
Journal of Modern Physics, 2025, 16(9), 1243-1268 
https://www.scirp.org/journal/jmp 

ISSN Online: 2153-120X 
ISSN Print: 2153-1196 

 

DOI: 10.4236/jmp.2025.169065  Sep. 16, 2025 1243 Journal of Modern Physics 
 

 
 
 

Two-Flavor Multi-Excitation Model of Quarks 

Tianxi Zhang 

Department of Physics, Alabama A & M University, Normal, AL, USA 

 
 
 

Abstract 
To fully address how quarks get decayed and excited, how particles are formed 
and generated, and how they interact and transmute, a two-flavor (up & 
down) multi-excitation (ground & excited) quark model is developed. Based 
on the author’s well-developed innovative four-element theory of nature, the 
fundamental weak force is surprisingly found to be an interaction between 
electric and color charges in analogy to the strong force between color charges 
and the electromagnetic force between electric charges. As a quark is a com-
bination of mass, electric charge, and color charge, the extremely short-range 
weak force occurs effectively inside quark between its electric and color 
charges and causes quark’s quantized states relaxation (or decay) and excita-
tion via emitting and absorbing quark-antiquark pairs. Leptons are products 
rather than direct participants of the weak interaction. They are formed from 
charge annihilations of quarks and antiquarks. A quark has a maximum of 
eight possible ways to combine with an antiquark and form various particles 
including mesons, leptons, gluons, Weyl fermions, and photons via different 
level annihilations. This quark model considers the conventional four heavy 
flavor quarks: charm, strange, top, and bottom to be the second and third ex-
cited states of up and down quarks. Combinations of quarks and antiquarks 
up to the third excited states can form thousands of different particles, more 
than currently discovered in nature and from labs. In collisions, leptons would 
be disintegrated into quarks and antiquarks, which get excited and recombine 
to form other particles. Collisions of hadrons would excite their quarks and 
form also various other particles. The higher the energy of collisions is, the 
more particles are generated. 
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1. Introduction 

According to whether participating in the strong interaction or not, particle phys-
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icists have categorized all elementary or subatomic particles observed in nature 
and discovered in lab experiments into two major categories: hadrons and leptons 
[1] [2]. Leptons, if neutral, only participate in the weak interaction, and, if electri-
cally charged, also participate in the electromagnetic interaction. Hadrons are 
composed of quarks and have two broad families: baryons, which are made of an 
odd number (usually three, qqq ) of quarks, and mesons, which are made of an 
even number (usually two with one being an antiquark, qq ) of quarks [3] [4]. 
From Large Hadron Collider (LHC) recent experiments, physicists have discov-
ered four-quark mesons, called tetraquarks [5] [6], and five-quark baryons (ex-
otic), called pentaquarks [7] [8]. 

The conventional quark model suggests that quarks have six flavors, denoted, 
respectively, by up (u), down (d), charm (c), strange (s), top (t), and bottom (b) 
[9] [10]. To correspond the six-flavor quarks with the six-flavor leptons, which 
are named as electron ( e− ), muon ( µ− ), tau (τ − ) and their corresponding neu-
trinos ( , ,e µ τν ν ν ), scientists usually grouped them into three generations or fam-
ilies ( ),u d , ( ),c s , and ( )  ,t b  for quarks and ( ), ee ν− , ( ), µµ ν− , and ( ), ττ ν−  
for leptons [11] [12]. This generation or family correspondences between quarks 
and leptons may not be factual because all three generations of leptons can be 
produced from or decay into particles that are only made of the first generation 
of quarks. For instances, a positively charged pion meson, which is composed of 
the first-generation quarks (up and antidown), can decay primarily into the sec-
ond-generation leptons (a positively charged muon and a muon-type neutrino), 

( )  ud µπ µ ν+ +→ +  [13] [14]. A third-generation lepton, negatively charged tau, 
decays into a negatively charged pion and a neutral pion, which are composed of 
the first-generation quarks and antiquarks, and a tau-type neutrino,  

0
ττ π π ν− −→ + +  [15] [16]. In addition, around two-thirds of tau leptons decay 

into hadrons, which are made of quarks, and one-third of them decay into lower 
generations of leptons such as electrons and muons [17] [18]. 

Color charge is a fundamental property of quarks and has three varieties: red, 
green, and blue [19]. Quarks can also be classified into two types: the up-type (u, 
c, t) with electric charge 2e/3 and the down-type (d, s, b) with electric charge −e/3 
[20]. Hadrons participate in the strong interaction via the interaction between 
their quark’s color charges. Antiquarks have color charges to be antired, antigreen, 
and antiblue, and electric charges to be opposite in signs. All quarks are spin-1/2 
fermion particles [21]. Elementary particles are also classified into two types: fer-
mions and bosons, based on their spins to be half-odd-integers or whole integers. 
In the standard model of particle physics [22] [23], twelve fermions (6 quarks and 
6 leptons) are building blocks of matter, four bosons with spin-1 (γ, W, Z, and g) 
carry the three fundamental (electromagnetic, weak, and strong) interactions, and 
the Higgs (H) boson with spin-0 is responsible for giving mass to particles [24] 
[25].  

Although the standard model of particle physics has been extremely successful 
in explaining various observed features of nature, especially in agreement of many 
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predictions with measurements, it still clouds with some critical issues and leaves 
significant physical phenomena unexplained [26]. For instances, why the universe 
has more matter than anti-one; how to incorporate with gravitation, described by 
Einstein’s general relativity; how to deal with or account for the dark matter and 
dark energy, the two major components or mysteries of the universe [27]; why 
neutrino oscillate [28], how to explain neutron lifetime discrepancy [29], why mu-
ons transmutes to electrons (i.e., 2eµ ) [30], why neutral leptons and bosons are 
the same as their antiparticles, why neutrinoless double beta decays occur (i.e., 
0νββ ) [31], and so on. It also unclears on how quarks decay and get excited, how 
particles are formed and generated, and how they interact and transmute. For in-
stances, in the beta decay of a neutron, how the one of two down quarks in the 
neutron creates a W-boson and then emits or produces leptons are not clear. What 
the fine structures of Feynman diagrams are for particles’ decays, formations, in-
teractions, and transmutations. 

This study develops a new model of quarks that have only two flavors or types 
(up & down) but multiple excitations (ground & excited states), in which the 
heavy flavor quarks (c, s, t, & b) are treated as the second and third excited up and 
down quarks. The main difference between light and heavy quarks is their masses 
or energies. Heavy quarks can decay into light ones. In this paper, we first briefly 
describe the author’s well-developed four-element theory of nature, in which the 
weak force is an interaction between electric and color charges, and occurs effec-
tively inside a single quark. Then, we explain why quarks have internal structures, 
how their states are quantized, and how particles are formed from quark-anti-
quark combinations and/or annihilations. We further demonstrate how quarks 
decay or transmute, what fine structures of Feynman diagrams are, and how more 
new particles are formed from combinations and/or annihilations of highly ex-
cited up and down quarks and antiquarks in terms of this new quark model. Fi-
nally, we show how various leptons and mesons including gamma rays and 
tetraquarks are formed from electron-positron collisions and discuss how hadron-
hadron collisions generate more baryonic and exotic particles. This new quark 
model may be named as 2-flavor 3-color N-state quark model.  

2. Fundamental Elements of Nature 

Chemists have found one-hundred and eighteen chemical elements and listed 
them in the periodic table according to their chemical properties. Physicists have 
found or predicted fifty-seven elementary particles including gravitons and all an-
tiparticles and listed them in the particle table [32]. Both chemical elements and 
elementary particles are still not the most fundamental things of nature. Recently, 
Zhang [33] [34] proposed that nature consists of only four fundamental elements, 
which are radiation (γ), mass (M), electric charge (Q), and color charges (C). Any 
known matter or particle is a combination of one or more of the four fundamental 
elements. For instances as shown in Table 1, a photon is radiation only; a neutron 
has mass only; a Weyl fermion has electric charge only; a gluon has color charge 
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only; a proton is a combination of mass and electric charge, a massless meson is a 
combination of electric and color charges, and a quark is a combination of mass, 
electric charge, and color charge (see also recent review of the four-element theory 
[35]).  

The four fundamental elements can be categorized into two types of energies. 
Mass and radiation are two forms of real energy as Einstein formulated to be pro-
portional to mass and radiation frequency, while electric and color charges are 
two forms of imaginary energy as proposed and formulated by the author to be 
proportional to electric and color charges. A pure electric charge such as a Weyl 
fermion [36], as it is a form of imaginary energy, cannot be directly observed in 
nature, but its flow or current in semimetals has been recently detected [37]. A 
pure color charge such as a gluon [38], as it is a form of imaginary energy, cannot 
be directly observed, but its behavior or existence has been recently detected in 
quark-gluon plasmas or jet events [39]. In quantum mechanics, a Hamiltonian 
(e.g. for hydrogen atom) is constructed with kinetic energy and potential energy. 
Electric charges are imaginary energies, but the electric potential energy between 
electric charges is real. Hence, Hamiltonian is real, and its eigenvalue is the real-
valued energy. In quantum mechanics, an imaginary energy is usually added to 
explain particles’ decay. 
 
Table 1. Four fundamental elements of nature. A particle is a combination of one or more 
of them. 

 Real Energy Imaginary Energy 

Particles γ M Q C 

Photon x    

Neutron  x   

Weyl Fermion   x  

Gluon    x 

Proton  x x  

Massless Meson   x x 

quark  x x x 

 
The author further showed that among the four fundamental elements there 

are ten fundamental interactions (Table 2 and Figure 1). Interaction between real 
energies RRF



 is the gravitational force with three types: Fγγ



, MFγ



, MMF


. The 
work done by MFγ



 on a photon derives the Einsteinian gravitational redshift. 
Interaction between imaginary energies IIF



 is the gauge field force with also 
three types: QQF



, QCF


, CCF


, called, respectively, the electromagnetic force be-
tween electric charges, the weak force between electric and color charges, and the 
strong force between color charges. There are additional four imaginary forces 
between real and imaginary energies RIiF



, which include QiFγ



, CiFγ



, MQiF


, 

MCiF


. These imaginary forces have no direct observational support but may be 
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able to address why charges are always associated with or sticked on masses and 
why gluons are adhesive. All the fundamental interactions are classically unified 
as a single interaction between complex energies:  

EE RR RI II M MM QQ QC CC Q C MQ MCF F iF F F F F F F F iF iF iF iFγγ γ γ γ= + + = + + + + + + + + +
             

 
(for more details, see also Equation (14) in [33] [35] or Figure 1). The strong field 
between color charges has SU(3) symmetry. The electromagnetic field between 
electric charges has U(1) symmetry. The weak field between electric and color 
charges has a symmetry currently unsure and needs further study to find whether 
it can still be represented as SU(2) or not. In the standard model of particle physics, 
the weak force occurs between leptons and other particles and has SU(2) sym-
metry. 
 
Table 2. Fundamental interactions among the four fundamental elements. It is surprisingly 
found that the weak force is an interaction between electric and color charges. It occurs 
inside quark rather than among particles with participations of leptons.  

Forces γ M iQ iC 

γ Fγγ



 MFγ



 QiFγ



 CiFγ



 

M  MMF


 MQiF


 MCiF


 

iQ   QQF


 QCF


 

iC    CCF


 

 

 
Figure 1. Fundamental interactions among the four fundamental elements of nature [33] 
[35]. Mass and radiation are real energies, while electric and color charges are imaginary 
energies. Nature is a system of complex energy, and all fundamental interactions of nature 
are classically unified into a single interaction between complex energies. There are six real 
(three gravitational field and three gauge field) and four imaginary interactions among the 
four fundamental elements. 

 
Electric charges have two types: positive and negative and thus three types of 

electromagnetic interactions: repel one anther between positive and positive elec-
tric charges, repel one another between negative and negative electric charges, and 
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attract one another between positive and negative electric charges. Color charges 
have three colors: red, green, and blue and thus six types of strong interactions: 
red-red, red-green, red-blue, green-green, green-blue, and blue-blue interactions. 
The weak interaction between electric and color charges has also six types: posi-
tive-red, positive-green, positive-blue, negative-red, negative-green, and negative-
blue interactions. As the weak force is an interaction between different (electric 
and color) charges and occurs inside a quark, the parity symmetry does not need 
to conserve in beta decays or emissions of leptons, and the weak charge does not 
need to exist. Weak force is a quark internal force and strong force is a quark 
external force. The color charge of a quark may have the weak interaction with 
the electric charge of another quark or a charged lepton if they are close enough 
with a distance less than about 10−18 m. 

3. Quark Structure and State Quantization 

As shown above, a quark is a combination of mass, electric charge, and color 
charge, so that the extremely short-range weak force, as the interaction between 
electric and color charges, can occur effectively inside a single quark. Figure 2(a) 
(top left panel) gives a schematic diagram for the structure of a quark with three 
fundamental elements and interactions between the three fundamental elements 
inside the quark. These interactions, especially the real force (i.e., the weak inter-
action) QCF



, are believed to play the key role in decays of quarks [33]. The two 
imaginary forces MCiF



 and MQiF


 may lead to forming two quarkons by sticking 
or adhering the color charge on one part of the mass (named as coloron) and 
sticking or adhering the electric charge on the other part of the mass (named as 
elecon).  

This models the internal structure of a quark as a quantum two-body (i.e., two-
quarkon) system, in which the coloron and elecon may oscillate and/or rotate one 
another with energies and states being quantized to have the ground and excited 
states, denoted by ( 0 1 2 3, , , ,u u u u  ) for an up quark and by ( 0 1 2 3, , , ,d d d d  ) for 
a down quark. The existence of quark’s excited states, though not yet directly dis-
covered, has been investigated over three decades [40] [41]. That the meson 

( )udρ+  is also a mixture of one up quark and one down antiquark but has more 
mass or energy than ( )udπ + . Many similar examples strongly support that 
quarks and antiquarks have excited states. It should be noted that the energy and 
state of a quark or antiquark may be also degenerated by its spin, angular momen-
tum, and color. 

Quantum mechanics has shown that the states of such two-body system, like a 
hydrogen atom or a harmonic oscillator, are quantized with different energies [42]. 
The weak interaction between electric and color charges inside a quark and the 
strong interaction between color charges inside and outside the quark vary the 
states and energies of the quark from one to another. An atom changes its state 
from one to another by emitting or absorbing a photon, while a quark changes its 
state from one to another, here we suggest, by emitting or absorbing a quark-an-
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tiquark pair (here named as a quark dipole). A single quark is confined [43], while 
a quark-antiquark pair or dipole is not. Figure 2(b) (top right panel) shows the 
lowest four quantum states of a quark (either up or down quark). The subscript 
number 0 refers to the ground state ( )0 0,u d , the subscript numbers 1, 2, and 3 
refer to the first, second, and third excited states ( )1 1,u d , ( )2 2,u d , and ( )3 3,u d . 

Using Dirac’s notion, we can represent quantum states of quark and antiquark 
by ket q  and bra q , respectively. Then, a quark-antiquark pair or combina-
tion ( qq ) without occurring any annihilation can be denoted as q q . The 
general state of a quark is a linear combination of all quantum states 

1 k kkq c q∞

=
= ∑ , where 2

kc  is the probability of finding the quark at the quan-

tum state kq . Considering that a quark has three different colors, we have 
,

1
b g a a

k ka r kq c q∞

= =
= ∑ ∑ . Its conjugate gives the general state of the corresponding 

antiquark. Figure 2(c) (bottom panel) shows that an excited quark lowers its state 
by emitting a quark-antiquark pair and raises its state by absorbing a quark-anti-
quark pair. 

The early developed preon theory considered quarks and leptons are compo-
sites of more basic entities called preons or quips to explain why existence of mul-
tiple generations of particles with similar properties [44]-[48]. In the two-flavor 
multi-excitation model of quarks, a quark is a composite of mass, electric charge, 
and color charge, which may form two quarkons (i.e., coloron and elecon, in anal-
ogy to the preons) via the two adhesive imaginary forces between mass and color 
charge and between mass and electric charge). The real force between electric and 
color charges plays the role to excite quarks and cause quarks to decay. Quarks do 
not have multiple generations but have multiple excitation states. The second and 
third excited states of up and down quarks are corresponding to the second and 
third generations of quarks. Hadrons formed from combinations of quarks and 
antiquarks with states up to the third excited states (192 mesons and 336 baryons) 
can cover the current experimental spectrum of particles. Quarks are as SU(3) 
color. Leptons and bosons are formed by charge annihilations of quarks and an-
tiquarks. If quakons or preons are spin-1/4 sub-quark particles, the charge anni-
hilation of quark and antiquark (i.e., the charge annihilation of four spin-1/4 quar-
kons or preons) can form a lepton with ½-spin such as electron or a boson with 
spin-0 such as Higgs or spin-1 such as gamma ray. 

4. Quark-Antiquark Combination and Particle Formation 

There are eight possible ways in maximum for a quark to combine with an anti-
quark to form various types of particles (Figure 3): 1) a meson is formed if no 
annihilation occurs; 2) a charged lepton occurs if only color charges are annihi-
lated (if spin is integer, the formed one is a charged boson); 3) a neutrino occurs 
if both electric and color charges are annihilated (if spin is integer, the formed 
one is a neutral boson); 4) a massive gluon occurs if electric charges are annihi-
lated; 5) a (massless) gluon occurs if masses and electric charges are annihilated;  
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Figure 2. The top left panel shows a schematic diagram for the structure of a quark inside, 
in which there are mass M, electric charge Q, and color charge C. Among them, there are 
one real interaction (called the weak force) between Q and C and two imaginary forces 
between M and Q and between M and C. The top right panel shows that a quark, when it 
changes its state from one to another, emits or absorbs a quark-antiquark pair, which anal-
ogizes to that an atom, when it changes its state from one to another, emits or absorbs a 
photon. The bottom panel shows that an excited quark q* relaxes or decays into non-exited 
quark q by emitting a quark-antiquark pair, while a quark gets excited when it absorbs a 
quark-antiquark pair. 

 
6) a massless meson occurs if only masses are annihilated; 7) a photon occurs if 
all masses, electric charges, and color charges are annihilated; and 8) a massless 
charged lepton or Weyl fermion occurs when masses and color charges are anni-
hilated. These eight quark-antiquark combinations can be denoted as 

iq q  
with i = 1, 2, 3, 4, 5, 6, 7, 8, corresponding to the eight types of combinations or 
particles, respectively. A general particle that is formed by combining a quark and 
an antiquark can be represented as the superposition of the eight possible combi-
nations, 8

1 ii iP a q q
=

= ∑ . In the standard model of particle physics, leptons and 
bosons are elementary particles, while here we suggest that they are formed or 
produced from quark-antiquark electric and/or color charge annihilations. In the 
standard model of particle physics, an eightfold way or diagram is sketched to 
classify hadrons formed from quark combination with the group SU(3) of flavors. 
In Figure 3, the eight types of quark-antiquark combinations or annihilations 
among the three fundamental elements (i.e., mass, electric charge, and color 
charge) may similarly map to a SU(3) group symmetry. 

Massive and massless gluons may be considered as candidates of dark matter 
and dark energy. They have color charges and thus are not directly measurable, 
but can affect the universe via the strong, weak, and gravitational interactions. 
Quarks and gluons, if many, form a quark-gluon plasma (QGP), which is usually 
hot and occurred in the early universe or may be created in labs by hadron-hadron 
collisions. In addition, neutrinos are usually also considered as a candidate of dark 
matter. The author recently shows that in the dynamic spacetime neutrinos slow 
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down and rotate around galaxies and affect galactic rotational speed profiles [49]. 
 

 
Figure 3. A schematic diagram that shows formations of all eight types of particles from 
quark-antiquark combinations and annihilations, in which particles with numbers 5, 6, 7, 
& 8 are massless, particles with numbers 2, 3, 7, & 8 are colorless. Particles with numbers 
1, 4, 5, 6, & 7 are bosons; particles with numbers 2, 3, & 8 are fermions, and particles with 
numbers 2 & 3 can also be bosons when the formed particles have integer spins. 

 
The general particle formed from a quark-antiquark pair is a superposition of 

these eight-way combinations and annihilations 8
1 ii ib q q
=∑  with q  and its 

conjugate q  to be linear combinations of all quantum states with three differ-
ent colors as given in the first paragraph of this section. Here 2

ib  is the proba-
bility of combining a quark with an antiquark in the ith-way of combinations or 
forming the ith-type of particles. For a specific pair of quark and antiquark, the 
number of combinations may be less than 8. For instance, the ground up quark 
and the first excited antidown quark pair ( )0 1u d  can only form meson (the elec-
tron-mode pion) and charged lepton (tau) but cannot directly annihilate to form 
neutrino, photon, and others because the up and antidown quark have different 
masses and electric charges.  

As an example, Table 3 or Figure 4 shows formations of the first four genera-
tion leptons by charge annihilations between up and down quarks and antiquarks 
in the ground states up to the first excited states [50] [51]. The first-generation 
leptons are formed by charge annihilations between the ground state up and down 
quarks and antiquarks 0 0 3 eu u ν→  or eν , 0 0 2d u e+→ , and 

0 0 2u d e−→ . The second-generation leptons are formed by charge annihila-
tions between the ground state down and excited up quarks and antiquarks 

0 0 3d d µν→  or µν , 0 1 2d u µ+→ , and 1 0 2u d µ−→ . The third-genera-
tion leptons are formed by charge annihilations between the ground state up and 
excited down quarks and antiquarks 1 1 3u u τν→  or τν , 1 0 2d u τ +→ , and 

0 1 2u d τ −→ . The fourth-generation leptons are formed by charge annihilations 
between excited up and down quarks and antiquarks 1 1 3d d λν→  or λν , 

1 1 2d u λ+→ , and 1 1 2u d λ−→ . Here, it is seen that a neutrino and its anti-
neutrino are the same particle. They are Majorana particles. Both are created by 
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the color and electric charge annihilations of a quark and its corresponding anti-
quark. This explains why the big bang universe has more matter than antimatter. 
The two-flavor multi-excitation model of quarks does not require lepton number 
to be conserved as it allows neutrinoless double beta decays to occur. As a neutrino 
is identical to its antineutrino, lepton number of neutrino is undefined. Based on 
experimental searches and theoretical considerations, the lower limit for the mass 
of the fourth generation charged lepton is about 100 GeV. It may be too heavy to 
be produced in current particle accelerators.  
 
Table 3. Leptons that are formed from color and/or electric charge annihilations between 
the ground and first excited up and down quarks and antiquarks. 

 0u  0d  1u  1d  

0u  ,e eν ν  e−  ? τ −  

0d  e+  ,µ µν ν  µ+  ? 

1u  ? µ−  ,τ τν ν  λ−  

1d  τ +  ? λ+  ,λ λν ν  

 

 
Figure 4. Formations of four-generation leptons from charge annihilations between the 
ground and first excited up and down quarks and antiquarks. 

 
There are another four quark-antiquark combinations that are question-

marked in Table 3: ( )0 1,u u , ( )1 0,u u , ( )1 0,d d , and ( )0 1,d d , each of these may 
form or create a pair of gamma rays, a pair of electron, muon, or tau-type neutrino 
and antineutrino, or a pair of electron, muon, or tau-type charged leptons by the 
color and/or electric charge annihilations after the excited up or down quarks or 
antiquarks have decayed. These four quark-antiquark combinations behave like a 
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neutral π-meson π0 to decay and form particles, mostly two gamma rays. A quark 
emits a quark-antiquark pair when it lowers its state and absorbs a quark-anti-
quark pair when it raises its state. For instance, the first excited up quark 1u  
changes its state to the ground state 0u  after it emits a ground state up quark-
antiquark pair 0 0u u . This decay mode can be represented as  

1 0 0 0u u u u→ , where the ground up quark and the ground antiup quark an-
nihilate their charges to form an electron-type neutrino or antineutrino or also 
annihilate their masses to form a photon. In this case, the quark-antiquark com-
bination ( )1 0,u u  produces a pair of electron-type neutrino and antineutrino or 
a pair of gamma rays.  

Charge annihilations of up and down quarks and antiquarks with states up-to 
the third states form leptons up-to the eighth generation. In general, the eight 
generations of leptons can be represented as 

3i iu u  and 
3i id d  for the neu-

tral leptons or neutrinos and 
2i ju d  for electrically charged leptons with i and 

j = 0, 1, 2, 3. The fourth or higher generations of leptons are much heavier and 
hence harder to be observed via current particle accelerators. Annihilation 
changes the way of binding quarks or antiquarks, so that it changes identity of the 
state, including rest mass.  

5. Quark Decays and Fine Structures of Feynman Diagrams 

As mentioned above, the decay of a hadron is a process of the decay of a quark 
inside the hadron resulting from the weak interaction. The two typical examples 
of hadron decays are the decay of a neutron (udd) into a proton (uud) by emitting 
an electron and an electron-type antineutrino ( en p e ν−→ + + ) and the decay of 
a proton into a neutron by emitting a positron and an electron-type neutrino 
( ep n e ν+→ + + ). 

The first one is the decay of one of the two down quarks in neutron into an up 
quark with emission of a negatively charged W-boson, which further decays into 
an electron and an electron-type antineutrino, ( d u W −→ + , eW e ν− −→ + ); 
while the second one is the decay of one of the two up quarks in proton into a 
down quark with emission of a positively charged W-boson, which further decays 
into a positron and an electron-type neutrino, ( u d W +→ + , eW e ν+ +→ + ). The 
standard Feynman diagrams for these two typical decay processes are shown by 
the left and right panels of Figure 5, respectively.  

Conventionally, these quark decays or transmutations via the weak interaction 
take place through exchanging W±-vector bosons and leptons participate in the 
weak interaction between quarks and leptons [52]. However, it is unclear and 
mysterious how one quark’s flavor is transmuted or changed to another; how a 
W-boson comes up when a quark decays or changes its flavor; and how leptons 
are formed or created and participate in the weak interactions during quark de-
cays or transmutations, etc. All the details of processes are mysterious.  

Based on the two-flavor multi-excitation quark model, a neutron is composed 
of one ground state up quark, one ground state down quark, and one first excited 
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Figure 5. Feynman diagrams for the beta decay of a neutron (left panel) and positron emis-
sion of a proton (right panel). 

 
state down quark ( 0 0 1u d d ). When it decays, the excited state down quark in the 
neutron degenerates into a ground state down quark and, meantime, emits an ex-
cited up and antiup quark pair, ( )1 0 1 1d d u u→ + . The excited up quark ( 1u ) of 
the pair combines with the two quarks ( 0 0u d ) left by the neutron to form the 
proton ( 0 0 1u d u ), while the excited antiup quark ( 1u ) of the pair further degener-
ates into a ground state antiup quark and, meantime, emits a ground state up and 
antiup quark pair, ( )1 0 0 0u u u u→ + . The ground state antiup quark of the pair 
annihilates their color charges with the ground state down quark into an electron, 

0 0u d e−+ →  (i.e., 0 0 2u d e−→ ), while the ground state up quark of the pair 
annihilates both electric and color charge with the ground state antiup quark into 
an electron-type antineutrino, 0 0 eu u ν+ →  (i.e., 0 0 3 eu u ν→ ). 

Top panel of Figure 6 shows a schematic diagram for the beta decay of a neu-
tron. The entire process of the beta decay involves two quark-antiquark pair pro-
ductions or emissions to degenerate excited quarks and two quark-antiquark an-
nihilations to form or create two leptons. One annihilates only the color charge 
for the formation of electron, while another annihilates both electric and color 
charges for the formation of electron-type antineutrino. In total, the beta decay of 
neutron occurs twice weak interactions, twice strong interactions, and once elec-
tromagnetic interaction. The spin is not conserved in the quark-antiquark charge 
annihilation, but, in the entire decay process, it is conserved. The positron emis-
sion of a proton has a similar process, also involving two quark-antiquark pair 
emissions and two quark-antiquark pair annihilations as shown in the bottom 
panel of Figure 6. The positron emission of proton occurs also twice weak inter-
actions, twice strong interactions, and once electromagnetic interaction. It should 
be noted here that during its decay a quark changes its state rather than changes 
its flavor or color. In the beta decay, a neutron becomes or transmutes into a pro-
ton after one of its down quarks is replaced by an up quark of the emitted quark-
antiquark pair. In the positron emission, a proton becomes or transmutes into a 
neutron after one of its up quarks is replaced by a down quark. The W-bosons are 
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temporarily formed from the combination of the replaced quark with the emitted 
antiquark. 
 

 
Figure 6. Fine structures of the Feynman diagrams for the beta decay of a neutron (top 
panel) and positron emission of a proton (bottom panel). Both the beta decay of a neutron 
and the positron emission of a proton involve two quark-antiquark pair emissions or pro-
ductions and two quark-antiquark pair charge annihilations. 

 
These give fine structures of the standard Feynman diagrams for beta decays of 

neutrons and positron emissions of protons. The charged and neutral bosons do 
not play the role as exchange particles, and the leptons are formed or created from 
the weak interaction rather than participating in the weak interaction. The weak 
interaction occurs inside the quark between electric and color charges and causes 
the quark to decay. The combination of the excited antiup quark with the ground 
state down quark temporally form the W- boson. In future study, we will investi-
gate how to calculate the probability of beta decays in terms of the Fermi’s golden 
rule when a quark changes its state from the first excited state to the ground state 
with quark-antiquark pair productions and develop the Fermi theory of beta de-
cays in the level of quarks with quark-antiquark charge annihilations. These 
quark-level calculations of beta decays should consider both quark decays to 
emit quark-antiquark pairs and quark-antiquark charge annihilations to form 
leptons.  

6. Meson and Lepton Formations from Highly Excited 
Quark-Antiquarks Combinations 

The combinations of quarks and antiquarks with quantum states up to their third 
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excited states can form in total 96 types of mesons (32 charged and 64 neutral). 
As one example, Table 4 lists charged mesons that are possibly formed by the 
combination of one up quark and one antidown quark ( ud ). Considering the 
quark and antiquark up to their third excited states, we have 4 4 16× =  positively 
charged mesons, denoted in general by ijM +  with the subscripts i and j = 0, 1, 2, 
3. In the 16 positively charged mesons, 9 mesons, named as  

, , , , , , ,s c sK B D D B T Tπ + + + + + + + +  and bT +  have been observed or investigated in 
the standard model of particle physics. The other 7 mesons may quicky form lep-
tons via annihilations after their excited quarks decay. The first one, 00M + , be-
cause it is formed by combining the ground up quark with the ground down an-
tiquark, directly annihilates their color charges into a single positron,  

( )00 0 0M u d e+ += → , without a quark decay. The second one, 10M + , because it is 
formed by combining the first excited up quark with the ground down antiquark, 
directly annihilates their color charges into a single spin-1/2 muon,  

( )10 1 0M u d µ+ += → , without a quark decay. Similarly, we can have 16 negatively 
charged mesons ijM −  to be formed by combinations of one antiup quark and one 
down quark ( ud ). 
 
Table 4. Formations of positively charged mesons from combinations of one up quark with 
one antidown quark ( ud ) up to the third excited states.  

ud  0u  1u  2u  3u  

0d  00M +  10M +  20M +  30M +  

1d  01M +  π +  D+  T +  

2d  02M +  K +  sD+  sT +  

3d  03M +  B+  cB+  bT +  

 
For the neutral mesons, we have in total 64 types, which can be categorized into 

the up-type 16 neutral mesons, formed by combining one up quark and one an-
tiup quark ( uu ), the down-type 16 neutral mesons, formed by combining one 
down quark and one antidown quark ( dd ), the short-type 16 neutral mesons, 
formed by adding the mix combination ( ) 2ud ud+ , and the long-type 16 
neutral mesons, formed by subtracting the mix combination ( ) 2ud ud− . 

As one example, Table 5 lists the up-type 16 neutral mesons that are possibly 
formed by combining one up quark and one antiup quark with states up to their 
third excited states. They are denoted in general by 0

ijM  with the subscripts i and 
j = 0, 1, 2, 3. As antiparticles of neutral mesons are themselves, 0 0

ij jiM M= , in the 
up-type 16 neutral mesons, only 10 of them are independent. In the up-type 10 
independent neutral mesons, 3 mesons, named as 0 0, Dπ , and J ψ , have been 
observed and 3 mesons, named as 0 0  , cT T , and θ  are hypothetical or not ob-
served due to the short lifetime of the top (i.e., the third excited up) quark. The 
other 4 mesons may quicky form leptons via annihilations after their excited 
quarks decay. The first one, 0

00M , because it is formed by combining the ground 
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up quark with the ground antiup quark, directly annihilates into a single gamma 
ray or an electron-type neutrino, ( )0

00 0 0M u u γ= →  or eν , without quark decay. 
Similarly, we can have 10 independent down-type, 10 independent short-type, and 
10 independent long-type neutral mesons. It should be noted here that, distin-
guishing their color differences, we have in maximum 96 3 288× =  mesons and, 
eliminating the short-type and long-type neutral mesons, we have in total 192 me-
sons. As each type of neutral mesons has six non-independent, we have  
( )96 24 3 288 72 216− × = − =  mesons. 
 
Table 5. Formations of the up-type 16 (only 10 independent) neutral mesons from the 
combinations of one up quark with one antiup quark ( uu ) up to the third excited states. 

uu  0u  1u  2u  3u  

0u  0
00M  0

10M  0
20M  0

30M  

1u  0
01M  0π  0D  0T  

2u  0
02M  0D  J ψ  0

cT  

3u  0
03M  0T  0

cT  θ  

 
The charge annihilations of quarks and antiquarks with states up to the third 

excited states can form 96 types of leptons (32 charged and 64 neutral). As one 
example, Table 6 lists positively charged leptons that are possibly formed by color 
charge annihilations of one up quark and one antidown quark ( ud ). Considering 
the up quark and down antiquark with states up to the third excited states, we 
have 4 4 16× =  positively charged leptons, denoted in general by ijL+  with the 
subscripts i and j = 0, 1, 2, 3. In the 16 positively charged leptons, 3 leptons or 
generations, named as ,e µ+ + , and τ + , have been observed. The fourth genera-
tion λ+  was predicted by the author in [50] and studied also in [40] [53]. Any 
of the other 12 leptons or generations may form or decay into a lower generation 
lepton. Similarly, we can have 16 negatively charged leptons ijL−  to be formed by 
color charge annihilations of one antiup quark and one down quark ( ud ) with 
states up to the third excited states. 
 
Table 6. Positively charged Leptons formed from color charge annihilations of one up 
quark with one antidown quark ( ud ) up to the third excited states.  

ud  0u  1u  2u  3u  

0d  e+  µ+  20L+  30L+  

1d  τ +  λ+  21L+  31L+  

2d  02L+  12L+  22L+  32L+  

3d  03L+  13L+  23L+  33L+  

 
For neutral leptons or neutrinos, we have total 32 types, which can be catego-

rized into the up-type 16 neutral leptons or neutrinos, formed by combining one 
up quark and one antiup quark ( uu ) with charge (both electric and color) anni-
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hilations, the down-type 16 neutral leptons or neutrinos, formed by combining 
one down quark and one antidown quark ( dd ) with charge annihilations. There 
may have the short-type 16 neutral leptons or neutrinos, formed by adding the 
mix charge annihilation ( ) 2uu dd+ , and the long-type 16 neutral leptons or 
neutrinos, formed by subtracting the mix charge annihilation ( ) 2uu dd− . As 
one example, Table 7 lists the up-type 16 neutral leptons or neutrinos that are 
possibly formed by annihilating both electric and color charges of one up quark 
and one antiup quark with states up to the third excited states. They are denoted 
in general by , , ,i i i i

e c tτν ν ν ν , with the subscript i = 0, 1, 2, 3. In the up-type 16 neutral 
leptons or neutrinos, 2 neutral leptons or neutrinos, named as ,e τν ν , have been 
observed. The other 14 neutral leptons or neutrinos may be formed if the annihi-
lations occur or may not be formed if the excited quarks decay before annihilations 
occur. It should be noted that the up-type 16 neutral leptons or neutrinos are not 
independent because the six of them are antineutrinos of the other six neutrinos 
such as 1 0

e τν ν= . The diagonal 4 neutrinos and their antiparticles are the same ones. 
 
Table 7. Up-type neutral leptons or neutrinos formed from both electric and color charge 
annihilations of one up quark with one antiup quark ( uu ) up to the third excited states. 

uu  0u  1u  2u  3u  

0u  0
e eν ν=  0

τν  0
cν  0

tν  

1u  1 0
e τν ν=  1

τ τν ν=  1
cν  1

tν  

2u  2 0
ceν ν=  2 1

cτν ν=  cν  2
tν  

3u  3 0
e tν ν=  3 1

tτν ν=  3 2
c tν ν=  tν  

 
Table 8 lists the down-type 16 neutral leptons or neutrinos that are possibly 

formed by annihilating both electric and color charges of one down quark and 
one antidown quark with states up to the third excited states. They are denoted in 
general by , , ,i i i i

s bµ λν ν ν ν , with the subscript i = 0, 1, 2, 3. In the down-type 16 neu-
tral leptons or neutrinos, 1 neutral lepton or neutrino, named as µν , has been 
observed as the second generation of leptons. 1 neutral lepton or neutrino, named 
as λν , is one predicted by the author as the fourth generation of leptons [50]. The 
other 14 neutral leptons or neutrinos may be formed if the annihilations occur or 
may not be formed if the excited quarks decay before annihilations occur. It 
should be noted that the down-type 16 neutral leptons or neutrinos are not inde-
pendent because the six of them are antineutrinos of the other six neutrinos such 
as 1 0

µ λν ν= . The diagonal 4 neutrinos and their antiparticles are the same ones. 
 
Table 8. Down-type neutral leptons or neutrino formed from both electric and color charge 
annihilations of one down quark and one antidown quark ( dd ) with states up to the third 
excited states. 

dd  0d  1d  2d  3d  

0d  0
µ µν ν=  0

λν  0
sν  0

bν  

https://doi.org/10.4236/jmp.2025.169065


T. X. Zhang 
 

 

DOI: 10.4236/jmp.2025.169065 1259 Journal of Modern Physics 
 

Continued 

1d  1 0
µ λν ν=  1

λ λν ν=  1
sν  1

bν  

2d  2 0
cµν ν=  2 1

sλν ν=  sν  2
bν  

3d  3 0
bµν ν=  3 1

bλν ν=  3 2
s bν ν=  bν  

 
The formations of particles via other types of annihilations shown in Figure 3 

leave for future studies. Considering up & down quarks with three different colors, 
two different flavors, four different states, and maximum eight different ways of 
combinations with antiquarks, which also have two different flavors and four dif-
ferent states, we can estimate the maximum number of probably formed particles 
(or combinations) to be 3 × 2 × 4 × 8 × 2 × 4 = 1536 particles, many of these not 
yet observed. Number of mesons will be 1536/8 = 192. Including the short-type 
and long-type of neutral mesons, we have in total 288 mesons. Removing the 72 
non-independent neutral mesons, we have 216 mesons. We further notice that 
some observed mesons may have different types or flavors. For an instance, the 
π +  meson may have electron type or mode ( )1 0e u dπ + , which decays into e+  
and eν  and muon type or mode ( )1 1u dµπ

+ , which decays into µ+  and µν  or 
0π , e+  and eν . Up to the N-th excited states, the maximum number of possibly 

formed particles from the eight types of combinations will be 296N . 
In future studies, we will address processes of meson decays and give the corre-

sponding fine structures of Feynman diagrams. A quark and antiquark with the 
same flavor and state, such as ( 0 0u u ), can form a gamma ray when masses, electric 
and color charges are all annihilated, a neutrino when electric and color charges 
are annihilated, and a gluon when masses and electric charges are annihilated. A 
quark and antiquark with the same flavor but different states, such as ( 0 1u u ), can 
form a temporal meson, which decays into two or more particles after the excited 
quark or antiquark decays with an emission a quark-antiquark pair. 

7. Particle Formation from Electron-Positron Collisions 

In an energetic electron-positron collision, the electron and positron are first dis-
integrated into quark-antiquark pairs ( 0 0e u d− → , 0 0e u d+ → ). The process of 
lepton disintegration is an inverse process of quark-antiquark charge annihila-
tions. Then, during the collision, the quarks and antiquarks that are disintegrated 
from the electron and positron absorb energy and get excited. Third, those excited 
quark-antiquark pairs annihilate their color charges to form higher generations of 
electrically charged leptons.  

Figure 7 shows a typical example for the second through fourth generations of 
leptons to be formed from electron-positron collisions. When the antiup quark in 
the disintegrated electron quark-antiquark pair and the up quark in the disinte-
grated positron quark-antiquark pair are excited, then the annihilations produce 
µ±  leptons. When the down quark in the disintegrated electron quark-antiquark 
pair and the antidown quark in the disintegrated positron quark-antiquark pair 
are excited, then the annihilations produce τ ±  leptons. When both the antiup 
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and down quarks in the disintegrated electron quark-antiquark pair and both the 
up and antidown quarks in the disintegrated positron quark-antiquark pair are 
excited, the annihilations produce the λ±  leptons. An electron-positron colli-
sion in a different energy level produces a different generation of electrically 
charged leptons. And so on, in general, to produce a higher generation of leptons, 
a more energetic electron-positron collision is required. 
 

 
Figure 7. Productions of other three electrically charged leptons from energetic electron-
positron collisions. During an electron-positron collision, the electron and positron are 
first disintegrated into quark-antiquark pairs, which are then excited and further annihi-
lated into other generations of electrically charged leptons. The fifth or higher generations 
of leptons are probably formed when the electron-positron collision is more energetic.  

 
The disintegrated electron and positron quark-antiquark pairs from electron-

positron collisions, when they are excited but not annihilated, can form mesons 
such as eπ

± , µπ
± , D± , B± , and so on (Figure 8). When the up and antiup 

quarks that are disintegrated from electron and positron are excited to the first 
excited states, then the combinations (without charge annihilations) produce elec-
tron type or mode pion mesons eπ

±  or bosons W ±  if color charges are annihi-
lated with spin to be 1. When all the up and down quarks and their antiquarks 
that are disintegrated from electron and positron are excited to the first excited 
states, then the combinations without charge annihilations produce muon type or 
mode pion mesons µπ

±  (or the regular pion meson π ± ). When the up and an-
tiup quarks that are disintegrated from electron and positron are excited to the 
second excited states, while the down and antidown quarks that are disintegrated 
from electron and positron are excited to the first excited states, then the combi-
nations without charge annihilations produce D±  mesons. An electron-posi-
tron collision in a different energy level produces a different generation of electri-
cally charged mesons. And so on, in general, to produce a higher generation of 
mesons, a more energetic electron-positron collision is required. 
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Figure 8. Productions of electrically charged mesons and W-bosons from energetic elec-
tron-positron collisions. In an electron-positron collision, the electron and positron are 
first disintegrated into quark-antiquark pairs, which are then excited and combined into 
mesons without occurring quark-antiquark annihilations and into bosons with color 
charge annihilations when spin is 1.  

 
The quark-antiquark pairs ( )0 0,u d  and ( )0 0,u d , which are disintegrated 

from electron and positron, can form a pair of electron-type neutrino and muon-
type antineutrinos ( ),e µν ν  or ( ),e µν ν , when the quark and antiquark are not 
excited but regroup according to their flavors into ( )0 0,u u  and ( )0 0,d d  and 
further annihilate both electric and color charges (Figure 9). They can also form 
or annihilate into a pair of muon-type neutrino and tau-type antineutrino, 
( ),µ τν ν  or ( ),τ µν ν , when the up and antiup quarks are excited, and a pair of 
tau-type and lambda-type neutrinos, ( , )τ λν ν  or ( ),λ τν ν , when all the up and 
down quarks and antiquarks are excited. The neutrino and antineutrino in each 
pair are not the same type.  
 

 
Figure 9. Formation of pairs of various types of neutrinos and antineutrinos from electron-
positron collisions with quark disintegrations, state excitations, and charge annihilations. 
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When the quark-antiquark pairs annihilate not only their electric and color 
charges but also their masses, various pairs of gamma rays can form from electron-
positron collisions or annihilations (Figure 10). Surprisingly, the two gamma rays 
in each pair are not identical. Here, that the electron-positron annihilation pro-
duces two different gamma ray photons is one of the most critical new findings 
from the two-flavor multi-excitation quark model. Accurately measuring the fre-
quencies or energies of the two photons generated from the electron-positron an-
nihilation may be helpful in testing and confirming this new quark model. In gen-
eral, what kinds of particles are formed or created from electron-positron colli-
sions depends on how the quark and antiquark excite, regroup, combine, and an-
nihilate. The pair of photons are quantum-mechanically entangled. When one is 
measured to be the electron-type gamma ray, then the other should be measured 
to be the muon-type gamma ray. But if one is measured to be the muon-type 
gamma ray, then the other will be measured to be either the electron-type gamma 
ray or the tau-type gamma ray. Similarly, when one is measured to be tau-type 
gamma ray, then the other will be measured to be either the muon-type gamma 
ray or the lambda-type gamma ray.  
 

 
Figure 10. Formation of pairs of various types of gamma rays from electron-positron col-
lisions with quark disintegrations, state excitations, and complete annihilations. Like neu-
trinos, the gamma rays emitted from annihilations of quark-antiquark pairs that are disin-
tegrated from electron and positron have different types. 

 
It is well known that a high-energy or frequency gamma ray photon, when it 

interacts with a nucleus, can be materialized into a particle-antiparticle pair such 
as an electron-positron pair. Here, we suggest that the pair-production process 
involves three steps (Figure 11): 1) the gamma ray photon is disintegrated into a 
quark-antiquark pair, e.g. ( )0 1,u u , in which one quark, e.g. 1u , is excited; 2) the 
excited antiup quark degenerates to the ground state and meantime emits a down 
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quark-antiquark pair, ( )1 0 0 0u u d d+→ ; and 3) the two quark-antiquark pairs an-
nihilate their color charges into electron and positron, ( )0 0u d e−→  and 

( )0 0u d e+→ . It should be pointed out that, when the excited antiup quark degen-
erates to the ground state and meantime emits an up quark-antiquark pair, 

( )1 0 0 0u u u u+→ , then the photon is materialized into a pair of neutrino and anti-
neutrino or is split into two photons. Measuring pair production of neutrino and 
antineutrino or two photons from a single photon can also help to test and con-
firm this new quark model.  
 

 
Figure 11. Electron-positron pair-production of a high-energy or frequency gamma ray 
photon. It involves disintegration of the photon into a quark-antiquark pair, degeneration 
of the excited antiup quark to its ground state with emission of a ground down quark-
antiquark pair, and color charge annihilations of ground up and down quark-antiquark 
pairs into an electron and a positron.  

 
Like a high-energy or frequency gamma ray photon, a lepton including neu-

trino, when it interacts with a particle or nucleus, can be disintegrated into a 
quark-antiquark pair. Decays and oscillations of neutrinos can be understood or 
explained with neutrino disintegrations, quark excitations, quark-antiquark pair 
emissions, and annihilations [50]. 

8. Discussions 

We have suggested the Pauli exclusive principle is applicable to quarks in a parti-
cle. There are no two quarks having the same flavor and state inside a particle. For 
three quarks (qqq) with two flavors, three colors, and four excitation states to 
combine or make a baryonic particle, there are in total 3 3

2 3 4 24 2024C C× × = =  pos-
sible combinations or types of particles to be formed. As baryons are color neutral, 
the number of baryons that are probably formed are much less than 2024 and can 
be 8 7 6 336× × =  when the Pauli principle is applied. Much more four-quark 
mesons and five-quark exotic baryons can be formed. In general, quarks can have 
infinite quantum states. Combinations of quarks with infinite quark states pro-
duce infinite types of particles.  

Considering radiation energy to be equivalent to mass, we can simplify the four-
element theory of nature to a three-element theory of nature. Among them (i.e., 
mass, electric charge, and color charge), there are four real fundamental interac-
tions: the gravitational interaction between masses, the electromagnetic interac-
tion between electric charges, the strong interaction between color charges, and 
the weak interaction between electric and color charges. There are two extra im-
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aginary interactions: one between mass and electric charge and another between 
mass and color charge. Electric charge sticking on mass forms an electrically 
charged particle. Color charge sticking on mass or radiation forms a massive or 
massless gluon. Inside a quark, we have named them as elecon and coloron, two 
types of quarkons. A nucleus is a composite of nucleons with two types: proton 
and neutron. A nucleon is a composite of quarks with two types: up and down. A 
quark is a composite of quarkons with two types: elecon and coloron. Here quar-
kons are analogs of preons. 

Spin conservation may not be warranted during electric and/or color charge 
annihilations of quarks and antiquarks. As shown in Section 4 or Figure 3, a spin-
1/2 quark and a spin-1/2 antiquark can form a spin-1/2 lepton or a spin-1 boson 
through charge annihilations. Future study will address the spin of particles, a 
fundamental property of particles, in more details. If quarkons (i.e., elecon and 
coloron) have a spin of 1/4, then formation of spin-1/2 lepton from quark-anti-
quark charge annihilation is understandable from the view of particle spin. In the 
entire decay process, the spin is conserved. 

In future studies, we will also attempt to develop theories of two-flavor multi-
excitation quark model. First, we will develop quantum mechanics of quarks. We 
will model a quark as a two-body (i.e., coloron-elecon) quantum system with a 
weak interaction perturbation and solve the Schrodinger equation with a weak (or 
electric-color charge interaction) potential to find quantum states ( )nk rψ  and 
energy nkE , where the subscript n = 1 for up quark and n = 2 for the down quark 
and the quantum number 0,1,2,3,k =   for the ground, first, second, and third 
excited states, and so on. A general stationary state of a quark can be represented 
as 

( ) ( )
1

, exp nk
n nk nk

k

iEr t c r tψ
∞

=

 Ψ = − 
 

∑


 

where   is the reduced Planck constant. 
Then, we will develop the quantum chromodynamics for this two-flavor multi-

excitation quark model. In the two-flavor ( 1,2n = ) multi-excitation  
( 0,1,2,3, ,k = ∞ ) quark model, the quantum chromodynamic Lagrangian may 
be revised to, 

( )
2

2

1 0

1
4nk n nk

n k
q i cD m c q G Gα µν

µν α

∞

= =

= − −∑∑   

where c is the speed of light in the vacuum, mn is the mass of the quark,  
( )D ieAµ

µ µγ= ∂ −  with Aµ  the electromagnetic field four-potential, Gα
µν  is 

the gluon field strength tensor with the superscript α  the color index, and nkq  
is the Dirac spinor of the quark with subscripts n and k representing the flavor 
and state of the quark. From this Lagrangian, we will determine the masses of up 
and down quarks.  

The beam and bottle experiments have measured a discrepancy of about nine 
seconds for the lifetime of neutron decays. One probable cause is that some neu-
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trons decay into unseen or dark particles, which can be considered as a candidate 
of dark matter, rather than protons. Based on the two-flavor multi-excitation 
quark model, a neutron, when its excited down quark degenerates to the ground 
state by emitting a quark-antiquark pair with a different color, does not decay into 
a proton, an electron, and an antineutrino, instead, forms a gluon with three 
quarks glued by the gluon or a five-quark exotic baryon or pentaquark. Future 
study will address this in more details. 

9. Conclusions 

As consequences, this paper develops a two-flavor multi-excitation quark model 
based on author’s innovative thoughts and creative ideas that nature consists of 
four fundamental elements: radiation, mass, electric charge, and color charge; the 
weak force is an interaction between electric and color charges and occurs inside 
quarks; and quarks have only two flavors but multiple excited states. Decays of a 
quark result from the internal weak interaction between electric and color charges 
inside the quark. Excitations of a quark result also from the external strong inter-
action between color charges with other quarks. Quarks change their states by 
emitting or absorbing quark-antiquark pairs. There are a maximum of eight pos-
sible ways for a quark to combine and/or annihilate with an antiquark to form a 
particle with corresponding eight types, including mesons, charged leptons, neu-
trinos, massive gluons, gluons, massless mesons, photons, and Weyl fermions. 
The two-flavor multi-excitation quark model predicts many more other particles 
for experimental detections. In electron-positron collisions, various particles are 
created through lepton disintegrations, quark excitations, and annihilations. In 
future, we will study in more details how three quark baryons are formed and how 
various particles are formed during the energetic hadron-hadron collisions. We 
can also explore how four quark mesons (or tetraquarks) and five quark baryons 
(or pentaquarks) are formed and decay.  

Overall, based on this two-flavor multi-excitation quark model, nature has only 
two building blocks, which are up and down quarks, and consists of four funda-
mental elements, which are radiation, mass, electric charge, and color charge, and 
ten fundamental interactions, which are unified into a single interaction between 
complex energy. Any particle is a combination of one or more of these four fun-
damental elements and is formed by various combinations of two or more of the 
two types of quarks in different states. The weak force occurs inside quark, while 
the electromagnetic and strong forces occur between quarks. In other words, the 
weak force is a quark internal force, while the electromagnetic and strong forces 
are quark external forces. In quantum field theory, as particles are fields, interac-
tions between them do not need carriers. The general particles that can be built by 
the two building blocks include three diquarks: ( )uu , ( )ud , & ( )dd ; four tri-
quarks: ( )uuu , ( )uud , ( )udd , & ( )ddd ; six tetraquarks: ( )uuuu , ( )uduu , 
( )dduu , ( )udud , ( )uddd , & ( )dddd ; ten pentaquarks: ( )uuuuu , ( )uuudu , 
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( )uuddu , ( )udddu , ( )ddddu , ( )ddddd , ( )udddd , ( )uuddd , ( )uuudd  & 

( )uuuud ; and so on.  

Acknowledgements 

The work is supported by NSF HBCU-UP Research Initiation Award (#2400021), 
from fundamental elements of nature to a new quantum world of quarks. The 
author also acknowledges the support from the IBM-HBCU Quantum Center via 
the funded project. 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this paper. 

References 
[1] Machtmann, O. (2012) Elementary Particle Physics: Concepts and Phenomena. 

Springer. 

[2] Martin, B.R. and Shaw, G. (2017) Particle Physics. 4th Edition, Wiley. 

[3] Gell-Mann, M. (1964) A Schematic Model of Baryons and Mesons. Physics Letters, 
8, 214-215. https://doi.org/10.1016/s0031-9163(64)92001-3 

[4] Zweig, G. (1964) An SU3 Model for Strong Interaction Symmetry and Its Breaking. 
CERN Report No.8182/TH.401. https://cds.cern.ch/record/352337?ln=en  

[5] Aaij, R., Abellán Beteta, C., Ackernley, T., Adeva, B., et al. (2021) Observation of New 
Resonances Decaying to 𝐽𝐽/𝜓𝜓𝜓𝜓+ and 𝐽𝐽/𝜓𝜓𝜓𝜓. Physical Review Letters, 127, Article 
082001. 

[6] Berezhnoy, A.V., Luchinsky, A.V. and Novoselov, A.A. (2012) Heavy Tetraquarks 
Production at the LHC. Physical Review D, 86, Article 034004.  
https://doi.org/10.1103/physrevd.86.034004  

[7] Chen, H., Chen, W., Liu, X. and Zhu, S. (2016) The Hidden-Charm Pentaquark and 
Tetraquark States. Physics Reports, 639, 1-121.  
https://doi.org/10.1016/j.physrep.2016.05.004  

[8] Lipkin, H.J. (1987) New Possibilities for Exotic Hadrons—Anticharmed Strange Bar-
yons. Physics Letters B, 195, 484-488. https://doi.org/10.1016/0370-2693(87)90055-4  

[9] Hendry, A.W. and Lichtenberg, D.B. (1978) The Quark Model. Reports on Progress 
in Physics, 41, 1707-1780. https://doi.org/10.1088/0034-4885/41/11/001  

[10] Capstick, S. (2000) Quark Models of Baryon Masses and Decays. Progress in Particle 
and Nuclear Physics, 45, S241-S331. https://doi.org/10.1016/s0146-6410(00)00109-5  

[11] Harari, H. (1978) Quarks and Leptons. Physics Reports, 42, 235-309.  
https://doi.org/10.1016/0370-1573(78)90206-5  

[12] Harari, H. (1984) Composite Models for Quarks and Leptons. Physics Reports, 104, 
159-179. https://doi.org/10.1016/0370-1573(84)90207-2  

[13] Goldberger, M.L. and Treiman, S.B. (1958) Decay of the Pi Meson. Physical Review, 
110, 1178-1184. https://doi.org/10.1103/physrev.110.1178  

[14] Počanić, D., Frlež, E. and van der Schaaf, A. (2014) Experimental Study of Rare 
Charged Pion Decays. Journal of Physics G: Nuclear and Particle Physics, 41, Article 
114002. https://doi.org/10.1088/0954-3899/41/11/114002  

[15] Kühn, J.H. and Santamaria, A. (1990) Τ Decays to Pions. Zeitschrift für Physik C 

https://doi.org/10.4236/jmp.2025.169065
https://doi.org/10.1016/s0031-9163(64)92001-3
https://cds.cern.ch/record/352337?ln=en
https://doi.org/10.1103/physrevd.86.034004
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/0370-2693(87)90055-4
https://doi.org/10.1088/0034-4885/41/11/001
https://doi.org/10.1016/s0146-6410(00)00109-5
https://doi.org/10.1016/0370-1573(78)90206-5
https://doi.org/10.1016/0370-1573(84)90207-2
https://doi.org/10.1103/physrev.110.1178
https://doi.org/10.1088/0954-3899/41/11/114002


T. X. Zhang 
 

 

DOI: 10.4236/jmp.2025.169065 1267 Journal of Modern Physics 
 

Particles and Fields, 48, 445-452. https://doi.org/10.1007/bf01572024  

[16] Brandelik, R., Braunschweig, W., Martyn, H.U., et al. (1978) Measurements of Tau 
Decay Modes and a Precise Determination of the Mass. Physics Letters B, 73, 109-
114. 

[17] Davier, M., Höcker, A. and Zhang, Z. (2006) The Physics of Hadronic Tau Decays. 
Reviews of Modern Physics, 78, 1043-1109.  
https://doi.org/10.1103/revmodphys.78.1043 

[18] DELPHI Collaboration (2006) A Measurement of the Tau Hadronic Branching Ra-
tios. The European Journal of Physics C (Particles and Fields), 46, 1-26.  
https://link.springer.com/article/10.1140/epjc/s2006-02494-9  

[19] Greenberg, O.W. (2009) Color Charge Degree of Freedom in Particle Physics. In: 
Compendium of Quantum Physics, Springer, 109-111.  
https://doi.org/10.1007/978-3-540-70626-7_32  

[20] Çakır, İ.T., Kuday, S. and Çakır, O. (2015) Production and Decay of Up-Type and 
Down-Type New Heavy Quarks through Anomalous Interactions at the LHC. Ad-
vances in High Energy Physics, 2015, 1-14. https://doi.org/10.1155/2015/134898  

[21] Franklin, J. (1968) A Model of Baryons Made of Quarks with Hidden Spin. Physical 
Review, 172, 1807-1817. https://doi.org/10.1103/physrev.172.1807  

[22] Gaillard, M.K., Grannis, P.D. and Sciulli, F.J. (1999) The Standard Model of Particle 
Physics. Reviews of Modern Physics, 71, S96-S111.  
https://doi.org/10.1103/revmodphys.71.s96  

[23] Cottingham, W.N. and Greenwood, D.A. (2007) Introduction to the Standard Model 
of Particle Physics. Cambridge University Press. 

[24] Higgs, P.W. (1964) Broken Symmetries and the Masses of Gauge Bosons. Physical 
Review Letters, 13, 508-509. https://doi.org/10.1103/physrevlett.13.508  

[25] Wilczek, F. (1977) Decays of Heavy Vector Mesons into Higgs Particles. Physical Re-
view Letters, 39, 1304-1306. https://doi.org/10.1103/physrevlett.39.1304  

[26] Langacker, P. (2017) The Standard Model and beyond. CRC Press. 

[27] Comelli, D., Pietroni, M. and Riotto, A. (2003) Dark Energy and Dark Matter. Physics 
Letters B, 571, 115-120. https://doi.org/10.1016/j.physletb.2003.05.006  

[28] Kajita, T. and Totsuka, Y. (2001) Observation of Atmospheric Neutrinos. Reviews of 
Modern Physics, 73, 85-118. https://doi.org/10.1103/revmodphys.73.85  

[29] Wietfeldt, F.E. and Greene, G.L. (2011) Colloquium: The Neutron Lifetime. Reviews 
of Modern Physics, 83, 1173-1192. https://doi.org/10.1103/revmodphys.83.1173  

[30] Feinberg, G., Kabir, P. and Weinberg, S. (1959) Transformation of Muons into Elec-
trons. Physical Review Letters, 3, 527-530. https://doi.org/10.1103/physrevlett.3.527  

[31] Dolinski, M.J., Poon, A.W.P. and Rodejohann, W. (2019) Neutrinoless Double-Beta 
Decay: Status and Prospects. Annual Review of Nuclear and Particle Science, 69, 219-
251. https://doi.org/10.1146/annurev-nucl-101918-023407  

[32] Patrignani, C. (2016) Review of Particle Physics. Chinese Physics C, 40, Article 
100001. https://doi.org/10.1088/1674-1137/40/10/100001  

[33] Zhang, T.X. (2010) Fundamental Elements and Interactions of Nature: A Classical 
Unification Theory. Progress in Physics, 2, 36-42. 
https://www.oalib.com/research/2395584 

[34] Zhang, T.X. (2008) Electric Charge as a Form of Imaginary Energy. Progress in Phys-
ics, 2, 79-83. https://www.oalib.com/research/2395953 

[35] Zhang, T.X. (2025) New Four-Element Theory of Nature. Progress in Physics.  

https://doi.org/10.4236/jmp.2025.169065
https://doi.org/10.1007/bf01572024
https://doi.org/10.1103/revmodphys.78.1043
https://link.springer.com/article/10.1140/epjc/s2006-02494-9
https://doi.org/10.1007/978-3-540-70626-7_32
https://doi.org/10.1155/2015/134898
https://doi.org/10.1103/physrev.172.1807
https://doi.org/10.1103/revmodphys.71.s96
https://doi.org/10.1103/physrevlett.13.508
https://doi.org/10.1103/physrevlett.39.1304
https://doi.org/10.1016/j.physletb.2003.05.006
https://doi.org/10.1103/revmodphys.73.85
https://doi.org/10.1103/revmodphys.83.1173
https://doi.org/10.1103/physrevlett.3.527
https://doi.org/10.1146/annurev-nucl-101918-023407
https://doi.org/10.1088/1674-1137/40/10/100001
https://www.oalib.com/research/2395584
https://www.oalib.com/research/2395953


T. X. Zhang 
 

 

DOI: 10.4236/jmp.2025.169065 1268 Journal of Modern Physics 
 

[36] Weyl, H. (1929) Elektron und Gravitation. Zeitschrift fur Physik, 56, 330-352. 

[37] Xu, S., Belopolski, I., Alidoust, N., Neupane, M., Bian, G., Zhang, C., et al. (2015) 
Discovery of a Weyl Fermion Semimetal and Topological Fermi Arcs. Science, 349, 
613-617. https://doi.org/10.1126/science.aaa9297  

[38] Gell-Mann, M. (1962) Symmetries of Baryons and Mesons. Physical Review, 125, 
1067-1084. https://doi.org/10.1103/physrev.125.1067  

[39] McLerran, L. (1986) The Physics of the Quark-Gluon Plasma. Reviews of Modern 
Physics, 58, 1021-1064. https://doi.org/10.1103/revmodphys.58.1021  

[40] DeGrand, T.A. and Jaffe, R.L. (1976) Excited States of Confined Quarks. Annals of 
Physics, 100, 425-456. https://doi.org/10.1016/0003-4916(76)90069-5  

[41] Baur, U., Spira, M. and Zerwas, P.M. (1990) Excited-Quark and -Lepton Production 
at Hadron Colliders. Physical Review D, 42, 815-824.  
https://doi.org/10.1103/physrevd.42.815 

[42] Griffins, D.J. (1992) Introduction to Quantum Mechanics. 3rd Edition, McGraw-Hill. 

[43] Gross, D.J. and Wilczek, F. (1973) Asymptotically Free Gauge Theories. I. Physical 
Review D, 8, 3633-3652. https://doi.org/10.1103/physrevd.8.3633  

[44] Harari, H. (1979) A Schematic Model of Quarks and Leptons. Physics Letters B, 86, 
83-86. https://doi.org/10.1016/0370-2693(79)90626-9  

[45] Shupe, M.A. (1979) A Composite Model of Leptons and Quarks. Physics Letters B, 
86, 87-92. https://doi.org/10.1016/0370-2693(79)90627-0  

[46] Robson, B.A. (2024) The Generation Model of Particle Physics. European Journal of 
Applied Sciences, 12, 1-17. 

[47] Raitio, R. (2018) Supersymmetric Preons and the Standard Model. Nuclear Physics 
B, 931, 283-290. https://doi.org/10.1016/j.nuclphysb.2018.04.021 

[48] Holmes, R. (2021) A Quantum Field Theory with Permutational Symmetry. 2nd Edi-
tion, Lambert Academic Press. 

[49] Zhang, T.X. (2024) Dynamic Spacetime: Key to the Mysteries of Dark Matter and 
Dark Energy. Journal of Modern Physics, 15, 416-434.  
https://doi.org/10.4236/jmp.2024.154018 

[50] Zhang, T.X. (2011) Quark Annihilation and Lepton Formation versus Pair Produc-
tion and Neutrino Oscillation: The Fourth Generation of Leptons. Progress in Phys-
ics, 2, 20-26. https://www.oalib.com/research/2396882  

[51] Zhang, T.X. (2023) New Insights to the Weak Interaction and Quark Model. Quark 
Matter 2023 Conference, Houston, 3-8 September 2023. 
https://indico.cern.ch/event/1139644/contributions/5490480/ 

[52] Feynman, R.P. (1949) The Theory of Positrons. Physical Review, 76, 749-759.  
https://doi.org/10.1103/physrev.76.749  

[53] Frampton, P.H., Hung, P.Q. and Sher, M. (2000) Quarks and Leptons beyond the 
Third Generation. Physics Reports, 330, 263-348.  
https://doi.org/10.1016/s0370-1573(99)00095-2 

 

https://doi.org/10.4236/jmp.2025.169065
https://doi.org/10.1126/science.aaa9297
https://doi.org/10.1103/physrev.125.1067
https://doi.org/10.1103/revmodphys.58.1021
https://doi.org/10.1016/0003-4916(76)90069-5
https://doi.org/10.1103/physrevd.42.815
https://doi.org/10.1103/physrevd.8.3633
https://doi.org/10.1016/0370-2693(79)90626-9
https://doi.org/10.1016/0370-2693(79)90627-0
https://doi.org/10.1016/j.nuclphysb.2018.04.021
https://doi.org/10.4236/jmp.2024.154018
https://www.oalib.com/research/2396882
https://indico.cern.ch/event/1139644/contributions/5490480/
https://doi.org/10.1103/physrev.76.749
https://doi.org/10.1016/s0370-1573(99)00095-2

	Two-Flavor Multi-Excitation Model of Quarks
	Abstract
	Keywords
	1. Introduction
	2. Fundamental Elements of Nature
	3. Quark Structure and State Quantization
	4. Quark-Antiquark Combination and Particle Formation
	5. Quark Decays and Fine Structures of Feynman Diagrams
	6. Meson and Lepton Formations from Highly Excited Quark-Antiquarks Combinations
	7. Particle Formation from Electron-Positron Collisions
	8. Discussions
	9. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

