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Abstract

Two biggest mysteries that have been puzzling scientists for many decades are
the baryon asymmetry and the origin of dark matter. To solve why the present
universe is significantly missing antimatter but is fully filled with dark matter,
we have examined how hadronic particles were produced from combinations
of quarks and antiquarks in the early universe after the end of the quark epoch.
It is shown that, in addition to the normal baryons formed by a direct color-
charge binding of three quarks, a special type of superhadron baryons, called
to nonaquarks, could be formed via a two-level color-charge binding of three
quarks and six antiquarks in the early universe. The lowest energy state neutral
nonaquarks, named as superons, which are formed from the first-generation
(Ze., up and down) or lowest state quarks and antiquarks can be an appropri-
ate candidate of dark matter particles—weakly interacting massive particles
(WIMPs). These nonaquarks formed from the combinations of quarks with
twice number of antiquarks provide us a possible solution for both the mys-
teries of the baryon asymmetry and dark matter’s origin.
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1. Introduction

Antimatter is a type of matter made of antiparticles, which have same mass but
opposite electric charge to the corresponding particles. It is found to be extremely
rare in the present universe, but according to the Big Bang theory, matter and
antimatter should be created in equal amounts in the early universe. With the
equal amounts of matter and antimatter, stars, planets, and galaxies should not be
formed. Why the universe does not have equal parts of matter and antimatter at

present or why the universe behaves baryon asymmetry is one of the most signif-
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icant unsolved problems in physics and cosmology. Where did all the antimatter
go? Some prevailing theories of missing antimatter include antimatter regions
formed in the baryon-dominated universe [1], baryogenesis in the baryon-sym-
metric universe [2], and so on.

Dark matter is a hypothetical form of matter that interacts with matter via only
the gravitational interaction, not emitting, absorbing and reflecting light so that it
is neutral and invisible. Its mass abundance is about five times that of matter in
the universe. Without dark matter, galaxies would not hold their matter together,
galactic clusters would not bend light as much as observed, and cosmic microwave
background (CMB) radiation would not have observationally consistent pertur-
bations. One of the leading theories suggests that dark matter is composed of
weakly interacting massive particles (WIMPs) [3]. The presence or origin of dark
matter in the universe is another unsolved mystery in physics and cosmology.

This paper provides an innovative insight into the mysteries of antimatter and
dark matter in the universe. It shows how quarks combine with twice number of
antiquarks to form a special type of superhadron baryon, called to nonaquarks, in
the early universe, so that provides us a possible candidate of dark matter particles.
This work potentially solves both the mysteries of why the present universe is sig-

nificantly missing antimatter but is fully filled with dark matter.

2. Quark-Gluon Plasma in the Early Universe

Based on the standard Big Bang cosmology, our universe originated from a hot,
dense and extremely small state around 13.8 billion years ago [4]. It has evolved
through a sequence of epochs such as inflation, quark, hadron, and nucleosynthe-
sis epochs to star, galaxy, and cluster formations, and then to the present status
and further to the heat death of the universe. The quark epoch refers to the period
in the early universe, started roughly at 1 picosecond after the Big Bang when the
electroweak interaction separated into the weak interaction and the electromag-
netic interaction and lasted until about 1 micro-second [5]. During this period,
the universe was extremely hot and dense, filling with a quark-gluon plasma,
which contains free quarks, gluons, leptons and their antiparticles as building
blocks of the universe and force carriers [6]. At the end of the quark epoch, the
universe cooled down to the point so that quarks including antiquarks started to
bind or combine via the strong force or color-color charge interaction and formed
hadrons and other possible types of particles such as dark matter particles [7], e.g.
the hexaquark (uuddss) [8] or nonaquarks of this work [9]. After the quark epoch,
the hadron epoch started. The hadron epoch ended round at 1 second after the
Big Bang.

Here, we consider a hot, dense quark-gluon plasma that contains 3V quarks
with three types of color charges to be labelled red (R), blue (B), and green (G)
and 3N corresponding antiquarks with three types of color charges to be labelled
antired (R ), antiblue (B), and antigreen (G ). Like the early universe at the
quark epoch, all the quarks and antiquarks are free without yet binding together
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to form hadrons. Here, N is a big number. For easy to count each of them, we
order or arrange all the 3V quarks and 3V antiquarks into an N x 6 matrix ac-
cording to their colors and types in Figure 1(a). The 6 N matrix’s components are
denoted as a;; with i=12,--,N and j=1,2,---,6. Each component of the
matrix represents a quark or an antiquark with a particular color and a particular
type or flavor such as a,, representing a blue-color up-type quarkand a,, rep-
resenting an antired-color down-type antiquark. To the standard model of parti-
cle physics, the up-type of quarks, U, includes the up (u), charm (c), and top (t)
quarks with electric charge +2¢/3, U = {u, , t}, while the down-type of quarks, D,
includes the down (d), strange (s), and bottom (b) quarks with electric charge
—e/3,D={d, s, b}. Here, e= 1.6 x 107 C is the fundamental unit of electric charge.
To the new two-flavor multi-excitation model of quarks, they are U = {uy, u;, u,
us, ...} and D = {do, dy, d», d3, ...} [10]-[14]. This new quark model considers the
heavy quarks: ¢, s, t, and b of the standard model to be the second and third excited

states of up and down quarks.

Quark  Antiquark Type, Color 3 Quark Particles || Charge
u-type R B G R G 1 p-type, W ay1 Qqp Q3 +e
d-type R B G R G 2 n-type, W a1 Qzz Qg3 0
u-type R B G R G 3 d-type, 2R asq Q16 e/3
d-type R B G R G 4 d-type, 2B a3y Q6 Q14 e/3

d-type, 2G Q33 A4 e/3

u-type, 2R Ay Q3e -2¢/3

. .o . U-type, 2B Crs @ @y -2e/3

d-type R B G R G N -type, 2G Tz @an -2e/3
(a) (b)

Figure 1. (a) Left panel: a sketch of an N x 6 matrix that arranges the 3V quarks and 3NV
antiquarks according to their colors and types. (b) Right panel: a sketch of an 8 x 3 matrix
that shows eight typical particles (two normal baryons and six superquarks) formed by
combining the twelve quarks and twelve antiquarks given in the first four rows of Figure
1(a). The first two rows form two-type (proton-type and neutron-type) and color-neutral
normal baryon particles, while the third through eighth rows form two-type (anti-down
type and anti-up type) three-color (2R, 2B, 2G) superquarks. Here, we call them super-
quarks because they have non-neutral color charges and fractional electric charges like nor-
mal quarks.

The two-flavor multi-excitation quark model was recently developed by the au-
thor based on his innovative thoughts and creative ideas that nature consists of
four fundamental elements (e.g., 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 interaction between color charges with other quarks. Quarks change their
states via emitting or absorbing quark-antiquark pairs. There are in maximum
eight possible ways for a quark to combine and/or annihilate with an antiquark to

form a particle with various types, including mesons, leptons, gluons, photons,
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and Weyl fermions. Combinations of quarks and antiquarks up to the third ex-
cited states can form more different particles. In collisions, leptons would be dis-
integrated into quarks and antiquarks, which get excited and recombine to form
other particles. Collisions of hadrons would excite their quarks and form also var-
ious other particles. The higher the energy of collisions is, the more particles are
generated.

After the quark epoch ended, the universe cooled down to a point and switched
into the hadron epoch, at which quarks and antiquarks with non-zero color
charges started to bind together and form colorless hadrons and antihadrons such
as protons, neutrons, and their antiparticles. The hadron epoch started at around

1076 seconds and lasted until about 1 second after the Big Bang.

3. Color Charges of Quarks and Color Neutrality of Hadrons

In particle physics, color describes a fundamental property of quarks and gluons,
related to the strong force [15]. These colors are not related to the visible colors
but are types of charges. Quarks and antiquarks are bounded to form hadrons and
antihadrons via the color-color charge interaction. Hadrons and antihadrons are
color neutral, meaning that each of them has total color charges to be zero [16].
Conventionally, a combination of two quarks, when one is quark and another is
antiquark and their colors are opposite (Ze. anti each other, e.g.: (R, R), (B,B),
(G,G)), forms a colorless hadron meson such as pions; a combination of three
quarks with colors (R, B, G ) forms a colorless hadron baryon such as protons and
neutrons; and a combination of three antiquarks (R, B, G ) forms a colorless had-
ron antibaryon such as antiprotons and antineutrons. In a hot, dense quark-gluon
plasma, free quarks and antiquarks are supposed to be combined randomly. All
mesons are unstable and decay into others. Proton is the lowest state of baryons
and stable. Other formed baryons decay towards the stable one.

Many more other combinations of quarks and antiquarks such as ( R,B),
(R,G), (B,R), (B,G), (G,R), and (G,B) or (R,B,G), (B,G,R), (G,R,B),
(R,B,G), (B,G,R), and (G, R,B) do not form the normal mesons or baryons,
because the formed ones still hold non-zero color charges. They need to combine
further with more quarks and/or antiquarks to form color-neutral and thus ob-
servable exotic particles. For instance, combining of (R,B) with (B,R ) forms a
four-quark meson (R, B, R,B), called to tetraquark, and combining of (R, B, G)
with two quarks of color (G) forms an exotic five-quark baryon (R,B,G,G, G ),
called to pentaquark, which consists of a normal baryon and a normal meson, and
many so on. In this study, we surprisingly found that combining of (R,B,G),
(B,G,R)and (G,R,B) could form an interesting exotic and superhadron baryon
(R,B,G,R,B,G,R,B,G), called to nonaquark. It may exist a stable state, when
their quarks and antiquarks are the first-generation or the lowest states like those
in protons or neutrons.

The sum of a color and its anti-color or the sum of red, blue, and green colors

or the sum of antired, antiblue, and antigreen colors results in a colorless or color-
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neutral state with a net color charge of zero. Therefore, in particle physics, that a
combination of red with antired (R,R ), blue with antiblue (B,B), green with
antigreen ( G, G), red with blue and green (R, B,G), or antired with antiblue and
antigreen (R, B,G ) equals zero signifies that they cancel out their colors to create
a colorless state with a zero net color charge. This is similar the combining positive
and negative electric charges to get an electrically neutral state with a zero net
electric charge (e.g., electron-positron annihilation). As mesons, baryons, and an-
tibaryons do not have net color charges, we have color neutrality conditions or
law of color charges: R+R=0, B+B=0, G+G=0, R+B+G=0,and
R +B+G =0. Color neutrality refers to that only color-neutral particles can exist
in isolation or independently [17]. Color confinement refers to that particles with
colors or anticolors cannot be observed alone [18].

Based on the color neutrality conditions, we can have more derived relations be-
tween colors and anticolors: R=-R, B=-B, G=-G, R=-B-G=B+G
or R+B+G=2R, B=-G-R=G+R or B+G+R=2B,and
G=-R-B=R+B or G+R+B=2B.Here, the colors 2R, 2B, 2G refer to dou-
bles or twice amounts of color charges. Therefore, combining a quark of red color
with two antiquarks of antiblue and antigreen colors forms a particle of double red
color (or 2R); combining a quark of blue color with two antiquarks of antigreen and
antired colors forms a particle of double blue color (or 2B); and combining a quark
of green color with two antiquarks of antired and antiblue colors forms a particle of
double green color (or 2G). As their electric charges are all fractional and their color
charges are doubled, we call them as superquarks. They have color charges doubled
and hence are bounded more tightly and strongly in more distance.

Mathematically, color charge is described by the representation theory of the
SU(3) group. Color neutral particles belong to the singlet representation, and col-
orful quarks or superquarks belong to the triplet representations [17] [18]. In the
author’s newly developed four-element theory of nature, color and electric charges
are two forms of imaginary energies, while mass and radiation are two forms of

real energies [12].

4. Formation of Baryons and Superquarks

Now, we propose a new way or approach of quark and/or antiquark combinations
to form non-zero color charge superquarks and then colorless superhadron bary-
ons in the next section under either the standard model of particle physics (SM)
or the two-flavor multi-excitation model of quarks [10]-[14]. This way or ap-
proach involves two steps of combinations. The first step includes: i) a combina-
tion of one quark with color R and two antiquarks with colors B and G to
form a superquark with color double red (2R), ii) a combination of one quark with
color B and two antiquarks with colors G and R to form a superquark with
color double blue (2B), and iii) a combination of one quark with color G and two
antiquarks with colors R and B to form a superquark with color double green

(2G). Here, we have applied the color neutrality relations.

DOI: 10.4236/jmp.2026.175026

556 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.175026

T. X. Zhang

The second step is the combination of the formed three superquarks with colors
being 2R, 2B, and 2G, respectively, to form a colorless superhadron baryon. As a
superquark is composed of one quark and two antiquarks, a superhadron baryon,
formed from a combination of three superquarks, is composed of three quarks
and six antiquarks. We call it to nonaquark. A nonaquark binds three quarks and
six antiquarks in a two-level or layered color-charge binding structure. The double
red, blue or green color refers to that a superquark contains color charges twice
amounts of that of a quark. We may use terms: di-red, di-blue, and di-green to
refer to the double color charges (2R, 2B, and 2G).

Figure 1(b) specifies how superquarks are formed from combinations of one
quark with two antiquarks (qm) as well as how normal baryons are formed
from simple color charge combinations of three quarks (qqq). For simple, we first
consider the combinations of Figure 1(a)’s first four rows’ twelve quarks and
twelve antiquarks, which can form: (1) six superquarks from the six quarks and
twelve antiquarks and (2) two normal baryon particles from the left six quarks.
The row one of Figure 1(b) gives a combination of two up-type red and blue
quarks with one down-type green quark (a,;,a,,a,) to form a color-neutral
(denoted W) proton-type normal baryon particle with electric charge +e, P* =
(UUD). The row two of Figure 1(b) gives a combination of two down-type red
and blue quarks with one up-type green quark (a,,,a,,,a,,) toforma color-neu-
tral (denoted W) neutron-type normal baryon particle with zero electric charge,
P° = (UDD).

The row three of Figure 1(b)combines one up-type red quark with one down-
type antiblue antiquark and one up-type antigreen antiquark (ay,a,,8;) to
form a double red (or 2R) antidown-type superquark with electric charge +e/3.
The row four of Figure 1(b) combines one up-type blue quark with one down-
type antigreen antiquark and one up-type antired antiquark (a;,,a,,a,) to
form a double blue (or 2B) antidown-type superquark with electric charge +¢/3.
The row five of Figure 1(b) combines one up-type green quark with one down-
type antired antiquark and one up-type antiblue antiquark (@3, a,,8,5) to form
a double green (or 2G) antidown-type superquark with electric charge +¢/3. Sim-
ilarly, the rows six through eight of Figure 1(b) combine one quark with two an-
tiquarks to form three antiup-type superquarks, (@845, 85), (843:84:84)
(@43, 844,55 ) » with electric charge to be —2¢/3 and colors to be double red (or 2R),
double blue (or 2B), and double green (or 2G), respectively. Here, the row sub-
script 7= odd numbers refers to the quark to be the up-type; the row subscript 7=
even numbers refers to the quark to be the down-type; and the collum subscript

i=1,2,3,4,5 or 6 refers to the color of the quark to be R,B,G,R,B or G.
Combining the first 4 rows of Figure 1(a)’s 12 quarks and 12 antiquarks, we can
form 2 normal baryon particles and 6 superquarks (or 2 nonaquarks). Combining
all the Vrows of Figure 1(a)’s 3N quarks and 3N antiquarks, we can form N/2
normal baryon particles and 3NV/2 superquarks (or /2 nonaquarks).

Figure 2(a) sketches a color-neutral normal baryon formed by combining three
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quarks with colors of R, B, and G, respectively. For example, a combination of two
up-type red and blue quarks with one down-type green quark forms a proton-type
baryon P* = (UUD). Its lowest state is proton p* = (uud) under the standard model
or p"=(Uou,d,) under the two-flavor multi-excitation model of quarks. Figure
2(b) sketches, as an example, a color 2R superquark formed by combining one
quark and two antiquarks with colors of R, B, and G, respectively. Here, we
refer to it as a superquark because it has non-zero color charges and fractional
electric charges, like a quark. There are two-types of superquarks according to
their electric charges: (1) the antidown-type superquark with electric charges +e/3

and (2) the antiup-type superquark with electric charges —2e/3.

(a) (b)

Figure 2. (a) Left panel: a sketch of a color-neutral baryon particle that is formed by com-
bining three quarks with colors to be R, B, and G, respectively. (b) Right panel: a sketch of
a superquark with color 2R (or di-red) that is formed by combining one quark and two

antiquarks with colors tobe R, B,and G, respectively. We can have similar sketches for
the color di-blue (2B) and di-green (2G) superquarks.

5. Formation of Nonaquarks

Figure 3 sketches how a color-neutral nonaquark is formed from a combination
of three superquarks with colors to be di-red, di-blue, and di-green (ie., 2R, 2B,
and 2G), respectively. From above detailed six (three antidown-type and three an-
tiup-type) superquarks listed in the row three through row eight of Figure 1(b),
two nonaquarks can be formed. How the six superquarks combine to form two
nonaquarks, there are two ways or cases, shown as follows.

Case I: a combination of two antidown-type superquarks with one antiup-type
superquark forms a color-neutral nonaquark with electric charge to be zero (de-
noted by S°) and a combination of one antidown-type superquark with two an-
tiup-type superquarks forms a color-neutral nonaquark with electric charge to be
—e(denoted by S7). Case II: a combination of three antidown-type superquarks
forms a color-neutral nonaquark with electric charge to be +e (denoted by S™)
and a combination of three antiup-type superquarks forms a color-neutral

nonaquark with electric charge to be —2e (denoted by S ). Therefore, the four
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types of nonaquarks formed from the two-types of superquarks, which are made
from three quarks and six antiquarks, are S°.57,S*,S7. As the probability of
Case-I’s (mix type) combinations is much higher than that of Case-II’s (pure type)
combinations, we have that the nonaquarks S° and S~ are more likely pro-
duced than the nonaquarks S* and S™.

In fact, formations of the normal baryons shown above also have similar two
cases. The combinations of quarks shown in the first two rows of Figure 1(b) be-
long to the Case I. The Case II refers to the rare (or pure type) combination of three
up-type red, blue, and green quarks (a,;,a,,,a;) that forms those rarely discov-
ered baryons with electric charge +2esuchas A", 2" X, Q"  etc. and the rare
(or pure type) combination of three down-type red, blue, and green quarks
(8,,a,,a,) that forms those rarely discovered baryons with electric charge —e
suchas A", Z7,E7,Q7,Q,, , etc. The four types of color-neutral normal baryons
formed from combinations of three quarks with color charges of R, B, and G have
electric charges of +e 0, —¢ and +2e (denoted by P*,P°,P",P™"), in which P*
and P° are more likely formed (Case I) than P~ and P*" (Case II).

Figure 3. A sketch of a colorless superhadron baryon (two-level color-charge bound
nonaquark). It is formed by combining three superquarks with colors to be 2R, 2B, and 2G,
respectively. Each superquark is formed by combining one quark with two antiquarks.

The four types of color-neutral nonaquarks formed from the combinations of
three superquarks with color charges 2R, 2B, and 2G, respectively, have electric
charges of 0, —¢, ¢, and —2e (denoted by $°,5,S*,S7), in which S° and $°
are likely formed (Case I). The quark compositions of the four-type normal bary-
onsare P’ = (UUD) , PO= (UDD), Pt = (UUU) ,and P™ = (DDD) . Particles
2 =(uuc), p"=(uud), A°=(uds) and I~ =(dds) are typical examples of
these four-type normal baryons. The quark compositions of the four-type non-

antiquarks of the four-type nonaquarks are structured as shown in Figure 3 or
grouped as S° =(UDU, UDU,DDU), S™ =(UDU,DDU, DDU),
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" =(UDU, UDU,UDU), and S~ =(DDU, DDU, DDU). Figure 4(a) shows the
four types of normal baryons that are formed from combinations of three quarks.
Figure 4(b) shows the four types of nonaquarks that are formed from combina-

tions of three superquarks.

(b)

Figure 4. (a) Left panel: the four types of normal baryons that are formed from combina-
tions of three quarks. They have electric charges to be +e, 0, —e, and —2¢, respectively. (b)
Right panel: the four types of nonaquarks that are formed from combinations of two-type
(antidown-type and antiup-type) and three-color (2R, 2B, and 2G) superquarks. They have
electric charge to be 0, —¢, +¢, and —2e.

In the Case-I formed normal positively charged baryons P*, there is a stable par-
ticle, which is proton, composed of three first-generation quarks (uud) with colors
(RBG). In the Case-I formed normal electrically neutral particles P°, there is, when
bound in nuclei, another stable particle, which is neutron, composed of three first-
generation quarks (udd) with colors (RBG). A free neutron decays into a proton by
emitting an electron and an electron-type antineutrino with lifetime about 880 sec-
onds. All other normal baryons quickly decay via various routes towards the most
stable one, proton, that leads to the present universe to be dominated by protons for
the matter. Under the two-flavor multi-excitation quark model, a proton is com-

posed of (Uyu;d,) and a neutron is composed of (u,dyd,).

6. Candidates of Dark Matter Particles

We propose that, within the Case-I formed electrically neutral nonaquarks, S°, a
stable particle exists, named as superon, denoted by s°, and considered as a candi-
date of dark matter particles. A superon consists of three superquarks, each formed
from one first-generation quark and two first-generation antiquarks. In quark no-
tation, S’ = (uudmm) , which can be arranged according to its three super-
quarks as s’ = (UUH, uud, daU). Under the two-flavor multi-excitation model of
quarks, this becomes s’ = (UouldoaoaoaoﬁoUoUo) , grouped as

= (anoUOv ulaOUO,dOHOUO). As the lowest-energy neutral nonaquark state, it is
stable against decay. In contrast, the other three charged nonaquarks are unstable
and rapidly transmute into the neutral configuration through processes such as beta

decay, positron emission (or electron capture), and double beta decay. The lowest

DOI: 10.4236/jmp.2026.175026

560 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.175026

T. X. Zhang

energy states of the three charged nonaquarks have energies all higher than the neu-
tral superon and hence are unstable and decay. Their three quarks are those of form-
ing the unstable neutron and sigma particles. The decay modes of the excited quarks
are like those of the excited quarks in normal baryons.

Drawing an analogy with protons—where three quarks with total mass of ~9.2
MeV combines to form a 931 MeV particle (about 100 times increase in mass) due
to strong binding—we estimate that a superon, formed via two-level color-charge
binding, has a significantly larger mass. Its mass likely falls in the GeV to hundreds-
of-GeV range, comparable to weakly interacting massive particles (WIMPs). If all
antiquarks are consumed in forming nonaquarks, the resulting particle popula-
tions naturally explain the dominance of dark matter over ordinary matter. Match-
ing cosmological observations (~27% dark matter vs. ~5% ordinary matter) sug-
gests a superon mass of about 5 GeV, consistent with light WIMP candidates. Sim-
ilarly, scaling from quark confinement sizes, such that the color charge binding of
three-first generation quarks with radii each around 107 m to form a proton with
radius about 107"° m (about 10° times increase in size), suggests a superon has a
radius between 107 m and 1072 m—Ilarger than a nucleus but still far smaller than
an atom. Its total mass arises from the combined masses of three superquarks plus
their binding energy. Its spin nature leaves for future study.

Because the superon is neutral in both electric and color charges and its constit-
uent quarks and antiquarks are deeply confined within a two-level color-charge or
strong force binding structure, its interactions with ordinary matter such as a
charged particle are extremely weak but depends on how the particle strikes on the
superon. Gravitational interaction dominates unless a particle directly penetrates
its structure. Shallow interactions (Ze, striking into the superon but not yet pene-
trating the inside superquarks) lead to electromagnetic scattering (Ze., Coulomb
scattering), while a deeper penetration into a superquark inside the superon may
excite the system and produce leptonic emissions such as beta decays.

Nonaquarks are not antimatter because they consist of three superquarks,
which carry combined color charges (2R, 2B, 2G) rather than anticolors. They
represent a new class of particles not previously explored. High-energy heavy-ion
collisions, such as those in particle accelerators or heavy ion colliders, could po-
tentially create these states of particles in quark-gluon plasmas with enough long
lifetimes. Charged nonaquarks might be detected through their decay (such as
beta decays) signatures into neutral superons.

This framework offers a possible explanation for the observed imbalance be-
tween matter and antimatter. Instead of antiquarks forming antimatter, they are
incorporated—together with part of the quark population—into nonaquarks that
behave as dark matter. In this picture, half of the quarks form ordinary matter,
while the remaining quarks and all antiquarks contribute to dark matter.

The underlying mechanism is a two-level color-charge binding. At the first level,
gluon-mediated strong interactions bind a quark with two antiquarks into a super-

quark. At the second level, an enhanced strong interaction binds three superquarks
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into a nonaquark. This layered structure resembles nuclear formation (quarks >
nucleons - nuclei) and molecular formation (nuclei - atoms > molecules), where
multi-level binding enhances stability. Consequently, nonaquarks are expected to
be more stable than single-level exotic states such as tetraquarks or pentaquarks,
which typically decay rapidly into simpler hadrons.

In the early universe, numerous quark-antiquark combinations were possible,
but only color-neutral configurations persisted. These include mesons, baryons,
exotic hadrons, and the proposed nonaquarks. Most mesons and exotic baryons
are unstable and decay quickly, while antibaryons annihilate with baryons. By the
end of the hadron epoch (=1 second after the Big Bang), only stable particles re-
main: protons and neutrons for ordinary matter, superons for superhadronic dark
matter, and stable leptons such as electrons and neutrinos.

This model reinterprets quark-antiquark organization in the early universe. Ra-
ther than producing equal amounts of matter and antimatter, it partitions quarks
and antiquarks into two sectors: ordinary baryonic matter and stable, weakly in-
teracting nonaquark states. This provides a unified explanation for both the ap-

parent absence of antimatter and the origin of dark matter in the universe.

7. Conclusion

We have investigated how particles could form in the early universe following the
quark epoch and identified a mechanism for generating dark matter candidates
known as nonaquarks. These particles arise from configurations in which quarks
combine with twice as many antiquarks, producing a bound state of three quarks
and six antiquarks through a two-level color-charge interaction. Among the four
possible types, the electrically neutral configuration composed of first-generation
(up and down) or the lowest state quarks and antiquarks is stable and thus a strong
candidate for dark matter particles, weakly interacting massive particles (WIMPs).
This formation pathway, involving an excess of antiquarks, offers a potential ex-

planation for both the observed baryon asymmetry and the origin of dark matter.
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