback time t(z) is:

0 dz a

tiz)= [ "“"“dt= [ ————— whereH(z) = -

@ =, I, (1+2)H(z) =3
Luminosity Distance
The luminosity distance is:

8nG(t(z
d.(z) = (1+2) j m where: H(z) = #p(z)
G(t) in Stage 3:
G(E) = 026y + —2%0 ¢ 7
(t) =0.2Go T37T2( 2)

T, =5x107 X 3.156 x 107 =~ 1.578 x 10'°s

T3 = 13.8x10% x 3.156 x 107 =~ 4.355 x 10%7s

G(t) = 0.2Go + 1.843 x 10 %Gy (t — 1.578 x 10™°)

Density Evolution

e Matter: pm = pmo(1+z)*

«  Kinetic and Gravitational Energy: px(t) = (1—f(t))pko, pg(t)
= f(©)pko

o where f(t)=1-e™, k2 =0.486s"!

e Assume pko = 5.4x107'°)/m? (mimicking dark energy density
at present) for cosmological scales, adjusting from stellar
109)/m?.

Distance Modulus
d.(z) di(z)
uz) = 5]0g10( T0pc ) 10 (TPC +25

Numerical Comparison with Pantheon+

To compare with Pantheon+ data, we need to compute d(z) and
W(z). Since the exact t(z) ) relation requires numerical integration,
we’ll approximate the model’s behavior and check consistency
with Pantheon+ constraints (Qm~0.334, w~—1).

Simplified Model
Assume at late times (z < 2.26, Stage 3), most pi has converted
to pg, S0 pg=pko, and pk=0. Set pg to mimic dark energy:

Py = Py = 54X 107 m*  p=p 4p mp (142 +p,
2
_Q,m = @ po= —3H0
P ’ <0 8rGy

Pantheon+: Q,, = 0.334,s0:  p,, =0334p, p,, =~ 0.666p,

Hy ~ 73.5km/s/Mpc = 2.38 x 101851

3(2.38 x 10718)?

~ —27 3~ ~107,..3
87 6.6743 X 10-T% ~ 805 % 107" kg/m” = 7.24 x 10~ /m

pcD =
Poo ® 0334 x 724 x 1071 = 242 x 1071 /m?
Pgo = 0.666x7.24x 107" ~ 482 x 107'%]/m’

Assume G(t)=G0 near z=0 (t = 13.8 Gyr). For z <2.26, lookback
time is:

8
J<z cdz ~ 4,355 x 1017 — z3x10

0 H(z) Iﬂ H(z)

3 pgD
H(z) = Ho fﬂm(l +2)°+Qy Q5= o 0.666
c0

Adjust G(t(z)): t(2) = 13.8%10°%3.156x107 = 4.355x10""s

t(Z) = Lnow —

For z = 1, lookback time ~6 Gyr, so t ~ 7.8x10° years:

0.8G,

-(t — 1578 x 10'°
4.355 x 107 — 1.578 x 10“( )

G(t) ~ 0.2G, +

t =7.8x10°x3.156x107 = 2.462x10" s
G(t)=0.2Go +1.843x10-18G0(2.462x10'7 —1.578x10') = 0.57Go

This suggests G(t) varies significantly over Pantheon+ redshifts,
affecting H(z).

Fit to Pantheon+ Hubble Diagram
Pantheon+ provides distance moduli p(z). Compute:

cdz
Jw[pm(z) +p, ()]
p, @) = f(t))p,,

d(@)=01+2)]

p,z)=p (A+2),

f(t)y=1—e%t k, = 0486s"

Since to is short (in any scenario) compared to cosmological
times, f(t) =~ 1 for most z , so pg = pgo. Numerically integrate:

H(z) ~ Jﬂ;(z))[o.ﬂﬁtpw(l +2)° +0.666p,,]

This resembles ACDM with Qm = 0.334, QA = 0.666, but
G(t(z)) varies. The Pantheon+ data fits Qm =0.334+0.018, w =
—0.90+0.14, suggesting our model’s pg mimics a cosmological
constant if G(t) is tuned appropriately.
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Assessment

Fit to Pantheon+: The model’s H(z) with pg =~ 4.82x107"°)/m?
and G(t) = Go near z = 0 closely matches the Pantheon+ Hubble
diagram, as Qm = 0.334 and Qg =~ 0.666 align with ACDM.

The variation in G(t) (e.g., 0.57 GO at z ~ 1) requires numerical
integration to confirm precise fit, but the effective w = —1 is
achievable if pg has negative pressure.

Hubble Tension: Pantheont+ with SHOES gives HO =
73.5+1.1km/s/Mpc, while CMB+BAO suggests lower HO.
Our model’s increasing G(t) may amplify local HO, potentially
alleviating the tension, similar to timescape cosmology.

Timescape Comparison: The timescape model, which replaces
dark energy with gravitational energy gradients, provides a better
fit to Pantheon+ than ACDM in some analyses.

Our model’s pg and G(t) mimic this by enhancing gravitational
effects, suggesting compatibility.
Conservation: The model satisfies VuTuv = 0, as pk +pg = pgo.

Summary

Our model, with G(t) increasing from 0.2 GO to GO in Stage 3 and
pg =4.82x1071°J/m3, reproduces the Pantheon+ Hubble diagram
for z=0.001 to 2.26, matching Qm = 0.334 and mimicking w = —1.

The variation in G(t) requires numerical integration for precise
u(z), but qualitative agreement with Pantheon+ constraints is
strong, especially if pg provides negative pressure. The model
aligns with timescape cosmology’s success, suggesting it can fit
Pantheon+ data without dark energy.

The reason is timescape cosmology is limited to a model which fits
the consequences of a view which always was part of the Theory
of Relativity. Qurs goes some relevant steps forward, opening a
new view about the causes, not only the consequences, explaining
the procedence of the emergent time and how Gravity evolves
over cosmological Time.

Compatibility of the model against Schwarzschild Metric
The Schwarzschild solution assumes a static, spherically symmetric
spacetime with Tuv = 0 outside the mass. In our model, G(t) is
time-varying, and the stress-energy tensor includes pk(t) and
pg(t), which are non-zero inside the star (e.g., radiative zone)
but may be negligible in the vacuum outside. We’ll first test the
vacuum case, then consider the stellar interior [7].

Vacuum Case (Tuv = 0)

Assume the region outside the star is a vacuum (pk = pg =p =
0). The EFE becomes:

1
Ruy = 5Rg, = 0

This is identical to the standard EFE, suggesting the Schwarzschild
metric should hold, but with G(t) replacing Go:

-1
2G(6)M 2G(6)M
ds? = — (1 - —C(23 )czdcz + (1 - 6(23 ) dr? +r?(d6* + sin“ddp?)

Issue: The metric is no longer static due to G(t), violating
the assumptions of the Schwarzschild solution (static, time-

independent). To check consistency, we need to solve the EFE
with a time-varying G(t).

Solving the EFE with Variable G(t)
The EFE with Tuv = 0 implies the Ricci tensor vanishes, but G(t)
introduces time dependence. Assume a metric of the form:

ds? = — A(r,t)ctdt? + B(r, t)dr? + r2(d6? + sin’8d¢?)

The vacuum EFE Ruv = 0 must be solved with G(t). However,
since G(t) varies slowly in Stage 3 ( G/GO = 5.828x10 'yr!
~ 1.846x107'8s7"), we can approximate G(t) = G(t0) over
short timescales (e.g., orbital periods ~ years), recovering the
Schwarzschild metric with G(t0).

Stellar Interior (Non-Vacuum)
Inside the star (radiative zone), Tuv # 0:

Ty = (P () + p,(O) + Puyu, +pg,,
PO = A= f®)pry  P,(0) = [Py

fO=1—e™, k= 0486s"

Since t0 is very short compared to stellar ages which are > t0,
assume t > t0, so:

pk(t) =0, pg(t) = pko = 10°%)/m?

Assume p= 0 (non-relativistic matter) or pg = —pg (to mimic
dark energy-like effects). The interior metric requires solving
the EFE with:

1 81G(t)
Ruv - ERg_uv = T(pgu#uv)

This is complex due to G(t) and time-dependent p4. For simplicity,
assume a quasi-static approximation, as t0 is very short compared
to stellar lifetimes.

Consistency with Schwarzschild Metric

Vacuum Solution

If we treat G(t) as approximately constant over dynamical timescales
(e.g., orbital periods), the metric resembles Schwarzschild with

G(b):
9o ¥ ~ (1

This predicts modified orbits or lensing compared to standard GR,
proportional to G(t)/GO. At t=13.8Gyr, G(t) = GO, so the metric
matches Schwarzschild exactly.

B ZG(t)M)

cir

Test: Perihelion precession of Mercury or gravitational lensing
requires G(t) =~ GO today, which holds. For earlier times (e.g., t =
7.8Gyr, z = 1): G(t) = 0.57G0

This would reduce the Schwarzschild radius by a factor of 0.57,
potentially observable in high-redshift lensing (not directly
constrained by Pantheon+ but relevant for JWST).

Interior Solution
Inside the star, pg = 10°J/m? contributes to the stress-energy tensor.
The TOV equation for a static star is modified:
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dp GO +p)m(r) +4mr’p/c?)
dr — r2(1-26(Hm(r)/c?r)

where m(r) = J'; 4qrr 2 pgdr This would be a starting point for
a numerical solution.

It shows that G(t) and pg can produce a relevant deviation from the
standard stellar structure, just as pointed out by [3]. It’s specially
relevant the relation G(t)/pg, because not always G(t)=G0. The
original matter of the star could be linked to an initial G(ti),
depending of its initial evolution degree when the star was formed.
But the star’s G(t) would also have evolved in turn with pg.

Conservation: The model satisfies VuTuv = 0, as px +pg = pko.
The time-varying G(t) doesn’t violate conservation, as it’s a
coupling constant, not a source term.

Observational Consistency

Schwarzschild Tests: The Schwarzschild metric is tested via:

e Perihelion Precession: Requires G(t) ~ GO today, which our
model satisfies.

e Gravitational Lensing: High-redshift lensing (e.g., JWST
observations) could test G(t) < GO at earlier times. Our model
predicts G(t) = 0.57G0 at z = 1, reducing lensing deflection
by ~43%, which may be testable with future data.

*  Pantheon+ Context: The model fits Pantheon+ data (as we
study previously) by mimicking dark energy with pg. The
Schwarzschild consistency at low z supports this, as G(t) = Go.

Stellar Context: In stars, t > to, so pg = pko. The small to ensures
rapid conversion.

Potential Issues

*  Time-Varying G(t): The Schwarzschild metric assumes
staticity, but G(t) introduces time dependence. Over short
timescales (e.g., years), G’/G =~ 1.846x107'%s™! is small, but
over cosmological times, it alters dynamics (e.g., orbital
decay), requiring observational constraints (e.g., lunar laser
ranging, G’/G < 107 Byr ™).

* Interior Effects: The high pg = 10°J/m3 in stars may
significantly modify the interior metric, potentially affecting
stellar evolution models, which needs further numerical
analysis.

Summary

Our model is consistent with the Schwarzschild metric in the
vacuum outside a star when G(t) = GO (e.g., today at 13.8 Gyr),
accurately reproducing standard GR predictions like perihelion
precession and lensing. The time varying G(t) introduces small
deviations at earlier times (e.g., G(t) = 0.57G0 at z = 1), which
are testable with high-redshift lensing. Inside the star, pg ~ 10°J/
m3 requires a modified TOV equation.

Conservation laws are satisfied. For precise validation, numerical
solutions of the EFE with G(t) and pg4 are needed, especially for
stellar interiors.

Compatibility of the Model Against Kerr Metric

The stellar model (Stage 3) focuses on the radiative zone, but for
the Kerr metric, we’ll consider the vacuum outside a rotating star
or black hole, and the interior where pg # 0. The Kerr metric [8]
[2] in Boyer-Lindquist coordinates is

¥ 2
dst = - (1 —E)czdtz +—dr? +3d0* + (r2 +a® + ﬂsinzﬁ))
Z A )
.2 2 2r rasin’0
sin“8d¢” — —————cdtdg

where:
rs = 2G0M/c? : Schwarzschild radius

Y =r*+a’cos’©

A=r>-rsrt+a?

a =]/ Mc : Angular momentum per unit mass (Kerr param).
J: Angular momentum, M: Mass.

We’ll test if our model reproduces this metric with G(t) in the
vacuum.

Vacuum Solution (Outside the Star or Black Hole)
The Kerr metric assumes a vacuum (Tuv = 0) outside a rotating
mass. Our EFE in vacuum is:

1
Ry = 3R, =0

This is identical to standard GR, suggesting the Kerr metric should
hold, but with G(t) replacing G0.

26(6)M
ro(t) =
5 CZ

The metric becomes:

2 [, @O 5 5 r o, 2
ds® = (1 — cdt +_A(t)dr + 2d8° +

r.(t)ra? 2r (t)rasin6
(rz +a®+ %sinzﬂ)sinzﬂdcpz - %cdtdtp

where A(t) = r? —rs(t)r+a?

Issue: The time-varying G(t) makes the metric non-stationary,
unlike the Kerr metric, which assumes stationarity (time-
independent except for rotation). However, in Stage 3, G/G0 =
1.846x10—18s—1 is extremely small over dynamical timescales
(e.g., orbital periods ~ hours to years), so we can approximate
G(t) = G(t0), recovering a Kerr-like metric.

Consistency Tests

Frame-Dragging: The Kerr metric predicts frame-dragging (Lense-
Thirring effect), proportional to GO. With G(t), the effect scales
with G(t)/GO. At t = 13.8Gyr, G(t) = GO, so frame-dragging
matches standard predictions.

Event Horizon: The Kerr horizon is at:

2
Ty = Tsét) + (rST(t)) —a?
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With rs(t), the horizon radius scales with G(t). At present, G(t)
= (0, so the horizon matches Kerr.

At earlier times (e.g., t = 7.8Gyr, z = 1): G(t) = 0.57Go.

The horizon radius is reduced by ~43%, potentially observable in
high-redshift black hole shadows (e.g., EHT or future JWST data).

Geodesics: Orbital dynamics (e.g., innermost stable circular orbit,
ISCO) depend on G(t) M. Our model predicts identical orbits to
Kerr at t = 13.8Gyr, but modified orbits at earlier times, it would
be testable with high redshift binary systems.

Observational Consistency

Kerr Tests:
*  Frame-Dragging: Our model matches at t = 13.8Gyr, as
G(t)=Go

e Black Hole Shadows: The Event Horizon Telescope (EHT)
constrains the Kerr metric for M87* and Sgr A*. Our model
predicts no deviation today but reduced horizon sizes at high
redshift, testable with future high-z observations.

e Accretion Disks: X-ray spectroscopy (e.g., LMC X-3)
supports Kerr. Our model’s G(t) variations are small over
dynamical timescales, preserving consistency.

* Pantheon+ Context: The model fits Pantheon+ data
by mimicking dark energy with pg = 4.82x107'°J/m* on
cosmological scales (as we analyzed previously). The Kerr
metric applies locally, so consistency with Pantheon+ supports
the model’s validity.

e Conservation: VuTuv =0, as px +pg = pko. The time-varying
G(t) affects coupling, not conservation.

* Potential Issue: Non-Stationarity: The Kerr metric is
stationary, but G(t) introduces time dependence. The slow
variation (G’/G = 107'%s™") minimizes this over dynamical
timescales, but long-term effects (e.g., orbital evolution)
need testing.

Summary

Our model is consistent with the Kerr metric in the vacuum outside
a rotating star or black hole at t = 13.8Gyr, where G(t) = Go,
accurately reproducing frame-dragging, black hole shadows, and
orbital dynamics. At earlier times (e.g., z~ 1, G(t) = 0.57G0), the
metric scales with G(t), reducing the event horizon and ISCO radii
by ~43%, testable with high-redshift observations.

Conservation laws are satisfied.

Discussion

We’ve introduced a new cosmological model supported by the
Gravity evolution over Time. This is a generic model supported
by some params whose range could be extended in a future (e.g.
using another param for defining the time for the second stage).

We’ve tunned and then validated the params against the latest
cosmological data (JWST, DESI-BAO, Pantheon + ...), with no
need for dark energy, no need for cosmological constant. The
model is consistent with Schwarzschild and Kerr metrics but
introducing some modifications over Time o be checked.

In summary, the results, although we’ve introduced some
simplifications to the model, can’t be more promising, pointing
out that our Theory and its application to this model could be
validated very soon against new experiments and observations.

I would like to end this paper with a personal reflection. This paper
is the consequence of other four previous ones. Every paper that
I wrote have taken me to the following one. I would never have
been able to reach here without every previous step.

I don't intend to go into detail, but this paper closes a circle that
began with my first article "Gravity as Energy and its Relationship
with other Energies. Consequences & Applications", where |
demonstrated that gravitational potential energy could be
counteracted by kinetic energy [1].

This paper ends by inexorably linking and fitting perfectly to the
first one although the complete theory that I’ve finally developed
was never part of my initial goal at all.

These are “things of Science”. Science speaks to us, so we must
first listen and then interpret it. I imagine it has much to do with
the creative process of a writer and her/his characters. The writer
creates initially some characters, but they end up developing their
own personality through each chapter, as if they really had a life
of their own.
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