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Abstract

Here, we explore in depth the idea emerged in some of our studies on the
origin of the signs (+) of the electric charge (e) of a particle, according to which
these two signs (xe) are related to the two directions (clockwise (¢/) and coun-
terclockwise (cf)) of rotation of the phase of the wave oscillation associated
with the particle. We demonstrate that this is possible if one uses the IQuO-
representation of a quantum oscillator of field structured by “sub-oscillators”
with “semi-quanta”. The consequences of this “new Physics” are multiple and
allow us to represent the “internal” structure of the particles. Finally, the struc-
ture of the IQuO of a fermionic field and that of a bosonic field is shown, al-
lowing us to represent the process of pair annihilation.

Keywords

Electric Charge, IQuO, Semi-Quantum, Sub-Oscillator, Phase Interaction,
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1. Introduction

The phenomenology describing the electrical attraction and repulsion between
certain particles is based on the conventional assignment of a tag (+e) to them as
the origin of their dual behavior; this is equivalent to assigning a physical charac-
teristic (e) called “electric charge’ that originates (as acting characteristic) and
“feels” a particular force carried by a mediating field, the Electromagnetic Field
(EME). In this article, we will delve into the origin of the two signs (£) of (e) and
examine its physical nature. In the next article, currently under submission, we
will explain why and how the photon determines attraction or repulsion between
two charged particles, since the mechanism of these actions has not yet been cov-
ered in the literature. Our current investigation of the electromagnetic interaction

process begins with an observation on the correlation existing in field theory be-
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tween the phase (@) of oscillations of the wave associated with a particle and its
electric charge e. This correlation is already highlighted in the structure of the
solutions to the wave equations X and its conjugate X, assigned to a particle. We
highlight that the solution and its conjugate differ by a sign * of the respective
phases of the oscillations. Both the Klein-Gordon (K-G) equation Xkg, sect. 2.1,
and the Dirac equation Zp, sect. 2.2, as is well known, present solutions with neg-
ative probability density and negative energy, which, as we will demonstrate, can
be avoided if we consider “not separate” the system of the two equations (£, X.).
For the negative probability density (appearance devoid of physical meaning), the
physics literature introduces a parameter (1) with double-signed (+) that trans-
forms the probability density into electric charge density if (1) coincides with the
electric charge (1 = £e). However, we note that the two equations, the K-G and
Dirac equations, do not explicitly contain the electric charge (1 = te). Treating
negative energy solutions, the K-G equation, constructed by a two-component
“spinor”, section 2.1, and the Dirac equation with a four-component spinor, sect.
2.2, we highlight the presence of the double solution (positive ¥, and negative
Y )) which however becomes a quadruple solution [(W«), W), (P+)o (Y-)J)]
considering the conjugate functions and the physical system of the two equations
(%, Z0); in this way, it is possible to assume that negative solutions in X -equation
correspond to positive solutions in the conjugate equation (X.), that is [(¥-). =
(Y po-pr (¥-) = (¥4)c po-pl. Therefore, the negative solutions V() disappear
only if one considers as “complete” the system of the two equations [(Zka, (£o)ka),
(Zp, (Zo)p)] and not one of the two single equations. Noting two different pairs of
solutions, then it is possible to consider two different physical behaviors in parti-
cles described by wave equations: this pushes us to introduce, in sect. 3.1, a phys-
ical characteristic A= which distinguishes these pairs. Showing that the conjugate
solutions with positive energies (&) differ from non-conjugate ones for the direc-
tion of the phase rotation ry,, we can correlate the physical characteristic Az just
with rp. In this way, a particle at “apparent’ negative energy is detected as a parti-
cle with positive energy but with the opposite sign (+) of the direction of the phase
rotation ry, or of the parameter A, relative to particles with positive energies. The
parameter Aswith double-signed (#) is identified by Dirac precisely as the electric
charge (+e). Thanks to the double sign (+), Dirac hypothesizes the positron and
therefore antimatter, however, He is unable to eliminate the concept of negative
energy as solutions to the “motion” equations; then, He resorts to a background
present in the universe, where negative energies are “gaps” of particles with posi-
tive energy, which in the literature is referred to as the “Dirac Sea”, section 2.2.
Instead, we show that it is possible to avoid resorting to the “Dirac Sea” if we es-
tablish a close correlation between the direction ryof phase rotation and the elec-
tric charge + ¢ indeed, we could establish that the two characteristics “coincide”
if a photon can read the direction of phase rotation of a particle. In this case, we
could talk about “physical equivalence” between the two directions of rotation
[(clockwise (cl) — counterclockwise (c/))] associated with the phase of an oscilla-
tion [(c/ & —¢), (< & +¢)], which can so be observed, and two signs + of the
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electric charge e. This would appear to contradict experience and the classical and
quantum theory of oscillations, in which phase rotation is not considered a phys-
ical observable at all. We point out, in this study (as, in fact, has also been noted
in other previous studies [1] [2]) that if into an “isolated’ oscillator (classical and
quantum) it is not possible to observe the two directions of phase rotation, instead
into a “field’ quantum oscillator may be possible to detect the direction r,. We
recall the physical equivalence between a field and a system of coupled oscillators,
in which case it is demonstrated that a single field oscillator can be considered as
a forced oscillator and therefore no longer isolated, sect. 3.2, when it is crossed by
a quantum of the field. From this new perspective derives an unpublished repre-
sentation of the quantum oscillator indicated as Intrinsic Quantum Oscillator of
field (defined by the acronym IQuO [1] [2]) in which a structure composed of
“sub-oscillators” crossed by “semi-quanta’ (half-quanta) is highlighted, sect. 3.3.
This unexpected aspect determines a 2-dimensional representation, sect. 3.2, of a
quantum oscillator by creation and annihilation operators (a, a*) at double-com-
ponents in which it is possible to identify a degree of freedom “internal’ (as Dirac
hypothesized in its text “The Principles of Quantum Mechanics’) given just by
the direction of phase rotation (z) in a field oscillator; this degree of freedom can
allow a photon to distinguish into an IQuO (that of the field of an electron) these
two directions and therefore detect the electric charge. What we show in this ar-
ticle (as also it has been shown in previous studies) identifies a new paradigm, the
“IQuO hypothesis”, for describing particles (the new physics?) and interactions
with notable consequences on our physical knowledge: one of the first notable
consequences is the distinction of the IQuO into two different representations that
identify the oscillators of the Fermion and Boson fields, sect. 3.4 and 3.5. This
representation allows us to describe the process of creation and annihilation of
pairs at a fundamental level, section 3.6. In this last section, by the IQuO idea, we
will see, in a new way, that the action of pair annihilation, realized by a coupling
between two representative IQuO of two fermion fields, will take place in two
phases: a first phase (not-dynamic) of reciprocal phase shifts between the two
fields [3], implemented through exchanges of energy semi-quanta sq (half-quanta)
between IQuO, which is followed by a second phase of exchanges of “whole”
quanta of energy that determines the dynamic action of annihilation of two fer-
mions. Therefore, the “JQuO hypothesis” can be seen as a new descriptive para-
digm in physics because it can explain in depth the origin of electric charge and
its two signs, and the fundamental aspects of electromagnetic interactions. The
way in which a photon, after reading the rotation directions of the oscillation
phase of the wave functions of two particles, determines and regulates the attrac-
tive or repulsive action between the particles is discussed in the second part of this

study, which will undergo a submission process in JHEPGC.

2. Equations of Klein-Gordon and Dirac
2.1. Dual Wave Equation of the Klein Gordon

In Relativity and Quantum Mechanics (QM), one has for a free massive particle:
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{(E2:p202+m2c4)’ {(E—)f]t:igj,(p—)ﬁ:—ia—axﬂ } (1)
oM

where E(energy) = Hand His the Hamiltonian [4]. Applying to wave function ¥,

one obtains the Klein-Gordon equation (Zkg):

(h_j”_(x) [V e () @)

é? or?

The covariant form of Xk is:
[zl[)f +m202J‘I’(xi) =0
s=+E=Hc\p* +m’c’

With ¢ the energy of a particle. Besides, it is:

o 0
a(Jﬂ):(ahv.napj:o

h . . | in 0y @O g
{J—L%j[‘lf VY -WVY ], p—(zmczj[‘}’ a T@t\}j}} (4)

In the QM theory [4], it is possible doubles the solution ¥ of Equation (2) in

(3)

two components: ¥ = (¢, y). A wave function with two components is called

Spinor. Exactly, one sets:

¥=(¢+2)
L[ O¥ )
ih| — |=mc” (¢ —
(&) merto-2)
By Equation (5), the Zxg can be written as:

ih% = —@—vaz (p+ x)+mc’

)

.0 2
@{(ZhE—Hfj‘P:O} (6)

The (2 x 2) matrices operating in ¥-spinor are combinations of the Pauli ma-

. Oy n 2 2
£ = — |V + —
n (3 76 me

trices:

W R P o P o PR R P
Y= -0 = , 0, = . , Oy = , Op = (7)
X 1 0 i 0 0 -1 0 1

By making Hyexplicit, Equation (6), we obtain the “dual equation” of Zx¢ by of

{(0'0 (i%)—(q +i0'2)£%)+m020'3}i’ =0} (8)

With solution of plate wave given by:

‘P:(\/?)(%)exp‘:%(p-x—gt)] )

Xo

Pauli matrices:
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From continuity equation, Equation (4), derives the normalization of function:
Ipdt:J“I”O'S‘Pdtzj.((p*(o—;(*z)dt:il (10)

Here, there is the first problem of Xx¢ given by p density with negative values;
to avoid negative values, we can introduce a A, -parameter in p, which becomes

1 =_App such that is:

{[(@ =+l) = (p,), =4, (pxo-2* 1), =+1]} (11a)

{[(/lp =-1)=(p,) =4, (pxo-2*x), = +l]} (11b)

Note that the p; values are always positive. In literature, the A, parameter is
given as electric charge eand p. = App becomes the “electric charge density”. This
solution (4 ¢ te) is only phenomenology because does not investigate the origin
of the electric charge (e) and its signs (£). The second problem of Xk is given by
solutions of the Equation (8) with energy negative, see the matrix o3, which has
eigenvalues (+1) and, thus, it is: [+m& — o3(mc)]. Replacing the solution (9) in

Equation (8), we obtain a system of two equations:
2
(5 _mcz)¢0 = (f_mj(% +Zo)
pZ
(‘9+m02))(o - _(%j(% + %)

where (&= +E,); the solutions are:

Ep—mc2 3 _E, —mc’
m—lo(_), Xy =~ === (12)

Do) =
o+) 5

where the subscript (+) points out the solution with positive energies (& = +£),
while the subscript (=) points out the solution with negative energies (¢ = —E,).

One obtains two conditions of normalization:
[t~ oo =1y [ =200 =71, 09

Here, we find again the negative value of the p density. Therefore, the problems
of the presence of negative energy and negative density are correlated. The solu-

tions of the dual equation, Equation (8), are:

¢()exp[ p-x— Et}
(14a)

{0

Xo+) exp[ p-x-E, t }

¢( )exp{ (p x+Ept)}

(14b)
Xo(- )exp{h(p x+E t)}

where (W_) are solutions of Xk associated to the negative values of energy. If we
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point out by X;, the conjugated equation of g, to the conjugated solution ¥
of X, one can associate the “conjugated” wave functions ¥ = (i'¥"), which
could describe the “z. conjugated particles” to those of Xkg. Recall the 7-pion
where 7~ is the conjugated particle of 7. We consider a solution 7. with positive

energy; by Equation (7), Equation (12) and Equation (14) one obtains:

( +)(,_O-1 +—[1 O] 4 = 4 - [_ :|
* * 1) €Xp —E
)

~.

—_— .x
hP

:r|~

exp;px Et} exp[(px+E
= (15)

—l

l
ry p-x—Et } zo()exp{g< p-x+E t}

ool
exp[ -

/)
= = = (‘{I*) pPo-p

Xo(- )exp[h(p x+F t)}

_)€Xp

(p>-p)

where we have omitted the normalization volume V and applied the transfor-
mation (p — —p). Note the correlation (W.).= (¥-)p——p-. It follows that the neg-
ative solution (‘¥'-) of Xk can describe a conjugate particle 7. with positive energy
(¥.)c.and moment p (opposite to that —p of 7 particle of Xxg) only if we give phys-
ical meaning to the conjugate equation X, . Remember the existence of two pi-
ons (7%, 77) in which one is conjugate to the other. In this way, it is also: (¥-) =

[(W.) ] pp)- In fact, we can have:

(=[5 ]

Zo+) exp{%(—p X+ Ept)

¢O( exp[h(p x+FE t)}
Zo(- )exp[%(p x+FE t)}
(p—>-p)

Z()exp[h(px Et)}

beoerp| 7 (px-E,1)|

¢( )expl:h( D x+Ept)
Xog+) B(P'X—Ep’)}
Po) [h@’ x-E ’)}
(0 1) ¢0(+)6Xp{%(p-x—Ept)}
bo Zo(+ )exp[h(p x—-F t)}

=0 (‘Pi) = (T+)L,

o(+) EXP
(16)
exp

s
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So, we highlight that the negative solution ‘¥ with moment (p) are coincident
with W, (with positive energy) of (Z.)xc but with moment (—p). We also have
that: (W_). = (¥+)p—>—p. Therefore, the negative solutions ¥(., disappear only if
one considers as “complete” the system of the two equations (e, (2c)kc) and not
one of the two single equations. We could expect that the two equations ((Z)ke,
(¥)ke) describe two identical particles except for a “physical aspect’ linked to the
conjugation operation and transformation (p — —p). This physical aspect must
be a physical quantity or descriptive physical characteristic. Remember the oper-
ation of conjugation changes the sign (+) of the exponential part of a wave func-
tion, and thus of £, in Equation (12), therefore, the conjugate particles are differ-
ent from the particles “ordinary” (omitting the moving in direction opposed) in a
particular physical characteristic A that changes of sign () in the conjugate solu-
tions. Recall the parameter A, associated with density p, see the Equation (11),
which has two “eigenvalues” [</_1; = il)} we suspect Ap = A because the energy
and density are correlated, see the Equation (13). We point out by [(i; = il)]

the sign (+) of two values of A5 then, we admit the following correlations:

{[(/_1; =) (¢, =+E,) | > [(X)e, =+E, > 0]} (17a)

[ =-1) (e =-E,)|>[(2)e. =-E,>0]] (17b)

In this way, see the Equation (17), a solution of the Equation (8), describing a
particle at “apparent’ negative energy (& = —E,), is detected as a particle with pos-
itive energy [(4;)8_ =+E,> OJ but with the sign (-) of the parameter A that
is (A, =—1). To have this possibility, and so to eliminate the negative energies, it
would need to redefine the energy in such a way that a possible negative value of
this is attributable to the negative value of the parameter A, that is (4, =—1).
This aspect can push us toward an alternative road to that travelled by Dirac to
resolve the presence of the negative solutions of his equation. Then, we will state
that the two equations (Zxe, Zyg ) in “not separate” form constitute a complete
physical system if the negative solutions V() of Xx¢ (electrons with negative en-
ergy) coincide (that is physically are not distinguishable) with the positive solu-
tions ‘Pz+) of X" (positrons with positive energy), while those negative ‘PE:) of
¥’ (that is positrons with negative energy) coincide with the positive solutions W)
of ¥ (that is electrons with positive energy). This would seem a “contradiction”
because there would be particles with negative energy detected as particles with
positive energy: this contradiction can be eliminated by the parameter A- that
helps us to distinguish the negative solution from that positive and to have appar-
ent negative solutions “without negative energy” thanks to the conjugation of the
system of equations (Zxe, 2y )- But this is possible “only and only if” the negative
value of energy is attributable to the negative value of the parameter A, (4, =-1),
see the Equation (17). We ask then us how this parameter transforms the energy

solutions negative in energy solutions positive.
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2.2. The Negative Solutions of the Dirac Equation

Also, in the Dirac equation (Zp) is present the o matrix with the same form of

the Pauli matrix o3, which is responsible of presence of the negative solutions [5]:
{(po—(a,p)—aﬂmc)‘ifzo} (18)

where (o, ap) are matrices (4x4) built by the Pauli’s matrices (g; 0, 1):

S 0 6-x S 0 GA,V S 0 o,
.= . s Oly = 6 , a, = . ,
6. 0 o, o,

. (1 0) . (1 0
aoz A A |2 aﬁ: A A
0 1 0 -1

«

>

(19)

In fact, Dirac wrote “... our wave equation has a double number of solutions
(W-,¥.): ... in correspondence with them there are half of states with negative
energy... these cannot be denied but cannot also be accepted’. After he adds: “ The
solutions corresponding to negative values of py don't correspond to the observa-

ble motions of the electron”. This would mean that the research of a solution of
the negative energy problem is not in the electron motion but in an intrinsic char-

acteristic of it, which is connected to the mathematical conjugation of two solu-

tions (‘V_, V) of Zp, as it happens in two equations (Zxs, Zy; ), see in sect. 2.1.

The term conjugated refers to the conjugate wave functions, solutions of the Dirac

equation (Zp) and its conjugate (X} ). To accept the solutions (¥p, Wy, ) as “re-

als”, an external parameter is admitted, historically interpreted as the electric

charge einto the physical system (e, A), with (A) the 4-vector of the Electromag-

netic Field (EMF). In fact, Dirac wrote “... the solution with negative energy (of
X(eA)p) is the conjugate to a solution with positive energy of ¥’ (e, A)p corre-

spondent to an electron with charge +¢€”. For symmetry is also true that “ 7he con-

Jjugate images of the negative solutions of ¥'(e,A)p are in correspondence to par-

ticles with positive energy and electric charge (—e), that is electrons”. Here, the

terms [XZ(eA)p, X'(e,A)p] are the two Dirac equations of an electron submitted to

the action of an EMF (A):

{(po +£A0j_|:al (pl +£A1j_a2 (pz +£A2j_a3 (p3 +£A3H—aﬂmc}‘l‘ =0
c c C C
{(_po +£A()j_|:al (_pl +£A,j—0(2 (_pz +EA2j—053 (—p3 +£A3ﬂ+aﬂmc}‘l’*
C C c C

=0
(20)
Note that if p has physical meaning, then also X must have a physical
meaning; it follows that the W describes a real particle with positive energy and
electric charge (+e¢), that is the positron. We note that in Dirac, unlike the KG
equation, the EMF appears correlated to solutions (¥, ¥,) and electric charge
(xe). Recall the parameter A in sect. 2.1 to the Equation (17), which allows us to
treat the negative solution W) connected to conjugate ‘', (o, see the Equation (16),
as a particle with positive energy. Therefore, we need to have two equations (2p,
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X, ) for describe the physics symmetry matter-antimatter: an individual Dirac
equation represents a physical system, which is incomplete. This aspect elicited
perplexity in Dirac: “ We cannot affirm that solutions (Yp)- with negative energy
represent positrons, because this would make the dynamic relations wrong (in
presence of an EMF Ay)... therefore, it is not true that a positron has a negative
kinetic energy”. This perplexity pushed Dirac to introduce a background into an
universe (the “Sea of Dirac”) where “almost all the states to negative energy are
everyone busies by electrons (the negative solutions of Xp), while the no busies
remainders ((Wp)-)empiiess (said gaps), will appear of positive energy... because to
fill them one needs to add an electron (to negative energy (¥n)-)... we will sup-
pose that (the gaps) are positrons...”.

Even if this road leads to the hypothesis of the quantum vacuum with its virtual
processes of pair creation and annihilation, the interpretation of the positron as
an empty negative gap leaves us perplexed and would not result, to my knowledge,
a decisive road of the problem of having a negative energy in the theory of particles.
We notice that the negative energy inevitably conducts to “paradoxes” (if not con-
tradictions) what “negative mass” [6], “antigravity” and other [7], until reaching
the procedure of “rinormalizzation” of the mass [8] [9], postulating a negative
inertial mass to infinite value that would balance an infinite electromagnetic mass
(positive), to give a finite physical mass, (1222;,(—0) + Mem(+0) = my): clearly, this
aspect is not correct mathematically. Note in ref. [10][11], instead, one shows “the
mass as additional coupling between oscillators of a massless scalar field’: this
aspect leads us to argue that “mass can only be an observable with always positive
and never negative values, because the “proper” mass (1) is the expression of the
proper frequency @y of oscillations (o > 0 always) connected to the additional
coupling: (mo = Al &). If we want to avoid of follows the path of the “ Dirac sea”,
it is necessary to reconsider the system of the two equations X = (ZD,Z};), at-
tempting to complete the Dirac’s theory through a representation in which the
solutions, positive (W¥,) and “apparently” negative (W_), are different aspects of
an unique physical system that don’t admits negative energy. This means that the
particles of Xp and the particles conjugated of X have to be two different as-
pects of a same particle with positive energy, individualized by two different “val-
ues” of a “label’ physical greatness, in which one of these two values makes as
“apparent” the negative energy of the solutions (¥-) and turns it instead into a
“positive” solution. We will show that the parameter A is just the electric charge
(e), but this, in turn, for it not to be an external label, must be connected to an
internal characteristic () to a “particle-system”, which allows of phagocyte the
negative solutions, that is: (A & e <> r). The completeness is reached thanks to the

parameter (4 < r), which turns the negative solutions into positive solutions.

3. The Origin of Electric Charge
3.1. The Phase of the Wave

Remember, in sect. 2.1 and in Equation (17), that the negative value of energy is
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attributable to the negative value of the parameter A, (i; = —1) . We can add that
the passage to two “eigenvalues® [ (A =-1),(A!=+1)] is connected to the con-
jugation operation of a wave function, see the relation between the two solutions
(W, W-) and ((W+)o, (W-)o) in the Equation (15) and Equation (16); it follows then
that the parameter \- mathematically concerns the phase ¢ of the exponential
function related to the wave function and exactly the two signs () of the phase
@, that is [(x ) < (£4)]. Note that the sign (£) can be correlated to the directions,
clockwise and counterclockwise, of phase rotation. Then, we can represent these
two directions by a parameter with two values, which could coincide with the pa-

rameter A Recall in QM the following equations:
[(p:hk:ha)k),(gk :ha)k),(gozmofzha)o)} (21)
And the relativistic relation of energy:
{EZ =m’c*+p’c’ 0’ =w] + kzcz} (22)
The plain wave solution of KG equation is:

¥, :Aexp{%(p-x—gt)}:Aexp[%(p-x—Ept)}EAexp[i(k-x—a)kt)] (23)

where (& = +£,); here, one connects the energy +E, to the angular frequency @,
see the Equation (21). Then, one can introduce a parameter A in the exponent of

wave solutions of KG equation, exactly in the wave phase [4]:
i B .
¥, = Aexp %(p-x—lEpt) =Aexp[z(k-x—la)kt)} (24)

By &= AE,, we will have:

{[gziEp =tcyp’ +m262},|:li},{/1:+1©8 >0<:>w>0}} (25)

E, A=-1e<0& w<0

Note if 1= —1 one has negative energy but also negative frequency. This param-
eter is in relation to (d: <> Ap); recalling Equation (11) and Equation (17), with
[(4de= Ap) = A= Ae)], then we’ll have:

{[for(2=+1)=(p(4)>0,6>0,0>0,4=+e)]} (26a)
{[for(A=-1)=(p(2)>0,6<0,0<0,4=-¢)]} (26b)

We ask ourselves because the parameter eis just the electric charge, as in liter-
ature. Let’s not forget that the phase transformations (A¢) on the field oscillations
are connected to the gauge invariance of interactions. Let us recall, in fact, the
generator gof the transformation ({Ag) = exp(igA¢) to which a constant variable
Qis connected. As is well known, Qis the electric charge (t+e), associated with the
transformations on the phase ¢. By relation (& = Awy), we could connect A to the
sign + of the @ frequency as well as the negative values of energy; it follows that
we cannot speak anymore of negative values of energy but of negative values

of frequency. So, the problem of negative solutions moves toward the presence of
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negative values of the frequency w associated with the phase ¢ of the oscillation,
where it is (p=mf). As seen in Equation (26), if one detects the sign + of the electric
charge (+e), it is as if one detects the sign (+) of the parameter A associated with
the conjugation of the wave function, that is, the sign (+) associated with the phase
@ of oscillation of the wave. In an undulatory way, a physical observer (Oy) which
“observes” a particle would read negative values of the energy (negative solutions)
as negative values of the w angular frequency and, thus, a negative value of the
parameter A, that is A = —e. It also appears clear that the solutions with positive
energy (&> 0), that is, with positive frequency (@ > 0), will be described by a pa-
rameter A = +e. In conclusion, the wave equations of KG and Dirac would describe
particles characterized by the two values ((+e)) of the parameter 4, associated with
two values of the frequency (@) and phase (£¢). Our physical observer (O) it so
must have the ability to detect the negative values and positive values of the angu-
lar frequency (that is, the energy) and to distinguish the positive signs (@ > 0)
from those negative (@ < 0). From the relation ¢(#) = ¢(%) £ wt, one infers that a
negative frequency (w < 0) corresponds to a phase rotation opposite to that asso-
ciated with the positive frequency (@ > 0). For mathematical convention, we can
associate the negative frequency with a clockwise rotation (c/) of the phase, while
the positive frequency with an anticlockwise rotation (c/) of the phase. Therefore,
an observer Oy could see the negative values of energy or negative frequencies of
oscillations as a clockwise rotation of phase. Having set (4 = Ae), the physical pa-
rameter A would then have two “eigenvalues”
[(A'= +e with (1 = +1), counterclockwise rotation direction (c/)]

[(A'= —e with (1= —1), clockwise rotation direction (c/)]

In this context, recalling the phenomenology of particles, we could then say,
regarding the Matter-Antimatter theme, that it is described, in a complete manner,
by the Dirac and KG equations (X) and by the conjugate equations (X°), where the
positive-energy solutions of %, that is (¥.s)z,, describe electrons with electric
charge (—e) and clockwise rotation (c/) of the @, phase, while the negative-energy
solutions (W_g)z correspond to positive-energy solutions (W.s)s+ of the conjugate
equations (X°) but with electric charge (+e€) and counterclockwise rotation (c/) of
the @ phase. Symmetrically, the negative-energy solutions (‘¥'_z)z- of the conjugate

equations (X*) are nothing other than electrons (!). Therefore, we have:

(¥_,), =(¥.,).. =(¥.,),, > positrons (+e).(cl) ]
(¥_,),, =(¥.,), =(¥.,), > electrons| (-e),(cl)]

This scheme solves the problem of having negative energies (negative frequen-
cies). We could observe that if there were a physical object that read the direction
of phase rotation (value of the parameter A) of the oscillation associated with a
particle, it could be asserted that the negative frequency would be seen as the elec-
tric charge of a particle with positive energy: the solutions at negative energies
would consequently disappear. This is coherent to the definition given of the

proper mass m, see the sect. 2.2, connected to proper frequency ay, of the addi-
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tional coupling. It remains only to understand how the photon (Oy) can read the
direction of phase rotation and determine the phenomenology of electrical inter-
action where electric charges of the same sign repel each other while those of op-

posite sign attract each other [3].

3.2. The 2-Dimensional Quantum Oscillator

If in the oscillations of a pendulum it is not possible to distinguish a direction of
the phase rotation, instead, one could think that in a quantum oscillator this is
possible. In a one-dimensional oscillator with its known descriptive degrees of
freedom (amplitude and frequency), however, it is not possible to know the direc-
tion of phase rotation unless an additional internal degree of freedom (fd) related
to the phase ¢ is added. The consequences of an additional degree of freedom
internal to a quantum oscillator are significant. The new degree of freedom (£d)
might be be related to the parameter A and therefore to the two signs (+) of the
electric charge e (fd A< e). Since the eigenvalues of A are given by (+e) and are
also connected to the direction of rotation of the phase (c/, cl), then it follows that
the new £d could coincide with the direction (c/, ¢l) of the phase rotation. This last
aspect allows us to represent a quantum oscillator in a two-dimensional way [1].
Therefore, the hypothesis of correlating the sign (te) to the direction of phase
rotation (c/, ¢l) of a wave can be proven true only if we provide a “2-dimensional”
representation of the quantum oscillator where it is possible to identify the direc-
tion of the phase rotation. Nevertheless, to avoid falling into a vicious circle (the
fd connected to the direction of phase rotation makes the oscillator 2-dimensional,
or if an oscillator is 2-dimensional, then it has an additional fd given by the direc-
tion of phase rotation), we need to find another reason to induce us to represent
a quantum oscillator in 2-dimensional terms. This reason exists. If we study an
isolated oscillator, its 1-dim. character would be obvious, but if we consider a field
oscillator instead, things change, because the latter is a forced oscillator: a quan-
tum oscillator O; along a field line, coupled to two lateral field oscillators (O,
Oi1), is “forced” by the adjacent oscillators when it exchanges energy with them.
A forced oscillator is described in its oscillations by “Absorptive” and “Elastic’
components, as prescribed by the theory of forced oscillations [12]. In the repre-
sentation of operators of a quantum oscillator (a, a*), creation and annihilation

operators, it is [1]:
_ o+ + _ o+ +
|:(a =4a, + Aups =y + a;, )’(a =4, + Aups = Ay + a, ):| (27)

Here, the subscript in indicates the absorptive or “inertial” component to dis-
tinguish it from the elastic component with the subscript e/ The theory of forced
oscillations tells us that the absorptive and elastic components are out of phase by

71/2; we have:

a,=alt easic+a t inertia an a :a(e[)eiiwt-i_a("”)e ’
{at ()ll () tial +}<:> ! i (28)

;’ = a+ (t)elastic + a+ (t)inertial = Oa

DOI: 10.4236/jhepgc.2026.122064 1229 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.122064

G. Guido

Here, we can highlight two different directions of rotation of the phase of the
two vectors (Oa, Oa*) representing the operators (a, a*), to which corresponds to

the following geometric representation in the plane (g, 7p), see Figure 1:

ip ip
Oa*
Oa*

> —>

q q

&

Ad =+(1/4)m

ot=G3/4)r

Figure 1. Representation of operators-vectors (a, a*) with two components in phase plain.

The phase of wt = (3/4) 7 is reported to the elastic component with counter-
clockwise direction of rotation of adjoint operator a,; . Note the “intrinsic 2-di-
mensional representation”. A field quantum oscillator could thus be expressed
by its intrinsic internal 2-dimensionality. At this point, the two directions of phase
rotation (clockwise and counterclockwise) can be represented within a field quan-

tum oscillator, see the Equation (28) and Figure 1.

3.3. The Field Oscillator (IQuO)

We call IQuO the quantum oscillator of field: IQuO is the acronym for Intrinsic
Quantum Oscillator (for mathematical proofs of IQuO, see ref. [1]-[3]). Recall
that in quantum field theory, a field can be represented as a set of “lines” of mu-
tually coupled oscillators along which oscillations (waves) propagate; see Huy-
gens' theorem applied to a particle-field [12]. Without going into too much detail
(for further mathematical and physical details, see ref. [1]), it is important to con-
sider that an IQuO oscillator I couples laterally to the right and left with the other
two adjacent oscillators (I;,I,); for this reason, it can be represented as having at
least two parts (left and right parts), which we will refer to as two “sub-oscillators”.
If an oscillator is composed of two parts (or two sub-oscillators), it is intuitive to
assume that it must have its own spatial extension. Recall that a quantum oscillator
[4] [13] has a relationship that defines its oscillation amplitude A, along an X axis
in the oscillation eigenstate |n): A, = (4&/2)(2n+1)"2 Here, , would be the elonga-
tion in the “vacuum” state, that is (22 = 0). Therefore, we are led to assume that an
IQuO has its own spatial extension and, thus, is “not point-like’. Note, these two
sub-oscillators allow the oscillator to couple to the others sub-oscillators. We note
that a coupling of two oscillators, to occur, must implement an exchange of energy
between them and therefore between their respective sub-oscillators. It is there-
fore clear that it is not possible to have a coupling of I with the two lateral oscil-
lators if we consider the energy of an oscillator expressed by a single and whole

quantum. Therefore, in this case, it is necessary to distribute the quantum of en-
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ergy (in the case n= 1) in the two component sub-oscillators, that is, it is necessary
to split the quantum of energy into two “half-quanta”. The field IQuO, therefore,
will turn out to be a 2-dim. quantum oscillator with sub-oscillators with half-
quanta. This split is suggested by the representation of the probability function
P(x) of a quantum oscillator in the Schrédinger treatment, 2(x) = |\WV(x)|? see Fig-
ure 2 [1]:

Pi(x)
1.0-
n=1
5432 - 5 4-3-2-1 012 3 4 5vax
(a) (b)
P
Py(x) o) -
1.0 n=2 0.5
5 4-3 2 -1
©]

Figure 2. Probability function of quantum oscillator to varying of n quantum number.

The graph shows for (2= 1) two curves symmetrical with respect to the vertical
axis (Y). If we assume that the graph is timeless and that each curve represents the
probability zone where a quantum (14) can be found, then it can be rationally
thought that there are two oscillation zones in a quantum oscillator in the state (n
= 1). If we identify these two oscillation zones with two sub-oscillators into an
IQuO, always present, then we can unequivocally mean that the quantum (14)
must be divided into two half-quanta (1/24). However, the graph of Ax) speaks
clearly: in the two parts, the “quantum” must be revealed in its entirety in 50% of
the observation cases and therefore, even admitting the existence of half-quanta
(semi-quanta), we must have this possibility [1]. This possibility happens in an
IQuO because the coupling between two adjacent IQuO of the field implies the
overlapping of two their respective lateral sub-oscillators: in a superposition zone,
two semi-quanta are equal to one quantum. In the remaining 50% of the cases, we
do not have a quantum (14) in each sub-oscillator but at least a half-quantum or
“semi-quantum” (1/24) which, obviously, cannot be revealed. We must admit
this possibility. Note that a sub-oscillator without energy (kinetic energy and elas-
tic potential energy) or without semi-quanta has no physical meaning. This im-
plies that in the two sub-oscillators, the semi-quanta come and go if the following

relationship is always valid in an IQuO:
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{e(n)=[(n+1/2)v]} (29)

where nis the number of integer quanta (1/4). We should point out that the graphs
in Figure 2 concern a single “isolated” quantum oscillator. The vacuum state of
an isolated oscillator in (22 = 0) is represented by a single curve centred on the Y-
axis, see Figure 2(a), with a total energy of (1/2A). However, in a field line, the
quantum oscillators (IQuO) are all “elastically” coupled to each other and, there-
fore, are not isolated oscillators and, thus, always consist of two sub-oscillators
even in a field in a vacuum state. In an IQuO of a field in the vacuum state (2= 0)
with two sub-oscillators and with a total energy of (1/24), we must admit that in
each sub-oscillator there is a half semi-quantum (1/44), defined as “empty semi-
quantum’. Let us therefore admit the existence into an IQuO of an empty semi-
quantum, denoted by sg(0), with energy ¢= (1/4A) w, distinct from the “fuzll semi-
quantum’, sq(e), with energy €= 1/24) . The empty semi-quanta allow us to have
an IQuO in state (2 = 1) with a sub-oscillator having a semi-quantum at the 50%
of probability. Returning to Figure 1, in which there are the representations of the
operators (a, a*) with their double components, see [(ael, a, ),(am ,a; )] , and tak-
ing into account that we have full semi-quanta sg(e) and empty sg(o), we note
that each of two sub-oscillators of the IQuO,-1) contains a pair of sg(o, ) which
move following the oscillation vectors (Oa, Oa*) and the corresponding compo-
nents [(ael,a;),(am,a; )} . Therefore, we could assign to each component of the
operators (a, a") a “semi-quantum operator’ sq(o) or sq(e) with their respective

elastic and inertial characteristics:
ael = (.)d a[n = (O)in ael = (O)gl a[n = (.)in

i=(or), a=(e) | T la=e), ae(e)
el el in in el el in in

B -Matrix B, -Matrix

(30)

We will obtain, see Figure 2(b), the probabilistic representation of the IQuO at a
given time, see Figure 3:

A
empty half-quantum P+(x) full half-quantum
O — =14 ® — =12
P
00— L g x=
€= (12)w £=hw

Figure 3. The probabilistic representation of the
semi-quantum oscillator.

Precisely, it is:

1) (e, , o) are creation operators of sq(e) (that is each creates an amount of
energy (&= 1/2Av) or fill an sg(o) with energy (&= 1/4Av)), that is the full sqg(e).
moves toward + X-axis.

2) (e o) are annihilation operators of sqg(e) (that is each annihilates an energy
quantity of (¢=1/2Av) or empties sqg(e) of the energy quantity (¢= 1/4Av) making
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it so empty, (¢ = 0)).
3) (o,
energy quantity of &).

., 0,) are creation operators of empty sg(o) (that is each annihilates an
4) (0ep 0n) should be annihilation operators of sg(0).
Note in Figure 1 that the projections of the operators [(ael,a ) (am,a )}

along the X-axis give us the position of the semi-quanta (o, ) along this axis. In

summary, we can represent an IQuO, see Figure 4:

o =[(n/2)+(37/4)] o(el) =[(n)+(3n/4)] =[2n)+(/4)]
= e
ol —uwi ! P
el ; o N/ ~—
in* el* in* | el

,,E
E

Quantum Quantum Quantum

Figure 4. The oscillation of a “quantum’” along X-axis.

In this figure, the sg-operators have rotations in the opposite direction to those
of Figure 1. Here, we note the “spatial extension” of the IQuO along the X-axis,
and that in the apparently empty area, there are instead “semi-quanta” of energy
available for couplings, that is, semi-quanta belonging to the adjacent oscillator
along the same field line, as we will see later. Then the distribution of the semi-
quanta in the various sub-oscillators of an only IQuO at level 2 will be, see relation
Equation (29):

e(n=0)={[(0).(0)]}, {[(0)()]},, (312)
s(n=0)={[0)()] L)L}, [ L)L), b
£(n=2)={[(0).()].[(4).(4)],-[(0)-()],},, (19
)={[()-(9]-[() >]2,[<->,<->L}\u% (31d)

sr=2=[h L @L L@, e

The subscript numbers indicate the sub-oscillators; always see Figure 1. The

—_
3
l\)
III

various ¥ "are excited states. From the configurations of Equation (30), it can be
deduced that to achieve internal coupling between field oscillators, it is sufficient
for the extreme sub-oscillators of the two contiguous IQuO to exchange at least
one full sg(e). It should be noted, however, that when two oscillators, each belong-
ing to a different field, couple to describe the interaction between particles (dy-
namic phase), then they can only exchange one full quantum [(e) = (e), (e)], that
is, two full sqg(e).
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3.4. Two Different Types of IQuO: B-IQuO and F-IQuO

Looking the Figure 1 and Figure 4, we could use the representation of Equation
(30) about an IQuO with eigenvalue of direction of phase rotation (1'= -1 < ¢f)
and phase angle of (57/4):

Vi
el” in el I in"

ah aaiiilas Say
NNV N

el in el

>
»

X

Figure 5. IQuO with eigenvalue r'= -1.
Here, we can note that the clockwise direction of operator pair
[(o;) 1 ,(o;) J indicates the movement of sg (e,0) toward the +X-axis; the
c el Ik
same indication one has in the pair |:(0@l)cl (e, )Cl ] E from the scheme of pag.
« £

14 (Equation (30)), one can see that the two operators [(o:, )d lk & [(oe, )Q lk

are coherent and in action concordance. The same can be said about pairs

[(OZ,)dlk and [(."”)cllk'

The two movements in opposite directions (+4, —&) of two pairs are coherent
with the characteristic of a forced oscillator of an IQuO, where the index (in)
points out the absorbitive component of the forced oscillator (see Equation (27)),
while the index (e/) points out the elastic component. Recall the antagonistic be-
havior of two components elastic and absorbitive. In an no-isolated IQuO that is
in a field line of coupling IQuOs for having the movement of quantum (e,e) along

the line in the +X direction (+4) we must have another configuration:

e, (00,1, [0 (0, -

In matrix form [1] [3], for an “isolated” IQuO, see Figure 5, and for an IQuO

_isx iz
+ 4 + 4
.el € + Oine
+k

st ilx
4 4
0" +s,
—k

_isx _iTx
+ 4 + 4
.el € + .in €

st ilx
4 4
9" +0,
+k

of field, we will have:

(¥)=

(32)

+k

(\P ) field
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Here, we have omitted the indices (c/, /) because we have set the counter-clock-

wise operators as [(0)81 ,(0)81 ] 354 [(3),(9)] . Note, in Figure 5, the semi-quanta

are both empty and full; then we have the following possibility for a field IQuO:

{[(oel )uo(2), l ’[(o,.n )a-(22), U Field IQuO
([0, (1), ] [(en), (52),] | Fiela1auo

where the subscript ¢/ indicates the clockwise direction of the phase rotation,
while the subscript ¢/ indicates the counterclockwise direction. Here, we have a
field IQuO with both directions of phase rotation in operators aand a'. If we have
connected a sign of the electric charge to the direction of the phase rotation, then
this type of IQuO is electrically “neutral”. In the IQuO representation, a photon
appears as a quantum (e, o) that propagates along a field line (in this case, an
electromagnetic field) made up entirely of “neutral” IQuO in the direction of
phase rotation. An IQuO with both directions of phase rotation, and “neutral” in
the direction of phase rotation, will be called type B. If we consider electrically
charged particles, such as an electron or a positron, we will instead have all oper-
ators of sg with the same direction of the phase rotation (mono-verse IQuO), that
is an IQuO type F. The positron has an electric charge (+e), so all the sg must
rotate in the same direction, namely, counterclockwise (c/). The electron has an
electric charge (—e), so all the sg must rotate in the same direction, namely, clock-

wise (c/). The following configurations are thus found, see Figure 6:

y in" el’ in*

ARy

el” in el in

1)

el in el in

(a) (b)

Figure 6. Two “mono-verse” IQuO in regular shape with two opposite rotations of
the phase.

Also, we can consider, as for B-IQuO, a sg-structure given by:

{|:(9el )g ’(3;1 )Q l ’[(Qm )L, ,(2,-: )4 ]2} Positron
{[(Oel )cl ’ (.Z’l )cz ]1 ’|:(0in )c] ’ (';l )cl l} Electron

The representation of the two types of F-IQuO in matrix form will be:
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4 +
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“a‘g’ o
ISk
—
1l}
A/~
o o,
e,
N
1Y
(8]

2x1 (33)
s ik
+ 4 + 4

.el € + .in ¢ i 4

.el .m

q)cl = =
Bz ir o, O,
2 2 e in/ox2
Ode + Om
2x1

D, =
d sz itz
4 4
(Qeze +0, J
2x1

Here, in Figure 6(a), we can note that the clockwise direction of operators pair

Il
VR
o
4
@ ~.
b‘g"
+
lo
S+
@ ~.
» |5
N—
|
VO
e
4+
d
S+
N

[(o; ) , ,(o; ) /] indicates the movement of sqg (e, 0) toward the +X-axis; instead,
c ol dvk

the pair [(091 )d (e, )dlk indicates the movement of sg (e, 0) toward the —X-

axis; from scheme of Equation (30), one can see that the two operators [(o;) J

@ I:(Oe] )Cl:|—k

pens in the pair [(o.+ )cllk & [(om )cllk' This means that the following cou-

+k

are not coherent and, thus, are in action discordance; the same hap-

in

plings are not compatible:

[op(s1) on(+3), ] ®[op(0.),0n(0,),,],

[013 CARICA N L @ Lop(0g),,.00(0,),, ],

where the sign (<) points out the pairs not compatible. If we admit the possibility
given by Figure 6, then there must be a “possibility” of coupling the pairs without
running into discordance. Since the oscillations of non-scalar fields such as vector
and tensor fields, and hence the oscillations of the corresponding IQuOs, take
place on multiple oscillation planes, the planes could be combined in such a way

as to avoid incompatible couplings. This implies that the oscillation plane of the

pair [op(o; )_k,op(o,.*n )_J with the oscillation along the Z-axis is different

from that of the pair [op(oe, )+k ,op (o, )+k ]y which oscillates along the Y-axis.

We can have: {[op (':1 )7/( ,0p (o; )4{ l , [op (o, )+k ,op(o,, )+k L} . That is:
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() (), ] a0 )
{[(’:/ )_k ’('; )_k l, ’ |:(Oel )i +(00).0 l }

where the moment kis along the X-axis, that is the propagation axis. However, we
must admit that it is possible that the two pairs [(a:,, a; ),(ae, ,a,, )] of the Equa-
tion (31) can couple to create an IQuO with the pairs of annihilation and creation
operators with the same phase rotation, see Equation (33). Then the coupling oc-
curs following an exchange of sg(e), which can occur in overlapping or interpen-
etrating sub-oscillators.

Another relevant note is due: we point out that the phase is not an “observable”,
while the direction of phase rotation may be observable, because its two eigenval-
ues A’'can be detected as signs of the that we point out as electric charge (+e).

The ability to detect the two directions of phase rotation in charged particles is
possible through experimental observation using a probe photon. Therefore, we
cannot associate an operator with the phase: in ref. [4] it is shown that only the
exponential form of phase can be assumed in the role of a “functional operator”
(@ =€) [4]. It follows then that we can only associate two eigenstates |1}, relating
to the two eigenvalues of parameter A'inserted in the functional (® = e#%); how-
ever, this is possible only for fields with IQuO of F-type, see the pair creation

where we can observe these two eigenvalues.

3.5. The Lines of Field IQuO

In a non-isolated IQuO, that is in a field line of coupling IQuOs, for having the

movement of quantum (e, ) along the line in the +X direction (+%), one must
admit the following configuration: {[(OZ, )d ,(';, )cllk ,[(Oe, )ﬂ .(0,, )CJ lk} .

Recall that the quantum field W is a set of coupled quantum oscillators ex-
pressed by operators (a, a*). The unique possibility to insert the 2-dimensional
geometric aspect of an IQuO is in the component no time (ao,ag ) » which will be
expressed by a matrix ¥(#%) = ¥, with elements describing the structure of a B-
IQuO, see the Equation (32):

¥ () (%]zng( )}«k-w

e e ) o)
(L 3 n (k)
v )=\ 20, sz iTx
o +0,
(k.t9)

To transmit a quantum (e, e) along a field line (X-axis) and thus represent a

particle, we need the configurations given by Figure 7:
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Figure 7. Three types of IQuO.

In Figure 7(a) there is a B-IQuO (“Boson” V'), while in Figure 7(b) and Figure
7(c) there are F-IQuO (“Fermion” ®). The denominations are not accidental since
in certain studies about IQuO [1] [3] [11] it is demonstrated that the basic struc-
ture of field quantum oscillators has two forms, namely the Ftype for “fermions
@ and the B-type for “bosons W*. We can build a field line where two IQuO (I,
I,) for connecting one to the other must overlap their sub-oscillators, see Figure
8:

< ilz I

Figure 8. Field line of B-IQuO in which a quantum (e, e)
propagates along X-axis.

In Figure 8, the sqg pair [(’:z ) , (o; )J of I;-IQuO proceeds along the X-axis and
can be transmitted, always in this direction, to a neighbouring I,-IQuO. Note the
double sub-oscillator with sq [(in, in*), (In, In*)], in which the energy exchanges
happen between I, and I,. The image in Figure 8 indicates a field line extended in
space. This is possible because each IQuO of the line has a spatial extension along
the X-axis of quantum propagation. This aspect is coherent with the QM when a
particle, after an interaction, is in an eigenstate of moment (4): it is represented
by a field line along the X-axis coincident in direction to the vector k. Therefore,
we can assert that a Field IQuO has a space dimension with an oscillation along

an X-axis and an intrinsic 2-dimensional representation.

3.6. The Coupling of Two Field IQuO into Processes of Pair
Annihilation

The processes of pair creation and annihilation are found, in fundamental terms,

in the operations:

(v, @(2.), ]>[(@.), +(@,)., ]
{|:(CDQ )” ®(q)d )*@:| - [(\P‘ )7 +(lP2)yi|}

We denote by (CD (:)bee) the coupling of two fermion fields and by

+e
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[(‘I’1 )7 e(Y, )y] the coupling of two boson fields; the sign @ represents the re-
ciprocal action operation with components {@ = [@, E_B] = [(0;,@),(0;;,@)]} .

where:

e (® represents the operation with “interpenetration” of two IQuO, see the
shared sub-oscillator in Figure 8).

e (& represents the dynamic operation between two IQuO with exchange of sq.

e Ok represent the reduction processes from two fields to chains (C;, C;) and
from (C,, C,) to two IQuO (I, I,) or from two IQuO to the shared sub-oscillator
S1.2-

The operation [@ = (O'R,®)] describes the non dynamic initial phase of re-
duction (O} ) of fields in two IQuO which reciprocally themselves interpenetrate
(®), while the @-sign indicates, after the interpenetration and the other eventual
reduction process ( O} ), the dynamic coupling by exchanges of sqg(e,e) pairs be-
tween two IQuO (I, I,) of two fields (®;, @) or (¥, ¥>). We can represent the
operation @ also in the following way:

{@=[2.0]=[(0} 8).(0; ®)]} =@, =@, (35)

With the two properties [®, =D, ®, =@, ], where we can exchange the
order of operations. Note in Figure 7(b), Figure 7(c), the coupling by (©)-oper-
ation of the two IQuO Fermions (with opposite directions of the phase rotation)

gives rise to two IQuO of the Boson type:
(q)l @q)z) - {CDI [(O;Q ®)’(O£ ®)] CDZ} - {CDI |:Oq;£ (Oag ®)’(095 ®):| CDZ}

- {Clq |:(Ocr£ ®)9(Oeg ®)] Cy, } - {IFCI [(®)’(Oo‘£ ®):| IFQ} = (Im ®, Iry )@ms
> (1 ®1,),, = (T +1a,)
(36)
where the operator Oy has reduced (by reciprocal phase shifts A, = —A¢, with a
reciprocal exchange of energy (&) by sg(o<>e)) the two fields in the chains (C,, C,)
with moment (4;, &,) while the operator Oc: reduces (by reciprocal phase shifts
Aoy = —Ao, with a reciprocal exchange of energy (&) by sg(o<>#))) the two chains
in the two IQuO (I, Ir,) in a state of reciprocal interpenetration ®. In this state,

the pair exchange of sgq

realized by coupling

[(';ﬂ >’(’;n )J AN I:(Oel)’(oin )][(’:1 ):('; )J A [(051)’(01;1 )}

with energy exchange (&) by sg(o<>e) exchange, see the (Ir4 ®, Irg)e s realizes, by
the operation ®,,, the two new pairs of B-IQuO not separated state (Is» ® Is1)og,
which can then be separated by an “observation” Or operated either by some par-
ticle or by an instrumental apparatus. Therefore the ®-operation originates that
physical state which in quantum physics is called “entanglement’. This can be

clearly seen in Figure 9:
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7 ) A‘ = <«
X
+ >
(a) u >
el Tg in 7 \EI Ig, In
El | m el in «
(®) >
e | in E | In
I I,
E | el in
X
(b)) >
e | in El In
IBI I 2

Figure 9. Pair annihilation process.

In Figure 9(a), we show only two terminal IQuO (Ir, Ir.) of two chains (Cg, Cr2),
as the same in Figure 9(b1) and Figure 9(b.) for two IQuO (Is;, Ig2). The calcula-

tion by matrices is:

(chl )e’ Ci) ((DL;[ )e+ = ((Dcl )e’ [@Ow’g),O(U'S) :|@ (CDQI )e+

- (CCD(CI) )e’(+k) [@O(zm) :|@ (C‘D(Cl) )g*(—k) - ( el )97(”‘) [(@)}@(9,2) (1*1 )f(—k)

_iSw ilr i3z i
. 4 + .4 ta 4 tod
o€ +e, € e,€" +9.¢
cl cl

~

N =202 5 1Tx
4 4 4 4
o, * +o, 0, " +9,
L cl e (+k) L cl e*(—k)_ (a+<_>u+)
<),
Bz Ll _br iz
+. 4 +.4 + 4 + 4
s,et +e,0 ®aC T teC
cl cl
= - (‘B :|
Br i [—W) ® sw ilx
4 4 4 4
0,6 * +o, 9,8 " +9,
L o Je(+k) | L d e (k) (ae>a),,
Ve
_br iz Bz i (7)
+ 4 + 4 4 +ta4
o,e * +o,e 0,e* +0,¢
cl cl
= ® N
sx ix 0.) Br o ir
4 4
!el € + !m .el € ¢ + .m4
) el /(-k)

= ® -
iSw iln =R 3z in
4 4 e 7
gele + Qm Oele + Om
o Jy(+k) o Jy(-k)
_isx iz Bz in
+ 4 + 4 +. 4 +.4
.ele +.me 2ele +2ine
_ cl cl
- iS5z il 3z in
4 Lo 4 T 64
gele + gm Ogle + Oin
4 Jy(+k) o Jy(-k)
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This process shows that the superposition of two fermion chains is equivalent
to a superposition of two boson chains that can fit on a single field line. From this
aspect we can deduce the demonstration (which will be reported in the next article)
that two electric charges with opposite sign attract each other while two electric
charges with the same charge repel each other. The process opposite to the anni-
hilation process is called the “pair creation”; the demonstration of this process is
analogous to that reported in Equation (37) once the initial fermions have been
exchanged with two initial bosons (read the Figure 9 from Figure 9(b2) to Figure
9(b1) to Figure 9(a)).

4. Conclusions

The new paradigm (IQuO hypothesis) highlighted in this study not only allows us
to identify the origin of the two signs associated with electric charges but also
opens new avenues that lead to deeper understandings of the physical world of
particles. In the second part of the study on the electric charge by the IQuO idea,
we will see that the photon gives rise to an action on electron that will take place
in two phases: a first phase (not-dynamic) of reciprocal phase shifts between the
two fields [3], implemented through exchanges of energy semi-quanta sq (half-
quanta) between IQuO, which is followed by a second phase of exchanges of
“whole” quanta of energy that determines the dynamic action between photon
and electron which, in the case of two electric charges, will determine the attrac-
tion or repulsion between them.

As shown in previous studies, the consequences of the IQuO hypothesis [1]-[3]
are the possibility of discovering an internal structure of all particles, as the inter-
acting particles, Leptons and Quarks, and interaction particles as Bosons [10]
[14]-[17], which paves the way for the formulation of a geometric model of parti-
cles [11] [18]-[20]. Furthermore, using the IQuO representation of fields allows
us to describe the fundamental processes of interactions [3] [21], the creation and
annihilation of pairs [1] [3] with base forms of fermions and bosons and to phys-
ically define some fundamental characteristics of particles beyond the electric
charge, such as mass [11], color charge [14], spin [11], magnetic moment of an
electron in QM [11], the muon mass [20] and the prevision of the Higgs mass [20]
[21], and, finally, the masses of light quarks (u, d) and light hadrons, as nucleons.
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