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Preface

Just one theory for much physics

What a triumph it might be

If indeed it does comport with

Dark matter and gravity

Physics presents opportunities for enhancing the breadth and unity of physics. Opportunities exist to broaden
theory to predict new elementary particles and to explain dark matter, dark energy, aspects of the cosmology
timeline, and other phenomena. Opportunities exist to unite aspects of the elementary particle Standard Model,
special relativity, quantum mechanics, general relativity, atomic physics, and classical physics.

Such opportunities sum to a broad agenda. Attempts to add such breadth and unity seem to have hit impasses.
Perhaps it is time to tackle an unsolved problem, via a new approach.

We try to develop a basis for cataloging known elementary particles and predicting other elementary particles.
The approach involves math that, while not very deep, seems to have been historically de-emphasized, seems to
provide a basis for cataloging and predicting elementary particles, and seems to provide a basis for integrating
historically useful physics theories and models.

Aspects, models, and theories that we correlate include elementary particles and their properties, the elementary
particle Standard Model, dark matter, dark energy, the cosmology timeline, some astrophysics, special relativity,
general relativity, quantum mechanics, some atomic physics, and some classical physics.

We hope that this work provides, at least, precedent and impetus for people to try to tackle such a broad agenda.
This work may provide a means to tackle such an agenda. This work may provide progress toward ful�lling that
agenda.

- Thomas J. Buckholtz

Portola Valley, California USA
January 2018
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Abstract

We address four physics opportunities. First, predict new elementary particles and forces. Second, explain phe-
nomena such as dark matter. Third, unite physics theories and models. Fourth, point to opportunities for further
research.

We use models based on solutions to equations featuring isotropic pairs of isotropic quantum harmonic oscilla-
tors.

First, we show solutions that match the known elementary particles. We propose that other solutions correlate
with elementary particles that people have yet to detect and with dark energy forces leading to the three known
eras - initial acceleration, subsequent deceleration, and current acceleration - pertaining to the rate of expansion of
the universe.

Second, we extend solutions to encompass known conservation-law symmetries. We note that extended solutions
correlate with known kinematics. We propose that extended solutions describe dark matter, explain ratios of density
of dark matter to density of ordinary matter, correlate with dark energy density, and explain other phenomena.

Third, we note that the work unites, extends, and limits aspects of traditional physics. Those aspects include
classical physics, special relativity, general relativity, quantum mechanics, the elementary particle Standard Model,
and the cosmology timeline. The work provides possible insight regarding foundations of physics topics.

Fourth, we suggest opportunities for people. We suggest opportunities for observational, experimental, and
theoretical physics research. We point to possible opportunities to further develop and apply math we use.
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Summary

This work predicts new physics phenomena; explains known particle, astrophysics, and cosmology phenomena;
embraces various theories of motion; points to possible alternatives to some quantum dynamics theories; and may
provide insight regarding some foundation of physics topics. This work points to itself via the term CUSP, which
is an acronym for the phrase concepts uniting some physics.

Predicted phenomena include elementary particles and composite particles. Explained phenomena include dark
matter, dark matter densities, dark energy forces, and dark energy densities. The CUSP framework embraces New-
tonian physics, special relativity, and general relativity. CUSP embraces and points to possibilities for alternatives
for each of QED (or, quantum electrodynamics) and QCD (or, quantum chromodynamics).

The CUSP framework features modeling based on solutions to equations that feature isotropic pairs of isotropic
quantum harmonic oscillators. People can, without considering motion, list solutions that correlate with all known
elementary particles and with the possible elementary particles and forces CUSP predicts.

This summary de-emphasizes some aspects of CUSP that may be useful for explaining known phenomena.
Explaining known phenomena does not necessarily require that all predictions CUSP makes comport with nature.

Predicted elementary particles and forces

Predicted elementary particles include six low-mass or zero-mass analogs to quarks, one fractional-charge analog
to the W boson, one analog to the Z boson, and three zero-mass particles that belong to a family of four particles
that includes photons.

The fractional-charge analog to the W boson would have a charge of one-third the charge of a W boson. The
fractional-charge analog would have an antiparticle with a charge that is the negative of the charge of the analog
particle. Unlike the W and Z bosons, the analog bosons would not be free-ranging.

Before discussing the family of zero-mass bosons that includes the photon, we note that CUSP develops descrip-
tions and predictions regarding elementary particles before CUSP o�ers options to make a choice to add symmetries
correlating with a kinematics model, such as Newtonian physics, special relativity, or general relativity; to make
a choice between modeling based on classical physics and modeling based on quantum mechanics; and to make a
choice between modeling that is linear in energy and modeling that is quadratic in energy. Regarding stationary
electromagnetism, for the earth, we expect CUSP models to allow for at least an r−2 monopole force correlating
with the charge (if any) of the earth and an r−3 magnetic dipole force correlating with the magnetic �eld of the
earth. Here, the notation r−n correlates with Newtonian physics expressions for the radial spatial (or, r) depen-
dence of forces. Possibly, models should accommodate an r−4 (or, quadrupole) force, because the axis of rotation
for the earth does not align with the axis correlating with the magnetic dipole �eld of the earth. Similar concepts
pertain to stationary electromagnetism correlating with an electron. We expect an r−2 force correlating with charge
and an r−3 force correlating with nominal magnetic dipole moment. Perhaps an r−4 interaction correlates with
Larmor precession.

Without considering kinematics, CUSP outputs characteristics for interactions mediated by the family of zero-
mass bosons that includes photons. CUSP photons have spin one and can intermediate an r−4 (or, quadrupole)
force, along with the r−3 magnetic dipole force and the r−2 electrostatic monopole force. CUSP gravitons have
spin two and can intermediate each of an r−2 (or, monopole) attractive force, r−3 (or, dipole) repulsive force, r−4

(or, quadrupole) attractive force, and r−5 (or, octupole) repulsive force. CUSP predicts a zero-mass force carrier
with a spin of three and a zero-mass force carrier with a spin of four.

3



4 SUMMARY

Predicted composite particles

The CUSP framework points to types of composite particles. One type includes the known composite particles.
Each known composite particle includes quarks and gluons. CUSP points to possibilities for composite particles
that, internally, include gluons, the low-mass or zero-mass analogs to quarks, and no quarks; composite particles
that include quarks and the predicted analogs to the Z and W bosons; and composite particles that include the
low-mass or zero-mass analogs to quarks and the predicted analogs to the Z and W bosons.

Kinematics conservation laws and ensembles

The CUSP framework can embrace known kinematics through the addition of symmetries correlating with kine-
matics conservation laws. People can incorporate into CUSP an SU(2) symmetry that correlates with conservation
of angular momentum and an SU(2) symmetry that correlates with conservation of momentum. People can add
another symmetry, that, depending on the choice and interpretation of the symmetry, correlates with modeling
kinematics correlating with Newtonian motion, special relativity, or general relativity. Regarding special relativity,
the symmetry is an SU(2) symmetry and correlates with boost. Because of a feature of CUSP modeling that
people might say parallels accounting's double-entry bookkeeping, adding the two conservation law symmetries and
the possibly boost symmetry adds another symmetry. The other symmetry is an SU(7) symmetry. In CUSP, this
SU(7) symmetry supplants the one-generator Poincare-group symmetry that people correlate with conservation
of energy. The SU(7) symmetry correlates with conservation of energy and correlates with the possibilities that
nature includes, in essence, 48 so-called ensembles, with each ensemble consisting of a set of free-ranging elementary
particles and composite particles.

Each ensemble features its own instance of all known free-ranging elementary particles, all known composite
particles, some predicted elementary particles, and all predicted composite particles. Each ensemble includes its
own instance of photons and its own instance of Higgs bosons. Particles within each ensemble scarcely interact
with the photons associated with other ensembles. Particles within each ensemble do not interact with the Higgs
bosons associated with other ensembles.

Dynamics, composite particles, and a possible alternative to QCD

CUSP aspects related to composite particles point to the combining of dynamics symmetries correlating with, for
example, quarks and dynamics symmetries correlating with, for example, gluons to form kinematics symmetries ap-
propriate to free-ranging composite particles. The symmetries related to quarks fall short of the symmetries related
to free-ranging composite particles. The symmetries related to gluons fall short of the symmetries related to free-
ranging composite particles. In QCD, people use free-ranging kinematics symmetries to model quarks and gluons.
The CUSP approach that combines the more-limited quark dynamics symmetries and the more-limited gluon dy-
namics symmetries points to possibilities for an alternative to QCD. The CUSP approach associates uniquely each
one of the 48 instances of composite particles with one the 48 kinematics-centric ensembles. Within the CUSP
mathematical modeling framework, fermion components of composite particles correlate with six instances and
have spans of eight ensembles. Boson components of composite particles correlate with eight instances and have
spans of six ensembles.

Spans for components of gravity

Based on symmetries, the CUSP framework points to a number of ensembles that each component of gravity spans.
There are eight instances of the r−2 (or, monopole) component of gravity. Each instance spans (or, intermediates
interactions between and within) six ensembles. There are 24 instances of the r−3 (or, dipole) component of gravity.
Each instance spans (or, intermediates interactions between and within) two ensembles. There are 48 instances
of the r−4 (or, quadrupole) component of gravity. Each instance spans (or, intermediates within) one ensemble.
There are 48 instances of the r−5 (or, octupole) component of gravity. Each instance spans (or, intermediates
within) one ensemble.
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Dark matter and dark matter densities

CUSP models point to an explanation for dark matter and an explanation for the dark matter density of the
universe. Inferences about dark matter within galaxy clusters seem to be not inconsistent with density ratios of
about �ve to one, dark matter to ordinary matter. CUSP suggests that this ratio correlates with the ratio of
number of dark matter ensembles to number of ordinary matter ensembles. Inferences about dark matter correlate
with density of the universe ratios of about or somewhat more than �ve to one, dark matter to ordinary matter.
CUSP suggests that, to the extent the actual ratio is 5 + x to one, people can consider adding a component
correlating with x/6 to the otherwise inferred density of ordinary matter. People calculate ordinary matter density
of the universe by summing densities for baryonic matter, photons, and neutrinos. CUSP suggests that a fourth
component, correlating with x/6, might correlate with ordinary matter composite particles other than composite
particles made exclusively from quarks and gluons. (Some of these composite particles would not interact with
light.) This explanation suggests that, in ordinary matter galaxies, dark matter halos can include one or both of
other-ensemble material and ordinary-ensemble composite particles.

Galaxy formation, galaxy evolution, and dark matter densities

CUSP suggests mechanisms underlying the formation and evolution of galaxies. A CUSP-based scenario seems to
dovetail with data published during the period 2015 to 2017. Early on, an ordinary matter galaxy can be essentially
all ordinary matter. Over time, the galaxy attracts and accumulates other-ensemble dark matter, leading to about
79 percent of the galaxy being dark matter. The scenario features mechanisms that correlate with the monopole
and dipole components of gravity and with electromagnetism. The scenario is not incompatible with notions that
more than 83 percent of a galaxy cluster may be dark matter and that about �ve-sixths of the galaxies in a cluster
may be dark matter galaxies. This explanation is not incompatible with the existence of ordinary matter stars
in dark matter galaxies. This explanation is not incompatible with collisions between essentially single-ensemble
galaxies creating mixed-ensemble galaxies and/or deformed or irregular galaxies. To the extent traditional theories
of galaxy formation might suggest that concepts above would correlate with galaxies not being adequately spatially
large, the repulsive force of the dipole component of gravity might contribute to adequate dispersal of stu�.

Dark energy forces and dark energy densities

CUSP di�erentiates between dark energy forces and dark energy densities.
The three non-monopole aspects of gravity provide for dark energy forces. These forces lead to phenomena

people correlate with the term rate of expansion of the universe. Regarding interactions between the largest
objects that people can directly infer, repulsion based on the r−5 component of gravity led to the initial few billion
years of accelerating expansion, attraction based on the r−4 component of gravity led to the subsequent few billion
years of decelerating expansion, and repulsion based on the r−3 component of gravity led to the recent few billion
years of accelerating expansion.

Dark energy density correlates with instances of the combination of gravity plus six ensembles, with none of
these ensembles being the ordinary matter ensemble or the dark matter ensembles. These instances of gravity do
not interact with ordinary matter or dark matter. The instance of gravity that interacts with ordinary matter
and dark matter does not interact with ensembles that correlate with dark energy densities. Other interactions,
not correlating with light or gravity, provide indirectly for abilities to infer the presence of dark energy stu�. One
candidate for interactions between ordinary matter or dark matter and dark energy stu� features transfers, between
entities, of the zero-mass or low-mass analogs to quarks.

CUSP explains why inferred densities of dark energy stu� need not equal the predicted actual density of seven
times the density of ordinary matter plus dark matter.

Envisioning dark matter and dark energy stu�

Each of the 48 ensembles is identical, regarding elementary particles and composite particles, to each other ensemble.
(Some practical di�erences, such as di�erences correlating with baryon asymmetry, may exist.) Presumably, a
galaxy that features stu� other than ordinary matter stu� could include physics-savvy beings who could infer, from
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their perspective, dark matter densities and dark energy densities. Relationships between ensembles are reciprocal.
Two di�erent ensembles are exactly one of each other's dark matter or each other's dark energy. People can, by
looking at ordinary matter they see, envision much about what people consider to be dark matter and much about
what people consider to be dark energy stu�.

Anomalous magnetic moments and a possible alternative to QED

CUSP aspects, that for example embrace magnetic dipole moments and predict multipole aspects of gravity, include
solutions that correlate with anomalous multipole moments. Some of these solutions may provide a straightforward
way to model anomalous magnetic dipole moments and other electromagnetic anomalous multipole moments. One
application estimates an anomalous magnetic dipole moment for the tauon that is similar to an estimate people
make via the Standard Model. CUSP may point to possibilities for an alternative to QED.

Other elementary particle phenomena

CUSP describes mechanisms that catalyze neutrino oscillations, even if each neutrino �avor has zero mass. CUSP
links the range of the weak interaction and the masses of weak interaction bosons. CUSP explains the weak mixing
angle.

Other astrophysics and cosmology phenomena

To the extent the universe started with no baryon asymmetry, interactions involving the not-free-ranging analog
to the W boson converted antimatter quarks into matter quarks and were essential to creating baryon asymmetry.

To the extent the universe had an in�ationary epoch, the epoch might correlate with the creation of baryon
asymmetry and/or at least one phase change within a sea of not-free-ranging elementary fermions and not-free-
ranging elementary bosons. CUSP predicts two types of not-free-ranging elementary fermions and two types of
not-free-ranging elementary bosons. Thus, CUSP predicts possibilities for at least four phases for such seas.

Other aspects of modeling

CUSP includes a double-entry bookkeeping version of SU(3)× SU(2)× U(1) symmetry regarding known elemen-
tary bosons. CUSP points to commonalities among kinematics theories and to possible limitations regarding the
applicability of speci�c kinematics theories. CUSP points to possibilities for including, in the elementary particle
Standard Model, predicted elementary particles.

Physics constants

CUSP notes arithmetic relationships between some physics constants. For example, CUSP predicts the tauon
mass to more accuracy than the measured mass as of the year 2017. The predicted standard deviation re�ects the
standard deviation for measurements of the gravitational constant.

Foundations of physics

CUSP possibly contributes insight regarding foundations of physics topics including CPT-related symmetries, arrow
of time, and numbers of dimensions.

Opportunities for research

CUSP points to opportunities, throughout and beyond topics mentioned above, for research. Bases for oppor-
tunities include further analyzing data known as of the year 2017, making new observations, conducting new
experiments, and developing new theories and models. Bases for opportunities include further developing and
applying mathematics underlying CUSP.



Chapter 1

Perspective - before and about this work

This unit discusses context for this work, notes the scope of this work, previews aspects of the approach this work
takes, notes some similarities and di�erences between this work and traditional physics, discusses some aspects of
this presentation of this work, and provides a list of acronyms.

1.1 Context for this work

This unit discusses context for this work.
Physics discusses aspects of nature. Physics includes models of aspects of nature.
People derive, from models, practical value and emotional value.
Models evolve. People test the practical scope of a model. People hone the model. People develop related

models. People extend the practical scope of models.
A theory provides a basis for producing and correlating models.
We think that attention to overlaps and distinctions between observations, models, and inferences is useful. Table

1.1 lists topics for which attention to overlaps and distinctions may provide insight. Some aspects of discussions
of nature feature observers and observations. Observations can include results from experiments. Some aspects
of discussions of nature feature modelers and models. Models can include theories. Some aspects of discussion of
nature feature inference-makers and inferences. Inferences can include results of using models to extrapolate from
known observations to possible observations. Extrapolation can include interpolation. When discussing nature,
people use language. Language can include words and mathematical expressions. Interpretation of language can
include literal interpretation and emotional interpretation.

Table 1.2 shows names or themes for some physics theories and models. Physics includes the �rst six items.
As of 2017, physics may lack an adequately useful theory or model that outputs information about elementary
particles and their properties.

Each of the �rst six theories or models has roots in people's e�orts to model and understand speci�c phenomena.
Overlaps between the six theories or models exist. For example, people integrate aspects of special relativity and
aspects of quantum mechanics. People use such an integration to explain phenomena that people discuss based on
classical (or, Newtonian) mechanics and/or classical electrodynamics.

People recognize that each one of some of the �rst six theories or models likely is incomplete. For example,
people know of phenomena for which people think that elementary particles yet to be described or added to the
Standard Model may play integral roles. Perhaps dark matter includes elementary particles that people have yet
to describe, detect, or infer.

People recognize that each one of some of the �rst six theories or models does not necessarily integrate well
with other ones of the �rst six theories or models. For example, people try to integrate quantum mechanics and
general relativity.

People might recognize the possibility that people do not know the extents to which to try to explain some
phenomena based on possibilities for improving individual models, integrating models, and/or developing other

7
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Topic

� Aspects of nature being observed

� Techniques for measuring aspects of nature

� Environments in which measurements take place

� Inferences people derive from observations

� Aspects of nature being modeled

� Models people try to apply

� Inferences people derive from models

� Symmetries correlating with models

� Mathematics bases for models

� Language people use

� Other

Table 1.1: Topics regarding nature, observations, models, and inferences

Name or theme Status (as of 2017)
Classical physics Established and possibly evolving
Special relativity �

Quantum mechanics �
General relativity �

Elementary particle Standard Model �
Cosmology timeline �

Elementary particles and their properties Needed

Table 1.2: Some physics theories and models
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models. A likely example features phenomena people correlate with the term rate of expansion of the universe.
Regarding the elementary particle Standard Model, as of 2017, people seem not to have a list of candidates

for new elementary particles, other than perhaps a graviton. Before 2017, people used aspects of the evolving
Standard Model to predict particles such as the Higgs boson. As of 2017, people may not have extrapolated from
the Standard Model to yet new elementary particles. People might consider the concept that the 2017 Standard
Model includes, as an input to the model, a list of known elementary particles.

We think traditional physics lacks a model for elementary particles and their properties. Perhaps, people can
use such a model to provide inputs, including a list of possible particles, to work evolving the elementary particle
Standard Model. Perhaps people can learn, from such a model for elementary particles, concepts for integrating
aspects of all seven theories or models.

TBD

This unit lists opportunities people might want to pursue. (This unit typi�es other similarly titled units below. In
each such similar unit, there is no introductory paragraph.)

1. Throughout physics and physics-related models, to what extent do topics table 1.1 lists correlate, at least
pairwise, with each other?

1.2 Scope of this work

This unit summarizes the scope of this work.
We provide a basis for theories and models that may pertain to and integrate aspects of physics that people

correlate with topics including elementary particle physics, atomic physics, dark matter, dark energy, astrophysics,
and cosmology.

We develop the basis to develop models that correlate with elementary particles. Using that basis, we develop
models that correlate with all known and some possible elementary particles. By extending that basis, we possibly
provide means to do the following activities. We attempt to do aspects of the following activities.

1. Predict elementary particles.

2. Provide steps toward understanding contexts for, understanding the scopes of, adding aspects to, and extend-
ing the scopes of theories and models that table 1.2 lists.

3. Provide theory correlating with and integrating aspects of theories and models that table 1.2 lists.

4. Explain aspects of various observed or inferred phenomena, including dark matter, dark energy density of the
universe, and the rate of expansion of the universe.

Possibly, our work correlates with each of the following statements.

1. Transit the state of physics regarding elementary particles that nature includes from inferences but no estab-
lished theory to a theory of what (or, a theory that matches inferences).

2. Transit the state of physics regarding various aspects of elementary particle physics and various aspects of
cosmology from inferences and possibly some theory to theory and models of how (or, how, given other aspects
of our work and/or traditional work, to explain the inferences).

3. Provide bases for uniting theories and models.

4. Provide possible bases for simplifying applications of physics theories and models for the purposes of various
applications of physics.
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TBD

1. To what extent does work herein provide bases for useful predictions?

2. To what extent does work herein provide bases for useful explanations?

3. To what extent might work herein help extend theories and models, help unify theories and models, help
people understand the ranges of applicability of theories and models, and so forth?

1.3 Approach underlying this work

This unit discusses aspects of approaches underlying this work, including the notion that this work explores the
elementary particles that nature can and might include before this work incorporates aspects of kinematics and
dynamics.

Physics addresses topics including objects nature includes, interactions between objects, and motions of objects.
Our approach features modeling the elementary particles that nature includes before modeling motion. We

rely on the traditional physics notion that models for interactions can have bases in models for bosons. Thus, our
approach addresses aspects of interactions before our approach addresses motion.

Our approach to the topic of elementary particles and interactions that comport with nature features modeling
based on mathematics. The combination of modeling techniques and underlying mathematics lends itself to adding
motion by adding symmetries that traditional physics correlates with conservation laws and with motion.

This approach conceptually allows including at least 32 types of theories and models of motion. Here, 32 =
2 × 4 × 2 × 2. (See table 2.5.) One factor of two correlates with a choice between FREERANG (or, free-ranging
motion) and BOUNSTAT (or, bound-state systems). The factor of four correlates with abilities to incorporate, via
symmetries, at least NE (or, Newtonian) models, SR (or, special relativistic) models, GR (or, general relativistic)
models, and OT (or, other) models. One factor of two correlates with abilities to incorporate least CL (or, classical
physics) models and QM (or quantum mechanics) physics models. One factor of two correlates with abilities to
incorporate at least LINE (or, linear) models and QUAD (or, quadratic) models. LINE models feature terms that
are algebraically linear in energy. An SR QM LINE example is the Dirac equation. An SR CL QUAD example
is the equation E2 = (Pc)2 + (mc2)2, which links that square of an energy E, the square of a momentum P , the
square of a mass m, and the speed of light c. QUAD models feature terms that are algebraically quadratic energy.
This approach embraces the �rst four items in table 1.2. People might choose not explore some of the at least 32
possible types of theories and models of motion.

A combination of adding symmetries related to motion and using math underlying our approach leads to a
prediction for the nature of some or all dark matter and to an explanation of the dark matter density of the
universe. Regarding dark matter, this aspect of our work predicts a density ratio of �ve to one, dark matter to
ordinary matter. A �ve to one ratio seems not inconsistent with measurements pertaining to galaxy clusters and
not inconsistent with measurements pertaining to the universe as a whole.

Before (or without) adding the symmetries, the elementary particle model points to some possible composite
particles that measurements might not associate with ordinary matter. To the extent a dark matter to ordinary
matter ratio of densities is somewhat more than �ve to one, these composite particles may explain the amount that
is greater than �ve.

Before (or without) adding the symmetries, the elementary particle model points to dark energy forces that
govern the rate of expansion of the universe.

Perhaps, this approach can achieve the unity we discuss regarding topics in table 1.2.
We use the acronym CUSP to point to theory and models our work includes. The acronym abbreviates the

phrase concepts uniting some physics.
Table 1.3 lists some concepts people can use to motivate people's taking an initial interest in this work.

TBD

1. Develop additional simple motivations for people to consider that CUSP may have merit. (See table 1.3.)
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Concept

� CUSP produces results that may explain various phenomena that, as of 2017, people say that
physics theory and modeling do not explain.

� An NE QM QUAD model may correlate with each of the four traditional physics
fundamental forces.

� An NE QM QUAD model for composite particles consisting of quarks and gluons
features one partial di�erential equation with terms that correlate with each of three of
the four traditional physics fundamental forces - the strong interaction,
electromagnetism, and the weak interactions. (See and extend discussions related to
equations (7.4) and (7.7).)

� A term that correlates with electromagnetism can, for other applications, correlate with
the fourth traditional fundamental force - gravitation.

� People might say that CUSP approaches correlate with concepts and results that, in an SR
context, are more compatible with invariance to change in observer than are traditional
physics approaches.

� A CUSP modeling approach to some aspects of photons features, in e�ect, one harmonic
oscillator term for each of four space-time coordinates (one temporal coordinate and
three spatial coordinates). (See the 2G2 row in table 3.21.)

� In traditional physics, people use just two harmonic oscillator terms (each of which
correlates with a spatial coordinate that is perpendicular to the direction of motion of
the photon).

� Other.

Table 1.3: Conceptual entrees into this work
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Similarities and di�erences between CUSP and traditional physics

� Each of traditional physics and CUSP discusses elementary particles.

� Traditional physics theory accepts, as an input, a list of known elementary particles.
Traditional physics theory does not, as of 2017, have a �rmly established means for making
very speci�c predictions regarding possible other elementary particles.

� CUSP outputs and uses a list of known and possible elementary particles.

� Each of traditional physics and CUSP addresses topics including the types of objects nature
includes, interactions between objects, and motions objects exhibit.

� Traditional physics evolved, to some extent, from models and theories for motion. Then,
people developed models and theories for interactions and models and theories for objects
that nature includes.

� CUSP starts with models correlating with the set of elementary particles nature includes and
models correlating with interactions between elementary particles. Then, in e�ect, CUSP
incorporates traditional physics modeling that correlates with motion.

� Each of traditional physics and CUSP includes aspects that people would correlate with the term
classical physics and aspects that people would correlate with the term quantum physics.

� Traditional physics evolved via attempts to quantize aspects correlating with classical
physics.

� CUSP starts from quantum bases.

� Each of traditional physics and CUSP can embrace notions of dark matter and dark energy.

� People have yet to �nd a way to extrapolate from traditional physics to de�nitive models for
the natures of dark matter and dark energy.

� In CUSP, in e�ect, the addition of modeling correlating with motion dovetails with adding
well-de�ned candidate descriptions of dark matter and dark energy.

Table 1.4: Similarities and di�erences between CUSP and traditional physics (1 of 3)

1.4 Correlations between this work and traditional physics

This unit discusses similarities and di�erences regarding this work and traditional physics.

Table 1.4 suggests some non-technical similarities and di�erences between CUSP and traditional physics.

Tables 1.5 and 1.6 list technical similarities and di�erences between CUSP and traditional physics.

We evolved CUSP from previous work. (See, for example, references [1], [2], and [3].) Possibly, people will
consider our current work to transit from the realm of interrelated models to the realm of a theory that includes
interrelated models. Perhaps, people will consider that CUSP provides theory, or a basis for theory, that integrates
various aspects of CUSP and various aspects of traditional physics.

TBD

1. What other applications might people make of mathematical bases we use to develop CUSP?
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Similarities and di�erences between CUSP and traditional physics

� Aspects of CUSP parallel aspects of quantum �eld theory.

� Aspects of CUSP and aspects of traditional physics feature models based on harmonic oscillator
mathematics.

� Traditional physics applications of harmonic oscillator math feature estimating energy levels.

� CUSP applications of harmonic oscillator math include matching known elementary particles
and predicting elementary particles that nature might include.

� Each of CUSP and traditional physics uses radial-wave applications of harmonic oscillator math.
Radial wave solutions can feature functions that include a radial factor of the form
Ψ(r)∝(r/η)ν exp(−r2/(2η2)), with η2 > 0, in which r is the radial coordinate and η is a scale
length.

� Each of CUSP and traditional physics de-emphasizes functions that do not normalize.

� Traditional physics uses solutions for which 2ν is a non-negative even integer. CUSP uses
solutions for which 2ν is a negative integer.

� Aspects of CUSP and aspects of traditional physics feature models for behavior, within objects, of
components of objects.

� Some traditional physics applications of harmonic oscillator math correlate with short-range
approximations and results that are linear in energy.

� Some CUSP applications correlate with long-range aspects of harmonic oscillator equations
and with terms (in the equations) and results (from the equations) that correlate with
squares of energies.

� Traditional physics applications of harmonic oscillator math feature one possibly multidimensional
possibly isotropic oscillator and spatial coordinates. Some CUSP applications feature isotropic
pairs of isotropic quantum harmonic oscillators, temporal coordinates for one of the oscillators,
and spatial coordinates for the other oscillator.

� Traditional physics applications of multidimensional harmonic oscillator math feature partial
di�erential equations and radial-coordinate solutions. Some CUSP applications of
multidimensional harmonic oscillator math feature partial di�erential equations and
radial-coordinate solutions. Some CUSP applications of multidimensional harmonic oscillator
math feature, in essence, one-dimensional components of higher-dimensional oscillators and use
raising operators and lowering operators that correlate with the one-dimensional components.

Table 1.5: Similarities and di�erences between CUSP and traditional physics (2 of 3)
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Similarities and di�erences between CUSP and traditional physics

� Each of traditional physics and CUSP addresses opportunities and challenges regarding the extent
to which (and how to) model components of an object that interacts with entities that people
consider not to be components of the object.

� Each of traditional physics and CUSP addresses opportunities and challenges regarding how to
model components bound together within an object. Traditional quantum physics tends to use
modeling that comports with aspects of special relativity, regarding atomic structure (using
quantum electrodynamics or QED) and regarding the structure of composite particles (using
quantum chromodynamics or QCD). CUSP points to possible alternatives to QED and QCD. For
example, regarding composite particles, CUSP models pertaining to each of quarks and gluons do
not necessarily correlate with complete sets of Poincare-group symmetries. Symmetries pertaining
to quarks and symmetries pertain to gluons combine to correlate with Poincare-group symmetries
for composite particles.

� Each of traditional physics and CUSP addresses opportunities and challenges regarding the extent
to which models seem to include aspects that people might interpret as an object interacting with
itself. Possibly, compared to quantum �eld theory, CUSP reduces or maybe eliminates so-called
self-interactions.

Table 1.6: Similarities and di�erences between CUSP and traditional physics (3 of 3)

1.5 Notes - narrative, vocabulary, references, research, and paradigms

This unit suggests perspective about this expression of this work and about aspects of this work.

Narrative

This unit discusses aspects of the narrative we develop.
We try to provide information in an order correlating with a narrative that the reader can follow, that fosters

understanding, and that the reader can use to discuss our work with other people. In so doing, we intertwine data,
interpretations of data, theories and models, development of theories and models, and mathematics underlying
theories and models. Sometimes, we provide forward references to information. Sometimes, we repeat information.
For each some topics, we explore more than one possible extrapolation, with the anticipation that some of the
extrapolations may prove not be useful.

Vocabulary

This unit discusses concepts related to terminology.
Possibly, we use a term, such as a word or phrase or symbol, when discussing more than one of observations,

our theory and models, and other theories and models. Possibly, people do or should interpret a term di�erently
in each of some contexts.

For example, we make two distinct uses of the two-word term dark energy. One use correlates with observations
and theory pertaining to changes in the rate of expansion of the universe. Regarding this use, traditional physics
provides the three-word phrase dark energy pressure and the three-word phrase dark energy forces. One use
correlates with inferences and theory regarding dark energy densities of the universe. CUSP suggests that dark
energy forces and dark energy densities correlate with di�erent phenomena.

For example, consider the terms elementary particle and mode. In traditional physics, the term elementary
particle can correlate with W boson or with one of the W+ and W− bosons. People use the term W boson to
correlate with a concept of both of the W+ and W− bosons or with a concept of either one of the W+ and W−

bosons. People might not use the term mode to correlate with just one of W+ and W−. In traditional physics, the
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term elementary particle can correlate with photon. People might use the term photon mode to correlate with a
concept of one of a left-circularly polarized photon and a right-circularly polarized photon. People do not use the
term elementary particle to correlate with just one photon mode.

We try to o�er some clarity by emphasizing terminology centric to observations and to models. In doing so,
we sometimes introduce a term such as a word or symbol. We may suggest relationships between the term we
introduce and vocabulary people use in traditional models.

Sometimes, we relate two statements or concepts, say St1 and St2. We might say that St1 correlates with St2.
We might say that St1 links with St2. We might say that St1 dovetails with St2. Such wording does not necessarily
imply that St1 equals St2. Such wording does not necessarily imply that St1 implies, causes, or includes as a subset
St2. Such wording does not necessarily imply that St2 implies, causes, or includes as a subset St1.

Sometimes, we start a sentence with the four words people might say that. We use this wording to indicate,
for example, that interpretations of the sentence might vary based on interpretations of words in the sentence,
interpretations of data about nature, theories and models that people use, and so forth. We use this wording to
indicate, for example, that further thought or research may be appropriate. We think that, generally, by using this
writing device, we provide useful transparency. We hope that, generally, this transparency supports credibility for
the work. We think that, generally, this transparency does not cloud the narrative.

Regarding the elementary particle Standard Model, we use terms such as Standard Model and 2017 Standard
Model. Regarding the cosmology standard Model, we use terms such as cosmology timeline.

Regarding terms such as elementary particle, �eld, photon, graviton, electromagnetism, and gravity, the follow-
ing statements pertain.

1. People might say that people make various uses of each of the terms �eld and elementary particle.

2. People might say that our work o�ers the possibility of considering that three CUSP �elds, 2G2, 2G24, and
2G248, combine to correlate with a �eld for electromagnetism and/or with a �eld with which people might
correlate the word photons. (See equation (3.32) or table 3.32.) People might say that de�nitions and uses of
the �elds 2G2, 2G24, and 2G248 can depend on the choices people make regarding what phenomena to model
and regarding how to model phenomena. For example, for some models of the earth, 2G2 correlates with a net
charge (if any) of the earth, 2G24 correlates with a magnetic dipole moment of the earth, and 2G248 correlates
with a possible quadrupole moment that correlates with the earth's axis of rotation not matching an axis
correlating with the magnetic dipole moment. People might say that, here, 2G2 intermediates interactions
based on the charges of interacting objects and on motions of those charged objects. People might say
that, here, models feature notions of a magnetic dipole moment for objects and de-emphasize notions of
charge currents within such objects. In CUSP, similar concepts can pertain regarding models for e�ects of
elementary fermions. CUSP models for elementary particles correlate with points with respect to spatial
space-time coordinates. 2G2 correlates with the charge of an elementary fermion. People might say that a
model cannot correlate with a current within an object that models as a point. 2G24 correlates with nominal
magnetic dipole moment.

3. People might say that our work o�ers the possibility of considering that four CUSP �elds combine to correlate
with a �eld for gravitons. (See equation (3.33) or table 3.32.)

References

This unit discusses aspects related to references and bibliography.
We emphasize providing references regarding data we use. We de-emphasize providing references regarding

general phenomena about which people can use terminology we use and online search tools to �nd information.
We de-emphasize providing references regarding traditional theory about which people can use terminology we use
and online search tools to �nd information.

A reference regarding data may occur in a detailed discussion and not occur in a summary discussion that comes
before or after the detailed discussion.
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Research

This unit suggests aspects related to interpreting our work.
People might say that some of our work regarding elementary particles correlates with the phrase pattern

matching, with the phrase theory of what, and/or with the phrase models of what. People might say that the
pattern matching features mathematical bases that are relatively simple compared to some mathematical bases
people traditionally use regarding the physics of elementary particles. People might say that, in some cases, known
data does not su�ce for making �rm choices from lists of choices our work produces. People might say that, for
such a list, each of the choices correlates with a possible math-based extrapolation that is consistent with known
data. People might say that such lists feature tractable numbers of discrete, somewhat well de�ned choices. People
might say that existences of such choices provide improvements compared to traditional theories for which choices
may be less well de�ned and/or may feature continuous ranges of numbers.

Absent direct evidence that the possible elementary particles that we discuss exist, we explore possible existence
of the particles by showing how their existence might provide explanations for known phenomena people correlate
with the topics dark matter, dark energy, astrophysics, and cosmology.

People might say that some of our work regarding topics other than elementary particles correlates with the
phrase theory of how and/or with the phrase models of how.

People might say that some of our work provides models for how to integrate models pertaining to elementary
particle phenomena and models pertaining to cosmology.

People might say that our work provides new choices for modeling phenomena for which traditional models
provide useful results.

People might say that our work tends, to a signi�cant degree, to feature traditional interpretations of obser-
vations and to feature traditional inferences based on observations. People might say that our work tends, to
a signi�cant degree, to dovetail with aspects of traditional theories and/or models that produce appropriately
physics-relevant results. People might say that our work does not necessarily feature aspects of some theories
and/or models that have yet to produce desired scopes of appropriately physics-relevant results.

People might say that, to the extent our work correlates with and does not misinterpret known data, the scope
of the work points to possible usefulness for the work and to possible usefulness for extensions to the work. Here,
the variety of aspects of nature we address correlates with the phrase scope of the work. People might say that, to
the extent the work does not correlate with or does misinterpret known data, such discrepancies do not necessarily
invalidate some portions of the work and/or some applications of the work. People might say that, to the extent
such discrepancies exist, people might be able to remove discrepancies by improving aspects of the work and/or by
reinterpreting data.

Paradigms

This unit suggests aspects related to mindsets regarding interpreting our work.
People might say that, to the extent CUSP comports with nature, CUSP provides an opportunity for a paradigm

shift regarding aspects of physics.
People might say that CUSP provides a useful new framework that embraces useful aspects of traditional physics

theories and models.
People might say that people should be careful to the extent people try to map narrow aspects of CUSP theory

onto traditional theories and/or into traditional frameworks for theories.

TBD

1. Develop and propagate vocabulary that helps people avoid negative aspects of ambiguities.

2. Resolve, to an appropriate extent, ambiguities that correlate with sentences that start with the four-word
phrase people might say that.



1.6. ACRONYMS - A GLOSSARY OF ACRONYMS 17

1.6 Acronyms - a glossary of acronyms

This unit lists acronyms that this work uses.
Table 1.7 provides a glossary of acronyms we use. For some items, see discussion related to the table that table

1.7 cites.

Table 1.7: Acronyms

Acronym Concept, phrase, or application In or near table ...
0F−B2F Vertex that creates a matter/antimatter fermion pair 3.3 on page 49
1F−B1F Interaction vertex that de-excites a boson 3.3 on page 49
1F+B1F Interaction vertex that excites a boson 3.3 on page 49
1F±B1F 1F−B1F or 1F+B1F 3.3 on page 49
2F+B0F Vertex that destroys a matter/antimatter fermion pair 3.3 on page 49
ALG Algebraic 2.3 on page 24
ALG|COR Known and possible elementary particles 2.4 on page 25
ALG|DYN|7 Dynamics within composite particles 2.4 on page 25
ALG|GEN Generations of elementary fermions 2.4 on page 25
ALG|HAN Handedness of neutrinos 2.4 on page 25
ALG|KIDY Particle kinematics, dynamics, and interactions 2.4 on page 25
ALG|KIN|17 Kinematics of free-ranging elementary particles 2.4 on page 25
ALG|PRO Known and possible elementary particles 2.4 on page 25
ANGM Angular momentum 2.28 on page 44
APM Anti-particle and/or anti-mode 2.11 on page 32
BOUNSTAT Bound state 2.23 on page 42
C (elementary particles) A family of known elementary particles 2.12 on page 33
C (symmetry) Charge-reversal (transformation) 2.11 on page 32
C:.. Conservation of .. 2.28 on page 44
CHAR Charge 2.28 on page 44
CL Classical mechanics 2.5 on page 25
COLC Color charge 2.28 on page 44
CPT Charge-reversal, parity-reversal, and time-reversal 10.1 on page 142
CQI Correlated quantum interaction 3.5 on page 50
CUSP Concepts uniting some physics 1.4 on page 12
DE Dark energy 4.3 on page 76
DED DE density 4.3 on page 76
DEDU DE density of the universe 4.3 on page 76
DEE DE ensemble(s) 4.3 on page 76
DEE-centric DEE-centric - Objects made substantially from DEES 4.3 on page 76
DEES DEE stu� 4.3 on page 76
DES DE stu� 4.3 on page 76
DM Dark matter 4.3 on page 76
DMD DM density 4.3 on page 76
DMDU DM density of the universe 4.3 on page 76
DME DM ensemble(s) 4.3 on page 76
DME-centric DME-centric - Objects made substantially from DMES 4.3 on page 76
DMES DME stu� 4.3 on page 76
DMS DM stu� 4.3 on page 76
ENER Energy 2.28 on page 44
FERA Fermion asymmetry 2.28 on page 44
FREERANG Free-ranging 2.23 on page 42
G A family of known and possible elementary particles 2.12 on page 33
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Table 1.7: Acronyms

Acronym Concept, phrase, or application In or near table ...
GENE Generation 2.28 on page 44
GR General relativity 2.5 on page 25
GRS A KREL symmetry, correlating with general relativity 4.6 on page 78
H A family of known elementary particles 2.12 on page 33
HA Hydrogen-atom-like 2.3 on page 24
IQI Isolated quantum interaction 3.5 on page 50
KREL Three symmetries related to the Poincare group 4.5 on page 78
KREL1 One of the KREL symmetries 4.10 on page 81
KREL2 One of the KREL symmetries 4.10 on page 81
KREL3 One of the KREL symmetries 4.10 on page 81
LINE Linear - Equations are linear in energy 2.5 on page 25
MEQ0 Mass equals zero 2.6 on page 25
MMB0 Mass might be zero or might be non-zero and small 2.6 on page 25
MNE0 Mass is non-zero 2.6 on page 25
MOME Momentum 2.28 on page 44
N A family of known elementary particles 2.12 on page 33
NT Newtonian physics 2.5 on page 25
O A family of possible elementary particles 2.12 on page 33
OM Ordinary matter 4.3 on page 76
OMD OM density 4.3 on page 76
OMDU OM density of the universe 4.3 on page 76
OME OM ensemble 4.3 on page 76
OME-centric OME-centric - Objects made substantially from OMES 4.3 on page 76
OMES OME stu� 4.3 on page 76
OMS OM stu� 4.3 on page 76
OT Other (such as sea state or Cooper pairing) dynamics 2.5 on page 25
P Parity-reversal (transformation) 2.11 on page 32
PDE Partial di�erential equation 2.3 on page 24
PDE|ALG ALG techniques within PDE-based models 2.3 on page 24
PDE|HER PDE work that feature Hermite polynomials 2.3 on page 24
PDE|PDE PDE work that de-emphasizes Hermite polynomials 2.3 on page 24
Point-like A function de�ned only at a point 2.15 on page 36
Q A family of known elementary particles 2.12 on page 33
QCD Quantum chromodynamics 2.5 on page 25
QCD|ALTE Possible alternative QCD 2.5 on page 25
QCD|TRAD Traditional QCD 2.5 on page 25
QED Quantum electrodynamics 2.5 on page 25
QED|ALTE Possible alternative QED 2.5 on page 25
QED|TRAD Traditional QED 2.5 on page 25
QE-like Temporal or energy-centric 2.3 on page 24
QM Quantum mechanics 2.5 on page 25
QP-like Spatial or momentum-centric 2.3 on page 24
QUAD Quadratic - Equations are quadratic in energy 2.5 on page 25
R A family of possible elementary particles 2.12 on page 33
SDF Spatial dependence of force 3.23 on page 64
SGR Either SRS or GRS 4.6 on page 78
SIDM Self-interacting dark matter 6.2 on page 117
SP Spatial parity 2.11 on page 32
SR Special relativity 2.5 on page 25
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Table 1.7: Acronyms

Acronym Concept, phrase, or application In or near table ...
SRS A KREL symmetry, correlating with special relativity 4.6 on page 78
T Time-reversal (transformation) 2.11 on page 32
TP Temporal parity 2.11 on page 32
Volume-like A function de�ned for at least all but a point 2.15 on page 36
W A family of known elementary particles 2.12 on page 33
WHO W and/or H and/or O 2.12 on page 33
WIMPs Weakly interacting massive particles 6.4 on page 118
Y A family of known elementary particles 2.12 on page 33
ZNZM Zero mass / non-zero mass 2.28 on page 44



Chapter 2

Modeling and models

This unit de�nes math terminology and symbols we use, introduces means to model known elementary particles
and predict other elementary particles, provides context for modeling masses of elementary bosons and elementary
fermions, catalogs types of models for kinematics and types of models for dynamics, lists conserved quantities, and
provides context for extending modeling to include composite particles and other objects that include more than
one elementary particle.

2.1 Summary - CUSP modeling

This unit lists goals for CUSP modeling, summarizes the scope of introductions we make to mathematics of and
some physics-relevant applications for isotropic quantum harmonic oscillators, discusses similarities and di�erences
between applications of CUSP and applications of traditional physics models, and lists and discusses some terms
we use.

Table 2.1 lists goals for CUSP modeling. Modeling of particles includes modeling properties of particles. Prop-
erties include spin and mass. Modeling of particles includes modeling some aspects of interactions in which particles
partake. Interaction-related aspects include abilities and lack of abilities to interact directly with other elemen-
tary particles. Interaction-related aspects include, for elementary bosons, characteristics of forces that elementary
bosons intermediate. Modeling of elementary particles does not include aspects of motion (or, kinematics and/or
dynamics). We aim to incorporate motion by incorporating into models symmetries that correlate with conser-
vation laws and with kinematics models and dynamics models. Kinematics models include special relativity and
general relativity.

CUSP features and uses solutions based on, in e�ect, solving equations that feature isotropic pairs of isotropic
quantum harmonic oscillators. People might say that, within each pair, one isotropic harmonic oscillator correlates
with temporal aspects of physics phenomena. People might say that, within each pair, the other isotropic harmonic
oscillator correlates with spatial aspects of physics phenomena. People might say that solutions correlate with a
parallel to the concept that, in accounting, people call double-entry bookkeeping.

CUSP models regarding elementary particles and their properties feature harmonic oscillator math that other
physics theories and models seem not to use much. CUSP models regarding composite particles and other multi-
particle objects feature more-traditional harmonic oscillator math.

Table 1.5 notes similarities and di�erences between uses, in traditional physics, of some models based on
harmonic oscillators and uses, in CUSP, of models based on harmonic oscillators.

Table 2.2 lists some foci of physics models and notes some aspects regarding each of CUSP, speci�cally, and,
generally, some traditional physics models. People might say that CUSP outputs a list of elementary particles
and points to properties of elementary particles, whereas traditional physics models take in (or assume), from
observations, a more restricted list of elementary particles and their properties. People might say that traditional
physics outputs a list of conservation laws and symmetries correlating with those conservation laws and with related
kinematics, whereas CUSP models take in (or assume), from traditional physics, aspects of that kinematics, those
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Goals

� Provide a math-based framework via which people can do the following.

� Model all known elementary particles.

� Predict elementary particles people have yet to �nd.

� Incorporate known kinematics models and known dynamics models.

� Catalog known and possible composite particles.

� Model known known aspects of astrophysics and cosmology.

� Predict aspects of astrophysics and cosmology.

� Use the framework to accomplish the above-mentioned tasks.

� Gain insight regarding the following topics.

� Integrating, extending the scope of, and limiting the applicability of physics models and theories.

� Foundations of physics topics.

Table 2.1: Goals for CUSP modeling

symmetries, and those conservation laws.
Table 2.3 lists and discusses some terms we use. Our work de-emphasizes PDE|HER.
Regarding modeling the existence, in nature, of known and possible elementary particles, table 2.4 lists aspects

that people might want physics models to address. For each item in the table, the table provides a symbol for a
modeling basis that correlates with A = AQE − AQP = 0. (See equation (2.34).) The two-element term G family
correlates with some solutions and with some elementary particles, including photons and gravitons.

2.2 Acronyms - kinematics models, dynamics models, and mass

This unit lists acronyms pertaining to choices regarding kinematics and dynamics modeling and provides acronyms
regarding di�erentiating between zero mass and non-zero mass.

Table 2.5 lists acronyms related to modeling kinematics and/or dynamics. The acronym OT stands for other.
People might say that, with QM, CUSP points to possibilities for an alternative (QED|ALTE) to traditional QED
(or, QED|TRAD). People might say that, with QM, CUSP points to possibilities for an alternative (QCD|ALTE)
to traditional QCD (or, QCD|TRAD).

Table 2.6 lists acronyms related to rest masses (or rest energies) of elementary particles. People might say that,
for some known elementary particles and for some predicted elementary particles, people do not necessarily know
whether the rest mass is zero. People might say that, for neutrinos, in the table, the word small correlates with
the notion of much less than the mass of the electron. (See discussion related to table 5.8.)

2.3 Math for one QP-like PDE oscillator

This unit de�nes notation for and discusses solutions pertaining to a partial di�erential equation model correlating
with one isotropic quantum harmonic oscillator.

We discuss mathematics correlating with partial di�erential equations relevant to isotropic quantum harmonic
oscillators. The term PDE correlates with such mathematics. Equations (2.1) and (2.2) correlate with QP-like
isotropic quantum harmonic oscillators. Here, r denotes the radial coordinate and has dimensions of length. The
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Focus CUSP ... Some traditional models ...
Existence, in nature, of
components for objects

� Properties of components

... outputs a list of elementary
particles

... take in a list of elementary
particles

Existence, in nature, of objects

� Internal states of objects

... outputs internal states of
some objects

... output internal states of some
objects

External e�ects of objects

� Properties of objects

... outputs properties of
elementary particles

... output properties of some
objects other than elementary
particles

Motion of objects

� Interactions with other
objects

... takes in a set of symmetries
correlating with conservation
laws and kinematics

... output a set of symmetries
correlating with conservation
laws and kinematics

Table 2.2: Foci of some physics models

parameter η has dimensions of length. Here, D is a positive integer. Including for D = 1, each of equation (2.1),
equation (2.2), and the function Ψ pertains for 0 < r <∞. The parameter η is a non-zero real number.

ξΨ(r) = (ξ′/2)(−η2∇2 + η−2r2)Ψ(r) (2.1)

∇2 = r−(D−1)(∂/∂r)(rD−1)(∂/∂r)− Ωr−2 (2.2)

We consider solutions of the form equation (2.3) shows. The magnitude |η| correlates with a scale length. We
de-emphasize PDE|HER, which is a traditional case for which D = 1 and for which the function Ψ pertains for
−∞ < r <∞, Ω = 0, and solutions include factors that are Hermite polynomial functions of r.

Ψ(r)∝(r/η)ν exp(−r2/(2η2)), with η2 > 0 (2.3)

Equations (2.4) and (2.5) characterize solutions. (See table 2.7.) The parameter η does not appear in these
equations.

ξ = (D + 2ν)(ξ′/2) (2.4)

Ω = ν(ν +D − 2) (2.5)

People might say that work above uses the presence of Ω to summarize aspects pertaining to angular coordinates.
People might say that CUSP modeling de-emphasizes some aspects, of equation (2.1), correlating with angular
coordinates. CUSP modeling limits consideration to solutions that comport with equation (2.6) and, therefore,
with equation (2.7).

2ν is an integer (2.6)

4Ω is an integer (2.7)

The set of solutions to which work above points is too broad for our work. We de-emphasize solutions that do
not normalize.
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Term Discussion
QE-like For applications to physics, QE-like constructs generally correlate with temporal

space-time coordinates and/or with energy.
QP-like For applications to physics, QP-like constructs generally correlate with spatial space-time

coordinates and/or with momentum and mass.
PDE PDE provides an acronym for the phrase partial di�erential equation. PDE correlates

with mathematics based on representing an isotropic quantum harmonic oscillator via
partial di�erential equations that feature radial coordinates and solutions that feature
radial coordinates. As used in this work, the term PDE includes mathematics pertaining
to one PDE isotropic quantum harmonic oscillator and includes mathematics pertaining
to an isotropic pair of PDE isotropic quantum harmonic oscillators.

ALG ALG provides an acronym for the word algebraic. ALG correlates with mathematics
based on raising operators and lowering operators pertaining to individual harmonic
oscillators that contribute to an isotropic quantum harmonic oscillator. As used in this
work, the term ALG includes mathematics pertaining to one ALG isotropic quantum
harmonic oscillator and includes mathematics pertaining to an isotropic pair of ALG
isotropic quantum harmonic oscillators.

PDE|ALG PDE|ALG provides a label for mathematics based on raising operators and lowering
operators pertaining to spherical coordinate representations for solutions correlating with
PDE.

PDE|HER PDE|HER provides a label for mathematics based on harmonic oscillators that feature
partial di�erential equations based on one linear coordinate. Each solution includes a
factor that correlates with a Hermite polynomial in that linear coordinate.

PDE|PDE PDE|PDE provides a label for PDE modeling we use. People might say that this
modeling does not use PDE|HER. People might say that this modeling tends to
de-emphasize, but does make some use of, PDE|ALG.

PDE|PDE|HA PDE|PDE|HA provides a label for PDE modeling we use regarding hydrogen-atom-like
entities.

NQE|... NQE|... denotes the number of QE-like one-dimensional harmonic oscillators that
correlate with a QE-like ALG isotropic quantum harmonic oscillator. NQE|... is a
non-negative integer. We designate each oscillator by the letter E and an integer in the
list NQE|... − 1, NQE|... − 2, ..., 1, and 0.

nEj nEj denotes the excitation number for the QE-like oscillator that the label Ej speci�es.
nEj is an integer.

NQP |... NQP |... denotes the number of QP-like one-dimensional harmonic oscillators that
correlate with a QP-like ALG isotropic quantum harmonic oscillator. NQP |... is a
non-negative integer. We designate each oscillator by the letter P and an integer in the
list 0, 1, ..., NQP |... − 2, and NQP |... − 1.

nPj nPj denotes the excitation number for the QP-like oscillator that the label Pj speci�es.
nPj is an integer.

Table 2.3: Terminology correlating with the terms QE-like, QP-like, PDE, and ALG
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Aspect Model Relationship
Known and possible elementary particles ALG|PRO
Known and possible elementary particles ALG|COR extends ALG|PRO
Generations of elementary fermions ALG|GEN extends ALG|COR
Handedness for neutrinos ALG|HAN extends ALG|GEN
Dynamics within composite particles ALG|DYN|7 extends ALG|GEN
Kinematics of free-ranging elementary particles ALG|KIN|17 extends ALG|HAN
Interactions correlating with the G family ALG|KIN|17 extends ALG|HAN
Elementary particle motion and interactions ALG|KIDY includes ALG|KIN|17 and ALG|DYN|7

Table 2.4: Notation for models, based on A = AQE − AQP = 0, regarding some aspects of elementary particle
physics

Aspect Acronym Phrase - Note
System FREERANG Free-ranging motion

� BOUNSTAT Bound-state system
Branch NT Newtonian physics

� SR Special relativity
� GR General relativity
� OT Other dynamics (such as sea states)

Mechanics CL Classical mechanics
� QM Quantum mechanics

Equations LINE Linear - Equations are linear in energy
� QUAD Quadratic - Equations are quadratic in energy

Electrodynamics QED Quantum electrodynamics - Falls within QM
� QED|TRAD Traditional QED
� QED|ALTE Possible alternative QED

Chromodynamics QCD Quantum electrodynamics - Falls within QM
� QCD|TRAD Traditional QCD
� QCD|ALTE Possible alternative QCD

Table 2.5: Acronyms pertaining to kinematics modeling and/or dynamics modeling

Acronym Phrase
MEQ0 Mass equals zero
MMB0 Mass might be zero or might be non-zero and small
MNE0 Mass is non-zero

Table 2.6: Acronyms pertaining to rest energy



Chapter 3

Elementary particles and their properties

and interactions

This unit describes elementary particles and interactions that, together, may su�ce to underlie and/or explain all
known and various inferred natural phenomena.

3.1 Summary - known and possible elementary particles

This unit summarizes CUSP results regarding elementary particles.
Table 3.1 alludes to all known elementary particles and to possible other elementary particles. For each row

for which the known-particles entry is not blank, people have found all of elementary particles to which CUSP
points. For each row for which the known-particles entry is blank, as of 2017, people had found none of the possible
elementary particles to which CUSP points. The column labeled Φ provides a family name that pertains to the
relevant elementary particles and to mathematical solutions that CUSP correlates with the particles. The column
labeled S lists spins. Regarding the ΣΦ column, Σ = 2S. We use a symbol of the form Σγ for each of the four
G-family particles the table lists. Each of these particles correlates with a set of more than one G-family solution,
with each such solution being of the form ΣGΛ for some Λ. For each G-family particle, two modes exist. One mode
is left-circularly polarized. The other mode is right-circularly polarized. People might say that 4γ correlates with
the term graviton. The table shows, in the column labeled matter/antimatter particles, the number of particles
that people would consider not to correlate with either matter or antimatter. Each of the particles is its own
antiparticle. Examples include the Higgs boson and the Z boson. A Dirac-fermion neutrino correlates, with respect
to table 3.1, with zero matter/antimatter particles and with one matter particle. A Majorana-fermion neutrino
correlates, with respect to table 3.1, with one matter/antimatter particle and zero matter particles. In the table,
πj′,j′′ denotes the concept that j′ pertains for one of the two relevant columns and j′′ pertains for the other of
the two relevant columns. The table shows, in the column labeled matter particles, the number of particles that
people would consider to be matter particles. For each matter particle, there is an antimatter particle. An example
is the W boson, regarding which people consider each of the W− and W+ bosons to be the antiparticle of the
other particle. Table 3.1 does not take into account some G-family solutions that are possibly physics-relevant.
People might say that some of the G-family solutions that the table does not take into account correlate with
anomalous moments, such as anomalous dipole magnetic moments that people correlate with elementary particles.
Each particle for which nP0 = 0 has non-zero mass. Each boson particle for which the table states that nP0 ≤ −1
has zero mass. Regarding neutrino masses, see discussion related to tables 5.7 and 5.8. For each Σγ the table lists,
the G-family solution ΣGΣ pertains and correlates with nP0 = −1. For each Σγ the table lists, at least one other
G-family solution ΣGΛ pertains and correlates with nP0 ≤ −2. For each Σγ the table lists, the G-family solution
ΣGΣ correlates with a monopole interaction. A monopole interaction correlates, in the sense of Newtonian physics,
with a radial SDF (or, spatial dependence of force) of r−2. Here, r correlates with a distance from a center of
property for an object. For example, 2G2 is a component of 2γ and correlates with interactions based on electric
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Known particles Φ S ΣΦ G-family modes Matter/antimatter
particles

Matter
particles

nP0 σ

Higgs boson H 0 0H 1 0 0 +1
Charged leptons C 1/2 1C 0 3 0 +1

Neutrinos N 1/2 1N |← ... π0,3 ... →| −1 +1
Z and W bosons W 1 2W 1 1 0 +1

Photon G 1 2γ 2 1 ≤ −1 +1
G 2 4γ 2 1 ≤ −1 +1
G 3 6γ 2 1 ≤ −1 +1
G 4 8γ 2 1 ≤ −1 +1

Quarks Q 1/2 1Q 0 6 0 −1
R 1/2 1R 0 6 −1 −1

Gluons Y 1 2Y 0 8 −1 −1
O 1 2O 1 1 0 −1

Table 3.1: Numbers of elementary particles and/or modes

charge. 2G24 is a component of 2γ and correlates with nP0 = −2 and with a dipole interaction. A dipole interaction
correlates, in the sense of Newtonian physics, with a radial SDF of r−3. For a model, of an object, that includes a
non-zero magnetic dipole moment for the object and that does not base that magnetic dipole moment on motions
of charges within the object, 2G24 correlates with e�ects that correlate with the magnetic dipole moment of the
object. (For the moment we note, but do not dwell on the notion that 2γ also includes a quadrupole term with
SDF of r−4. Such a term can correlate with a familiar property of the earth. For the earth, the axis of spin and the
axis correlating with magnetic dipole moment do not align with each other. People might say that a quadrupole
moment pertains.) People might say that, for each elementary particle for which σ = +1, the term free-ranging
pertains. People might say that, for each elementary particle for which σ = −1, the term free-ranging does not
pertain.

Table 3.2 lists elementary particles CUSP predicts.

TBD

1. Regarding each of the possible elementary particles to which table 3.2 alludes, to what extent can people show,
based on experiments, observations, or inferences, that nature includes or does not include the elementary
particle?

3.2 Notes - interactions and interaction vertices

This unit summarizes some CUSP results regarding models for interaction vertices.
Table 3.3 summarizes some terms we use regarding interaction vertices pertaining to interactions involving only

elementary particles.
Possibly, CUSP need not include types of interactions that the left-most column of table 3.4 discusses. Tradi-

tional quantum �eld theory includes each of these type of interactions.
We note some concepts regarding models, interactions, and symmetries correlating with free-ranging states and

regarding models, interactions, and symmetries correlating with bound-state physics. The symbol IQI correlates
with modeling an interaction that features only one quantum interaction. The acronym IQI abbreviates the phrase
isolated quantum interaction. We use the symbol CQI to denote interrelated interactions. The acronym CQI
abbreviates the phrase correlated quantum interaction.

People might say that table 3.5 pertains.
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Possible elementary particles

� One 4γ elementary boson. This particle has zero mass, correlates with spin-2, and has two
polarization modes. People might say that this particle correlates with the term graviton.

� One 6γ elementary boson. This particle has zero mass, correlates with spin-3, and has two
polarization modes.

� One 8γ elementary boson. This particle has zero mass, correlates with spin-4, and has two
polarization modes.

� Six 1R elementary fermions. Each particle is a zero-mass or low-non-zero-mass, zero-charge, spin-1/2
counterpart to one quark. For each of these particles, a distinct antiparticle exists. These particles
can exist within composite particles. These particles do not correlate with the term free-ranging.

� Two 2O elementary bosons. Each particle is a non-zero-mass, spin-1 counterpart to one spin-1
weak-interaction boson. One 2O particle has zero charge. This particle is its own antiparticle. One
2O particle has one-third the charge of a W boson (that is, of one of the W− particle and the W+

particle). For this particle, a distinct antiparticle exists and has negative one-third the charge of the
same W boson. These particles can exist within composite particles. These particles do not correlate
with the term free-ranging.

Table 3.2: Predicted elementary particles

Term Discussion
1F−B1F The symbol 1F−B1F denotes an interaction vertex in which one fermion enters, a boson

de-excites by one unit, and one fermion exits.
1F+B1F The symbol 1F+B1F denotes an interaction vertex in which one fermion enters, a boson

excites by one unit, and one fermion exits.
1F±B1F The symbol 1F±B1F denotes one or both of 1F−B1F and 1F+B1F.
0F−B2F The symbol 0F+B2F denotes an interaction vertex in which no fermions enter, a boson

de-excites by one unit, and a matter-and-antimatter pair of fermions exits.
2F+B0F The symbol 2F+B0F denotes an interaction vertex in which a matter-and-antimatter

pair of fermions enters, a boson excites by one unit, and no fermions exit.

Table 3.3: Terminology correlating with interaction vertices pertaining to interactions involving only elementary
particles



Chapter 4

Motion, conservation laws, dark matter,

and dark energy

This unit incorporates motion and motion-related conservation laws into CUSP, proposes explanations for dark
matter and dark energy, discusses composite particles and seas that include elementary particles that comprise
composite particles, develops a CUSP double-entry bookkeeping construct correlating with SU(3)× SU(2)×U(1)
boson symmetries from traditional physics, and discusses various topics regarding modeling interactions.

4.1 Summary - ordinary matter, dark matter, and dark energy

This unit describes similarities and di�erences among ordinary matter, dark matter, dark energy stu�, and dark
energy forces.

We distinguish among four phenomena - ordinary matter, dark matter, dark energy stu�, and dark energy forces
(or, pressure).

We correlate e�ects of dark energy forces with phenomena that people correlate with phrase rate of expansion of
the universe. Regarding that rate, people identify three eras - initial accelerating expansion, subsequent decelerating
expansion, and recent accelerating expansion. (Regarding observations, see discussion, including references, related
to table 4.14.) People might say that observations of the rate of expansion correlate with repulsion (for the �rst
some billion years), then attraction (for some billion years), and now repulsion (for the most recent some billion
years) between, at least, objects that are larger than galaxy clusters. CUSP suggests that such interactions correlate
with forces that correlate with components of 4γ (or, gravity). Phenomena correlating with the three words rate
of expansion correlate primarily with components, for which the SDFs (or, spatial dependences of forces) are r−5,
r−4, and r−3. (Here, r correlates with a distance from a center-of-property for an object.) People might say that
SDFs of r−5, r−4, r−3, and r−2 correlate, respectively with the terms static octupole, static quadrupole, static
dipole, and static monopole. Each SDF equals the rnP0−1 correlating with one or more relevant G-family solutions.
(See table 3.32.)

Regarding observations and data, we correlate with the two-word term ordinary matter the acronym OMS (for
ordinary-matter stu�). We correlate with the two-word term dark matter the acronym DMS (for dark matter
stu�). We correlate the acronym DES with the term dark energy stu�. Each of OMS, DMS, and DES contributes
to e�ects people correlate with the term density of the universe. (Table 4.3 lists and discusses acronyms related to
OM (ordinary matter), DM (dark matter), and DE (dark energy).)

CUSP suggests that each of dark matter and dark energy stu� consists primarily of copies (or, instances) of
some ordinary-matter elementary particles and all ordinary-matter composite particles. Regarding each instance,
we use the term ensemble. Table 4.1 summarizes results regarding particles, solutions, and ensembles. (See, for
example, table 3.1 and discussion related to table 3.1.) Each ensemble includes a set of 0H, 1C, and 1N elementary
particles. Each ensemble includes a set of all possible composite particles, including 1Q⊗2Y composite particles
and possibly including, for example, 1R⊗2Y composite particles. (See table 4.15.) Known composite particles
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σ Particle sets and/or solution sets One instance Span
correlates with (ensembles

2017 Standard Model Possible one ensemble per instance)
+1 1C, 1N - Yes 1
+1 0H - � �

Composite particles
(1Q⊗2Y)

Composite particles
(e.g., 1R⊗2Y)

� �

+1 2G2⊕2G24 6G24, ΣG246, ΣG2468 � �
+1 - 8G8 � �
+1 - 4G4 No 6
+1 - Other G-family � 2 or 6
+1 2W - � 6
−1 2Y 2O � 6
−1 1Q 1R � 8

Table 4.1: Particles and/or solutions that correlate with one ensemble and particles and/or solutions that might
correlate with more than one ensemble

include the pion and the proton. All known composite particles are of the type 1Q⊗2Y. Each ensemble includes
its own instance of the 2G2 and 2G24 components of 2γ (or, photons). Instances of some solutions correlate with
more than one ensemble. For example, consider the 4G4 solution, which is a component of 4γ (or, gravitons). 4G4
is the only component of 4γ for which the SDF is r−2. An instance of 4G4 correlates with gravitational interactions
between entities correlating with six ensembles. Regarding interactions, we say that each instance of 2G2⊕2G24
has a span of one ensemble and that each instance of 4G4 has a span of six ensembles. Each of 2γ and 4γ includes
components with spans greater than one. (For example, 2G248 is a component of 2γ. The span correlating with
the 2G248 solution is six. The solution correlates, in table 4.1, with the term other G-family.) People might say
that the correlation of 1Q with more than one ensemble, from a standpoint of modeling, is mathematically useful,
and, from a standpoint of observable phenomena, is not necessarily physics-relevant.

Based on symmetries that CUSP dovetails with traditional physics conservation laws and kinematic symmetries,
CUSP suggests that the universe includes 48 ensembles.

Ordinary matter (or, OM) correlates with one ensemble. Regarding this ensemble, we use the acronym OME,
for ordinary-matter ensemble. The OME might include some dark matter (or, DMS). (People might say that, for
example, 1R⊗2Y performs functions that people might expect of axions. See table 4.15.) We use the term OME
DMS to denote stu� that correlates with the OME and seems to be DMS.

People might say that most dark matter stu� (or, DMS) correlates with the �ve non-OME ensembles that
interact with the instance of 4G4 that interacts with the OME. Regarding the �ve dark matter ensembles, we use
the acronym DME, for dark matter ensemble (or ensembles).

People might say that this explanation of dark matter adequately comports with inferred ratios of density of dark
matter to density of ordinary matter. (We use the acronym DMD for dark matter density. We use the acronym OMD
for ordinary matter density. Based on, for example, e�ects people correlate with gravitational lensing, people infer
DMD/OMD ratios for individual galaxy clusters. People might say that inferred ratios approximate �ve to one. We
use the acronym DMDU for dark matter density of the universe. We use the acronym OMDU for ordinary matter
density of the universe. Based on, for example, analyses of cosmic microwave background radiation, people infer
DMDU/OMDU ratios for the observed universe. People might say that inferred DMDU/OMDU ratios somewhat
exceed �ve to one.) People might say that, to the extent inferred DMD/OMD and/or inferred DMDU/OMDU
ratios accurately exceed �ve to one, OME DMS contributes to the amount in excess to �ve to one. (People might
say that the notion of non-zero amounts of OME DMS correlates with sub-optimal use of the two-word term dark
matter. People might say that the notion of non-zero amounts of OME DMS correlates with omitting, from tallies
of OMD, contributions correlating with the existence of OME DMS. People might say that such omissions would
parallel, for example, omitting from OMD the contribution correlating with OME photons. See table 4.4.) People
might say that at least one of OME DMS and DME stu� populates galactic halos that help gravitationally to keep
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Aspect

1. Each dark matter ensemble is su�ciently similar to the ordinary-matter ensemble that possibly the
dark matter ensemble includes adequately physics-savvy beings. Here, adequately physics-savvy
denotes concepts including the beings doing the following.

(a) Developing models of physics at least to the extent that people have developed regarding
ordinary matter.

(b) Knowing about electromagnetic, gravitational, and astrophysical aspects, from the standpoint of
that dark matter ensemble.

(c) Inferring the presence of phenomena paralleling phenomena people attribute, relative to the
ordinary-matter ensemble, to dark matter.

2. Between two ensembles, a relationship of one ensemble's comprising part of the other ensemble's dark
matter is reciprocal.

3. Each dark energy ensemble is su�ciently similar to the ordinary-matter ensemble that possibly the
dark energy ensemble includes adequately physics-savvy beings. Here, adequately physics-savvy
denotes concepts including the beings doing the following.

(a) Developing models of physics at least to the extent that people have developed regarding
ordinary matter.

(b) Knowing about electromagnetic, gravitational, and astrophysical aspects, from the standpoint of
that dark energy ensemble.

(c) Inferring the presence of phenomena paralleling phenomena people attribute, relative to the
ordinary-matter ensemble, to dark energy stu�.

4. Between two ensembles, a relationship of one ensemble's comprising part of the other ensemble's dark
energy stu� is reciprocal.

Table 4.2: Similarities and relationships between ensembles

stars and gas from escaping from OME-centric galaxies. Later, we discuss the possibility that, for OME-centric
galaxies, DME constitutes most of the stu� in galactic halos. (See table 6.2.)

Dark energy stu� (or, DES) correlates with the remaining 42 ensembles. Regarding the 42 dark energy ensem-
bles, we use the acronym DEE, for dark energy ensemble (or ensembles). People might say that CUSP explains,
at least qualitatively, a perceivable gap between predicted and inferred ratios of density of DES to density of
OMS⊕DMS. People might say that inferred ratios grow, since the big bang, from zero to about 2.2. CUSP provides
the notion that the actual ratio is seven-to-one. CUSP suggests the notion that impact of DES on observations
from which people infer densities of DES is indirect and adequately slow to account for results that are less than
seven-to-one.

People might say that people can envision, at least the physical laws of and possibly many details of, nature
correlating with ensembles other than the ordinary-matter ensemble. Table 4.2 pertains.

Thus, CUSP suggests that dark energy forces and dark energy stu� di�er from each other.

4.2 Acronyms - ordinary matter, dark matter, and dark energy

This unit discusses terminology regarding dark matter and dark energy and lists acronyms pertaining to the terms
dark matter and dark energy.



Chapter 5

Particle phenomena

This unit discusses nominal moments and anomalous moments pertaining to elementary fermions, a possible corre-
lation between masses of weak-interaction bosons and the range of the weak interaction, modeling neutrinos as being
Dirac fermions and/or Majorana fermions, neutrino oscillations, neutrino masses, handedness and parity violation,
possible concepts regarding applications involving lasing and/or quantum computing, possibilities for correlating
some symmetries with aspects of elementary fermions, and possibilities for directly detecting dark matter.

5.1 Summary - elementary particle and dark matter phenomena

This unit summarizes results regarding some elementary particle phenomena.
People might say that we do the following.

1. We discuss aspects of fermion nominal moments with respect to G-family interactions. We suggest that people
can correlate nominal moments with each of the components, that CUSP suggests, of 2γ (or, photons), 4γ
(or, gravitons), 6γ, and 8γ.

2. We discuss CUSP modeling of contributions to anomalous magnetic dipole moments and of contributions to
other possible anomalous moments.

(a) We discuss the possibility that CUSP QED|ALTE models for anomalous magnetic dipole moments might
produce results that correlate with results from QED|TRAD (or, traditional quantum electrodynamics).

(b) We show the possibility that, given the anomalous magnetic dipole moments for the electron and the
muon, people can use QED|ALTE modeling to estimate a tauon anomalous magnetic dipole moment
that approximates a QED|TRAD result.

3. We discuss a model that correlates the range of the weak interaction with the masses of weak-interaction
bosons.

4. We discuss aspects of modeling neutrinos as Dirac neutrinos and aspects of modeling neutrinos as Majorana
neutrinos.

5. We discuss interactions that contribute to neutrino oscillations.

6. We discuss aspects related to masses of neutrinos.

(a) People might say that CUSP nominally correlates with each neutrino �avor having zero mass and with
the notion that zero-mass neutrinos need not be incompatible with data as of 2017.

(b) People might say that people can use CUSP to model aspects involving non-zero-mass neutrinos, should
people determine that at least one neutrino �avor has non-zero mass.
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7. We discuss the notion that the left-handed or right-handed aspect of weak-interaction parity violation may
di�er by ensemble.

8. We discuss possible phenomena correlating with photon lasing. We allude to possible practical applications
regarding controlling or detecting aspects of laser-produced light. Applications might pertain to lasing and/or
quantum computing.

9. We discuss bases for possible symmetries that might correlate with aspects of elementary fermions. Possi-
bly, such symmetries have at least some conceptual similarity to elementary boson SU(3) × SU(2) × U(1)
symmetries.

10. We discuss the extent to which people may be able to directly detect dark matter.

5.2 Nominal moments

This unit discusses possibilities that people can correlate nominal moments, correlating with interactions that
photons or gravitons intermediate, that our theory suggests with aspects of traditional physics.

Work above correlates the object property charge with the 2G2 solution, the object property nominal magnetic
dipole moment with the 2G24 solution, and the object property rest energy (or, rest mass) with the 4G4 solution.
People might say that people have opportunities to correlate object properties with solutions 2G248, 4G48, 4G246,
4G2468a, and 4G2468b. (See table 3.32.)

In discussion leading to equation (3.32), we suggest attributes of the earth that might correlate with the 2G248
solution. People might say that Larmor precession provides an application, correlating at least with classical
electromagnetism, that people can correlate with a quantum application featuring the 2G248 solution. People
might say that people have explored use of various techniques to suggest, for phenomena correlating with 2G248,
in e�ect, an analog to g ≈ 2 for magnetic dipole moment and 2G24. Results may correlate with Thomas precession
and/or the Bargmann-Michel-Telegdi equation. Techniques might include applications of the Dirac equation and/or
applications of an electromagnetic �eld strength tensor.

TBD

1. To what extent might people use traditional modeling, based on classical gravitation physics and/or general
relativity, to correlate each of solutions 4G48, 4G246, 4G2468a, and 4G2468b with an appropriate set of
concepts such as concepts table 3.28 mentions (and/or with other similar concepts)? (Note, for example, that
the solutions correlate, respectively, with nominal dipole, quadrupole, octupole, and octupole moments.)

2. To the extent people correlate each of solutions 4G48, 4G246, 4G2468a, and 4G2468b with an appropriate
set of concepts such as concepts table 3.28 mentions (and/or with other similar concepts), to what extent
do relevant concepts correlate with properties of elementary fermions, absent clouds of virtual particles? Of
elementary fermions, including clouds of virtual particles? Of elementary bosons, absent clouds of virtual
particles? Of elementary bosons, including clouds of virtual particles?

5.3 Anomalous moments

This unit discusses possibilities that people can correlate CUSP models with anomalous magnetic dipole moment
data, with traditional QED calculations of anomalous magnetic dipole moments, and with other possible anomalous
moments.

People might say that G-family solutions that CUSP does not associate with Σγ, for 2 ≤ Σ ≤ 8, correlate with
possible ways to model anomalous moments, such as anomalous magnetic dipole moments. Table 5.1 lists G-family
solutions that do not correlate with Σγ, for 2 ≤ Σ ≤ 8. The column labeled count shows the number of solutions
with which a row in the table correlates.



Chapter 6

Cosmology timeline and some astrophysics

phenomena

This unit suggests speci�cs regarding aspects of the cosmology timeline and discusses some astrophysics phenomena.

6.1 Summary - cosmology timeline and phenomena

This unit summarizes contributions we suggest regarding the cosmology timeline and astrophysics.
People exhibit cosmology timelines. Generally, the timelines include events and eras. People might say that,

generally, the earliest item is an event that people call the big bang.
People might say that our work provides insight regarding eras on the timeline regarding the following items.

1. The instant of and an era after the big bang.

(a) At the instant of the big bang, conservation of energy does not pertain for the universe. Possibly, energy
populates states for at least some G-family bosons correlating with at least some of solutions 2G2; ΣG24,
for at least Σ = 2; ΣG246, for at least Σ = 4; and ΣG2468, for at least Σ = 4.

(b) Then, conservation of energy pertains; physics-relevant ensembles populate roughly equally; and, possi-
bly, pair production based on G-family bosons populates fermion states such that, within each physics-
relevant ensemble, matter fermions and antimatter fermions balance.

2. Expansion of the universe, from the big bang until now.

(a) Forces mediated by G-family bosons provide mechanisms driving expansion and provide for changes in
the inferred rate of expansion of the universe. The components of 4γ (or, gravitons) play key roles. For
the largest objects that people can directly infer, ...

i. Dominance by forces for which SDF of r−5 pertains correlates with the �rst few billion years of
accelerating expansion of the electromagnetically observable universe;

ii. Dominance by forces for which SDF of r−4 pertains correlates with a next few billion years of
decelerating expansion of the electromagnetically observable universe; and

iii. Dominance by forces for which SDF of r−3 pertains correlates with the recent few billion years of
accelerating expansion of the electromagnetically observable universe.

3. A possible evolution from baryon balance to baryon asymmetry. Here, balance or asymmetry refers to relative
numbers of matter particles and antimatter particles.

(a) In the ordinary-matter ensemble, interactions mediated by charged 2O bosons convert antimatter quarks
into matter quarks. Concurrently, interactions mediated by W bosons convert antimatter charged leptons
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into neutrinos and convert neutrinos into matter charged leptons. To the extent neutrinos behave as
Dirac neutrinos, the number per unit of volume of background antimatter neutrinos exceeds the number
per unit volume of background matter neutrinos.

4. A possible in�ationary epoch and possible composite sea phase transitions.

(a) To the extent nature exhibits phenomena that people correlate with the phrase in�ationary epoch,
perhaps at least one of the following correlates with that epoch.

i. Evolution from baryon balance to baryon asymmetry.

ii. One or more phase transitions, within a sea, with each transition correlating with at least one of the
following transitions: (1Q⊕1R)→1Q, (1Q⊕1R)→1R, (2Y⊕2O)→2O, (2Y⊕2O)→2Y, 1Q→1R, and
2O→2Y.

(b) Possibly one or more such phase transitions occurred during times not correlating with the notion of an
in�ationary epoch.

5. Mechanisms leading to CMB (or, cosmic microwave background) cooling.

6. The relative densities, in galaxy clusters, of ordinary matter and dark matter.

(a) Inferences about dark matter within galaxy clusters seem to be not inconsistent with density ratios of
about �ve to one, dark matter to ordinary matter. CUSP suggests that this ratio correlates with the
ratio of number of dark matter ensembles to number of ordinary matter ensembles.

(b) CUSP suggests that, to the extent the actual density ratio (averaged over clusters and/or as determined
via data regarding CMB radiation) is 5 + x to one, people can consider adding a component correlating
with x/6 to the otherwise inferred density of ordinary matter. People calculate ordinary matter density
of the universe by summing densities for baryonic matter, photons, and neutrinos. CUSP suggests that a
fourth component, correlating with x/6, might correlate with ordinary matter composite particles other
than composite particles made exclusively from quarks and gluons. (Some of these composite particles
would not interact with light.)

7. Scenarios for the formation and evolution of galaxies, including possible changes over time in the relative
densities within individual galaxies of ordinary matter and dark matter.

(a) A CUSP-based scenario seems to dovetail with data published during the period 2015 to 2017. Early
on, an ordinary matter galaxy can be essentially all ordinary matter. Over time, the galaxy attracts and
accumulates other-ensemble dark matter, leading to about 79 percent of the galaxy being dark matter.
The scenario features mechanisms that correlate with the monopole and dipole components of gravity
and with electromagnetism. The scenario is not incompatible with notions that more than 83 percent of
a galaxy cluster may be dark matter and that about �ve-sixths of the galaxies in a cluster may be dark
matter galaxies. This explanation is not incompatible with the existence of ordinary matter stars in
dark matter galaxies. This explanation is not incompatible with collisions between originally essentially
single-ensemble galaxies creating mixed-ensemble galaxies and/or deformed or irregular galaxies. To
the extent traditional theories of galaxy formation might suggest that concepts above would correlate
with galaxies not being adequately spatially large, the repulsive force of the dipole component of gravity
might have contributed to adequate dispersal of stu�. This explanation is not incompatible with the
notion that, in ordinary matter galaxies, dark matter halos can include one or both of other-ensemble
material and ordinary-ensemble composite particles.

8. Mechanisms possibly leading to the formation of quasars and to black hole jets.

9. The possibility that CUSP provides bases for resolving the spacecraft �yby anomaly.
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TBD

1. Beyond items traditional cosmology timelines include and/or items we discuss, what other events or eras
might a cosmology timeline feature?

6.2 Notes - dominant forces in and between two neighboring clumps

This unit discusses an evolution regarding forces that dominate in and between neighboring clumps of stu�.
We do a thought experiment.
We consider two similar, neighboring clumps of stu�. Each clump, in today's universe could be, for example, a

galaxy. For the moment, we consider that the two clumps correlate with the same ensemble. For the moment, we
de-emphasize e�ects correlating with other ensembles. For the moment, we assume that the clumps form in a way
such that the dominant forces within and between the two clumps are, for some time, forces for which SDF of r−5

pertains. We assume that these forces feature repulsion. As the objects expand and move apart, forces correlating
with SDF of r−4 become dominant. We assume that these forces feature attraction and that the attraction does
not trigger implosion of an object and does not reverse the moving apart of the two objects. Then, forces with SDF
of r−3 become dominant. We assume that these forces feature repulsion. Then, forces with SDF of r−2 become
dominant. For a period in which a particular SDF roughly dominates, we use the term era. (See table 4.14.)

Some notes pertain regarding cosmology and astrophysics.

1. Smaller objects progress through eras faster than do larger objects. Pairs of neighboring smaller objects
progress through eras faster than do neighboring pairs of larger objects.

2. The above analysis emphasizes G-family forces.

3. People might say that the possibility that the universe includes more than one ensemble does not signi�cantly
a�ect general results of this thought experiment.

4. Some known or inferable large objects have yet to transit from an era in which SDF of r−3 pertains to an era
in which SDF of r−2 pertains. Within such objects, adequately smaller objects have made the transition.

5. People might say that concepts such as that the material in a solar system or galaxy may not have been a
clump earlier in the history of the universe do not signi�cantly impact the usefulness of the concept of such
eras.

6.3 The moment of the big bang and shortly thereafter

This unit suggests models pertaining to the instant of the big bang and to times somewhat thereafter.
People might say that the following statements pertain.

1. Regarding the instant of the big bang, the following pertain.

(a) Conservation of energy does not pertain. Models correlating with IQI+c symmetry do not pertain. (See
discussion related to table 4.18.)

(b) Models correlating with IQI+b1 or IQI+b2 might pertain.

(c) For each of the 48 ensembles, non-zero non-ground-state energy populates states correlating with at least
one of solutions 2G2, ΣG24, ΣG246, and ΣG2468 and possibly with other solutions.

i. Each of 2G2, ΣG24, ΣG246, and ΣG2468 correlates with 48 instances.
ii. For 2G2, ΣG24, ΣG246, and ΣG2468, models for these phenomena might correlate with IQI+b1 or

IQI+b2. (See table 4.18.)

2. Starting essentially instantly after the instant of the big bang, the following pertain.



Chapter 7

Multi-component objects

This unit discusses applications of CUSP modeling to composite particles, objects similar to the hydrogen atom,
decay, fused systems, and �ssionable systems.

7.1 Summary - internal aspects of objects

This unit summarizes results regarding modeling internal aspects of multi-component objects.
People might say that we do the following.

1. We discuss possibilities for using CUSP to model composite particles.

2. We show possible similarities, regarding modeling the hydrogen atom, between results of some traditional
models and results of some CUSP models.

3. We explore aspects of CUSP modeling possibly relevant to decay, fused systems, and �ssionable systems.

7.2 Bases for modeling multi-component objects

This unit discusses aspects of using CUSP techniques to model aspects of objects that include more than one
elementary particle.

We consider PDE QUAD modeling. We extend results correlating with, for example, equation (2.26). People
might say that this work also extends work related to equation (10.5). Regarding, at least, objects consisting of
multiple elementary particles, equations (7.1) and (7.2) generalize from equation (2.86). People might say that
positive values of fQE can correlate with bound states. People might say that positive values of fQP can correlate
with possibilities for �ssion or radioactive decay.

APDEQE ∝ E2 + fQE (7.1)

APDEQP ∝ (mc2)2 + fQP (7.2)

Table 7.1 pertains. Table 7.1 correlates with PDE|PDE modeling. We use PDE|PDE modeling for aspects
related to the existence of elementary particles, as well as for aspects related to internal states of objects. Here, E2

correlates with the term square of total energy. Here, (mc2)2 correlates with the term square of rest energy. The
table includes a case of m = 0 because PDE modeling pertains to neutrinos. (See table 3.14.) People might say
the m = 0 case is not physics-relevant for objects that include more than one elementary particle.

Per remarks in or pertaining to tables 2.30, 2.31, and 2.10 and to equations (2.28) and (2.29), we anticipate
discussing modeling based on aspects that table 7.1 notes. People might say that fQP > 0 correlates, in e�ect,
with adding rest energy and correlates with a decay constant td that has dimensions of time and correlates with
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Chapter 8

Physics constants

This unit notes a possible numerical relationship within a set, that includes the mass of the tauon and the gravi-
tational constant, of physics constants and notes possibly new roles, in formulas, for the �ne-structure constant.

8.1 Summary - physics constants

This unit summarizes results regarding physics constants.

1. Regarding physics constants, ...

(a) We discuss a formula that possibly relates the mass of the tauon to various physics constants including
GN (or, the gravitational constant). As of 2017, equation (8.1) predicts a more accurate tauon mass
than people measure. (The symbol mτ denotes the mass of a tauon.)

(b) People might say that we show at least one new appearance of α (or, the �ne-structure constant). This
appearance correlates with a formula linking masses of quarks and charged leptons.

(c) We raise a question regarding the extent of physics-relevance for the Planck length.

(4/3)(mτ/me)
12 = ((qe)

2/(4πε0))/(GN (me)
2) (8.1)

8.2 A correlation between mτ and GN

This unit explores aspects regarding a possible numerical relationship within a set, that includes the mass of the
tauon and the gravitational constant, of physics constants.

Regarding equation (2.78), we correlate the factor of 4 with the number of channels correlating with 2G2 and we
correlate the factor of 3 with the number of channels correlating with 4G4. (See discussion pertaining to equation
(3.28) and see table 4.5.) People might say that β12 correlates with a relative strength, per channel, for the 2G2
component of electromagnetism and the 4G4 component of gravitation.

Above, we discuss a possible correlation between mτ and GN . (See equation (2.79).)
We factor the exponent 12, in the left-hand side of equation (2.78), as 12 = 2×6. We correlate the factor 2 with

two interaction vertices. Models correlate with the concept that each G-family boson excites (or, is created) at one
vertex, which correlates with one of two interacting objects, and de-excites at a second vertex, which correlates
with the other of two interacting objects.

We consider a concept of interpolating between 2G2 electromagnetism and 4G4 gravitation. (See, for example,
table 3.19.) People might think of M ′′ = 0 as correlating with a maximally 2G2 electrostatic (or, minimally 4G4
gravitational) interaction between two charged leptons. M ′′ = 3 correlates with a tauon. People might think of,
in essence, �ve more ranges of M ′′. Those ranges are 3 ≤ M ′′ ≤ 6, 6 ≤ M ′′ ≤ 9, 9 ≤ M ′′ ≤ 12, 12 ≤ M ′′ ≤ 15,
and 15 ≤ M ′′ ≤ 18. (Also, people might consider, in essence, six ranges regarding quarks and either of |M ′| = 2
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CUSP modeling and traditional modeling

This unit discusses relationships between and uses for some CUSP models and traditional models.

9.1 Summary - CUSP and traditional models

This unit summarizes aspects regarding some CUSP models and traditional models.
People might say that we do the following.

1. We explore possibilities that the traditional physics concept of action pertains, in CUSP, to temporal aspects
and/or to models regarding the existence and properties of elementary particles.

2. We compare advantages of using some CUSP models and traditional models. We compare advantages of some
technical aspects of CUSP models and traditional models.

3. We explore the notion that, though people obtain useful results from models based on general relativity,
CUSP might provide alternative means for modeling phenomena that people model via general relativity.
People might say that, possibly, people can extend our work to model such results based on SR (or, special
relativity) or NE (or, Newtonian physics) bases.

4. We discuss aspects regarding general relativity, including ...

(a) Possible limitations on the applicability of general relativity.

(b) Possible bases for extensions to general relativity.

5. We note that possibilities may exist to bridge between and integrate aspects of the Standard Model and
aspects of CUSP.

9.2 Notes - current and future models

This unit notes possibilities for integrating current and future physics models.
People might say that we point to possibilities for integrating some current physics models and some future

physics models. (See table 1.2.) Table 2.5 points to various types of physics models.

TBD

1. To what extent might people use CUSP techniques to integrate useful traditional physics models?

133



Chapter 10

Physics foundation topics

This unit discusses aspects of the topics including CPT-related symmetries, arrow of time, numbers of dimensions,
minimum non-zero magnitudes, the extent to which nature exhibits wave functions, entanglement, entropy, and
other topics.

10.1 Summary - physics foundation topics

This unit summarizes results regarding foundation of physics topics.
People might say that we do the following.

1. Regarding CPT-related symmetries, ...

(a) We contrast CUSP APM, SP, and TP symmetries with traditional C, P, and T symmetries.

(b) We show a potentially signi�cant di�erence between TP and T symmetries.

2. Regarding the topic of arrow of time, we provide mathematical modeling that people might consider when
discussing the topic. Each of the following points to possibilities that people need not necessarily consider
that an arrow of time can run backwards.

(a) Notions related to TP symmetry.

(b) Notions correlating with normalization of solutions.

3. Regarding topics people correlate with terms such as numbers of dimensions or extra dimensions, we list some
bases for dimension-like constructs that people might �nd useful.

4. Regarding minimum non-zero magnitudes, such as a minimum magnitude of non-zero charge, we list some
quantities that people might �nd signi�cant.

5. Regarding the topic of wave functions, we note that, for each of some aspects of nature, the existence of
possibly useful alternative models calls into question the notion that nature includes wave functions.

6. Regarding entanglement, we point to possible challenges and opportunities regarding modeling.

7. We point to a possible link between exponential relationships between masses of charged leptons and modeling
aspects of entanglement.

8. We discuss notions regarding the extent to which models correlate with the possible existence of space-time.

9. Regarding the topic of entropy, we point to a possibility for correlating CUSP with concepts related to
entropy.
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Swap Swap Swap pertains Transformation and
(for each odd j′ for the swap pertain for gluons

and transformation and color charge
with j′′ = j′ + 1) T C P T C P
nEj′′ and nEj′ - Yes Yes No No No No

- nE0 and nP0 No No No No No No
nPj′ and nPj′′ - No Yes Yes No No No

Table 10.1: P, C, and T transformations (regarding ALG|COR, ALG|GEN, ALG|HAN, ALG|KIN|17, and
ALG|DYN|7 models)

10. Regarding the number of generations for elementary fermions, we discuss aspects related to modeling number
of fermion generations and modeling properties that correlate with generations.

11. Regarding gravity and electromagnetism, we discuss the possibility that theory cannot completely disassociate
gravity and electromagnetism and the possibility that people can develop theory that better (than we do)
integrates the two concepts.

12. We discuss possibilities that our work provides both new perspective on traditional aspects of possible equiva-
lence of gravitational mass and inertial mass and new perspective regarding the possibility that gravitational
mass and inertial mass might di�er.

10.2 CPT-related symmetries and APM, SP, and TP symmetries

This unit discusses a way in which our work correlates with CPT symmetry.
Table 2.11 de�nes transformations (or, swaps) correlating with APM, SP, and TP symmetries. APM, SP, and

TP symmetries pertain throughout uses of ALG|COR, ALG|GEN, ALG|HAN, ALG|KIN|17, and ALG|DYN|7
models.

People might say that people introduced into physics modeling notions of C (or, charge-reversal) transformations
and symmetries, P (or, parity-reversal) transformations and symmetries, and T (or, time-reversal) transformations
and symmetries before people knew of the concepts of gluons and color charge. People might say that P transforma-
tions equal SP transformations. People might say that, if people extend C and T transformations and symmetries
to include concepts correlating with appropriate notions of COLC (or, color charge) transformations, C symmetry
would equal APM symmetry and T symmetry would equal TP symmetry. People might say that such an extension
can embrace the notion of 48 ensembles.

People might say that table 10.1 correlates with notions of T, C, and P symmetries that are both traditional
and useful.

People might say that the following statements pertain.

1. Each of the set of TP, APM, and SP symmetries and the set of T, C, and P symmetries correlates with a
notion of QE-like parity.

2. Regarding the set of TP, APM, SP symmetries, the following statements pertain.

(a) QE-like parity correlates with an e�ective D∗QE|TP = 3, per equation (10.1).

(b) TP reversal correlates with notions of temporal parity reversal, in three dimensions and without time
(or, lone temporal coordinate) reversal.

3. Regarding the set of T, C, and P symmetries, the following statements pertain.

(a) QE-like parity correlates with an e�ective D∗QE|T = 1, per equation (10.2).

(b) T reversal correlates with notions of temporal parity reversal, in one dimension and therefore with time
(or, lone temporal coordinate) reversal.



Chapter 11

Perspective - about and after this work

This unit suggests perspective about physics progress, notions regarding CUSP contributions to physics progress,
and opportunities for further research.

11.1 Measuring physics progress

This unit notes some aspects of physics, discuses some aspects of how physics progresses, and mentions some aspects
via which people might evaluate theories and models, discusses the notion that CUSP might su�ce to describe
much physics, and lists categories of opportunities for further research.

Table 11.1 lists aspects of physics. People might correlate with theories or models that match inferences the
word what. A theory or model of what correlates with pattern matching. People might correlate with theories or
models that explain inferences the word how. A theory or model of how, in e�ect, explains inferences based on
applications of theories and/or models of what and/or how.

Table 11.2 lists aspects of progress regarding physics. Some breakthroughs correlate with transitions, regarding
some inferences, from having no theories or models that match the inferences, to having theories or models that
match the inferences. Some breakthroughs correlate with transitions, regarding some inferences, from having only
theories or models that match the inferences to having theories and/or models that explain the inferences.

Table 11.3 lists aspects via which people might evaluate theories and models.
People might say that phenomena that tables 3.1 and 4.1 match and/or predict su�ce to explain much physics.

People might say that CUSP provides a framework for integrating some physics theories. (See, for example, tables
2.5, 2.23, and 4.5.)

People might say that, to the extent CUSP explains much physics and/or CUSP provides a framework for
integrating theories, ...

Aspects

� Observations

� Inferences based on observations

� Theories and models that match inferences

� Theories and models that explain inferences

� Applications of physics

Table 11.1: Aspects of physics
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Aspects

� Sets of useful observations improve and/or grow.

� Inferences based on observations become more useful.

� Theories and models match previously unmatched inferences.

� Theories and models explain inferences that had otherwise been matched but not explained.

� Theories and models output seemingly useful predictions.

� Theories and models become united and/or easier to apply.

� Applications of physics become more encompassing and useful.

Table 11.2: Aspects of physics progress

Aspects

� Aspects for which less might be better than more ...

� Inconsistency with observations

� Inputs, such as parameters and other assumptions

� Aspects for which more might be better than less ...

� Scope of possible uses

� Ease of use

� Scope of predictions

� Possibilities to test predictions

� Consistency, within scope

� Coherence, within scope

� Other aspects for which more might be better than less ...

� Consistency with useful results that other theories and models produce (though not
necessarily consistency with methods inherent in other theories or models)

� Overlaps with useful other theories and models

� Research opportunities

Table 11.3: Aspects of quality, for theories and models
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Opportunities

� Modify CUSP so as to take care of any discrepancies between CUSP and veri�ed phenomena in
nature.

� Try to anticipate and look for phenomena beyond those of which people know or CUSP predicts.

� Try to extend CUSP so as to gain insight about phenomena correlating with terms such as nuclear
physics, solid state physics, tunneling, and decay.

� Develop theories of how to underlie CUSP theories of what.

� Address topics and opportunities that this work identi�es in units labeled TBD.

� Extend and/or clarify work and statements that this work identi�es in sentences that start with
the words people might say that.

� Develop theories or models correlating with QCD|ALTE and QED|ALTE.

� Use the CUSP framework to integrate and extend useful physics theories and to understand limits
on the applicability of physics theories.

� Find other applications for mathematics underlying CUSP. Some mathematics underlying CUSP
correlates with the term quantum harmonic oscillator and/or the term group theory.

Table 11.4: General opportunities for research

1. CUSP and traditional physics su�ce to model much physics.

2. Table 11.4 points to possible further opportunities for research.

TBD

1. To what extent do the known and possible elementary particles to which table 3.1 alludes and the multiple
instances, to which table 4.1 alludes, of these particles su�ce to explain known phenomena and inferred
aspects of nature?

2. To the extent the known and possible elementary particles to which table 3.1 alludes and the multiple
instances, to which table 4.1 alludes, of these particles do not su�ce to explain known phenomena and
inferred aspects of nature, how might people change CUSP to close gaps between theory and nature? (For
example, to what extent might people predict other elementary particles based on more ALG solutions?)

3. To the extent the known and possible elementary particles to which table 3.1 alludes and the multiple
instances, to which table 4.1 alludes, of these particles su�ce to explain known phenomena and inferred
aspects of nature, what insight might people gain regarding each of the following?

(a) Possible non-existence of magnetic monopoles.

(b) Possible lack of physics-relevance of supersymmetry.

11.2 Applications and implications of this work

This unit alludes to applications and implications of work we present.
The following statements provide examples of work above that may provide insight regarding topics of interest.
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� The work comports with the notion that two non-zero charges and three generations pertain for spin-1/2
elementary leptons. (See remarks regarding the 1C row of table 4.5.)

� Decomposition of aspects of photons into three components may provide insight into physics foundation topics
or into so-called classical-quantum boundaries. (See equation (3.32).)

� People may �nd signi�cant the use of models based on harmonic oscillators to catalog and describe fermions.
(Note, for example, equations (2.44), (2.42), and (2.43).)

� The work may correlate with a lack of need to address notions of possibly in�nite sums of boson ground-state
energies. (Note equation (2.34).)

� The work may correlate with a lack of need to address notions of renormalization.

� The work may indicate that much traditional physics correlates modeling assumptions correlating with
ALG|PRO, whereas modeling assumptions correlating with ALG|KIDY can lead, with less complexity, to
similar results and to broader results. (See, for example, table 2.4, discussion related to table 2.20, and tables
4.5 and 4.9.)

� The work may provide insight regarding possible uses for the term quantum gravity. People might consider
that 4γ correlates with gravitons and quantum gravity.

� Facets of bases of PDE|PDE seem well suited for describing aspects of phenomena leading up to an interaction
vertex and aspects of phenomena occurring after an interaction vertex. (See, for example, equations (2.3)
and (2.21).) Applications of ALG|GEN seem well suited for describing aspects of phenomena correlating with
interaction vertices. Applications of ALG|KIDY seem well suited for describing aspects of phenomena before,
at, and after interaction vertices.

Applications and implications related to cosmology and astrophysics include the following.

� Concepts for populating elementary particle states at and just after the big bang.

� Mechanisms leading to baryon asymmetry. (The 2O2 boson has a charge of −|qe|/3 and plays a key role in
converting antimatter quarks to matter quarks. Here, qe denotes the charge of an electron.)

� The possibility that cosmic background neutrinos feature more antimatter neutrinos than matter neutrinos
and that the di�erence in count correlates with baryon asymmetry. (This possibility correlates with the
concept of Dirac neutrinos and does not correlate with Majorana neutrinos.)

� Clumping and anti-clumping of ordinary matter and dark matter, leading to galaxies initially forming with
mostly material correlating with one ensemble and leading to galaxy clusters forming with approximately �ve
times as much dark matter as ordinary matter.

� Correlations between scenarios via which galaxies and other objects form and the dark matter content of
objects that originally feature mostly ordinary matter.

� Correlations between scenarios via which galaxies and other objects form and the ordinary matter content of
objects that originally feature mostly dark matter.

� Phenomena that might help resolve the galaxy rotation problem.

� A possible basis for explaining the spacecraft �yby anomaly.

Possible applications and implications of PDE|PDE techniques regarding nuclear physics and atomic physics include
the following.

� A way to catalog atomic states.



11.2. APPLICATIONS AND IMPLICATIONS OF THIS WORK 157

� Possibly, a way to parallel and/or augment QED (or, quantum electrodynamics).

� Possibly, a way to parallel and/or augment the nuclear shell model.

Applications and implications regarding elementary particle physics include the following.

� A correlation between the range of the weak interaction and the masses of weak-interaction bosons.

� A technique for, at least approximately, matching ratios of squares of masses for the H0, Z, and W bosons
and for providing approximate masses for 2O bosons. (The technique correlates with the boson point-like
case in table 2.15 and may explain the weak mixing angle. Equation (11.1) results.)

(mH0)2 : (mZ)2 : (mW)2 :: 17 : 9 : 7 (11.1)

� Interactions that produce neutrino oscillations.

� Possibly, a way to parallel and/or augment QCD (or, quantum chromodynamics). (See table 4.9.)

� Possibly, a way to parallel and/or augment QED (or, quantum electrodynamics), including to produce algebra-
based expressions correlating with anomalous moments.

Applications and insight regarding physics constants include the following.

� A prediction regarding the tauon mass. (See equation (3.27). Reference [5] provides the experimental result
equation (11.3) shows and provides the data - about GN and so forth - we use to make the prediction equation
(11.2) shows.)

mτ, predicted ≈ (1776.8445± 0.024) MeV/c2 (11.2)

mτ, experimental ≈ (1776.86± 0.12) MeV/c2 (11.3)

� The appearance of α (or, the �ne-structure constant) in a formula approximately linking the masses of the
three charged leptons and the six quarks. (The formula involves six constants and two integer variables. Four
of the six constants are me, mµ, mτ , and α.)

Applications and insight regarding foundations physics topics include the following.

� Possible insight regarding CPT-related symmetries.

� Possible insight regarding arrow of time.

� Possible insight regarding numbers of dimensions.

� Possible insight regarding minimal non-zero magnitudes of some properties.

Applications and insight regarding traditional theory and models include the following.

� Possible correlations between constructs in our Hamiltonian-centric work and action in Lagrangian-centric
work.

� Possible limitations regarding applications of general relativity and/or of concepts of space-time geodesics
and curvature of space-time.

� Possible alternative ways to obtain results people obtain via general relativity.

� Both a QE-like method and a QP-like method to obtain the Standard Model SU(3)×SU(2)×U(1) symmetry.

� Possibilities for adding, based on SU(3) × SU(2) × U(1), to the Standard Model all elementary particle
phenomena we predict, other than phenomena correlating with boson components correlating with σ = +1,
NQE|COR = 5 or 7, and nP0 ≤ −1.

� Possibilities for adding to the Standard Model elementary particle phenomena we predict correlating with
boson components correlating with σ = +1, NQE|COR = 5 or 7, and nP0 ≤ −1.
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11.3 Opportunities for research regarding phenomena

This unit discusses phenomena that people might try to detect, measure, or infer.
Previous units allude to some of the possible opportunities this unit discusses. Previous units provide details

regarding some of the possible opportunities this unit discusses. Previous units discuss other possible opportunities.
(See, for example, table 11.4.)

People might say that people might want to attempt, soon or eventually, to verify or to rule out, to some degree
of con�dence, the existence of the following; to measure properties of the following; and/or to measure the following
properties more accurately.

1. Predicted elementary particles. (See table 3.2.)

2. O-family interactions that table 3.16 predicts.

3. Composite particles that include O-family bosons, including the following.

(a) Composite particles consisting of quarks and 2O bosons.

(b) Composite particles that include 1R fermions.

(c) Threshold energies for producing composite particles.

4. CP-violations that correlate with 2O2 and 2O1 particles.

5. CUSP predictions regarding conservation of generation and non-conservation of generation.

6. Ranges for interactions mediated by various 2W, 0H, and 2O bosons.

7. Masses, to more accuracy than has been determined, of W- and H-family bosons.

8. Aspects regarding G-family phenomena, including the following.

(a) Interaction strengths correlating with solutions other than 2G2, 2G24, and 4G4.

i. Perhaps, consider e�ects on the rate of expansion of the universe.
ii. Perhaps, consider e�ects regarding simple atoms.

(b) Possible interactions mediated by interactions correlating with G-family solutions that couple ordinary-
matter to dark matter elementary particles.

9. Aspects, regarding lasing correlating with various G-family solutions, including the following.

(a) Possibilities for correlations and/or anti-correlations between aspects correlating with various solutions
that correlate with photons.

(b) Possibilities for exciting, detecting, and/or gaining practical bene�t from such correlations and/or anti-
correlations.

10. Neutrino masses.

11. The tauon mass and/or GN .

(a) Of special interest is the possibility that equation (11.4) pertains. Based on PDG 2016 data, the
equation predicts a tauon mass with a standard deviation of less than one quarter of the standard
deviation correlating with the experimental result. Possibly, more accurate experimental determination
of the tauon mass could predict a more accurate, than experimental results, value for the gravitational
constant, GN .

(4/3)× (mτ/me)
12 = ((qe)

2/(4πε0))/(GN (me)
2) (11.4)

12. Neutrino oscillations.



11.4. OPPORTUNITIES FOR THEORETICAL RESEARCH 159

(a) Of special interest are correlations, based on the surroundings through which neutrinos pass, with inter-
actions mediated by various elementary bosons.

13. Ratios, during the evolution of the universe, of the density of dark matter to the density of ordinary matter.

(a) Of special interest is the possibility that dark matter consists mostly of �ve, in essence, copies of a set
consisting of 2017 Standard Model particles, some possible composite particles, and e�ects correlating
with some G-family solutions. (See table 4.1.)

14. Ratios, for the cosmic neutrino background, of antimatter neutrinos to matter neutrinos.

(a) Of special interest is the possibility that a preponderance, compared to matter neutrinos, of antimat-
ter neutrinos could correlate with a CUSP scenario for creating the baryon asymmetry (or, charged-
matter/charged-antimatter imbalance) people observe regarding much of the history of the universe.
People might say that the scenario is of particular interest to the extent matter and antimatter charged
particles were approximately in balance early in the history of the universe.

15. Inferred ratios, regarding various times during the evolution of the universe, of the density of dark energy
stu� to the density of dark matter plus ordinary matter.

(a) Of special interest is the evolution of those ratios. The ratios may correlate with the strength of inter-
actions intermediated, in e�ect, by 1R fermions and/or with the strength of other interactions. (People
might say that these ratios might not vary based on notions of dark energy as a pressure or on notions
of creation, over time, of dark energy.)

16. Aspects, within galaxies and similar objects, pertaining to dark matter and ordinary matter.

(a) Of special interest are statistics regarding ratios of ordinary matter to dark matter.

(b) Of special interest are possibilities for clustering and/or anti-clustering within and between clumps the
feature ordinary matter, within and between clumps that feature dark matter, and between clumps that
feature ordinary matter and clumps that feature dark matter. Here, the term feature does not necessarily
imply the notion of include only. Such aspects may correlate with e�ects of G-family bosons.

11.4 Opportunities for theoretical research

This unit discusses theory that people might enhance or develop.
Previous units allude to some of the possible opportunities this unit discusses. Previous units may provide details

regarding some of the possible opportunities this unit discusses. Previous units discuss other possible opportunities.
(See, for example, table 11.4.)

People might say that people might want to enhance or develop theory regarding the following topics. Doing so
could help determine experiments and observations to attempt and/or advances in techniques that may be needed
in order to conduct useful experiments or to make useful observations.

1. What might a better (or more accurate), than CUSP includes, model for masses of non-zero-mass elementary
bosons entail?

2. What minimum energies are required to produce 2O bosons or composite particles that include 2O bosons?

3. Under what circumstances might people create 2O bosons or composite particles that include 2O bosons?

4. What are the sizes of coupling constants that pertain to producing and detecting phenomena correlating with
2O bosons?

5. What would lifetimes and decay products be for composite particles that include 2O bosons?
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6. How best might people detect or infer or rule out, to some con�dence level, the possible existence of 2O
bosons?

7. To what extent can people use CUSP techniques to predict composite particles that involve just quarks and
gluons?

8. What would a better, than CUSP now includes, model for masses of non-zero-mass elementary fermions
entail?

9. For various models of interactions between gravity and each of various types of elementary particles, which
non-negative integer m, as in m-tensor, pertains and what are the components of the m-tensor? (People might
say that the m-tensor likely correlates with E (or, the energy) and P (or, the momentum) of a zero-mass
elementary particle.)

10. To what extent, if any, do inferences rule out the existence of three generations of zero-mass neutrinos?

11. What perturbation theory might pertain for CUSP models? (Note that CUSP includes notions of clouds of
virtual particles.)

12. What interaction coupling strengths pertain correlating with G-family solutions other than 2G2, 2G24, 4G26
(in the context of electromagnetism and not necessarily in the context of 6G-related phenomena), and 4G4?

13. To what extent, regarding G-family lasing, might correlations and/or anti-correlations pertain regarding, in
e�ect, various G-family solutions and their modes?

14. To what extent might people develop a traditional physics �eld-like formulation for G-family physics such
that there are ten �elds correlating, respectively, with 2G, 4G, ..., 18G, and 20G? Or, four �elds correlating,
respectively, with 2γ, 4γ, 6γ, and 8γ?

15. To what extent do G-family interactions, possibly other-family interactions, and/or virtual clouds a�ect
measurements regarding masses of 2W, 0H, and 2O bosons?

16. What magnitudes of CP-violations correlate with interactions mediated by 2O2 and 2O1 elementary bosons?

17. What magnitudes of CP-violations correlate with interactions mediated by 2W1 and 2W2 bosons, in CQI
environments?

18. To what extent might interactions, in e�ect, split G-family solutions (other than 2G2, 4G4, 6G6, and 8G8)
into components? (CUSP does not necessarily include such possible interactions. Such interactions might
appear to perform functions people attribute to as yet hypothetical axions.)

19. How might people better (than CUSP does now) extend theory related to absorption or emission of elementary
bosons by elementary fermions to theory related to elementary-fermion pair production and pair annihilation?
(See, for example, table 3.16.)

20. To what extent does work, similar to work regarding PDE|PDE, regarding possible symmetries pertaining to
hydrogen atoms and similar systems provide useful insight regarding atomic and molecular physics?

21. To what extent might e�ects of G-family forces, associated with G-family solutions other than 2G2, 2G24,
and 4G4, lead to black holes becoming quasars and/or lead to black hole jets?

22. To what extent might people use CUSP techniques to shape discussion and understanding regarding topics
people might correlate with the phrase quantum/classical boundary?

23. How might people better (than we do now) harmonize or integrate CUSP models and traditional models and
theories?
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11.5 Opportunities for societal progress

This unit discusses some possible opportunities for societal progress based on aspects of our work.

TBD

1. To what extent might people bene�t from concepts that people might develop regarding circumstances,
techniques, and so forth correlating with our work?

11.6 Concluding remarks

This unit provides future-oriented perspective regarding aspects of this work.
We think that this work provides, at least, precedent and impetus for people to try tackle an agenda to unite

much physics; make predictions regarding elementary particles; and explain aspects of sub-atomic physics, atomic
physics, astrophysics, and cosmology. This work may provide a means to tackle such an agenda. This work may
provide progress toward ful�lling that agenda.
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