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Abstract 

 

In this paper, we introduce the study of a new solution to gravitational singularities 

by violating the energy conditions of the Penrose Hawking singularity theorems. 

We consider that a shift to negative energies and masses takes place at the event 

horizon of black holes, justified by the original, singular and exact Schwarzschild 

solution. These negative energies are supported by relativistic particle physics 

considering the negative energy solutions of the Dirac equation, by which time 

transformations shift to negative energy states. In either general relativity or 

Newtonian mechanics, these negative masses are predicted to be repulsive. It is 

explained that the model fits actual observations, and could possibly clarify the size 

of observed and unexplained supermassive black holes when considering the 

inflation that would take place inside them, where antigravity interactions would 

take place. An approximated solution of the model could be simulated in order to 

compare it with these unexplained observations. 
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1 Introduction 

 

The Penrose Hawking singularity theorems [15] state that, if energy conditions are 

violated, such as the weak, null or strong energy conditions, gravitational 

singularities may not arise. Considering a spacetime geometry with negative energy 

density would imply these violations, but there are quantum effects which seem to 

violate them, such as the Casimir effect or quantum fluctuations. 

It has been theorized that these negative energies and masses should interact 

antigravitationally, either considering a Newtonian or general relativistic approach 

[4,18]. Newton’s equation for two negative masses �⃗� = −𝐺
𝑚1𝑚2

𝑟2
�̂�21 results in the 

same forces as the positive mass case, but considering the acceleration equation 

 �⃗� =
�⃗�

𝑚
 results in opposite accelerations [12]. In general relativity, choosing the 

active gravitational mass constant negative, results in the approximation of the 

Newtonian case of repulsion [3]. 

Problem arises in the general relativistic approach when applied to two particles of 

different mass signs, resulting in the runaway paradox [3], enabling theoretical 

issues like perpetual motion machines or infinite energy sources. 

Negative mass black holes have been studied extensively, but only considering 

either a negative mass universe [4], another different interaction for negative 

masses in order to rule out the runaway paradox, such as negative masses interacting 

attractively [2,22], or an initial configuration of matter that violates energy 

conditions which then collapses into a negative mass black hole [1,19]. Ordinary 

eternal negative mass black holes have been considered unphysical because they 

should contain a naked singularity, and initial negative matter configurations would 

interact with the nearby positive masses, leading to the problematic case of the 

runaway motion. 

Some research has studied the idea of transitions to negative repulsive masses, but 

only either at the −𝑟 region of the Kerr black hole [27], or at the event horizon of 

Schwarzschild black holes by a time and parity transformation (PT), but 

considering negative masses attractive under an unjustified choice of interaction 

[22]. 𝑃𝑇 symmetry transformations in black holes have been studied in [2], but 

assuming that negative masses preserve their original dynamics, interacting 

attractively. 

The proposed model will study the hypothesis of a transition to negative masses 

taking place at the event horizon by a time transformation, considering negative 

masses repulsive. The conclusion of time running backwards inside a black hole  
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has also been suggested by studying the relationship between the arrow of time and 

the interpretation of the area as an entropy. [5] 

 

2 Achieving negative masses through the Dirac equation 

 

The existence of negative masses is not prohibited by general relativity [18], and it 

is consistent with the theory, although our universe is certainly filled with positive 

mass. We will develop a way to shift to negative masses and energies in our 

universe, consistent with the antichronous transformations. Antimatter’s negative 

energy solution from Dirac’s equation 

 

 
𝛹(𝐸, �⃗�) = 𝑢(𝐸, �⃗�)𝑒−𝑖(𝐸𝑡−𝑥∙𝑝) 

 
(1) 

with 𝐸 = −√𝑝2 +𝑚2 (for the particle at rest, 𝑝 = 0 and 𝐸 = −𝑚), represented by 

two spinor states 𝑢3, 𝑢4, has been considered to correspond to negative masses in 

[10]. 

These spinors states are needed to explain antiparticles, which is achieved by a 

change to positive energies from -E → E, so that time must be changed from -t → 

t for the first term of the phase of the wave function (𝐸𝑡 –  𝑥𝑝), and also momentum 

must be changed from  p → -p for consistency, [16], following the Feynman-

Stueckelberg interpretation  

 

 

𝑢3(−𝐸,−𝑝)𝑒
𝑖(𝐸𝑡−𝑥𝑝) = 𝑣2(𝐸, 𝑝)𝑒

−𝑖(𝐸𝑡−𝑥𝑝) 

𝑢4(−𝐸,−𝑝)𝑒
𝑖(𝐸𝑡−𝑥𝑝) = 𝑣1(𝐸, 𝑝)𝑒

−𝑖(𝐸𝑡−𝑥𝑝) 

 

(2) 

Thus, 𝑢3 and 𝑢4 can be interpreted as negative energy solutions with negative time 

(particles moving backwards in time) or positive energy solutions 𝑣2 and 𝑣3 with 

positive time (particles moving forward in time). A time transformation is proved 

to change the sign of the energy of a particle, and considering T a unitary operator, 

it also changes the sign of the mass of a particle at rest. This can be shown by 

considering the Dirac operator acting on bi-spinors to give 0, when considering the 

negative energies for a unitary PT 

 

 
(
𝐸 +𝑚    − �⃑�. �⃗�  

�⃑�. �⃗�      − 𝐸 + 𝑚
) 

 

(3) 

in which you are forced to consider negative masses. [10] Considering T unitary 

would imply changing what we mean by a time transformation and time symmetry,  



 

164                                                                                           Manuel Urueña Palomo 

 

 

for example, it would only switch to negative time and energies, and would not 

reverse momentum, so that 𝑇𝑝𝑇−1 = 𝑝. 

It is essential to clarify that this solution is not antimatter, since antiparticles have 

positive energy and mass, consistent with positive energy outcome of antiparticle-

particle annihilation in our positive time universe. These negative energy and mass 

solutions were problematic and it was assumed at the time that all particles should 

have positive energy and positive mass, and that time is always positive. 

Mathematically, however, there is no reason to reject the negative energy result, 

and it could be a real physical solution. 

Other authors also agree that a time inversion (2) changes the sign of energy for a 

particle, and therefore, it transforms any movement of a particle into the movement 

of a negative mass particle [26]. Since we know that 𝐶𝑃 symmetry is violated [8], 

for 𝐶𝑃𝑇 symmetry to hold, 𝑇 symmetry must also be violated. The proposed 

symmetry breaking of time is that it shifts the gravitational interaction to an 

antigravitational interaction by a change in the sign of energy and mass. 

The Dirac equation can only be applied to fermionic matter. For the case of bosons, 

in order to obtain a negative energy from the photon’s energy equations 𝐸 = ℎ𝑓 

and 𝐸 = 𝑝𝑐 =
ℎ

𝜆
𝑐 and preserve the constants as we know them (so that 𝑐 = 𝑓𝜆) 

either a negative frequency (measured in units of time, [𝑠−1]) or a negative 

momentum (negative wavelength 𝜆, measured in units of length [𝑚]) must be 

considered. A negative frequency can be explained by a time transformation, and a 

negative momentum can be explained by a parity transformation, so that 𝑐 =

(−𝑓)(−𝜆) = 𝑓𝜆. 

 

3. Relativistic Antichronous Transformations 

 

The transformations leading to negative repulsive mases can be described by the 

extension of the restricted or proper Lorentz group or by making use of the Poincaré 

group, considering the antichronous transformations of the four-component Lorentz 

group, which are arbitrarily thought to be non-physical. As a result of these 

transformations, the Lorentz group should be considered, from (Λ00) 
2 ≥ 1 without 

the condition of Λ00 ≥ 1 so that 

 

 

{
 
 

 
 {Λ+

↑ }: Λ0
0′ ≥ +1;  𝑑𝑒𝑡Λ = +1

{Λ+
↓ }: Λ0

0′ ≤ −1;  𝑑𝑒𝑡Λ = +1

{Λ+
↑ }: Λ0

0′ ≥ +1; 𝑑𝑒𝑡Λ = −1

{Λ+
↓ }: Λ0

0′ ≤ −1;  𝑑𝑒𝑡Λ = −1}
 
 

 
 

 (4) 
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with the linear and unitary transformations describing the inversion of time, partity, 

or parity and time together, with the four component coordinate C 

 

 

 

𝑇𝜈
𝜇
= (

−1 0 0 0
0 + 1 0 0 
0 0 + 1 0
0 0 0 + 1

) ;    𝑃𝜈
𝜇
= (

+1 0 0 0
0 − 1 0 0 
0 0 − 1 0
0 0 0 − 1

) ;     

 

𝑃𝑇𝜈
𝜇
= (

−1 0 0 0
0 − 1 0 0 
0 0 − 1 0
0 0 0 − 1

) ;     𝐶 = (

𝑡
𝑥
𝑦
𝑧

) 

 

(5) 

Negative masses and energies are commonly believed to be nonphysical by an 

arbitrary choice for the T operator, considered a priori as antilinear and antiunitary 

[28], which holds perfectly for the universe we observe at first sight, but should be 

considered physically possible when trying to describe regions of the universe that 

have never been measured, in which our laws of physics seem to break down, such 

as the inside of black holes. 

 

4. General relativity approach and supermassive black holes 

candidate solution 

 

The time transformation at the event horizon proposed in the model can be justified 

by the original and exact Schwarzschild metric solution as derived in 1912. This 

was built under spherical symmetry and time translation invariance, considering 𝑡 

and 𝑟 time and space coordinates, and a constant determinant of the metric 

𝑑𝑒𝑡(𝑔𝜇𝑣) = −1 with the convention (+,−,−,−), resulting in 

 

 𝑑𝑠2 = (1 −
𝛼

𝑅
)𝑑𝑡2 −

𝑑𝑅2

1 −
𝛼
𝑅

− 𝑅2𝑑𝜃2 − 𝑅2(𝑠𝑖𝑛𝜃)2𝑑𝜑2 (6) 

 

with the auxiliary quantity 𝑅 following the non-linear relationship 𝑅 = √(𝑟3 + 𝛼3)
3

 

[24], so that for 𝑟 = 0, 𝑅 = 𝛼 = 2𝐺𝑀 (the event horizon), 𝑀 is just a constant of 

integration [3] and 𝑔𝑡𝑡 = 0.  

It was pointed out by Schwarzschild that considering 𝑅 = 𝑟 in (6) is just an 

approximation, which resulted in almost the same planetary orbit solutions for  
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which the solution was initially proposed (not the extreme case in which the 

distance variable is not negligible with respect to the Schwarzschild radius, as in 

black holes).  

All following coordinates transformations have been done to this 𝑟 approximation 

and no to the original one, which results in different geodesics and thus, it is not 

equivalent. A change of coordinates to the original solution (6) was done in [22], 

leading to a PT transformation at the event horizon. The approximated 𝑟 solution 

was the one presented by Albert Einstein. Additionally, the fact that 𝑔𝑡𝑡 = 0 at the 

event horizon was pointed out by Einstein affirming that “This means that a clock 

kept at this place would go at the rate zero.” [11]. 

For having geodesic completeness at the interior, −𝑟 coordinates must be used, 

which lead to −𝑅 in the metric. In this case, we must make use of −𝛼 for 

consistency of 𝑅3 = 𝑟3 + 𝛼3, which implies a switch from 𝑀 → −𝑀. The −𝑟 

coordinate can be thought of the negative solution of the conversion from Cartesian 

coordinates 𝑟 = ±√𝑥2 + 𝑦2 + 𝑧2, by which we are defining a new interior sphere 

for 𝑟 < 0. The approximated Schwarzschild solution for −𝑟 coordinates has been 

proved to be equivalent to a negative mass black hole exterior solution with 

repulsive interactions [4]. The same reasoning has been followed for the 

hypothetical −𝑟 interior of the Kerr metric [27]. 

One may also write 𝑐𝑑𝜏 = 𝑑𝑠 = 𝑐𝑑𝑡 for the rest frame of a particle, in which a 

switch from negative to positive 𝑑𝑒𝑡(𝑔𝜇𝑣), that is, negative spacetime intervals or 

negative 𝑑𝑡, is equivalent to a switch to negative proper time for that particle. 

Although the approximated Schwarzschild metric in 𝑟 coordinates describes the 

interior of the black hole with its central singularity at 𝑟 = 0 (the assumption of the 

mass point by which the metric is built), it is essential to clarify that Schwarzschild 

only provided an external solution to stars and black holes [24], and an internal 

solution only valid right before the collapse of a star, because it yields an infinite 

pressure result at the critical radius of the star 𝑟𝑐𝑟𝑖𝑡 = √9 8⁄ �̂� =

0.9428√3𝑐2 8𝜋𝐺𝜌⁄  [25] at 𝑟 = 0 before reaching the Schwarzschild radius.  

This infinite pressure is usually interpreted under deep assumptions (e.g. that energy 

conditions hold) as an indication that the solution becomes time translation 

dependent (non-stationary) and collapses, but it really shows that general relativity 

alone cannot predict what happens right after that critical radius, and consequently 

cannot undoubtedly describe its inside after the collapse. 

Assuming that a time transformation implying an antigravitational effect takes 

place at the event horizon violates the conjecture of the strong equivalence principle 

by differentiating the gravitational effect experienced by an observer in a non-

inertial frame of reference, to the effect experienced by the observer in a gravita-  
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tional field, in this case, at the event horizon (internal gravitation would change to 

antigravitational). Excluding the gravitational shift, an infalling observer would not 

be able to detect the horizon in empty space, so that the Einstein’s equivalence 

principle would hold. The same violation takes places in [22], and quantum phase 

transitions of the vacuum of spacetime at the event horizon have been proposed 

such as in [7], leading to an interior similar to a de Sitter space, but for the case of 

black holes being “dark-energy stars”. Together with the violation of energy 

conditions, it may be only way for general relativity to avoid gravitational 

singularities and be consistent with observations. 

Consequently, following the exact Schwarzschild solution (6), at least a time 

transformation 𝑇 (a parity transformation  𝑃 may also occur together) can be 

postulated to take place at the event horizon, shifting to negative energies and 

repulsively masses, and leaving the exterior solution with the attractive 

gravitational field of (6). We can now describe the interior as a closed and 

contractible spacetime populated only by negative energies and masses, in which a 

repulsively event horizon exists, that can be interpreted as a white hole (a time-

reversed black hole). This interior must be a sphere in order to be smoothly 

connected to the exterior solution. 

Although the connection towards the interior resembles a one-way Einstein Rosen 

bridge, particles inside cannot travel or influence the outside. Because of this, black 

holes cannot be proved to be wormholes by their flux, like a recent research 

suggests [9]. But the negative mass interior would explain the need of exotic matter 

(negative energy density or gravitational repulsive matter) in order to maintain a 

stable and transitable wormhole with an open throat, pointed out in [21]. Notice that 

in this research, “negative density of mass-energy” is also predicted to be repulsive. 

Other research has considered black holes connected to closed regions of spacetime 

by attaching the external Schwarzschild solution to a de Sitter space [13], but 

considering a limiting curvature.  

From outside the black hole, the gravitational field remembers the original positive 

mass deformation of space since the instant before the black hole is formed, causally 

disconnecting that patch of space at the same time in which turns the positive 

masses into negative masses, explaining why we perceive the black hole having 

positive gravitational mass and justifying its stationary exterior geometry of the 

approximated solution (6). Both positive and negative energy-mass modes would 

be split by the sign of the time coordinate. 

Following the principle of equivalence of inertial and gravitational passive masses 

having the same sign 𝑚𝑖 = 𝑚𝑝 [4], when an inversion in sign occurs, only negative 

masses must exist in this isolated region (active gravitational mass will also be 

dependent of this inversion so that 𝑚𝑎 < 0) and all energies of this region must be  
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negative for keeping the laws of physics as we know them (e.g. conservation of 

momentum), and for causality to be preserved. Massless particles crossing the event 

horizon would shift their energy sign, but the absolute value of energy would be 

conserved. 

The runaway paradox would be solved due to the impossibility for negative mass 

particles inside to interact with positive mass particles in the exterior. Annihilation 

due to the opposite energy sign is also avoided by this isolation. No infinite densities 

could form because of the repulsive forces growing asymptotically when trying to 

create negative energy densities of negative masses, so no gravitational singularities 

would arise. The absorption of a positive mass by the black hole would result in its 

expelling towards the interior by the white hole in the form of a negative mass, 

contributing to the growth of the throat. Theoretical problems of the great 

differences between the Schwarzschild and Kerr black holes like the ones presented 

in [27] would also be solved. In the model proposed, the rotating solution does not 

contain either a singularity or any special region, and it only differs from the static 

solution in the fact that the interior content would be rotating. 

The new proposed model preserves the original approach of general relativity, with 

no modifications on its equations, except for considering negative values of time 

which lead to the violation of the energy conditions and the equivalence principle 

at the event horizon of black holes, in such a particular way that it does not rely on 

a theory of quantum gravity in order to solve black holes, or result in paradoxes, 

inconsistencies or violations of causality (neither time travel of FTL travel are 

possible in this model).  

It is worth noting that the no-hair theorem resembles the fundamental 𝐶𝑃𝑇 

symmetries of charge, parity and time if we add the mass symmetry 𝑀 [17] as a 

fundamental symmetry (which should be violated as stated in the model, giving rise 

to different results for the laws of physics under this transformation, switching to 

antigravitational interactions), obtaining 𝐶𝑀𝑃𝑇 symmetry, except for the time 

symmetry, the key component in the description of black holes in the model. 

On the other side of the horizon (the interior), the white hole horizon should exist 

in a closed space. We can think about the interior of the model firstly as an empty 

sphere. For a four-dimensional universe, the empty de Sitter metric describes a 

closed positively curved space 

 

 

𝑑𝑠2 = −(1 −
𝑟2

𝛽2
)𝑑𝑡2 +

𝑑𝑟2

(1 −
𝑟2

𝛽2
)
+ 𝑟2𝑑𝛺2 

 

(7) 

in which for 𝑟 = 𝛽 we have a cosmological horizon. 
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By a stationary study of the model, the interior of can be thought as a closed region 

sphere with a perfect fluid of constant negative density 𝜌 (which substitutes the 

interior masses of the black hole) and pressure 𝑝, resulting in the metric 

 

 

𝑑𝑠2 = −[
3

2
√(1 +

𝑟𝑠2

𝛽2
) −

1

2
√1 +

𝑟2

𝛽2
] 𝑑𝑡2 +

𝑑𝑟2

(1 +
𝑟2

𝛽2
)

+ 𝑟2𝑑𝛺2 

 

(8) 

The proper density 𝜌 can be set negative by considering a violation of the null 

energy condition (𝜌 + 𝑝 < 0) so that 

 

 𝑅𝜇𝑣 −
1

2
𝑅𝑔𝜇𝑣 = −8𝜋𝑇𝜇𝑣 

 

(9) 

 
8𝜋𝑝 =

3

𝑅2

[
 
 
 
 
 
√(1 +

𝑟𝑠2

𝛽2
) − √(1 +

𝑟2

𝛽2
)

3√(1 +
𝑟𝑠2

𝛽2
) − √(1 +

𝑟2

𝛽2
)
]
 
 
 
 
 

 

 

(10) 

with 

 
−8𝜋𝜌 =

3

𝛽2
=
6𝑀

𝑟𝑠
3  ;       𝑀 =

4𝜋

3
𝜌𝑟𝑠

3 

 

(11) 

and 𝛽 is real. It is clear to derive from (11) that 𝛽 = 𝑟𝑠 like in (7), and subtituying 

𝛽2 (11) in (7) results in a horizon when 𝑟 = 𝛽. The pressure is positive and the 

pressure gradient is negative (random motion of particles produce tensions instead 

of pressures). It is shown with a more general case in [4] that the geodesic equations 

indicate that a massive test particle can never reach 𝑟 = 0 (in contrast to light rays), 

and if projected radially outward, it proceeds to infinity. This solves the 

gravitational singularity and also suggests that the solution should undergo a 

bounce. 

By a non-stationary study of the model, the antigravitational fluid sphere will 

undergo an inflation. In this case, 𝑟𝑠  would be time dependent and the equation 𝑟𝑠 =

2𝑀 would no longer hold (unless it refers to apparent mass), so that a new smooth 

function 𝑀(𝑟) must be derived in a similar way to [13]. Mass-energy would be 

conserved assuming the black hole is not feeding or merging with others, and since 

the radius 𝑟𝑠 grows with time, it would look as an increase of apparent mass from  
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the exterior. The interior can be then thought as a homogeneus, isotropic and 

expanding cosmological spacetime, like other solutions to non-singular black holes 

by a de Sitter interior [20], of a Robertson–Walker metric 

 

 𝑑𝑠2 = −[𝑆(𝑡)]2{𝑑𝑟2 + [𝑓(𝑟)]2(𝑑𝜃2 + 𝑠𝑖𝑛2𝜃𝑑𝜑2)} + 𝑑𝑡2 (12) 

 

which is now time dependent. It is clear that it is a positively curved universe with 

𝑘 =
1

𝑟𝑠2
> 0 and 𝑓(𝑟) = √𝑘

−1
sin(𝑟√𝑘). With the field equations (9) and the 

energy tensor of a perfect fluid 

 

 
𝑇𝜇𝑣 = (𝑝 + 𝜌)𝑈𝜇𝑈𝑣 − 𝑔𝜇𝑣𝑝 

 
(13) 

and the inertial and active gravitational mass density we get 

 

 
8𝜋(𝜌 + 𝑝) = 2𝑆−2(−𝑆�̈� + �̇�2 + 𝑘) ≤ 0 

 
(14) 

We need �̈� ≥ 0 so that 𝑆 cannot have a maximum and an expansion without 

recollapse occurs. 

One could argue that the inflation would increase the volume inside the black hole 

without increasing the apparent volume as seen from outside, leaving the exterior 

solution unaltered and leading to a certain case of the Wheeler’s “bags of gold” 

solution. But this contradicts the holographic principle, by which entropy contained 

inside a volume is proportional to its surface area and Bekenstein’s entropy 

accounts for the full set of black hole states. For the holographic principle to hold, 

the surface area seen from outside must also increase along with the inflation. This 

is just another mechanism of growth (independent from accreation and merging) 

and does not imply that information escapes the black hole. 

It is concluded that negative repulsive masses would create an inflation or bounce 

like in [19] within the interior of the contractible hypersurface. The resulting exact 

solution of the model would be a time dependent solution (the radius of the event 

horizon, for instance would be time dependent 𝑟𝑠(𝑡), so it would grow with time) 

and an approximated solution could be built for simulations. Under this model, the 

interior Schwarzschild metric applied to a star would yield an infinite pressure at 

the critical radius 𝑟𝑜 = √9 8⁄ �̂�, but since the star would be beneath an event 

horizon right after that moment, we are assumming now that a bounce takes place 

instead of a collapse. 

Thus, another mechanism of growth is proposed to be simulated and compared to 

unexplained supermassive black holes sizes and apparent mass measurements. The  
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inflation period would be slowed down by time dilation for an external observer, so 

that it could be noticeable in large periods of time by an increase of the black hole’s 

size and apparent mass. Similar research has been carried out in [6] but assuming 

that the exterior solution is unaltered, and thus, cannot be simulated to be proved 

right or wrong.  

The inflationary period would be more accentuated at the beginning (when the mass 

density is higher), matching the prediction of supermassive black holes having 

formed and grown early in the age of the universe. Additionally, initial bigger stars 

and thus, bigger black holes, would grow faster than smaller ones, matching the star 

formation at the early universe, which is thought to imply much bigger stars up to 

103𝑀☉ [23], which would have evolved into supermassive black holes today. It 

could also solve the unexplained bigger mass measurements of LIGO merging 

detections, the 3 𝑀☉ gap between the heaviest neutron star and the lightest black 

hole measurements, and other measurements such as the 70 𝑀☉ black hole recently 

discovered [17].  

Hawking radiation also suggests that the interior of the black hole contains negative 

energy particles. The decrease in area of the event horizon is caused by “a flux of 

negative energy across the horizon which balances the positive energy flux emitted 

to infinity” [14] by conservation of energy. That mechanism implies a violation of 

the weak energy condition which arises from the indeterminacy of particle number 

and energy in a curved spacetime. Negative frequency components {𝑓�̅�} of the 

massless Hermitian scalar field 𝜑 = ∑ {𝑓𝑖𝑎𝑖 + 𝑓�̅�𝑎𝑖
!}𝑖  can be thought as the negative 

energy particles which arise inside. [14] To preserve Hawking radiation emission 

for the negative mass black hole model proposed, the flux of negative energy inside 

must be outgoing experiencing the transformations described earlier. 

 

5. Conclusions 

 

It has been showed that a new model for the interior of black holes can be developed 

by considering that a time transformation takes place at the event horizon, which 

by the Feynman Stueckelberg interpretation considering the T operator unitary, 

switches to negative energies and masses, violating energy conditions. These 

negative masses are predicted to be repulsive, leading to an inflation period inside, 

slowed down by time dilation for a distant observer, that could be noticed from 

outside the black hole as another mechanism of growth. This new mechanism of 

growth is a candidate for solving the mystery of supermassive black holes regarding 

their size and apparent mass that could be simulated and compared to observations  
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and estimations of stars and black holes in the early universe. The central singularity 

would be solved by the model. 

It would be interesting to carry out a further study of the second law of 

thermodynamics at the interior in the model due to its well-known relation with the 

arrow of time, in relation to black hole thermodynamics and entropy, and the 

possibilities of solutions to the information paradox. 
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