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Abstract 
Similar to Harari’s proposal that all leptonic and baryonic matter is composed 

of four substructure fundamental particles and their antiparticles, , , ,T V T V  , 

we propose that the two light quarks and antiquarks, , , ,u d u d  are the sub-
structure building blocks of matter and also the substructure of the vacuum Pi-
onic fabric. We develop a classical and quantum quark molecular dynamics hy-
brid scheme to study the Pionic fabric. The Pionic fabric cubic unit cell is as-
sumed to include two pion tetrahedrons having a iC  point group symmetry 
and may be described by an eight-component spinor. Based on β decay, we pro-
pose that electrons are non-elementary, non-point like tetraquarks embedded 
in the Pionic fabric and together they form electron clouds. A new model for 
embedded electron tetraquark dynamics is proposed where motion of the em-
bedded electron in the Pionic fabric is performed by a u and d quark exchanges 
by tunneling through a symmetric double well potential barrier. The rapid quark 
exchanges transform an embedded electron tetraquark into a pion tetraquark 
and vice versa in a symmetric reaction that may be seen as a conserved hidden 
symmetry of the vacuum Pionic fabric. The electron and positron spin states 
may be related to the underlying quark permutations in one spin state and anti-
quark permutations in a second spin state. Lattice QCD computations may al-
low calculating the mass of the embedded electron and pion exotic tetraquarks.  
 

Keywords 
The Standard Model (SM), Antimatter, Quantum Vacuum, Exotic 
Tetraquark 

 

1. Concerns Regarding the Standard Model 

1) According to the Standard Model (SM) of particle physics, the building 
blocks of the universe are quantum fields defined by abstract creation and anni-
hilation operators sums, in contrast to the atomistic point of view where the fun-
damental building blocks of the universe were particles [1]. 
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2) Paul Dirac thought that better understanding of the vacuum substructure is 
needed [2] [3]. In contrast to the SM, Dirac thought that electrons are not point 
like particles and proposed a spherical shell electron model [4]. 

3) Dirac thought that electrons interact strongly with the vacuum electron-pos-
itron virtual pairs and hence are never bare in contrast to the SM path integral 
approach, where bare electrons propagate in free space in zero-order [5] [6].  

4) Harari suggested beyond the SM that all matter (protons, neutrons, electrons 
and also the interaction bosons, w+/− and Z) are composite particles. Harari named 
the proposed substructure fundamental particles Rishons, T and V, having an 
electric charge of a 1/3 and a 0. Accordingly, various combinations of Rishons and 
their anti-particle pairs , , ,T V T V   create the leptonic and baryonic matter [7].  

5) Erwin Schrödinger introduced the idea of a wave packet particle and found 
that a gaussian wave packet remains coherent with harmonic potential, however 
in free space, the width of the gaussian wave packet grows rapidly with time [8]. 
If an electron wave packet is initially localized in a region of an atomic dimension 
of 10−10 meter, the width of the wave packet doubles in about 10−16 second and 
after about a milli-second the wave packet width grows to about a kilometer [9], 
which is an unreasonable result for a microscopic particle. Is the Schrödinger 
equation and the path integral approach wrong in free space or maybe the under-
standing of the vacuum having a fixed potential value is wrong? 

2. Addressed Questions  

The main questions addressed in the paper are:  
1) Does the quantum vacuum have substructure Pionic fabric with a unit cell 

that may be described by eight-component Spinor?  
2) Are the light quarks and antiquarks , , ,u d d u  , the fundamental building 

blocks that comprise all leptonic and baryonic matter? 
3) Do the non-elementary, non-point like embedded electron tetraquarks move 

on the Pionic fabric by rapid u  and d  and u  and d  quark permutations? 
The Pion tetrahedron and the vacuum substructure are described in Section 3. The 

classical and quantum quark molecular dynamics hybrid scheme and the Pionic fab-
ric unit cell are described in Section 4. A double well potential model for the electron 
and pion tetraquarks and the symmetric quark exchange reaction is described in Sec-
tion 5. The embedded electron and the Pionic fabric cloud are described in Section 
6. The positron tetraquarks are described in Section 7. The electron-positron creation 
and decay embedded in the Pionic fabric are described in Section 8. A proton em-
bedded in the Pionic fabric cell is described in Section 9. The eight-component 
spinors of the vacuum and the embedded electron and positron dynamics on the 
Pionic fabric are described in Section 10. A lattice QCD computation of the electron 
and pion tetraquark mass is proposed in Section 11. Section 12 is a summary. 

3. The Pion Tetrahedron and the Vacuum Substructure 

We assume that the quantum vacuum is filled with exotic pion tetraquark tetra-
hedrons that form a Pionic fabric [10]-[14]. We note that the vacuum pion 
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tetraquark tetrahedrons are not ordinary particles since they are composed of 50% 
matter and 50% antimatter. We assume that the Pionic fabric quarks and anti-
quarks do not annihilate each other, and that their dynamics may be modeled with 
classical molecular dynamics with additional quark exchange operation described 
below. We assume that the Pionic fabric unit cell includes two exotic tetraquarks, 
uddu  , each composed of the two light quarks, d  and u , and their antiquark 
pairs, d  and u  that may be described by eight-component spinor described 
further in Section 10 below.  

A Classical and Quantum Quark Molecular Dynamics Hybrid Scheme 
The pion tetraquark molecule is assumed to be composed of a dd  and uu  

mesons having a tetrahedron structure shown in Figure 1 inside a cubic cell, 
where the cell size aπ  is determined by the classical and quantum hybrid quark 
molecular dynamics scheme described below. Two pion tetraquark tetrahedron 
enantiomer molecules may exist obtained by exchanging the positions of two 
quarks at the tetrahedron vertices that breaks dynamically the chiral symmetry 
assumed by effective field QCD theory [15]-[21]. 
 

 

Figure 1. Illustrates the two pion tetraquark tetrahedron enantiomer molecules. 
 

The pion tetraquark Hamiltonian using a quark pair interaction model [22] is: 
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The classical and quantum quark molecular dynamics hybrid scheme includes 
in addition to solving Newtonian classical dynamics equations for the four quarks 
and antiquarks, quark exchange operations that occur by quantum tunneling via 
a barrier. We assume that an Active Gluonic Center (AGC) is created in the center 
of hadrons by the quark and antiquark interaction where quark and antiquark 
pairs exchange positions and velocities of the quark pair according to Equations 
2(a)-(b) below. The quark exchanges at the AGC prevent the quarks falling into 
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the attractive coulomb singularity at short distances , ~ 0q qr


. The quarks and an-
tiquarks continue their classical periodic trajectories following exactly the path of 
their pair quark and antiquark after the exchange operation.  

 ( ) ( ) ( ) ( )1 , 1q q q qt t t t+ = + =r r r r
 

 (2a) 

 ( ) ( ) ( ) ( )1 , 1q q q qt t t t+ = − + = −v v v v
 

 (2b) 

An example of the pion tetraquark trajectory is shown in Figure 2 for two me-
sons. The meson quarks and antiquarks, uu  and dd , are attracted to each other 
and two quark exchange operations occur at the pion tetraquark AGC, where the 
classical trajectories of the u  (in blue) and u  (in orange) occurs simultaneously 
with the switching of the d  (in green) and d  quarks trajectories (in red). The 
exchange operations of the quark and antiquark at the AGC surface occurs in-
stantly and coherently in a single time step and the classical trajectory continues 
using Newtonian classical dynamics equations.  
 

 

Figure 2. Illustrates the exotic pion tetraquark tetrahedron trajectory with the quark ex-
change operations at the pion gluonic center (AGC). 

4. The Pionic Fabric Cubic Unit Cell Symmetry 

A Pionic cubic unit cell that may fill space may include two rotated and flipped 
pion tetraquark tetrahedrons as shown below. The eight up, down, anti-up and 
anti-down quarks capture the 8 vertices of the Pionic unit cell where on the 6 faces 
of the cubic cell there are a chargeless and colorless pions, uddu . We assign the 
indices below to the first pion tetraquark molecule (1, 2, 3, 4) and the second pion 
tetraquark molecule (5, 6, 7, 8) (Figure 3). 

The Pionic fabric cubic unit cell point group is ( )2iC S , that includes only two 
symmetry elements, identity and inversion, and two irreducible representations 

gA  and uA  [22]. The Pionic fabric that may be created extending the Pionic cu-
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bic unit cell into a periodic fabric is shown in Figure 4. A d  quark (5) has two 
u  and two u  quarks surrounding it in the X-Y plane and two d  quarks in the 
Z direction. Similarly, a u  quark (2) is surrounded by two d  and two d  
quarks in the X-Y plane and two u  quarks in the Z direction. The d  and u  
quarks (3 and 1) have similar quark pair neighbors in the Pionic fabric. 
 

 

Figure 3. Illustrates Pionic fabric cubic unit cell with Ci point group symmetry. 
 

 

Figure 4. Illustrates the Pionic fabric cubic unit cell and nearest neighbors in the Pionic 
fabric. 
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A sum of pair potentials Hamiltonian model for the Pionic unit cell includes 
pair potentials between all 8 quarks and antiquarks [23] where the sign and mag-
nitude of the Coulomb interaction terms .i jq  and the strength of the string ten-
sions ,i jσ  are defined below. 
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Assuming that the Hamiltonian energy vanishes in the ground state, an equa-
tion for the cubic cell length aπ  as a function of the string tension parameter 

,u uσ  is derived.  

 

,

10 11 1 2
9 3
26 13 5 12
4 2 2 3 2 u u

c
aπ

α

σ

  − −  
  =

  + +  
  



 (6) 

The quantum vacuum may be filled with infinite number of such zero-energy 
Pionic unit cells. 

Next, the value of the vacuum Pionic cell string tension parameter  

, 1.5 KeV fmu uσ =  is determined by the classical and quantum quark molecular 
dynamics hybrid scheme that generates periodic trajectories shown below in Figure 
5 and Figure 6, such that the vibration frequency of the Pionic unit cell quarks  

and antiquarks is equal to Dirac’s electron zitterbewegung frequency 
22 em c



. The 

calculated Pionic cell size is 157.757 10aπ
−= ×  meters. Accordingly, the Pionic 

fabric density in free space is 42
pion fabric 3 3

pion cell?

1 pion cells2.1417 10
  ma

ρ = = × . 

The distance between the four uu  and dd  quark pair of the pion cell are 
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shown below and illustrate the active gluonic center (AGC) quark exchange oper-
ations where the quark exchanges occur vertically between ( )1u  and ( )6u , 
( )5u  and ( )2u , ( )3d  and ( )8d , ( )7d  and ( )4d  at the cusps (Figure 5). 

 

 

Figure 5. Illustrates the quark and anti-quark pairs distances of the pion cell. The exchange 
operations occur at the cusps. 
 

The potential and kinetic energies of the Pionic fabric cell quarks and anti-
quarks are shown in Figure 6. The Pionic cell vibrates in and out towards the 
AGC. The quarks kinetic energy grows when the quarks fall in approaching the 
AGC and then is reduced gradually after the quark exchange occurs at the cusps 
when the quarks move away from the AGC. We show that the total pion cell en-
ergy is zero, since there are infinite number of pion cells in the Pionic fabric, their 
total energy remains 0. However, the Pionic cells are not static and the quark dy-
namics are shown by the kinetic and potential energies of the Pionic fabric unit 
cell in Figure 6 similar harmonic oscillator kinetic and potential energy. 
 

 

Figure 6. Illustrates the zero-energy Pionic fabric unit cell quarks and antiquarks oscillat-
ing potential and kinetic energies. 
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The X coordinate of the four quarks and anti-quarks of the first pion tetraquark, 
( )1u , ( )2u , ( )3d , ( )4d  are shown below in Figure 7 and the Z coordinate 

of ( )1u  and ( )6u  are shown in Figure 8. 
 

 

Figure 7. Illustrates the X coordinate of the four quarks and anti-quarks of the first pion 
tetraquark. 
 

 

Figure 8. Illustrates the Z coordinate of the ( )1u  and ( )6u  quarks. 

 
The Z coordinate of ( )1u  and ( )6u  quarks performing the quark exchange 

at the AGC are shown below. The quark exchanges occur vertically between ( )5u  
and ( )2u , ( )3d  and ( )8d , and ( )7d  and ( )4d  (not shown in the figure). 
We note that the quark molecular dynamics quark exchanges and velocity inver-
sions according to Equations 2(a)-(b) above are equivalent symmetry operations 
of the Pionic fabric cubic unit cell iC  point group.  
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5. The Electron and Pion Tetraquarks Double Well 

Assuming that the β decay is a second order scattering reaction triggered by the 
vacuum pion tetraquarks [10], the following β decay reaction generates a proton 
and a negatively charged exotic tetraquark, uddd  ( e− ), that may play the role of 
an embedded electron mixed with the surrounding pion tetraquarks of the Pionic 
fabric.  

 ( ) ( ) ( ) ( )Tdudd N uddu udu P uddd eπ + −+ → + 

   (7) 

The reaction equation conserves quark number and flavor, and the exotic neg-
atively charged tetraquark, uddd , may be a non-elementary, non-point like em-
bedded electron. A first electron tetraquark state may be uddd , and a second 
electron tetraquark state may be uduu  [10]-[14]. We further note that trans-
forming the electron tetraquark, uddd  ( e− ), to a pion tetraquark, uddu  ( Tdπ ), 
may occur by quark exchanges between two adjacent sites in the Pionic fabric. A 
pion tetraquark tetrahedron may be transformed into an electron tetraquark tet-
rahedron by a d and a u quark exchanges and vice versa.  

After the d and u quark exchanges, for example in vortex 2 of the Pionic fabric 
unit cell shown in Figure 3 and Figure 4, the energy of the exchanged Pionic unit 
cell change to the electron rest mass energy of 0.511 MeV due to contracting the 
Pionic unit cell length aπ  by a factor of about 5 to the value 151.541 10aπ

−= ×  
meters via setting the string tension parameter to a higher value , 38 KeV fmu uσ =  
comparing to the Pionic cell value , 1.5 KeV fmu uσ = .  

Since the quark exchange reactions are symmetric, e.g. the reactants and prod-
ucts are identical as shown in Equation (9) below, a double well potential model 
[24] may be used to represent the reaction like in ammonia molecule inversion 
[25]. Accordingly, the motion of the electron tetraquark tetrahedron in the Pionic 
fabric is not a free particle motion with a constant potential energy (0 or any non-
zero VEV for example) and it occurs via tunneling through a double well potential 
barrier as shown in Figure 10 further below. The u and d quarks are exchanged 
as illustrated in Figure 9. Note that the u and d quarks exchanges transfer a unit 
electric charge from the electron to the pion and vice versa.  
 

 

Figure 9. Illustrates an electron tetraquark and a pion tetraquark tetrahedron exchanging 
quarks (u and d). 
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The Hidden Internal Symmetry of the Quark Exchange Reactions 
The pion and electron quark exchange reaction between Pionic fabric sites i and 

j are described in Equation (8) where the d and the u quarks are exchanged. Since 
the reactants and products are identical a double well potential model may be used 
to describe the reaction.  

 ( ) ( ) ( ) ( )L Td Td L

i j i j
uddd e uddu uddu uddd eπ π+ → +   

     (8) 

In the case of the second electron exotic tetraquark state (R), u  and d  anti-
quarks may be exchanged according to the following scattering reaction.  

 ( ) ( ) ( ) ( )Td R R Td

i j i j
uddu uduu e uduu e uduuπ π+ → +

        (9) 

The symmetric d  and u  and u  and d  quark exchange reactions be-
tween the embedded electron tetraquarks and pion tetraquarks in the Pionic fabric 
may be seen as a hidden internal symmetry that according to the SM generates a 
charge and conserved current [1]. The electric charge and current are carried by 
the d and u quark exchanges according to Equation (8) and u  and d  antiquark 
exchanges according to Equation (9). 

A quantum mechanical solution for the double well potential model [24] is pre-
sented below and extended further to an electron and pion cloud. 

 ( )
2 22 2

2

ˆˆ ˆe
e

PH m x a
m

λ= + −  (10) 

em  is the electron rest mass, 2a  is the distance between the Pionic fabric sites 
and the coupling parameter λ  may be determined by the potential barrier  

height, 4
0 eV m aλ= , where 2

0 2e eV m cω= = . The frequency 
22 e

e
m cω =


 is Di-

rac’s free space trembling motion zitterbewegung frequency [26] [27]. 
Figure 10 below illustrates the double well potential for the electron tetraquark 

tetrahedron and the pion tetraquark tetrahedron quark exchange reaction in ad-
jacent Pionic fabric sites i and j. With the quantum mechanical double well po-
tential model, the electron motion in the Pionic fabric is via tunneling through the 
potential barrier. The barrier height 2

0 2 eV m c=  is assumed to be twice the elec-
tron rest mass energy, which is the threshold for electron-positron pair produc-
tion. Note that the electron tetraquarks on both sides of the double well are iden-
tical and hence the electron state ( uddd  or uduu  ) is conserved.  

The double well symmetric ground state and the antisymmetric first excited 
state energies and wavefunctions are calculated by diagonalizing the Hamiltonian 
(Equation (10)) using a Fourier plane wave basis set. The tunneling time, tunnelingT , 
from the left to the right potential well is an inverse function of the energy split 
between the first anti-symmetric state aE  and the symmetric ground state sE . 
With the parameters above, 1.0463aE ω=   which is just above the potential 
well barrier and 0.7004sE ω=   is a bound state inside the potential well. The 
tunneling time is 5.849 × 10−21 seconds. 
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Figure 10. Illustrates the double well potential model for the electron tetraquark tetrahe-
dron and pion tetraquark tetrahedron quark exchange reaction in adjacent sites i and j in 
the Pionic fabric. 
 

 21
tunneling 5.849 10 seconds

a s

T
E E

−π
= = ×

−
  (11) 

A superposition of the symmetric and antisymmetric eigenstates is taken as the 
initial state 0tψ =  describing an electron wave packet located in the left well ini-
tially. 

 ( )0 j1
2 s aψ ψ ψ+=  (12) 

After half a period the electron wave packet tunnels to the right well 

 ( )2 2
2

1 eje
2

s p a p
p

iE T iE T
T s aψ ψ ψ− −= +  (13) 

The electron wave packet continues oscillating between the two wells with a 

period of 2
p

a s

T
E E

π
=

−
 .  

The electron velocity in the Pionic fabric may be calculated by dividing the dis-
tance between two adjacent wells, 2a , by the tunneling time.  

 
( )

tunneling

22 m0.44
sec

a s
e

a E Eav c
T

−  = = =  π  

 (14) 

Note that the electron velocity in this example is 0.44 of the speed of light and 
that the tunneling frequency is on the time scale of the free space trembling mo-
tion zitterbewegung frequency, similar to semi-classical electron models [26] [27]. 

6. The Embedded Electron and Pionic Fabric Cloud 

The double well potential model can be extended to the Pionic fabric where the 
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electron with the Pionic fabric tetrahedrons are assumed to form a dense and po-
larized sphere. In the center of the sphere, the double well potential model length 
may be extremely small below the Compton length. Away from the cloud center, 
the distance between pion tetraquark tetrahedron cells may increase. After about 
few Compton lengths, the distance between pion cells may be such that the quark 
exchange reactions stop. The electron tunneling exponentially decreases and the 
electron is trapped in the pion cloud sphere by the lack of quark exchange reac-
tions outside the sphere. The electron may be confined by the Pionic fabric sphere 
that forms the electron cloud. 

The following table presents the two lower energy eigenvalues with increasing 
distance between the two potential wells, 2a , 4a  and 6a  keeping the poten-
tial barrier height at the same value, 2

0 2 eV m c= , by changing the value of the  

coupling parameter λ , 
2

4
2c
a

λ = , 
2

4
2

16
c
a

λ =  and 
2

4
2

81
c
a

λ = .  

 

Distance between the two potential wells aE ω  sE ω  tunnelingT  (sec) 

2a  1.0463 0.7004 5.8495 × 10−21 

4a  0.4741 0.4502 8.4577 × 10−20 

6a  0.318497 0.31698 1.340 × 40−18 

 
The electron tunneling time between the two wells is reduced significantly with 

the growth of the distance between the wells. With the 6a  distance the tunneling  
is about 229 times slower than with 2a  distance (a is defined as the electron 

Compton length 
em c
 ). The extremely fast electron wave packet dynamics in the  

Pionic fabric may be observed in the future with the new attosecond electron mi-
croscopy [28].  

The Pionic fabric cell length in free space, far from any charged or massive body 
at ∞ is assumed to be 157.757 10aπ

−= ×  meters and after the d quark exchange 
the u quark charging the pionic cell, the charged pionic cell length contracts by a 
factor of 5, ( ) 15

pionic cell embeded electron 1.541 10a −= ×  meters and hence the Pi-
onic density in the electron cloud becomes much higher than in free space, 

( )

( )

pion fabric

44
3 3
pion cell

embeded electron

1 pion cells2.73 10 .
embeded electron ma

ρ

= = ×
 

The embedded electron charge polarizes the Pionic fabric in a sphere around 
the electron since the Pionic fabric cells have built in electric dipole moments and 
also since the rapid quark exchanges moves the electron from site to site rapidly. 
We assume that the polarization of the Pionic fabric cloud due to the electron  

adds a long-range harmonic potential term 
2

2

x
L
ω

 , where L  is the length 

scale of the Pionic fabric cloud sphere. 
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The electron and pion double well potential is extended in one dimension with 
10 Pionic fabric sites and with increasing long-range harmonic potential term,  

0.25, 1, 2 and 
2

24 x
L
ω  for the electron and Pionic cloud model (Figure 11). 

 

 

Figure 11. (a)-(d) illustrate the extended electron and Pionic cloud double well potential 
in one dimension with 10 Pionic fabric sites and increasing long-range harmonic potential 

term ((a) 0.25, (b) 1, (c) 2 and (d) 
2

24 x
L
ω

). 

 
The two lowest symmetric, 1ψ , and antisymmetric, 2ψ , eigenfunctions are 

shown below for the four long-range harmonic potential values. Note that the ei-
genfunctions peaks are localized in the Pionic fabric wells and that in the two 
lower states, the tetraquark electron are not localized in a single well, they have 
finite probability to be found in adjacent wells in the Pionic fabric. With lower 
long-range harmonic potential term the spread of the initial wave packet is higher 
(Figure 12). 

An initial wave packet can be formed by a superposition of the two lower 

symmetric and antisymmetric eigenstates, ( )0 1 2j1
2

ψ ψ ψ+= . The electron  

wave packet has high probability to be found in the first few wells on the left ini-
tially. After half a period, the wave packet tunnels to the right-hand side wells (in 
blue). Note that with higher value of the long-range harmonic potential the low 
eigenstates are localized mainly in a single Pionic fabric site as shown in Figures 
13(a)-(d).  

The position expectation value of the electron wave packet for 5 time periods 
for the four long-range harmonic potential values calculated according to Equa-
tion (15) are shown in Figures 14(a)-(d). 
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Figure 12. (a)-(d) illustrate the first and second symmetric 1ψ  and antisymmetric 2ψ  
eigenfunctions for the four long -range harmonic potential values ((a) 0.25, (b) 1, (c) 2 and 

(d) 
2

24 x
L
ω

). 

 

 

Figure 13. (a)-(d) illustrate the electron wave packet at t = 0 (in orange) and after a half 
time period (in blue) for the four long -range harmonic potential values ((a) 0.25, (b) 1, (c) 

2 and (d) 
2

24 x
L
ω

). 
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Figure 14. (a)-(d) illustrate the position expectation value of the electron wave packet for 
5 time periods for the four long-range harmonic potential values ((a) 0.25, (b) 1, (c) 2 and 

(d) 
2

24 x
L
ω

). 

 

 ( ) ˆ
t tX t Xψ ψ=  (15) 

The position expectation value oscillates between the left-hand side wells to the 
right-hand side wells. With higher long-range harmonic potential value the oscil-
lation amplitude decreases since the wave packets are more localized in the center. 

The higher symmetric 7ψ  and antisymmetric 8ψ  eigenstates are localized in  

the outer wells. The superposition, ( )0 7 8j1
2

ψ ψ ψ+= , is shown below where 

the tunneling occurs now between the outer wells (Figure 15). 
 

 

Figure 15. (a)-(d) illustrate the electron wave packet at t = 0 (in orange) and after half time 
period (in blue) for the four long-range harmonic potential values ((a) 0.25, (b) 1, (c) 2 and 

(d) 
2

24 x
L
ω

). 
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We assume that the polarization effect of the charged electron on the Pionic 
fabric is to rearrange the Pionic fabric sphere with the speed of light around the  

electron site. The length parameter a  may be changed numerically ( ~ 0.46
em c
  

for example) such that the calculated electron velocity according to Equation (14), 
( )2 a s

e
a E E

v
−

=
π

, will be close to the speed of light. In this case, the rearrange-

ment of the Pionic fabric cloud and the tunneling of the electron wave packet  
occurs at maximal speed and the electron speed is limited to c since the Pionic 
fabric cannot rearrange faster. 

The embedded electron tunnels from site to site in the Pionic fabric extremely 
fast with the zitterbewegung frequency and it cannot be isolated as a single parti-
cle, it is a cloud. Note that the vibration frequency of the quarks of the Pionic 
fabric is equal to the electron zitterbewegung frequency. The motion of the elec-
tron in the Pionic fabric cloud may be in resonance with the Pionic fabric oscilla-
tions. Schrödinger suggested that the electron could be described with a wave 
packet and found that the Gaussian wave packet width grows rapidly with time in 
free space [8] [9]. The electron wave packet simulations above do not prove the 
proposed thesis but they show that a confined and coherent embedded electron 
wave packet can be obtained in a Pionic fabric cloud with underlying quark ex-
changes via potential barriers. Lattice QCD may allow calculating the mass of the 
proposed embedded exotic electron and pion tetraquarks. With the embedded 
electron and Pionic fabric cloud, the embedded electron is never bare. The free 
particle bare propagator starting point for the perturbative expansion may be the 
cause for the divergence of the vacuum polarization and electron self-energy Feyn-
man diagram integrals [29]-[31].  

7. The Positron Tetraquark Tetrahedron  

The positron tetraquark tetrahedrons have a positive charge of the u  and d

quarks that replace the negative charge of the u  and d  quarks of the electron 
tetraquark tetrahedrons as shown below in Figure 16(a) and Figure 16(b) for the 
electrons on the left and for the positrons on the right in Figure 16(c) and Figure 
16(d). Two positron enantiomers, Re+  and Le+ , are equivalent to the two electron 
enantiomers Re−  and Le− . In the four cases, quark exchanges transform the elec-
trons, or the positrons, to a pion tetraquark tetrahedron ( Tdπ ) and vice versa con-
serving charge and the electron/positron tetraquark state.  

8. Electron-Positron Creation and Annihilation in the Pionic  
Fabric 

Electron-positron annihilation in the Pionic fabric may occur by a u  and d
quark exchanges of an electron tetraquark tetrahedron and a positron tetraquark 
tetrahedron forming two neutral pion tetraquark tetrahedrons that become part 
of the Pionic fabric as shown in Equation (16). 
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Figure 16. Illustrates electron tetraquark tetrahedron enantiomers (a) and (b) and positron 
tetraquark tetrahedron enantiomers (c) and (d) exchanging quarks with pion tetraquark 
tetrahedrons with symmetric reactions such that the electrons and positrons transform to 
pion tetraquark tetrahedrons and vice versa conserving charge and the electron/positron 
tetraquark state.  
 

 ( ) ( ) ( ) ( )Td Td
L Ruddd e uduu e udud dduuπ π− ++ → +   

     (16) 

An electron tetrahedron in site i in the fabric collides with a positron tetraquark 
in adjacent site j and the outcome is that both sites after the collision will have 
neutral pions, where the electron and positron charges and spins are annihilated. 
The extra energy of the electron and positron may be transferred to the Pionic 
fabric as electromagnetic excitation wave. Note that in Equation (16) the number 
and flavor of the quarks are conserved. The quarks are not destroyed nor created 
in the quark exchanges [10]-[14].  

Electron-positron creation may occur in the Pionic fabric cell where a u  quark 
in vortex 4 exchange positions with a d  quark in vortex 2 as shown below. The 
outcome of the quark exchanges is that on the right-hand face of the Pionic cubic 
cell an electron tetraquark ( uddd ) is created and on the left-hand face of the Pi-
onic cubic cell a positron tetraquark ( uuud ) is created. The total charge of the 
Pionic cubic cell remains 0, however, the electron-positron pair can split and 
propagate in the Pionic fabric as electromagnetic excitation wave or re-combine 
by exchanging back the u  and d  quarks forming back the ground state Pionic 
fabric unit cell (Figure 17). 

9. The Proton Embedded in the Pionic Fabric 

Protons can be embedded and confined inside the Pionic fabric cell and the quarks 
of the proton and the Pionic cell have an interesting substructure and correlated 
dynamics. The existence of the three proton quarks in the Pionic fabric cell con-
tracts the cell length to sub-femtometers. With string tension ,u uσ  of 7.6 GeV/ 
femtometer, the Pionic cell length aπ  of the embedded proton is 0.0648 × 10−15 
meters such that the embedded proton Pionic cell energy is equal to the rest mass 
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of the proton of 936.38 MeV. The embedded proton Pionic cell length aπ  is 
shorter by a factor of about 120 comparing to the free space Pionic cell of 7.757 × 
10−15 meters calculated with Equations (7)-(10) above (Figure 18). 
 

 

Figure 17. Illustrates the Pionic fabric cubic unit cell with an exchange of a d  and a u  

quark in vertices 2 and 4 that create an electron-positron pair ( uuud  ( e+ ) and uddd  
( e− )) and where the total charge of the cell remains 0. 
 

 

Figure 18. Illustrates the embedded proton in the Pionic cell tilted along the Pionic cell 
diagonal. 
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The optimal position of the proton d  quark is at the Pionic cell center and 
the two u  quarks are tilted along the cell diagonal towards the two u  quarks at 
the cell corners 1 and 5. The proton two u  quarks are attracted to the d  quark 
negative charge and they perform quark position exchanges and velocities flip at 
the AGC surface at a distance of about 0.76 × 10−18 meters that prevent the u  
quarks fall into the coulomb singularity at , 0u dr → . The Z coordinate of the pion 
cell 1u  antiquark and 6u  quark and the proton quarks 9u  and 10u  are shown 
in the figure below. On the Pionic cell scale, the vibration motion of the quarks is 
extremely small and almost negligible (Figure 19). 
 

 

Figure 19. Illustrates the Z coordinate of the pion cell 1u  antiquark and 6u  quark and 
the proton quarks 9u  and 10u  in the embedded proton pionic cell. 

 
Figure 20 illustrates the energy of the proton and pion cell during two quark 

exchange operations. Since the Pionic fabric cell symmetry is different than the 
proton inversion symmetry, the exchange of the Pionic cell quarks and antiquarks, 

1u  and 6u , 5u  and 2u , 3d  and 8d , 7d  and 4d , and the proton quarks 9u  
and 10u  changes the potential energy of the quarks. The second quark and anti-
quark exchange change the potential energy back to the first configuration and 
hence the energy first grows and then is reduced back as shown below periodically. 
These energy changes may be seen as energy exchanges between the proton quarks 
and the Pionic fabric quarks that oscillate around their average static positions. 

Figure 21 illustrates the distance between the proton 9u  and 10u  quarks dur-
ing the trajectory with two exchange operations at the pion cell AGC. After the 
first quark exchange operation, the two quarks see different quark configuration 
of the Pionic fabric cell since each quark is replaced with its antiquark and hence 
the fall and the bounce back is not fully symmetric. The second bounce at the AGC 
exchanges back the Pionic fabric cell quarks to their first configuration and then 
the proton quarks trajectory follows the opposite path and return to their initial 
position periodically. 
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Figure 20. Illustrates the energy of the proton and pion cell during two quark exchange 
operations. 
 

 

Figure 21. Illustrates the distance between the proton quarks 9u  and 10u  with the two 
exchange operations at the cusps. 
 

The Pionic Fabric Density Around Charged and Massive Bodies Model 
In the vicinity of massive bodies, the Pionic fabric and Pionic cells may be 

curved and may have a spherical symmetry where the Pionic cells are forced to 
reshape and fill a sphere. Near a black hole for example, the Pionic fabric cells may 
be extremely curved and dense, where far away in space in cosmic voids [32]-[34], 
the Pionic fabric cells may be diluted and have larger cubic cells in flat space. 
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In the case of a Hydrogen atom for example, the Pionic fabric density grows 

from the flat space value of ( ) 44
pion fabric 3

pion cells2.73 10
m

ρ ∞ = × , to a significantly  

higher density in the vicinity of the embedded proton. The embedded proton pion 
cell length is 0.0648 × 10−15 meters, two orders of magnitude smaller than the pion 
cell length in free space of 7.757 × 10−15 meter. We can model the Pionic fabric 
density in the vicinity of the proton at radius r using the Pionic fabric unit cell 
length far from the proton in free space and at the proton site using an exponential 
fall with a parameter pλ  that we will determine next. 

 ( ) ( )
( )

( )pion fabric 3 3
pion cell pion cell

1 e
    embeded proton

p pr r

pr r
a a

λ

ρ
− −

− = +
∞

 (17) 

Note that in analogy to the exponential fall of the atmospheric density with el-
evation from earth [10], the Pionic fabric density falls exponentially with distance 
from the embedded proton and the density gradient will affect the dynamics of 
particles in the Pionic fabric. For example, the motion of the electron tetrahedron 
in the fabric via u  and d  quark exchanges will be sensitive to the fabric density 
variations since it will change the tunneling rates via the Pionic fabric cells and 
potential barriers. The electron and Pionic cloud may be confined by the Pionic 
fabric curvature and density variation due to the embedded proton in the center 
Pionic cell.  

Using the classical and quantum quark molecular dynamics hybrid scheme we 
calculated the embedded proton Pionic cell length ( )pionic cell embedded protona =

150.0648 10−× , the electron pionic cell length ( )pionic cell embedded electrona =  
151.541 10−×  meters, and the free space Pionic fabric cell length ( )pionic cella ∞ =
157.757 10−×  meters. The Pionic fabric density exponential fall parameter pλ  

can be calculated using the three densities’ values. Assuming that for the Hydro-
gen atom at a distance of the Bohr radius, 10

Bohr 0.523 10a −= ×  meters, the pionic 
fabric cell density is:  

 
( )

( )

pion fabric

44
3 3
pion cell

embedded electron

1 pion cells2.73 10
embedded electron ma

ρ

= = ×
 (18) 

Next using Equations (17) and (18), we calculate pλ : 

 ( ) ( ) ( )
Bohr

44
pion fabric Bohr 3 3 3

pion cell pioncell

1 e pion cells2.73 10
proton m

pa

a
a a

λ

ρ
−

= + = ×
∞

 (19) 

 
( ) ( )

( )

10Bohr
3 3

pion cell pion cell
3

pion cell

0.0559 10 m
embeded electron

ln
embeded proton

p
a

a a
a

λ −
− −

−

−
= = ×

 − ∞
  
 

 (20) 

pλ  is one order of magnitude smaller than the Bohr radius, however, as shown 
below, the Pionic fabric density at the Hydrogen atom Bohr radius is about 120 
times higher than in free space and it grows exponentially closer to the embedded 
proton Pionic cell (Figure 22). 
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Figure 22. Illustrates the Pionic fabric density as a function of distance from the embedded 
proton Pionic cell divided by the Pionic fabric density in free space. 
 

In the vicinity of the embedded proton Pionic cell, the Pionic fabric density is 
extremely high such that the electron motion via quark exchanges between adja-
cent Pionic cells is inhibited and the electron cannot fall into the coulomb singu-
larity of the proton. On the other limit, far from the embedded proton Pionic cell, 
the electron motion via tunneling between adjacent Pionic fabric sites is inhibited 
since the distances between the Pionic fabric cells become too large for the tun-
neling process. Thus, the density variation of the Pionic fabric induced by the pro-
ton confines the embedded electron and Pionic fabric cloud to the atom and pre-
vents the electron fall to the proton. 

10. The Eight Component Spinors 

A model for the embedded electron and positron dynamics based on the Pionic fab-
ric substructure and eight-component spinors is proposed here. Accordingly, two 
electron and two positron substructures may be embedded in the Pionic fabric. The 
first embedded electron type I cell substructure is shown in Figure 23 below formed 
by replacing a u  quark with a d  quark in vortex 2 of a Pionic fabric cell.  

The second embedded electron type II cell substructure is shown in Figure 24 
below formed by replacing a d  quark with a u  quark in vortex 7 of the Pionic 
fabric cell.  

The first embedded positron type I cell structure is shown in Figure 25 below 
formed by replacing a u  quark with a d  quark in vortex 5 of the Pionic fabric 
cell.  

The second embedded positron type II cell structure is shown in Figure 26 be-
low formed by replacing a d  quark with a u  quark in vortex 8 of the Pionic 
fabric cell. 
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Figure 23. Illustrates embedded electron type I cell. 
 

 

Figure 24. Illustrates embedded electron type II cell. 
 

 

Figure 25. Illustrates embedded positron type I cell. 
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Figure 26. Illustrates embedded positron type II cell. 
 

The Pionic fabric unit cell may be represented by an eight-component spinor 
and 8*8 identity matrix where the quark uψ , dψ , uψ



 and dψ


 are Dirac 
spinors. 

 

1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

u

u

d

d
vacuum

u

u

d

d

ψ
ψ
ψ
ψ

ψ
ψ
ψ
ψ
ψ

  
  
  
  
  
  =   
  
  
  
  
     









 (21) 

The frictionless tunneling motion of the type I embedded electron in the vac-
uum from a Pionic fabric cell to a neighboring cell that occurs along the long cubic 
diagonals shown in Figure 23 can be represented by the following permutation 
matrix that exchanges for example a d quark in position 2 with a u quark in posi-
tion 6. 

 

1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 1 0 0 0 0 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

u u

u d

d d

d d

u u

d u

d d

d d

ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ

    
    
    
    
    
    =    
    
    
    
    
        

 

 

 

 

 (22) 

Similarly, the motion of the type II embedded electron shown in Figure 24 on 
the Pionic fabric can be represented by the next permutation matrix that ex-
changes a u  quark in position 7 with a d  quark in position 3. 
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1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 0 0 0 0 1 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 1

ud

u u

d d

d d

u d

u u

d d

d d

ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ
ψ ψ

    
    
    
    
    
    =    
    
    
    
    
        





 





 

 (23) 

The electron and positron spin states may be related to the underlying quark 
permutations in the first spin state and antiquark permutations in the second spin 
state. Accordingly, the embedded electron and positron dynamics in the Pionic 
fabric occurs with rapid quark exchanges with adjacent Pionic fabric cells where 
charge is transferred from the charged embedded Pionic cells to an adjacent neu-
tral Pionic fabric cell by quark exchanges via tunneling as described in Equations 
(8) and (9) above and represented by the 8*8 permutation matrices and eight-
component spinors of Equations (21) and (22). Accordingly, the electron or pos-
itron motion occurs by two different mobile particles, a quark exchange dynamic 
( d  and u  exchanges) or an antiquark exchange dynamic ( d  and u  exchanges). 
Note that the two motions can occur independently in the Pionic fabric without 
collisions and hence the two electron types can share the same electron cloud form-
ing for example an electron pair in an atom or molecule according to Pauli prin-
cipal. Since an electron pair with opposite spins in the same atomic orbital creates 
chemical bond, we assume that the dynamic exchange of both quarks and anti-
quarks in the Pionic fabric cloud stabilizes the shared electron cloud and is favor-
able energetically compared to a single embedded electron cloud with the d  and 
u  exchanges or the d  and u  exchanges only. In the case of embedded elec-
tron-positron collision and annihilation in the Pionic fabric described in Equation 
(16) above, the double quark exchange reaction will annihilate both charges and 
will generate a neutral Pionic fabric cell. The complete electronic cloud that in-
cluded probably millions of contracted Pionic fabric cells will almost instantly ex-
pand its volume from the contracted charged Pionic fabric cell length of about 
1.541 × 10−15 meters to the value of a Pionic fabric cell in the vacuum of about 
7.757 × 10−15 meters. The instant expansion of the Pionic fabric by a factor of about 
125 in volume for millions of Pionic fabric cells will generate a significant disturb-
ance in the Pionic fabric that may be seen as the expected two 0.511 MeV electro-
magnetic waves excitations propagating in the vacuum. Note that in the proposed 
embedded electron tetraquark dynamics model, the electron-positron charge an-
nihilation in the Pionic fabric does not annihilate the quarks and antiquarks. The 
quarks and antiquarks are not destroyed nor created, they switch neighbors and 
remain part of the Pionic fabric. 

Coherent Electron Wave Packet Dynamics on the Pionic Fabric 
The width of a  free electron gaussian wave packet increases with time rapidly 

in contrast to a coherent state of a particle in a harmonic potential [35].  The dis-
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persion of the free particle wave packet will be the same if the Schrödinger equa-
tion will be solved with a non-zero fixed potential value. Hence, the SM sponta-
neous symmetry breaking and the fixed non-zero vacuum expectation value 
(VEV) of the Higgs mechanism, will not solve the dispersion problem of the free 
electron wave packet [36]. The behavior of the electron wave packet in a lattice 
was found to be drastically different if the amplitude and the phase varies on the 
scale of the lattice constant [37]. The properties of Bloch electrons in solids may 
be measured by the Quantum Geometric Tensor (QGT) using photoemission 
spectroscopy [38]. 

For the embedded electron tetraquark dynamics in the Pionic fabric cloud, we 
assumed that the electron wave packet is not a gaussian wave packet initially but 
a superposition of the ground and first excited states in an extended double well 
potential model, and that it remains a coherent wave packet at later times with no 
dispersion. The proposed model describes the Pionic fabric and the rapid u  and 
d  quark exchange reaction between electrons and pion tetraquarks in adjacent 
pion fabric cells via double well potential barriers. The symmetric quark exchange 
reactions may be seen as a conserved hidden symmetry of the Pionic fabric [1]. 
The quantum vacuum may be described by eight-component spinor extended in 
the fabric as Bloch spinors.  

11. Lattice QCD and the Pionic Fabric 

Lattice QCD is a non-perturbative computation scheme for the strong force [39]. 
Perlovsek et al. [40] wrote that the only hadron states found so far are two quark 
mesons and three quark baryons and that no exotic  tetraquark, pentaquark, hy-
brid meson-gluon or molecular meson states have been confirmed beyond doubt 
yet. However, there are several candidates in the light  tetraquarks and hidden 
charm sectors, and Perlovsek studied with lattice QCD light tetraquarks that may 
be the experimentally observed σ and κ mesons.  

The quark exchange reactions may be seen as hadron scattering reactions. The 
d and u quarks for example are exchanged between an electron and pion tetraquarks 
and the scattering reaction is symmetric since the products are the same as the 
reactants. Equations (9) and (10) above describe tetraquarks scattering reactions 
where the electron tetraquark is transformed to a pion tetraquark and vice versa. 
The tetraquark scattering reactions of Equations (7), (9), (10) and (17) may be 
studied with lattice QCD [39]-[44] and may allow calculating the mass of the pro-
posed embedded electron the pion tetraquark. We note that the point group sym-
metry of the Pionic fabric cubic unit cell, ( )2iC S , includes only two irreducible 
representations, gA  and uA  [22], that may reduce the complexity of the lattice 
QCD operators computations. 

12. Summary 

We assume that the answers to the three questions raised above in Section 2 are 
positive and consider them as axioms. Accordingly, leptons and hadrons are 
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quark composed particles. The electron is not the SM point like particle and even 
not a single particle, it is a cloud of an electron tetraquark and millions of pion 
tetraquarks part of the Pionic fabric. The Pionic fabric cubic unit cell has a iC  
point group symmetry and it includes 50% matter and 50% antimatter and hence 
the vacuum is not made of ordinary particles as Einstein expected from the grav-
itational ether [45]. Partanen and Tukkli reformulate QED using eight-compo-
nent spinors and introduced the generating Lagrangian density of gravity based 
on the special unitary symmetry of the eight-dimensional spinor space [46] [47]. 
We propose here that the vacuum and the embedded electrons and positrons may 
be described by eight-component spinors describing the Pionic fabric cubic unit 
cell substructure. A new model for embedded electron tetraquark dynamics based 
on the Pionic fabric substructure is proposed. The rapid quark exchanges trans-
form an embedded electron tetraquark into a pion tetraquark and vice versa in 
symmetric permutations that may be seen as a hidden internal symmetry [1]. The 
electron and positron two spin state dynamics may be related to the underlying 
motion of quark permutations in one spin state and antiquark permutations in 
the second spin state. The electron and positron chiral states may be related to the 
structure of the vacuum cubic unit cell. Lattice QCD may allow calculating the 
mass of the proposed embedded electron and pion tetraquarks.  
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