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Abstract  
 
In a previous paper “A Physical Electron-Positron Model”[1] an electron 
model was developed in a geometrical algebra (GA) construct developed by 
Doran et.al. [2] The model shows the mathematical structure, and the 
physical description required for the existence of an electron as a 
composition of two photons bound by the self-induced vacuum polarization 
gradient of the index of refraction. This paper will develop the mechanics of 
a vacuum polarization induced index of refraction, binding photons in orbit 
around a common center of momentum creating a net electric charge.  
 
The concept of charge has heretofore not had a theoretical explanation, 
accept for some unknown substance associated with mass. This model offers 
the physical concept of charge created from QFT mechanics.  
 
The combined particle is a boson with a fixed angular momentum of ½  . 
This angular momentum and the index of refraction discontinuity, provide 
the containment mechanisms that bind the photons together. 
 

 
 

Introduction 
 

 
The wave particle duality of particle dynamics is understood as physical 
aspects of particles that require both perspectives to predict the outcome of 
experimental tests. For the purposes of this paper we will subscribe to the 



wave nature of a photon as a prediction of the probability location, and the 
particle as a point particle with dynamics directed by a gradient in the speed 
of light induced by the nonlinear aspects of vacuum polarization. The 
physical photon is assumed to be very small. 
 
The wave nature of the electron has been well developed by Schrodinger, 
Dirac and many others. The Lagrangian wave nature alone however is 
inadequate to describe well known measurable phenomena such as charge, 
size and mass 
 
By appealing to the particle nature and the nonlinear effects of photon 
interaction, a composition particle that has charge, mass, spin, and size can 
be developed. The electron size has been a particularly difficult issue for 
QFT since there is an infinite singularity associated with the electron. This 
model should be useful in regard to resolving some of those issues. The 
individual photons in the model still have singular aspects, but not the 
infinities associated with the electron.  
 
In Geometric Algebra (GA) the Dirac Matrices become the spacetime unit 
coordinate vectors, which indirectly changes the normal view of QM by 
defining some of the aspects QM as actually features of Lorentz covariant 
spacetime. Parity, time reversal, charge, positive & negative mass, become 
part of the spacetime structure, simplifying the mapping of the Dirac 
relativistic quantum representation into the eight dimensional, subalgebra of 
the GA spacetime representation. This allows a GA functional description of 
a photon. [1], which in turn allows a four-dimensional composite electron.  
 
The authors previous paper [1], proposed a model of an electron formulated 
as the composition of two photons using the AG rotor structures for QM 
formulated by Doran et.al. [2]. (Fig. 1).  
 
This presentation offers an electron model in that context having similarities 
of the atomic physical model, but relies on the gradients in the index of 
refraction produced by the nonlinear effects of vacuum polarization as the 
binding mechanism.  
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Fig.1 General configuration showing the orbiting of 

photons in a GA cooridnate syatem 
 
 
 

 
Fig.2. Radially polarized photons bound by the self-
generated vacuum polarization gradient, maintaining a 
radially polarized circular electric field, constituting a local 
charge 
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Primary Physical Mechanisms 

 
 
The interaction of the two orbiting photons (Fig.1) as described in the earlier 
paper is not the result of an electric force, but by the motion under the 
influence of the mutual gradient in the index of refraction. This gradient is 
generated by the self-induced vacuum polarization of the two opposite going 
photons.  
 
The vacuum polarization effect between two interaction photons is a well-
researched process both from theoretical and experimental aspects. The first 
development by Sauter, Serber, Euler and others,[3],[4],[5], and later by 
more sophisticated methods of QFT by Schwinger and others[8],[9].  
The study of the vacuum polarization on the index of refraction is quite 
extensive in the lower levels of E when birefringence on photons in static 
fields effects are predominant, [10],[11],[12],[13],[14],[15],[16],[17],[18], 



[19],[20],[21]. Others have studied and proposed experiments investigated 
the effects of photon-photon scattering in the higher energy levels, 
,[22],[23], and there have been several proposals for studies on the effects on 
the index of refraction by intense laser beams,[24],[25],[26],[27],[28],[29]. 
 
 
At the higher E levels, that are more appropriate to this work, the processes 
of Delbruck scattering and pair production dominates. These processes, 
originally proposed by Max Delbruck and first observed, by Robert Wilson 
[30], have been the subject of intensive research in both theoretical, and 
experimental  since the 1950’s. [31],[32], [33],[34],[35],[36], [37].  
Appropriate to this paper, but not at the same energy levels is the research 
done by J. Kim et.al.  [38], on light bending in a Coulombic field. 
 

 
 

Vacuum polarization and the Index of Refraction 
 
 
The most important aspect has been the derivation by Schwinger of the 
leading nonlinear corrections to the vacuum polarization that allows 
calculations of the local index of refraction below the critical electron–
positron limit [3]. 
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At the low-energy end with non-parallel fields generally defined by the 
Heisenberg-Euler Lagrangian are the studies of birefringence changes in the 
index of refraction induced at low levels  crE E .These have been 

conducted by a large number of researchers [10-21], and the results are 
generically similar to: 
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The , suffix indicates parallel and perpendicular field polarizations. 

 



For two photons moving around a common center of momentum each 
experiences the electromagnetic field of the other. The relation for that 
interaction at CRE E   from Kim et.al, “Light bending in radiation 

background” [38], and Light bending in a Coulombic field the index of 
refraction can be expressed as: 
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At the higher end of the energy levels above the Kim et.al, work closer to the 
Schwinger limit  crE E , the index of refraction is better understood and 

by the processes related to Delbruck scattering, and pair production.  
 
The reflection coefficient expressed in the relative index of refraction and 
the high end scattering experiments, lead to the conclusion that the index of 
refraction has an infinity at the Schwinger Limit. With multiple loops and 
higher order corrections the index of refraction at the higher fields as 

developed by Dietrich et.al. [12]  is:  crE E index of refraction 1 is: 
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At very high levels of the fields the Q factor 1 / 2 , and if E represent the 
maximum of the E & B fields of photons near the Schwinger limit then for 
two opposite colliding photons with fields of 1E and 2E  the maximum local 

index of refraction is: 
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Index of Refraction for Photons containment 
 
The index of refraction to maintain photons in a circular path can be 
determined from classical physics by variation methods applied to Fermat’s 
principle. It is straight forward and well done by J. Evans, et.al. [39], and for 
stable orbits Fermat’s principle requites the index of refraction to be 
proportional to1/r, thus in terms of the Compton radius for an electron, This 
can be written as: 
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k is the index of refraction constant and e  is the Compton radius of the 

electron 
 
Putting this into Eq.(5), the relations between c, r and E is: 
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At r 0 , 2 2
crE E , and at E 0 : 
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As E 0  the photons are no longer in contact, and 0c c  showing the 

index of refraction binding the photons in circular motion vanishes. The 
value of the index of refraction constant, k can be determined by the 
angular momentum of the system.  
 
The value of c as a function of r from Eq.(7), is:   
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Although the radial polarized photons will be shown to have opposing 
electric field, the binding mechanism of the photons is not the electric 
field, but the gradient in the index of refraction induced by the vacuum 
polarization. 
 
 

Period, Frequency, & Gradient 
 
For a photon P, orbiting in an index of refraction that is proportional to the 
radius of the orbit, the orbital period of revolution is constant for all 
radii[39].   
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Orbiting photons in such a configuration maintain their original free space 
frequency at any orbital radius, and their original frequency energy 
relationship: 
 
 0 /    (11) 

  
 
 

Spin Determined Index of Refraction Constant k 
 
 
The angular momentum for the orbiting photons is properly calculated by 
the Path integral methods integrating the sum of the nonlinear action over all 
possible paths. By knowing however that the sum of the spin angular 
momentum of the two spin-one vector boson in a composition particle has to 
be 1 / 2   the index of refraction constant k of Eq.(7), can be evaluated. 

 
The classical angular momentum for two photons orbiting around the center 
of momentum perpendicular to the orbit is: 
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The momentum for each of the photons is  p / c   can be evaluated from 

the photon energy. Noting that the sum of the two photons energy and thus 
frequency (i.e. the Compton frequency) of the electron: 
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Putting the value of r as function of c from Eq.(9), & Eq.(12), and noting 
that the spin for the system must be a constant ½  gives: 
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The value of the index of refraction constant, k for the composite particle 
to have the proper spin is then: 
 
 k 2  (14) 
 
In Eq.(12), as the value of r exceeds er / 2   the value of E becomes 

imaginary and the angular momentum is no longer constant. 
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This provides the limiting binding, and confining condition for the 
photons, setting a maximum orbital radius to be:  
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From Eq.(7), & Eq.(23), as the value of r exceeds e / 2  the value of the 

interaction of E of the two photons becomes imaginary. 
 
Figure 3, shows the relationship between the speed of light and the radius 
from the center of momentum. 

 



 

 
 

Fig. 3. This is the velocity of light experienced by the photons in orbit around the center 
of momentum. The value is a linear function of r below e / 4  and is constant 0c above 

that. At  e / 4  there  is a discontinuity in the index of refraction, and this is the location 

of the boundary separating the real photons that constitutes the mass, from the Feynman 
probability photons that generate the electric field effects.  

 
 

Vector Orientation, Stability, and Net Charge 
 
 
It has been asserted in the earlier paper that the rotating photons can have 
electromagnetic vectors maintaining a constant radial direction along the 
radial vector. Two physical mechanisms dictate this: One is the Thomas 
precession which counteracts the photon helictical rotation, and the other is 
the maximizing of the vacuum polarization energy density along the radial 
rotation axis. 
 

Photon Radial Alignment: Thomas Precession 
 

 
Thomas Precession is a well understood phenomenon totally within the 
mechanics of Lorentz dynamics.  
As a particle rotates around a center axis there is a frame rotation such that 
when it arrives back at a defined point its helictical phase orientation will 



also have been rotated. For a photon in a circular index of refraction this will 
mean that for every cycle of rotation about the axis its helictical rotation will 
be reduced by that number of cycles. At half the Compton radius of the 
photon, this reduces the helictical frequency to zero leaving the photon with 
a constant radial electric vector. The half Compton radius of rotation for the 
photon is due to the fact that its spinor definition [1] completes after two 
complete rotations. This rotational radius is then the same as the Compton 
radius for the electron. (See Appendix I for details.) 

 
 
 
 

E Field Maximizing and Vector Orientation 
 
 
From the center of momentum frame of two identical orbiting photons, the 
photons move in opposite directions, and are in effect in colliding. The 
momentums are opposite, the velocities are opposite, and thus by CPT in the 
center of momentum frame, the electric field contribution to the vacuum 
polarization are anti aligned. For the purpose of vacuum polarization the 
sum of the opposite moving electric fields are additive to the field strength. 
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The energy density  , for the colliding photons is maximal for a head-on 

collision and expressed in 3 vector notation is[11]: 
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For the case of two equal & opposite photons, all but the first square terms 
of the energy density vanish, and in addition the birefringent terms of the 
Lagrangian first loop also vanish.  
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From Eq.(17), and Eq.(18), the maximal energy density for the two photons 
occurs when the electric and magnetic vectors are parallel, thus the electric 
and magnetic vectors add without any birefringent terms: 
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The maximum energy density at the location of a single photon is when the 
square of the sums of the second photon maximizes at that point. That is 
the contribution to the electric density at 1P  by 2P  is when this sum 

maximizes. (Fig, 2) 
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This occurs when the radial vectors and the electromagnetic vectors from 

2P  are at a 45 degree angle. 
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The result is the same from the perspective at 2P  

  
Fig. 4, Orientation of E and B vectors orbing a common center. 

 
The combined effect of the Thomas precession and the vector orientation for 
the maximal field strength gives the stability to the composite electron. 
 



Charge & Magnetic Moment 
 

As these vectors presses around the orbit there is a time average net 
spherical electric vector, (blue), in the 4 radial directions. The time average 

of the magnetic vectors, (Green) is dipolar 2 . These time integrals give the 

net charge to the composite particle and a magnetic dipole moment. 
 
The model defined in electric vectors should only be considered as a 
classical visual description, whereas the actual electric field effects are 
generated by probability distribution density of the polarized photons of the 
Feynman action paths that escape the boundary and populate the volume 
outside the orbital radius. 

Orbits 
 

 
 

Fig.5.  This sketch illustrates points on the interior radius have a circular stable orbit 
obeying Fermat’s principle. All inside action orbits, circular, as well as elliptical are 
in phase and contribute to the total action. The spin angular momentum confines 
photon paths to radii less than 1/4 of the Compton radius.  Only Feynman 
probability paths responsible for electric interaction exist outside this radius.  

 
Vacuum Polarization Cross-Section 

 
The implication of Eq.(7), is that the vacuum polarization cross-section of a 
photon has a sharp edge at a diameter of eD / 4  . Graphically this cross-

section interaction has a linear energy density contribution until the second 
photon edges separate.   
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Fig.6. Cross-section engagement of orbiting photons 
The photon energy density product outside1/4 of the Compton 
radius vanishes.  

 
Conclusion 

 
A model for an electron has been presented that physically demonstrates 
mass, charge, & spin, within the concepts of currently known physics. 
Nothing has been postulated that isn’t well understood in terms of current 
physics. Neither of the physical regimes of QM or Classical physics have 
been stretched, compromised, or extended beyond that which has been 
experimentally confirmed.  
 
It gives a physical insight to the mechanical process, and since there are no 
singularities associated with the model. This structure may allow QFT a path 
around the infamous renormalization without having to cancel infinite values 
with infinite values,  
 
A physical concept of charge has been presented that addresses an ongoing 
dilemma for physics since inception, both in its creation and its connection 
to mass. This model shows charge as a photon property not at all outside the 
bounds of physical processes.  
 
 As is well known pair production is the result of interaction photons, this 
represents the mechanics of that process.    



 
References 
 
1. DT Froedge, A Physical Electron-Positron Model in Geometric Algebra, V041917 
http://www.arxdtf.org/css/electron.pdf,  http://vixra.org/pdf/1703.0274v2.pdf 
 
2. C. Doran, A. Lasenby 2003 Geometric Algebra for Physicists, Cambridge University Press, Quantum 
Theory and Spinors, chapter 8  
 
3.  Sauter, "Über das Verhalten eines Elektrons im homogenen elektrischen Feld nach der 
relativistischen Theorie Diracs", Zeitschrift für Physik, 82 (1931) pp. 742–764. 
doi:10.1007/BF01339461 (https://dx.doi.org/10.1007%2FBF01339461) 
 
4. W. Heisenberg and H. Euler, "Folgerungen aus der Diracschen Theorie des Positrons", 
Zeitschrift für Physik, 98 (1936) pp. 714-732. doi:10.1007/BF01343663 (https://dx.doi.org 
/10.1007%2FBF01343663) English translation (http://arxiv.org/abs/physics/0605038) 
 
5.R. Serber, “Linear modifications in the Maxwell field equations,” Phys. Rev. 48, 49 (1935); E. A. 
Uehling, “Polarization 
effects in the positron theory,” Phys. Rev. 48, 55-63 (1935). 
 
6. H. Euler and B. Kockel, “The scattering of light by light in the Dirac theory”, Naturwiss. 23, 246 (1935). 
 
7. H. Euler, “On the scattering of light by light in Dirac’s theory”, PhD thesis at Univ. Leipzig (1936); 
published in Ann.Phys. (Leipzig) 26, 398 (1936). 
 
8. H. Euler, “On the scattering of light by light in Dirac’s theory”, PhD thesis at Univ. Leipzig (1936); 
published in Ann.Phys. (Leipzig) 26, 398 (1936). 
 
9. W. Heisenberg and H. Euler, “Consequences of Dirac’s Theory of Positrons”, Zeit. f. Phys. 98, 714 
(1936); an English 
translation is at arXiv:physics/0605038. 
 
10. J Schwinger, On Gauge Invariance and vacuum polarization , Physical Review volume e82, 1951 
 
11. L.  Rosenfeld Theory of Electrons (North Holland Publishing Company, 
Amsterdam) 1951  arXiv:0906.3018v1 [physics.gen-ph] 
 
12. W Dittrich, H. Gies, Vacuum Birefringence in Strong MagneticFields, arXiv:hep-ph/9806417v1 19 Jun 
1998 
 
13. T. Heinz M. Platz, Observation of Vacuum Birefringence: A Proposal 
https://www.tpi.uni-ena.de/qfphysics/homepage/wipf/publications/papers/nonlineared.pdf 
 
4. A. Rikken and C. Rizzo, Magnetoelectric birefringences of the quantum vacuum, Phys. Rev. A, Vol.63, 
012107 (2000) 
 
15. J. Heyl, L. Hernquist, Birefringence and Dichroism of the QED Vacuum 
Lick Observatory, 12.20.Ds, 42.25.Lc 97.60.Jd, 98.70.Rz 
 
16. T. Heinz, Observation of Vacuum Birefringence: A Proposal, https://www.tpi.uni-
jena.de/qfphysics/homepage/wipf/publications/papers/nonlineared.pdf, 2005 
 
17. W. Tsai, T. Erber, Propagation of photons in homogeneous magnetic fields. Index of refraction, 
Physical Review, D Volume 12, Number 4 1975. 



 
18. C. Turtur, A Hypothesis for the Speed of Propagation of Light in electric and magnetic fields and the 
Planning of an Experiment for its Verification. Wolfenbüttel, November - 23 - 2007 
 
19. E.Seegert, Quantum Reflection at Strong Magnetic Fields, Masterarbeit zur Erlangung des 
akademischen Grades Master of Science (M.Sc.) geboren am 23.06.1986 in Berlin Matrikelnummer: 
Physikalisch-Astronomische Fakultät 2013 
 
20. E. Zavattini, et. al., Experimental Observation of Optical Rotation Generated in Vacuum by a Magnetic 
Field, Phys. Rev. Lett 96, 110406 (2006) 
 
21. M. Soljacic´ and M. Segev, Self-trapping of electromagnetic beams in vacuum supported by QED 
nonlinear effects Physical Review A, volume 62, 0438172000 
 
22. R. Battesti, C. Rizzo, Magnetic and electric properties of quantum vacuum, Progress in Physics, IOP 
Publishing, 2013, https://hal.archives-ouvertes.fr/hal-00748532 
 
23. A. E. Shabad, Interaction Of Electromagnetic Radiation With Supercritical Magnetic Field, 
International Workshop on Strong Magnetic Fields and Neutron Stars. https://arxiv.org/abs/hep-th/0307214 
 
24. A. Akhieser, L. Landau and I. Pomeranchuk, “Scattering of light by light”, Nature 138, 206 (1936); A. 
Akhieser, “¨Uber 
 
25. M. Born, L. Infeld, Die Streuung, Von Licht An Licht”, PhD thesis, 1936, Ukrainian Physico-Technical 
Institute; Phys. Zeit. Sow. 11, 263 (1937). 
 
26. J. Kim, T. Le; Light bending in radiation background: Journal of Cosmology and Astroparticle Physics; 
http://iopscience.iop.org/article/10.1088/1475- 516/2014/01/002/pdf  
 
27. X. Sarazin1a, F. Couchot1, A. Djannati, Atai, O. Guilbaud3, S. Kazamias, M. Pittman, M. Urban, 
Refraction of light by light in vacuum, EPJ manuscript, arXiv:1507.07959v3 [physics.optics] 2015  
 
28. M. Urban, F. Couchot, S. Dagoret-Campagne,X.R Sarazin Corpuscular description of the speed of light 
in a homogeneous medium16 Jun 2009 arXiv:0906.3018v1 [physics.gen-ph] 16 Jun 2009 
 
29. M. Urban A particle mechanism for the index of refraction, LAL 07-79, 2007,  
Dmitri Kharzeeva and Kirill Tuchinb,Vacuum self–focussing of very intense laser beams, BNL-NT-06/43, 
RBRC-657,arXiv:hep-ph/0611133v2 21 Feb 2007  https://arxiv.org/abs/0709.1550 
 
30. M. Urban, F. Couchot, X. Sarazin, A. Djannati-Atai, The quantum vacuum as the origin of the speed of 
light, EPJ manuscript, arXiv:1302.6165v1 [physics.gen-ph]  2013 
 
31. B. King1 and T. Heinzl, Measuring Vacuum Polarisation with High Power Lasers, Power Laser Science 
and Engineering, 2015, arXiv:1510.08456v1 [hep-ph] 28 Oct 2015 
 
32. R. Wilson, Scattering of 1.33 Mev Gamma-Rays by an Electric Field 
Physical Review, vol. 90, Issue 4, pp. 720-721, 1953 
 
33. A. Scherdin, A. Schäfer, and W. Greiner, Delbrück scattering in a strong external field, physical review 
d volume 45, number 8 15 ,1992 
 
34. Delbruck scattering non-perturbative QED and possible applications 
D. Habs Romania, Oct 03-05, 2012 1, Max-Planck-Institut f. Quantenoptik 
 
35. T. Lee, Delbruck scattering cross section from light bending 2017, arXiv:1711.00160v1 [hep-ph] 
 



36. W. Dittrich and H.Gies, Light propagation in non-trivial QED vacua arXiv:hep-ph/9804375v1 23 Apr 
1998. https://arxiv.org/pdf/hep-ph/9804375.pdf 
 
37. H.Gies1 G. Torgrimsson, Critical Schwinger pair production, 2015, arXiv:1507.07802v1 [hep-ph] 
 
38. S. Akhmadaliev, et al., Experimental investigation of high-energy photon splitting in atomic fields, 
Phys. Rev. Lett. 89, 061802 (2002) [hepex/0111084]. 
 
39. Z. Bialynicka-Birula, I. Bialynicki-Birula, Nonlinear Effects in Quantum Electrodynamics. Photon 
Propagation and Photon Splitting 
in an external Field. Phys. Rev. D, Vol.2, No.10, 1970 
 
40. J. Kim, T. Le; Light bending in a Coulombic field: arXiv:1012.1134v2 [hep-ph] 7 Jan 201 
 
41. J. Evans, M. Rosenquist, F=ma Optics, American Journal of Physics 54, 876 (1986); 
https://doi.org/10.1119/1.14861  
 
43. S Weinberg, The Quantum Theory of Fields, Cambridge University Press, 
p. 358, ISBN 0-521-55001-7, (1995) 
 
43. P. A. M. Dirac, The Principles of Quantum Mechanics, 4th ed., Oxford University 
Press, London (1958). 
  
44. Feynman, Hibbs, 1965, QuantumMechanics and Path Integrals McGraw-Hill 
 
45. G. Dunne, The Heisenberg-Euler Effective Action,75years on, rXiv:1202.1557v1 [hep-th] 2012, 
arXiv:1202.1557v1 [hep-th] 7 Feb 2012 

 

Appendix I 
 

Thomas Precession 
 
 
As a pair of photons rotates around the center of a circle due to a variable 
index of refraction, the Thomas precession reduces the helictical rotation 
frequency of the photon. The photons frequency is reduced by exactly the 
axial frequency of the rotation. As the gradient in the index of refraction is 
increased the sum of the frequencies must remain constant. 
  
As the circumference is reduced to the wavelength the helictical frequency is 
stopped. The rotation frequency is then equal to the original free particle 
frequency of the photon and the photon electromagnetic vectors are 
polarized along the orbital radius. 



 
Fig.2 Two radially polarized photons bound by the self-generated 
vacuum polarization gradient in the index of refraction. The 
radially polarized circular directed electric vectors constitute the 
effect of a local charge.   

 
This is easily shown from Lorentz geometric principles, the Thomas 
reduction to the frequency of an orbiting photon is: 
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a is the circular acceleration dr / dt in the moving frame thus: 
 
 t    t       (25) 

 
and for a photon moving in a variable index of refraction the precession is: 
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For the photon the circular acceleration is: 
 

 
2dv c

dt r
  (26) 

 
And for the photon orbiting at the Compton radius: 



 
P

c
r 


 (27) 

 
Thus as the radius is reduced to the Compton radius the Thomas precession 
frequency reduces the helictical frequency to zero, whereas the axial 
frequency in the orbit plane R


 becomes equal to the free photon frequency.  

 

 T P   


 (28) 

 
The Thomas precession thus establishes a radial polarization along the 
radius vector to the center of momentum. 
 

 


