Quantum-Relativistic Formulation
or of matter as energy

The CDM standard cosmological model Atries to respond to the apparent lack of baryonic
matter, based on observations in the optics and dynamics of the outermost stars of galaxies, introducing
cold dark matter among its parameters. The roots of the Standard Model are in turn based on the FLRW
model, which assumes the universe as a perfect fluid at cosmological scales, where galaxies are the
elements of the fluid with a homogeneous and isotropic density of matter. This idealization carries some
risks. The first is to consider all galaxies as homogeneous masses when observations provide us with
important differences, and the second and most relevant is that it does not take into account gravitational
effects.
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At the origin of all cosmological models is the equation of the General Theory of Relativity,
where it is essential to define the tensor of matter T*#in order to obtain Einstein's tensor and the metric
tensor of space-time.G,p9,, Consequently, the concept of matter or mass is the key to describing what

kind of space-time generates or causes. Based on the previous chapters where we exposed the
foundations of the quantum-gravitational theory, we address in this one a conceptual turn of the GRT
and its cosmological model, replacing mass with its equivalent gravitational energy and the consequent
modification of the right side of Einstein's relativistic equation.

The exhibition is divided into three parts:

1. Bases for a quantum-gravitational cosmological model: A study of the energetic evolution
of our universe is carried out, considering it as a closed system and applying the laws of
thermodynamics.

2. The gravitational Hamiltonian: The gravitational Hamiltonian of the universe is defined as
including all baryonic matter and its entanglement relationships. Deducing that matter
cannot guarantee the conservation of the energy of the universe.

3. Quantum-gravitational relativistic equation: The substitution of the energy-momentum
tensor of matter by the tensor of gravitational energy in the equation of General Relativity,
given the previous verification of the equivalence between baryonic matter and gravitational
energy.

1. Bases for a OQuantum-Gravitational Cosmological Model

The consideration of the universe as a closed system in its classical sense has strong
cosmological implications that are not the subject of this article but that are the basis of all its subsequent
development, applying it in its most restrictive and strong sense as an absolute whole at any moment in
its history.

The model uses these four physical pillars:

1. Laws of Thermodynamics.

2. The space-time defined by the TGR.

3. Quantum-mechanical theory.

4. Baryonic matter and gravitational energy are equivalent.

The first three pillars are already a collection of the scientific community, while the last will be
the main object of this article.



We are especially interested in the first law of thermodynamics of the conservation of energy
throughout the history of the universe, and therefore we will make a comparison between the energies
of a primordial moment and the present moment.

The initial conditions when the universe was 1 s old, at the end of the inflationary era,
hadronization and baryogenesis could be summarized as follows:

Approximate temperature of 1010 °K and in thermal equilibrium.

A small universe with an expansion factor.a > ct

Particle plasma: photons, protons, neutrons, electrons, and neutrinos.
Low entropy.

Flat space-time.
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These conditions define a small, hot, and dense universe. Its parameters for this time are: a total
energy Eu(t0); Baryonic nu particles (protons and neutrons); initial volume Vu(10); temperature Tu(t0);
entropy Su(t0) and finally by an expansion factor au(z0).

The energy Eu(t0) is the sum of the following energies, all of which are positive.
Eu(to) = EYO + EH + ECO + EPO + ET + EX + EBBO+ EGO (37).

E,, itis the energy due to photonic radiation; it is the energy due to the rest mass of all particles;
it is the kinetic energy of all of them; it is the residual energy mainly due to electrons and neutrinos; it
includes possible potential energies, excluding gravitational energy; E,E. E,.Ep EX represents the
energy associated with the background X-radiation, due to the braking between electrons and protons,
known as bremssthralung; it is the energy left over from the Big Bang by which the universe continues
to expand and finally encompasses all gravitational energies.Egg Eg,

In the present tense ¢/, the verified energies are detailed below:
E,(t;) =E, +E, +Ec +Ep +Epp +Ey+ E;, (38)

The initial radiation energy has practically disappeared as matter prevails over radiation. has
remained practically constant. it must have diminished by the expansion itself. we can consider it
constant, although we sense its value to be negligible. E, E,Egp Ep E,it will have decreased
appreciably as a result of atomic formation. £X although it could be associated with current
background X-radiation such as bremssthralung, its value has to be significantly lower. EM
encompasses the energies associated with the radiation of matter due to their grouping: extragalactic
light background (EBL), background X-ray radiation as a possible origin in quasars and gamma-ray
bursts. The quantitative assessment of kinetic energies requires a more detailed analysis in their
respective times.E¢, ¥ E¢,

The universe described in #0) meets the conditions to be able to apply the theorem of
equipartition to it, being able to define its kinetic energy as a function of its temperature by:

3
ECO = ENTTU’ (39)

where NT includes photons, electrons, baryons, and neutrinos. We avoid applying the virial theorem for
two fundamental reasons: the strong expansion and exclusion of gravitational potential energy, in
addition to the very possible presence of non-conservative forces.



If we take our present time with an estimated age of the universe of 13.8 billion years and a
temperature of 2.7 °K, the resulting cooling rate is 7.25 °K/year. Obviously it does not respond to its
thermal history, as it cooled much more quickly in its early years. But it does respond to the hypothesis
that its cooling was not due to the growth of its volume, then if it had been so it would be correct and
there is no evidence that the expansion factor was greater at the beginning (after the inflationary era),
but the latest observations indicate the opposite.

The sharp drop in temperatures in the early epoch of the universe becomes a decisive factor in
its energy evolution. We have to momentarily abandon the analysis of kinetic energy in our present time,
to focus on an intermediate epoch when the universe was 340,000 years old, when it began to become
transparent by emitting the E¢ cosmic microwave background (MCF).

We can continue to apply the equipartition theorem and then the kinetic energy for this time ¢'s
will be:

3
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The universe underwent a drastic cooling in its first 340,000 years, going from the first minute
with an approximate temperature of more than 1010 °K to about 4,000 °K. This resulted in a decrease in
kinetic energy 25x106 from the initial kinetic energy with the total number of N7 particles constant.

The cause of this very strong decline is currently attributed to the great expansion that our
universe experienced at that time. We differ from that interpretation. Temperature is a measure of the
internal energy of the particles contained in a system and is fundamentally kinetic. If the system is closed
in its strictest sense as we are considering it, and if the number of particles existing at the instant #0 is
constant at all times, and in thermal equilibrium, its expansion cannot lead to a decrease in temperature.
The new volume is due to the expansion of the space without any energy input. There is no physical
reason for the temperature to decrease, since the kinetic energy has not been able to vary by the
expansion of volume and the radiated thermal energy is null as a whole because all the particles are in
thermal equilibrium, consequently, the new volume remains at the same temperature. Obviously the
energy density does decrease with volume, but the energy must remain unchanged.

The intense electromagnetic radiation that must have existed at this stage, mainly due to
photonic radiation, may have decayed, but it was compensated by the transfer of energy to the rest of
the particles, increasing their kinetic energy. In any case, its possible decrease seems clearly insufficient
to compensate for the estimated loss of energy.

To consider the universe as a closed system, which encompasses everything, without limits or
borders, in other words, infinite at all times, may be speculative and at the same time a plausible
hypothesis. Therefore to think that it can radiate energy out of it is simply absurd and for that reason the
Stefan-Boltzmann law of blackbody radiation cannot be applied to it. Likewise, the universe has been
expanding at superluminal speeds, so the particle plasma has not been able to exert pressure on any part
of the universe. There are therefore other causes that generated the drop in temperature.
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Figure 9

The figure schematically represents our primordial universe t0 and the current universe t1. The
only two visual observables are the size and distribution of matter, and two thermodynamic principles
that must be met: energy has been conserved and entropy has increased.

If we return to the kinetic energy of our present time, we cannot assess it by the theorem of
equiptition, since we find bodies of different sizes grouped in galaxies that are also very variable. But
we can measure the kinetic energy of our sun and compare it with the energy that all its component
particles would generate at time E¢ 0. The kinetic energy generated by our Sun by its translational

motion is approximately 3.9108x1055 eV (Mass = 1.9891 x 1030 Kg; Orbital velocity = 2.51 Km/s),
assuming that it is only composed of protons (1.18921x1057) at the temperature of 1010 °K we obtain
an energy of 1.53717283x 1064 eV. This shows us that the grouping of matter also meant a reduction in
energy that is not compensated by its own motion. The energy due to rotational motion has no nature
related to gravitational energy and could be shown to have been constant throughout the history of the
universe.

In conclusion, the kinetic energy and the contribution of E¢, < E¢ EM energy to the total
energy of the universe can be considered negligible, given its instability and variability, both in its light
and thermal aspects.

All energy contributions to Eu have decreased considerably, or have remained constant as is
the case with, could only guarantee the conservation of energy of the universe. EE, Egc represents all
gravitational energy whose origin is baryonic matter. We therefore need to find the expression of the

EG Hamiltonian that can be used for any moment in the history of our universe and thus be able to assess
its contribution to the conservation of the energy Eu.



1l The gravitational Hamiltonian

In all the evolutionary energy analysis of the previous section, gravitational energy has been
practically absent. The obvious conclusion that it presupposes the non-conservation of the total energy
of the universe and that only the gravitational energy E,(t,) > E,(t;)EG can guarantee it. For this
reason, we will address its study below.

From the Quantum-Mechanical Formulation we know that the equivalent of mass in
gravitational energy is:

3
M =N Epax = EN *Epgum (41)

This formulation can be transformed by multiplying and dividing by N., to transform it into the
gravitational Hamiltonian form of an isolated body of common baryonic matter:G. Epg)y
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Every body composed of more than one nucleon is energetically defined as the relationship
between the gravitational energy of entanglement that holds it together and the energy it emits as matter.
Thus mass can be expressed as a relationship between internal entanglement energies and external
entanglement energy.

The fundamental relationship of quantum-gravitational entanglement is:
€C-C= GEPGM ) GEPGM = G(EPGM “Epen) = G (43)

And it expresses at the quantum level the gravitational entanglement between baryonic matter.
This same relationship can also be expressed in classical terms of energy, as the sum of the energies
emitted individually by each body that will be transformed into the energy of entanglement.
C+C+Epy =C

2GEpgy + Egn = G Epgu” (44)

The above relationship clearly shows the need to introduce a new EEN term to ensure energy
conservation.

Een = GEpgy (Epgy — 2) = GEpgy? = €  (45) Whereas.Epgy > 2

EEN expresses the energy generated by the quantum-gravitational entanglement whose unit
value is approximately the universal gravitational quantum itself € This means that gravitational
entanglement is a continuous source of energy and quantum exchange between matter. Therefore, the
universal gravitational quantum © has a double physical value: it expresses the quantum-gravitational
entanglement between matter and the gravitational energy that generates that entanglement. The
consideration of the gravitational quantum € as energy is not arbitrary, since it is the product of EPGM
by the quantum gravitational constant, whose units are conventional and inherited from GG.



Gravitational entanglement is the physical manifestation of matter's attractive recognition of
each other, and it can be observed in two different forms: isolated matter and distant matter. The first is
a consequence of their gravitational effects over time forming aggregate bodies such as stars and planets,
and the second deals with the gravitational effects that they exert mutually between them. And if the
grouped matter is itself gravitational energy, it is so for the sole reason that previously that same matter
has emitted gravitational energy in accordance with (43) and earlier. There is therefore a constant
exchange of energy between matter through space-time. The Hamiltonian that describes the energetic
interaction of gravitational entanglement between two bodies of equal mass at low perturbations is

defined by [18]:
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Multiplying and dividing by G, remembering that; and replacing:G = géGm = NG,
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Its last fraction carries a deep physical meaning.
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Finally:
NZ
Hgy =3—= PE € 6%, O%p (49)

This is the Hamiltonian expression of gravitational entanglement in terms of the 7CG. In the
case of bodies of different masses, it would take the form of:

N12

€02, 8%y (50)
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The study of the Hamiltonian of (50) between distant bodies is much more complex in terms of
its quantification and not so much in terms of its mathematical development. One of the fundamental
principles of GCT is that every body of baryonic matter is gravitationally entangled with the rest of the
bodies in the universe. This means that all the bodies in the universe are mutually entangled two by two.
It is therefore a combination of all of them taken two by two without repetition. Its mathematical

expression would be:

!

Csr = PTCY (51)

Quantization is only possible in close environments where it is known and prior idealization.
Combining (50) and (51) we can express the Hamiltonian of distance entanglement as:

. _ z" , NiN;
}[EN = 3(5 Cn 3 (52)
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(C?l It represents all possible combinations between every two bodies.
As a quantitative reference, the energy of entanglement with our satellite is 5.78x1047 eV,
eleven orders lower than the energy of the Moon as a mass (4.1225x1058 eV).

The latest contribution to the total Hamiltonian of the gravitational energy EG is the special
case of black holes as the maximum expression of the clustered matter. Jacob D. Bekenstein [25] in 1972
formulated the Second Generalized Law of Thermodynamics in which he states that the sum of common
entropy and the entropy of black holes never decreases,

5(Se +Sgr) >0 (53)

It is a more detailed way of expressing the second law of thermodynamics, since it introduces
an important differentiation between common entropy and entropy of black holes, clearly understanding
that what is not entropy of black holes is common entropy. Their evolution over time is a challenge in
current physics, since the formation of black holes themselves is a matter of scientific discussion and
analysis.

Later Stephen Hawking [26] proposed the formulation to measure the entropy of a black hole:

_ 1kgc®

Spn = ZFAK (54)

In it, its entropy is related to its area with a Kerr metric, which is one of the most appropriate
solutions of the equations of general relativity for the study of black holes. In turn, the area of its event

horizon A is given by:
8mG?
Ag = p m(m+\/m2—a2) (55)

where am is its angular momentum and if a = 0, then it is reduced to the Schwarzschild metric.

B 16mG?
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S m’ (56)

Combining (54) and (56) we get:

Son = 4nEom2 (57
BH = M= =M (57)

G = %5 GM = NC This is the entropy of a mass-dependent static, charge-neutral black hole.
Multiplying and dividing by G and remembering that; and substituting in accordance with (48):

s =™ o

And subsequently:
kg

Sgy = 6
BH oh

N2E (59)



This is the expression of the entropy of a black hole in terms of quantum-gravitational theory.
The entropy of the clustered matter is directly related to the energy generated in its own clustering
represented by N2E. But his contribution to the gravitational Hamiltonian is the relationship between
the internal entanglement energy and the emitted energy, according to (42), as the matter that is, since
(59) defines only the gravitational energy entangled inside the black hole, and then it becomes:

: kg N*°€  mwky Ecpy
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Now we are in a position to define the complete Hamiltonian of gravitational energy. By joining
(42), (52) and (60) we get:
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The first two terms represent the energy due to the clumped matter in common and black holes,
and the last term measures the exchange of gravitational energy between all the matter included in the
first two

Heo + HanHpn)OS the three components of the Hamiltonian, two are local () and one
cosmological (. This is pure non-visible energy that is very present in environments with a high
concentration of matter such as galaxies and especially their galactic centers. Despite the enormous
complexity of its quantification, we can try to make an approximation. Nothing is closer and better
known than our own galaxy to be able to assess it correctly in comparison with the rest of the energies.

The estimated mass of the Milky Way is approximately 1.28x1012 solar masses with a
population of about 2x1011 stars. Our idealization will focus on its bulge accepting an approximate size
of 16,000 light-years and a population of stars of 2x1010 solar masses. If in this idealized model we
consider that all stars are identical to our Sun, the unrepeated combinations between every two solar
stars in the bulge amount to approximately 1.999x1020. The mass of our black hole Sagittarius A* is
established at 4x106 solar masses. With these data we obtain the following results:

y =1 3@ 12 57 78
Heoqy = 3(52—@2 Np =55 128% 1017 1,18921 X 1057 = 1,42 X 107 eV
Heogy = 3€ T N; = gg -2 % 1011-1,18921 x 1057 = 2,31 x 1076 eV (62)
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Hyy = - (4 x10°- 1,18921 x 10°7) = 2,449 X 107¢ eV
H, co(1) 1t represents the estimated energy of the Milky Way that includes dark matter, while it

is the classical energy due only to its idealized population of stars. In turn, it represents the energy
provided by Sagittarius A*. 5 c0(2)7"[ AN

- ~ LN o Lo (1,18921x 1057)2 6 x 10106
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eV (63)



The value of the full Hamiltonian of the bulb is of enormous difficulty due to the distance
attenuation factor (Hzyd3), applicable to each combination of its gravitational entanglement.

The energy associated with the Milky Way deduced from the motion of its stars farthest from
the bulge is 30% greater than the sum of the energies associated with ordinary matter and black holes.
The current ACDM model proposes that this non-visible matter is cold dark matter with numerous
observations that fit its predictions, among which we highlight the recent collaboration of SPT-3G D1
[27]. Our proposal is that the energy of gravitational entanglement together with the galactic gas make
up that non-visible matter, but for this this Ad attenuation Hyy should not be approximately of an order
greater than 28. What does seem evident is that both theories, although exclusive, propose the existence
of matter or its equivalent in non-visible energy and need definitive proof: for the first to detect some of
the particles proposed for dark matter, and for the second to verify observationally the gravitational
quantum@.

The cosmological scope of is much broader, encompassing the entire universe. Its physical
nature is the manifestation of the entanglement of baryonic matter, and as such it is also exercised and
manifested between the galaxies that make up a large structure, thus between each galaxy there are
gravitational channels through which matter is entangled. The set of all these channels whose
expression is the Hamiltonian expression of distant entangled matter could be the so-called Hyycosmic
web. [28][29]

Image from the Sloan Digital Sky Survey III covering 650 million light-years and
containing 1.2 million galaxies [30].
Figure 10

HnOne last point. The formulation of (46) that we have used so far should be modified to be
able to use it on cosmic scales. Let us not forget that its origin is only valid for small perturbations or
equivalently for flat MinKowski spacetimes, and it is precisely not the spacetime that can be expected
in galactic centers.

The sense in which we should reformulate or adapt it to be compatible with a curved space-
time exceeds our current knowledge, and we leave it open to future study. On the other hand, it is



reasonable to argue that the gravitational energy used in entanglement should be independent of distance,
but not force, since it is an energy present throughout the exchange zone.

Having defined the gravitational Hamiltonian with its three components, we must verify
whether it guarantees the conservation of energy at time E¢, #/. This is a sharp increase over , and in turn

has to be synchronized with the temperature-dependent decrease in kinetic energy. The evolution over
time of the E¢ gravitational Hamiltonian is therefore key to understanding the nature of gravitational

energy.

Assuming initially the absence of black holes at t0, the Hamiltonian takes the following form:

. 3¢ o~ ,1 3 o, 1
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Since there are only N individual nucleons, the total gravitational energy is the sum of their
common energy due to their own mass plus the energy of gravitational entanglement between each two.

The next and fundamental stage was nucleosynthesis, which was the first step in the long
process of grouping matter. Now the Hamiltonian is:

. 3 < , Nl
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We continue to assume that black holes do not exist yet. Common matter is made up of
hydrogen and helium nuclei, constituting the first link of the grouped matter. Nothing fundamental has
changed from an energetic point of view, except that baryonic matter begins to clump together.

However, and contrary to what might be intuited, the sum of both terms not only does not
remain constant over time, but decreases slightly with the grouping of matter. All mathematical
calculations with varying degrees of clustering of matter and without black holes show that the sum of
the Hamiltonians is not constant, but decreases slightly at the rate of clustering of matter. This is because
it is constant because N is constant H, y HenHco and will decrease at the rate of reduction of possible
combinations as matter is grouped. This leads us to the fact that the Hamiltonian of Hzyblack holes,
H,n, has had to undergo a very strong increase to compensate for the decrease in the energy of the
universe. There are still many unknowns about the origin and nature of black holes, but we are interested
in the role they must have played in maintaining the conservation of energy in the early universe.

Let us imagine our universe as an ideal closed system, with no possibility of radiation to the
outside, formed by a plasma of only N protons, like the one in Figure 11.A, with initial volume Vo and
temperature 79. The average energy of its kinetic and potential energies is N.7p according fo the virial
theorem, the energy corresponding to its Eco masses, the energy associated with its distant gravitational
relations Eevo and an initial energy Eexo that feeds its expansion. The absence of black holes at to is
assumed.
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After a certain time ¢/, its comobile volume is now V7, its temperature 77, all the N protons are
grouped at its center forming a black hole and the energy of its masses Eci, as shown in Figure 11.B.
The following relationships between the variables are verified in both times:

V1 > Vo, T]_ KK To, NT]_ KK NTO;EENl KK EENO; EEXl K EEXO; EENl = 0,
Eco=Ec; (66)

At all times the total energy of the system must be constant: E,,(t,) = E,(t;) (67)

However, equality does not hold, since. The E,, (t,) > E, (t;) (68).Een: energy has to be zero
since all the mass is concentrated in a single body. The energies due to their masses Eco and Ec; could
not vary since this would imply the non-constancy of the baryonic number N. The average N7; energy

has decreased proportionally to its temperature.
Eu(to) = NTO + ECO + EENO; E’Ll.(tl) = NTl + ECl + EG (69)

There are two possible answers: either the model is not real or in Figure 11.B there is
gravitational energy that we do not appreciate. Whether it is a real model or not may be somewhat
speculative, but it raises one of the cosmological hypotheses at stake regarding the future of our universe:
the Big Crunch. It is enough for us that it is valid, even if it is far from the current theory. The second
answer leads us to the fact that gravitational energy may be concentrated in black 4ole O, distributed in
space E or in both.

The energy emitted as an isolated grouped mass is N€ . If the temperature, as we have seen,
has decreased by 25x10°¢ degrees, and since the mass in O is isolated mass, we have to consider only
the energy emitted €, which is of the order of 10-¥". It is therefore impossible for it to provide sufficient



compensatory energy independent of the value of N. E¢ is the representation of the gravitational
Hamiltonian of (26), which is reduced to: Hgp

Heor = H, 6k@N 70
GR = Jlaun = ch € ()

Considering that the gravitational energy of a black hole is about 8,231 times greater than the
energy of ordinary matter, we find that it is still totally insufficient to guarantee the conservation of
energy of the model. This exercise in extreme idealization shows that the gravitational Hamiltonian
Hr , as defined, does not guarantee the conservation of energy at any time in the history of our universe.
There must have been, therefore, a very important additional phenomenon that may or may not involve
a large number of nucleons and with a strong endothermic character. This phenomenon could have been
the formation of primordial black holes that concentrated most of the energy of the universe, causing a
drastic reduction in temperature.

The first proposal for its existence was made by Carr, B. J. and Hawking, S. W. (1974) [31]
arguing that its formation would have been produced by gravitational instabilities in the early stages of
the universe. Subsequently, and more recently, there have been many studies and contributions
[32],133].[34].[35],[36],[37] and [38], addressing their mechanisms of creation from different
perspectives, ranging from entropy to dark matter. In addition, the latest JWST observations show very
supermassive black holes, whose formation would have been impossible as a result of the collapse of a
large star, since the accretion process would not have had enough time to acquire such enormous mass.
Our contribution does not delve so much into the nature of its origin, but into the necessity of its existence
as a guarantee of the conservation of energy in compliance with the first law of thermodynamics.

It also shows that the gravitational Hamiltonian described in (61) is incomplete, as it should
contain a term of pure gravitational energy that could be associated with entropy. Let's not forget that
entropy is a measure of non-useful energy.

. 3 nkB 5 U
Fro = N(E ZN@ (SZ(C +(SzPBH 71)

The last term added represents the energy accumulated in primordial black holes developed in
that early epoch of the universe, and whose nature responds to possible discontinuities in space-time,
becoming true wells of gravitational energy.

We reject the probability of the existence of diffuse dark energy of an anti-gravitational nature
in the early universe since its effects would have prevented a universe as we observe it. Likewise, if its
character is gravitational, since it would have greatly accelerated the grouping of baronic matter.

The relationship between mass and energy deduced by Einstein can be expanded to give it a
much broader meaning, since all baryonic matter and its self-interrelation is a form of energy. Mass is
energy in two different forms: as isolated matter and as gravitationally entangled matter.E,, = mc?
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where m#h is the mean mass of the nucleon. At the lower limit of N=1, it reduces to

Ey = mpuc? +

3 _
> Epou + (ssz BHP, (73)
k



Baryonic matter, because it is matter, is energy, and as baryonic matter it manifests its
intrinsic nature by generating gravitational energy, the gravitational quantum by which it is
mutually recognized and aggregated. E, = mc?E While the energy of matter at rest has no
gravitational effects on the rest of the surrounding matter, the gravitational energy E,EG is the engine
that moves all the matter in the universe.

111, Ouantum-gravitational relativistic equation

The description of the gravitational Hamiltonian (71) has important consequences in the GRT
by establishing the equivalence between baryonic matter and gravitational energy. Consequently, if mass
is gravitational energy, the fensor of matter must be replaced by the tensor of gravitational energy in the
TGR equation, since it is that energy that is responsible for the geometry of spacetime.
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The tensor of gravitational energy is the sum of the tensor of the internal energy of ordinary
matter, the tensor of the energy due to black holes, the tensor of the external entanglement energy and

the tensor of primordial black holes.EgOB Eflg E gzg E gg "

E goﬁ it only has local effects and does not differ from the tensor of matter, since energy adopts
the geometry of mass, its results being therefore the same as the GRT. It has local and cosmological
effects whenever E,fzg Nk > 0. Een only has effects at the cosmological level, the greater the greater n and

is null for » = 1. The cosmological effects of the tensor are difficult to quantify due to the limited
information we have, although they are likely to be the ones that most condition the geometry of our

universe. The GCT results ngH will differ more from the GRT the greater the cosmological range,
coinciding in the local environment.

The simplest form of the gravitational Hamiltonian is by considering a single spherical body,
being reduced to a local environment:

3N2C 3 Eggy
== = 42
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And the solution to Einstein's field equation valid for the exterior of a massive body of spherical
symmetry, static, uniform and neutrally electric is the Schwarschild solution. The element line of this
space-time is described in spherical coordinates and CGS units by the equation:
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rc?
where r represents the radius of the sphere with the condition r > 2GM/c?.

In this assumption of a local environment, both theories coincide, GRT and GCT, since
cosmological effects are only appreciable in the vicinity of black holes and in significant concentrations
of stars. It will be enough to replace GM with the local Hamiltonian, and the new line element becomes:
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Now the condition for not producing a singularity is
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r €2 NG€ ~ c2Egy, c2 FM — ¢ (78)

Note that radius now depends on quantum parameters and the quantum gravitational constant
G is absent. All relativistic physics derived from Schwarschild's solution remains valid in the GCT.

Another local solution to the GRT equations is the one obtained by Kerr applied to the exterior
of black holes. Its equivalent can also be obtained in the GCT, but its study and development exceed the
objective of this article. Solutions at the cosmological level that include the three components of the
gravitational Hamiltonian also exceed our purposes.
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