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Abstract 
We justify and extend the standard model of elementary particle physics by 
generalizing the theory of relativity and quantum mechanics. The usual as-
sumption that space and time are continuous implies, indeed, that it should 
be possible to measure arbitrarily small intervals of space and time, but we 
ignore if that is true or not. It is thus more realistic to consider an extremely 
small “quantum of length” of yet unknown value a. It is only required to be a 
universal constant for all inertial frames, like c and h. This yields a logically 
consistent theory and accounts for elementary particles by means of four new 
quantum numbers. They define “particle states” in terms of modulations of 
wave functions at the smallest possible scale in space-time. The resulting clas-
sification of elementary particles accounts also for dark matter. Antiparticles 
are redefined, without needing negative energy states and recently observed 
“anomalies” can be explained. 
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1. Introduction 

Many types of elementary particles have been discovered and characterized by 
means of empirically defined quantum numbers. The resulting standard model 
(SM) describes known facts, but the existence and properties of these quantum 
numbers could not be explained. There are even new experimental results that 
do not agree with predictions based on the SM in its present form. They may be 
called “anomalies”, as if they were minor exceptions, but it becomes increasingly 
obvious that some kind of new physics is needed. A science writer summarized 
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the present situation by stating that the SM is “brilliant, but not perfect” and 
perhaps even “completely flawed” [1]. It is at least partially adequate, but re-
quires justifications and extensions. Actually, we are living a typical “crisis”, like 
those that could only be solved by abandoning some basic assumption [2]. We 
have thus to begin with recalling why this was necessary and led to the develop-
ment of the theory of Special Relativity (SR) and Quantum Mechanics (QM). 
They are even the stepping stones that will allow us to go further in the same di-
rection.  

Classical mechanics was based on so-called “principles”, since they could not 
be proven, but seemed to be certain. Actually, they were suggested by extrapo-
lating observations. It seemed obvious, for instance, that measurements could be 
made ideally precise and that possible results can vary in a continuous way. 
Newton postulated also the existence of a motionless “absolute space” and a 
steady “flow of time”, to justify the special status of inertial reference frames. 
They are those frames where free particles remain in the same state of motion, 
unless they are perturbed by an applied force. All these frames would have a spe-
cial status, if they were moving at some constant velocity with respect to absolute 
space in absolute time. The resulting theory was very successful, but there ap-
peared some unexpected facts, requiring fundamental modifications. 

The discovery of interference phenomena proved that there are “light waves”. 
They were assumed to be similar to sound waves and should thus result from 
propagating vibrations. Since it had been stated long ago that even apparently 
empty space is filled by a peculiar substance, called “aether”, this medium 
seemed to be adequate. Being globally at rest, it would even justify Newton’s 
concept of an absolute space. However, when Michelson tried to determine the 
velocity of the Earth with respect to this ether, he found no evidence of any rela-
tive motion. This result led Voigt to propose that aether is a special medium, 
since light waves are there always propagating at the same velocity c for any in-
ertial reference frame [3]. Even Maxwell’s theory of EM waves treated vacuum as 
if it were a medium that is electrically and magnetically polarizable. These prop-
erties determined then the value of the velocity c. Lorentz adopted this point of 
view, but attributed the constancy of c in this aether to a more general transfor-
mation law for space-time coordinates [4].  

Albert Einstein saw that these interpretations of Michelson’s results are in-
consistent with Galilean relativity and raised thus a fundamental problem. 
He solved it in 1905, by introducing a radically new idea: measurements of 
space-time coordinates in inertial reference frames can only yield results that 
lead always to the same value c for the velocity of EM waves in vacuum. This 
value is thus a universal constant, but not because of a peculiar medium. It re-
sults from a restriction that Nature imposes on measurements of lengths and 
durations in inertial reference frames. Space and time are thus not sub-
stance-like, but merely defined by what is measurable. This idea led to the de-
velopment of the theory of SR. One of its major consequences was that the total 
energy E of any material body that is freely moving in an inertial frame at a ve-
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locity v is determined by 

( )22 2
oE E pc= +                          (1) 

Eo = moc2 and the momentum p = mov, where mo is the rest-mass of this body. 
The development of QM resulted from other unexpected experimental results. 
By analyzing observed properties of EM waves inside cavities at various temper-
atures, Planck discovered in 1900 that light is emitted and absorbed by the walls 
in the form of energy quanta E hν=  for any particular frequency ν. Einstein 
related this fact to (1) and concluded that light is composed of particles. Since 
EM waves propagate in vacuum so that their frequency ν and wave length λ are 
related by /cν λ=  the rest-mass of these light quanta is mo = 0. Their energy E 
and momentum p are thus defined by  

E hν=  and 
hp
λ

=                         (2) 

Planck had also discovered that energy exchanges are possible with vibrating 
electrically charged particles when their motions are restricted by a “quantiza-
tion rule”. Bohr applied it to circular motions of electrons inside atoms and 
found excellent results. This quantization rule related the positions and veloci-
ties along a closed trajectory to Planck’s constant h. It was empirically justified, 
but unexplained until Louis de Broglie introduced another revolutionary idea: 
even electrons are associated with a wave by means of (2). Closed orbits have 
then to allow for stationary waves. 

Since the relation /p h λ=  is only valid for free particles, while inside atoms, 
the electrons are constantly subjected to forces, Schrödinger generalized this re-
lation in 1925. He did this, by defining local values of the components of the 
momentum vector p and quasi-instantaneous values of the energy E in terms of 
first-order partial derivatives of a wave function ψ(r,t). Born proved that this 
function defines the probability amplitude that the electron is present at the 
point in space-time that is designated by r and t. Heisenberg explained in 1927 
that physical laws have to include Planck’s constant h, since it limits simultane-
ous knowledge of pairs of conjugate observables, like x and px or t and E. There 
are thus two universal constants, c and h, imposing universal restrictions on 
some types of measurements.  

These facts are well-known, but did we realize that a similar change is now 
required? Actually, we continued to believe that space and time have to be con-
tinuous. This idea was suggested by another extrapolation. Since differential eq-
uations for ψ(r,t) are valid at atomic and nuclear scales, it was assumed that they 
should even remain valid at arbitrarily small scales. We wondered therefore in 
the 1960th if Nature could not impose a third restriction. Can we really exclude 
the existence of an ultimate limit for the smallest measurable length? To answer 
this question, we considered that the value a of this “quantum of length” is un-
known, but has to be a universal constant for all inertial reference frames like c 
and h. This condition was sufficient to construct a theory of space-time quanti-
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zation (STQ). It showed that SR and QM have to be generalized for wavelengths 
λ → 2a and energies E → hc/2a when a ≠ 0, but that would not lead to internal 
contradictions [5]. It is only necessary to modify some habits of thought. Once 
this was established, we had still to find out if it is physically true that a ≠ 0, 
though this value may be extremely small. Otherwise, we would have proven 
that space-time is really continuous.  

We verified thus if STQ could account for known properties of elementary 
particles [6]. It had been possible, indeed, to construct the SM in the 1970th, by 
introducing empirically defined quantum numbers, but their existence remained 
unexplained. The basic problem was that elementary particles have no parts and 
thus no structure, but can be distinguished from one another by means of quan-
tum numbers. They had thus to result somehow from properties of their wave 
function (for a single particle) or field (for any number of particles of the same 
type). It turned out that this is true, because of STQ. It accounts for the myste-
rious quantum numbers and justifies the SM [7]. 

The purpose of this article is to present results of further investigations. 
Chapter 2 does briefly recall the basic concepts of STQ and defines “particle 
states” by possible variations of wave functions at the smallest possible scale in 
space and time. It is also necessary to reexamine some related concepts. Chapter 
3 provides natural extensions of the SM of elementary particle physics. Chapter 
4 considers recently discovered anomalies and shows that they can be explained 
by STQ. Chapter 5 summarizes the background and main results of this explora-
tion. We endeavor to remain also understandable by non-specialists, since STQ 
concerns our view of reality and could thus be relevant for all humans. 

2. Basic Concepts 
2.1. Generalized Definition of States of Motion  

First of all, we have to know why space has been assumed to be continuous. 
Some philosophers of Greek Antiquity thought that everything is constituted of 
indivisible entities, though they are too small to be observed. However, the Py-
thagorean Theorem was sufficient to prove that this is not true for lengths. If the 
sides of a square are equal to an atom of length a, the diagonal of this square is 

2a  instead of a. The sides and the diagonal of a square are not commensura-
ble. STQ discards this objection, since it concerns only possible results of inde-
pendent measurements, performed along different reference axes in an arbitra-
rily chosen inertial frame. All other lengths can then be calculated.  

The existence of a finite, universally constant quantum of length a would thus 
imply a quantization of possible values of space-time coordinates (x, y, z, ct). It 
might be objected that this is incompatible with the Lorentz transformation, but 
this law was based on the assumption that the spectrum of possible values of 
space-time coordinates is continuous. Let us consider this problem in more de-
tail. A single elementary particle and the center of mass of any object are points 
that could be precisely localized by measuring its coordinates. It is then possible 
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to define states of motion of any particle that is freely moving along the x-axis of 
an inertial reference frame by means of its wave function  

( ) ( ), ei kx tx t A ωψ −=  where p k=   and E ω=              (3) 

The amplitude A is constant, while 2k λ= π , 2ω ν= π  and 2h= π . This 
accounts for (2) and also for Einstein’s relation (l) when ( ),x tψ  satisfies the 
Gordon-Klein equation 

( )22 2
x ct om cψ ψ ψ∂ − ∂ =                        (4) 

This differential equation has to be generalized when a ≠ 0. It is sufficient to 
modify the definition of the local values of the momentum p at the smallest 
possible scale, so that  

( ) ( ) ( ) ( ) ( )2 2
2

2
x x

x a x a x
D x x

a
φ φ φ

ψ φ φ
+ + − −

∂ → =           (5) 

It follows that  

( )
( )

2
2

2 2

sin 2e e 2e e e
2

ika ika
ikx ikx ikx

x

ka
D

a a

− −+ −
= =  

Since these considerations apply also to possible values of E/c when ct is 
quantized, Einstein’s energy-momentum relation (1) becomes  

2 2 2sin sin sin
2 2 2

oaEaE ap
c c

    − =            

                (6) 

This relation is more general, but implies the existence of a finite limit for the 
highest possible energy of free particles in inertial reference frames. Indeed, the 
energy E is only real when  

2 2
aE

c
π

≤


 or 
2u
hcE E
a

≤ =  

Initially, we thought that uE  defines the total energy content of our Un-
iverse, but it is more appropriate to say that it is the energy of a photon of smal-
lest possible wavelength λ = 2a. We can even identify this photon with the single 
particle that constituted the initial state of our Universe. Usual theories have to 
assume an infinite energy, which yields an unphysical singularity. The Lorentz 
transformation seemed to exclude a finite quantum of length, but that is not 
true. The Lorentz transformation can be generalized, indeed, by requiring the 
invariance of (6). We get then even a deterministic law, since the spectrum of 
possible values of E and p remains continuous when space-time is quantized. We 
have thus to conclude that it is possible to account for the invariance of c, h and 
a for all inertial frames. The proposed theory of STQ is logically consistent.  

2.2. Definition of Particle States  

Several decades of impressive experimental investigations and theoretical re-
search revealed that elementary particles are characterized by a set of quantum 
numbers, because of conservation laws that are similar to those of QM. Why 
these quantum numbers do exist remained unexplained, but we expected that 
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they could be related to properties of wave functions. They can only be defined, 
indeed, for those points of space-time where elementary particles could be loca-
lized by means of ideally precise measurements. This depends on the value of a, 
but the origin and orientation of the x-axis can be freely chosen. It follows that 
when x is a possible result, it is sufficient to reverse the orientation of the chosen 
axis, to see that −x is also one. Since their separation has also to be measurable, 
2x = na, where n is an integer number that can be even or odd. This condition 
yields two possible spectra: 

0, , 3 ,x a a= ± ±   and 3, ,
2 2
a ax = ± ±                 (7) 

 

 
Figure 1. The existence of a finite quantum of length a yields 
two spectra for possible results of ideally precise measure-
ments of the coordinate x. This allows for modulations of the 
function ( )xφ  at the smallest possible scale.  

 

The normally expected lattice includes x = 0, but there is also a symmetrically 
intercalated one. In general, the position of an elementary particle is not pre-
cisely known, but the probability distribution ( ) 2

xφ  is positive and single va-
lued for every measurable value of x. This yields a degree of freedom, since the 
function ( )xφ  can vary along the x axis as indicated in Figure 1.  

The wave function or field ( )xφ  can thus have the same sign or the opposite 
sign at neighboring points. Since ( )xφ  is a complex function, we can even de-
fine the modulation on the intercalated lattice by  

e 1xiu π = ±  where 0, 2,xu = ±   or 1, 3,xu = ± ±           (8) 

Figure 2 accounts for (8), since the arrow can only point upward or down-
ward. Its actual orientation is defined by the value of the quantum number ux. 

Since it is only required that ux is an integer number, this allows for transi-
tions by means of quantum-jumps. They correspond to sudden rotations of the 
arrow by one or several half-turns toward the left or the right. The same reason-
ing is valid for the four reference axes that are used to measure space-time coor-
dinates (x, y, z, ct) in any freely chosen inertial frame. Particles states are thus 
unambiguously defined by four (ux, uy, uz, uct) quantum numbers in any inertial 
reference frame. Since they are associated with another set (−ux, −uy, −uz, −uct), 
they do respectively define particle and antiparticle states. Particles were defined 
as being those entities that are more numerous in our Universe.  
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Figure 2. Particle and anti-
particle states are defined by 
the quantum number ux. 

 
It should be noted that it is not necessary that the four reference axes are or-

thogonal to one another and that by inversing the orientation of the x-axis in 
Figure 1, we do automatically reverse rotations in every plane that is perpendi-
cular to this axis. A left one becomes a right one and vice-versa. The definition 
of particle and antiparticle states is thus intimately related to space and time. 
The transformation x → −x implies that ux → −ux. The parity operator P inverses 
the orientation of the 3 chosen reference axes and thus also the sign of the spatial 
quantum numbers (ux,uy,uz). The time inversion operator T changes the sign of 
uct and C = PT transforms a particle into its antiparticle.  

For historical reasons, C was called the “charge inversion” operator, but even 
electrically neutral particles have antiparticles. The charge q = Qe is actually de-
fined by means of the energy-momentum relation (6), when p is replaced by p + 
qA and E by E + qΦ, where A and Φ are the vector and scalar potentials of the 
EM field. They can vary in space and time, but all potentials involve an arbitra-
riness, since only their derivatives are physically relevant. This arbitrariness can 
be removed by imposing for instance that Φ = 0. The charge number Q is then 
defined by  

3
x y zu u u

Q
+ +

=                          (9) 

The average value of the spatial quantum numbers is sufficient, since Q could 
also be defined by the electric field alone. The theorem that CPT = I is a direct 
consequence of STQ, though it is also valid in general and thus even for the 
usual theories, treating space-time as if it were continuous. 

2.3. The Standard Model and Dark Matter 

The first great succes of the SM of elementary particle physics was to account for 
the fact that nucleons are composed of 3 elementary particles. They were called 
up and down quarks, by analogy with possible orientions of the spin vector of 
electrons along any given z-axis. It became thus customary to speak of u and d 
quarks. They are usualy considered as physically real entities, but are merely two 
possible particle states. Since protons and neutrons do respectively carry the 
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charges Q = 1 and Q = 0, they have to contain (uud) and (udd) quarks, when Q = 
2/3 for u quarks and Q = 1/3 for d quarks. Even (uuu) and (ddd) baryons could 
be produced by means of accelerators, but quarks are spin 1/2 fermions. It was 
thus necessary to assume that quarks have another property that yields 3 distinct 
states. By analogy with three-chromatic color perception, they were called red, 
green and blue (R, G, B) color states. This terminology indicates that the reason 
for the existence of this property was unknown.  

According to STQ, the simplest particle and antiparticle states would be de-
fined by (ux, uy, uz) when these quantum numbers are equal to 0 and ±1, while 
uct = 0. Using orthogonal axes, we get a cubic lattice, but in Figure 3 we consider 
only those lattice points that form two adjacent cubic cells with a common di-
agonal. The u and d quarks are then defined by (1, 1, 0), (1, 0, 1), (0, 1, 1) and (0, 
0, −1), (0, −1, 0), (−1, 0, 0). These states correspond to the vortexes of the red 
and green triangles. Because of (9), the u and d quarks carry the required 
charges +2/3 and −1/3. They have three possible color states because of possi-
ble permutations of their spatial u-quantum numbers. Moreover, we see that 
there are 3 and only 3 possible color states, since space is three-dimensional. 
Particle states are represented in Figure 3 by black dots and antiparticle states 
by white ones. The red and green triangles are equilateral, while leptons 

( ), ee ν−  and their antiparticles are represented by points that are situtated on 
the Q-axis.  

We know that our Universe contains about 5 times more dark matter (DM) 
than ordinary matter, but the SM did not account for elementary DM particles, 
since they could not be detected at CERN or other accelerators. However, STQ 
implies that (ux, uy, uz) = (1, −1, 0) is also possible when uct = 0. This yields 6 
possible permutations, corresponding to the vortexes of the blue hexagon in 
Figure 4. It is situated in the plane Q = 0, which is paralel to those of quarks and 
antiquarks in Figure 3.  

We will show in the next section that elementary DM particles are analoguous  
 

 
Figure 3. STQ accounts for common types of quarks and 
leptons. 
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Figure 4. Dark matter particle states correspond to 
the hexagon and its center. Excited states d* of d 
quarks and their antiparticles are also represented. 

 
to u and d quarks, These DM particles can also be bound to one another by ex-
changing gluons. They are thus neutral quarks. For simplicity, we called them 
“narks”. They constitute various types of composite DM particles. We can even 
specify the composition of simple ones [7]. Gravitational effects were not suffi-
cient to determine the nature and rest-masses of DM particles, but they are ana-
logous to nucleons. Thus, we called them “neutralons”. Figure 4 shows that 
there are 3 types of narks (ne) and antinarks. The center of the hexagon corres-
ponds to another nark (no) and its antiparticle. The corresponding dots coincide, 
like those of the electron neutrino (νe) and its antiparticle in Figure 3.  

Figure 4 accounts also for excited state of d quarks, represented by the vor-
texes of the green triangle. These d* particles are of type (1, −1, −1) with three 
possible permutations. Their charge number Q = −1/3 as for d quarks. Their an-
tiparticle states are also represented. We can even expect the existence of u* 
states, characterized by (0, 0, 2) with three possible permutations and Q = 2/3. 
The rest-energies of these particles are too high for producing them at CERN, 
but they might be discovered later on by increasing the energy of the colliding 
particles.  

Color states of quarks and narks are specified by the convention of Figure 5. 
It corresponds to Figure 3 and Figure 4, when we look along the Q axis. The 
triangles for u and d quarks are then superposed and allow us to attribute iden-
tical (R, G, B) colors to both of them. Particles are represented again by black 
dots and antiparticles by white ones. They are opposite with respect to the center 
and have anticolors. The color states of ne narks are defined by associating a col-
or with a different anticolor, to get for instance RG  and RG  for the anti-
nark. The colorless no nark and antinark states can be viewed as resulting from 
two different superposions of RR , GG  and BB  color states.  

2.4. Conservation Laws for u-Quantum Numbers 

The construction of the SM resulted from conservation laws, characterizing  
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Figure 5. Definition of color and anticolor 
states of quarks and narks. The central nark 
and antinark states are colorless. 

 
physical system that can be subjected to transformations without leaving any 
detectable trace. The conservation laws for the energy E and the components of 
the momentum vector p result from translations along the chosen reference axes 
or modifications of their origin. STQ accounts even for the invariance of the 
energy E = hc/2a for all inertial frames. In QM, the orbital angular momentum 
vector L and its component Lz do also yield conservation laws. Victor Weisskopf, 
who was general director of CERN between 1961 and 1965, regarded thus ele-
mentary particles as possible states that yield a spectroscopy, which is compara-
ble to those of atomic and nuclear physics [8]. Nevertheless, it is different and 
STQ tell us why.  

Figure 1 makes it even intuitively clear that transitions between different 
states are possible when they yield identical wave functions for the initial and fi-
nal states. This condition is equivalent to a vector addition law. It applies also to 
the constitution of composite particles or their dissociation. Color states of fer-
mions can be modified by interactions with bosons. They are characterized by 
the same u-quantum numbers, but are different because of their spin. We use 
thus round brackets for fermions and square brackets for bosons. The following 
relations account for the fact that quarks are bound to one another inside 
nucleons by exchanging gluons. This is also true for narks in neutralons.  

( ) [ ] ( )0,0, 1 1,0,1 1,0,0− + − = −  or G RG R+ →  

( ) [ ] ( )1,0,1 0, 1, 1 1, 1,0− + − − = − −  or RG BG RB+ →  

2.5. Dirac’s Concept of Antiparticles  

Dirac wanted in 1928 to combine QM with SR in a new way, since Einstein’s re-
lation (1) leads to the Gordon-Kein Equation (4). It contains a second-order 
time derivative, while Schrödingers’s equation involves only a first-order time 
derivative. The total probability that an electron is somewhere in space is then 
constant and equal to 1, but this is not true for the Gordon-Kein equation. Ac-
tually, this results from the fact that SR defines a finite rest-energy, allowing for 
creation and annihillation of electrons. However, the Gordon-Kein equation 
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could be replaced by a set of first-oder differential equations. Dirac thought 
therefore that permanent existence should even be possible for relativistic elec-
trons. Being profoundly interested in clarifying the basic principles of QM, Dirac 
had been impressed by Pauli’s elegant method to account for the spin of elec-
trons. He adapted this theory to solve the problem of relativistic electrons. 

Since Dirac’s theory had important consequences for elementary particle 
physics, we recall its essential ingredients. Electrons were initially assumed to be 
small spinning balls, but Pauli allowed them to be single points. The spin vector 
S of an electron had then to be considered as being analoguous to the angular 
momentum vector = ×L r p . The vector product means that  

x z yL yp zp= −  while ˆ ˆ ˆx z yL p py z= −  

defines the corresponding operator. Since ˆ x xp iψ ψ= − ∂ , the commutator 

[ ] ˆ, ˆ iˆx x xp p px x x= − =   and ˆ ˆ, i ˆ
x y zL L L  =     

This implies that only one component of the angular momentum vector L is 
precisely measurable. The spin vector S of the electron has the same properties, 
but allows only for 2zS = ±  . Pauli defined thus the operators for the 3 com-
ponents of S by expressions like  

ˆ
2x xS σ=
  and , 2ix y zσ σ σ  =   

These conditions are satified by 2 × 2 matrices when  

0 1
1 0xσ
 

=  
 

, 
0 i
i 0yσ

− 
=  
 

, 
1 0
0 1zσ
 

=  − 
 

It follows that 2 1xσ =  and 0x y y xσ σ σ σ+ = , for instance. Pauli published 
this theory in l927 and Dirac realized in 1928 [9] that the operator p̂  for the 
magnitude p of the momentum vector p is then  

ˆ ˆ ˆ ˆx x y z z zp p p pσ σ σ= + +  and 2 2 2 2ˆ ˆ ˆ ˆx x xp p p p= + +           (10) 

He could thus account for Einstein’s relation (1), when the energy operator is  

ˆˆ
k k ok pE c Eα β= +∑  and 2 2 2 2

0
ˆ ˆ kkE E c p= + ∑            (11) 

The index k = x, y, z and both conditions are satisfied when kα  and β are 4 × 
4 matrices, constructed by means of Pauli’s matrices and 2 × 2 unit and zero 
matrices, so that 

0
0

x
x

x

σ
α

σ
 

=  
 

, 
0 i

0
y

y
yi

σ
α

σ
− 

=  
 

, 
0

0
z

z
z

σ
α

σ
 

=  − 
 and 

I 0
0 I

β
 

=  − 
  

These matrices can be applied to the wave function ( ) ( )ei tA ωψ ⋅ −= p r  of a 
freely moving particle when (A) is a 4-component column matrix. It can be de-
composed in 2-component (A±) matrices, accounting for spin up and spin down 
states, while the electron can have positive and negative energies. Dirac’s theory 
was severely criticized by Heisenberg and Pauli, since it implies that an electron 
could drop from its normal positive energy state to a negative energy state by 
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emitting a photon. Its energy would then even drop to −∞. All electrons would 
thus be unstable, which is not true. Since Einstein’s relation (1) corresponds to a 
hyperbola, it allows for positive and negative energy states, but the non-relativistic 
approximation would then yield  

( )
1 22 2

1 1
2
o

o o
o

pc m v
E E E

E

   
 = ± + = ± +     

  

Only positive values are acceptable, since the kinetic energy is defined by the 
work of the force, which had to be applied to increase the velocity from 0 to v. It 
happens even quite often that a mathematically possible solution has to be re-
jected for physical reasons. Dirac saw the validity of these objections, but found 
a method to justify the existence of negative energy states. Since electrons are 
spin 1/2 particles, they are subjected to Pauli’s exclusion principle. Dirac pro-
posed therefore in 1930 that all negative energy states are occupied by electrons. 
When one of these electrons is excited to acquire a positive energy, it creates a 
“hole” that behaves as if all remaining particles were equivalent to a single posi-
tive particle. This is known for semiconductors, where thermally excited elec-
trons obey Fermi-Dirac statistics. Moreover, the existence of positive electrons 
was discovered in 1932.  

Dirac was thus awarded in 1933 by the Nobel Prize in Physics for predicting 
and explaining the exitence of the positron. In his lecture [10], he stated that the 
theory of electrons and positrons is self-consistent and “fits the experimental 
facts so far as is yet known.” He did not exclude possible changes. They are even 
necessary, since Dirac solved one problem by creating bigger one: he assumed 
indeed the existence of a new aether, corresponding to an infinite number of 
electrons. They fill the whole “Dirac sea”, though it is bottomless when a = 0. 
This would even apply to all fermions, but is that necessary?  

2.6. Antiparticles without Negative Energies  

STQ accounts for antiparticles by means of the sign of all u-quantum numbers. 
Their existence was already known in continuum theories, but even there, they 
did not require negative energy states. To prepare the proof we note that Eins-
tein’s Relation (1) can also be written in the following form:  

( )( )2 2 2
o o oE E E E E E p− = − + =  when 1c =  

It is then sufficient to use the 2 × 2 Pauli matrices and Dirac’s definition (10) 
and (11) of the operators Ê  and p̂ , to get two coupled equations:  

( ) ˆˆ
oE pE ψ ψ+ −− =  and ( ) ˆˆ

oE pE ψ ψ− ++ =  

They yield oE E= ±  when p = 0, without needing 4 × 4 matrices, but (1) is 
also equivalent to  

( )( )2
o oE E ip E ip= + −  when 1c =  

This expression yields two first-order differential equations: 

https://doi.org/10.4236/jmp.2021.1211094


A. Meessen 
 

 

DOI: 10.4236/jmp.2021.1211094 1585 Journal of Modern Physics 
 

( ) *ˆˆ
oiE E ipψ ψ= +  and ( )* ˆˆ

oiE E ipψ ψ− = −             (12) 

There are thus two possible states, defined by  

( ) ( )ei kx tωψ −= ↑  and ( ) ( )* e i kx tωψ − −= ↓  

Taking the complex conjugate is equivalent to reversing the orientation of the 
x- and t-axes. This yields an antiparticle state. The 2-component spinors (↑) and 
(↓) indicate that when the orientation of the spin is well-defined for the particle 
state, time reversal does inverse its orientation. This results from defining the 
spin vector S as being analogous to the angular momentum vector = ×L r p . 
Time inversion changes the sign of p and thus also of L and S.  

The young Italian physicist Edittore Majorana expressed in 1932 strong oppo-
sition to Dirac’s concept of negative energies [11]. He belonged to Fermi’s group 
of physicists, but did not like to publish his brilliant ideas. Eventually, because of 
Fermi’s insistence, he accepted to publish his proof that the very notion of nega-
tive energy states can be avoided [12]. Majorana derived his equation from a 
very general variational principle, but it is equivalent to (12) and can thus be es-
tablished in a more direct way.  

2.7. Feynman’s Concept of Antiparticles and Space-Time  

Richard Feynman admired Dirac’s work, but was struggling since 1947 with Di-
rac’s weird concept of antiparticles. His preference for concrete representations 
led him to use graphs to represent possible transformations of elementary par-
ticles. Since electrons have a finite rest-mass, they can only move at velocities v < 
c, but also backward in time. This is merely a matter of reference frames. Feyn-
man said thus in 1986 that a positron is an electron that is moving backward in 
time [13]. Since this refers to time-inversion, he anticipated an essential result of 
STQ, though it was not yet known that a ≠ 0. 

Feynman was also preoccupied by another fundamental problem. In quantum 
electro-dynamics, every electron is accompanied by virtual photons, which are 
constantly emitted and reabsorbed, but the energy of these virtual photons is 

/hc λ . When a bare electron is dressed by its cloud of virtual photons, its mass 
and electric charge become infinite when λ → 0. Virtual photons can even create 
virtual electron-positron pairs, aggravating the divergence problem. However, it 
is sufficient to replace the infinite mass and electric charge of the electron by the 
observed ones, to get finite values for other calculated quantities. This “renorma-
lization procedure” was developed by several physicists, including Feynman. In 
his Nobel Prize lecture of 1965, he mentioned how he did proceed, but added 
that the renormalization does merely “sweep the difficulties under the rug” [14]. 
He had mentioned the reason one year earlier [15] in a public lecture, devoted to 
“seeking new laws”:  

“It turns out that it is possible to sweep the difficulties under the rug by a cer-
tain crude skill, and temporarily we are able to keep on calculating… We are in 
some trouble… In the past it has always turned out that some deeply held idea 
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has to be thrown away… I believe that the theory that space is continuous is 
wrong, because we get these infinities… Here, of course, I am only making a 
hole, and not telling you what to substitute. If I did, I should finish this lecture 
with a new law… The problem is not only what might be wrong but what, pre-
cisely, might be substituted in place of it… Suppose that space consists of a series 
of dots, and that the space between them does not mean anything, and that the 
dots are in a cubic array. Then we can prove immediately that this is wrong.”  

This statement locates the difficulty: it is not possible to assume the existence 
of a rigid space-time lattice. We defined therefore the quantum of length a in 
terms of restrictions imposed on possible results of measurements. Actually, it 
was already clear at the time of Lorentz that a “cut-off” would be needed for the 
spectrum of possible wavelengths [16]. However, this idea was strongly opposed, 
since such a cut-off would be incompatible with the Lorentz transformation. 
Lattice-theories have been developed, but only as a mathematical trick for calcu-
lating. STQ is fundamentally different. 

2.8. Parity Non-Conservation for Weak Interactions  

Weak interactions were discovered through beta decay. Lee and Yang analyzed 
this process in 1956 in terms of symmetry operators. Figure 6(a) recalls that the 
parity operator P inverses the orientation of the 3 spatial reference axes. The de-
finition of the spin by a vector product implies then that the orientation of the 
spin (indicated in red) is inversed like the z-axis. However, the orientation of the 
spin can also be defined by considering small spinning balls. When we consider 
reflections by a mirror, Figure 6(b) shows that the z-axis can then be inversed 
without modifying the orientation of the spin. Does this mean that this orienta-
tion is not related to space and time? 

Lee and Yang proposed to find out by an adequate experiment. It was per-
formed in 1957 by Ms. Wu. She opted for beta decay of Co-60 nuclei, but a 
well-defined orientation of the spin of nuclei by means of a magnetic field re-
quires a temperature of about 0.01 K. The measurements had thus to be per-
formed at the National Bureau of Standards. It turned out that “a large beta  
 

 
Figure 6. Does the parity operator modify 
the orientation of the spin vector along a 
given axis or not? 
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asymmetry was observed” [17]. It appeared even [18] that the probability distri-
bution W(θ) for electron emission with respect to the initial orientation of the 
spin is  

 ( ) ( )1 cosW Bθ θ= −  where 1 3B ≈   

Lee and Yang concluded that parity conservation is broken and that neutrinos 
should be characterized by two-component spinors [19]. They earned the Nobel 
Prize in Physics of 1957 “for their penetrating investigation of the so-called par-
ity laws, which had led to important discoveries regarding the elementary par-
ticles”. It is noteworthy that Yang wondered in his Nobel Lecture “whether in 
the description of such phenomena the usual concept of space and time is ade-
quate” [20]. Lee added that “hidden properties are usually revealed only through 
a fundamental change of our basic concepts” [21]. 

Parity non-conservation was rapidly confirmed for other systems, involving 
weak interactions, but nine years later, Lee wrote in the abstract of a review ar-
ticle [22]: “The more we learn about space inversion, time reversal and par-
ticle‐antiparticle conjugation, the less we seem to understand them… Still very 
little is known about the true nature of these discrete symmetries.” Forty years 
later, Lee insisted that “the concept of particles and antiparticle rests on the 
combined CPT invariance” [23]. He had been impressed by Pauli’s proof of the 
CPT theorem by means of the Lorentz transformation. This theorem revealed, 
indeed, that properties of elementary particles are somehow related to space and 
time. STQ explains this connection in a more direct and obvious way.  

3. Extensions of the Standard Model  
3.1. Different Generations of Fermions and Bosons 

The initial version of the SM was represented in Figure 3. Since Figure 4 in-
cludes narks and some excited states, it corresponds already to an extension of 
the SM when uct = 0. Other types of elementary particles were also discovered 
and found to have the same family structure as those of Figure 3. They were 
thus said to belong to other generations, distinguished from one another by a 
property that was called “flavor”. This refers again to sensory perceptions, since 
the real cause was unknown. However, STQ yields 4 quantum numbers (ux, uy, 
uz, uct) for fermions and [ux, uy, uz, uct] for bosons, where 0, 1, 2,ctu = ± ±  . 
Since different generations were distinguishable from one another by greater 
rest-masses, it is sufficient to designate the first, second and third generation by 

0,1,2ctu = . This yields Table 1.  
The first column specifies typical values of (ux, uy, uz), since they determine 

the charge number Q and the number of possible permutations, defining color 
states. The upper row uses a concise notation that specifies elementary particles by 
means of their charge number Q and their generation number ctu . The blue 
symbols designate elementary particles that are not yet known, but can be expected. 
We indicate only particle states, though there are always antiparticle states.  
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Table 1. Extended classification of spin 1/2 fermions. 

Type (Q, 0) (Q, 1) (Q, 2) 

(−1, −1, −1) e− µ− τ− 

(0, 0, 0) ve vµ vτ 

(1, 1, 0) u c t 

(−1, 0, 0) d s b 

(1, −1, 0) ne nµ nτ 

(0, 0, 0) no noµ noτ 

(1, −1, −1) ∗d  ∗dµ  ∗dτ  

(0, 0, 2) ∗u  ∗uµ  ∗uτ  

 
Since charged leptons and antileptons of different generations were designated 
by the symbols e±, µ± and τ±, neutrinos got corresponding indexes. Up and down 
(u,d) quarks were associated with charmed and strange (c,s) or top and bottom 
(t,b) quarks. We expect thus also three possible generations of narks. They are 
designated by indexes as for neutrinos. Only the colorless no nark has no added 
index.  

Table 2 accounts for spin-1 bosons. Photons are quanta of EM fields. W and 
Z bosons account for weak interactions, coupling quarks and narks to leptons. 
Colored and colorless gluons mediate strong interactions between quarks or 
narks. We add some types of spin-1 bosons that have not yet been produced and 
identified, but have also to be expected. 

Table 3 provides experimentally determined rest-energies for different types 
of fermions and bosons. The SM did not account for different rest-masses, but 
their values can be strongly increased for higher generations of some types of 
elementary particles. The possible existence of “heavy photons” has not yet been 
excluded, but it is more probable that their rest-mass mo = 0. The rest-energy of 
gluons is very small [24], even for different generations. This allows for trans-
formations by resonance phenomena, but the recently determined lower limit 
for the rest-energy of Wτ

±  bosons [25] is enormous. 
Gravitons are quanta of gravitational fields. Since they are defined by the 

space-time metric, which yields a tensor, gravitons are spin-2 bosons, but their 
rest-energy is zero, as for photons. Higgs bosons are quanta of scalar fields. 
Their existence was predicted in 1964 by Higgs [26], Brout and Englert [27], 
Guralnik, Hagen and Kibble [28]. These bosons account for the rest-energies of 
elementary particles and are therefore so important that the next section presents at 
least the basic idea.  

3.2. Spontaneous Symmetry Breaking  

It is known in solid state physics that permanent magnets require the existence 
of an average magnetic field. It results from the orientation of neighboring 
magnetic dipoles. Collective oscillations of electrons with respect to positive 
charges are due to the resulting electric field. These facts suggested the existence  
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Table 2. Extended classification of spin 1 bosons. 

Type [Q, 0] [Q, 1] [Q, 2] 

[−1, −1, −1] W −  Wµ
−  Wτ

−  

[0, 0, 0] Z Zµ  Zτ  

[1, −1, 0] g gµ  gτ  

[0, 0, 0] og  gοµ  gοτ  

[0, 0, 0] γ  µγ  τγ  

 
Table 3. Measured values of rest-energies states. 

eν  0.086 eV<  µν  170 keV<  τν    18 MeV<  

e±  511 keV µ±  105.7 MeV τ±  1.78 GeV 

d  4.7 MeV s  96 MeV b  4.2 GeV 

u  2.2 MeV c  1.28 GeV t  173 GeV 

γ  0 eV γµ - γτ - 

g  <2 meV gµ - gτ - 

W±  80 GeV Wµ
±  -  Wτ

±   4 TeV>  

Z  91.2 GeV Zµ - Zτ - 

 
of a scalar Higgs field, defined by its amplitude X, phase factor θ and potential 
energy ( )V X :  

eiX θφ =  while ( ) 2 2 4V X X Xµ λ= +  

If µ2 were positive, this would simply be the potential of a harmonic oscillator, 
perturbed by nonlinear effects for greater amplitudes of oscillation. For Higgs 
bosons, V(X) displays a minimum when  

2
2 2

2
X vµ

λ
−

= =  since 2 0µ <  and 0λ > , 

The Higgs field will thus tend to be in this ground state, but allows also for ex-
cited states when  

X v h= +  and ( ) 2 2
oV h V v hλ= +  

Since this is the potential energy of a harmonic oscillator, it accounts for 
quantized excitations and the rest-mass of Higgs bosons. In a similar way, it is 
possible to determine the masses of W± and Z bosons, when they interact with 
the Higgs field by means specific coupling constants. The existence of Higgs bo-
sons was experimentally confirmed in 2012 at CERN. Higgs and Englert received 
thus in 2013 the Nobel Prize “for the theoretical discovery of a mechanism that 
contributes to our understanding of the origin of mass of subatomic particles”. 
Brout deceased in 2011 and the article of Higgs was published first. Since Higgs 
bosons could be produced by mutual annihilation of t  t  pairs, they are cha-
racterized by [0, 0, 0, 0], but their rest-energy is 124 GeV.  
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3.3. The Hypothesis of Sub-Elementary Particles 

Since atoms, molecules, nuclei and nucleons are composed of smaller entities, 
Harari assumed in 1979 that this could also happen for quarks. His terminology 
was derived from the Tora [29], where the creation of the Universe was pre-
sented as being grogressive (gen.1.2). The first step led to the existence of Tohu 
and Vuhu, interpreted as being something that is formless, besides nothingness. 
Actually, Harari assumed the existence of two types of primeval particles, desig-
nated by the letters T and V. However, they are spin 1/2 fermions with 3 possible 
“hypercolors” and thus very similar to u and d quarks. Only their charges are 
different: +1/3 for T and 0 for V. Since T  antiparticles would carry the charge 
−1/3, it was possible to propose a new classification of known elementary par-
ticles of the first generation. A similar model was proposed by Shupe [30].  

Robson generalized this model in 2012, to account for the existence of 3 gen-
erations [31]. It was sufficient to add one particle, called U. He compared the 
progress to replacing Plolemaic epicycles by the heliocentric model [32]. How-
ever, when Harari presented his “search of the ultimate constituents of matter” 
in 1983, he insisted on the fact that the proposed model is only a conjecture [33]. 
He added that the correct theory could emerge from “some totally new idea. In 
the words of Niels Bohr, it may be that our present ideas are not sufficiently 
crazy to be correct.” This applies quite well to STQ, since space-time was firmly 
believed to be continuous and it is very difficult to modify deeply rooted convic-
tions. However, new and more detailed experimental results could impose it.  

4. Anomalies and Puzzles 
4.1. The B Meson Decay 

Figure 7 shows that the decay of B− into K− mesons implies the transformation 
b s + −→   , where the lepton e= , µ or τ. The process raises a problem, since 
the change of generation number requires a [0, 1] bosons, but the creation of the 
lepton-antilepton pairs needs [0, 0] bosons. The problem is even aggravated by 
the fact that the SM predicts “lepton-flavor universality”. This means that the 
three types of lepton-antilepton pairs should be created with equal probabilities, 
but the measured values are different. This appeared in 2018 and was confirmed 
in 2020, after an “intense study” concerning different methods to determine 
probability ratios. The difference is small, but well established. This result was 
presented as evidence for CP symmetry breaking [34].  
 

 
Figure 7. The decay of B mesons leads to a problem. 
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Figure 8. Proposed solution of the problem of 
B meson decays. 

 
STQ offers an explanation, presented in Figure 8. It follows from Table 2 that 

the [0, 1] boson could be a Zµ or goµ boson, allowing for [ ] ( ) [ ]0,1 0,1 0,0= + . The 
(0, 1) fermion could be a νµ neutrino or a noµ nark. The required [0, 0] boson 
would then produce different types of lepton-antilepton pairs, but νµ neutrinos 
and noµ narks have different rest-energies. The global energy and momentum 
conservation laws will thus yield different mixing ratios and probabilities for the 
observed decays. Perhaps it is even possible to estimate the rest-energy of the noµ 
nark by analyzing available or future data at CERN.  

4.2. Direct Detection of Galactic DM Particles 

Evidence of the existence of DM particles resulted from astrophysical observa-
tions. They were initially thought to be heavy neutrinos [35]. Since that was not 
confirmed, they were called weakly interacting massive particles (WIMPs). This 
terminology was fuzzy and suggested relatively great rest-masses, though their 
possible values are unknown. Searching for astrophysical data, we became aware 
of direct detection of galactic DM particles by means of thallium activated NaI 
scintillators [36]. This method had been adopted by the DAMA (dark matter) 
collaboration in Italy, performing measurements at about 1400 m below the sur-
face of the Gran Sasso Mountain.  

Their experiment led already in 1996 to very remarkable results, since the de-
tection of galactic DM particles was confirmed by its annual modulation. It re-
sults from the fact that the Earth is orbiting around the Sun, which is moving 
around the galactic center. The velocity of the Earth with respect to the galactic 
DM halo varies thus between 230 ± 30 km/s. The flux of intercepted DM par-
ticles should even vary like a cosine function with a period of one year. 
Moreover, the probability of detection should be maximal at about June 2 and 
minimal at about December 2. The detected modulation satisfied both condi-
tions during 7 cycles. Passage of DM particles through anyone of the 25 adja-
cent cylindrical scintillators was detected by means of two photomultiplier 
tubes (PMTs), situated at opposite sides. They had to respond in coincidence, 
but in anticoincidence with neighboring ones to reduce the chance of spu-
rious signals.  

In 2008, the DAMA/LIBRA team published new results, obtained by signifi-
cant improvements of their equipment [37]. The initial measurements had been 
performed with 87.3 kg of NaI:Tl crystals. They were replaced by new ones,  
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increasing the total mass of scintillating detectors by 266%. The PMTs had also 
been improved, but the annual modulation remained coherent with the pre-
viously detected ones. The 12 cycles raised together the statistical confidence 
level to about 9 σ. Nevertheless, other teams continued to doubt what they called 
a “claim”, since they had performed similar measurements, without clear evi-
dence of annual modulations. This is also an anomaly, calling for an explanation.  

The basic problem resulted from the fact that it was generally believed that 
WIMPs should be detected by producing nuclear recoils. Since iodine nuclei 
contain 53 protons and 74 neutrons, while sodium nuclei contain only 11 pro-
tons and 12 neutrons, these atoms do not react in the same way [38]. The calcu-
lated chance to detect DM particles would be maximal for iodine, if WIMPs had 
a rest-energy of about 10 GeV and for sodium at about 70 GeV. Possible interac-
tions with electrons were not considered, though the DAMA/LIBRA collabora-
tion had found that the intercepted DM particles acted on NaI:Tl scintillators 
like gamma rays of about 2 keV. They create energetic electrons, exciting elec-
trons from the conduction band to the valance band of NaI crystals. Many ex-
cited electrons are then trapped in Tl luminescence centers and produce a pulse 
of photons. Since the efficiency of DM detection was found to increase for lower 
excitation energies, it was decided to reduce the threshold.  

New results [39], published in 2019, were obtained by means of improved 
electronics, highly radio-pure NaI:Tl crystals and better PMTs. However, the 
same annual variations were found, covering now 14 cycles. The confidence level 
was raised to 12.9 σ. After publication of these results, it was recognized that the 
amplitude of the annual modulation might be detectable, but the belief in nuc-
lear recoils was not abandoned [40]. It was merely stated that the COSINE-110 
experiment, installed in an underground laboratory in South Korea, should “al-
low for a powerful test of the WIMP dark matter hypothesis.” This experiment 
does also use NaI:Tl crystals. Their total mass is only 106 kg, but they are pro-
tected by a surrounding liquid scintillator and anticoincidence. First results, 
presented in 2016, after 1.7 years of data collection, did not exclude an annual 
modulation [41]. Moreover, it was announced that the threshold of detection 
would be lowered to improve the DAMA measurements.  

These facts raise an experimental and a theoretical problem. Since direct de-
tection of galactic DM particles by means of scintillators leads to stronger effects 
for low excitation energies of electrons, it is favored for NaI:Tl with respect 
CsI:Tl scintillators [35]. The width of the forbidden band is indeed 5.8 eV for 
NaI and 6.3 eV for CsI. We recommend therefore to use LuI3:Ce scintillators. 
They have “surprisingly good characteristics” for gamma and X-ray detection, 
rapid initial decay and a spectrum for the emitted light that is favorable for usual 
PMTs. Their bandgap is merely 4.5 eV [42]. 

The theoretical problem concerns the mechanism of DM detection by means 
of scintillators. Is it due to excitation of electrons or to nuclear recoils? STQ can 
help in this regard, since Figure 9 shows that narks of the first generation can  
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Figure 9. Two possible interactions of narks. 

 
interact with electrons by exchanging Z bosons, but also with quarks inside 
nucleons by exchanging go gluons. They have to be colorless, since constant col-
or changes of u and d quarks inside nucleons cannot be perturbed by interacting 
also with colored gluons of external origin. Nuclear recoils are thus not ex-
cluded, but electronic excitations are sufficient for direct detection of DM. 
Moreover, the required colorless narks no are present in galactic DM [7]. 

Another system for direct detection of DM particles is also installed in the 
Gran Sasso Mountain. It consists of 3.2 tons of very pure, super-cooled Xenon, 
acting as a liquid scintillator. DM particles produce there light flashes that are 
immediately detected by high-quality PMTs at the bottom of the cylindrical ves-
sel. Other PMTs, installed above the liquid, detect liberated electrons or ions that 
are pushed upwards by an electric field. They can thus discriminate between 
nuclear recoils and electronic excitations. The big liquid scintillator is sur-
rounded by ultrapure water to reduce spurious signals. This system is operation-
al since 2016 and first results, presented in 2020, indicated an 18% excess of 
electron detection [43]. Direct detection of galactic DM particles is so important 
that a Large Underground Xenon (LUX) system has been installed in a South 
Dakota mine (USA). It confirmed the presence of electronic signals [44]. A 6 ton 
Zenon scintillator (PandaX) in China [45] and a 7 ton one (LUX-ZEPLIN) in the 
USA [46] will soon become operational.  

4.3. Unexpected Decays of Nuclear Excited States  

Krasznahorkay and his team in Hungary analyzed the decay of an excited state 
of Beryllium nuclei, resulting from 7Li(p,γ)8Be reactions. It was known that 
this leads to γ emission with internal pair creation, but angular correlation 
measurements revealed that the electron-positron pair can form a greater 
angle. The [0,1] boson, which is required in Figure 10 is electrically neutral 
and its rest-energy could be determined by energy and momentum conserva-
tion. It was found to be close to 17 MeV. The mysterious boson was thus 
called “X17” and the results were published in 2015 [47]. They led to debates 
and skepticism.  

However, Krasznahorkay and his collaborators could confirm the reality of 
this boson by means of 3He(p,γ)4He reactions [48]. The excited alpha particle 
produces an electron-positron pair, but angular correlation measurements did 
yield another peak. Dynamical analysis proved that the required [0, 0] boson is 
identical to the X17 boson. A review article [49] examined several hypothetical 
extensions of the SM, but it is difficult to guess what the mysterious X17 boson  
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Figure 10. Two possible nuclear processes. 

 
might be without any theoretical guide.  

According to STQ, the [0, 0] boson could be a Z or a go particle. They can 
create an undetected νe or no nark, accompanied by a photon, which creates the 
observed electron-positron pair. The global energy-momentum balance would 
then be modified, of course. It was not expected that DM particles might even be 
involved in nuclear physics at relatively low energies. If there does really appear 
a nark, it can perhaps be detected by means of LuI3:Ce scintillators.  

4.4. Dark Matter Signals Emerging from the Earth 

The Ice Cube Neutrino Observatory was installed by the NSF in Antarctica and 
is operating since 2008. This detector consists of 60 digital optical modules, 
deployed on strings in 1 km3 of transparent ice. The depth ranges from 1.4 to 2.4 
km. This observatory detects energetic ντ neutrinos, coming from very far. They 
might help to solve problems concerning the Big Bang. Actually,  

Wτν τ − +→  and eW e ν+ +→  

The τ −  lepton produces Cerenkov radiation in the crystal-clear ice and is 
detected by the PMTs of the Ice Cube. Since cosmic τν  neutrinos cannot tra-
verse dense matter inside the Earth, they have to arrive at grazing incidence or 
from above. To determine the ratio, it was decided to detect them by means of 
an array of microwave antennas. They are carried by a balloon, meandering 
during several weeks around the South Pole at an altitude of about 37 km [50]. 
When cosmic neutrinos are detected by this Antarctic Impulsive Transient An-
tenna (ANITA) and then inside the Ice Cube, they come from above.  

However, data collected during the first 3 years [51] revealed that some τν  
neutrinos did come from below [52]. This should not be possible and was very 
puzzling. Eventually the idea emerged that DM particles might be involved. STQ 
is more specific, since 0on gτ τν→ . The detected τν  neutrinos could thus be 
created inside the Earth, but only there and not in other astronomical objects, 
because of the very short lifetime (4 × 10−13 s) of τν  neutrinos.  

4.5. The Anomalous Magnetic Moment of Muons 

The gyromagnetic ratio of electrons is ( )2 1e eg α= + , where the small correc-
tion αe results from virtual photons. This could be proven by quantum electro-
dynamics, but the measured value ( )2 1gµ µα= +  for µ mesons was too great 
to be attributed only to virtual photons. This was established in 2004 by the E821 
experiment at the Brookhaven National Laboratory [53]. It requires that the bo-
son in Figure 11 is not merely a virtual photon. 
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Figure 11. Contributions to the muon 
magnetic moment. 

 
Comprehensive calculations have recently been performed by the Muon g-2 

Theory Initiative [54]. The result provides the best possible theoretical evalua-
tion of the muon magnetic moment, based on the SM in its present form. How-
ever, high precision measurements, recently performed at Fermi Lab [55], con-
firm the existence of a discrepancy. The difference is small, but established with 
a statistical significance of 4.2σ. This fact increases the so-called “tension” be-
tween measurements and SM predictions. The precision attained now, as well on 
the experimental as on the theoretical side, is very advantageous for the search of 
new physics. According to STQ, the boson in Figure 11 could be a photon, but 
also a Z or Zµ boson and a 0g  or og µ  gluon. They can even produce virtual 
nark-antinark pairs, which were not considered. 

4.6. Anomalous Do Meson Decays  

Figure 12 shows that Do mesons have two possible decay channels: oD π π+ −→  
and oD K K+ −→ . This means that cu ud du→ +  or cu us su→ + . In both 
cases, the c quark is converted into a u quark, but experimental results and their 
analysis, published in 2012, revealed that creation of π pairs is more probable 
than creation of K pairs [56]. This was confirmed in 2019 and suggested that CP 
symmetry is broken [57]. STQ implies that ( ) ( ) [ ],1 ,0 0,1Q Q= + , where the [0, 
1] boson allows for µ eZµ ν ν→  or o o og n nµ µ→ . These processes allow for a 
mixture of two possibilities, but the rest-energies of neutrinos and narks are dif-
ferent. The energy-momentum balance and the relative probabilities would then 
be modified, of course.  

Figure 13 shows two other examples of apparent CP violation. These processes 
involve Z bosons or colorless gluons of different generations. It is again neces-
sary to include narks, but the SM ignored their existence. Perhaps it is even 
possible to estimate their rest-mass by further analysis of already collected data 
at CERN or continued measurements. This prospect deserves attention; it would 
constitute a breakthrough.  

4.7. The Matter-Antimatter Asymmetry  

The Big Bang produced pairs of matter and antimatter particles, but all these 
particles should have annihilated one another. There would merely remain 
radiation. Obviously, that is not true. Only one antiparticle survived for about a 
billion matter particles [58]. Sakharov stated in 1967 that the prevalence of matter 
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Figure 12. Two different decay modes of Do 
mesons. 

 

 
Figure 13. Two decay modes of B− mesons. 

 
over antimatter in our Universe could be attributed to the disruption of the ini-
tial thermal equilibrium and/or to violation of CP symmetry [59]. Nevertheless, 
this asymmetry remains unexplained and constitutes even a major mystery for 
cosmology and elementary particle physics. Processes like 

ud e u−→  or e u ud+ →  

are possible, but not sufficient. All conservation laws are symmetric, indeed, 
even for decreasing generation numbers. Another process had thus to perturb 
this reversibility. It has to be related somehow to time inversion, since cosmic 
evolution implies an “arrow of time”. However, we tend to believe that on the 
average, everything was always like it is now. This happened even to Albert 
Einstein, who created the theory of general relativity (GR).  

He had realized that effects of gravitational forces are identical to those of ac-
celerated reference frames. This allowed him to develop a radically new theory of 
gravity, where Newton’s concept of a force, acting at a distance, was replaced by 
a field that transmits this action. This field was defined by the metric of space 
and time. Though space and time were assumed to be continuous, it was neces-
sary to define the square of small space-time intervals ds in terms of possible re-
sults of measurements. The resulting theory of GR related this metric to local 
mass distributions. Usual graphical representations of this fact can suggest that it 
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results from a property of the fabric of space and time, but is only due to a re-
striction that Nature imposes on space-time measurements in the presence of 
masses. This does not require that the quantum of length a ceases to be a uni-
versal constant, since space-time measurements allow for a curvature of geodes-
ics by a juxtaposition of more quanta of length than in flat space.  

Einstein applied this theory to the whole Universe. Since it contains huge 
quantities of particles that have masses, attracting one another, the Universe 
would necessarily collapse, unless gravitational forces are opposed by repelling 
ones. Einstein introduced thus a cosmological constant Λ that opposes the ef-
fects of Newton’s gravitational constant G, but he assumed that the value of Λ is 
precisely tuned to insure stability of our Universe. Georges Lemaître realized 
that this hypothesis contradicts the fact that complex physical systems are sub-
jected to irreversible changes. Molecules of a perfume, for instance, get more and 
more dispersed in air, because of random collisions. They cannot be expected to 
bring these molecules back to their initial, concentrated state. This is true for any 
physical system, where the number N of possible states is very great and led to 
defining the state of complex systems by means of its entropy S = logN. Statisti-
cally, the variations dS ≥ 0. Even if the number of particles in our Universe were 
constant, they would tend to occupy the greatest possible volume.  

The Universe should thus be expanding and this process had to begin some 
finite time ago. Lemaître developed in 1927 a theory, where the values of G and 
Λ allowed for three different periods of expansion [60]. There had to be an initial 
velocity, but it decreased because of gravity, until increasing effects of Λ became 
sufficiently strong to lead to slow expansion during a limited time. However, it 
would be followed by constantly accelerated expansion. Lemaître knew about 
astronomical measurements that allowed him to evaluate the present rate of ex-
pansion. It was close to Hubble’s law, published two years later.  

Hubble had very carefully measured the red-shift for receding galaxies in our 
neighborhood, but interpreted it as a Doppler Effect without explaining its 
cause. Lemaître related it to the expansion of space, resulting from his generali-
zation of Einstein’s theory of gravity. The concept of an initial “Big Bang” 
seemed to be unbelievable and was ridiculed, but confirmed in 1965 by the dis-
covery of cosmic microwave radiation. An accelerated expansion of our Un-
iverse was even more unbelievable, but proven in 1998 by supernova observa-
tions. Lemaître’s scientific achievements have been described by the cosmologist 
Jean-Pierre Luminet [61].  

The matter-antimatter asymmetry in our present Universe has to result from 
the cosmological arrow of time, but requires also nonlinear processes. This fact 
can be illustrated by the phenomenon of ball lightning.  

Sakharov noted that the very luminous plasma ball created by nuclear explo-
sions is rapidly extinguished and wondered why the lifetime of ball lightning is 
much longer. This phenomenon requires a special mechanism. It results from 
the fact that ions and free electrons are confined in a spherical membrane. This 
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allows, indeed, for radial oscillations of the electrons with respect to the heavier 
ions and thus for alternative attraction of electron and ions that are present in 
the ambient medium [62]. Losses of charged particles by recombination and also 
energy losses by light emission are compensated. Ball lightning is even sponta-
neously attracted towards higher densities of charged particles in the ambient 
medium. It can thus move around to “feed” itself, like a living organism. Howev-
er, the essential point is that the variation of the density of charged particles inside 
the membrane is regulated by nonlinear equations. They account for irreversibility 
and the existence of an arrow of time. The life time is much longer than for ran-
dom processes, but limited. The luminous ball will eventually disappear by silent 
extinction or by an explosion that can even be very violent. This depends merely 
on the ionization density in the ambient medium.  

The matter-antimatter symmetry in our Universe is not simply due to the ar-
row of time, defined by its expansion. It requires also nonlinear processes. It is 
highly probable that they occurred only during the initial extremely rapid infla-
tion period. It implies indeed sudden and gigantic increase of the number of 
particles and antiparticles. This initiated not only the cosmic expansion, but led 
also to an enormous density of particles and antiparticles. The usual conserva-
tion laws were modified, since basic transformations processes involved more 
than 3 particles. There were trident processes, for instance. The detailed me-
chanism has still to be elucidated, by identifying the relevant multi-particle 
processes. How could reaction kinetics, involving nonlinear processes, favor the 
survival of more particles than antiparticles? This problem remains unsolved, 
but its reformulation does already reduce the mystery.  

4.8. Quantum Gravity  

Since the theories of GR and QM are both valid, it should be possible to combine 
them. Lemaître recognized already that the expansion of our Universe had to 
begin with a quantum effect. Since the lowest possible entropy (S = 0) corres-
ponds to N = 1, our Universe had initially to be a single particle. Lemaître called 
it the “primeval atom”. This word may seem inappropriate, because of historical 
connotations, but Lemaître meant only that quantum effects had to be involved 
[63]. Since the theory of STQ led to the concept of a highest possible energy 
hc/2a, we can attribute it to a single photon, confined in the smallest possible 
sphere of radius a.  

Trying to represent physical processes as simply as possible, we considered 
that our expanding Universe is (on the average) a hypersphere of radius R in a 
four-dimensional space [64]. Since the surface of this hypersphere constitutes 
the familiar 3-dimensional space and since R is increasing, this space is expand-
ing. It did not start, however, as a single point. We ignore why this photon did 
exist and led to the Big Bang, but we know that only about 5% of the total energy 
content of our Universe is due to ordinary matter and antimatter. About 25% 
corresponds to DM particles and about 70% to dark energy (DE). Its nature is 
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unknown, but it has to be the energy that is driving the accelerated cosmic ex-
pansion. We attributed it to a transformation of DM particles [61]. These 
processes would thus also contribute to the arrow of time at cosmic scales.  

Quantum gravity is still relevant today, since it accounts for the occasional 
creation of gravitational waves. Einstein could predict their existence in the 
sense of propagating ripples of the space-time metric, but their detection re-
quired sophisticated laser interferometry. It was announced in 2016 that it suc-
ceded and that the emission of gravitational waves resulted from the collapse of 
binary systems [65]. The theoretical treatment in the framework of the conven-
tional theory of GR raises difficult problems [66] [67], but they should not clut-
ter our view of the underlying quantum-mechanical processes. This can be 
shown in a simple way, by transposing Bohr’s semi-classical model. Two equal 
masses M that attract one another by Newton’s gravitational force are orbiting 
around their common mass center. For a circular trajectory of radius r, dynami-
cal equilibrium and the quantization rule require that  

( )

2 2

22
GM MV

rr
=  and 2 nhr n

MV
π λ= =   

The orbital velocity V can be so great that it is necessary to account for Eins-
tein’s relation (1). Since the total energy of this system includes also their poten-
tial energy:  

( )1 222 1oE E Uβ= + +  where 
2

22
2 o

GMU E
r

β= − = −  

and 
V
c n

β Γ
= =  when 

2

4
GM

c
Γ =



 

The energy E is progressively reduced, because of successive quantum-mech- 
anical transitions, where the quantum number n is decreased by one unit. The 
energy of the resulting gravitons is then  

( ) ( )2 2 4 4
1 1 4o n n o n nh E Eν β β β β− −= − + − +  

Since ( )
2

2 2 2 4
1 2

Γ 1 2 3 1n n x x
n

β β− ± = + + + ±
 where 

1 0x
n

= →   

( )2 2 2 4 4 62 3 4oh E x x x xν  = Γ + + + Γ +    

This model yields only an approximation, but shows that the frequency in-
creases when n decreases and produces the typical “chirp”.  

5. Summary and Conclusions  

At the outset, we wanted only to find out if there could exist an ultimate limit for 
the smallest measurable distance. Instead of assuming that space-time has a 
crystal-like lattice structure, we required that the value a of this quantum of 
length has to be a universal constant for inertial frames, like c and h. It was 
tempting, of course, to assume that a is a combination of already known univer-
sal constant. It is even customary to consider c, h and G. They yield the Planck 
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length 351.616 10 mP
−= ×

, but this choice would arbitrarilly favor a particular 
type of interactions. We left thus the value of a undetermined. We had then to 
construct a theory of STQ, to see if it leads to logical inconsistencies when a is 
finite. It turned out that we have to change some familiar ideas, as this happened 
already for SR and QM, but continuum theories can be generalized. When a ≠ 0, 
the highest possible energy of individual particles would be hc/2a. That is ac-
ceptable, since the Lorentz transformation has merely to be generalized to ac-
count for the invariance of c, h and a.  

The foundations of physics could thus be enlarged by using 3 pillars instead of 
two, but the logical consistency of STQ did not yet prove that the length a is fi-
nite in our Universe. We had thus to confront STQ to reality, by considering re-
sults of unexplained measurements. This applied to elementary particle physics, 
proving the existence of quantum numbers, without elucidating their physical 
origin and actual meaning. Since elementary particles are single points, we 
thought that these quantum numbers could describe properties of their wave 
functions at extremely small scales in space and time. These functions or fields 
can only be defined, indeed, for those points where elementary particles could be 
localized by means of ideally precise measurements. However, we were surprized 
when we discovered that the existence of a finite quantum of length implies that 
there are two intercalated lattices for every space-time coordinate in any arbitra-
rily chosen inertial frame.  

This was the key that opened the black box of elementary particle physics. An 
enormous effort, requiring sophisiticated instruments and great theoretical 
perspicacity, had revealed that there is something in this box. It behaves in a re-
markable way, but the content remained hidden. Suddenly, it seemed to become 
mentally transparent, since it was apparently necessary to modify some ideas to 
see what is in this box. Compared to complicated and rather speculative at-
tempts to understand the messages of Nature that we were able to receive, STQ 
is quite simple. It is in conformity with Occam’s razor, requiring parsimony. It 
accounts also for elementary DM particles. This kind of matter was known to 
exist, but escaped closer scrutiny. Even the puzzle of the recently discovered 
“anomalies”, which could not be explained by the SM in its present form can 
now be solved.  

Further theoretical and experimental investigations are necessary, especially to 
determine the values of coupling constants that are required to perform calcula-
tions. Their results will also have to be tested by other measurements, but this 
interlacing of two complementary types of investigations is essential for scientif-
ic progress.  

Basically, we are realizing that physics is not directly concerned with reality, 
but with possible knowledge about reality. That is different, since this knowledge 
results from measurements that can be subjected to universal restrictions. 
Though this fact was already indicated by the development of SR and QM, we 
were not yet sufficiently aware of its fundamental importance. It appears even 
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that these restrictions do always involve space and time. In SR and QM, they 
concerned combinations of positions, velocities, energies and masses, while STQ 
shows that restrictions are even imposed on measurement of space-time coordi-
nates alone. This is confirmed by elementary particle physics, astrophysics and 
Big Bang processes. 
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