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Abstract

In the framework of the electromagnetic Bridge Theory, this paper presents a theoretical model that
reproduces the effects of the strong interaction through direct electromagnetic forces between
quarks considered as fractional charges. By analysing the energy exchange mediated by
electromagnetic quanta similar in gluon behaviour, the mass-energy of up and down quarks and
their corresponding coupling constants are estimated. The model introduces the concept of the
“Strong Exchange Quantum” and shows that the strong force can emerge from electromagnetic
dipole interactions governed by a variable coupling constant. A systematic method for baryon
assembly is also proposed, allowing the derivation of structural properties such as mass, charge,
and charge radius directly from quark interactions. The theoretical results obtained are in excellent
agreement with experimental values and lattice QCD simulations, suggesting that the strong
interaction could be interpreted as a secondary electromagnetic effect under specific energetic
conditions.

Keywords: Bridge Theory; quarks; baryons

1. Introduction

In 1964, Murray Gell-Mann and George Zweig, who were independently working on a theory
of the strong interaction [1,2], proposed the existence of three subatomic particles. Within this
framework they proposed that the strongly interacting particles, hadrons, could have been explained
if they had not been elementary but made up of smaller elementary particles that were called quarks
at the suggestion of Gell-Mann.

Already in 1961 Gell-Mann had proposed a symmetry scheme that he called “Eightfold Way”
[3], the scheme was based on the mathematical symmetry known as SU(3) and managed to classify
hadrons into two fundamental groups: mesons and baryons, an idea that George Zweig had also had
in 1964 proposing that both mesons and baryons were constructed from fundamental particles with
fractionary charge. Both went so far as to demonstrate that some properties of baryons could only be
explained by treating them as triplets of other constituent particles, quarks.

We know that all elementary particles form in pairs, but we also know that the quarks up (u)
and down (d) which together with the electron and the neutrino belong to the so-called first
generation of elementary particles of the Standard Model, have never been observed to form in free
pairs at threshold energies equal to their mass at rest. Therefore, the determination of their mass
depends on high-energy observations in collisions between protons in which the number of particles
involved is high and the type of products is usually varied, thus making the determination of their
resting mass complex, as by the principle of confinement they are free only when confined inside a
hadron. In fact, it is possible to obtain a quark plasma from high-energy hadron collisions but it is
not possible to obtain a spontaneous creation of new quark pairs at a characteristic threshold energy

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2308.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 June 2025 d0i:10.20944/preprints202506.2308.v1

2 of 18

as in the case of the electron-positron pair and it has been proposed to occur for a neutrino-
antineutrino pair starting from a photon [4].

For what written above, it is usual to assume that in the first moments after the Big Bang, the
universe was extremely hot and dense and when the universe cooled, the conditions became optimal
to give rise to the building blocks of matter, quarks, electrons and neutrinos. A few millionths of a
second later, the quarks aggregated to produce protons and neutrons, but this scenario does not
explain in any way how and why quarks with those characteristics were formed.

To estimate the energy of the rest mass of the first generation of the U and d quarks, it is
mandatory to use the mass of the proton as the energy reference, so that the rest masses of the proton-
antiproton pair can be used to test a standard procedure for assembling any hadron.

This chapter will deal with the estimation of the energy of the “gluon” as a quantum mediator
and the mass energy of the U and d quarks. In fact, it is necessary to consider that quarks for their
fractional origin are closely interconnected with each other, so it is difficult to directly estimate the
pure mass energy of each quark.

This paper presents a theoretical method that uses the direct electromagnetic interaction
between quarks understood as fractional charges confined within a particle, to estimate the strength
of their mutual hadronic interaction and the physical characteristics of the formed particle.

2. The Electromagnetic Coupling Constant in Bridge Theory

The Bridge Theory (BT) is a self-consistent electromagnetic-relativistic theory but it is also an
emerging way of thinking that tends to resort to Maxwellian electromagnetism to look for the reason
for the laws of nature, thus simplifying the variety and complexity of the different theoretical
approaches to a single unifying theory.

BT is rooted in the demonstration [5], [6] of a conjecture [7] on the role of the transverse
component of the Poynting vector in localizing energy and momentum as a quantum formally and
quantitatively in accordance with quantum theory. The quantum is formed during an interaction
between two charged particles whose energy and momentum are completely transformed into the
energy and momentum of an “exchange photon”. This is a phenomenology completely described in
all its complexity in the reference [8], according to which a pair of interacting particles, regardless of
their electric charge value £(, produce a Dipole Electromagnetic Source (DEMS) that localizes in its
source zone an energy hc/A and amomentum h/A in agreement with that of an exchange photon,

whose wavelength 1 is equal to the minimum interaction distance achieved by the particles during
their approach. The value of action associated with such a direct free electromagnetic interaction is
in general h=27zcq?/c, which value for a pair of particles with electron charge units without

constraints is h__ =6.62610258510* Js , wWith o =137.036669830443 , corresponding to the
reciprocal value of the coupling electromagnetic constant for free interactions
e = 7-29731685130200 1073 -

The coupling constant in BT is not a true constant, because its theoretical value depends on the
electromagnetic structure function of the DEMS formed by the interaction of two interacting particle
of charges C, = ye and C, =z where -1<y <1 and —1< x; <1 are dimensionless charges,

therefore, the structure function is defined as:

brf X2
Cuxs (p):?.l.®t(livljxp,9)d9 _47sz2 1)
0

the function in the integral at first term at R.s. of the Equation (1) is given by
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2
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\/(4+ p* +4peosd) (4+ p? —4pcoso) \/[(4 +p*) ~16p* cos? QT (2)

7(2+ pcos) 7;(2- pcoso) ‘
' 3 + 3
\/(4+p2 +4pcoso) \/(4+p2 —4pcoso) ‘

with p=R/A dipole ratio between the dipole moment per unit of charge and the wavelength of the

DEMS and  polar angle of emission. Using Equation (1) in the case ( 7i=-1 1= +l) , the coupling

constant in the case of a pair of two unitary charge is given by
1
a=0,,4(p)" - 3)
which value varies, even if slightly, according to the external forces acting on the DEMS proving that

the coupling constant is not a fundamental constant. In Figure 1 the plot of the coupling constant in
Equation (3) as a function of the dipole ratio.

Coupling Function of a DEMS
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Figure 1. The coupling function in Equation (3) shows the maximum value for a particle-antiparticle interaction
in correspondence of the minimum of action of the interacting system. For p< p . corresponding to the
maximum of the coupling function the electrostatic interaction is dominating. Therefore, the value of the strong
coupling constant for the interaction of a pair of particles with unit of charge, cannot be unique but variable
according to the energy scale of the interaction that acts on the length of the dipole moment of the DEMS and its
corresponding wavelength p = R/1. The red dot indicates the position of the Sommerfeld constant value for a

free electromagnetic interaction.

The theoretical value of the Sommerfeld’s constant was first calculated in Ref. [6] for free
interactions between particles, subsequently, the value was revised on the basis of the experimental
value and corrected according to the apparent angular dimensions of the interacting charges [8], more
recently calculated in the context of the formation model of hydrogen atoms [9] and for hydrogenoid
atoms with different atomic number values [10]: the best theoretical values obtained in the simulation
of the formation of hydrogen atoms during the orbital capture are

o, =137.035950244954
a,,, = 7.29735517003008 10" @)
h,, = 6.626067788 10°* Js
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Recently [11], it has been shown that the electromagnetic interaction of the DEMS applied to a
pair of quarks, if occurring in a particular range of value of the ratio p <p<1 with

Pin = 0.22734330 (where p  is defined as the value of the dipole ratio in which the quantum of

action achieves the minimum value) is able to emulate the strong interaction characterising the
variability of the coupling constant (1) asa function of the energy scale /i in the particle-particle

collision. The coupling value (4) is slightly different from those that will be used in free interactions
between particles or in interactions between quarks [11] because there are different constraints acting
on the interacting system compared to the atomic case. For an in-depth analysis of the quantum-
relativistic characteristics of BT, compare the references [8,12,13].

3. Strong Exchange Quantum and Standard Coupling Constant

As shown in Ref. [8], when the pair of free particles interacts in vacuum forming a DEMS, the
energy and momentum localized inside the source zone of the DEMS behaves as an exchange photon

£=NyeC/A, - i.e., is a quantum of energy and momentum transferred by a particle to another. The

free
action involved in free condition is equivalent to the Planck constant but is slightly greater. The value
of the coupling constant is obtained by Equation (3) using the value mean square ratio
P, =1.27555787491640 calculated numerically by using a stochastic process that describes the
evolution in spacetime of the electromagnetic field during the formation of the DEMS.

Considering the interaction of an incident particle A on a target particle B, the DEMS collects all
the energy of the two particles in their centre of mass in the form of a quantum of electromagnetic
energy. The energy of the DEMS is then distributed to the particles that emerge in the production
phase in the form

e=E, +¢ (©)
with g, cumulative amount of the rest mass energy of the emitted product particles

E, =h™c/A (6)

out

residual electromagnetic energy exchanged at the minimal distance of interaction 4_, in condition

of minimum of action inside the DEMS among the emitted particles:

A+B—>DEMS —» A +B’
Figure 2 shows the behaviour of the structure function o of the DEMS as a function of the

ratio O . The emission of the products (A*, B*) occurs only by releasing energy available to form

mass at rest and this can only occur at the minimum value of the DEMS action, when the dipole ratio
is p_ . =0.2273429200, corresponding to a minimum action h™" =h(p,, )=1.474322436 10 Js.
In this case the structure constant is ™" = o(p,,,) = 3.049096121-

If one considers the interaction at low energy of a pair of protons pp, when the two particles
collide the pairs of quarks form tree sub-DEMS (ur,utr,dd) each is an active cell localizing inside
a part of energy, before this event, Quarks respond to an internal dynamic described by the model
that naturally induces their confinement. In fact, in conditions of minimum action, the configuration
of the proton/antiproton system is stable but the quarks maintain a certain degree of internal freedom
while remaining bound inside the hadron. This property can be seen in Figure 2, where for a wide
range of values of the dipole ratio 0 the structure constant of the particle, so the internal action of
the proton, changes little. Strong variations in the action value would require large collision energies.

Using for symmetry the equipartition principle, each cell takes an equal portion of the total
energy available, therefore, the total energy and of consequence the structure constant of the DEMS

is divided in three parts, obtaining the average structure constant of a cell formed by a pair of quarks
(1]

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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min

Oy = “3 =1.016365374 =1 )

For coherence with the definition of the fine structure constant, is possible to define the value of
the coupling constant relative to the strong interaction between two quarks in the form

a, = oy, + =0.983898139 = 1- (8)

By analogy with the photon case, using Equation (6) and Equation (7), it is possible to verify that
a pair of unit-charged particles would exchange at a minimum direct distance of interaction ﬁqq

inside the sub-DEMS an amount of electromagnetic energy equal to
2
E € ©)

_ -1
cell — 27Z-as a1
qq

The energy (9) is less than that of an exchanged photon by the two particles placed at the same

distance
o2
e=2rnat—. (10)
&
Using the ratio of the energies in Equations (9) and (10) is possible to write
Ba_a 1 (11)

¢ o 137

S

It should be noted that the coupling value of the strong interaction ¢ is as known 137 times

greater than the electromagnetic coupling value, with an exchange of energy and momentum 137
times lower than the electromagnetic one, therefore one can define the energy of a cell as a Strong
Exchange Quantum (SEQ)

By = ac- (12)

cell

Considering the energy of the DEMS in the centre of mass & =2mc?, the energy of the SEQ that
has energy of the order of 2/137 of the mass energy of the impinging particle can be considered the
energy of a “gluon”.

Structure Function of the DEMS

3007

2004

1007

Figure 2. structure function o as a function of the ratio. The minimum of action is achieved for
Prmin = 0.2273429200.

4. Rest Masses Energy Ratio 7 of a pp - DEMS
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Considering that the energy exchanged between two quarks is due to the SEQ (12), using
Equation (5) the total energy of the DEMS corresponds to that of three SEQ plus the rest mass energy

3

& = Z &o,qq ©f the three pairs of quarks of the pair of protons. Since the total energy of the pair of
i=1

protons is ¢, using the previous definition of quark energy and Equation (5) one writes

e=3a]'ac+¢, (13)

Equation (13) is able to estimate the ratio between the total rest mass energy &, associated with
the three pairs of quarks and the rest mass energy ¢ of the interacting particles

n=2-1-3q"a (14)
&

Considering the strong coupling value not as a unitary constant in Equation (8) but as a function
of the ratio O asin Equation (3), Equation (14) yields
n=1-ao(p) (15)
with 0 <7 <1. In Figure 3 the Equation (15) describes the rest masses energy ratio behaviour as a
function of the dipole ratio of the pair. The function (15) achieves its maximum value in

H =7(p,,,) =0.9777496626 in condition of minimal action. It is important to highlight that the

Equation (15) is totally independent from the rest mass energy of the particle from which the
elementary particles derive and can be also defined for multiple pairs of particles. In the general form
Equation (15) is

n=1-a o/(p) (16)
from which the energy of the original particle results to be equal to

gofo_ f0 (17)

n 1-a).o(p)

Rest Mass Energy Ratio of the Particles Inside the DEMS
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Figure 3. rest mass energy ratio of the DEMS. The maximum is achieved for the minimal action value of the ratio
Pmin *

5. Quarks u and d: Estimation of Masses and Strength from Low Energy pp

interaction
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From the energy point of view, the minimum available energy to build a pair of protons is the
exact value of the rest mass energy of a pair proton-antiproton equal to £, = 2m C? with

m, =1.672621924 10% kg [14], equivalent to 938.2720813 MeV/c® . When proton-antiproton interact
forming a DEMS, dividing the total rest mass energy &,5 = 3.006555230 10 J by N =3, equal to
the number of fundamental cells 2uT+dd formed inside the original DEMS, the average minimum

distance of direct interaction of each pair of quarks (J within a single cell is given by

A = T ‘- 4.410270687 10 'm = 0.044 Fm . (18)

qq
36w

After the interaction, during the mixing process of the three pairs of quarks, each quark starts to
interact with each of the other three anti-quarks that form the symmetric unit anticharge. This
interaction produces a total of N=n?=9 sub-DEMS 4ul+1dd +2ud +20d of which 5 sub-DEMS
pure pairs and 4 mixed pairs but all for symmetry one supposes acquire an identical amount of
energy equalto g =¢_ /9.

To obtain the total energy of one of the nine sub-cells, one divides its energy by the maximum
value of rest mass energy ratio of the DEMS estimated with the Equation (16) (Cf. Equation (17)) by
obtaining

e Zm c?

1
By =2 =2 _P" 3416638276107 ] (19)
H H
from which the wavelength of direct interaction associated to each of the N =9 combinations q

of quarks corresponding each to a sub-cell of the original DEMS is

oo = 1293642357 10 m ~ 0.13 Fm (20)

S—cell

5.1. Estimation of the mass energy of the quark d

To estimate the mass energy associated to the quark (, it needs to consider that after its creation
the quark interacts simultaneously with all the other antiquarks of the antiproton (d, T, ),

symmetrically occurs for the antiquark d. The three secondary cells down-antiquark of the type
dg = (dd, du, dr), symmetrically antidown-quark dq = (dd,du, du), must conserve the value of action

h;gin :%hmin associated with the primitive sub-DEMS, i.e. with the cell {da }, so by symmetry

considering the interactions of the quark (, the original value of action is divided equally among all

the three secondary cells marked by the star superscript, in such a way that h(;"ai" = h;a +2h}, = 3h;a S0,

to calculate the energy of the sub-cell it is necessary to consider 1/3 of the value of action of the
primitive cell dd divided by the average wavelength (20) of the direct interaction giving
_hizc  thi'c Lh™c

« Z“S—cell - ﬂs—cell - ls—cell

Considering a pair quark-antiquark, to obtain the estimation of the average rest mass energy of

= LE, , =1.26542143310 % J (21)

a hypothetical isolated quark 0, it is necessary to divide by 2-particles the energy (21) of the quarks
pair and by the relative multiplicity, 1-pair, active inside the bubble with which the energy is divided.
Identically by symmetry, for the average rest mass energy of the quark d. Therefore, the total rest
mass energy of the quark  or d is

Epy =E,; =4 E,; =& Eg o =6.327107165 10 J (22)

0,d

which corresponds to 3.95 MeV. This value is the minimum value of mass energy that the ( quark
or identically the d quark can have.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To estimate the upper bound of the mass energy for the interacting 0 quark, we must account
for the energy in (22) plus the additional contribution from its interaction with all surrounding
antiquarks, it is necessary to estimate the fraction of energy used to build its total mass. Using the
Equation (15) applied to the interaction of the quark 0 with all the other antiquarks, whose
functional behaviour of the ratio is shown in Figure 3, one obtains

1y =l-a(Roy +o5) =1l—0oy (23)

d

whose value under conditions of minimum actionis p, =g, /EI™ =0.8059439927 -

In conclusion, the total mass energy of the quark @ in interaction inside the proton, calculated
using Equations (22) and (19) gives
2

E 23M.C
Ep> — =24 — 28 07 _ 7850554409 10 ) (24)
H, HH,

equal to E™ =4.90 MeV which is the maximum value of mass energy attainable by that the
quark. As a consequence, the measured energy E, of the quark is always confined within the range

determined by the associate dipole ratio [, o

min

] (See Figure 4) one can write

0.0317 < p < 0.227 (25)
3.95 MeV < E, < 4.90 MeV

Mass Energy Ratio of the Quark d

Figure 4. Function of the mass energy ratio 7, =g, [&m of the d quark relative to its total energy when interacts
with other quarks. The dot red line delimits the physical zone 0 <, , <1 The value at minimum action is Ha =

0.8059439927.

As a consequence of this variability, the mass energy of the quark cannot have an exact value of
energy but a statistical distribution of values delimited at left by the resting energy g, and atright

by the maximal energy of interaction in condition of minimum action g . Since the function of the

mass energy ratio (23) for the quark ( plotted in Figure 4, is associated by means of the Equation
(24) with the mass energy of the quark in the general form g, =E,, /5, , considering the interval

H, <7, <1 shown in the ordinate on the graph in Figure 4, corresponding to the interval of the dipole
ratio p, < p < p,., in the first line of Equation (25), the estimated mass energy of the quark
averaged on the fraction energy function , is E"=4.83"% MeVv , in accordance with the

experimental estimation E®® =4.70+0.07 MeV (Cf. Ref. [14]).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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It is also relevant to compare this theoretical value with the quark mass determined via lattice
simulations, in which the allowed regions for the quark mass obtained by different authors are
compared with the estimation presented in Ref. [14]. Using a similar graphic scheme of that used in
Ref. [14], in Figure 6 the range of values (25) that the quark 0 can acquires as predicted in BT, has
been superimpose on the range of energy of mass 4.62 MeV < E* <4.76 MeV [14] estimated by lattice

simulation.

5.2. Estimation of the mass energy of the quark u

To estimate the interaction energy associated with the quark y it is necessary to proceed using
the same method used for the quark ( in the previous paragraph 5.1, that is, it needs to consider
that the two quarks y interact simultaneously with all components of the unit anticharge cluster
formed by all three antiquarks (d, @, @), symmetrically occurs for the anti-quark U. The N =3
sub-cells ug = (u,ud,ud) must conserve the value of action associated with the primitive cells Ull,
so by symmetry its value is divided equally among all the sub-cells marked by the star superscript in
such a way that hm" = 2h); +h’; =3h}, SO, it is necessary to consider 1/3 of the value of action of the

primitive cell Ul divided by the average wavelength (38) of the direct interaction quark-antiquark
giving as in the previous case

E,:iE

ua S—cell
7

=1.265421433107" ] (26)

To obtain the estimation of the rest mass energy of a hypothetical isolated quark u, the Equation
(26) must be divided by 2-particles of the pair and by 2-identical pairs UU simultaneously present in
the interaction, therefore,

Eyy = Eyy =2 By =5 Es o =3.16355358110 J (27)

equal to 1.97 MeV . This value lies outside the physical region defined by the model, as it falls
beyond the range described by the function

1, =1l-a(20,, +o5) =1-aoc,, (28)

shown in Figure 5, describing the ratio between the rest mass energy of the quark uy and its effective
total mass. Therefore, to determinate a physical value of the quark, as made in the previous
paragraph, using Equation (16), the Equation (28) in condition of minimum action gives a maximum
of H, =0.8844301459. In conclusion, the mass energy of the quark u in interaction, calculated using

Equations (27) and (19) is

Eou  asM,C’
EM = HL = ‘*Iﬁ{ﬁ_Hp = 3576940017 10™] (29)
ol B 'qu

qu

EM™* = 2.23 MeV , which corresponds to the value of mass energy that the quark u can have.

Therefore, considering that the measured energy of the quark takes value in a single point of the
dipole ratio E, = E™
p=0.227

Unlike the down quark, the up-quark’s configuration allows only a single dominant interaction
geometry, resulting in a fixed mass value. Little variations around the value (29) may be allowed in
agreement with energy and momentum conservation. The mass energy of the quark in Equation (30)
agrees with its experimental estimation E® =2.16+0.07 MeV (Cf. Ref. [14]) and also the comparison

with the theoretical values estimated in QCD with lattice simulations give a good agreement within
the interval 2,10 MeV < E™ <2.30 MeV (Cf. Ref. [14]).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 6 shows the allowable mass energy ranges of the up and down quarks and their
measurements as presented in Ref. [14].
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Mass Energy Ratio of the Quark u
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Figure 5. Function of the rest masses energy ratio 7, (p) of the u quark relative to its total energy when

interacts with other quarks. The blue lines define the coordinates of the mass energy ratio at the minimum action

value Puin -

Down and Up masses in Mev
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Figure 6. (A) Mass energy of the quark d. The limits in red define the range in which in BT the mass of the quark
d can take values. The interval in white delimits the allowed zone in lattice simulation. In the figure it is evident
as the values of the mass energy are close to the average value of E;h =4.837% MeV corresponding to the red
dot at the top of the chart. (B) Mass energy of the quark yin BT. The red dotted line corresponds to the mass
energy of the quark y obtained in condition of minimum of action. It is evident as all the estimated values of
the mass energy using lattice simulations in QCD are close to the energy of minimum action. The interval in
white delimits the allowed zone estimated with lattice simulation presented in Ref. [14]. The red dot at the top
corresponds to the estimated value of 2.23 MeV of the quark mass u.

6. Quark Assembly Method for the Construction of Hadron Particles

When quarks form by fractioning, they cannot remain free because the tendency is to reconstruct
a unit-charged particle, so they assemble particles with multiple quarks as long as the charge is
integer with values (-1, 0, 1). Although particles composed of two to more than three quarks may
exist, in this article we will focus on assembling baryons in a cool spacetime leading to a type (B)
universe in Equation (35), within which the hydrogen atoms are predominant.

To assemble quarks in number N>2 it is necessary to develop a method to manage the multi-
body interaction so that quarks can be assembled into more or less complex particles. The method
must therefore be simple enough to be handled with at most one free variable and must be able to
provide at least one piece of information that can be compared with the corresponding experimental
data, so as to be able to determine the correctness of the method and the result obtained.
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Currently, at the quantum level the three-body problem is still considered unsolved, so for
reasons of methodological consistency we will remain within the BT framework, dealing for the
moment only with the assembly method, any particularities of the assembled particle will be treated
if necessary.

To establish a general method for assembling baryons it is necessary to consider that quarks
must be assembled starting from their rest mass energy and only then consider their mutual
interaction by estimating the final energy of the rest mass of the forming particle, within which the
exchange of gluons between component quarks takes place.

The following is a concise description of the general assembly method:

1-  Structure Function Calculation
From Equation (19), the structure function of the particle formed by n=n,+n, >2 quarks of

total rest mass
& =nEy, +nyEy 4 @31

is given by the sum of the DEMS structure functions formed by all the pairs of quarks considered
interacting with each other

=S o (32)

2-  Mass Energy Ratio Definition
The ratio between the rest mass energy of the component quarks g, and the final mass energy

of the particle in assembly E, given by

n= % 1-a0 (33)
EO
it is important because allows to parametrise the mass energy ratio of all the components quarks with
respect to the final energy of the total mass energy of the particle.
3- Mass Energy
Using the ratio 7] at previous point 2 Equation (33), one defines the final rest mass energy

function of the considered particle in the form
E, =g " (34)

with binding energy

g_fo—B __ac N, oy +NyEo (35)
n+n, aoc-1 n,+n,

due to the “gluon” exchange for each pair of quarks. When the energy is negative the particle is stable,
when B2>0 for o>a™ the particle is instable.
4- Semiempirical Adjustment of the Rest Mass

The value of the mass energy of the particle is obtained by varying the parameter 0 with
values belonging to the left range of the parameter value that cancels the energy ratio of the rest mass,
until the final rest energy of the particle E, reaches the experimental value of the mass energy for

the pvalue of the parameter: E, = EX.

The value of the parameter p defined by the value of the mass of the particle, is proportional to
the average distances of mutual interaction of the quarks being proportional to the average length of
the dipole moment per unit charge of the DEMS produced.

5- Average Dipole Moment Length.
Since R = pA, the solution of the peculiar value of the parameter p is used to calculate the

average dipole momentum per unit of charge as

R= PE (36)

0
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that define the pseudo-radius of the particle
r=iR (37)

which is the mean radius of the dipole, that is, the average distance between the interacting quarks
measured from the centre of mass of each quark. This pseudo-radius corresponds to the effective
charge radius inferred from scattering experiments (charge radius or transition radius), the
theoretical value thus obtained, in order for the model to be physically acceptable must be in
agreement with the experimentally estimated value.
6- Conservation of the Total Rest Mass During the Quarks Change position

When the value the average dipole moment R of the dipoles changes due to the internal
reciprocal movement of the quarks, the total rest mass energy E, of the assembled hadron for

energy conservation cannot change, but the subdivision of energy between the effective rest mass
energy of the component quarks E; = ¢ and the further amount of rest mass energy of the

hadron g =NE,  due to the gluons exchanged between the quarks changes as in Equation (5),

increasing or decreasing with the interaction distance with the effect of keeping constant the total
energy of the hadron that maintain the same mass energy at rest. The star at right up of the symbols
indicates a change from the initial value.

7. Application of Assembly Method to a Proton

For assembly of a proton, it is necessary to proceed as described in the previous chapter 8.
Considering that quarks have beyond the pure rest mass energy also the energy exchanged through
the gluons with the other two quarks of the proton. Its structure function must be calculated with an
appropriate empirical value of the interaction ratio p = in such a way that the average interaction

distance between the three quarks establishes a correct energy in order to have the expected proton
mass.

Since it is not possible at this stage to define an independent way to estimate the value of the
average distance of mutual interaction between the three quarks that form the proton, one will
consider the experimental mass of the proton as a reference datum in order to obtain as the main
result and consequent possible feedback of the model, the estimate of the average dipole moment per
unit of charge and consequently the charge radius. In fact, considering that for particles not with
cylindrical symmetry as in the case of the proton which is formed by three quarks, the mean dipole
moment can be considered an estimate of the diameter of the proton, the resulting radius is of the
order of the charge radius of the proton whose value has recently been updated with a new
experimental measurement.

Considering that the three quarks UUJ have a structure function based on their reciprocal
interaction

o, =20, +0, (38)

which behaviour is shown in Figure 7 as a function of the interaction distance ratio O that

parameterize the mean dipole moment of the three sub-cells formed in the interaction between the
three quarks, the rest masse energy ratio function obtained by using Equation (38) is

n, =1l—aoc, (39)
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Table 10. Searching for the Charge Radius of the Proton.
Radius of the
Quark Rest Mass Mass Energy as a
Structure . . Proton
Function Mass Energy Ratio Energy Function of the (fm)
(MeV) Dipole Ratio (MeV)
P, =1.222284066 r =0.8075733165 fm
o,=0,+20, mn,=l-aoc, g, =2Ey, +Ey, P P

E =¢7n
—135. =0.8417752150 102 =7. P
135.8831291 7898139356 MeV " _ N e ey

that for quarks that form a proton must have a rest mass energy ratio very close to zero, so that the rest mass
energy of the proton it is essentially produced by the exchange of gluons. During the relative motion, the quarks
remain confined within the structure of the proton, free to move with respect to each other by shifting the blue
dot in Figure 8 representing the energy fraction of the rest mass of the quarks relative to the rest mass of the
proton on the left, i.e., reducing their average distance, increases the rest mass energy of the interacting quarks,
without the total energy of the proton change. In this sense the model emulates the confinement of quarks. In
fact, the goal within the numerical precision of eight digits is achieved for the value of the ratio in the blue point

in Figure 8: p , =1.222284066 this value is slightly less than the ratio corresponding to the zero value of the
rest masses energy ratio p , =1.224858230 of the quarks.

Using the estimated rest mass energy of the quarks (u,d)and the mass energy ratio (39) of the

proton estimated in the blue point p = shown in Figure 7, using Equation (34) the rest mass energy

of the proton results to be
E, = (2E,, + E, ,)n," =1.503277134 10 (40)

Structure Function of the Proton

4001

3004

o, =135.8831291

Figure 7. structure function of the proton as a function of the ratio ,,. The blue point represents the solution the

characterise the proton (,.P,) with values in Table 10.
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Mass Energy Ratio of the Proton
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Figure 8. the mass energy ratio of the proton is described as a function of the ratio ,. The proton displays an
asymptotic freedom behaviour near a vanishing ratio. Under external collisions, this ratio decreases: p<P,
the mass energy ratio grows, i.e. quarks become more massive by reducing the mutual exchange of gluons,

becoming less bound but more difficult to eject from the proton structure. In the case shown the proton is formed
and the mass energy ratio 7, between the rest mass energy of the component quarks and the final rest mass

energy of the proton is the 0.8418%. The 99.1582% of the remaining energy of the proton is given by the exchange
of energy between quarks, i.e., is given by the gluons exchanged. The red dashed line corresponds to zero of the
energy fractions of the quark’s masses. corresponding to a proton with mass m, = 938.2717875 MeV/c? in

agreement with the measured rest mass value m®® = 938.27208816 MeV/c2 (See. Ref. [14]). In this
case the average dipole moment per unit of charge can be calculated as R =P 4, so the average

charge radius results determined using the theoretical value of the Planck constant for free interaction
as

rh—1p, g — 0.8075733165 fm = 0.8076 fm (41)

p
with a value slightly lower than the most recent values obtained experimentally r® = 0.8335(95) fm
(Cf. Ref. [15]) and re® = 0.831(19) fm (Cf. Ref. [16]). Equation (41) provides in any case a

confirmation of the consistency and correctness of the model used. In fact, it must be taken into
account that the estimated value theoretically could be lower than those obtained experimentally
because the quarks inside the proton interact freely with each other without external interactions,
therefore they do not acquire external energy by excitation increasing the average diameter of the
proton.

8. Application of Assembly Method to a Neutron

To build a neutron, one uses the same procedure used for the proton. Considering that the three
quarks Udd have a structure function based on their reciprocal interaction

o, =20, +0y (42)

which behaviour is shown in Figure 9 as a function of the ratio /0 that parameterize the mean dipole

moment of the three sub-cells formed in the interaction between the three quarks, the rest mass
energy ratio plotted in Figure 10 as a function obtained by using Equation (42) is

m, =1-aoc, (43)
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which for the quarks that form a neutron must have a low-mass energy ratio, so that the three quarks
remain bound and confined within the neutron structure but free to move relative to each other. Also
in this case, as for the proton, the value obtained of the ratio P, =1.350047031 is slightly less than the

ratio corresponding to the zero value of the mass energy ratio Do, =1.352489340 -
Using the rest mass energy of the quarks (u,d) and the mass energy ratio (43) of the neutron
shown in the red point p_ in Figure 9, using Equation (34) the rest mass energy of the neutron

results to be
E, = (2E,, + E, )7, =1.505349759 10 (44)

corresponding to a neutron mass m =939.5654182 MeV/c? in agreement with the measured rest
mass value m®® = 939.5654200 MeV/c2 (See. Ref. [14]). In this case the estimated value of the radius

of the neutron is equal to

r==1p, g =0.8907592540 fm = 0.8908 fm (45)

n 2
n

The radius calculated within the present model refers to the average dipole moment per unit
charge of the DEMS generated by quark interactions. It represents an intrinsic structural property
derived from the internal electromagnetic dynamics of the hadron. This quantity cannot be directly

compared with the neutron charge radius <rn2> obtained from scattering experiments, which reflects

an external probe response and leads to a negative mean square radius value. In the standard
formalism, such a result yields no real linear size, whereas the present model provides a physically
meaningful and real-valued estimate.

Table 11. Searching for the charge radius of the neutron n.

Quarks Rest Mass Rest Mass Energy as

Radi f th
i::stt::: Mass Energy Ratio Energy a Function of the I;;i;;l:no ( f:n)e
(MeV) Dipole Ratio (MeV)
P, =1.350047031
0,=04+20, 1n,=l-aoc, & =2E,+E, E =en’ r, =0.890753 fm

=1355967288  =0.1050770282 10° =9.87267419605 MeV = 939.5654182 MeV

Structure Function of the Neutron

2004

1507 o, =1355967288

Figure 9. structure function of the neutron as a function of the ratio ,,. The red point represents the solution the

characterise the neutron (c,.P,) with value in Table 11.
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Figure 10. rest mass energy ratio of a neutron as a function of the ratio 0. The neutron has asymptotic freedom

characteristic solution P, the rest masses energy ratio 7, between the rest mass energy of the component

quarks and the final rest mass energy of the neutron is the 1.0508%. The 98.9492% of the remaining energy of the
proton is given by the exchange of energy between quarks, i.e., is given by the gluons exchanged. The blue dash

line corresponds to the zero of the rest mass energy of the neutron.

9. Discussion and Conclusions

In this work, a theoretical model based on the electromagnetic Bridge Theory (BT) has been
developed to explain the mass-energy structure of the up and down quarks and their mutual
interactions within hadronic systems. Unlike the standard approach based on the QCD framework,
where the strong interaction is considered, a fundamental force mediated by massless gluons, the BT
proposes an electromagnetic origin of the strong interaction, emerging from the dynamics of
fractional charges and their associated Dipole Electromagnetic Sources (DEMS).

By introducing the concept of the Strong Exchange Quantum (SEQ), the model establishes a
direct link between the energy exchanged in quark interactions and an electromagnetic mechanism
governed by a variable coupling constant. This reinterpretation allows the derivation of the rest mass
energies of the quarks u and d, obtaining values in excellent agreement with both experimental data
and lattice QCD simulations, without the need for arbitrary mass assignments or renormalization
prescriptions.

Furthermore, the model describes in detail the assembly mechanism of baryons as a function of
the electromagnetic structure of the interacting quarks. Using an effective structure function and a
parametrization of the dipole ratio p, it is possible to reconstruct the mass, binding energy, and
charge radius of hadrons such as the proton and neutron. The results obtained are highly consistent
with experimental measurements, including the charge radii of nucleons and their mass-energy
compositions.

A key feature emerging from the analysis is the confinement mechanism as a natural
consequence of energy conservation within the DEMS. The variability of the dipole ratio o produces
a redistribution of the rest mass and interaction energy between quarks, allowing them to remain
bound within a composite particle while varying their relative positions. Gluon exchange emerges as
a secondary electromagnetic effect, leading naturally to an effective condition of asymptotic freedom.

From a foundational perspective, the results suggest that the apparent complexity of strong
interactions may be the macroscopic manifestation of a deeper electromagnetic process acting at
quantum scales. The BT framework offers a coherent and predictive tool capable of bridging classical
electromagnetism and quantum behaviour, proposing a radical but testable alternative to
conventional gauge theories.
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In conclusion, the Bridge Theory not only provides a quantitative estimation of quark masses
and hadronic structures but also outlines a unifying scenario in which all fundamental interactions
may be derived from electromagnetic principles. The theoretical consistency, numerical accuracy,
and conceptual simplicity of the model highlight its potential as a new paradigm in the
understanding of fundamental physics.

Future work will aim to extend the model to include higher-generation quarks and explore
implications for meson structures and decay processes.
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