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Unification of Forces and Particles Based on the Bound Photon Model

Recent experimental evidence reveals the binding of photon pairs into quantized states of orbital angular momentum forming bosons and other experiments that form fermions as electron-positron pairs. This and other evidence suggests a bound photon model that postulates all massive elementary particles are composed of photon pairs with opposite momentum bound by an interaction that reflects the photons over a distance near their wavelength. The experimental evidence for binding shows that there is a duality between a pair of photons and a single massive particle. Close examination of how the Dirac equation was solved in 1928 reveals that Bound Photon model is actually required to comply with the quantum and relativistic constraints in QED. The bound photon (BP) model benefits from the simplicity of treating only one particle and one force. This report explores how the single force that binds the photons can generate the known forces namely the EM, weak, strong and gravitational forces. The bound photon model is found to be in good agreement with the experimental evidence in nonrelativistic quantum mechanics and EM. With relativistic quantum mechanics the model's solutions from the wave equation are closely related to those of the Dirac and Klein Gordon equations, the difference being that the Dirac theory's solutions use massive particle waves while BP model's solutions use massless waves. In the area of generating the masses of the leptons, mesons and baryons the bound photon model offers a fairly accurate two parameter solution that is much simpler and in better agreement with the experimental mass data when compared with the results from lattice theory for QCD. An initial quantum gravity theory is described which generates the curvature of space-time using photon pairs and is different from general relativity as expected because of the known incompatibility between general relativity and quantum mechanics. The report contains the foundation of a unified bound photon theory that includes the generation of the known 4 forces but additional development is needed with the weak, strong, and gravitational forces.

INTRODUCTION

Recent experimental evidence that a massless photon pair can bind to form a massive particle requires a detailed comparison of the Bound Photon (BP) model with the Standard Model. The Standard Model is based on renormalizable relativistic quantum field theories consisting mainly of the electroweak theory and quantum chromodynamics. The standard model has been extremely successful explaining a vast amount of experimental data but some problems and deficiencies persist. This report will attempt to compare the characteristics of the Standard Model and the BP model with the aim to see which one has a better fit with the experimental evidence and most importantly, the level of unification of the forces and particles that each theory achieves including the problems that remain with each theory. Some of the discoveries that were made in the course of developing the BP model are extraordinary and are worth mentioning here ahead of the full description in the report.

1. For the mass of the proton it was found that its mass could be described by an expression with just two parameters, the mass of the electron m e and the fine structure constant α, that is accurate to 6.6 parts per billion as: m p = -The 1/3 value reveals the 1/3e value of one of the quark charges. See section 7-2. This level of accuracy is second to the most accurate result in physics for the magnetic moment of the electron in QED. It should be noted that these high accuracy results remain to be validated by the development of the proper quantum mechanics that would have as its solution the discovered expression. The mass solutions using QCD are currently accurate to about 5 to10%. The level of accuracy found for the proton using the two parameter formulation in section 7-2 is 10 7 times more accurate than QCD in the Standard model.

2. In a similar way the mass of the muon was found to be accurate to 3.2 parts per billion with: mμ = This second highly accurate relation for the muon mass adds independent corroborating evidence to the proposed new theory for particle masses described in sections 7-1 and 7-2. The two accurate expressions also reveal that there is a relationship between the quark mass and the lepton mass with the first term (the dominant term) of the quark mass expression being exactly 3 times the first term of the lepton expression.

3. A new relationship for the mass of the Higgs boson was found to be: m h = where m t is the mass of the top quark and m z is the mass of the z boson. See section 7-3.

The current Standard Model of particle physics, has a number of problems including: infinities that require renormalization 1 , a large number of elementary particles, fields and constants to fit the experimental results that are not generated by the basic theory, the inability to generate the particle masses adequately [START_REF] Hansson | Physical Origin of Elementary Particle Masses[END_REF] , and a well known fundamental incompatibility between general relativity and quantum mechanics. Some of the difficulties suggest the Bound Photon model since it is based on the massless photon. For example the requirement for gauge theories to have massless particles, and for the strong force to introduce massless gluons 3 . In QED, the Dirac theory solutions for the electron contain an unexpected oscillation in the position of the particle at a frequency that is twice the Compton frequency and is known as Zitterbewegung [START_REF] Douglas | Practical Quantum Electrodynamics[END_REF][5][START_REF] Itzykson | Quantum Field Theory[END_REF] . This oscillation can only be adequately explained by the fields of a pair of massless photons interacting so as to reflect off each other's field to bind as a massive particle. The Compton effect , which is a probe of the electron by a photon, has an interesting connection as to how QED theory was developed [START_REF] Brown | The Compton effect as one path to QED[END_REF] .

The bound photon model has extensive support from the experimental evidence. This evidence is described in greater detail in the next section.

Experimental evidence for photons to bind into a massive particle

Recent work since the early 1990's has shown various forms of photon-photon interactions that reveal photons can bind and show evidence for generating a massive particle with the characteristic that the photons in the pair retain their identity. This means that a description of the particle, experimental or analytical, can manifest a massive particle or pairs of massless particles supporting the duality concept. The clearest experimental evidence comes from the observation of photons binding into quantum states of orbital angular momentum with integer values of ℏ. [START_REF] Padgett | Light's Orbital Angular Momentum[END_REF] A photon beam from a laser in the Laguerre-Gaussian mode is modified by polarization filters to produce pairs of orbiting photons that travel in spiral paths around the beam center making their collective forward motion along the beam less than the speed of light, while the individual photons travel in a spiral the at the speed of light. Changing the reference frame of the observer to that of the forward motion, results in a stationary pair of photons orbiting each other allowing the calculation of their mass as a new type of massive particle. In another example [START_REF] Ofer Firstenberg | Attractive Photons in a Quantum Non-linear Medium[END_REF] the authors couple a laser beam in a single electromagnetic mode to strongly interacting cold Rubidium atoms in highly excited Rydberg states. The authors comment on the behavior of the photon in the abstract as: "Here we demonstrate a quantum non-linear medium inside of which individual photons travel as massive particles with strong mutual attraction and the propagation of photon pairs is dominated by a two photon state. In a third example [START_REF] Courtial | Rotational Frequency Shift of a Light Beam[END_REF] the authors use a different method to produce the orbital states by passing the beam through a prism that is physically rotated. The results reveal quantized orbital states from -4ℏ to -1ℏ for left handed beams and +1ℏ to +4ℏ for right handed beams.

The behavior of photons in a Bose-Einstein condensate reveals that, in addition to the heavy atoms in a dilute gas changing into a single quantum state, the photons also fall into a single state and acquire a mass [START_REF] Wilson | Experiments Reveal a Boise-Einstein Condensate of Photons[END_REF] .

It is widely accepted theoretically that all quantum transitions from a set of particles A to a set B as A → B, will also occur in the opposite direction as B → A. The decay interactions of e + e -→ γ γ and π 0 → γ γ should also occur in the opposite direction. The process γ γ → π 0 has never been observed in the laboratory. What has been observed [START_REF] Burke | Positron Production in Multiphoton Light by Light Scattering[END_REF][START_REF] Bamber | Studies of Non-Linear QED in Collisions of 46.6 Gev electrons with Intense Laser Pulses[END_REF] , is pair production using high intensity laser beams that used 6.4 laser photons on average produce an e + e -pair. The reverse of a positron electron annihilation shows that photons can also bind to form a pair of fermions which complements Padgett's experiment that creates bosons.

Strong experimental evidence cannot be ignored requiring any new theory to be compatible with the evidence otherwise it will be invalidated by it. The BP model has the characteristics required by the experimental evidence and it resolves a large number of problems with the standard model therefore it should be considered as a high priority alternative new theory by the physics community.

Preview of the Bound Photon Model Characteristics

A summary of the general characteristics of the bound photon (BP) model will be introduced here with the details in the later sections so that the reader can gain a quick perspective on how some of the properties of the photon can generate the characteristics of the currently known massive elementary particles.

The model was initially built so that the resulting massive particle's characteristics such as mass, spin, and charge agree with the experimental evidence. Most of the massive particles are the quarks and leptons which carry a charge with the neutrinos uncharged. The BP model description of a charged particle consists of a spin 1/2 core and an electric field composed of a finite series of quantized photon pair states with zero spin, each of which is occupied with probability of , the fine structure constant. The series starts at the Compton wavelength for the photon pairs, which then doubles for subsequent pairs in the series. Uncharged particles, the neutrinos, consist of a fully occupied core pair only. The BP model description of the weak force works out to be the core-to-core interaction between the leptons to first order, and a smaller contribution from the core to electric field interaction.

In Section 6, it will be shown that an interaction between photons is required to explain the existence of an electric field around a charged particle. The discussion leads to the conclusion that right handed circularly polarized photons bind to form particles and left handed circularly polarized photons bind to form antiparticles and, unlike chirality photons do not bind and may repel. The value for the occupation levels of the field was assigned so as to agree with the known radial energy density of the electric field of a single charge. Right handed cloud photon pair states form the electric field of a negative charge and left handed cloud photon pair states form the field of a positive charge. The mass of a charged particle at rest has two parts: m(1 -α) for the core pair plus the electric field energy composed of a finite number of α occupied field states divided by c 2 equal to mα. The magnetic field, as it is well known, is just the description tool to account for the interactions when the charges are in motion so it would be described by bound photon pairs in motion. It is instructive to see how the BP model treatment of massive and massless particles is related to the theories of symmetry breaking and the BCS theory of superconductivity in the description by Nambu and Maskawa [START_REF] Nambu | Physics Nobel Prize to Nambu, Kobayashi, and Maskawa for theories of symmetry breaking[END_REF] .

The masses of the particles heavier than the electron are determined by further refinements to a pattern that has already been seen [START_REF] Macgregor | The Power of Alpha[END_REF] but it has been largely ignored by the particle physics community. It was observed that the mass of the leptons, mesons, and baryons with masses greater than 100 Mev have a tendency to be integer or half integer multiples of a basic mass equal to the mass of the electron divided by the fine structure constant and is equal to 70.025 Mev. The generation of mass for these heavier particles will be described in Section 7.

The relation Between Massive and Massless Particles

Before special relativity there were no particles with zero mass and the photon was considered to be EM radiation until Einstein introduced it. With the advent of special relativity the photon was designated to have zero mass as a result of requiring both massive and massless particles to have a Lorentz invariant mass. This designation of zero mass created a special situation which should be examined. In relativistic mechanics, massless and massive particles occupy different domains in the phase space of velocity, energy and mass. Massive particles can only move at speeds between zero and less that c and require infinite energy if forced to reach c, while massless particles can only travel at c and do so with any amount of energy in sharp contrast with massive particles. Clearly they occupy separate domains for velocity and energy. The relativistic relation E 2 = p 2 c 2 + (mc 2 ) 2 looks simple enough when the mass is reduced to very small values so in the limit it goes to zero. The relation is quite complex for massive particles and simple for photons as E = pc. The outcome of limits in physics has been questioned by Michel Berry [START_REF] Berry | Singular Limits[END_REF] with the possibility that limits may be, either as expected, or quite different as "singular limits". He cautions: "Limits in physics can be singular tooindeed they usually are reflecting deep aspects of our scientific description of the world". In Section 5 a singular limit appears to play a part. In section 8 massless photons allow a quantum gravity to be developed while general relativity which uses massive particles and Einstein's equations failed to be compatible with quantum mechanics.

Relativistic Relations for Momentum, Energy and Mass Using the Doppler Equations for Photons

The fact that two massless photons moving in opposite directions can bind to form a massive particle has deep consequences for particle physics theories. The basic change is that the photon now becomes the only elementary particle and the two dozen or so currently elementary particles are no longer elementary. The BP model introduces a dual description of a particle: the massive one as one composite particle and the massless one as a pair of elementary photons.

The relativistic Doppler equation using the photon frequency ω and the velocity v for a single photon is:

ω = ω 0 γ(1 + v/c) with γ = 1/(1 -v 2 /c 2 ) 1/2 .
To work in terms of the photon's energy the frequency ω will be replaced by the mass of the massive particle at rest with: E 0 = mc [START_REF] Hansson | Physical Origin of Elementary Particle Masses[END_REF] . Each of the photons will be treated individually therefore each of the photons is assigned an energy of E 0 /2. Applying the Doppler relation for a boost with velocity v for the first photon and -v for the second one, since it moves in the opposite direction, gives the energy relations for photon 1 and photon 2 as:

E 1 = (γE 0 /2)(1 + v/c) (3-1) E 2 = (γE 0 /2)(1 -v/c) (3-2)
when the boost is in the direction of photon 1. The usual relativistic relations for the energy E and momentum P for a massive particle follow from those of the photon pair as:

E = E 1 + E 2 = (γE 0 /2) [(1 + v/c) + (1 -v/c)] = γ E 0 (3-3) P = (E 1 -E 2 )/c = (γE 0 /2c) [(1 + v/c) -(1 -v/c)] = γ E 0 v/c 2 or: (3-4) P = γmv (3-5)
The constraint on the energy of each of the two photons that are bound as a massive particle of mass m that is valid for any momentum of the massive particle is obtained with the substitution for E and p from equations (3-3) and (3-4) in the relation E 2 = (pc) 2 + (mc 2 ) 2 yielding:

m = (2/c 2 ) (E 1 E 2 ) 1/2 (3-6)
This relation between E 1 and E 2 assures that m is the invariant mass of the particle. The constraint on the two photon energies as their product equal to a constant results in the so called seesaw relationship. When the BP model is used for scattering problems using the Feynman diagrams, two lines will be needed for the photon pair instead of a single line for the massive particle. The constraint of Equation (3-6) will be needed to simplify the solution. Two other relations, derived from equations (3-3) and (3-6), will be useful in comparisons with current theories.

E = E 1 + (mc 2 ) 2 / (4E 1 ) and E = E 2 + (mc 2 ) 2 / (4E 2 ) (3-7)
To avoid confusion, the subscripts have been chosen to make E 1 ≥ E 2 for a massive particle with positive momentum.

In conclusion the relations developed in this section show that, as far as the laws of relativistic mechanics are concerned, a pair of bound massless photons behaves the same way as a single massive particle.

Non Relativistic Quantum Mechanics of a Bound Photon Pair

An important outcome of the bound photon model (BP model) is how the non-relativistic quantum wavelength for a massive particle relates to the wavelengths of the two photons that make up a massive particle. For a clear description, the one-dimensional case will be treated here with the 3-dimensional case not expected to create any conceptual problems because of rotational invariance. The energy and momentum for a photon is the same variable except for units therefore the wave function for two photons moving in opposite directions with energies E 1 and E 2 using plane waves can be written as:

Φ(x,t) = cos ( + cos (4-1)
The positive sign in the time coefficient of photon 2 generates a wave moving in the opposite direction of photon 1. Using the trigonometric identity for the sum of two cosines yields:

Φ(x,t) = 2 ℏ - ℏ t] ℏ - ℏ t] (4-2) At t = 0: Φ(x,0) = 2 ℏ ] ℏ ] (4-3)
The de Broglie wavelength in a diffraction measurement uses Φ 2 , thus with the identity 2cos 2 A = cos2A +1, Φ 2 becomes:

Φ 2 (x,0) = ( ℏ ] + 1 ) ( ℏ ] + 1 ) (4-4)
For low energies compared to the rest mass, the second factor in equation (4-4) is a wave that modulates the wave in the first factor at a much lower rate producing beats. The coefficient of x in the second factor gives the relation for the beat wavelength λ b as:

(E 1 -E 2 )/ℏc = P/ℏ = 2π /λ b (4-5)
The beat wavelength is the same as the quantum or de Broglie wavelength given by P = 2πℏ/λ q making λ b = λ q. This remarkable result of the BP model, shows that the quantum wavelength originates from the beat of two waves corresponding to the waves of the two photons that form a massive particle. It is made possible because the momentum of a bound pair of massless photons has to be the difference of the two photon's momenta which becomes the difference in the photon's energies due to the relation for photons. In addition, this result shows that the Schroedinger equation is correct in the non relativistic domain due to the serendipitous outcome of a trigonometric identity. The wavelength of the first factor in equation (4-4) corresponding to the average photon wavelength, should be measurable by a high resolution electron diffraction experiment unless the charge of the electron interferes in some way. This shorter wavelength has probably not been seen experimentally because of either: the higher resolution required, or the dismissal of the oscillations as interference from some other source. What has been noticed in relativistic quantum mechanics is the enigmatic oscillatory motion known as Zitterbewegung [START_REF] Douglas | Practical Quantum Electrodynamics[END_REF][5][START_REF] Itzykson | Quantum Field Theory[END_REF] that shows up in the solutions of the Dirac and Klein Gordon equations. This and other anomalies will be discussed in Section 5.

In this section it has been shown how the bound photon model solution relates to the nonrelativistic solutions of the Schroedinger equation with equation (4-2). Equations (4-1) and (4-2) describe two formats for the same wave. The second factor of equation (4-3) reveals the wavelength of a massive particle according to the Schroedinger equation while the first factor reveals the mean of the two photon waves from the BP model. This solution of the BP model in the non-relativistic domain, shows the ability to manifest either the quantum waves of the photons or the quantum wave of the massive particle the photons represent. This will be an important feature in the comparison of the BP model with Dirac theory.

Relativistic Quantum Mechanics of a Bound Photon Pair and Its Relation to Dirac Theory

Historically the transition from non-relativistic quantum mechanics to the relativistic case was a great success accomplished by Paul Dirac in 1928. In the early 1930's a peculiar solution of Dirac's theory was found in the description of a particles velocity and position that was difficult to explain. There was a rapid oscillatory motion on the position of the particle known as Zitterbewegung. It was explained as due to the interference between the positive and the negative energy solutions. In the ensuing decades, a number of problems and shortcomings became evident with the standard model as described in the introduction. The foundation of the bound photon model will be further explored in this section by examining how the current Dirac theory uses the Klein Gordon and the Dirac equations to obtain solutions for the relativistic formulation of quantum mechanics for massive particles, and then for a comparison, how the bound photon (BP) model arrives at its solutions. The BP model first uses the wave equation to obtain the solution for free non-interacting massless photons then adds an interaction between photons. This process is supported by the experimental evidence described in section 1.1. The photon-photon interaction can be seen as each photon binding due to the field of the other photon.

The Klein Gordon and Dirac Equations

The Klein Gordon equation, in natural units, is usually presented as:

(5-1)

It treats the space and time derivatives equally, as required for relativistic invariance, and it is a second order operator. For m = 0, it becomes the wave equation. With the mass term the Hamiltonian becomes:

H = (5-2)
which is quite different from the Hamiltonian for m = 0 as H = pc. For the Klein Gordon equation, applying equation (5.2) as an operator creates the problem of interpreting what a half derivative is. Using H 2 avoids that problem and the solutions are Lorentz invariant. However the Klein Gordon solutions led to two difficulties: negative energy solutions and negative probabilities. The negative energy solutions could be ignored but they are required to explain the experimental evidence. To interpret the wave function as a probability it must obey the continuity equation which contains a first order time derivative. Paul Dirac tried to avoid these problems by using a first order equation on both space and time as:

c ∇ Φ -Φ/ t + mc 2 Φ
(5-3)

with and to be determined by the constraints of Lorentz invariance and equations (5-1) and

(5-3). The constraints require the product to be zero and both 2 and 2 to be one 4 (Gingrich p. 75) which is mathematically impossible if they are plain variables. It is possible only if and are matrices and Φ is a column vector. The introduction of column vectors, commonly known as spinors, opens the possibility that the set of components actually describe more than one particle not the single particle that was intended because each component could describe the wave function of a different particle. The Dirac equation solutions also have negative energy components which mathematically result in momentum in the opposite direction to the momentum of the positive energy components. This odd result (odd in the sense of trying to describe the interactions of a single particle) shows up in the Dirac theory and field theories for relativistic QM with the rules for Feynman diagrams. Having components moving in opposite directions strongly suggests a different particle for each such component which will be validated in several different ways. It will be shown in section 5.2 that the energy dependence of the components of the Dirac solutions in the chiral representation is the same as the energy dependence of the two photons in the BP model. The current interpretation with field theory is that the components are not particles but together the components are part of a multiple particle theory that includes particle-antiparticle pairs even at non-relativistic speeds. This is vague and confusing because to describe a single electron for example, you need a set of 4 components and to describe a positron you need a different set of 4 related components and yet, no single component or pair of components describes an electron or a positron, see Griffiths 17 p. 234. As far as the negative energy solutions field theory changes them to positive energy which does make sense but interprets them as moving backwards in time in the Feynman diagrams, also a confusing concept. The BP model also has positive energies for all components and by definition the photons in the pair move in opposite directions resolving the oddities that have been described above. At higher energies field theory appears more sensible when it describes with operators the creation and annihilation of particles in which case it is justified as there are multiple particles involved.

Comparison of the Bound Photon Model Solutions to the Dirac Solutions

The Dirac theory requires four components, two to cover spin and two to cover particles and antiparticles. The Dirac solution in the chiral representation, frequently used in QED, shows the presence of the bound photon model 3 (Peskin p. 46). The solution for eigen states of z, spin up along the z direction (with h = c =1) is:

ΨD(z,t) = (5-4)
where E is the total energy of the particle and p is the momentum along the z direction and E and p in the exponent obey the relation E 2 = p 2 + m 2 . The subscript "D" indicates a Dirac solution. At this point the BP model is well hidden in the Dirac solution, but if a substitution for the variables E and P is made from the b und ph t n' equations (3-3) and (3-4), they become obvious. It just takes the replacement of E as E1 + E2 and of p as E1 -E2 in the column vector yielding:

ΨD(z,t) = (5-5)
The two components in the coefficient have the same energy dependence as the two photons in the bound photon model. This supports the statement made earlier that the components may describe individual particles and now more generally equation(5-5) shows that the energy dependence of the Dirac components in the chiral representation is the same as that of the two photons of the bound photon model. This shows that the Dirac solution has the BP model embedded in it.

Using the same format as was used in equation(5-4), the BP model can describe a generic massive particle with no spin or charge with only two components as:

Ψp(z,t) = (5-6)
The important difference between the bound photon solution and the Dirac solution is that the wave portion in the exponent for the BP model is for a massless particle while the exponent of the Dirac solutions is for a massive particle. A weakness in the use of a massive wave is that it does not treat the space and time dimensions equally. Applying the rules for Feynman diagrams to the bound photon case, can be accomplished by using two external photon lines to replace each massive particle's external line and the use of the energy constraint from equation (3-6). The existence of negative energy solutions and the fact that they are required caused problems in the interpretation of those solutions to Dirac, Feynman, Heisenberg and the other early developers of quantum mechanics 5.3 Additional evidence for the presence of the BP Model in the Dirac theory Walter Greiner 5 , has made a comprehensive study of the Dirac theory solutions for plane waves (pp. 99-121 and wave packets pp. 183-188), to illustrate the difficulties, problems, inconsistencies and often paradoxes that show up in the transition from a non-relativistic quantum mechanics theory to a relativistic one. Greiner used plane waves and wave packets to calculate the velocity and position of a single particle assuming that he can use the Ehernfest theorem. Greiner found that using an operator according to the Ehrenfest theorem for plane waves results in having velocity eigen values are ± c, the speed of light (p118). Greiner interprets this paradoxical result as showing that relativistic quantum mechanical operators may require changes when applying the Ehrenfest theorem. He finds that the operators may not always be as valid as they are with non-relativistic quantum mechanics. He then attempts to find the correct velocity operator by what he calls the even part of the operator for dx/dt. The even part gives the correct velocity as v, (cp/E p ), for positive energy solutions but -v (-cp/E p ) for negative energy solutions. Here again he encounters the paradoxical result that the negative energy solutions have velocity directed against their momentum. Using wave packets, Greiner (p 183-187) finds that with the restriction of only positive energies for the plane waves of the packet, the expectation value of the velocity is the classical velocity v but when using both positive and negative energies the eigen values are ±c (Greiner p 187). Eigen values of ±c clearly show two photons moving in opposite directions. He also shows (Greiner p188) that using wave packets, a complete set of solutions including positive and negative energies show that the expectation value of the velocity has a time-independent group velocity and superimposed, a rapid oscillation. This is the effect found in the 1930's known as Zitterbewegung. A clear illustration of these oscillations is given by Greiner on p. 118. When the velocity of a single massive spin ½ particle is calculated it reveals that it moves at the speed of light in a zig-zag pattern. Moving at the speed of light makes the components to be photons and the motion requires an interaction between the photons to reflect towards each other. These two characteristics are basic to the BP model. Considering the four problems that Greiner encountered, they all show the presence of the BP model.

The VRV characteristic of the BP model

The Dirac solutions in the Dirac-Pauli representation do not explicitly show the energy dependence of the bound photons in the components but they do show a characteristic of the BP model as an expression that contains the sum of a variable and the reciprocal of the variable (VRV) which can be derived for the BP model from equation (3-7) in section 3 as: E = (

(5-8)

The VRV characteristic shows up in the coefficients of the components of the Dirac solutions in the Dirac-Pauli representation and in some of the cross sections derived from the Dirac solutions.

In this representation, the solutions given by Griffiths [START_REF] Griffiths | Introduction to Elementary Particles[END_REF] p 233 and Gingrich 4 p 89, allow the u (1) component for particles with p in the z direction to be put into the form:

Ψ(z,t) = u (1) e -i(pz -Et) = (5-9)
showing the VRV characteristic for the variable E + mc 2 in the components of the column vector. Two of the four components show the VRV characteristic with just sign changes in p and in the exponent.

The scattering cross sections that show the VRV characteristic are the ones that involve the photon. The first example is Compton scattering which uses the photon as a probe of the electron. For the case of the initial electron at rest the cross section is:

( + - θ] (5-10)
where ω is the energy of the incoming photon and ω′ the energy of the outgoing photon. The first two terms clearly show the VRV characteristic in the photon's energy ratio. A second example is the Compton scattering cross section in the center of mass frame for high energy as: = ( + )

(5-11)

This cross section shows the VRV characteristic in the scattering angle terms.

In electron-positron annihilation [START_REF] Douglas | Practical Quantum Electrodynamics[END_REF] (Gingrich, equation (8.261) p. 272) the VRV characteristic shows in the photon's energy ratio.

The "seesaw" relation in the weak force and other areas

There is a characteristic identified as "seesaw" seen in weak force models beyond the standard model that attempt to explain the smallness of the neutrino masses compared to the quark and charged lepton masses. A solution derived by Rabindra Mohapatra [START_REF] Rabindra | Neutrino Mass and Spontaneous Parity Nonconservation[END_REF] , makes an estimate that roughly agrees with the experimental data after a number of approximations and simplifications. The mass of the electron neutrino is given by where m e is the mass of the electron and m w the mass of the W boson. It is called seesaw because it allows one mass to decrease while the other mass increases. Equation (3-6) of the BP model:

E 1 E 2 = (mc 2 /2) 2 (3-6)
produces a seesaw relation for the energies of the two photons that constitute a massive particle and has wide application to particle physics when the BP model is included. The BP model also has a solution for the weak force. The Mohapatra relation is a single example of many instances where the seesaw relation is found in scattering solutions. The seesaw relation appears to come from the very definition of Einstein's special relativity. When changing the reference frame by a certain velocity, the space like dimension shrinks while the time dimension dilates. An important example was found for a Dirac solution with the spin up and spin down probabilities in equation (5-5) as being the photon pair energies of a massive particle. Another example of seesaw was found with the one dimensional square potential solution of the Dirac equation by W. Greiner 5 , p. 206. Greiner defines a parameter γ which applies to a positive energy solution and 1/γ for a negative energy solution. The BP model opens new possibilities on the scattering process which will be explored below and is described as back photon scattering.

Resonance Particles and Back Photon Scattering

Consider the scattering of two identical massive particles in the center of mass frame. The energies of the pair of photons in each of the massive particles will be constrained by equation (3-6). At rest the two photons have equal energy equal to (1/2)mc [START_REF] Hansson | Physical Origin of Elementary Particle Masses[END_REF] . When in motion the forward photon will gain energy while the back photon energy will decrease. Figure (5-1) illustrates the magnitude of the momentum or energy for the four photons involved in the scattering. The forward photons of the two electrons will be of higher energy while the two back photons will have lower energy. In the left side of the figure, massive particle 1 comes from the left with net momentum to the right and particle 2 comes from the right with net momentum to the left. When the particles meet the two high momentum photons, which have equal energy, can form a particle at rest that can be considered to be a virtual particle identified as "a" and the two low momentum photons can form virtual particle "b". Next consider the scattering of two electrons at very high energy well beyond the rest mass of an electron. When the low energy of the back photons reach the rest mass of a neutrino, a resonance condition is realized and given the high energy available in excess over the rest mass energy of the two electrons, the excess energy of virtual particle 'a' can decay by the available channels which can very well be identified as short lived resonance particle. With the BP model interpretation the resonance particle currently identified as the W boson is actually a resonance that originates from the high energy interaction between a neutrino and an electron. The masses of the neutrino and the electron determine the mass of the W boson with the BP model "seesaw" relation. This example reveals an important result.

All scattering experiments involving two identical leptons or quarks may create a resonance when the energy of the two back photons, which form a low energy virtual particle, reach the rest energy of another known massive particle.

Considering the nature of a charged particle described in section 1.2 and section 6 as a core and a field, the appropriate source for the weak force is the core to core interaction between leptons and between quarks. When the BP model is compared with the standard model, the W and Z particles become the result of back photon resonances. A practical result from the BP model in this area is that the mass of the electron neutrino can be calculated from the mass of the W boson and in addition, the result becomes more accurate compared with current estimates because the masses of the electron and the W boson are very well known and the BP model calculation does not have any approximations or dependence on the Higgs mechanism. The BP model calculation using equation (3-6) gives a mass of 3.2479 eV for the electron neutrino.

The architecture and method of Fig. 5-1 fits the condensed matter description of electrons in a metal where a pair of electrons at opposite sides of the Fermi surface travel in opposite directions. With no current flowing the photons that represent the two electrons will fit the description of particle 1 and particle 2 in Fig. 5-1. When the current flows, the forward photon of the electron moving with the current as particle 1 in Fig. 5-1, will have more energy than the electron moving opposite the current as particle 2 in Fig. 5-1, the difference in kinetic energy will produce an energy gap that fits the superconductivity theory. When the metal transitions to the superconducting state the two electrons will form a Cooper pair and participate in the superconducting current. Yoichiro Nambu [START_REF] Nambu | Physics Nobel Prize to Nambu, Kobayashi, and Maskawa for theories of symmetry breaking[END_REF] noted that the symmetry of a superconductor in the normal state is broken when in the superconducting state generating the BCS energy gap in the process.

Summary of Key Characteristics, Discussion and Conclusions of Section 5

In this section it was found that the constraints from being a solution of a wave type equation and Lorentz invariance has introduced the use the column vector format (spinors) and Lie algebra to both the Dirac theory and the BP model. Their solutions to describe a massive particle are very similar. The important difference is in the exponent where the wave part is described, one being massive the other massless. There is an important consequence of using a massive wave in that it does not treat the space and time dimensions equally. It puts a flaw in the Dirac theory and makes it more complicated. The wave portion of a Dirac solution contains the usual relation for the energy, momentum and mass E 2 = p 2 + m 2 in the exponent as: -i(pz -Et) in equation (5-4).

Writing the exponent in terms of just E makes it: -i( z -Et) where the energy dependence for the space dimension is more complex than the time dimension as just E. Writing it in terms of p still makes one more complex than the other. For the BP model the exponent of equation (5-6) is justi(E 1 z -E 1 t). It shows that the relations for space and time dimensions are both linear and of the same magnitude.

A summary of the important characteristics of the BP model are given below.

1. The BP model is embedded in the Dirac solution which can be shown when in the chiral representation. The energy dependence of the two column vector components of the Dirac solution is the same as the energy dependence of the two photons of the BP model components. This affects the applications of Dirac's relativistic quantum mechanics used in the present Standard Model.

2. In section 5.3 the analyses made by W. Greiner shows four instances of the BP model being embedded in Dirac theory by the eigen values of velocity being ±c which is the nature of the BP model, two photons moving in opposite directions.

3. In section 5.3 for scattering solutions, a characteristic of the BP model identified as a variable plus the reciprocal of the same variable (VRV), was shown for two solutions.

4. The Dirac theory for QED as well as the weak and strong theories of the Standard Model use massive wave descriptions which have the flaw of not treating the space and time dimensions equally. That flaw and other short comings eventually contribute to problems with the Standard Model as described below with the Higgs mechanism.

5. The theoretical evidence for solving the Dirac equation shows that massive particles can only be created by combining a pair of massless photons into a composite particle. The details for this conclusion are the fact that the mathematics/nature rejects the introduction of a mass term to the wave equation if constrained to using a single wave function and accepts it if multiple components are used together with the fact, shown in example 1. above, that those components are actually wave functions representing massless particles.

6. When Paul Dirac unified quantum mechanics with special relativity it became apparent in the early 1930's that a Dirac solution for velocity had rapid oscillations at the speed of light. This characteristic fits and supports the BP model.

7. The BP model is much simpler than the standard model because it uses a single elementary particle for the descriptions while the standard model has to describe two dozen or so as elementary particles. Using the photon as the only elementary particle allows the BP model to use simpler physics and quantum mechanics.

The extent of the evidence listed in 1. to 7. makes the BP model a formidable competitor to the current Standard Model. The direction of future research in particle physics should include the BP model.

Problems associated with the Higgs mechanism used by the Standard Model 1. The Higgs mechanism assumes the existence of a Higgs field to generate all the particle masses. It is successful in generating the particle masses because it uses the experimental masses to determine the coupling constants.

2. The high energy density of the Higgs field is too high by 120 orders of magnitude and in another version by 50 orders of magnitude when compared with the astronomical evidence. This is the highest mismatch known in physics.

3. The hierarchy problem arises from two conflicting requirements. In the Standard Model all fundamental particle masses must be less than the electroweak mass of a few hundred Gev/c 2 as required by the physics of the Higgs mechanism. When the effects of gravity are considered, the Standard Model electroweak scale acquires quantum contributions of the order of the Plank mass with a value of 10 18 Gev/c 2 . This very large mass difference is the hierarchy problem.

4. The claim that the Higgs mechanism generates the masses of the 29 elementary particles is untenable because it uses 29 coupling constants from the experimental data for the masses as pointed out by Johan Hansson [START_REF] Hansson | Physical Origin of Elementary Particle Masses[END_REF] . It just shifts the lack of knowledge of how they acquire their masses to the coupling constants. The Higgs mechanism lacks a theory that would allow an adequate calculation of the particle masses.

Description of a Charge and Its Electric Field as Bound Photon Pairs

The concepts that form the foundation of electrodynamics, such as charge, electric field and magnetic field are examined to see if it is possible to formulate an equivalent description based on the bound photon model. The transition appears to be possible if the connecting parameter is energy density. The electric field which is an energy density in space can be equated to the energy density of standing waves of photon pairs. From the quantum point of view, the problem is finding the series of photon pairs or photon quantum states of varying wavelengths that reproduce the energy density of the electric field of a single charge in the space around it. From the electromagnetic side, the answer is given by Coulomb's law and the definition of the electric field. The electric field magnitude is well defined as a function of the distance r from the center of the charge. Historically the electric field, although very well known, has problems with the infinite energy of a point charge and inconsistencies with calculations for the electron's radiation and self-reaction when accelerated that have not been fully resolved, D. Griffiths 1999 20 p. 95 and p. 460. The problems continue with relativistic quantum mechanics making Griffiths notice its persistent nature with the comment: "perhaps they are telling us that there can be no such thing as a point charge in classical electrodynamics, or maybe they presage the onset of quantum mechanics", Griffiths 1999 20 p. 467. The characteristics in terms of field magnitude and energy will be discussed in the next section.

Characteristics of Charges and the Electric Field Relevant to the Bound Photon Model

The electric field from a single charge such as from an electron or positron is given by: E(r) = q /4πε 0 r 2 (6-1)

Consider the case of uniform charges on the surface of a sphere of radius r 0 . Its field is given by Equation (6-1) for r greater than r 0 and it is zero for r less than r 0 . The energy required to produce such a field is easily calculated by either, 1) finding the energy to generate a charge q by integrating the force times distance of a differential charge dq from infinity to r 0 and then integrating dq from zero to q, or 2) integrating the energy density of the electric field from a charge q given by (ε 0 /2)E 2 (r) from infinity to r 0. The answer is the same for both cases and it is given by: U em (r 0 ) = q 2 / 8πε 0 r 0 (6-2)

It is seen that the energy cost of confining a charge to a radius r varies as 1/r and is the same as the energy of the field that the charge creates to the same radius. There is an interesting similarity between the quantum expression for the energy of a photon as U p = hc/λ and the energy to confine a single charge e, with both energies being a constant divided by a distance. Even though it does not necessarily follow for the case of a photon, the relation could be thought of as confining the energy to its wavelength, the characteristic scale of a photon. It is instructive to compare the two energies by taking their ratio as:

= = (6-3)
where α is the fine structure constant. Using the diameter of the charge confinement sphere, 2r 0 , as equal to the photon wavelength, the ratio is α/2π. This suggests that the coupling constant of photons is on the order of one when compared to the electromagnetic coupling constant of . Another way to compare the magnitude of the two interactions that follows from the momentum that a photon carries, is to calculate the ratio of the two forces. The force between two electrons is:

F em = e 2 /4πε 0 r 2 (6-4)
The force that a single photon produces when confined to a distance L by two mirrors can be calculated from the change of momentum upon reflection Δp = 2h/λ and the time between reflections as Δt = 2L/c giving:

F p = = = (6-5)
The force to contain two photons would be double the above value or:

F p = (6-6) For λ = L F p = (6-7)
The form of the distance dependence of the force is the same for both the EM and the photon forces as a constant divided by the distance squared. Using equation (6-4) for the electromagnetic force with 2r = L, and equation (6-7) for the photon force, the ratio of the two forces is:

F em / F p = α/π (6-8)
The ratio of forces differs from the ratio of energies by a factor of 2 but they remain close to the value of α considering that the distance photons bind is yet to be determined but expected to be close to the wavelength. These force relations show that the force necessary to contain one or two photons at a distance equal their wavelength is repulsive and its magnitude corresponds to a coupling constant of the order of one which is about the same magnitude as that of the strong force or color force. This force is usually identified as the radiation force or radiation pressure. The photon force description of equation (6-6) is useful because it reveals exactly the magnitude of the force necessary to bind two free photons between two mirrors and the force is repulsive. For a pair of photons to bind, an attractive interaction of that same magnitude is necessary and needs to be attractive. An attractive force with the magnitude of equation (6-6) could describe a fully occupied quantum state of two photons and it corresponds to the core of a massive charged particle. The field portion requires a series of partially occupied quantum states which will be described in section 6.3. The aim of the BP model is to use this concept to describe a charged particle. A case will be made in section 6.2 to show that the very existence of a static electric field from a single charge requires an attractive force between photons when quantum mechanics is introduced in its simplest form.

Requirement for a Binding Photon-Photon Interaction by the Electric field

A case can be made that the very existence of an energy density in the space surrounding a single charge requires the photons to be the source of this energy density since they are the carriers of the electromagnetic force. Given that the energy density is time independent for the electric field of a charged particle at rest, the photons require and attractive interaction to form standing wave quantum states, without it, they will dissipate immediately. Another feature that points to the spatial dependence of the interaction comes from the fact that the energy density of a single charge has a radial gradient requiring an opposite pressure of ∂U(r)/ r for the gradient to be maintained. The gradient will be considered in determining the radial space dependence of a set of photon pair states of different wavelengths.

The fact that the experimental evidence supports the binding of photons into massive particles as discussed in Section 1.1 provides the attractive interaction that balances the gradient and allows the existence of the electric field of a charged particle.

Description of a Charge in Terms of Bound Photon Standing Waves

The value of the electron's rest mass energy from Einstein's ε = mc 2 can be partitioned as deriving from a core and a field that corresponds to the electric field around the electron. The energy density U(r) of an electric field is: (ε 0 /2)E 2 (r), and for a single electron:

U(r) = e 2 /32π 2 ε 0 r 4 (6-9)
The radial dependence of the energy density of equation (6-9) has to be replicated by the set of photon pair states that interact so as to form of standing waves. In addition, the integrated energy of equation (6-2) to a radius r 0 has to equal the integrated energy of equation (6-9) to the same radius. Based on the experimental data in section 7, the sum of the energy of all the field states should equal α m e c 2 , where α is the fine structure constant. To make the sum of the field and core energies equal to m e c 2 the core energy is (1 -α) m e c 2 .

The details of how the photon pairs can meet the constraints can be illustrated as follows. The formation of the photon pairs has to be due to a quantum mechanical interaction therefore the photons will have a probability for reflection as well as for transmission. If the probability for reflection is one the particle will be stable, if less than one it will decay. For this reason a configuration in space where the longer wavelength pair aids in the reflection of a shorter wavelength pair will add to the stability of all the pair states's configuration. This intuitive approach is based partly on the experimental evidence from the analysis of the experimental masses in sections 7-1 and 7-2. The maximum contribution to binding between a large number of pairs with different wavelengths appears to be a series of pairs centered at the center of the particle where the longer wavelength pair has twice the wavelength of the previous shorter one. This configuration is illustrated in Figure 6-1. With this configuration the reflection point of a shorter wave has the same phase and location as all of those with longer wavelengths. A series of these pairs with geometrically decreasing energy and geometrically increasing wavelength by factors of two with their center at the center of the charge can generate the energy density of the electric field of a single charge. The use of a series of quantum states to describe the electric field of a charged particle requires that they be in a superposition of multiple quantum states. The series of photon pair quantum states that can reproduce the electric field energy of equation (6-9) for its radial energy density dependence, and equation (6-2) for its total energy down to a radius r 0 and using the fine structure constant α with equation (6-3) gives:

ε n = (6-10)
where the 2 in the numerator accounts for the pair. The discrete radial energy density of equation (6-10) is equivalent to a continuous 1/r 4 dependence. That can be seen because the energy of each subsequent photon pair drops to ½ and it extends to twice the distance covering a volume that 2 3 times greater. For n = 1 this is the expression for the energy of the quantum state of two photons of wavelength 2 s with an occupation level of α. For n = 0, s is the photon pair state with the shortest wavelength. Based on the experimental data in section 7, the wavelength λ s needs to be set at a level that allows the sum of the energy of all the field states to be equal to α m e c 2 . It should be noted that setting the energy of the field states to equal α m e c 2 makes λ s equal to the Compton wavelength of the electron or h/m e c. Summing the α occupied states of Equation (6-10) gives:

= = = α m e c 2 (6-11)
where 2 0 is assumed to be 1. Note that the 4 comes from summing the factors of ½ which add to1. The energy of all the photon pairs that represent the electric field of the electron is:

ε f = α m e c 2 (6-12)
To make the sum of the field and core energies equal to m e c 2 the core energy is:

ε c = (1 -α) m e c 2 (6-13)
As far as which component, the core or the field, will carry the spin of ½, the overall evidence for the electron/positron characteristics and interactions including the findings in Section 7, point to the core pair as the proper choice. The field states will then carry zero spin each and range in space from about its Compton wavelength to infinite wavelength for the free charged particle case.

At this point the distance at which the photons bind has been assumed to be one wavelength.

The possibility that they could bind at half the wavelength needs further experimental research and theoretical development. For binding at half the wavelength the description in section 6.3 will still apply with changes by factors of two only.

It is usually assumed that the electric field of a point like charged particle extends to r = 0 making its energy infinite. As a result of terminating the electric field at the Compton wavelength, the infinity problems that plagued EM and quantum mechanics are eliminated. If the limit in equation (6-11) is changed from infinity to the visible size of the universe the value of n for the upper limit becomes 137, the reciprocal of α. This finding has possible cosmological implications.

6.4 The sign of a particle's charge and its particle-antiparticle nature Equation (6-2) describes the total energy of all the volume outside a radius r 0 from a single charge which has now been attributed to a cloud of photon pair states in their lowest quantum state. So far the energy has been used as the guide to generate a model that applies to a single charged or uncharged particle. Considering the space dependence of the electric field and its total energy when two like charges are moved apart or closer together clarifies what the effect should be on the energy and subsequently the number and occupation levels of photon pair states in the surrounding space of the two charges. A pair of like charges when moved closer requires the introduction of energy to the field thus an increase in the number and occupation levels for photon pair states, and if already fully occupied, an increase in the number of photon pair states.

For unlike charges the same motion does the opposite, it generates energy decreasing the field and the occupation levels or number of photon pair states. This behavior is related to the fact that a pair of opposite charges one positive and the other negative create their electric fields in opposite directions so that they can cancel each other's field. At some point if the particles form a particle antiparticle pair they will annihilate each other. The question as to what makes a set of photon pair states generate a positive or negative charge can be answered by assuming that right handed circularly polarized photon pair states form negative charges and are particle-like, and left-handed circularly polarized photon pair states form positive charges and are antiparticle-like. This definition is adequate for the leptons.

The quarks should also be included in this definition to be consistent but currently they are not included because the quarks were discovered much later and are never seen as free particles.

The nomenclature should be that positively charged quarks are antiparticles and negatively charged quarks are particles. The reason why up quarks and down quarks do not annihilate is that they have different magnitude of the charges 4/3e and -1/3e even though they meet the requirement of opposite sign. Quarks exist only in mesons and baryons which generally have charges of both signs within.

Particle Masses

Historically, the development of theories for the observed particle mass spectrum has been slow and not able to generate accurate mass values. The current theory of QCD with the quark and gluon particles has been hampered by mainly two reasons: 1) the fact that quarks and gluons do not exist in isolation denying guidance to alternative theories by comparisons with accurately known experimental mass values, and 2) the fact that at the present time theorists have not been able to solve the complex QCD equations forcing the use of lattice theory with its extreme computational burden and extensive use of approximations to generate mass values with accuracies currently in the 5 to 10% range. The constituent mass quark model provides slightly greater accuracy than the current QCD solutions but it uses parameters that are adjusted to best fit from the experimental data which should actually come from the theory. For reasons that are not entirely clear, the experimental data for a basic mass and apparent quantized values for the masses [START_REF] Macgregor | The Power of Alpha[END_REF] , has been ignored by the particle physics community. As was done in the previous sections in developing the bound photon model, the experimental mass data was examined for additional patterns that could reveal a new theory.

Basic Exploration of the Experimental Particle Mass Spectrum

Examination of the mass particle spectrum in terms of the traditional leptons, mesons and baryons shows a well populated region above 100 Mev that is about three orders of magnitude wide and includes the mesons, baryons and two of the charged leptons which will be identified as the "upper spectrum". The rest of the particles are in the "lower spectrum" containing only the electron and three neutrinos and is about seven orders of magnitude wide leaving a mass gap from about 100 Mev to 0.511 Mev. The concept of a basic mass was first observed by Yoichiro Nambu 22 in 1952 and further explored by Malcom MacGregor [START_REF] Macgregor | The Power of Alpha[END_REF] . It suggests quantization of some form as the masses are close to multiples of what appears to be a basic mass value, given by the mass of the electron divided by the fine structure constant, or with a value of 70.025 Mev. The upper spectrum particle masses can be written as:

M = N m b (7-1)
where N is an integer or half integer. For example the mass of the pion is 139.57 Mev or N = 2, the K meson 493.68 Mev or N = 7 and the mass of the proton 938.27 Mev or N = 13½. Considering the BP model, quantization according to equation (7-1) implies that there is a basic length associated with the photon pair that forms the massive particle. The source of the basic length may reside in the invariant spin of the photon. Currently the spin is considered to be intrinsic but in quantum mechanics it has the same analytic description as orbital angular momentum with a circular flow of energy at the speed of light as interpreted by Hans Ohanian [START_REF] Hans | What is spin?[END_REF] . With a circularly polarized photon, the angular momentum p(radial) x r results in r being perpendicular to the photon's motion and thus it will remain unchanged under a Lorentz transformation. The characteristic wavelength of a free photon depends on the observer frame of reference thus there is no reference frame or scale. When two photons bind their momentum is in opposite directions and they acquire a reference frame. A resonance can be expected when the length of the longitudinal oscillating motion that generates the standing wave of the two photons equals the length of the transverse circular motion of energy [START_REF] Hans | What is spin?[END_REF] given by 2πr. This could explain the existence of a scale parameter in the particle mass spectrum.

To evaluate the validity of equation (7-1) the well known experimental particle masses in the upper spectrum for the leptons, mesons and baryons will be compared with the equation (7-1) values. A group of 12 mesons and leptons and another group of 9 baryons, whose mass has been measured to better than 0.35 Mev, was chosen and are described in Tables 7-1 and 7-2, listed in order of increasing mass.

The ratio of the experimental mass m over the basic mass m b , shown in column 3 of the two tables, will be used to evaluate the tendency in two ways. First, the difference between the ratio and the nearest integer N is computed and the results shown in columns 4 and 5, and second, the difference between the ratio and the nearest integer or half-integer N is computed and shown in columns 6 and 7. To judge the tendency to integer N, the mean residue is computed as well as the mean residue corresponding to a random distribution of masses as shown in the last two lines. For the group of 12 mesons and leptons in Table 7-1, the mean residue of 0.1956 compared with 0.2500 for a random distribution shows a slight tendency for integer values. For integer or half integer values, the mean residue 0.1056, compared with 0.1250 for the random distribution yields a similar slight tendency.

Table 7-2 makes the comparisons with a selection of 9 baryons and it shows a better but still slight tendency. Looking at individual particles in Table 7-1 the tendency is stronger with an accuracy of better than one percent deviation in the residues of the muon and the charged pion in column 7. Four other particles had accuracies from 5% to 7% with a mean of 5.1%. The mean of 6 out of the 12 is 4.5%. The tendency for the individual baryons of Table 7-2 is not as good as Overall, the slight evidence of the first method and the stronger evidence for 6 of the 12 particles at 4.5% in Table 7-1, can be judged to be moderate and justifies continuing the exploration for patterns in the particle masses as well as possible experiments that could provide verification. The residues for the pion and the muon of 0.00886 and 0.00686 basic masses are close to the value of the fine structure constant of 0.00729 suggesting the conversion of those residues back to electron masses since the basic mass was defined as m e /α. After conversion, the values of 1.21428414 for the muon and 0.93996 for the charged pion show a value close to one electron mass for both. To check the tendency for integer and half integer electron masses, the basic mass residues of column 7 in Tables 7-1 and 7-2 were calculated in units of electron masses for the particles that have an experimental uncertainty of less than 0.1 of the electron mass and the results are shown in tables 7-3 and 7-4. The same analysis was repeated for electron masses using the variable K. The comparison of the mean deviation with the mean of a random distribution shows a slight tendency to integers for the lepton and mesons and none for the baryons. Looking at the individual particles, three of the seven particles in Table 7-3 have accuracies between 7 and 4% with a mean value of 5.5%. These results for the electron masses, to show similar accuracies as the basic masses, is somewhat surprising because the large value of the basic mass, by a factor of 137 over the electron mass, would mask a tendency to show integer or half integer values for the electron mass. Together, the tendency from the comparison of the mean with random distribution and the accuracy levels of 3 of the seven particles appear significant enough to introduce the K parameter to equation (7-1). The possible conclusion is that they fit the postulate that the core mass of a particle varies as multiples of a basic mass and the field mass varies as multiples of the electron mass when the particle carries a charge and it belongs in the upper spectrum. At Fermi level distances the mass of an α-occupied photon pair state is α m b , the electron mass, which fits fairly well with the experimental results for K in Table 7-3. These results provide support for adding the K values for the electron masses to equation (7-1) as:

M = N m b + K m e (7-2)
Further analysis of the experimental mass data shows two particles with high precision fractions for K described in 7.2.

High Precision Potential Quantization Values Identified for the Masses of the Proton and the Muon

Further analysis of the experimental data in tables 7-3 and 7-4 data shows two particles that have very high precision fractions for K.

The mass of the proton using equation (7-2) can be written as:

M p = 13½ m b -13.8333211 m e (7-3) where N is from Table 7-2, column 6 and the N residue in electron mass units is from Table 7-4 column 4. An interesting feature here is that the values of the two mass coefficients are close to each other, suggesting the form:

M p = 13½ m b -13½ m e -0.3333211 m e (7-4) An even more surprising feature is that the last term is extremely close to -1/3. The difference is 12 parts per million of an electron's mass. In addition, the closeness of this value to -1/3 for the proton acquires great significance from the fact that the quarks have charges of 1/3 and 2/3 and it fits the assumption that the K term of equation (7-2) represents the mass contribution from the electric field of the quarks. Additional experimental and theoretical research is needed to determine how the electric field of the two up quarks and one down quark add up to produce a -1/3 electron mass for the K term.

The difference between the experimental proton mass of equation (7-4) in eV and the proton mass when the last term is changed to exactly -1/3 is 6.23 eV which yields a relative accuracy for the proton mass of 6.6 parts per billion. The uncertainty of the experimental mass is 21 eV which puts the residue well inside the experimental uncertainty of the proton mass.

A high precision value was also found for the muon. The muon mass in Tables 7-1 and 7-3 shows 1½ for N and 1 for K with a residue of 0.214285046 electron masses. The fraction 3/14 is 0.214285714 and differs from the residue by 0.000000668 or 0.67 parts per million of an electron mass, or 0.34 eV. The mass of the muon can then be expressed as: m μ = 1½ m b + 1 3/14 m e (7-5) which can be considered to be a quantized value for the mass. It differs from the experimental mass by 0.34 eV and is well within the experimental uncertainty of 3.5 eV. The difference between the experimental quantized value (EQV) of equation(7-5) and the experimental mass of the muon is 0.34 eV yields a relative accuracy of 3.2 parts per billion for the muon mass.

The mass of the proton from equation (7-4) showed that it was composed of 13½ basic masses and close to 13½ electron masses. The same feature, that the value of N is close the value of K, is also seen in the mass of the muon. Expressing the basic mass in terms of the electron mass and eliminating the small parts per million residue the proton mass becomes: m p = 13½ m e /α -13½ m e -1/3 m e (7-6) Factoring out the 13½ in equation (7-6) and converting all terms to electron masses gives:

m p = m e (7-7) 
Equation(7-5) for the muon mass shows 1½ basic masses and close to 1½ electron masses allowing the same change of form as was done for the proton. Converting the basic mass to electron masses and factoring out the 1½ in equation (7-5) the muon mass becomes:

m μ = (7-8)
Equations (7-7) and (7-8) show that the first term of the proton mass is exactly 9 times the first term of the muon mass. At this point the first term of equations (7-7) and (7-8) does not exactly represent the number of basic masses as it is smaller by the factor (1 -α) or about 1%. This form of the mass equation for the proton and the electron will be discussed in section 7.3.

These two high precision findings from equations (7-5) and (7-6) as well as equations (7-7) and (7-8) for the proton and muon strongly suggest that the N and K values found for these two particles are the quantized mass eigen values of a theory of particle masses that surpasses the standard model by 7 to 8 orders of magnitude which of course has yet to be developed. These experimental quantized values (EQV) are the experimental confirmation of a theory that quantizes the core and field masses together. Equation (7-2) constitutes an initial approximation for the particles in tables 7-3 and 7-4. A more accurate complete theory will include the interaction between the core pair and the field pairs which would apply to the leptons in the upper spectrum. For the mesons the theory would add two-particle interactions that include the conclusions can be considered to be same. It should be pointed out that the value of the fine structure constant for the 2014 CO Data changed outside the uncertainty range of the 2012 CO Data.

Alternative Choice for the Basic Mass

A relationship between the masses of elementary particles was noticed as far back as 1952 in a table by Y. Nambu 22 quoted by M. MacGregor 15 p. 373. The masses appear to be integers and half integer multiples of a basic mass equal to m e /α for 7 elementary particles. Recently a more comprehensive analysis was carried out by M. MacGregor 15 pp.399-401 for about 50 particles.

Those two authors and this paper up to this point have used the same value for the basic mass as m e /α. The introduction of equation (7-2) for the masses of a charged particle to be composed of a number of basic masses and a second number of electron masses suggests the concept of using a core mass and a field mass for the particles. Another feature to consider is that the basic mass has never been measured it just appeared to fit as m e /α since 1952. Experimentally the sum of both core and field masses is measured therefore it makes sense to reduce the basic mass by a factor (1 -α) so that the field mass is α m b . This fits the fact that the field contribution is electromagnetic thus it should have a coupling constant of α. The alternate basic mass will be identified as the reduced basic mass or m rb and it is equal to (1 -α) m b for this analysis. The particle masses of Tables 7-3 and 7-4 were recalculated using a reduced basic mass m rb with the equation: m = N r m rb + K r m e (7-9) and are shown in Table 7-6. The change to reduced masses generally leaves N the same, so Nr = N, and increases the value of K by N integers. Also, the high precision levels are preserved. For the proton, which had a K value of -13.8333211 in Table 7-4, the change increased K by 13½ leaving a value of just -0.3333211 for K r .

To connect the results of section 7-2 involving equations (7-7) and (7-8) the following relations illustrate the process. When the calculation is made for the reduced basic mass the relation is:

m rb = m b (1 -α) = m b -α m b (7-10)
for the reduced mass in terms of the electron mass: m rb = m e /α -m e = (7-11)

The last term in equation (7-11) has the same factor that appeared in the first term of equations (7-7) and (7-8) when N electron masses were factored out of the second term in equations (7-5) and (7-6). The standard model also has a mass relationship for a group of 4 particles that includes the 3 particles mentioned above plus the W boson. The relationship states that if you are given the mass of 3 of the 4 particles you can calculate the mass of the remaining particle. The relationship is in the form of a very complicated equation that requires approximations and has parameters that are difficult to calculate which illustrates that the standard model is more complicated when compared to the Higgs mass equation above in this example.

Particle Masses Conclusions

1. A fresh observation of the particle mass spectrum in terms of the leptons, mesons and baryons suggests the definition of an upper spectrum with masses above 100 Mev where most of the particles are and a lower spectrum that contains the electron and the three generations of neutrinos.

2. The experimental data for the particles in the upper spectrum reveal that they are quantized in multiples of a basic mass plus a number of electron masses and obey a new theory defined by a simple new equation as: m(N,K) = Nm b + Km e , equation(7-2), where N is an integer or half integer and K is generally the number of electron masses. At high precision K may be a simple fraction.

3. The experimental evidence shows that the accuracy of equation(7-2) varies and not all the mass values of N and K are realized thus a further refinement of the theory needs to be developed to predict which of the values are seen in nature.

4. Extremely accurate experimental mass values were discovered for the proton and the muon to a level of a few parts per billion. These values experimentally confirm a mass quantization theory capable of extreme mass accuracy that needs to be developed beyond the two parameter equation(7-2) to see how many other particles show extreme accuracy. For the proton, the mass value of 13 ½ basic masses minus 0.333321 electron masses confirm that the masses of the quarks are in accordance with the charges of a quark of 1/3 or 2/3.

Quantum Gravity based on the Bound Photon Model

As it is well known, Einstein's general relativity is completely incompatible with quantum mechanics even though it provides a wide range of experimentally verified results. Historically this problem has remained unsolved for almost a century. One important theoretical reason is that Maxwell's equations in QED are linear while the Einstein's equation is non-linear [START_REF] Hartle | Gravity -An Introduction to Einstein's General Relativity[END_REF] Hartle p. 445. Another reason is that general relativity was developed by Einstein for single massive particles with no quantum interactions. Based on the premise that the BP model uses photons for the particles, which are the solution of Maxwell's equations allows the use of the photon's characteristics as well as conformal symmetry for a quantum gravity theory. As far as this author knows, the use of bound photon pairs has never been used to develop a quantum gravity theory. These characteristics will be used for the theory described below. To develop quantum gravity theories for massive particles theoreticians have tried to use symmetry breaking, various string theories and many other methods with no success to the present time. One example is Mannheim's conformal gravity [START_REF] Feynman | QED -The Strange Theory of Light and Matter[END_REF] which attempts to develop a conformal gravity theory but he finds that conformal symmetry requires that all the particles involved to be massless. He then attempts to use symmetry breaking to allow the use of massive particles but then the theory becomes non-renormalizable. Ironically the BP model uses a pair of massless photons so there is no need to destroy conformal symmetry.

The BP model allows simpler solutions which require simpler physics and quantum mechanics.

As has been mentioned in this report, many of the problems are due to dealing with the more complex quantum mechanics of the standard model. The BP model takes advantage of the following features to build a quantum gravity theory. Particles exhibit the characteristics of a wave when they travel between two points and the characteristics of a particle when they are absorbed or reflected. When a particle travels as a wave from point A to point B in Figure 8-1, it may be reflected at the target at B or go beyond into space shown as C. As a wave the particle explores all possible paths including paths well beyond point B shown as C which theoretically includes all of the universe [START_REF] Feynman | QED -The Strange Theory of Light and Matter[END_REF][START_REF] Zee | Quantum Field Theory[END_REF] . If the particle does not reflect at B and goes on to C, it no longer represents the case of a bound pair of photons. In the case of the BP model, the reflections between the two points in space are a wavelength apart. When a particle explores all possible paths in space the question can be asked: what is the effect on all that space? A tantalizing answer is that the effect on that space is gravity whose magnitude will be determined by the number of times per second that a photon is reflected into space. This is also supported by the observation that a pair of photons are entangled when they are bound. Once entangled, a measurement of spin on one affects the behavior of the other no matter how far it is. This was called "spooky action at a distance" by A. generate gravity at a distance that was not given by either Newton's gravity or Einstein's general relativity. The mechanism of the BP model is that gravity or curvature is generated by a type of virtual presence of the photon in space as it explores all possible paths. This mechanism needs to be explored further theoretically and experimentally and provides a great opportunity to do foundational research.

Static Quantum Gravity

The case of static gravity will be treated first. The BP model uses reflections per second to determine the magnitude of the gravity. The Newtonian gravity uses the gravitational constant G to fix the magnitude. For quantum gravity the sum of the reflections per second of all the particles involved will be used. For example for the hydrogen atom, the sum of the reflections per second for the three quarks and the electron is calculated. The photons obey the quantum relation E q = hν where ν is the frequency of the photon wave which is the same as the number of reflections per second when bound. The pair of photons that form a massive particle have an energy E = mc 2 at rest where m is the mass of the particle. The two energies should be equal for the massive particle at rest. The rest energy of a composite particle such as the hydrogen atom can be determined by adding the energies or masses of its components, the three quarks and the electron mass. The reflection rate for one quark of constituent mass m q of 313 Mev is ν q = (m q c 2 )/h and the rate for the proton 3ν q . Note that the much smaller mass of the electron as compared to the constituent mass of a quark produces fewer reflections per second because the photons in an electron travel a greater distance λ e determined by the wavelength for an electron given by E q = hc/λ e . Masses and wavelengths are in a reciprocal linear relation. The total mass of the hydrogen atom gives the reflection rate of:

Equation (8-1)
where m is the mass of a hydrogen atom and h is Plank's constant. Using MKS units ν equals 2.2700x10 [START_REF] Hans | What is spin?[END_REF] reflections per second per atom. The mass unit in Newton's equation is the kilogram therefore the reflection rate needs to be multiplied by the number atoms in one kilogram which is: 5.9786x10 [START_REF] Feynman | QED -The Strange Theory of Light and Matter[END_REF] , therefore the reflection rate for one kilogram becomes: 1.3564x10 50 reflections per second.

To express the BP model quantum gravity in the same format as the Newtonian gravity, the force equations can be written as:

Equation (8-2)
Equation (8-3) where F N is the Newtonian force, F q the quantum gravity force and H is the quantum gravity constant.

There is an artificial case where this new quantum gravity will differ from the Newtonian one. The photons of a massive particle normally bind at a distance of their wavelength. If the pair of photons are reflected over a distance that is k times their wavelength, the gravity generated will be reduced by a factor k. This lower quantum gravity effect could potentially be verified by experiment but it will be very difficult because of the extreme weakness of the gravitational force.

Dynamic Quantum Gravity

The results from general relativity (GR) are expected to disagree with the results from the BP model quantum gravity, because general relativity does not include quantum mechanics. In going from the static case to the dynamic case a transformation to a velocity v will be applied to the pair of photons in the static case. With the BP model gravity, each of the photons in the pair travel at c in opposite directions and their energy and direction is changed in a boost to a velocity v according to the Doppler relations. Compared with current quantum gravity theories, the dynamics are quite different: first because there are two particles involved, and second because one photon has a velocity of c the other -c. The Doppler relations change the energy and direction of each photon in the pair differently. For the energies of the two photons the Doppler relations are:

E 1 = (γE 0 /2)[1 + (v/c) cosθ 0 ] E 2 = (γE 0 /2)[1 -(v/c) cosθ 0 ]
Where E 0 is the rest energy of the massive particle, E 1 and E 2 are the energies of the two photons and γ = 1/(1v 2 /c 2 ) 1/2 . The angular direction θ 0 is modified by the Doppler relation as: where θ 0 is the angle in the photon pair frame of reference when at rest and θ is the angle after the boost to v. With the BP model quantum gravity, the rate of reflections of each of the two photons will be modified according to the Doppler relations when in motion by a velocity v.

For a large collection of particles inside a radius r the Schwarzschild geometry can be used for the space outside r. The Schwarzschild geometry [START_REF] Hartle | Gravity -An Introduction to Einstein's General Relativity[END_REF] (p. 186) is given by: ds 2 = (cdt) 2 + dr 2 + r 2 (dθ 2 + sin 2 θ dϕ 2 ) Equation (8-4)

The Schwarzschild geometry shows a characteristic of the BP model that was described in section 5.3 for the relativistic solutions of the Dirac equation as the sum of a variable and the reciprocal of a variable (VRV).

For a large collection of particles in a non-rotating star, the static case of the PB model applies.

If a star rotates the particles will move at some velocity v which the BP model will treat by using the Doppler relations. The curvature in the space outside the rotating star will be modified and should show "frame dragging" for particles moving outside the star. The interaction between the
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 61 Figure 6-1 Series of photon pair states that form a single charge

Figure 6 -

 6 Figure 6-1 depicts the photon energy or momentum decreasing by factors of two illustrated vertically from the bottom up on the figure for clarity since all pairs overlap and have their center at the center of the particle. The same figure can also show the wavelength increasing by factors of two vertically down. The quantum pair states are in "s" type states thus spherically symmetric. The wavelength lines indicate the diameter of the concentric spheres giving a visual aid of what a charge would look like when composed of photon quantum pair states.

A

  relationship was discovered among the experimental masses of the top quark, the Z boson and the Higgs boson. The relationship gives the mass of the Higgs as a function of the Z boson and the top quark as: m H = (m Z m t ) ½ and the value of m H is equal to 125.637 Gev/c. The value is within the uncertainty of the Atlas result of m H = 125.36 ± 0.37 and within 0.5 % of the CMS result of m H = 125.03 ± 0.27 . The equation for the Higgs boson mass shows a seesaw relationship between the Z boson mass and the top quark mass.
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  cosθ = (cosθ 0 + v/c) / [1 + (v/c) cosθ 0 ]
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			Experimental meson and lepton masses compared with integer and	
				integer or half-integer basic masses			
	Particle Measured mass m	m/m b	N	Residue from	N	Residue from	Mass Ex-
		(Mev)				nearest		integer or	perimental
						integer N		half-integer N	uncertainty
								(m b Units)	(m b Units)
						(m b Units)			
	µ	105.6583715 ±35 1.508861059	2	-0.49114	1½	0.008861059	5.0x10 -8
	Π ±	139.57018 ±35	1.99314079	2	-0.00685921 2	-0.00685921	5.0x10 -6
	Π 0	134.9766 ±6	1.92754188	2	-0.07235812 2	-0.07235812	8.6x10 -6
	K ±	493.677	±16	7.049986	7	0.049986	7	0.049986	2.3x10 -4
	K 0	497.614	±24	7.106208	7	0.106208	7	0.106208	3.4x10 -4
	η	547.853	±24	7.823649	8	-0.176351	8	-0.176351	3.4x10 -4
	ρ	775.49	±34	11.0744	11	0.0744	11	0.0744	4.9x10 -3
	ω	782.65	±12	11.17668	11	0.17668	11	0.17668	1.7x10 -3
	K *	891.66	±26	12.7334	13	-0.2666	12½ 0.2334	3.7x10 -3
	η΄	957.78	±6	13.6776	14	-0.32236	13½ 0.17764	8.6x10 -4
	Φ	1019.455 ±20	14.55839	15	-0.44161	15½ 0.05839	2.9x10 -4
	τ	1776.82	±16	25.37399	25	0.37399	25½ -0.12601	2.3x10 -3
	Mean					0.1956		0.1056	
	Random					0.2500		0.1250	
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 72 Experimental baryon masses compared with integer and integer or half-integer basic masses

	Particle	Measured mass	m/m b	N Residue from	N	Residue from	Experi-
		m		integer N		integer or	mental
		(Mev)		( m b units)		half integer N	uncert.
	p	938.272046±21 13.39905338 13 0.39905338	( m b units) 13½ -0.10094662	(m b units) 3.0x10 -7
	n	939.565371 ±21 13.4175227	13 0.4175227	13½ -0.08247727	3.0x10 -7
	Λ	1115.683 ±6	15.932582	16 -0.0674	16	-0.0674	8.6x10 -5
	Σ +	1189.33 ±7	16.98487	17 -0.01513	17	-0.0151	1.0x10 -3
	Σ 0	1192.642 ±24	17.03160	17 0.0316	17	0.0316	3.4x10 -4
	Σ -	1197.449 ±30	17.100246	17 0.1002	17	0.1002	4.3x10 -4
	Ξ 0	1314.86 ±20	18.77694	19 -0.2231	19	-0.2231	2.9x10 -3
	Ξ -	1321.71 ±7	18.87476	19 -0.1252	19	-0.1252	1.0x10 -3
	Ω	1672.45 ±29	23.88352	24 -0.1165	24	-0.1165	4.1x10 -3
	Mean			0.1662		0.0958	
	Random			0.2500		0.1250	

compared to the mesons and leptons of Table

7

-1.
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				-3					
			Experimental meson and lepton basic mass residues compared		
			with integer, and integer or half-integer electron masses		
	Particle Measured	N residue	N residue	K K residue	K	K residue	Exp.
		mass m	m/m b -N	(m/m b -N)/α		from integer		from integer	Uncert.
		(Mev)	(m b units)	(m e units)		(m e units)		or ½ integer	(m e units)
								(m e units)	
	µ	105.6583715 0.008861067 1.214285046 1	0.214285046 1	0.214285046 6.8x10 -6
	Π ±	139.57018	-0.00685921 -0.93995919 -1 -0.060041	1	-0.060041	0.0006
	Π 0	134.9766	-0.07235812 -9.92937	-10 0.07063	10	-0.07063	0.0012
	K ±	493.677	0.0499856	6.84983	7	-0.15017	7	-0.15017	0.0313
	K 0	497.614	0.1062082	14.5544	15 -0.4457	14½ -0.0544	0.0470
	η	547.853	-0.176351	-24.1664	-24 -0.16638	24	-0.16638	0.0470
	Φ	1019.455	0.058392	8.00175	8	0.00176	8	0.00176	0.0391
	Mean		0.1056			0.1548		0.0889	
	Random		0.125			0.2500		0.1250	
				Table 7-4					
			Experimental baryon basic mass residues compared with integer,		
			and integer or half-integer electron masses.			
	Particle Measured	N residue	N residue	K K residue	K	K residue	Exp.
		mass m	m/m b -N	(m/m b -N)/α		from integer		from integer	Uncert.
		(Mev)	(m b units)	(m e units)		(m e units)		or ½ integer	(m e units)
								(m e units)	
	P	938.272046 -0.10094662 -13.8333211	-14 0.1666789	-14	0.1666789	41x10 -6
	n	939.565371 0.08247727	11.302355	11 0.302355	11½ 0.19765	41x10 -6
	Λ	1115.683	0.06742	9.238738	9	0.23874	9	0.23874	.0012
	Σ 0	1192.642	0.03160	4.33027	4	0.33027	4½	0.16973	.0313
	Σ -	1197.449	0.10025	13.73734	14 0.26266	13½ 0.23734	.0470
	Mean		0.1056			0.2601		0.202	
	Random		0.1250			0.2500		0.1250	
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		Particle masses from Tables 7-3 and 7-4 using a reduced basic mass m rb
		Mass m	m/m rb	N r	N r Residue	K r	K r residue
		(Mev)	(m rb )		(m e )		(m e )
	µ	105.6583715 1.519952797 1½ 2.714285046	2 5/7 0.668x10 -6
	π ± 139.57018	2.00779236	2	1.060040873	1	0.0600487
	Π 0 134.9766	1.94171123	2	-7.92937128	8	-0.0706287
	K ± 493.677	7.10181005	7	13.8498316	14	-0.150168
	K 0 497.614	7.15844592	7	21.5543487	21½ 0.0543487
	η	547.853	7.88116104	8	-16.166376	-16	-0.166376
	Φ 1019.455	14.6654103	14½ 22.501756	22½ 0.001756
	P	938.272046	13.49754976 13½ -0.3333211	-1/3	12.2x10 -6
	n	939.565371	13.51615494 13½ 2.197652867	2	0.1976529
	Λ 1115.683	16.0497020	16	6.7612627	7	-0.238737
	Σ 0 1192.642	17.1567988	17	21.330275	21½ -0.169725
	Σ -1197.449	17.2259500	17	30.737340	30½ 0.237340

core-to-core and field-to-field interactions in addition to the already mentioned core-to-field interaction. For the baryons it would be a three-particle theory that includes the interactions of the 3 cores and 3 fields. It is expected that the actual values of N and K will be determined by such theories and they can become theories beyond the standard model that replace QCD.

High Precision Values Summary Table

The analysis presented in tables 7-1 to 7-4 was done in 2013 using particle masses and constants from the 2010/2012 CO Data. The publication of this report was expected to be in 2017. In view of the high precision values found for the proton and the muon, the data for those two particles was recalculated with the 2014 CO Data. For completeness and ease of comparison both sets are shown in Table 7-5.

The new data gives slightly less accurate results for the proton and slightly more accurate results for the muon in terms of the relative accuracy of the mass therefore the strength of the particles inside the star and the particles outside the star will depend on their relative velocities which the BP model will account by using the Doppler relations for those velocity differences.

The BP model quantum gravity that has been defined in this section provides an opportunity to develop this new theory and to apply it to the formation of black holes and to cosmology. None of the other competing quantum gravity theories use the massless photon as the source of gravity.