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About the Book 

This monograph tackles three challenges. First, show a mathematics-based meta-model that matches known 

elementary particles. Second, apply models, based on the meta-model, to match other known physics data. Third, predict 

future physics data. 

The math features solutions to isotropic pairs of isotropic quantum harmonic oscillators. This monograph matches 

some solutions to known elementary particles. Matched properties include spin, types of interactions in which the particles 

partake, and (for elementary bosons) approximate masses. Other solutions point to possible elementary particles. 

This monograph applies the models and the extended particle list. Results narrow gaps between physics data and 

theory. Results pertain to elementary particles, astrophysics, and cosmology. For example, this monograph predicts 

properties for beyond-the-Standard-Model elementary particles, proposes descriptions of dark matter and dark energy, 
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provides new relationships between known physics constants (including masses of some elementary particles), includes 

theory that dovetails with the ratio of dark matter to ordinary matter, includes math that dovetails with the number of 

elementary-fermion generations, suggests forces that govern the rate of expansion of the universe, and suggests additions 

to and details for the cosmology timeline. 

 

 

Some Physics Highlights 

0. Introduction 

0.1. Items below discuss highlights, from the book, regarding aspects of physics. 

0.1.1. Some items omit physics-relevant details. 

0.1.2. Generally, the items do not discuss details of related models. 

0.1.3. Physics observations that might run counter to one item need not necessarily counter other items. 

0.1.3.1. For example, non-existence in nature of some possible yet-to-be-discovered elementary 

particles need not negate some items below. 

0.1.4. The work offers (but avoids making choices among) ENS1 models, ENS6 models, and ENS48 models. 

0.1.5. Items herein do not cite references. 

1. Elementary particles (known and possibly yet-to-be-discovered) 

1.1. Families. 

1.1.1. Elementary particles may correlate with each of the following families of solutions. (Here, each solution 

pertains to an isotropic pair of isotropic quantum harmonic oscillators. A set of possibly physics-

relevant solutions correlates with the meta-model.) 

1.1.1.1. C-family (free-ranging, fermion, non-zero mass). 

1.1.1.2. N-family (free-ranging, fermion, zero mass). 

1.1.1.3. H-family (free-ranging, boson, non-zero mass). 

1.1.1.4. W-family (free-ranging, boson, non-zero mass). 

1.1.1.5. G-family (free-ranging, boson, zero mass). 

1.1.1.5.1. Each particle has 2 polarization modes - left circular polarization and right circular 

polarization. 

1.1.1.6. O-family (not free-ranging, boson, non-zero mass). 

1.1.1.7. Q-family (not free-ranging, fermion, non-zero mass). 

1.1.1.8. Y-family (not free-ranging, boson, zero mass). 

1.1.1.9. R-family (not free-ranging, fermion, zero mass). 

1.1.1.10. I-family (not free-ranging, fermion, non-zero mass). 

1.1.1.11. D-family (not free-ranging, fermion, zero mass). 

1.2. Subfamilies. 

1.2.1. The notation nX denotes a subfamily of a family of elementary particles. 

1.2.1.1. Here, n denotes 2S, with S being the spin (in units of ħ). 

1.2.1.2. Here, X denotes the family. 

2. Known elementary particles 

2.1. The meta-model provides families of solutions (pertaining to isotropic pairs of isotropic quantum harmonic 

oscillators) that correlate with all known elementary particles. 

2.1.1. Higgs boson - H-family. 

2.1.2. Charged leptons - C-family. 

2.1.3. Neutrinos - 1N subfamily of the N-family. 

2.1.4. Quarks - 1Q subfamily of the Q-family. 

2.1.5. Z and W bosons - W-family. 

2.1.6. Gluons - 2Y subfamily of the Y-family. 

2.1.7. Photon - a subset of the G-family. 

2.2. Models provide relationships among masses. 

2.2.1. For the Higgs, Z, and W bosons, the following pertain. 

2.2.1.1. Ratios of squares of masses approximate ratios of integers. 

2.2.1.1.1. Square of the mass of the Higgs boson - 17. 

2.2.1.1.2. Square of the mass of the Z boson - 9. 
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2.2.1.1.3. Square of the mass of the W boson - 7. 

2.2.1.2. Small differences from ratios of integers may correlate with effects of G-family bosons. 

2.2.1.2.1. Assuming the square of the Higgs boson mass correlates with 17, the following pertain. 

2.2.1.2.1.1. The square of the mass of the Z boson may correlate with somewhat less than 9. 

2.2.1.2.1.2. The square of the mass of the W boson may correlate with somewhat less than 7. 

2.2.2. A formula relates the ratio mass(tauon)/mass(electron) to the ratio, for two electrons, of 

electromagnetic repulsion to gravitational attraction. 

2.2.2.1. An experimental mass of the tauon is 1.77682(16)×103 MeV/c2. 

2.2.2.2. The formula suggests a tauon mass of 1.77685(6)×103 MeV/c2. 

2.2.2.2.1. The largest contributor to the standard deviation is GN, the gravitational constant. 

2.2.2.2.2. One standard deviation falls within one standard deviation for the experimental mass. 

2.2.2.3. The calculated number may predict results of further experimentation. 

2.2.2.4. More accurate measurements of either one of the values GN and m(tauon) could lead to 

predictions for the other value. 

2.2.3. The fine-structure constant appears in a formula that approximately links the masses of quarks and 

charged leptons. 

2.2.4. Neutrinos are zero-mass Dirac fermions. 

2.2.4.1. (Regarding mechanisms that contribute to neutrino oscillations, see 5.3 below.) 

3. Possible yet-to-be-discovered elementary particles 

3.1. The meta-model provides families of solutions (pertaining to isotropic pairs of isotropic quantum harmonic 

oscillators) that correlate with possible yet-to-be-discovered elementary particles. 

3.1.1. 3N subfamily. 

3.1.2. G-family. 

3.1.2.1. Graviton. 

3.1.2.1.1. This particle (as with the photon) intermediates a force with spatial dependence of r−2. 

3.1.2.2. Some particles that intermediate forces with spatial dependences of r−4. 

3.1.2.3. Some particles that intermediate forces with spatial dependences of r−6. 

3.1.2.4. One particle that intermediates a force with spatial dependence of r−8. 

3.1.3. 0O, 2O, and 4O subfamilies. 

3.1.4. 3Q subfamily. 

3.1.5. 4Y subfamily. 

3.1.6. 1R and 3R subfamilies. 

3.1.7. 3I subfamily. 

3.1.8. 3D subfamily. 

3.2. Models suggest masses. 

3.2.1. The following items discuss possibilities regarding the O-family. 

3.2.1.1. Here, nOm denotes a particle in the nO subfamily. 

3.2.1.2. Possible masses of O-family bosons, in units of GeV/c2, are as follows. 

3.2.1.2.1. 0O0 - 155. 

3.2.1.2.2. 2O0 - 182. 

3.2.1.2.3. 2O2 (and its antiparticle 2O1) - 177. 

3.2.1.2.4. 4O0 - 208. 

3.2.1.2.5. 4O2 (and its antiparticle 4O1) - 204. 

3.2.1.2.6. 4O4 (and its antiparticle 4O3) - 202. 

3.2.1.3. Threshold energies for producing these particles may be higher than energies correlating 

with masses. (Possibly, production of one O-family particle requires production of a pair or 

triplet of O-family particles.) 

3.2.2. Elementary particles correlating with solutions in the following families or subfamilies have zero mass. 

3.2.2.1. 3N subfamily, G-family, 4Y subfamily, R-family, and 3D subfamily. 

3.3. Models provide charges for some O-family bosons. 

3.3.1. The magnitude of the charges for the 0O0, 2O0, and 4O0 bosons is 0. 

3.3.2. The magnitude of the charges for the 2O2 boson and its antiparticle (the 2O1 boson) is one-third the 

magnitude of the charge of an electron. 

3.3.2.1. The 2O2 and 2O1 bosons have opposite charges. 
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3.4. Generations. 

3.4.1. For spin-1/2 elementary fermions, 3 generations pertain. 

3.4.1.1. The number of generators of the group SU(2) is 3. 

3.4.2. For spin-3/2 elementary fermions, possibly 15 generations pertain. 

3.4.2.1. The number of generators of the group SU(4) is 15. 

4. Possible multiple instances for elementary particles 

4.1. The word ensemble correlates with the set of elementary particles that includes all elementary particles that 

correlate with the following solutions. 

4.1.1. All families, except the G-family. 

4.1.2. The G-family solution that correlates with the photon. 

4.2. Mathematical symmetries correlate with possible physics-relevance for each of the following. 

4.2.1. ENS1 models, which feature 1 ensemble. 

4.2.1.1. Here, gravitons interact with the 1 ensemble. 

4.2.2. ENS6 models, which feature 6 ensembles. 

4.2.2.1. Here, gravitons interact with all 6 ensembles. 

4.2.3. ENS48 models, which feature 48 ensembles. 

4.2.3.1. Here, 8 instances of gravitons exist and each instance interacts with 6 ensembles.  

5. Interactions between elementary particles 

5.1. Conservation of generation. 

5.1.1. For an interaction in which an elementary fermion enters, an elementary boson is either created or 

destroyed, and an elementary fermion exits, models indicate whether the exiting fermion must be of the 

same generation as the entering fermion. 

5.1.1.1. For example, interactions involving gravitons conserve fermion generation. (Regarding 

neutrino oscillations, see 5.3 below.) 

5.2. Interactions between fermions and non-zero-mass bosons. 

5.2.1. For possible interactions in which an elementary fermion enters, a non-zero-mass elementary boson is 

either created or destroyed, and an elementary fermion exits, models indicate which interactions are 

possible. 

5.2.1.1. For example, neutrinos can interact with 2O0 bosons. 

5.2.1.2. For example, a 2O2 boson or its 2O1 antiparticle can convert a fermion from being an 

antimatter quark into being a matter quark, or vice versa. 

5.3. Neutrino oscillations. 

5.3.1. Some G-family bosons can catalyze neutrino oscillations. 

5.3.1.1. The elementary particle 2G68& provides one example of such G-family particles. 

5.3.1.1.1. Oscillation-causing interactions occur when neutrinos pass through ordinary matter. 

5.3.1.2. The graviton and the photon do provide examples of such G-family particles. 

5.3.2. 2O0 particles might catalyze neutrino oscillations. 

6. Composite particles 

6.1. Known composite particles. 

6.1.1. We can denote all known (and some possible) composite particles by the symbol n × 1Q+2Y, with n ≥ 2. 

6.1.1.1. Here, n denotes a number of quarks. 

6.1.1.1.1. For example, n = 2 correlates with mesons and n = 3 correlates with baryons. 

6.1.1.2. A number of gluons is not a relevant concept. 

6.2. Known and possible composite particles. 

6.2.1. The following symbols denote possibilities for composite particles. (In each case, n ≥ 2 pertains to the 

first subfamily after the symbol ×. For 1QR, one of the subfamilies 1Q and 1R pertains. For 3QIRD, one of 

the subfamilies 3Q, 3I, 3R, and 3D pertains.) 

6.2.1.1. n × 0O. 

6.2.1.2. n × 1QR+2Y. 

6.2.1.3. n × 1QR+2O. 

6.2.1.4. n × 3QIRD+4Y. 

6.2.1.5. n × 3QIRD+4O. 

7. Quantum gravity 

7.1. The graviton (which we denote by 4G4&) correlates with a G-family solution. 
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8. The rate of expansion of the universe 

8.1. The largest objects people observe have experienced three eras. 

8.1.1. For the first few billion years, G-family r−8 repulsion (drove the big bang and) produced increases in the 

rate of expansion of the universe. 

8.1.2. For the next few billion years, G-family r−6 attraction produced decreases in the rate of expansion of the 

universe. 

8.1.3. For a recent few billion years, G-family r−4 repulsion produced increases in the rate of expansion of the 

universe. 

8.2. Smaller objects transited to a fourth era in which G-family r−2 forces (gravitons and photons) dominate. 

9. Dark-energy forces 

9.1. G-family r−8, r−6, and r−4 forces correlate with people's concepts of dark energy as a pressure. 

10. Dark-energy stuff 

10.1. Dark-energy stuff denotes stuff that people say makes up more than two-thirds (by density) of the stuff in the 

universe. 

10.1.1. Dark-energy stuff does not directly correlate with dark-energy forces. (Dark-energy forces may impact 

the behavior of dark-energy-stuff.) 

10.2. Two types of candidates for dark-energy stuff exist. (One type features new particles. One type features 

multiple instances of particles.) 

10.3. For ENS1 models and for ENS6 models, some yet-to-be-discovered elementary particles correlate with dark-

energy stuff. 

10.4. For ENS48 models, … 

10.4.1. Some yet-to-be-discovered elementary particles may correlate with dark-energy stuff. 

10.4.2. Some or all dark-energy stuff correlates with 7 instances, each of gravitons plus 6 ensembles. 

10.4.3. Models provide reasons why the ratio (about 2.2 to 1) of inferred density of dark-energy stuff to density 

of dark-matter-plus-ordinary-matter has yet to achieve 7 to 1. 

11. Dark matter 

11.1. Two types of candidates for dark matter exist. (One type features new particles. One type features multiple 

instances of particles.) 

11.2. A measured ratio of dark-matter density to ordinary-matter density is about 5.3 to 1. 

11.3. For ENS1 models, some yet-to-be-discovered elementary particles correlate with dark matter. 

11.4. For ENS6 models and for ENS48 models, … 

11.4.1. Some yet-to-be-discovered elementary particles may correlate with dark matter. 

11.4.2. Some or all dark matter correlates with 5 ensembles. 

11.4.3. Assuming that the number 5.3 pertains and that other assumptions pertain, the following pertain. 

11.4.3.1. The ensemble that features ordinary matter includes a relative density (compared to 1.0 for 

ordinary matter) of 0.05 of dark-matter yet-to-be-discovered elementary particles.  

11.4.3.2. Each of the 5 ensembles that includes no ordinary matter (and, for ENS48 models, is not a 

dark-energy ensemble) contributes a relative density of 1.05. 

12. Other phenomena with which the meta-model and models correlate 

12.1. The number of color charges, for relevant elementary fermions. 

12.2. A range characterizing the weak interaction. 

12.3. Quantum aspects related to elementary-particle magnetic dipole moments. 

12.4. Possibly useful symmetries related to QCD (or, quantum chromodynamics). 

12.5. Some aspects of kaon CP-violation and of neutral B meson flavor oscillation. 

12.6. Clustering and anti-clustering, regarding ordinary matter and dark matter. 

12.7. Aspects of objects, such as galaxies, that include both ordinary matter and dark matter. 

12.8. Imbalance between matter and antimatter. 

12.9. Some phases, for quark-based plasmas. 

12.10. Aspects of quasars. 

12.11. Some details regarding aspects of the cosmology timeline. 

12.12. Some additions to the cosmology timeline. 

13. Other opportunities, regarding physics, for research and applications 

13.1. Various opportunities, including ones not directly related to items above. 
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