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Abstract 

 

We present a unified theoretical framework that connects black holes, dark matter, 
and dark energy through quantum gravity. By hypothesizing that the speed of light is 
quantized, we show that particles at the event horizon can reach  velocities up to 
twice the speed of light, leading to significant increases in energy. This mechanism 
allows a spin-zero particle to decay into an electron–positron pair and Extending this 
framework, we demonstrated that photons can also reach energies at which they 
become unstable and decay into spin-half particle–antiparticle pairs. We relate the 
stress-energy scalar tensor to discrete speeds and demonstrate that the vacuum 
expectation value of the cosmological constant determines the energy scale of these 
processes. Electric charge is defined in terms of occupation number and azimuthal 
quantum number, naturally yielding neutral spin-zero states and charged spin-half 
states. We further explore entropy and area relationships at the event horizon, 
showing that entanglement entropy exhibits logarithmic growth for early-time 
radiation and decreases at late times, consistent with the Page curve. Finally, we 
discuss particle annihilation within the horizon which nullify the existence of Hawking 
radiation. This framework provides a potential bridge between general relativity and 
quantum mechanics, offering new insights into black hole thermodynamics and 
quantum gravity phenomenology. 

 

 

 

 

 



 

 

1.0 Introduction 

 Stephen Hawking demonstrated that black holes emit radiation due to quantum effect near 
the event horizon  a phenomenon now called Hawking radiation[1],  this discovery shows 
that black holes emit energy similarly to a black body. However, this phenomenon appears 
to violate a core principle of quantum mechanics  that information cannot be destroyed. 

This literature focuses on the nature of black holes' event horizon and the role of quantum 
entanglement in the context of black hole information paradox [2-4,12, 8-11]. Specifically, it 
explores Bekenstein-Hawking entropy [5, 6] and entanglement entropy  which can be 
demonstrated by using strong subadditive of quantum entropy [19-21] and  monogamy of 
entanglement [13-15]. The Page curve describes the time evolution of black hole 
entanglement entropy, spanning from early-time radiation to late-time radiation [22-24]. We 
believe that a deeper investigation and analysis of the Page curve may provide valuable 
insights and help unravel the mystery behind the black hole information paradox. 

1.1 Theoretical frame work  

The framework proposed in this article builds on these concepts, suggesting that black 
holes, dark matter, and dark energy can be understood within a single unified theory of 
quantum gravity. 

The original EPR paradox [28,29] used position and momentum as the entangled variables. 
However, it was in Bohm’s work [25-27] that the use of a spin-zero particle was first adopted. 
In a similar vein, we consider the following scenario:  

Suppose a spin-zero particle at the event horizon of a black hole decays into an electron–
positron pair, with one particle heading inward and the other heading outward. What is the 
fate of the incoming and outgoing particles? 

 Hypothesis below is fundamental statement or assumption that is considered to be true 
without proof, often because it is based on empirical evidence and is necessary 
assumptions for  the theoretical framework [7]. 

Hypothesis : “The speed of light is quantized” 

This hypothesis suggests that the speed of light is not continuous, but rather quantized, 
meaning it comes in discrete packets or quanta. This idea challenges our classical 
understanding of light propagation and has implications for our understanding of the 



behavior of particles at the quantum level. We  show speed is related to the scalar stress-
energy tensor or Ricci scalar curvature tensor in appendix A. 

2.0 Mathematical Formulation 

The theory introduces a mathematical framework that relates the stress-energy scalar 
tensor to discrete speed and specifically two speeds of light: 

                               𝑇2 = 1 − 𝜒                          (1) 

Where χ is Euler characteristics showing that the stress-energy scalar tensor is related to 
discrete speed and specifically two speeds of light. 

Moreover, we argue that velocity is an inherent property of space-time curvature. At 
velocities approaching twice the speed of light, the Ricci curvature could exhibit quadratic 
behavior. A more details in appendix A. 

⟨𝛬2⟩ represent the vacuum expected value of dark energy or cosmological constant and 𝑛 
represents the number of particles in particle states, before the particle decays 𝑛 = 1 and 
after the particle decays 𝑛 = 2 . 

                                    ⟨𝛬2⟩ = ±
2

3
𝑛2𝑀𝑒𝑉                                    (2) 

The  vacuum expectation value of cosmological constant determines the energy scale. 
Before the spin zero particle decays the energy scale is 0.666MeV and after the it decays into 
electro-positron pair the energy scale becomes 2.666MeV  

 

2.1 Event horizon and entanglement entropy                                                          

                                      𝐴 = 2𝑛𝜋𝑅2 = 𝛬2                                       (3) 

(3) shows a relationship between area of event horizon and vacuum expected value of 
cosmological constant.  

                                     𝑆 =
𝐴

2𝑛
                                                   (4)  

The work of Stephen hawking and Bekenstein  provide a fascinating and direct connection 
between area and entropy of events horizon of a black hole [1,5]. In this article  (4) is written 
in the similar spirit.  

Now let us consider the spin correlation conditions: if the spin of the particles such as 
electron-positron pair and spin half positive photon and it anti particle are the same then 



𝑝 − 𝑞 = 0  otherwise 𝑝 + 𝑞 = 1 .  Event horizon entropy is defined as 𝑆 = 𝜋𝑇2 , 𝑤ℎ𝑒𝑟𝑒 𝑇2 =

𝑝𝑞. 

                                             
𝑇2𝑥2

2
= 𝑝 + 𝑞                            (5) 

 

2.2 Gravitational potential energy and early-time radiation 

                     𝑤(𝑡) =    ∫ ₀^∞ 𝑥𝑒𝑥  𝑡−𝑥 = (
1

1−𝑡
 ) 𝑥              (6)  

(6) is Laplace transformation over interval [0, ∞) where 𝑡 𝑖𝑠 𝑡𝑖𝑚𝑒,  At 𝑡 = 0, 𝑤(0) = 𝑥  

 

                              𝛷(𝑥) =  𝛬2 +  𝑤(𝑡)                          (7) 

Gravitational potential energy combines square of cosmological constant and work function 
(7). 

Cosmological constant acts like kinetic energy in (7) which accelerate particles at the event 
horizon. The result in (3) shows relationship between area of event horizon, cosmological 
constant and square of Ricci scalar curvature. This suggest that cosmological constant will 
accelerate  particles velocities up to twice the speed of light in vacuum. Under such extreme 
conditions, the energy of a spin-zero particle will increase significantly, and potentially up to 
twice of its initial energy. This increase in energy will render the particle unstable, leading to 
its decay into an electron-positron pair. 

Given the well-established empirical energy of electron-positron pair ( ~1𝑀𝑒𝑉 𝑒𝑎𝑐ℎ), one 
can, in principle, estimate the original energy of the spin-zero particle prior to decay. We 
propose that the initial energy of this spin-zero particle is approximately equal to the electron 
energy (0.521𝑀𝑒𝑉). 

Extending this reasoning to photons, we hypothesize that at the event horizon, the 
cosmological constant will accelerate a photon to twice of its initial energy, effectively 
reaching (~2𝑀𝑒𝑉). At this energy, the photon will become unstable and decay into a spin-
half particle and its corresponding antiparticle. 

𝑤(𝑡) = (
1

1−𝑡
 ) 𝑛 workfunction describes  work done by gravity to move particles beyond the 

event horizon of black holes. 

Regarding electric charge, let, 𝑛 represent the number of particles in a given quantum state. 
We define the azimuthal quantum number as 𝑙 = 𝑛 − 1 Accordingly, the charge associated 



with each ground state can be expressed as 𝑄 = ±𝑙 . For a single particle 𝑛 = 1 then  𝑙 = 0  
resulting in 𝑄 = 0   and also for the two particles 𝑛 = 2, 𝑙 = 1 , yielding charges of 𝑄 =

±1 thus, a spin-half photon could carry a charge of  𝑄 = +1 with its antiparticle carrying 𝑄 =

−1  while the spin-zero particle remains neutral with  𝑄 = 0. 

 

 ∆𝑠 = 2ln(𝑛) − ln(2) = ln(p) + ln(𝑞) − ln(𝑝𝑞)     (8) 

For 𝑛  greater or equal to two as shown in (8), we claim that early times radiation exhibits 
logarithmic growth, this implies a slow release of information from the black hole and as  the 
number of particle increases the entanglement entropy increases. This is in agreement  with 
page curve [18].  

                                                        

2.3 Evolution of entanglement  entropy at  late times radiation 

At  late time the entanglement entropy which measures the degree of entanglement between 
particle inside the event horizon and its anti particle outside the event horizon of black holes 
approaches zero which is in agreement with page curve [18]. So the particle inside the event 
horizon are disentangle with those outside it  

If we consider a particle and its anti-particle such as electro-positron pair is drop from a 
Gravitational potential within the event horizon. 

Firstly, the intense gravitational field of the black hole, as described by General Relativity, 
causes matter’s gravitational effect to curve spacetime such that all future-oriented 
geodesics inside black hole’s event horizon point toward the singularity. Consequently, both 
the particle and the antiparticle will follow these geodesics, accelerating towards the 
singularity. 

As they descend, the gravitational gradient, or tidal force, will become increasingly 
significant, leading to spaghettification. 

On the contrary we can give better explanation within framework of this article, as time 
approaches infinity, the workfunction vanishes (6). the gravitational potential energy of a 
particle-antiparticle pair (like an electron-positron pair, spin-half photon and its antiparticle) 
within a black hole's event horizon is  converted into cosmological constant (dark 
energy)  𝛷(𝑥) =  𝛬2, causing them to accelerate towards each other at two speed of light 
and annihilate, Consequentially, electro-positron pair is annihilated then two neutral spin-
zero electron-like particles are released  within event horizon as shown below. 

                                         e⁺ + e⁻ → 2e⁰                                                  (9) 



 

Also positive spin-half photon and its antiparticle annihilated and released two photons as 
shown below.                                                         

                                          γ⁺ + γ⁻ → 2γ                                                 (10) 

 

concerning hawking radiation if a negative-energy virtual electron at late times annihilate 
with its antiparticle behind the event horizon according to this framework there will be no 
hawking radiation. 

 

• Experimental discovery of spin-half photon and spin-zero electron-like particle  

This article predict the existence of positive and negative spin-half photons and spin-zero 
electron-like particles  though we don’t put forward how this particles can be discovered 
experimentally. 

3.0  Conclusion 

In this work, we have shown how a quantized speed of light and a cosmological constant 
driven acceleration mechanism can lead to novel particle decay channels at black hole 
event horizons. By establishing a connection between event horizon area, speed of light, 
and the cosmological constant, we develop a framework that links geometry, quantum 
fields, and thermodynamics, providing a potential bridge between general relativity and 
quantum mechanics. 

Our analysis predicts the existence of spin-zero particles with energy comparable to the 
electron and spin-half photons which are likely dark matter candidates. We also studied 
the Page curve, showing that at late times, annihilation processes such as electron–
positron pairs, spin-half photons and their antiparticles, and even virtual electron–
positron pairs. These processes may effectively nullify the  existence of Hawking 
radiation. 

Furthermore, we proposed a mechanism in which the cosmological constant induces 
acceleration of particles at black hole event horizon. Under such conditions, a spin-zero 
particle can acquire sufficient energy for its  energy to increase, leading to decay into an 
electron-positron pair. Extending this framework, we demonstrated that photons can 
also reach energies at which they become unstable and decay into spin-half particle–
antiparticle pair. We explored the relationship between velocity, space-time curvature, 
and gravitational potential energy, and proposed a charge assignment based on 



occupation number and azimuthal quantum number. This approach provides a potential 
link between dark energy, particle physics, and black hole thermodynamics. 

These results open new avenues for exploring quantum gravity phenomenology and 
motivate further theoretical and experimental investigations into particle behavior in 
strong gravitational fields. 

 

 

 

Appendix A: Quantization of The Speed of Light in Terms of  Stress-Energy Scalar  
Tensor and Ricci Scalar Curvature 

                        𝑇2 = 1 − 𝜒                                              (𝐴1) 

Binomial approximation of scalar stress-energy  tensor   𝑇2 = 1 + 𝑛𝑥  where 𝑛 =
𝑣

𝑐
 is 

velocity and 𝑐  is the speed of light. At 𝑥 = −1, 𝑇𝑛 = 1 − 𝑛   when the velocity is equal 
to one  of light  𝑇1 = 0  and at two speed of light it becomes 𝑇2 =

3 𝑓𝑜𝑟 𝑡𝑜𝑟𝑢𝑠 𝑎𝑛𝑑 𝑇2 =  −1 𝑓𝑜𝑟 𝑠𝑝ℎ𝑒𝑟𝑒.  Where x is Euler characteristics and It shows 
that stress-energy scalar tensor is related to discrete speed and specifically two 
speed of light.  

                 𝑅𝜇𝜈 −
1

2
𝑅𝑔𝜇𝜈 =     0                    (𝐴2) 

                                      

  𝑅𝜇𝜈𝑅𝜇𝜈 = 1 −
1

4
𝑅2𝑔𝜇𝜈𝑔𝜇𝜈                       (𝐴3) 

                  𝑅𝜇𝜈 −
1

2
𝑔𝜇𝜈 = 1                        (𝐴4) 

                                 

                𝑅𝜇𝜈𝑅𝜇𝜈 =
1

4
𝑔𝜇𝜈𝑔𝜇𝜈                     (𝐴5) 

                      
                   𝑅2 = 3                                           (𝐴6) 

 

(A2) is the vacuum solution of Einstein’s Ricci curvature tensor, if put together (A2) and  (A4) 
we will arrive at (A5) which is value of second order in Ricci scalar curvature. We will observe 
that the value we get from second order in stress-energy scalar tensor for torus in (A1) is the 
same as the value of second order in Ricci scalar curvature in (A6), So they are 
interchangeable. 



Appendix B: Vacuum Expectation Value and Gauge Invariance 

⟨𝛬2⟩ represents the vacuum expected value of dark energy or cosmological constant and 𝑛 
represents the number of particles in a states, before the particle decays 𝑛 = 1 and after the 
particle decays 𝑛 = 2 Special orthogonal group SO(2) implies that    det(𝐴)2 = ±1  so,                        

             ⟨𝑛|𝑑𝑒𝑡(𝐴)2|𝑛⟩ =  ⟨𝛬2⟩ = ⟨𝐴𝐴𝑇⟩                               (𝐵1) 

                                                                           

                           ⟨𝛬2⟩ = ±
2

3
𝑛2𝑀𝑒𝑣                                              (𝐵2) 

                                                                    

              𝑅2 =
𝛬2

2𝑛𝜋𝛷
𝐴𝜇𝐴𝜇                                                        (𝐵3)  

                                                        

              𝑅2 =
𝛬2

2𝑛𝜋𝛷
𝐽𝜇𝐽𝜇                                                        (𝐵4) 

                                             

                   
1

𝛷
𝐴𝜇𝐴𝜇 + 𝛻2𝛷 =

1

𝛷
 𝐴’𝜇𝐴′𝜇

                                (𝐵4) 

                                      

                      
1

𝛷
𝐽𝜇𝐽𝜇 + 𝛻2𝛷 =

1

𝛷
 𝐽’𝜇𝐽′𝜇

                                (𝐵5) 

                                        𝛻2𝛷 = 0                                                    (𝐵6) 

 

(B4) and (B5)  relate electromagnetic potential 𝐴𝜇  and electromagnetic potential to 
gravitational potential energy 𝛷 in such a way that is gauge invariance.  

                                           
𝐴’𝜇𝐴′𝜇

𝛷
 = 1                                     (𝐵7) 

                                                      
𝐽’𝜇𝐽′𝜇

𝛷
 = 1                            (𝐵8) 

The laplacian  𝛻2𝛷 = 0  implies that the right hand side and left hand side of  (B4) and (B5) 
are equal is a crucial aspect of the theory. Now if we go back to (B4) and (B5) we will realize 
the connection between cosmological constant Ricci scalar curvature. 



                                         

Appendix  C: Taylor Expansion of Differential Equation   

                        𝑇
𝜕2

𝜕𝑥2
   𝜓(𝑥) =  𝑇2𝜓(𝑥)                                (𝐶1) 

Using the Taylor series expansion, we can solve (C1)  around 𝑥 = 0 . Assuming 𝜓(𝑥)  is 

analytic at 𝑥 = 0.  𝜕2

𝜕𝑥2
  is the second derivative with respect to position (x)                                                                          

𝜓(𝑥) is the wave function or displacement and  𝑇   represents scalar  Stress-Energy tensor 
and Stress-Energy scalar tensor represents  the spring constant or stiffness . 

    

      𝜓(𝑥) = 𝜓(0)  −  
𝑥2𝑇2

2
𝜓(0) + ⋯                                    (𝐶2) 

Taylor approximation of wave function shows that gravitational potential energy  𝛷(𝑥) =
𝑇2𝑥2

2
 

this can be related to the as shown in (C3). 

Now𝑝 =  𝑝1𝑒1 +  𝑝2𝑒2 +  𝑝3𝑒3represents momentum-probability state and  𝑞 =  𝑞1𝑒1 +

 𝑞2𝑒2 +  𝑞3𝑒3  also represents momentum-probability state of its anti particle. Where 𝑒 =

𝑒1 + 𝑒2 + 𝑒3 + ⋯ + 𝑒𝑛  is Clifford algebra bases and we can relate it to Pauli matrices to 
describe entanglement of black hole such as 𝑝 + 𝑞 =  𝜎1(𝑝1 + 𝑞1) + 𝜎2(𝑝2 + 𝑞2) + ⋯ +

 𝜎𝑛(𝑝𝑛 + 𝑞𝑛).  𝜎𝑛 Is Pauli matrices  though we are only interested in the x-axis direction. Now 
let us consider the spin correlation conditions: if the spin of the particles such as electron-
positron pairs and spin half positive photon and it anti particle are the same then 𝑝 − 𝑞 = 0 
otherwise 𝑝 + 𝑞 = 1 

If we substitute  𝑇2 = 𝑝𝑞   Then we can express the spin probability condition  in terms of 
gravitational potential energy as shown in (C3). 

                              

                                          
𝑥2

2
=

𝑝 + 𝑞

𝑝𝑞
                                         (𝐶3) 
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