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Abstract

The Standard Model (SM) does not provide an empirical explanation for the
variation in properties such as mass, charge, and spin among point-like fun-
damental particles. It also does not explain certain phenomena, including dark
energy, dark matter, the observed asymmetry between matter and antimatter,
neutrino mass and oscillation, and gravity. Additionally, some experimental
observations differ from its predictions. This paper presents a new particle
model (NPM), which characterizes fundamental particles as composite enti-
ties with internal structure. The NPM aims to address major anomalies and
unresolved puzzles in the SM and offers testable predictions that extend be-
yond the SM.
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1. Introduction

The Standard Model (SM) describes fundamental particles and forces over various
energy scales, but remains incomplete, failing to explain many phenomena and
conflicting with some experimental results. In addition, its accuracy relies on tech-
niques like renormalizations, simulations, ongoing corrections and calibrations,
etc. The SM has over 19 free parameters [1] [2]—such as masses, coupling con-
stants, and mixing angles—that are set by experiment rather than theory. Meas-
urement reliability often depends on the model and methods used, highlighting
that the Standard Model is more of a patchwork than a unified theory.

The SM uses elements and operators in the virtual Hilbert space to mathemat-
ically describe the features of fundamental particles and forces due to lack of
knowledge of the interior structures of particles. Although it provides statistical

accuracy in various sectors, it lacks the power to explain the underlying mecha-
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nisms of phenomena. For example, describing particles as point-like conflicts with

the concept of their infinitely extended fields and their intrinsic properties like

spin and mass.

Since the experimental discovery of neutrino oscillation and the confirmation
of neutrino mass by the Super-Kamiokande Observatory and the Sudbury Neu-
trino Observatory [3], the pursuit of physics beyond the Standard Model (SM) has
gained significant traction within the physics community, leading to numerous
advancements. We have developed a new particle model (NPM) based on a gen-
eration principle. While still in the phenomenological stage, it offers unified solu-
tions for Standard Model issues and predicts testable physics beyond the SM.

The following are key insights from the NPM:

e The elementary particles described in the Standard Model (SM) may not orig-
inate from a single event like the Big Bang; instead, they could be produced
sequentially from more fundamental particles. Each particle possesses internal
constituents that govern properties including mass, spin, and charge. The or-
bital coupling and spin of constituents determine the flavour of the particles.

e Electromagnetic forces are suggested to arise from gravitational interactions,
with strong forces forming atop electromagnetic forces, and weak interactions
representing the disruption of strong forces.

e According to the NPM, a quark is defined as a charged lepton bound by a gluon,
sharing the same electric charge as its corresponding lepton, which explains
matter-antimatter asymmetry. This perspective prompts a need to reevaluate
theories regarding quark fractional charges and quark confinement. Therefore,
quark is unnecessary in particle physics.

e The compositions of many charged mesons proposed in the SM are not sup-
ported by the NPM, which offers alternative compositions for these particles,
allowing a better explanation for meson properties and behaviours like meson
decay and meson oscillation.

e In the NPM framework, the neutron is made up of four valence quarks in a
uud-d core structure, which breaks isospin symmetry but better explains beta
decay, nuclear forces, and observed data.

¢ In NPM, gluons are made of two photons and have mass and flavor, offering an
empirical view of QCD. Free gluons explain many dark matter behaviors, while
bonded gluons are found in hadrons.

e According to the NPM, neutrinos are emitted photons that keep coupling traits
and inherit flavors from parent particles like gluons and leptons. Neutrino os-
cillation occurs through their interactions with free gluons (dark matters).

The NPM was initially developed from both speculation and analysis of incon-
sistencies between the Standard Model (SM) and observations. Except for the in-
troductory sections, most of the paper addresses experiments where the SM either
conflicts with or does not explain observed phenomena, while the NPM offers
potential explanations.

Section 2 presents that elementary particles in the Standard Model (SM) are
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generated from more basic particles and how fundamental forces and fields are
formed, which lays a foundation to connect dark energy, gravitation, electromag-
netic field and dark matters, and explain the matter and antimatter asymmetry
and the formation of particle families.

Section 3 explores a particle’s spin, composition issues, specific spin numbers,
and new findings such as neutrinos not being spin-1/2 particles and uses layer
associated spin to address the proton spin crisis.

Section 4 introduces the mass origin of particles, different from the Higgs
mechanism, and analyzes mass anomalies in the SM.

Section 5 discusses why quarks should have integer charges instead of frac-
tional ones and why free particles with fractional charges haven’t been detected,
addressing issues like muon and quark anomalous magnetic moments (AMM)
and proton antimatter asymmetry.

Section 6 covers new findings about gluons and strong interaction beyond the
SM and provides empirical interpretation of QCD.

Section 7 predicts new compositions of common mesons and reveals mecha-
nisms behind their decay and oscillations, and provides better explanations for
observations like the 77 —#" puzzle, parity violation in the 7—6 puzzle and the
isospin-symmetry violation in K decays, etc.

Section 8 details the actual sources and properties of neutrinos and reveals the
mechanism of neutrino oscillation and addresses various phenomena in astro-
physics.

Section 9 addresses problems in weak interaction theory, including violations
of charge conservation and energy conservation laws, and presents updated mod-
els for neutrino-induced beta decays.

Section 10 provides qualitative explanations for several neutrino anomalies
found in experiments.

Section 11 provides insight into element formation and transmutation, reveal-
ing types of nuclear forces and block structures of nuclear binding. It also deduces
binding structures for isotopes from ?H to **C (detailed in Appendix), explaining
associated nuclear behaviors with details and resolving some longstanding astro-
physical issues.

Section 12 provides our conclusion and outlook for further research.

2. New Particle Model (NPM)

The New Particle Model (NPM) was established in 2021, and significant advance-
ments have been made over the past four years. Figure 1 illustrates the latest ver-
sion of the model.

The diagram indicates that elementary particles in the Standard Model are not
fundamental in the New Particle Model, as they are generated from and composed

of more basic particles.

2.1. Formation of Fundamental Fields

At the inception of the universe, countless y'Y particles emerged from the source

DOI: 10.4236/jhepgc.2026.122067

1294 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.122067

X.H.Ye

Communication field
Gravitation field

Source field
e
<
1 4§
) | 1
[o]

Figure 1. New Particle Model (NPM). Additional particles are proposed beyond the Stand-
ard Model: yY (Ying & Yang particle that forms the communication field), Ex (expandon,
the dark energy particle that forms the expansion field), G (graviton that forms the gravi-
tation field), EM (the electromagnetic particle that forms EM field), Ax (Axion, the cold
dark matter particle), gluons (with three flavours and their heavy-states: g,,g &>

g; R g: ), heavy-state leptons (e, 11, 7" ), heavy-state quarks ( s,c b , ). Strictly speak-
ing, only the yY particle is a fundamental particle.

field exhibiting zero-dimensional movement (point vibration). Subsequently, the
universe evolved into symmetrical multiverses with varying densities of y'Y parti-
cles within each distinct universe. The universe we stay is part of a broader mul-
tiverse formation. The periodic multiverse model adheres to symmetry principles,
the law of energy conservation, the fine structure constant, and Lorentz transfor-
mation, among other rules, which will be elaborated upon in a separate paper.

yYparticles are extremely short-lived but can instantly revive, enabling them to
create a communication field across the multiverse. Some longer living yY parti-
cles form Ex particles or expandons, which move in one dimension and develop a
dynamic expansion field known as dark energy.

A single expandon is a very short-lived particle. Some expandons that lasted
longer attracted each other to form gravitons, which rotate in two dimensions and
collectively created a stable gravitational field.

Like yYparticles and expandons, gravitons are fleeting. Some, however, interact
in a spiral path, forming new electromagnetic particles (EMs) with chirality and
charge. Right-handed motion creates positive EM* with a +1/2e charge, while
left-handed motion forms negative EM~ with a -1/2e charge.

EM particles are transient and can quickly reappear. There are two types:
ground-state and excited-state EMs. Ground-state E£Ms form a dynamic, isotropic
EM field. Pairs of ground-state EM* and EM ™ create ground-state photons,
which make up the EM field in a quadrupole structure (see Figure 2).

All fundamental particles exhibit particle-wave duality, and their wave proper-

ties can be effectively described using Euler’s formula variations:

¢" =cos(t)+isin(¢) (2.1)
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The functions of fundamental forces through wave interaction and resonance
can also be described using various forms of Euler’s formula, which will be cov-
ered in another work. This paper focuses on the internal structures and interac-

tions of particles.

@EM" & EM

® @ &
Figure 2. EM field: A dynamic grid composed of numerous pairs of fleeting ground-state

EM* and EM ", arranged in an electromagnetic quadrupole structure.

2.2. 1st Generation of Detectable Particles: y, Wand Z

Numerous excited-state £Ms were released from the £M field and interacted with
each other to form four different particles: W~ (EM T+EMT, +le) ,

w- (EM’ + EM’,—le) , 7(EM’ + EM" stable neutral) and

Z (EM ~+ EM ™ unstable neutral) .

Inside photons (), gravitational attraction and centrifugal force balance at a
distance possibly less than the Planck length. The coupling chirality of interior
EMs determines the p’s polarization: the left-handed y, , the right-handed y,,
and the linear . Within y, and y,, EMs have orbital planes perpendicular
to the axial direction; in linear y,, their orbits and the axial are coplanar, which
is different from the linear polarization of light (photon beam).

Within W bosons, gravitational attraction and electromagnetic repulsion bal-
ance at a tiny scale, possibly smaller than the Planck length. Wbosons exhibit only
left- or right-handed chirality, lacking linear polarization likely due to internal A/
repulsion. Contrary to the Standard Model, W bosons do not decay; their short
lifespan is due to interactions with gluons (see details in Sec. 9.1).

The Z boson is an unstable state of the photon () caused by a high-energy
event like a particle collision that disrupts the equilibrium of internal electromag-
netic forces.

In the Standard Model (SM), W, Z and y bosons act as virtual particles deliv-
ering fundamental forces. In the New Particle Model (NPM), they behave as real
particles, forming new particles through coupling or resonating in extreme con-

ditions like the universe’s early stage. As components of fermions and gluons, they
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influence strong and weak interactions (see Sections 6-9).

2.3. 2nd Generation of Detectable Particles: Gluons, Leptons,
Axions and Higgs

When two photons () interact, they can form particles such as axions(Ax) and
gluons(g).

Inside axions, two photons (or four EMs) interact dynamically, resulting in an
almost isotropic electric distribution. Therefore, axions are chargeless, have neg-
ligible mass [4] and possess an electric dipole moment (EDM). As hypothetical
dark matter candidates in the SM, axions only respond to gravity and have very
low interaction cross-sections for electromagnetic, weak, and strong forces.

Gluons, composed of two identical photons rotating around each other with
regular frequency, thus have a spin number of 1(See Sec. 3 for more on spin). In
NPM, there are three flavours of gluons: g,,g, and g, . Electron gluons (g, )
consist of two ys with different chirality, muon gluons ( g, ) have two ys with the
same chirality, and tau gluons ( g, ) are formed by one left- or right-handed y

rotating with one linear y, which can be expressed accordingly as follows:
8=V TVRs
BuSVL TV Ot Yrt7gs
g =y, Y Or ypty,

The two internal photons of a gluon orbit each other, exhibiting either left-
handed or right-handed orbital chirality. If one of the two photons possesses chi-
rality that matches the orbital chirality, the gluon is classified as a light state gluon
(g). Conversely, if the chirality differs, it is referred to as a heavy state gluon ( g").
The electron gluon g, lacks a heavy state.

Therefore, considering both spin chirality and orbiting chirality, gluons are

classified as follows:

2u=(r.+72), O e =(7.+72), (2.2)
u=(r.+7.), or g =72 +72), (2.3)
g0 =(r+7), or g =(ra+n), (2.4)
S =(7a+72), o & =(7.+7.), (2.5)
gn=(re+n), or e =(r.+7), (2.6)

When a y combines with a W™, they form three types (flavors) of charged
leptons: an electron e(W[+;/R) or e(W,{ +}/L) , a muon ,LJ(VV[+}/L) or
y(WR' +7R); atau r(W[ +;/‘) or r(WR' +7‘).

Similarly, when considering orbiting chirality, charged leptons also exhibit two
energy states that are influenced by the chirality of the W boson. If the orbiting
chirality matches the Wboson’s chirality, the lepton is in a light state; otherwise,
it is in a heavy state. Therefore, charged leptons and their anti-particles can be

classified and described accordingly:
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(2.7)

(2.8)

(2.9)
(2.10)
(2.11)
(2.12)
(2.13)
(2.14)
(2.15)
(2.16)
(2.17)

(2.18)

Although the heavy state leptons are not currently recognized by the physics

community, they are essential for understanding the compositions of quarks and

mesons (see details in Section 7).

In NPM, a Higgs boson (/) is an unstable combination of two Zbosons, which

can be produced in high-energy events such as particle and antiparticle collisions.

As 3rd generation excited particles, Higgs bosons are not involved in the mass

origination of particles (see details in Sec. 4.1).

2.4. 3rd Generation of Detectable Particles: Quarks

In the early stages of particle formation, particles like Wbosons, electrons, muons,

taus, and their antiparticles collided, releasing immense energy. The remaining

particles formed a dense, hot plasma. As the universe expanded and cooled, glu-

ons began combining leptons and their antiparticles to form quarks.

Quarks are charged leptons bound by gluons. Light state gluons bind e, g, 7

leptons to form d, s, b quarks and their anti-particles:
d,=(g) (W, +7x), or dp=(2)(We +7.),
s.=(g)(w; +)/L)L or s, =(g)(Wy +7R)R
b, E(g)(W +%) or b, _(g)(W,; +)/‘)R
d; =(g) (W, +7x), or di =(2) (Wi +7.),
si=(2) (W +7.), or sy =(2) (Wi +7)
)

b= (&)W +1), or by =(2) (Wi +7)

R

R

(2.19)
(2.20)
(2.21)
(2.22)
(2.23)

(2.24)
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Note: a quark can be bound by different gluons (see details in Section 7).

*+

Similarly, light state gluons bind heavy leptons e, ™",z and their anti-par-

ticles to form u, ¢ fquarks and their anti-particles:

u, = (g)(WR+ +7, )L or u, = (g)(WL+ +74 )R (2.25)

e, = (&)W +72), or eu =(2)(W, +7.), (2.26)
t,=(g) (Wi +7), or t=(2) (W, +7), (2.27)
u; =(8)(Wy +7.), orug =(8) (Wi +72), (2.28)
¢, =(&) (Wi +72), or e =(g) (W, +7.), (2.29)
i, =(g)(We +7), or e =(8)(W +1), (2.30)

When light state leptons bind with a heavy state gluon g°, they form down
heavy state quarks and their antiquarks, which can be classified and expressed as

follows:
s.=(&" )W +7.), or s =(&") (Wi +72), (2.31)
=)0 1), o= ), e
o), o =), e
b =(g )W +n), or by =(g")(Wi +71), (2.34)

Similarly, when heavy state leptons bind with a heavy state gluon g", they form
up heavy state quarks and their antiquarks, which can be expressed as follows:

. =(& )3 +7e), or i =(&) (W + ), (233
6 =(& )W +r), or i =(e7) (W +), (239
i = (&)W vr), or e =(&)(W +7), 237
w= () ), ot = (&)W 1), 239

Many of the heavy state quarks mentioned above are mistreated to be interme-

diate mesons in the Standard Model, as will be discussed in Section 7.

2.5. 4th Generation of Detectable Particles: Hadrons

As the universe continued to cool and expand, gluons and leptons combined to
form quarks and hadrons, such as mesons, protons, neutrons, and other baryons
in a plasma soup filled with charged leptons and bosons. During this period, nu-
merous collisions and annihilations occurred between charged particles and their
respective anti-particles. Additionally, during this phase, an unexplained minor
symmetry breaking event resulted in that more positrons and heavy positrons
than electrons and heavy electrons were captured by gluons to form the uud core
structure of protons, thus there were more protons than anti-protons while more

electrons and heavy electrons than positrons and heavy positrons were left free
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and moving around protons or captured by protons to form neutrons (uud + d).
This explains why protons and electrons are nearly equal in number and marks
the earliest examples of C violation in the universe.

After numerous annihilations of particles and anti-particles, most remaining
hadrons and leptons include particles like protons, neutrons, electrons, and me-
sons. The apparent predominance of matter over antimatter is misleading; miss-
ing antimatter like positrons and heavy positrons exist as the excess up quarks
within protons. When counting the number of positive and negative fermions
(leptons and bound leptons) of any atoms there is no matter and antimatter asym-
metry. Current technology cannot distinguish between electrons and heavy elec-
trons (or between positrons and heavy positrons) due to the tiny difference of
their masses (see Sec. 4.3 for details).

In NPM, protons have a uud core structure like the SM. However, neutrons
differ with a core structure of uud + d, having an extra down quark (electron or
heavy electron bound by a gluon, see Figure 3). The binding force between this
extra down quark and the uud is weaker than the binding forces within the zud
structure (see details on strong force in Sec. 6 and nuclear force in Sec.11). This
difference explains the varying behaviors of protons and neutrons in beta decay

(see Sec. 9 for more information).

"seq"

VSRR
9@

"sea" d}} éﬁ "sea"

L

(W

P

Figure 3. Main components of proton and neutron: uzudcore and uud+dcore.
u can be d (a gluon bound positron or heavy positron), and d can be u (a
gluon bound electron or heavy electron). The “sea” consists of quantum fluc-
tuations of (anti)quarks and gluons.

The proposed uud + d structure of the neutron aligns with the structures and
compositions of tetraquarks recently observed in various experiments [5]-[7]. On
the other hand, recent nEDM experiments have indicated a discrepancy of 13 or-
ders of magnitude between the precision of measurement of the neutron EDM
and the expected quantum uncertainty for this quantity [8] [9], which suggests
that the current model of the internal structure and composition of the neutron
requires considerable modification.

The recent high-energy collisions between argon and scandium atomic nuclei
at CERN SPS implicate isospin asymmetry with proton and neutron. The isotope
“Ar has 18 protons and 22 neutrons, and the isotope *Sc has 21 protons and 24

neutrons. As mentioned, in the Standard Model (SM), protons are composed of
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two up quarks and one down quark, while neutrons have one up quark and two
down quarks. Therefore, more down quarks are expected in the systems before
and after collision. However, the experiment result suggests more up quarks post-
collision [10]. According to NPM, this result corresponds to the anticipated uud
core structure of protons and the uud-d core structure of neutrons, which clearly
shows the isospin asymmetry between proton and neutron because neutron has
one more up quark in the core than the udd core suggested by the current theory.
Further analysis is in Sec. 7.3.

We predict that similar outcome will occur in other neutron-rich isotope col-
lisions, and the more neutrons in the system, the more charged K mesons (thus
more up quarks) will be produced than the SM suggests. For example, colliding
# Ar with ¥Sc will yield even more charged Kmesons than the current experiments,
deviating further from the current theorical prediction.

As the universe continued to expand and cool, it formed primary elements,
molecule gas, black holes, stars, and galaxies through processes such as nucleo-
synthesis, radioactive decay, photodisintegration, cosmic ray spallation, gravita-

tional accumulation, and stellar merging.

2.6. Emitted Photons with Flavors: Neutrinos

In addition to particle and antiparticle annihilation, numerous processes during
the evolution of the universe may result in the release of photons from particles
like gluons, quarks and charged leptons. In certain scenarios, these internal pho-
tons may be emitted as a specific type of photons that retains the coupling char-
acteristics of its previous combination. These are neutrinos, which exist in three
flavors: v,,v,,v, . These correspond to the three flavors of gluons, quarks, and
charged leptons, respectively. For example, the v, could represent the internal
“y’ released from /J,,u*,gu,g; ,8,8 ,¢,C .

In equations of this paper involving neutrino interactions, replacing the parti-

«_»

cle’s internal “)” with “v” does not affect validity. Details on neutrinos are covered

in Section 8.

3. About Particle Spin
3.1. What Causes Spin

In the Standard Model, elementary particles are indivisible point-like entities that
oddly exhibit different spin and spin numbers, as well as varying masses and charges.

Physicists often use Dirac’s equation [11] to describe charged fermions with
spin, viewing the four-dimensional spinors as the mathematical form of charged
(anti) fermion with left-handed and right-handed spin, or up-state spin and
down-state spin in an abstract state space. However, Roger Penrose suggested that
these four-dimensional spinors can be interpreted as pairs of two-dimensional
spinors, each representing a massless particle with left-handed (Zig) or right-
handed (Zag) spin. These particles move at the speed of light in a zigzag pattern,
alternating between forward and backward motions [12], suggesting they are
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composite with internal physical spinors.

A recent study suggested that an electron’s spin is due to angular momentum
from energy circulation in its wave field, and its magnetic moment arises from a
circulating charge, though the author thought this is not a description about the
internal structure of electrons [13].

In NPM, elementary particles are composed of pair of more fundamental par-
ticles. The spin state of a particle is determined by the coupling state of the two
interior particles, including factors such as their shape, whether they are spinning
regularly, whether they are orbiting each other, and their distance from one an-
other, etc.

If the two interior particles only vibrate without spinning, the particle’s spin
state depends on the relative position and velocity of the interior particles. When
the two interior particles are identical and their spins are synchronized, the parti-
cle’s overall spin matches theirs. If they differ and have unsynchronized spins, the
faster-spinning interior particle dominates the spin state. If a particle returns to
its original spin state after the interior particles complete n rotations (1m27), its
spin number is 1/n, reflecting the coupling of interior particles; thus, this spin
number is a discrete quantum value.

In the Standard Model (SM), the spin state of a particle is a superposition state;
while the magnitude of the spin remains constant, the spin direction can change
and switch between up direction and down direction. In contrast, in the New Par-
ticle Model (NPM), both the spin magnitude and spin direction of a particle re-
main unchanged because they are intrinsic properties of the particle, similar to its
charge and mass. As a result, the spin number of a particle does not change. This
principle applies to all elementary particles and their internal particles.

The Stern-Gerlach experiment first demonstrated quantization of magnetic
moment and angular momentum [14] [15], though its interpretation was flawed.
It is the direction of silver atoms’ spin axes, not their chirality that is indeterminate
until exposed to a magnetic field. In a vertical magnetic field, they deflect up or
down without changing chirality; in a horizontal field, they move left or right,
again retaining chirality. As discussed in Sec.3.3, the silver atom’s spin is a layer-
associated property, rather than just the sum of its quark and electron spins.

A recent SPDC experiment demonstrated that orbital angular momentum
(OAM) is conserved when a single photon splits into entangled pairs [16], indi-
cating OAM and spin cannot exist as a superposition value.

The Pauli exclusion principle states that an atomic orbital can contain a maxi-
mum of two electrons, each with opposite spins. This means electron spin states
within an orbital cannot be combined or superposed—they must remain distinct
and stable.

3.2. Spin of Common Particles

Spin-2 particles

In NPM, gravitons are the first generation of excited particles with interior par-
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ticles orbiting each other. Gravitons consist of two identical, non-spinning ex-
pandons, resuming their original spin state after half a rotation (2 = 1/2). Thus,
gravitons have a spin number of 2, or more precisely, |2|, as they lack polarization
or chirality, meaning no spin direction (left or right-handed).

The EMs can be viewed as special gravitons with polarization or chirality, thus
having a spin number of +2. Negative EMs are left-handed with a spin of -2, while
positive EMs are right-handed with a spin of +2.

Spin-1 particles

In the context of NPM, photons, Wbosons, and Zbosons exhibit a spin number
of £1 due to their composition of two identical particles (£M4s) with intrinsic spin.
When these internal £Ms complete a rotation around each other, the bosons re-
turn to their original spin state. Left-handed photons, Wbosons, or Zbosons pos-
sess a spin number of -1, whereas right-handed bosons have a spin number of +1.

As mentioned in Sec. 2.5, neutrinos are a type of photon with the same spin
number: -1 for left-handed and +1 for right-handed. Thus, in NPM, neutrinos are
not fermions (spin-1/2 particles). Neutrinos were observed to exhibit only left-
handed helicity. This conclusion was drawn from indirect analysis, for example,
the Goldhaber Experiment (1958) [17], which examined gamma ray polarization
after electron capture by Europium-152—rather than direct measurement. These
analyses did not account for layer-associated spin (see Sec. 3.3 for details) or con-
sider incident neutrinos involved in beta decay and electron capture (see Sec.9 for
details).

Gluons (g,,€,,8,» g;, g: ) consist of two identical particles, either photons or
neutrinos, which possess spin. Consequently, their spin number is also *1.

Spin-0 particles

Axions (Ax), which are considered cold dark matter particles, consist of two
photons analogous to gluons. However, the internal photons within Ax exhibit a
closer and more intense coupling, resulting in highly dynamic relative motions.
These interactions can be interpreted as four intertwined electromagnetic fields.
Regardless of how many times the two photons rotate around each other, the over-
all spin state never returns to its original configuration (121->0), leading to a spin
number of 0.

The Higgs particle (/) consists of two Zbosons, with an interior situation like
Ax, resulting in a spin number of 0. However, the Z boson is highly unstable,
which causes the A particle to be extremely unstable as well.

Spin-1/2 particles

Charged leptons (e, ,7,e", ', 7" ) and their antiparticles are composed of two
distinct spinning particles: a photon (or neutrino) and a Wboson. The spins of
the photon and the Wboson are asynchronous, requiring the internal particles to
complete at least two rotations for the charged lepton to restore its spin state.
Consequently, the spin number of charged leptons can be £1/2 or +1/n (where n
> 2). For left-handed charged leptons, the spin number is negative, while it is pos-

itive for right-handed charged leptons. Further research is necessary to defini-
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tively determine the exact spin number for charged leptons. For instance, the elec-
tron’s spin number could be precisely £1/2 as its charge rotates twice as fast as its
mass [18]. The charge rotation comes from the movement of the W boson, and
the mass rotation depends on interactions between the W boson and the photon.
This also provides an explanation for why the electron’s gyromagnetic factor is
close to 2 (see details in Sec. 5.1).

As detaijled in Section 2.4, a quark is a charged lepton bound by a gluon, result-
ing in a spin number of £1/2 or +1/n (where n 2 2).

Protons and neutrons each consist of two distinct internal components: the
core structure and the virtual particle sea. The relative motion between the core
and the sea can be compared to the movement between the Earth and its cloud
atmosphere or the interaction between interior photons and W bosons within lep-
tons. Consequently, the spin numbers of protons and neutrons are +1/2 or +1/n

(where n > 2).

3.3. Layer Associated Spin

The spin number of gluons is the same (spin-1) as that of photons, Wbosons, and
Zbosons, but they present a spin state at different layers. Similarly, the spin num-
ber of protons and neutrons is identical to that of quarks (spin-1/2), yet they also
display spin states at different layers. The spin number is a discontinuous quan-
tum number that reflects the state of relative motion or orbital state between the
interior components rather than the sum of the spin numbers of its interior par-
ticles. For example, a photon consists of an EM~ with spin number -2 and an
EM™ with spin number +2, but its spin number is either +1, or -1, never 0. Sim-
ilarly, the spin number of a proton or neutron is not the sum of all interior parti-
cles’ spin.

The spin angular momentum of particles mainly depends on the orbital angular
momentum of their primary sublayers, such as the uud core and virtual particle
sea in protons. Deeper sublayer contributions to spin and angular momentum are
negligible. Therefore, the proton’s spin is mainly influenced by the orbital angular
momentum of the zud core and surrounding sea, not by the valence quarks’ spins
at deeper sublayer. This suggests that the EMC experiment findings [19] [20]
which showed nearly equal numbers of valence quarks spinning in both directions,
should not be considered a “proton spin crisis.” [21]-[23].

In NPM, three valence quarks and three gluons form a stable zud core in the
proton, with both contributing only to the core’s collective angular momentum.
Sea (anti)quarks and non-massless sea gluons exist as quantum fluctuations and
contribute solely to the sea’s angular momentum. Both the core and the sea to-
gether determine the proton’s overall angular momentum at an upper layer, an
aspect often neglected in theoretical and experimental analyses [24]-[28]. The
conservation of angular momentum and quantum spin number applies only

within the same system layer.
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3.4. Spin Momentum of “Point-Like” Particles

In the Standard Model (SM), elementary particles are point-like entities that do
not exhibit true spinning. This concept is based on two key assumptions: the the-
ory of relativity, which states that nothing can travel faster than the speed of light
(C), and the Heisenberg uncertainty principle, a fundamental principle of quan-
tum theory.

For a particle as small as an electron or even smaller, it would need to rotate at
speeds faster than light to achieve the observed angular momentum and magnetic
moment. The uncertainty principle indicates that when examining objects or
structures smaller than photons and electrons, the momentum of these internal
particles becomes too large for precise measurement. Additionally, the general
theory of relativity suggests that a significant amount of energy concentrated in a
very small space could result in sharp space-time curvature, potentially leading to
the formation of a black hole.

A recent study on electrons indicates that the superluminal velocity of both
mass flow and charge flow of electrons can be avoided due to the distribution of
the electron’s mass and charge over sufficiently large spaces [18]. In the NPM
framework, electrons and other fundamental particles are not considered rigid
point-like objects. Rather, the internal W and photon (or neutrino) components
that constitute the electron progress in a spiral manner. The angular momentum
of the electron is thus an average value produced by this spin-precession effect,
ensuring that it does not exceed the speed of light.

Scientists acknowledge that every theory has its limits, including the uncer-
tainty principle. The Planck size, based on the speed of light, is not necessary the
finalized boundary. In NPM, yY particles and expandons existed before the elec-
tromagnetic field, possibly moving faster than light, which accounts for the super-
luminal phenomena observed in quantum entanglement, to be discussed further

elsewhere.

4. About Particle Mass
4.1. The Origin of Mass

Essential mass

As delineated in Section 1, it is established that all known elementary particles
contain electromagnetic particles (£Mfs), which can be considered as gravitons
with polarization. Consequently, the mass of elementary particles originates from
their internal gravitons and E£AMs through interactions with the gravitational field
and the electromagnetic field.

A particle’s mass is its resistance to movement in the gravitational field and
electromagnetic field. More mass means more resistance, causing slower move-
ment. Particles have two types of mass: gravitational mass, determined by the
number of gravitons they contain, and electromagnetic mass, defined by the struc-

ture and state of their internal EMs.
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Elementary particles generally show a spiral precession within the electromagnetic
field. In addition to their longitudinal motion, these particles also exhibit transverse
movement, leading to both longitudinal and transverse electromagnetic mass.

Mass is a concept associated with observation and measurement. Gravitons and
gravitational field, electromagnetic particles (EMs) and EM field could be the cur-
rent technological boundary for measurement. Thus, particles such as yY particles
and expandons that formed before the formation of gravitational field and elec-
tromagnetic field are outside the scope of the concept of mass. In Sec. 4.2, we will
discuss that the energy is more fundamental than mass.

It is more accurate to refer to a particle’s mass as intrinsic mass or net mass,
rather than rest mass or static mass, because all elementary particles are perpetu-
ally in motion. Motion is an innate characteristic of these particles. Although grav-
itons and photons in a gravitational field and electromagnetic field may remain in
a ground state, they do not remain at rest but instead undergo dynamic changes.

Many scientists, including Newton and Einstein, refer to the net mass of an
object as its inertial mass. Newton defined inertia as the capacity or tendency of a
substance to resist changes in its state, which is proportional to its mass [29].

Gravity is transmitted at the speed of light through the state transitions of ad-
jacent gravitons in the gravitational field. Gravitons are fleeting, with zero gravi-
tational mass.

Electromagnetic force travels at the speed of light via virtual photons in the M
field. These ground-state grid pairs of positive and negative £Ms are also fleeting
and massless.

The movement speed C of virtual gravitons and virtual photons is based on
state transitions, determined by the transit frequency and the distance between
adjacent particles (the Planck length). This allows for the calculation of the maxi-
mum energy and frequency of a gamma ray.

Some EMs with longer lifespans were excited by the £M/ field and combined to
form other particles, such as photons (), Zparticles, and Wparticles, as described
in Sec. 2.2. The excited photons in NPM have mass, so they are not the y bosons
in quantum theory, which are the same as the virtual photons discussed above.

Excited photons live longer than virtual photons but remain fleeting. They re-
appear quickly and consistently, creating an impression of stability. Their motion
through the electromagnetic field is comparable to that of virtual photons and
nearly instantaneous, a topic discussed further elsewhere.

Masses of Composite Particles

Excited free photons contain only two electromagnetic particles (£Afs), result-
ing in an extremely small gravitational mass. These photons share the same com-
position as virtual photons that lack transverse electromagnetic mass; thus, their
EM mass is also minimal. Consequently, free photons have a very small mass (< 1
x 1078 eV) [30], measurable by experiments like the Eddington experiment [31].

In the Standard Model, elementary particles gain mass through electroweak

symmetry breaking via the Higgs mechanism, a virtual process in which particles
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move in the Higgs field and couple with the Higgs particle to obtain mass through
repeated conversion of positive and negative spin states [32]. However, this does
not explain how the Higgs particle itself acquires mass. In the NPM, mass forms
similarly, but involves interactions between particles, including the Higgs, and EM
pairs in the electromagnetic field.

In the electroweak theory, W*,W~,Z and y are composed of a pair of four
massless bosons (W,,W,,W, and B ). These bosons exist within weak isospin
fields and weak supercharge fields. The particles W' ,W~ and Z acquire mass
through the Higgs mechanism by interacting with the Goldstone boson, whereas
y remains massless as it does not interact with the Goldstone boson [33] [34].

While direct evidence for weak isospin and supercharge fields is lacking, elec-
troweak theory implies that I, Z and y are composite particles [35], indirectly
supporting the New Particle Model (NPM). NPM also treats the Higgs boson as
an ordinary composite particle, which addresses the Standard Model’s hierarchy
problem [36]-[38].

Free photons have a structure like virtual photons, resulting in a large magnetic
moment, small mass, and near-light speed movement. In contrast, Wbosons have
a different structure with a large mass and small magnetic moment, preventing
fast movement.

In NPM, when paired with a W boson, a photon can increase the magnetic
moment and reduce the mass of the composite particle. The spin and orbiting
chirality of the Wboson and photon inside a charged lepton primarily determine
its properties such as flavour, mass, and magnetic moment. Leptons with different
spin chirality between their interior Wboson and photon have a larger magnetic
moment and smaller mass compared to those with identical spin chirality.

Similarly, leptons with a linear interior photon have a much weaker magnetic

moment and a larger mass. Thus,
m.>m,>m, (4.1)

m. > m. >m. (4.2)

They are also applied to the three generations of quarks, hence

m, >m, >m, (4.3)
m,>m, >m, (4.4)
m.>m. (4.5)
m.>m (4.6)

t ¢

4.2. Mass vs Energy

The analysis indicates that the net mass of elementary particles is derived from
underlying particles and interactions, influenced directly by the gravitational field
and the electromagnetic field. Consequently, hidden energy and fields play a cru-
cial role in determining the particle’s mass.

. . . 2 .
Einstein’s renowned mass-energy equivalence formula, E =mc”, posits that
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mass and energy are interchangeable.

Since energy is more fundamental, energy is always conserved, but mass is not.
For instance, the low-energy positron and electron could annihilate each other
and produce two or more photons and high-energy positron and electron annihi-
lation could produce 10 mesons and a pair of proton and anti-proton [39]. The
extra particles and mass here are converted by the kinetic energy of the positron
and electron, and their interior particles and binding energy.

Gravitons become EMs by attracting and approaching each other. EMfs retain
the graviton’s gravitational mass and convert their internal angular kinetic energy
or circular energy into £M mass. Excited elementary particles gain both gravita-
tional and electromagnetic mass from their internal £Ms, coupling with the grid
gravitons of the gravitational field and the grid £Ms of the electromagnetic field.

The mass and internal energy of a particle are primarily determined by its in-
ternal components, yet these properties are typically observed or measured exter-
nally. Consequently, the mass and energy of a particle’s internal components may
not be observable. For instance, the significant mass of internal W particles and
the binding energy of internal photons within an electron are entirely concealed
from observation and measurement. Likewise, numerous masses and energies ex-
ist within fundamental particles and hidden fields in the universe, which is essen-
tial for understanding and addressing the cosmological constant problem [40]
[41].

The contributions of gravitational field and electromagnetic field to an object’s
total mass vary across different levels. Elemental particles are significantly influ-
enced by both fields, while hadrons are mainly affected by the EM field. Atoms
primarily derive their mass from nucleons, with minimal impact from EM inter-

actions between electrons and nucleons.

4.3. Masses of Quarks (d, u and s)

Spin-orbit coupling causes particles in the same generation of charged leptons and
quarks to have different masses. When the orbiting chirality is opposite to the W’s
spin chirality, the particle has a higher mass (heavy state) than when they are
aligned. Therefore, the following equations apply:

m.>m, (4.7)
m. >m, (4.8)
m. >m, (4.9)
m, > m, (4.10)
m, > m, (4.11)
m, >m, (4.12)
m. >m, (4.13)
m. > m, (4.14)
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m.>m (4.15)

m.>m (4.16)

As stated in Sec. 4.2, the binding energy of gluons increases the mass of quarks

compared to their corresponding leptons. Therefore, the following predictions are

made:
m,>m.. (4.17)
my >m, (4.18)
me>m . (4.19)
m;>m, (4.20)
m,>m., (4.21)
m, >m, (4.22)

Since both m, and m, are increased by the same factors from m .. and
m, , the difference between them is likely to be proportionally magnified. There-
fore, we deduce:

m,—my>m. —m (4.23)

e

About the Mass of Down Quark and Up Quark

Equation (4.12) suggests m, > m, , which contradicts the Particle Data Group
data: m,=2.16£0.07MeV and m, =4.70+0.07 MeV , with
m, —m, =2.54 MeV [42]. These PDG values are inconsistent with the mass of
the neutral pion 7z° also provided by PDG, m_, =134.9768+0.0005 MeV [42].

Considering the composition of 7° (uif or dd ),the uncertainty indicates that

m, —m dg| <0.0005 MeV , suggesting
MeV.
In NPM, the value of

tude less than 0.0005 MeV. The core composition of a proton is the uud structure

m, —md| is most likely less than 0.0005

m,— md| has been found to be up to 5 orders of magni-

or similar combinations that include # and d , such as wuit , udd, udi ,
ddii , and ddd . Since m,=m, and m,=m; , the largest mass difference
among these combinations is between wuit and ddd , which is 3"|mu —-m d| ,
where 1 > 1 represents the mass enlarging factor due to gluons and the “sea” of
virtual particles in the proton. According to CODATA 2022 [43], the mass of a
proton is 938.27208943 (29) MeV. The precision level suggests that

3n|m, —m,| < 0.00000001 MeV , implying |m, —m,|<0.000000003 MeV , and,
together with Equation (4.23), suggest that m ., —m, <0.000000003 MeV . This

makes distinguishing e from e quite challenging.

We also found that the core structure of proton and neutron in NPM could
explain the mass difference between the proton and neutron better than that in
the SM. According to the value of CODATA 2022 [44], the mass of neutron is
939.56542194 (48) MeV, resulting in m, —m, =1.29333251(19)MeV . This dif-
ference primarily arises from the mass of the additional down quark in the uud +

d core structure of the neutron. This is consistent with considering Equation (4.18)
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m, >m, and the electron mass m, =0.51099895069(16) [45].

About the Mass of Strange Quark

According to 2024 PDG data [42], m =93.5+0.8 MeV ,
m, =105.6583755£0.0000023 MeV , indicating m  <m, , contrary to NPM’s
prediction of Equation(4.20) m >m, . Since m, is experimentally well-estab-
lished, any issue likely arises from the value of m_, which combines measurement
data and model calculations. Recent research shows that it could get
m, =120 MeV by setting m, =1.35GeV and m, =4.0GeV under certain
conditions, implying m >m, [46].

Adjusting the masses of d, u, and s quarks using NPM predictions reveals a
consistent pattern in the masses of quarks and charged leptons within each gen-

eration of elemental particles in the Standard Model.

5. About Particle Charge
5.1. Integer Charge vs Fractional Charge

Theoretical Contradiction

InNPM, only EM* and EM  particles have fractional charges of +1/2eand
-1/2¢, respectively. These particles can bind to form *le or neutral particles.
Therefore, NPM does not allow for particles with fractional charges of +1/3e or
+2/3e¢, like quarks in the SM. Quarks are considered charged leptons bound by
gluons and will be detected as such when escaping gluon bond, like electrons and
positrons in beta decay. If particles with charges of -1/3e and +1/3e are allowed,
as assumed with down and bottom quarks and their antiparticles, then particles
carrying charges of integer multiples of 1/3e—such as the up, charm, and top
quarks, as well as leptons and their antiparticles—would have to be composite.
This argument suggests an inconsistency within the Standard Model theory.

Observational Quandary

The fractional charges of quarks were determined during the development of
Quantum Chromodynamics (QCD) theory and were initially attributed to integer
charges [47] [48]. However, scientists have not observed fractionally charged
quarks directly. Consequently, the theory of quark confinement (or gluon con-
finement) was developed to explain this phenomenon.

Studies suggest that quarks can move freely and bind to form hadrons in the
early universe [49] [50], and a free up quark combining with a free down quark
would form a meson with charge +1/3e and a different mass than the (anti)down
quark. As a result, scientists theorized that fractionally charged particles (FCP)
might be found in remnants of the Big Bang or other cosmic events. However,
despite numerous experiments over decades, including oil drop, high atmosphere
experiments like BESS [51], space missions like AMS-01 and DAMPE [52], and
underground experiments like CUORE [53], no FCPs were detected.

Current MS theories predict similar numbers of anti-up and anti-down quarks
in the proton, but a recent study found about 50% more anti-down than anti-up

quarks [54]. Existing proton models cannot yet explain this asymmetry. NPM sug-

DOI: 10.4236/jhepgc.2026.122067

1310 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.122067

X.H.Ye

gests that the anomaly likely results from the fact that higher fractional charge
(2/3e) is assigned to (anti) up quarks in comparison to the (anti) down quarks’
charge (1/3e), thus measurements are presented as more sensitive to # quarks
in the equations. As a result, calculations yield about 50% less # than d .
Anomalous Magnetic Moment (AMM)
In the SM, the relationship between the charge, mass and the magnetic moment

of a charged lepton with spin-1/2 can be expressed as [55]:

P q
Hy gé[sz]

where g, =2(1+a,), which is the gyromagnetic factor of ¢(e,z), a, is the

anomalous magnetic moment (AMM). As noted in Sec. 3.2, the AMM may result
from interactions between a lepton’s internal Wboson and photon.

The Dirac Equation (11) predicts g =2, Schwinger increased the gvalue with
a radiative correction and predicted the electron AMM a, =a/27 [56].In 2020
the international g-2 community predicted the muon AMM
a,(SM)=116591810(43)x10"" (0.37ppm) based on a data-driven approach
[57], which is 4.2 standard deviations with measurement of experiments. While
the magnetic moment is considered an intrinsic property of particles in the frame-
work of NPM, current theories predict and calculate the muon’s anomalous mag-
netic moment by incorporating several external factors such as hadronic vacuum
polarization [58] [59], hadronic light-by-light scattering [60] [61], and electro-
weak interactions [62] [63].

The international g-2 community recently updated the Standard Model pre-
diction for ¢, using new data-driven and lattice-QCD results, which raised the
SM value and reduced its discrepancy with experiments [64]. However, it is prem-
ature to say the muon AMM puzzle is resolved, given ongoing misconceptions
regarding the SM in the lepton and hadron sectors discussed earlier and in up-
coming sections. For example, the muon interaction with the invisible free gluon
& (see the Equation (9.2)) may have contribution to the g-2 experimentally,
though current theories do not account for them. Additionally, the measurement
of the 7'z~ channel in the g-2 community is affected by significant statistical
uncertainty, systematic uncertainty, and inconsistencies between different data
sets [65]. The issue is likely caused by misunderstandings about 7* composi-
tions (see details in Sec. 7.1).

The anomalous magnetic moment (AMM) of quarks in the presence of an ex-
ternal magnetic field has been a subject of study for over two decades [66]-[68].
Similar to the research on muon AMM, most studies on quark AMM have con-
centrated on external contributions such as magnetic catalysis [69] and chirality
magnetic effect [70].

NPM suggests that the quark AMM may be directly affected by the problematic
fractional charges and masses of quarks. A recent study shows that it mainly in-
fluences the electric ~/E303 component under strong magnetic fields, and up and

down quarks have proportionally different AMMs [66].
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5.2. Indirect Measurements of Quark Charges

The properties of up quarks and down quarks, including their fractional charges,
were mainly inferred from MIT-SLAC deep inelastic scattering experiments and
nucleon composition models using probability analysis and scattering cross-sec-
tions [71]. Fractional charges are only supported by quark-parton model data—
which is half what a simple three-quark model predicted—and are consistent with
models featuring neutral gluons only if gluons carry about half the proton’s mo-
mentum, though recent research indicates gluons account for only about 40% [28].

In 2014, DO collaborations reported measuring the electric charge of top quarks
in ff events from pp collisions at the Tevatron. This measurement is also
model-dependent and involves complex calculations. It assumes the Standard
Model process ¢ — W'b, and determines the b jets’ charge using a jet charge al-
gorithm developed by Feynman [72].

When reporting the discovery of the top quark, the authors noted that energetic
scattering at wide angles, like Rutherford scattering, offers insights into the struc-
ture of colliding objects. One interpretation is that excess jets are caused by colli-
sions of smaller objects within quarks, which no other experiment has observed
[73]. Fractionally charged particles like # and b quarks should contain smaller
charges due to charge conservation, but the suspicious result shows they split into
excess jets with larger, integer charges. This observation prompts an important
question: what mechanism inhibits fractionally charged particles from appearing

in the final state of jets?

5.3. Interior Charge Distribution of Hadrons

In the Standard Model (SM), mesons are either neutral or possess integer charges,
such as 7" (+le)=u(+2/3e)d (+1/3¢) and K (-le)=s(-1/3e)u(-2/3e) .
When considering electric charge coupling without the constraints of the meson
definition and the “color” hypothesis of Quantum Chromodynamics (QCD) (see
details in Sec.6.2), a question arises: why is there no meson with fractional charge
combinations such as d (+1/3e)d (+1/3¢), u(+2/3e)u(+2/3e¢),

i(-2/3e)d (+1/3¢) and u(+2/3e)d(-1/3¢) ? What mechanism prevents
these from existing in nature? Additionally, in certain meson decays such as
J/9(1s) ,an intermediate y can produce hadrons or leptons but never fractionally
charged quarks—why is this the case? This phenomenon is clearly explained
within the New Particle Model (NPM), where all quarks have integer charges (+1e
or -1le) because they are bound leptons.

Similarly, why is there no baryon with fractional charge combinations like
u(+2/3e)u(-2/3e)d (+1/3¢) and d(+1/3e)u(+2/3e)d(-1/3¢) ? In NPM,
the answer is straightforward as discussed. Furthermore, in contrast to mesons,
what fundamental factors preclude the existence of particles composed of elec-
tron-positron pairs, muon-antimuon pairs, or tau-antitau pairs, held together by
gluons? What mechanisms are responsible for inhibiting the formation of such

composite particles? Section 7 will explain that these lepton pairs are actual com-
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positions of common mesons.

In NPM, quarks with identical charge rarely combine to form a meson due
to the strong repulsive force of the same charge, which prevents the gluon from
holding them together. Therefore, combinations such as wu,d d ,ud ,ud ,us
and us is not allowed in NPM. This makes the compositions of mesons like
zt,n ,K*',K ,p" and p~ significant for further study. For example, both 7"
and p* have the same composition of ud in the SM, yet they have different
masses and decay modes. The cause of mass difference between 7 meson and
o meson is explained by different G-parity and different J”¢ [74] or different
number of massive gluons involved [75]. However, NPM reveals that 7 meson
and o meson have totally different components that can easily explain their
mass difference. More detailed analysis of these phenomena will be provided in
Section 7.

Similarly, we anticipate that baryon compositions suchas A™ (uuu), A™(ddd),
Q (sss), =7 (dds), QI (ccc), @, (sbb)and Q,,, (bbb) in the Standard
Model is incorrect. This is attributable to the inability of gluons to bind three
quarks carrying identical charges (total +3e or -3e¢), as the substantial repulsive

force prevents these formations.

6. About Strong Interaction

6.1. Actual Gluons in Strong Interaction

The strong force, classified as one of the four fundamental forces in the Standard
Model, is responsible for binding quarks into hadrons through gluon exchange.
The residual strong force maintains the cohesion of nucleons by means of virtual
mesons. In the Standard Model, descriptions of gluons vary: they are sometimes
likened to rubber bands in relation to quark confinement, occasionally referenced
as possessing mass [75], yet also described as massless particles traveling at the
speed of light when defined as gauge bosons.

In NPM, gluons consist of two photons or neutrinos and possess mass, so they
don’t travel at light speed. The strong force operates through the coupling of
gluon’s internal photons with bound particles.

At a nucleon or sub-nucleon scale, gluons act like rubber bands between parti-
cles. Their binding force weakens as particles get closer and strengthens as they
move apart, but not enough to achieve confinement as described by the Standard
Model [76]. With enough energy, bound particles like quarks can escape their
binding force and become independent, as seen in pion decay and free quarks in
Quark-Gluon Plasma [77]. We can better understand it when we know that quarks
are charged leptons bound by gluons.

The magnitude of the strong force is predominantly influenced by electromag-
netic interactions between the two bound particles, as well as the electromagnetic
effects from external factors or the environment. For example, in the proton’s uud
core structure, the binding forces between the three valence quarks are signifi-

cantly strong due to the mediating gluons counteracting the repulsive Coulomb
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effects generated by the two up quarks (even influencing the interaction between
up quark and down quark), thereby ensuring the stability of the uud core. Con-
versely, in the neutron’s duu-d core structure, the binding force between the duu
structure and the additional down quark is weak because the connecting gluon
becomes less taut owing to the reduction of repulsive Coulomb force. Conse-
quently, the extra down quark is more susceptible to being displaced by neutrino
impacts (as detailed in Section 9).

Similarly, in a neutral meson, the binding force is also weak because the chan-
neling gluon is less constrained due to the presence of only attractive Coulomb
force between the quark and anti-quark pair, rendering most mesons unstable (as
detailed in Section 7).

In BCS theory [78], a Cooper pair is a bound electron pair formed in metals at
very low temperatures, enabling superconductivity when attraction of phonons
(lattice vibrations) overcomes electron repulsion. From the NPM view, it is gluons
that bind the electrons into Cooper pairs—similar to their role in mesons—and

lower temperatures facilitate this process.

6.2. Empirical Meaning of Colour Charges in QCD

In quantum chromodynamics (QCD), color charges describe and calculate the
strong force, but their physical meaning is not well understood.

In NPM, “colors” in QCD represent different coupling modes between quarks
and gluons: v mode (gluon couples with the interior v of the quark), W mode
(gluon couples with the interior W of the quark), and vI# mode (gluon couples
with the entire quark). A quark’s state, considering both coupling and electric
charge, is termed colour charge.

According to the Pauli Exclusion Principle, a gluon’s two neutrinos cannot cou-
ple quarks with the same mode or colour. Therefore, in baryons like protons and
neutrons, there are 6 types of colour charges based on three coupling modes and
two electric charges.

Inside mesons, quarks often change coupling modes due to the loose binding
of gluons, creating a superposition like state that appears “colorless.” Despite this
undifferentiated state, there are still two sequences of transitions between positive
and negative quarks, resulting in 2 colour charges. Adding these with the 6 colour
charges in baryons, there are a total of 8 colour charges with NPM interpretation,
matching the QCD theory.

In Quantum Chromodynamics (QCD), “colors” for quarks or antiquarks de-
note their energy states, which can be described by wave functions. For gluons,
“color” is an intrinsic attribute, with each type of gluon facilitating the conversion
between specific pairs of “colors”. Consequently, there are 8 distinct types of glu-
ons. In the wud structure at the proton core, theoretically, 3 x 6 gluons are in-
volved in strong interactions, as it necessitates 6 different gluons between each
pair of valence quarks.

With NPM interpretation, a single gluon can handle all “color” conversions
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with quarks by adjusting its coupling modes. Thus, only three gluons are needed
in the proton’s uud core structure. Simplifying the calculation of strong forces is
possible if we can constrain the coupling constant for each mode.

In QCD, gluons act as virtual bosons that move between quarks and antiquarks
and change their “colors”. In NPM, gluons are considered real particles that re-
spond to mode changes between quarks or antiquarks and can be classified into
three different flavours with varying masses and binding strengths.

In Section 11, we will explain that nuclear forces are better described by the
electromagnetic interactions and coupling between nucleon quarks via real gluons

or mesons, rather than the exchange of virtual mesons as in QCD.

6.3. Strong CP Problem and Yang-Mills Mass Gap Problem

The strong CP problem [79] concerns why quantum chromodynamics (QCD)
seems to preserve CP-symmetry, and it’s commonly referred to as “the most un-
derrated puzzle in all of physics.”

CP combines charge conjugation (C) and parity (P) symmetries. While QCD
theory permits CP violation in strong interactions, experiments have not detected
it, leading to a “fine tuning” problem in particle physics.

The NPM does not have a strong CP problem. As described in Sec. 6.1, the
strong interaction is based on electromagnetic processes that involve gluon inter-
nal photons coupling with bound particles. The strong interaction keeps CP sym-
metry intact by allowing changes in color charge (coupling mode) without affect-
ing charge conjugation or parity.

The Yang-Mills mass gap problem [80] refers to the apparent paradox wherein
classical Yang-Mills equations suggest that strong force carriers, such as gluons
(the gauge fields), are massless. However, experimental evidence indicates that
these combine through confinement into massive particles (hadrons), which re-
quires the existence of massive bound gluons.

NPM does not encounter this issue. In NPM theory, strong interactions involve
massless photons within gluons coupling with bound particles, while gluons
themselves are always massive. The mass gap between photons and gluons is not
problematic. Unlike the Standard Model, NPM does not exhibit confinement: if

binding forces are disrupted, quarks transition into charged leptons.

7. About Mesons

In NPM, mesons are composed of certain (anti)leptons and gluons, thus not in
any superpositions that mix different pair of (anti)leptons as described in the SM.
However, mesons may have different coupling modes, thus may decay differently
when caused by different external impacts. It is always better to treat them as dif-
ferent mesons because they have different components.

In the NPM framework, the strong force binds (anti)leptons together via gluons
within mesons. Consequently, meson decay occurs through the disruption of the

gluon bond, rather than through weak interaction as described in the Standard
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Model (SM). Although W bosons are passively involved in meson decays in NPM,
they do not actively emit or decay.

Quarks can theoretically be bound by glueballs or gluon chains, forming heavy
states of mesons. This paper focuses on some common light states of mesons with

a single mediating gluon.

7.1. Mesons with e or e*

In most mesons composed of eand e’ (or e and e™), only the g _ gluon
acts as a bond. The g, (g;) and g, (g:) gluons are excluded due to tLheir in-
compatible size and coupling properties.

When eand e* have opposite chirality

In the SM, the neutral pion 7’ is a superposition of uit and dd ; in NPM,
7’ consists of a pair of eand e (or ¢ and e") with opposite chirality,

which can be expressed as:

2 =(e)(e.)(e)-(e) (&) (@) or d, (&) dndy (£)d, (D)
)(e

Note: for present purposes (e, )(ge)(e;*) , ( ) ) and d,(g,)ug
u, (g, )iy uy(g.)u, arenotlisted.

When 7° decays, eand e annihilate due to the close coupling within the
meson, releasing 2y with a (98.823 + 0.034)% probability [42].

When eand et have same chirality

In theory, 7 meson may also consist of a pair of eand e* (or ¢ and ™)

with same chirality. This meson is called 7’ and can be expressed as:

z E(eL)(ge)(eZ),(eR)(ge)(e;)or d, (ge)gL,dR (&)JR (7.2)

When 7’ decays, the electron (e) and positron (e" ) separate due to a bit loose
coupling within the meson, while the gluon may either merge with the back-

ground field or convert into a photon. Thus:
7r'—>e+e++(y) (7.3a)

In the SM, 7' is #° that has decay mode with a (1.174 + 0.035)% fraction
[42];in NMP, 7'and 7z° should be treated as different mesons due to their dif-
ferent components.

The 7° can also decay into an electron and a positron when interacting with
a neutrino, like the process observed in S* decay (refer to Sec. 9.4 for more in-
formation).

Theoretically, when 7z’ decays, the gluon may also split into two neutrinos
that briefly bind with eand e . This creates intermediate states like evand e*v,

which eventually decay into e, ¢* and 2v. Thus,
7 —se+e’ +(2v) (7.3b)
About z* and 7z~

As mentioned in Sec. 5.3, couplings like ud and du are notallowed in NPM.

A charged pion acts as an intermediate state of a broken meson, suchas p’ (770)
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and ®(782), when the binding gluon splits into two neutrinos, each temporarily
pairing with z and 4". Thus,
Tt=uty (7.4)

This is why 7* decays to u*+v with a fraction of (99.98770 + 0.00004)%
[42], suggesting a clear lepton flavour universality violation (LFUV).

If a meson is defined as a particle consisting of a lepton and anti-lepton pair (or
quark and anti-quark), then 7* particles would not be classified as mesons.
Their designated names may not be appropriate, as they do not share characteris-
tics with 7° particles. In addition to the different decay modes, the mean life-
timeof z° particlesand 7z° particles differs by approximately 9 orders of mag-
nitude, and their masses vary significantly more than the mass difference between
protons and neutrons [42]. The measurement of the 77z~ channel in the g-2
community is affected by substantial statistical uncertainty, systematic uncer-
tainty, and inconsistencies between different data sets [65]. This issue is most
likely due to misconceptions regarding the compositions of 7*.

Similarly, the K*,p",D* and B* should also not be classified as mesons due

to their actual compositions (see more introductions in Sec. 7.3 and 7.4).

7.2. Mesons with u

When g and p*have opposite spin chirality

Just like 7z°, when the constituent zand 4" have opposite chirality in a me-
son, they tend to annihilate each other. However, the meson is more complex than
7 due to the involvement of two types of gluons (g, and g . )- By analyzing
decay modes, we find that they correspond well to the eta meson 7(548) and the

eta prime meson 7'(958), which can be expressed as:

7(548) = (1,)(2.) (1 )- (1) (&) (445 ) or 5, (8. ) 550 (2.) 5, (7.5)
7'(958) = (14, ) (2, ) (442 ) (1) (2, ) (24 ) or 5, () 5wose (2,)5, (7.6)

Since the g, can bind effectively with the interior neutrinos of g and u*
with opposite chirality, the 77(548) possesses a relatively small mass and primar-
ily decays into 2y (from gu* annihilation) or pions (possibly inspired from the
2y) [42]. Conversely, due to the same chirality of interior neutrinos, the gu cannot
bind g and u" as effectively and closely as the g, , resulting in the 77'(958)
having a significantly larger mass than the 77(548), which provides a straightfor-
ward explanation for the “77—7" puzzle” [81] without requiring a complex hy-
pothesis. The majority of 7'(958) decay modes produce charged particles, in-
cluding #* and 7z~ (or g'v and uv) [42].

We predict that #and u* with opposite chirality might couple with g; to
form heavy 5’ mesons in rare situations.

When g and g* have same spin chirality

1) Bound with g,

It may be uncommon and challenging fora g, tobind g, and g, (or u,
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and ;) together. However, we propose that the observed f; (500) could serve

as an appropriate candidate for this combination, expressed as:
15(500)= (s, )(&.) (44 ) (1) () 4k Jor s, (8. )50 (8.)50 (77)

2) Bound with g,

The g, binds #and 4" in a meson due to their same flavour, forming two
coupling states. One state has the same chirality for g, and bound gand x",
making it more stable and lighter. The other state has different chirality, resulting
in higher mass. This can be represented by o’ (770) and a)(782) accordingly
as:

P (770)= (11, )@ )42 ) (10 ) (@ ) (2 )507 5, (8, )50 050 (8 )5 (7:8)

@(782) = (11, )&, ) (42 ) (120 ) (8, ) (43 )507 5, (20 )52 (£, )5 (7:9)

The p0 (770) decaysto 7~ +7" witha 100% fraction [42]. during which the
g, splits into 2v that bind with zand 4" separately and temporarily. Accord-
ing to the Equation (7.4), the decay can be expressed as (for present purposes, in
the rest of work, we will present process using only right-handed gluon or only

left-handed gluon because both have the same patten):
P (770) = () (€, ) (42 ) = (110 ) (Ve v ) (142

(7.10)
- ('LIR)(VR)"'(VR)(/J;) =uwv+uv=r +x"

®(782) may decay with more intense, thus g, breaks into 2v and excites an
additional 7° with a fraction of (89.2 £ 0.7)% [42]:

o(782) = (s )&, ) (142 ) = (1) v ), (442)

(7.11a)
_)(/IR)(VL)"’(VL)(/I;)‘F”O sw+uv+r'=x v+ +7°

There is an intermediate state before the final decay of a)(782) , where 7° is
bound with either 7~ or z".The former combination forms p,and the latter
forms p”. Both combinations will decay into two 77 with a 100% fraction [42],
which can be expressed as:

p=rr’ s>+’ (7.11b)

Equations (7.10) and (7.11b) indicate that p* differs from p°,and their mass
difference should be at least as large as that between z° and 7°.

The second common decay of w(782) occurs via gu” annihilation into a yand
the bound g, excitinga 7° with a (8.33 £ 0.25)% fraction [42].

w(782) > y+7° (7.12)

3) Bound with g°
In rare instances, a g; may bind the zand z* (or s° and s ) with same

spin chirality to form heavy states of p meson and @ meson.

7.3. Mesons with u*

4" decay modes
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We predict that z" has a shorter lifetime than xand may decay to g, e or e
through interactions with various gluons. Here are some examples of " decay

modes:
* _ - ’ " "
1uR+geL=(WL +VL) + VL+VR)L

,uR-i-geR_(W +VL) v +v )

(
—>(WL’+v};) +(V+V)) = + g

+(v;
—>(W[+v}§) +(v +v; )R_eR+gﬂR,
,uR+gﬂL_(W +VL) +(v) +v]),
—>(WL’+VZ)L+(VL+VL)RsyL+gﬂR;
,uR+gﬂR_(W +VL) +(v +VR)
—>(W[+v,"e) +(Vi v ) =er+(8.),
fuL+gyR_<W +VR) +(v) +V]),
—>(W,;+vg) +(vi+vp), =e+(8.),
tin+ & =(W0 +v,) + (Ve +vp),

—)(WL_+V};)L+(VR+VL) =e, +(g, )

Note: the marks ', " and "’ in this paper are for tracking locations and improving
readability.

Gluons may further decay into z° or (7~ +7") depending on the cause of the
decay. Thus, the 4" decay modes above can be simply expressed as:

y*+ge—>e+g;—>e+7r0 (7.13a)
U+g detg, de+r +r (7.13b)
y*+gﬂ—>/1+g;—>,u+7r0 (7.14a)
,u*Jrgﬂ—>,u+g;—>y+7z’+7r+ (7.14b)
U+g,>e+g e +n’ (7.15a)
,u*+gﬂ —e+g e +n +at (7.15b)
y*+g;—>e+ge—>e+7r° (7.16a)
/f-i—g:—>e+ge—>e—i-7r'—i-7r+ (7.16b)

The exchange of neutrinos can alter the chirality of newly produced leptons and

gluons, for instance:
* _ - ' " "
Hp+ 8 = (WL ) )R + (VeL T Ver )L

(7.17a)
- n” n ' " ’
— (WL +VER)L VYtV etV vy,

* _ - ' - ”
Hpt 8. =(WL +v!‘L)R +(vyL +V;1L) (WL TV ) V;,L +vﬂ

(7.18a)
- " ’ " _ " ’
— (WL Vi )L Vir ¥ Vor = My Ve V0
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or simply expressed as:

u+g, >etv, +v, (7.17b)
y*+gﬂ—>y+vﬂ+vﬂ (7.18b)

Equation (7.18a) can be stated as follows, considering the intermediate states

and referencing Equations (7.4) and (7.22):
,u*+gﬂ—>K‘+vﬂ—>7r'+vﬂ—>,u+vﬂ+vﬂ (7.18¢)

The 4" and 4 bound by g, is rare due to their mass and instability,
which prevents finding mesons fitting this coupling. Hence, we assume that z°
and 4" are only bound with g, and g;.

When 4" and 4" have opposite chirality

1) Bound with g;

Our analysis indicates that the particle generated through the coupling between
g; and 4 /u™ (with opposite chirality) corresponds effectively to the ob-
served J/¢p(ls) meson. This can be articulated as:

o1 (2= e i o) o Jor ) () 29

Like 7° and 7(548), g, tightly binds 4"and u", thus when J/p(ls)
decays, 4 and x" generally annihilate, emitting photons that can convert
into hadrons or leptons [42], while g; may decay to g, (or g,), or inspire
hadrons or leptons.

The J/gp(1s) was found to have an unexpected lifetime roughly 1000 times
greater than the p” meson [82], which is obvious in NPM due to its stronger
internal coupling.

Recent studies indicate that the observed J/¢ productions do not match the
theoretical predictions [83]-[85], possibly because of differences between the as-
sumed c¢ component and the actual ¢'¢~ component.

2) Bound with g,

Similarly, we find that the particle formed through coupling between g, and
u / " (with opposite chirality) matches the observed 7, meson, which can be
expressed as:

ne (@)= ) (g, ) (") (1) (g ) (1) or es (8, )Eocn (8, )E (720)

n, hasashorter lifetime than J/¢ because of its weaker internal coupling. Ac-
cording to equation (7.18c), interactions between x* and g, have several
phases, so 77 may decay into pairs of K, 7, i, or combinations thereof, depending
on the phase and energy from an incident particle, likely a neutrino.

When 4" and g4 have same chirality

The pair of 4 and g™ (with the same chirality) coupling with g; and
g, fits well with various versions of the ¢(1020) meson. Our prediction is as

follows:
$(1020) = (11 ) (&3 ) (122" )+ () (5 ) (2 ) (&3 ) v (81 ) (721)
or (£ )( & ) (227 ) (222 ) (8 ) (2227 )5 (8 ) T (1 )
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Note: for present purposes, we do not include the z; in the list.

1) Bound with g;

There are two versions of ¢(1020) meson with different decay modes in this
coupling. In the first version, when 4™ and g; have same chirality, g;

simply breaks to two neutrinos and couple with the x° and u™:
$(1020), = (s )(gue ) (a2 ) = (W +vy), (v +v0), (W +v7)
- (WL’ +v) )R (vZ)+(WL* +vZ’)R (v)=uv+uy
In NPM, we predict and define:
K*=u"v (7.22)
Thus, this decay mode can be described as:

$(1020) > K +K* (7.23)

The fraction of this decay mode is (49.1 + 0.5)% [42].

The K* decaysto u'+ v, witha (63.56 + 0.11)% fraction [42], suggesting a
clear lepton flavor universality violation (LFUV). It is observed that the decay
products are identical to those of 7* decay, raising significant questions given
the distinct masses and compositions of K'and 7 particles. According to equation
(7.18), it appears more plausible that K* (,u*iv) decays into 4" + v,+v, sug-
gesting that additional neutrinos may have been missed in previous observations.

Based on Equations (7.14a and 7.14b), K* (,u*iv) may also decay to
uv+r’=x"+7° or yv+r +x"=x"+x +x" depending on the level of
impacting energy. This phenomenon is a well-known instance of parity violation
inthe 7—6 puzzle [86] [87]. This is obvious in NPM because 7~ are different
types of particles from 7°, as explained in Sec. 7.1.

The second version of ¢$(1020) occurs when 4" and g, exhibit different
chirality. In this scenario, if 4" transitions to efirstand 4" transitionsto u*
afterwards, then ¢(1020) decays to K°. Conversely, if 4" transitions to e
firstand 4 transitions to 4 subsequently, then ¢(1020) decaysto K°:

$(1020), = (s )( 50 (42" ) = (W7 +v1 ), Oii), (407,
= (W +vh), (v +vi), (W0 +v)), (7.24a)
= +n), (i), (0 +9), = () () (1) = d5 =K

or
$(1020), = () (25 ) (1 )= (W +v1) (v +v0), (7 +v7),
- (WL‘ +v) )R (v +V)), (W[ +Vh )L (7.24b)
o> (W +vp), (i), (W +vh), = (1) (8 ) (e ) =5d = K°

The total fraction of 415(1020)2 decay modes is (33.9 £ 0.4)% [42], which is
about 15% less than the fraction of ¢(1020), decay modes. According to NPM,

the ¢(1020), combination is less popular due to its harsher interior or because
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its two-step decay process is more difficult than the one-step decay of ¢(1020), .
Alongside the neutron’s uud-d core described in Sec.2.5, the different composi-
tions of charged K* and neutral K’ (1?0) account for the isospin-symmetry
violation, a phenomenon that existing QCD models have yet to fully explain [10].

K’ and K’ can oscillate through neutrino exchange via gluon, known as
K°— K" Oscillation:

K=ds == (eL)(geL)(yz)E(WL7+VI’Q)L (vZ +V1';)L (W; +VZ’)L

o (W7 +9) (o), (W7 +9) =(u,)(8)(e]) =sd = K" (7.240)

The oscillation can be clarified using two inverse cyclic processes, during these,
unstable 4* changes to stable e*, and the released energy transfers e to u*
via the gluon channel.

Oscillation can be interrupted by various environmental impacts, causing
K’ (E 0) to decay in different ways. Kg (K-short) decays due to low-energy im-
pacts shortly after K° generation, while K (K-long) requires higher energy
impacts, occurring with lower probability over a longer period.

2) Bound with g,

In the first version of this bound ( #™* and g, with different chirality), the
4 and u* decayto x4 and ' through the neutrino exchange and chirality

change while the g, breaks and initializesa 7°:
$(1020), = (a (g0 ) () = (W +v1), (0 +31), (W 27),
- (WL’ +v’L)R (vZ)+(WL+ +vZ’)R v +7°
- (WL’ +vZ)L v, +(vZ)+(WL+ +v£)L v+
suw+puvir’=a +x +1’or=p’ +7°
or simply expressed as:
$(1020), > 7" +7" +7° or=p" +7° (7.25)

In the second version of this bound (™ and g, with same chirality), x

and x4 decay to eand e’ through the neutrino exchange. Afterwards, e and

e’ may either separate or annihilate to produce y, while the gluon can decay into

neutrinos or generate a neutral hadron such as 7, w, or 7°:
$10020), = 1)) 1) = (7 +91), (05042, 9+,
- (WL‘ +vh )R (v +v), (WL* +vh )R
- (WL’ +V) )R (v, )+(WL+ +vh )R (v])=ev+e,

or,
$(1020), =( 22z ) (g, ) (22" ) = (W +v;)R (v +vi), (7 +vg')R
- (WL‘ +vy )R (v, +v]), (WL* +vy )R
>n+y(oro+y.x’+y)

or simply expressed as:
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¢(1020)4 —Sev+te'v (7.26)
$(1020), —>77+7/(or a)+7/,7z°+7/) (7.27)

The fraction of ¢(1020), decay modes plus the fraction of ¢(1020), decay
modes is about (15.4 + 0.4)% [42].

From Equations (7.23) and (7.24a, 7.24b), both ¢(1020)1 and ¢(1020), de-
cays produce kaons, with their combined decay fraction totaling about 83%. This
is expected since x° and x4 (of the same chirality) are more likely to combine
with g; than with g, due to stronger coupling. Therefore, it is unnecessary to
invoke the complicated Okubo-Zweig-lizuka (OZI) rule [88] [89] to explain why
decay modes ¢(1020), +¢(1020), — K(K0 orK* +K") would be more com-
mon than decay mode ¢(1020), > 7~ +7z" +7°.

DMesons and D’ - D" oscillation

In both SM and NPM, D°=cu, D°=cu . Similar to K°—K° oscillation,

the D°—D° oscillation is described as follows:
D’ =ci = (,uL )(geL)(e;) = (WR+ +Vh )L (VZ +vR) (W +vZ’)L
© (WR+ +vy )L (v +V)), (WR’ + Vg )L = (e?)(geL)(,UL) =uc=D"

Inthe SM, D" =cd, D =cd and Dj =cs , which is prohibited in NPM.

(7.28)

7.4. Mesons with T and t*

7" decay

We anticipate that 7 will possess a lifetime shorter than that of 7 and will
decay into 7,u",u,e or e through interactions involving g, g;, g, or g,.
Below are examples illustrating possible decay processes:

* _ - ' n ” - " 2 _ * o
rR+gTL=(WL +V‘)R+(V Y )L —>(WL +V ) (vL+v‘ . =7, +8g.z;

* * - ! " " - " ' . *
TR+gyR:(VVL +V\)R+(VL+VL)R_)(WL +VL) (VL"'"\)R:/U +8:r>

* _ - ' ” " - " ” ' _ * o,
Trt8&u =(WL +V|)R+(VL+VL)L —)(WL +vL)L+(vL+v‘) =U+g.z;

R

+(ge)L E(WL_ +v")R +(VZ +v1';)L —)(WL_—i-v]';)L +(vz +v|')R Ee+g:R;

"‘(&)R E(WL_-FV")R +(vz +v1';)R —)(WL_-i-v;)R +(vz +v")R =e +g,

They can be stated more simply as:

T g or+gl (7.29)
T+ g; — U+ g: (7.30)
r*+gﬂ—>,u+g: (7.31)
T +g, >etg. (7.32)
T +g, e +g (7.33)

The neutrino exchange in these decay reactions theoretically produces a new

lepton and gluon; however, it could instead yield two separate neutrinos:
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z';-l-grL E(W[-l—v;l) +(V +VT‘)

_ " " .
—>(WL +vﬂ) +v! +V =7, 4V, Vs

7]
or simply expressed as:
T g STV (7.34)

When the 7° is in an excited state , these decays would inspire extra neutrals
like 7° and p°, etc, and the gluon g’ may break into v, +v. Thus, if omit-
ting the gluons and neutrinos for the present purposes, the 7~ may decay to so
many combinations of particles:

T onu e e K.l o+x, i+ 2% u+ 7’ e+,
eE+at t+p 1+ u+plie+pte + 0

Currently, most of these decay modes are grouped under 7 decay [42].

The uncertainties in measuring and defining the top quark mass may be related
to the existence of 7~ [90]. Between 2011 and 2024, LHC physicists conducted
multiple measurements of the top quark mass, obtaining results that varied across
a significant span of about 6.5 GeV [91]. Progress may be possible if the existence
of a heavy top quark and tau particle is confirmed.

Tdecay

The rparticle has a relatively short lifetime and can decay into ", z,e or e
through interactions involving g:, g, or g, .Examples of some decay pro-

cesses are as follows:
Z'L+g;RE(WL_+\/")L+(VZ+VZ)R—)(WL_+VZ)R+(VZ+V")REy;+g:R;
+(g#)LE(VVL_+V")L v +v)) —>(W +vL)L+(vL+v") =4, 480

+(ge)RE(WL_+v")L Vi +vp), —>(W +v1';)R+ vZ-i—v")LEe;*+grL;

+(ge)L E(WL_"‘V\’)L vl + V) —)(WL_+V1;)L +(v2' +v")L =e +g,.

They can be simply stated as:

g, U +g, (7.35)
T+g, DO UtTg, (7.36)
T+g, e +g. (7.37)
T+g, >e+g, (7.38)

Mesons with 77"
Theoretically, there may be some possible mesons with zz* compositions,

boundby g, or g :
(TL)(grL)(TZ);(TL)(gTR)(TZ);(TL)<g:L>(TZ);
(TL)(g:R)(TZ);(TL)(grL)<TZ);(TL)(g:R)(T;);

Of these, the first combination appears to be the most stable; therefore, we des-

ignate it as the y(1S) meson:
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7/(1S)(bl7) =(7,)(g.. )(TZ) = (WL' +v‘)L (vL +V|)L (WL+ +V‘)L (7.39)

Mesons with 7°z°
. . . . * Ok LY
Similarly, there may be some possible mesons with 7z compositions,

boundby g or g':
(72)(2e)(z2 ) (72 ) (2en ) (2 )s(2 ) (22 ) (27 )
(72 )(&re) (=2 )s(22 ) (e ) (w2 )2 ) (2o ) (2 ):
The third combination could be the most stable, we designate it as the @meson:

O(°T)= (i )(gau (i) = (We #9), (actm), (W +w), - 240

B’ — B’ oscillation and B! - B’ oscillation
The B°-B" and B°-B’ oscillations are analogous to K’ —K° and
D’ - D! oscillations, all requiring quarks and gluons with matching chirality.

They can be represented as:

B (db7) = (e ) n )(ri ) = (W +33), (e vi), (W 7,

- (7.41)
o (W), (en), (9 07), =(w) (g0 ) (e ) (b )
Bf(sl;)z(,uL)(grL)( )E(WL'+V'L)L(V|”+VL) (W++v‘”' ., a2
(—)(W[-ﬁ-v‘”) (vL+v‘) (WL++VZ)L ( )(gTL)(,uL) Bso(bs)

The following couplings of B charged mesons are present in the Standard
Model (SM) but are not allowed in NPM: B (ul;) and B’ (cl;) The LHCb
Collaboration has recently reported initial evidence for direct CP violation in
beauty to charmonium decays [92]. The observed CP violation may be primarily
associated with uncertainties in understanding the composition of 7", K* and
B” mesons.

Lepton flavour universality violation (LFUV) with B decay

The Standard Model asserts that electrons, muons, and taus should be created
with identical probability in particle interactions, after adjusting for their mass
differences. While recent LHCb data on B-decays (such as B* — K*u u" vs
B* - K*e¢'e") now better match SM expectations [93], LFUV tensions remain,
particularly in tau-related B-decays ( B — D(*)Tv) [94]. From the NPM perspec-
tive, lepton universality isn’t required, since leptons may interact differently due
to variations in their internal structure and couplings; additionally, quarks are

considered bonded leptons of corresponding flavor.

8. About Neutrinos

8.1. Particular Type of Photons

Neutrinos are photons that are produced under specific conditions. In the early
universe, neutrinos only emerged after second-generation particles—such as glu-
ons, leptons, and Higgs bosons—had formed. Typically, neutrinos result from

gluon fragmentation, lepton decay, or meson decay, taking on flavours based on
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their previous tendency of coupling, which in turn influences how they interact
with other particles.

In comparison, ordinary photons are usually produced during processes such
as particle-antiparticle annihilation, electromagnetic decay, and bremsstrahlung;
they do not possess flavour, and under certain conditions can merge with other
photons or divide into new ones. For example, during electron-positron annihi-
lation, the interior W~ of the electron annihilates with the interior W™ of the
positron, resulting in the production of two EM™ and two EM ™~ particles that
dissipate into the background EA/ field, while the interior y components of both
the electron and the positron are released and subsequently lose their coupling
tendency (flavour). In electromagnetic decay or bremsstrahlung, the electron’s in-
ternal y splits into two photons—one remains coupled with W™, while the other
is emitted from the electron as a gamma or X-ray photon, rather than as a cou-

pling-prone neutrino.

8.2. Sources of Neutrinos

Neutrinos can result from the breakup of unstable fermions, bound gluons, or free
gluons under extreme conditions. As discussed in Section 7, many neutrinos are
emitted from bound gluons and unstable quarks during meson decay processes.
In nature, both free and bound gluons exist in and around objects like stars. Many
solar neutrinos may result from gluon breakup in the solar core under extreme
conditions. Neutrinos are not produced by pure fusion, which only adds binding
gluons without splitting them (see Section 11 for details).

Neutrinos from gluon breakup, as predicted by NPM, may address unresolved
issues in astrophysics. For example, it is unclear how neutrinos are generated dur-
ing massive star core-collapse, what are the explosion mechanism of core-collapse
supernovae (CCSNe), and why explosive energy growth rates fail to account for
observed *Ni mass [95]-[99].

There is another example. White dwarfs are stellar remnants that have depleted
their nuclear energy sources and cool gradually, emitting light from residual heat
over billions of years [100]. However, recent scientific studies have found that
some cooling white dwarfs exhibit a constant luminosity for a longer period than
previously expected. This extended cooling process suggests the possibility of an
unidentified energy source influencing the rate at which these stars freeze [101]
[102]. The breakdown of unknown gluons has been proposed as one possible ex-
planation for this cooling behavior observed in high-mass white dwarfs.

So, one of the main sources of neutrinos in nature is the gluons. As the mediates
of strong interactions, gluons are well-known in current theories; but as a partic-
ipant of weak interactions, the existence and function of gluons are not well
known at present. To address various phenomena in the neutrino sector that ex-
tend beyond the Standard Model (SM), physicists have introduced numerous the-
oretical particles and models involving neutrinos and gluons. These include heavy
neutral leptons (HNL) [103], dark photon coupling [104], heavy neutrino (HN)

DOI: 10.4236/jhepgc.2026.122067

1326 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.122067

X.H.Ye

[105] and SM gauge-singlet fermions (sterile neutrinos) [106], which could be ex-
plained by the features and behaviors of different free gluons (dark matters) in
NPM.

The next subsection will discuss gluon channel functions in relation to neutrino

oscillations.

8.3. Mechanism of Neutrino Oscillation

Neutrino oscillation resembles meson oscillation; both involve gluons mediating
neutrino exchange, with the latter using bound gluons and the former involving
free gluons.

The interactions between three flavours of gluons and three flavours of neutri-
nos can be expressed as following (note: for the present purposes, here the chiral-
ity of the gluons and the heavy states of gluons are not presented, which follow

the same patterns of neutrino transmutation):

Vor T84 = Ver +(V”L +V,,L) > (v(,R +V#L)+V”L =8tV (8.1a)
Vo T84 =Va +(V#R +V/JR)<—) (vd +v”R)+v”R =g Vi (8.1b)
Vet+g =V, +(er +er) s (veR +V1L)+Vr| =g, +v, (8.2a)
Vo T8: =V +<VTR +Vr\) © (VeL +VTR)+VT\ =gtV (8.2b)
VT8 =V, +(er +Vz'|) © (vﬂL +v,L)+vﬂ =g,tv, (8.3a)
Var t & =Var +(er +vr‘) © (vﬂR +VTR)+VT‘ =g,tv, (8.3b)

Equations (8.1a) and (8.1b) show that v, and g u helicity or chirality changes
during oscillation. Recent studies on relic neutrinos confirm this shift with signif-
icant probability [107]. Another research finds evidence that dark matter and neu-
trinos may interact and exchange small amounts of momentum, challenging the
Standard Model of Cosmology (Lambda-CDM) and potentially explaining why
the universe today is less “clumpy” than early data predicted [108].

In the Standard Model, neutrinos propagate as superposition states, but in
NPM, their state remains fixed during propagation and interaction. While flavour
conversion may seem to create a new neutrino with different properties, it is an
exchange of position between the traveling neutrinos and bound neutrinos.

The mass hierarchy of 7 1 and e matches that of their respective gluon and neu-
trino counterparts. Mass (energy) conversion typically occurs stepwise, so most tran-
sitions between v, and v, proceed via v,, making direct v, —v, conversions
(as in Equation 8.2a and 8.2b) rare. These repeated conversions resemble oscillations.

The likelihood of neutrinos interacting with free gluons decreases as their en-
ergy increases. Because v, and v, often originate from heavy or high-energy
particle decays, they tend to have higher energies and travel farther before inter-
acting with gluons compared to v,. For example, a recent KM3NeT detection
captured an ultra-high-energy cosmic neutrino that had traveled an exceptionally

long distance and time [109].
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We propose that the three neutrino mass eigenstates predicted by the PMNS
matrix theory [110] [111] correspond to the masses of the three gluon flavours
(including heavy states). Determining gluon flavour masses from other sources
could enhance the accuracy of the PMNS matrix, and improvements in this theory
may, in turn, yield more precise values for both gluon and neutrino masses.

Free gluons are also widely distributed in ordinary matter, so neutrino oscilla-
tions may occur in other areas rather than the core area of the sun and the earth
with the Mikheyev-Smirnov-Wolfenstein (MSW) effect [112]. Because of their
frequent weak interactions and gravitational interactions with regular matter, free
gluons can follow baryon distribution closely. This may help address the “mass
discrepancy” in ACDM [112] [113] and account for observations explained by
Modified Newtonian Dynamics (MOND) theory [114].

Photons likely do not interact with gluons because they lack flavours, unlike
neutrinos; however, further research is needed to clarify this mechanism.

9, About Weak Interaction

9.1. Violation of Charge Conservation and Energy Conservation

In the Standard Model, weak interactions involve Wor Zboson exchange between
fermions. For instance, in neutron £~ decay: d >u+W ,and W~ —e+v,
resulting overallin d > u+e+v,, ddu — duu+e+v,,or N —>P+e+v,.

In NPM, as noted in Section 2, the up quark has +1 charge and the down quark
has -1 charge, so the process d —u+ W~ violates charge conservation. It also
breaks energy conservation unless external energy is provided, making spontane-
ous occurrence impossible. While the SM uses quantum tunneling to address en-
ergy violations, its low probability cannot account for the rapid decay of many
unstable particles.

Similarly, the reactions u+W~ —d , u—>W" +d , W' —>e +v, and
W*+v,—>e" are invalid. The down and up quarks, considered as electron and
heavy electron (e and ¢ ) bound by gluons, should be as stable as eand e,
and not decay under normal conditions. In NPM, since up and down quarks’ com-
position implies that u —d requires W™ — W, this would violate charge con-
servation.

Processes such as d »>u+W~ and W' —e" +v, may conform to the weak
isospin conservation law mathematically but not align with the charge conserva-
tion law and energy conservation law in physics. This indicates that the weak iso-
spin hypothesis may have limitations even when applied to weak interactions.

Although W~ is unstable, the process W — (v does not occur in practice.

The actual decay involves W~ interacting with an invisible gluon, for instance,
W§+geEW£+(V¢+VGR)_>(W§+VEL)+VGREe+V@ (9.1a)
or Wy+g,=Wy +(VﬂR + Vg ) - (WR’ + vuR)-i- Vg =MV, (9.1b)

The CDF collaboration’s 2022 report measured the W boson mass at 7 standard
deviations above the Standard Model (SM) prediction [115], hinting at new phys-
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ics. While recent ATLAS [116] and CMS [117] results align with SM expectations,
the anomaly is unresolved since there are no clear issues with the CDF measure-
ment. Other experiments like LEP combination [118], DO [119] and LHCDb [120]
also show W boson masses higher than the SM value. One possible explanation is
the Wboson’s interaction with invisible gluons in processes like (9.1a) and (9.1b).
The influence of these interactions on measurement outcomes can be affected by
variables such as gluon type, the specific final state particles detected, and the mo-
mentum of the Wboson. Consequently, experiments that utilize different colli-
sion pairs, collision energies, or detection particles may observe varying degrees
of impact.

A more popular process is the # decay process ux —>e+V, +v,, which also has

an invisible g, involved, for example,

u+g, E(WR’ +vﬂR)+(veL +VeR)_)(WI; +veL)+vER tvp=et+v,+v,  (9.2)

9.2. Neutrino-Induced Beta Decay

Neutrinos typically pass through matter without interaction or detection because
of their neutral charge, very small mass, and lack of participation in electromag-
netic and strong interactions. Occasionally, they collide with particles—as ob-
served at CERN—where high-energy neutrino beams struck nucleons, causing
them to recoil or break apart [71]. Research also suggests that many £ decays may
result from neutrino interactions rather than occurring spontaneously.

There are two main types of beta decay: S~ decay, where a neutron turns into
aprotonviaa W~ bosonasadown quark becomes an up quark,and S* decay,
where a proton becomes a neutron viaa W* boson. While the Standard Model
attributes beta decay to weak interactions, the exact cause and mechanism in na-
ture remain uncertain [121].

In 1973, experiments in CERN’s Gargamelle chamber observed that a neutrino
altered the trajectory of an electron via the neutral current (virtual 2Z) [122]. This
was interpreted as a direct interaction between the neutrino and the electron, sim-
ilar to the elastic neutrino-electron scattering studied by MINERVA experiments
across various energy scales [123]-[126].

As outlined in Section 2, the down quark is described as an electron bound by
a gluon, while the up quark is characterized as a heavy positron similarly bound.
Consequently, both particles may participate in scattering events with neutrinos
akin to those observed with electrons. This interpretation is further supported by
data obtained from studies and measurements of coherent elastic neutrino-nu-
cleus scattering (CEVNS) [127] [128].

We observe that neutrinos are the primary cause of most beta decays, rather
than beta decays generating neutrinos. The following observations support neu-
trino-induced beta decay:

1) Many fully ionized atoms experience much faster beta decay [129], as the
absence of outer electrons leaves nucleons more exposed to incoming neutrinos.

2) The pB* decay rate increases with the number of neutrons and protons in
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the nucleus [130]. This occurs because more nucleons lead to greater excitation of
binding pions, weakening nuclear forces among protons and raising the likelihood
of B* decay, as more pions are susceptible to neutrino interactions (see Sec. 9.4
for details). A single isolated proton cannot undergo B* decay since no pion is
excited.

3) Some nuclei can undergo Sf decay, in which the charge of the nucleus
changes by two units; this is considered the rarest form of radioactive decay. As
of 2019, only 14 instances of S decay have been observed, with the isotopes ex-
hibiting this decay having an average lifetime exceeding 10'® years [131]. This is
due to the extremely low probability of two neutrons’ uud-d cores within a nucleus
interacting simultaneously with two incoming neutrinos. Standard Model theo-
ries also predict the possibility of “neutrino-less Sf decay”, though no experi-
mental observations of this process have been reported to date [132]. Under the
neutrino-induced beta decay hypothesis in NPM, it is suggested that this type of
decay does not occur.

4) The SNO+ Collaboration has reported initial evidence of ®B solar neutrinos
interacting with "*C to produce N and an electron [133]. In the next section, we
will show that this process is exactly a decay. If neutrinos can induce isotope tran-
sitions with stable isotopes like *C, they are likely capable of causing similar tran-

sitions with unstable isotopes, as occurs in beta decays.

9.3. About 8- Decay

As discussed in Section 2, following early universe evolution, protons and neu-
trons formed with the structures shown in Figure 3.

At any given time, countless neutrinos pass through each neutron, occasionally
striking the uud-d core structure. While the stable uud segment typically remains
intact, the extra down quark (or bound electron)—due to its weaker binding—can
be ejected by a neutrino—typically an electron neutrino. The neutrino then loses
some kinetic energy and changes direction, and the neutron transforms into a
proton as it loses the additional d quark (or electron), as shown in Figure 4. Thus,
B~ decay can be represented as:

N +v, (incident) = uud +d +v, (incident)

— uud +e+v, (incident) = P+e+v, (incident)

or more simply:

N+v, (incident) —>P+e+v, (incident) (9.3)

A well-known example of B~ decay involves measuring the lifetime of free
neutrons, typically about 15 minutes. Two main methods—beam and ultracold
neutron storage—produce results that differ by roughly 9 seconds (4 standard de-
viations). Despite decades of refinement, this discrepancy persists [134] [135].
NPM suggests the difference is due to different movement: fast-moving beam
neutrons have a lower chance of neutrino interaction and thus last longer, while

ultracold neutrons are more likely to be struck and decay faster due to slow move-
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ment, maintaining the 9-second gap between methods. One approach to assess
whether incoming neutrinos affect neutron lifetime measurements is to re-analyse
historical data to check for the presence of annual or diurnal oscillations in decay

rates.

B

Figure 4. - decay. A neutron interacts with a neutrino, resulting in the transformation
of the neutron into a proton as one of its down quarks is removed. The neutrino experi-
ences elastic scattering, altering its trajectory and continuing onward with reduced kinetic
energy.

Another popular example of the S~ decay is the Homestake experiment. But
in the Standard Model, this experiment is described as charged current interaction,

inverse S~ decay, or inverse electron capture reaction:

TCl+v, > T Ar+e

The reaction is a neutrino impact, corresponding to a S~ decay, rather than

a neutrino capture, and should be stated as such:

'Cl+v, (incident) = " Ar + e +v, (incident)

The threshold neutrino energy for this reaction is 0.814 MeV; consequently, the
resulting v, typically remains undetectable because of the very limited kinetic
energy available. An analogous /A~ decay occurs in the gallium (Ga) to germa-
nium (Ge) reaction, which has a substantially lower energy threshold of 0.233
MeV (refer to Sec.10.4 for additional details).

A widely cited example of S~ decay is the Wu experiment [136]:

“Co— “Ni+e+v, +2y

The experiment provided evidence of parity violation (P-violation) in weak in-
teractions, which is attributed to the participation of only left-handed fermions
through the exchange of virtual Wbosons [137]. However, as noted in Sec. 9.1, W
exchange processes such as d >u+W~ and W~ —e+7V, are not valid. It is
proposed that P-violation may result from the presence of preferred spatial direc-
tions, where incident neutrinos can more effectively kick out the extra down quark
in the duu-d core of the neutron, while associated binding gluons may dissociate

into two photons emitted in opposite directions. The underlying cause of parity
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symmetry breaking may relate to structural features of the nucleus, specifically the
existence of a closed end and an open (growing) end, with beta decay occurring

predominantly at the open end (see further discussion in Section 11).

9.4. About f* Decay

The uud core of the proton represents one of the most stable configurations
among all hadrons; it remains intact even when subjected to interactions with
neutrinos or photons, so an isolated proton has not been observed to decay in
nature. Consequently, physicists do not need to take proton decay into account
when working with accelerated protons confined within the LHC.

In proton-rich nuclei, Coulomb forces may cause some protons to be ejected or
held by the nucleus via excited mesons (mainly 7”) and gluons. As illustrated in
Figure 5, an incoming neutrino can break an excited 7z° into an electron, posi-
tron, and gluon. The electron can bind to the proton’s uud core, changing it into
a neutron, while the positron escapes and may annihilate with a shell electron.

This outlines the basic mechanism of S* decay:
P+7° +v,(incident) = (uud ) + (dd+ ) +v, (incident)
— (uud +d)+d" +v, (incident) = N +¢" +v, (incident)
or more simply
P+ 7" +v,(incident) - N +e" +v, (incident) (9.4)
where the associated gluon ( g, ) may go undetected in the background.
The excited meson can also be either a p” or @ meson, both of which may

decayintoagand " uponinteraction with v, . The g decays into an electron,

which is then attracted and bound to the proton via a gluon, converting the

proton into a neutron as the x* exits the nucleus. This describes the reaction
p(v,.u')n.

Figure 5. f* decay. When a neutrino interacts with a pion beside a proton, the excited
pion may decay into an electron and a positron. The electron can be absorbed by the pro-
ton’s core, resulting in the conversion of the proton into a neutron, while the positron
moves away from the nucleus.
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In the SM, pB* decay is typically written as:

P> N+e +v,.

The process cannot happen spontaneously or with a lone proton, as extra en-
ergy is required to convert a proton into a neutron, positron, and neutrino. The
subprocesses (u >W* +d and W* — e +v,) are also invalid, as noted in Sec.
9.1. In NPM, this energy comes from the excited 7’ and the incoming neutrino
(see equation 9.4).

In the Standard Model, inverse A" decay[138]is givenby P+V, > N+e”
based on the reaction W' +7Vv, —e", which can occur only in extreme high-en-
ergy environments like those present early in the universe. Electron capture (EC),
another form of inverse fB* decay, will be discussed next.

The Cowan-Reines neutrino experiment involves an (inverse) A* decay pro-
cess [139]. It is proposed that the electron captured and the emitted positron in
this experiment originate not from the hydrogen nuclei, but from the Cl nuclei or
Cd nuclei of the liquid scintillator (CdCl,), where there are excited z° mesons

required for the B* decay.

9.5. About Electron Capture

Electron capture (EC) is an alternative to S* decay in proton and electron-
rich atoms. It is the sole option when a proton binds to a nucleus via a gluon,
as in "Be (see Figure A4(c)), rather than through a light meson and gluon, as
in ®B (see Figure A5(c)). In EC, a K- or L-shell electron is captured by a nucleus
proton.

Within the Standard Model, electron tunnelling into a nucleus to transform
a proton into a neutron through weak interactions involves processes like
e—>W +v, and u+W~ —d .However, asnotedin Sec.9.1, u+W~ —d vio-
lates charge and energy conservation, and e — W™ +v, cannot occur spontane-
ously because the electron is stable.

Some may suggest that the energy to overcome the barrier is provided by the
binding energy difference between the parent and daughter nuclide [140]. How-
ever, this differential binding energy is typically released after electron capture,
usually as one or two gamma rays.

In NPM, electron capture has two forms. One involves a K- or L-shell electron
being absorbed by the nucleus, often after yray impact. This process may release
yrays (from nuclear de-excitation) or X-rays (from electron shell transitions and

bremsstrahlung), which can be described as:
P+e+y(incident) = uud + e+ y (incident)
— (uud +d )+ y (incident ) + (s or X-rays)(released)
= N +y (incident ) + (s or X-rays)(released)

or more simply:

P+e+y(incident) — N +y (incident )+ (ys or X-rays)(released)  (9.5a)

DOI: 10.4236/jhepgc.2026.122067

1333 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.122067

X.H.Ye

Another form of electron capture occurs when a neutrino strikes an electron in
the K- or L-shell, causing it to be captured by a proton in the nucleus (see Figure
6). This may lead to y emission from nuclear de-excitation, X-ray release from
electronic de-excitation, and electron bremsstrahlung. The process can be sum-
marized as follows:

P+e+v(incident) = uud + e+ v (incident)
— (uud +d ) +v(incident ) +( s or X-rays)(released )
= N +v+(ys or X-rays)(released)

or more simply:

P+e+v(incident) > N +v(incident )+ (s or X-rays)(released)  (9.5b)

Figure 6. Neutrino-induced Electron Capture. In a proton-rich and electron-rich atom, an
electron is knocked by a neutrino and captured by the proton, then bound to the core by a
gluon, which makes the proton transmute to a neutron.

The reaction 'Be — ’Li may represent one of the earliest electron capture
(EC) processes occurring during Big Bang nucleosynthesis. The EC reactions
Cr—>°"'V, 7Ar—Cr and "'Ge— "'Ga are commonly studied in Ga
anomaly experiments, as will be discussed in Sec. 10.4.

It may be more accurate to consider A% decay as a specific form of electron
capture, where the captured electron originates from a different source, such as
an excited 7” bound to the nucleus, rather than from the electron shell.

Analysis of various forms of beta decay indicates that the influence of ambient
neutrino flux has been insufficiently addressed in current theoretical frameworks.
As a result, the calculated cross-section for neutrino interactions with nucleons
and electrons may be erroneously estimated at approximately 10™* cm? [141],

thereby rendering neutrino-induced beta decay seemingly implausible.

10. Neutrino Associated Anomalies

10.1. Decay Rate Variability

Although some studies link variability in radioactive decay to changes in solar and
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cosmic neutrino flux [142], others disagree [143]. These conflicting findings may
result from differences in experimental conditions, methods, equipment, meas-
urement sensitivity, or misinterpretation of results. Here, we present some evi-
dence supporting Falkenberg’s conjecture of neutrino-induced beta decay [144],
noting that opposing studies have yet to provide compelling counter-evidence.

Determination of solar neutrino variability

The Borexino [145], SNO [146] and Super-Kamiokande [147] have observed
annual modulation in solar neutrino interaction rates, consistent with changes in
the Earth-Sun angle.

Super-Kamiokande also reported a day/night asymmetry in solar neutrino flux
[148]. Therefore, observing annual or diurnal oscillations in neutrino-induced de-
cay rates is plausible, provided experiments control for weather and environmen-
tal factors.

The GSI and Bellotti radon experiments

The GSI radon experiments have demonstrated diurnal variation in radon beta
decay data that does not appear to be attributable to local environmental factors
[149]. Similar patterns were recorded in experiments conducted at different loca-
tions, where conditions included gas radon sealed within closed volumes, gamma
detectors shielded with lead, and an additional detector monitoring environmen-
tal gamma rays.

Other specialized GSI experiments using a goniometer design have demon-
strated that radon beta-decay measurements exhibit directional characteristics
[150].

The vertical and perpendicular channels measured different results for radon
beta decay, showing variations in both the pattern and pace. These results also
differed from the environmental gamma ray measurement patterns. The experi-
mental outcomes indicate that solar radiation flux may influence radon beta decay
processes.

There were two versions of the Bellotti radon beta decay experiments: one with
radon in air and another with radon in olive oil, both in spherical containers [151].
The first experiment showed diurnal oscillations like those observed in the GSI
experiments.

However, the second Bellotti radon experiment did not observe a diurnal vari-
ation, unlike the first experiment. The addition of olive oil appears to have con-
tributed to this difference. In paper [151], Bellotti and colleagues suggest that dis-
placement of radon within the gas volume may cause diurnal variation by affect-
ing detection efficiency, and the use of olive oil may have mitigated this effect.
Alternatively, it is possible that the in-air setup of the initial experiment kept the
radon nucleus closer to its original state, while introducing a medium such as olive
oil might alter the nuclear binding environment at the open end of the radon nu-
cleus. A similar phenomenon was noted in the Cowan-Reines neutrino experi-
ment, where S decay was rare in pure water but became more prominent when
a liquid scintillator like CdCl, was added (see Sec. 9.4).
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Reactor-status effect on the B* decay rate of Na

To examine the potential effect of electron antineutrinos on beta decay and ad-
dress limitations of earlier experiments, fS-decay counting with **Na and *Co
sources was performed at the Koeberg Nuclear Power Station in South Africa.
Measurements spanned approximately three years during reactor ON-OFF cycles
[152]. The Pb-shielded sources were in the seismic vault beneath the reactor core
containment building.

After excluding system uncertainties and background factors such as fast neu-
tron-induced reactions, a reduced neutrino effect on the beta decay rate was de-
tected in the ?Na source, while no reactor status effect appeared with the ®°Co
source—an outcome current theories cannot explain.

However, the observations in NPM provide a qualitative explanation for the
observed differences between the *Na source and the “Co source.

First, as discussed in Section 9, most beta decays are influenced by neutrinos.
When the reactor is ON, many neutrinos emitted from the reactor are “second-
hand” solar neutrinos with reduced energy. With the reactor OFF, solar neutrinos
directly affect both *?Na and ®Co source. However, when the reactor is ON, espe-
cially around noon, solar neutrinos interact with dense fission materials in the
core; only those retaining enough kinetic energy can reach and impact the *Na
and “Co sources. This interaction may reduce the beta decay rates of both sources,
particularly for 2Na, due to its higher neutrino interaction cross section.

Secondly, while fast neutron capture on the **Na source could raise 1275 keV
gamma ray counts by converting *Na to *Na, it would also lower the B* decay
rate for the same reason. The paper overlooked fast neutron capture interference
with ®Co [152]; yet, neutron capture turns “°Co into Co, which has a much
higher A~ decay rate.

Although fast neutron capture slightly increases the beta decay rate as back-
ground for the *Na source, it does not offset the reduction caused by fewer neu-
trinos; thus, the reactor neutrino effect on *Na B* decay is negative. For 9'Co
B~ decay, the negative impact of reduced neutrinos is mostly counterbalanced
by the opposing effect of fast neutron capture, so the change in decay rate between
the reactor’s ON and OFF states may fall below detectable levels.

10.2. RAA and 5 MeV Bump

In 2011, the Huber-Mueller model’s revised calculations of reactor antineutrino
flux [153] [154] and neutron lifetime predicted values about 5% higher than pre-
vious short-baseline experiment measurements, a discrepancy known as the reac-
tor antineutrino anomaly (RAA) [155]-[158].

The RAA has prompted extensive experimental and theoretical studies, many
of which found that flux deficits vary between fission isotopes [159]-[162], a result
not explained by the sterile neutrino oscillation hypothesis and suggesting issues
with the Huber-Muller model.

Extensive studies of reactor antineutrinos have revealed an excess near 5 MeV
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in the prompt energy spectrum, known as the 5 MeV bump or shape anomaly,
first observed by RENO in 2014 [163] and later confirmed by over ten other ex-
periments [164]-[175]. Comparisons indicate this anomaly is independent of fis-
sion isotope.

Although recent summation models that incorporate updated nuclear data have
largely replaced the RAA, the 5 MeV bump persists and remains insufficiently
explained [176]. Consequently, these new models do not fully account for all ob-
served reactor neutrino data.

We suggest that both the RAA and the shape anomaly are related to “second
hand” solar neutrinos, which are not accounted for in the Huber-Muller or newer
models. These reactor neutrinos are solar neutrinos scattered by fission isotopes—
hence, the RAA’s isotope dependence arises from varying cross sections with dif-
ferent solar neutrinos. The 5 MeV bump is likely due to ®B and Aep solar neutrinos,
which peak near 6.8 MeV [177].

As discussed in Sec. 9.4, within the Standard Model (SM), inverse beta decay
(IBD) is represented as:

P+v, > N+e'.

Accordingly, the energy of incoming neutrinos and the prompt positron energy

are given by the equation [178]:
E,, = E(prompt)+0.78 MeV +T,

where 7, represents the kinetic energy of the recoil neutron, which can typically
be neglected. This expression does not account for the undetectable outgoing neu-
trino. Therefore, the difference between the incoming neutrino energy and the
prompt energy may exceed 1 MeV.

The 5 MeV bump strongly suggests that beta decays are caused by neutrinos,
since it is unlikely that various fission isotopes would spontaneously emit neutri-
nos with similarly distorted energy spectra.

One method to evaluate whether incoming neutrinos are associated with the
RAA and the 5 MeV bump is to re-examine historical data for evidence of annual

or diurnal oscillations in beta decay rates.

10.3. LSND and MiniBooNE Anomaly

The LSND [179]-[181] and MiniBooNE [182] [183] experiments have observed
anomalous excesses of v, -like and v, -like events within v, beams at short
baselines. The combined significance of these anomalies has reached approxi-
mately 6.10 [184]. While these observations remain under active discussion and
investigation, numerous theoretical models—such as 3 + N and resonant neutrino
oscillations [185], sterile neutrino decay [186] [187]—have been proposed to ac-
count for the results.

The origins of these anomalies in NPM can be attributed to the hypothesis that
neutrinos are Majorana particles, meaning neutrinos and antineutrinos are iden-

tical in their properties and behavior. As a result, both v, -like and v, -like events
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are considered equivalent, and both v, and v, running modes should include
both types of events, leading to an expectation of increased event counts. Conse-
quently, the observed anomaly is absent in the dump mode, which does not dif-
ferentiate between neutrinos and antineutrinos [188].

The following observation from the MiniBooNE experiment indicates similar
behavior between neutrinos and antineutrinos: a) beam timing data shows that
most of the excess events occur in coincidence with neutrinos interacting in the
detector; b) the radial distribution demonstrates that the excess is present
throughout the detector volume, and applying more restrictive fiducial volume

cuts increases the significance of the observed excess [188].

10.4. Gallium Anomaly

The measured neutrino capture rate on "'Ga from an intense source in the four
original calibration experiments showed approximately a 2.5c0deviation from the-
oretical predictions [189], which has increased to 60 with the results of the BEST
experiment [190] [191]. Various studies have examined possible explanations for
this gallium anomaly, including the 3 + 1 active-sterile neutrino mixing scheme
[192] [193], re-evaluation of the neutrino capture cross section [194], potential
unknown excited states of Ge, and overestimation of the source intensity [195],
among others.

From the NPM perspective, measuring source intensity is a promising ap-
proach to addressing the Ga anomaly. As [195] notes, if the actual branching ratio
for *'Cr decays to the excited state of *'V were just ~2% higher, source intensity
could be overestimated by ~20%—sufficient to account for the anomaly. As men-
tioned in Sec. 9.5, not all electron capture (EC) events are neutrino-induced; some
result from y-ray interactions, leading to an overestimation of source neutrinos

due to incomplete understanding of the EC process.

11. Nuclear Forces and Binding Structures

11.1. Current Models of Nuclear Forces

Currently, various models of nuclear forces exist, including shell model [196], me-
son exchange model [197], electromagnetic hydrogen model [198], Gamow’s al-
pha decay model [199], Weizsdcker formula and the liquid drop model [200], al-
pha cluster model [201], collective model [202], collective-motion model [203]
and residual chromo dynamic model [204]. Most models focus on particular fea-
tures of nuclear forces rather than offering a full explanation [205], treating pro-
tons and neutrons equally according to QCD’s isospin symmetry.

A recently developed electromagnetic model [206] describes nuclear behav-
iours with consideration of the electromagnetic energies and forces of quarks
within nucleons, an aspect that previous models may not have addressed.

The nuclear force can be viewed as the attraction between up and down quarks
in different nucleons. Electromagnetic models, supported by detailed explana-

tions and calculations, indicate that nuclei form chain-like alpha-cluster struc-
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tures—an idea both theorized and experimentally observed by various researchers
[207]-[216]. Significant experimental quadrupole moments across nuclides (4 =
0 to 250) challenge models that assume a spherical nucleus shape [206] [217]. The
electromagnetic model suggests that internucleon quark binding, governed purely
by electromagnetic forces with a single variable, yields calculated binding energies
closely matching experimental values within a few percent [206].

As discussed in Section 6, NPM suggests that nuclear binding forces primarily
result from electromagnetic interactions among quarks inside nucleons and envi-
ronmental electromagnetic effects. Like the electromagnetic model, NPM ac-
counts for various nuclear force behaviors and predicts most nuclei have a chain-
like alpha cluster structure. However, significant differences exist between the two
models regarding quark charge and composition, gluon properties, and neutron
core structure. For instance, NPM offers more detail about interior structure var-

iations among nuclides and isotopes (see Sec.11.4 and Appendix).

11.2. Types of Nuclear Forces

Most standard models view nuclear forces as collective, while NPM and similar
models describe them as independent interactions between neighbouring nucle-
ons. For example, the meson exchange model sees nuclear forces as bonds formed
through virtual meson exchange between two nucleons. NPM identifies three
types of nuclear forces:

1) Direct Gluon Bond: This main nuclear force holds nucleons together in nu-
clides. A stable nuclide requires each core nucleon to have at least two strong Di-
rect Gluon Bonds. If any nucleon at the growing end is connected only by one
Direct Gluon Bond, the nuclide becomes radioactive; neutrons may /S~ decay
and protons may undergo electron capture.

2) Meson/Gluon Bond: this is the binding force between a proton and the
growing end of the nuclide via an excited meson and two gluons. This type of
nuclear force usually exists in a proton-rich nuclide, where the excited meson may
be generated by the electromagnetic interaction between nucleons. The proton
with a meson/gluon bond to the open end (or growing end) of the nuclide may
undergo B* decay.

3) Sea Gluon Bond: This refers to a collective nuclear force acting between
the sea gluons of an independent nucleon and those of core nucleons within a
nuclide. Such interactions typically occur when the independent nucleon occu-
pies a central concave region among a cluster of core nucleons, as observed in
structures like *H and metastable *"He within certain nuclides. Owing to the
inherently weak binding associated with this configuration, these states are
highly unstable, often resulting in neutron or proton emission, examples of
which include *H (see Figure A1(d)), °H (see Figure Al(e)), *He (see Figure
A2(d)) and '“He (see Figure A2(i)).

Several rules have been identified or proposed regarding various nuclear forces:

a) the valence quark of a core nucleon can only bond with one valence quark in
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another core nucleon, thus a core nucleon can maximumly binds three neighbour-
ing nucleons with the Direct Gluon Bond.

b) the extra down quark in the duu-d core of the neutron has more freedom
than another down quark in the same core, thus it has more chance to bind an up
quark of neighbouring nucleons with a Direct Gluon Bond.

c) when the number of protons in the core of the nuclei is fixed, the more
the neutrons with Direct Gluon Bond to the growing end of the nuclide, the
weaker the bonds, thus the higher the rate of A~ decay these neutrons will
undergo.

d) Following beta decay or electron capture, the nuclide promptly rearranges
its gluon bonds to reach the lowest energy state.

e) In halo nuclei, the halo neutrons or protons are not orbiting the core of the
nuclide in the traditional sense but are instead bound to the core via gluon or
meson/gluon interactions. These nucleons exhibit orbital-like behavior due to
several factors: first, the gluons involved in this binding are not directly detectable;
second, the matter and charge radius of “"He (see Figure A2(b)) exceeds that of
*He (the anticipated core, further discussed in the next subsection), making nu-
cleons attached to the *"He core look more extended than expected, for example,
in °He (see Figure A2(e)) and *He (see Figure A2(g)); third, in certain light nuclei,
two or three correlated neutrons may be bound to the nuclide core in a chain-like
configuration, resembling halo particles as they appear to orbit a relatively com-
pact core, such as in “Be (see Figure A4(p)) and *'B (see Figure A5(r)). Conse-
quently, similar bound nucleons do not display halo characteristics in larger nu-
clei.

Researchers have recently reported a 23-sigma anomaly in ytferbium isotope
shifts [218] and an approximately 1000-sigma anomaly in calcium isotope shifts
[219]. These findings have led to hypotheses that the anomalies may result from a
“fifth force” between orbiting electrons and the nucleus or from nuclear polariza-
tion. However, we suggest that these anomalies could be due to nuclear defor-
mation (stemming from variety of nuclear forces), not yet fully understood thus

significantly underestimated by current Standard Model theories.

11.3. Nuclear Building Blocks

In the early universe, after most particles and anti-particles annihilated, the ex-
panding and cooling cosmos formed hydrogen (°H, *H) and helium (*He, *He)
nuclides from a hot plasma of gluons, (anti)electrons, protons, and neutrons.
These nuclides became the building blocks for heavier elements created through
nucleosynthesis during events like star formation, supernovae, and neutron star
mergers.

Protons and neutrons are fundamental components of nuclei. Figure 7 shows
other common nuclides, categorized by their internal binding structures of pro-
tons and neutrons.

’H (deuterium) is stable because its proton and neutron are held together by a
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Figure 7. Basic nuclides and their internal binding structures. Nucleons are bound by Direct Gluon

Bonds between down quark and up quark of their core structures.

H (tritium) is expected to be stable due to its structure and higher average
binding energy per nucleon compared to *He, yet it has a measured half-life of
12.33(2) years [220]. This suggests the existence of a metastable state, **H, with
only two interior bonds. Despite having a comparable average binding energy per
nucleon to deuterium (*H), **H still undergoes beta decay because its binding
structure is less balanced and symmetric.

The independent *He (alpha particle) is a highly stable nucleus with six interior
bonds, making it unable to bond with additional nucleons. According to NPM,
*He also has a metastable state, *"He, featuring four internal bonds and four spare
valence quarks for bonding with nearby nucleons. It is *"He, not *He, that serves
as the nuclear building block for heavier nuclides. When *"He is emitted during
decay, it immediately transitions to the more stable *He state.

Likewise, *He has an isomer, **He, which may appear in certain unstable nuclei

or as a brief transitional state during isotope shifts.

11.4. Nuclear Behaviours Explained

Based on the nuclear force rules from Sec. 11.2, we determined the binding struc-
tures for isotopes ranging from *H to **C, shown as simplified graphics in Appen-
dix. These structures can account for observations in isotope transformation and
can also be used to predict possible, as-yet-unidentified states of isotopes. The fol-
lowing sub-section will provide several examples.

Why is °H so extremely unstable?

Similar to *H, *He, "He, “Li, °Li, °Be, "*Be, "B, °B, and ®C, etc, *H (see Figure A1(e))

contains a Sea Gluon Bond nucleon whose stability relies on the overall balance
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of the system, residing in the concave region of the nucleus. Minor vibrations or
external impacts may disrupt this equilibrium, resulting in the ejection of the Sea
Gluon Bond nucleon. Consequently, most isotopes of this type exhibit half-lives
on the order of zeptoseconds(zs) or yoctoseconds(ys).

Why s ®Be so extremely unstable?

The isotope ®Be exhibits two distinct energy states: the open state and the
bent isomeric state (*"Be). As illustrated in Figure A4, the U-shaped *"Be can
be incorporated within other isotopes. When *"Be separates from a parent nu-
clide and transitions to the open configuration of ®Be, the associated release of
energy or internal stress may cause it to dissociate into two *"He nuclei (see
Figure A2(b)), which promptly transition to their ground states as alpha par-
ticles.

Why is ''He not observed?

As illustrated in Figure A2(i), from a system balance perspective, "He contain-
ing two Sea Gluon Bond neutrons is considered neutron-saturated, which results
in the nucleus expelling any additional neutrons.

Why does '*B not have halo neutron while both B and '“B does?

As shown in Figure A5(n), "B features a symmetric structure with two halo
neutrons. Adding a neutron to an open-end chain disrupts this symmetry but
placing it to the concave area at the nucleus’s closed end preserves balance, as seen
in '*B (see Figure A5(0)). Adding one neutron to each halo tail maintains sym-
metry and creates '*B (see Figure A5(p)), which has four halo neutrons. Therefore,
while '®B possesses two halo neutrons like "B, its notably brief half-life—at-
tributed to the Sea Gluon Bond neutron—Ieads to unique characteristics and
manifestations. As a result, '*B may appear to lack halo neutrons.

Why does 'Be and “Be decay differently?

Although there are several differences between the decay of ''Be and "“Be, this
discussion addresses why the majority of !'Be undergoes decay, while most “Be
decays through the B n mode [220].

As shown in Figure A4(j), ''Be contains a halo neutron. When this outer neu-
tron becomes a proton via S~ decay and combines with nearby nucleons to
form a *"He component at the nuclide’s open end, another chain neutron can join
other nucleons to create a **H component at the same end. This process forms ''B
(see Figure A5(g)) without ejecting any neutrons.

As shown in Figure A4(p), “Be contains two neutron chains ending with halo
neutrons. When one halo neutron undergoes S* decay and becomes a proton,
forming a “”"He component, its adjacent neutron is ejected due to lack of space and
difficulty joining another chain. Therefore, '“Be typically experiences S n decay.

What causes the spikes in the binding energy curve?

Certain isotopes, such as *He, ®Be,?C,'*O and *Ne show distinct peaks in nu-
clear binding energy per nucleon (see Figure 8). We suggest these peaks arise from
unknown isomers of these isotopes that have even numbers of protons and struc-

tures composed of integer multiples of *”He.
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Figure 8. Binding energy per nucleon. Source: Wikipedia

(https://en.wikipedia.org/wiki/Nuclear binding energy). Data available from the NuDat 2
database [221].

We have determined the structures of *He, *Be,'*C and their isomers (see Ap-
pendix). Using B~ decays, we can also identify the structures of O and *Ne
isomers as shown in Figure 9. As transition states, these isomers’ binding energies
better reflect relationships with neighbouring isotopes than independent states.
Their average binding energy per nucleon is lower due to fewer bonds or open
structures. Measuring the binding energies of these isomers and updating current

data may smooth out or correct spikes in the binding energy curve.
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Figure 9. Beta decay studies have shown that O and *’Ne have transition isomers, O
and *™Ne.

11.5. Misconceptions About Fusion

Fusion is not exothermic reaction
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A common misconception is that nuclear fusion is exothermic. For instance, in
the hydrogen burning process (4'H — *He ), mainstream scientists argue that the
mass deficit between four hydrogen nuclei and one helium nucleus is released as
energy,per E = mc* [222]-[225]. However, if the binding energy remains within
the helium to keep it stable, it cannot also be released externally. If fission releases
binding energy, fusion—the reverse process—should logically require energy in-
put, making it endothermic rather than exothermic.

For example, we will look at the deuterium-tritium (DT) reaction, a highly fa-

vourable nuclear reaction [226]:

’D+°T — *He(3.5MeV)+n(14.1MeV)

@ proton neutron

1 1 ZH
external energy ! ! external energy

I I

\., \ ~.
| I —_— _—
| |
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Coulomb barrier Sl
3mH
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4 InCrease mass
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4mHe
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obtain binding energy decrease more mass while
from external gluons obtain more binding energy

Figure 10. Several processes in the D7 reaction involve changes in binding energy.

In NPM, the DT fusion reaction consists of several processes (see Figure 10)

and can be described by a set of equations:
*H+ H+E, - *H(K,)+ H(K,) > *H(K,)+ "H(K, ) +E,
— *H(K,)+E,+ H(K,)+n+E; > “"He(K;)+n(K) - ‘He(K, )+n(K),

where E, is the external energy required for *H and *H to overcome the Cou-
lomb barrier. K, and K, are the kinetic energies gained by *H and *H during
this process. K, is the kinetic energy passed from °H to *™H, while E, is the
energy released when a bond in °H breaks due to some of E,. K, is the kinetic
energy transferred from *"H to the second ?H, and E, is the energy released
from breaking a bond in **H. K, is the kinetic energy inherited by *"He from
both ?H. K| is the neutron’s kinetic energy derived from E,, E, and partly
K,. K, isthe kinetic energy *He inherits from *"He.

The kinetic energies K, (14.1MeV) and K,(3.5MeV) of the final particles
originate from the external energy E, and the energy E, and E, released
during the fission of *H and **H, not from nuclear fuel mass deficits.

As shown in Figure 10, the mass loss of nuclear materials results from added

binding energy, sourced entirely from environmental gluons. The DT reaction
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theoretically involves both fission and fusion: fusion consumes energy, while fis-
sion releases it. In practice, the overall reaction is exothermic only if the energy
from fission exceeds that consumed by fusion.

Similarly, the following fusion reactions involve both fission and fusion pro-

cesses, with the release of binding energy primarily resulting from the fission steps:

*He+*He — *He+2p,
*He+ *He — 4H€+p,
p+"B—3%He.

Fusion-only processes, such as those below, theoretically do not release binding
energy:

"H+"H — *He,
*™H+*"He — °Li.

More observations and discussions about fusion

If fusion doesn’t produce net energy, what stellar reactions generate such im-
mense energy? In a star’s early development, its growing mass led to contraction
[227], converting gravitational energy into particle kinetic energy in the core. This
raised core density and temperature enough to trigger gluon fission, releasing
photons, neutrinos, and binding energy. This energy started fusion, while photons
and neutrinos contributed to decay processes in the hot plasma.

Fission of various gluons can result in the release of different types of neutrinos
in distinct regions of a star. The heavier g, and g, may undergo breakup at
lower temperatures and densities, whereas g, is more likely to break apart un-
der higher temperature and density. The neutrinos produced in these processes
may interact with remaining gluons, potentially resulting in flavour transitions
similar to those observed in neutrino oscillations and the MSW effect [228].

The lack of net energy from fusion-only reactions may explain why commercial
fusion has remained elusive for over sixty years. Recently, Lawrence Livermore
National Laboratory (LLNL) achieved a burning plasma with its best fusion-to-
laser energy ratio (1.5) [229]. However, some of this output could be attributed to
gluon fission at extreme temperatures and pressures from multiple laser impacts,
resembling the H-bomb process.

Tokamak reactors, such as ITER, may struggle to achieve break-even fusion be-
cause their toroidal magnetic confinement design could hinder fusion initiation.
NPM suggests that stronger magnetic fields make it harder for isotopes to fuse, as

nucleon alignment prevents binding.

11.6 Misconceptions in Nucleosynthesis

Numerous misconceptions in nucleosynthesis arise from incomplete understand-
ing of nuclear internal structures and the forces responsible for nuclear binding.
In NPM, protons can more readily convert to neutrons by capturing electrons,

especially in high-temperature, high-density plasma. As a result, neutron and pro-
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ton abundances are similar during events like star formation, core-collapse, and
mergers. Since nuclei experience less Coulomb repulsion when capturing neu-
trons than protons, neutron capture is generally more frequent than proton cap-
ture throughout all nucleosynthesis stages—not just in the r-process and s-process.

About pp chain

The proton-proton chain (pp chain) is one of two established sets of solar fusion
reactions that convert hydrogen into helium; the other is the CNO cycle. The pp
chain includes four branches, and current theoretical models do not incorporate
neutron capture in any branch of this process.

1) pp-I branch

2°He

Figure 11. pp-Ibranch. 'H is converted
to ?H, then to *He and finally to *He by
proton capture.

In SSM theory, the pp-I branch initiates three processes, as depicted in Figure
11:
p+p— H+e +v,
H+p— ’He+y,
’He+ *He — “He+2p.

The initial pp reaction underlies all branches of the pp-chain. However, it relies
on two rare events—pp fusion and B* decay—occurring simultaneously, which
is statistically highly unlikely.

According to the SSM, roughly 91% of solar neutrinos come from pp fusion,
but this process is extremely slow—only one proton undergoes the reaction every
10 billion years [230]. As a result, pp fusion remains hypothetical and has never
been observed in laboratories.

Producing *H (deuteron) via neutron capture is likely easier and faster than

proton capture in the solar core’s neutron-rich environment:

p+n—H.

Similarly, as another reaction that generates H, the pep process might occur
more frequently in NPM than is indicated by the SSM theory:

p+e+p— H

In the hot, dense cores of solar systems, the DD reaction
(*H+*H — *"He — *He) also contributes to *He production.
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2) pp-1l branch
In SSM, these reactions occur in the pp-II branch:

*He+ “He — 'Be +7,
"Be+e— 'Li+v,,
"Li+ p — 2*He.
In NPV, it is more accurate to describe the initial process as follows:
*He+ ‘“"He — "Be+7,
Since ’Li (Figure A3(e)) is a stable isotope without a growing end in its nucleus,

the process "Li+ p —2*He is likely very rare. A more probable pathway for

transmuting "Be to *He involves a different set of reactions:
"Be+n— ""Be —»2""He - 2"He.

Neutron capture, as a competing process to ’Be electron capture, may help ad-
dress the /ithium depletion problem by reducing ’Li production [231].
3) pp-111 branch

According to current theories, the pp-III branch consists of four reactions:
*He+ “He — 'Be +7,
"Be+p— *B+y,
‘B> *Be+e' +v,
*Be > 2*He
Similarly, the probability of neutron capture of “Be must be higher than the
probability of p capture of “Be, thus the production of ®B in nature could be lower
than expected by current theory.

4) pp-IV (hep)branch

According to current theories, the pp-IV branch consists of a single reaction:
‘He+p — *He+e' +v,

This process, like p+p—> *H+e" +v,, is highly unlikely because it requires
both fusion and " decay to occur simultaneously. A more plausible alternative

involves the following set of processes:
3m 4m 4
He+n— ""He — "He.

About CNO cycle

As shown in Figure 12, the CNO Cycle consists of four proton-capture fusion
reactions and two B* decay reactions in a continuous loop.

It is assumed that the neutron abundance in the plasma at the core of the solar
system is comparable to that of protons. Given that neutrons are more readily
captured by positively charged nuclei than protons, it is therefore necessary to

consider the following neutron capture processes within the CNO cycle:

PPC+n— P"C PN+ YN, N+ — PN
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15,

1ZC
\ N /\ He
H

Figure 12. The CNO cycle consists of
four proton-capture fusion reactions

and two f* decays.

About alpha process

The alpha process, occurring in massive stars or supernovae, involves fusing
helium to form heavier elements. The triple-alpha process, which creates carbon
from three helium nuclei, is a specific example. All nuclides in this process have
equal numbers of protons and neutrons, with atomic numbers that are multiples
of 4 (see Figure 13).

*Ni.—>Co——"Fe

20
160
*Fe—"Mn—*Cr
e
BCr a8y @i

20N
Mg “"He

2 “Ti—*Sc——"Ca

g N “Ca
“Ar "He "He
"He—— "Be——"C

Figure 13. Alpha-process: all participating nuclides possess an equal
number of protons and neutrons, with their atomic numbers being

multiples of four.

In NPM, the alpha process involves “"He capture. Figure A6 and Figure 9 show
that 2C, O and *Ne all have a “*He at the growing end, making them suitable
for alpha capture. Other nuclides, such as '°B, *C, 'C, N, and *°C, lack the “"He
at their nucleus growth end and therefore do not bond effectively with an addi-
tional “"He. We predict that all other nuclides involved in the alpha-process pos-
sess the “"He at their growing end.

It can also be inferred that the significant output from triple-alpha processes
greatly limited the natural formation of the light element lithium, beryllium, and

boron, which are positioned between helium and carbon in the periodic table.
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11.7. Solar Abundance Problem and Evolution Unexpected

Solar Abundance Problem

The solar abundance problem refers to the difference between low-metallicity
solar models and helioseismic measurements of the solar interior. This issue has
been the subject of ongoing research and publications since approximately 2004
[232]-[236].

A recent study [237] attempted to match solar surface lithium levels in high-
metallicity models using macroscopic transport. The updated models, however,
conflict with helioseismic and neutrino data, indicating that the solar abundance
problem involves both composition and complex physics.

As introduced in Sec.11.6, standard nucleosynthesis models (including SSMs)
typically overlook neutron capture reactions in the pp-chain and CNO cycle while
underestimating the triple-alpha process. Incorporating these processes could
boost metal element production and lower lithium generation, leading to higher
metallicity and improved alignment with observed solar lithium abundance. Ad-
ditionally, accounting for neutrinos from gluon fission may help SSMs match
measured neutrino fluxes.

Faster Evolution Than Expected

Increased neutron capture and triple-alpha processes in nucleosynthesis may
accelerate the evolution of the universe and sun beyond what BBN and SSM pre-
dict, as supported by recent observations.

The faint young Sun problem [238] [239] refers to the paradox of early Earth
having liquid water and life despite the Sun being expected to be dimmer at that
time. While explanations such as cloud feedback [240] and solar mass loss [241]
have been proposed, a simpler solution may be that the early Sun was brighter due
to faster nucleosynthesis and extra heat generated by gluon fission. Recent obser-
vations indicate that the core of protocluster SPT2349-56 and its intracluster me-
dium (ICM) exhibit significantly greater thermal energy than anticipated [242],
possibly attributable to similar processes.

JWST recently observed ultra-massive, mature galaxies at redshifts z>~6
[243] and at z~5.2 [244]just 1 billion years after the Big Bang, with early galaxy
oxygen detection as well [245]. These findings are earlier and heavier than pre-
dicted by ACDM. In contrast, NPM suggests rapid nucleosynthesis, warm dark
matter (gluons) interacting with normal matter, and the absence of dark matter
annihilation, enabling more massive galaxy formation and more rapid evolution

early in the universe’s history.

12. Conclusion and Outlook

The Standard Model (SM) provides a highly accurate statistical framework for de-
scribing fundamental particles and forces across multiple sectors. However, it
does not account for phenomena such as dark energy, dark matter, the observed
asymmetry between matter and antimatter, neutrino oscillations, or gravity. Ad-

ditionally, discrepancies are evident between its predictions and experimental
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findings in certain domains.

This paper presents a unified particle model (NPM), which demonstrates how
particles emerge from successive generations of initial yY particles. While intro-
ducing some novel particles, the model suggests that entire groups of quarks can
be eliminated by defining them as bonded leptons. The theoretical approach al-
lows for the derivation of all known particle properties based on a limited set of
free parameters associated with yY particles. For example, the NPM derives the
spins and charges of recognized particles as well as their relative mass scales.

By detailing the internal structure and composition of particles, the NPM of-
fers superior explanatory power relative to the Standard Model. For example, it
elucidates the existence of three fermion groups, addresses matter-antimatter
asymmetry within current theoretical constructs, explains the absence of ob-
served fractional charges, clarifies the distinctive features of weak interactions,
and specifies mechanisms underlying mass generation, beta decay, and neutrino
oscillations.

The NPM systematically resolves numerous issues concerning bosons, lep-
tons, quarks, hadrons, and nuclides within both particle physics and astrophys-
ics. Examples include the proton spin crisis, neutron lifetime discrepancies, the
LSND/MiniBooNE anomaly, the Ga anomaly, mysteries related to 7—-6 and
n—n'", causes of CP violations, and challenges in nuclear physics and cosmology.

Currently in its phenomenological phase, the NPM yields multiple testable pre-
dictions, including:

e In high-energy collisions between isotopes with more neutrons than protons,
an increased neutron count correlates with a higher detected charged K'meson
yield (thus more up quarks) relative to expectations.

e Potential annual and diurnal variations in the rate of beta decay correlated with
solar/reactor neutrino flux.

e The existence of heavy leptons (e, ", 7" ), heavy gluons and new compositions
of charged mesons, offering tangible targets for new particle searches.

e Interactions between neutrinos and free gluons (the mechanism of neutrino
oscillation), offering new insights to improve dark matter detection.

¢ Novel isotopic nuclear structures ranging from *H to **C, subject to validation
through advanced nuclear physics experiments.

The NPM also introduces new interpretations of quantum phenomena, propos-
ing the absence of superposition in atomic electron spin states, neutrino oscilla-
tion and meson compositions, and suggesting that quantum tunneling does not
occur in processes like solar pp reactions, beta decays, or electron captures. These
findings require a review of the uncertainty principle and the wave function of
quantum theory.

Under the NPM framework, future research directions include development of
new cosmological models, investigation of fundamental force relationships, ad-
vancement of space-time theory, integration of quantum theories with general rel-

ativity, and exploration of nuclear structures in isotopes beyond *C.
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Appendix

Nuclear Structures of Isotopes from ?H to 2C

Using assumed nuclear force types, structural models, and behavioral rules, we
deduced and diagrammed the structures of isotopes from *H to **C (see Figures
A1-A6), laying groundwork for future study of other isotopes. Note: For clarity,

dashed lines and dimmed colors indicate bindings or particles at the back.
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Figure Al. Binding structures of H isotopes.
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Figure A2. Binding structures of He isotopes.

@ proton @ neutron

P

a) “Li b) 5Li c)emLi
f) 8L g) oLi hyomiLj f)oma j) oLi
L 1)L m) "L

Figure A3. Binding structures of Li isotopes.
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Figure A4. Binding structures of Be isotopes.
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Figure A5. Binding structures of B isotopes.
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Figure A6. Binding structures of C isotopes.
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