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Abstract

Without modifying the Standard Model Lagrangian, a representation of the
flavors of elementary fermions (quarks and leptons) is introduced in terms of
a triplet of internal colors, each associated with a triplet of three-valued indi-
ces. These colors are closely related to the color understood in the chromody-
namic sense, and this connection is made explicit. Based on this representa-
tion, approximate quantitative constraints on the masses of elementary fermi-
ons and the gauge bosons that mediate their interactions are discussed.
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1. Introduction

The mass spectrum of elementary particles remains an unsolved mystery. There
are no shared theoretical arguments that allow us to constrain the masses of ele-
mentary fermions (charged leptons, neutrinos, and quarks) or, what essentially
amounts to the same thing, their coupling constants with the Higgs field. Nor are
there any known compelling reasons supporting specific values for the masses of
gauge bosons. In other words, the reasons why the masses of all these particles are
those actually observed are unknown. The mystery is further complicated by a com-
prehensive inspection of the spectrum of elementary particles, which allows us to
identify as many as four completely different mass scales [1].

The first mass scale, on the order of fractions of an eV, is that of neutrinos.
Given the ongoing uncertainty about the actual mass levels of these particles, they
will not be considered further in this article. However, what is interesting to note

here is the departure from the next mass scale, which paradoxically includes only
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one element: the electron. The electron rest energy (about 0.511 MeV) is in fact
roughly six to eight orders of magnitude above the upper mass limit of the heaviest
neutrino, depending on the assumptions made about the mass hierarchy of these
particles [2]. The electron, however, is about 210 times lighter than the muon, the
next charged lepton, and about 280 times lighter than the pion, which is the low-
est-mass hadronic state. This makes the electron unique. All remaining charged
leptons and hadrons have masses ranging from the 105 MeV of the muon to ap-
proximately 10 GeV of the bare beauty hadrons. This mass range constitutes the
third scale, above which there is a gap with complete absence of particles up to
about 80 GeV. A fourth mass scale appears to include the W, %, H, (Higgs) bosons
and the top quark, with values between approximately 80 and 170 GeV. It is note-
worthy that the photon y has no mass and therefore also represents, in this con-
text, a unique feature.

This overview considers elementary particles understood as kinematic elemen-
tary units, that is, minimal packages of physical quantities capable of independent
spacetime propagation. This will, in effect, be the perspective we will adopt in this
article. Naturally, it is possible to adopt a different approach, considering the basic
states of the Standard Model (SM) as elementary. According to this view, hadrons
are not elementary but are instead to be viewed as composed of (massless) gluons
and quarks. The problem with this approach, however, is that it requires the in-
troduction of a concept of quark mass that is necessarily dependent on a theoret-
ical framework. Since the object of our study is the mass of elementary particles,
we prefer to pursue a different path, which we will return to shortly. In any case,
even the current quark masses presently lack a convincing explanation. It is com-
mon to distinguish between “light” (u, d, s) and “heavy” (¢ b) quarks, with the
top quark being a special case both for its enormous mass (171 GeV against the
approximately 4 GeV attributed to the b quark) and for the fact that it does not
form hadrons.

Thus, as defined above, there exists a “mass problem” [1] [3]-[9]. The aim of
this article is to propose an approach to this problem, based on a specific hypoth-
esis on the nature of the internal quantum numbers of the elementary fermions of
the SM (neutrinos, charged leptons, and quarks). According to this hypothesis,
each of these fermions carries three internal colors, each of which is further asso-
ciated, according to appropriate rules, with three three-valued numerical indices.
The fermionic flavor therefore corresponds to a specific configuration of internal
colors and their associated indices. In the case of charged leptons and neutrinos,
the indices are assigned symmetrically to all colors, so there is no privileged color
that can appear as an “external” color; leptons are therefore color singlets insen-
sitive to the strong interaction. In the case of quarks, however, the asymmetric
assignment of indices to the various colors leads to a privileged color that appears
as an “external” color. This latter is the well-known color contemplated by quan-
tum chromodynamics (QCD), which appears as the source of the gluonic field.

This hypothesis is a simplified version, for the specific purposes of this article, of
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a model of the systematics of elementary fermions illustrated in a previous work
[10]. Although we recommend the interested reader to read that work for a suita-
ble contextualization of our present argument, we will try to develop the reasoning
in a completely self-contained form in the following.

The elementary fermions of the SM can interact with each other, and when the
energy exchanged in the interaction is sufficiently high, their internal configura-
tion, as defined above, can change. The energy thresholds for these processes de-
fine, through the uncertainty principle, the extent of the spatial region within
which they occur. In a broad sense, this is the region within which the particle is
localized by these interactions; this notion, however, does not imply the concept
of a continuous extended charge distribution and therefore does not provide an
upper limit on the value of the energy exchanged in the interaction.

Since the total internal color of a single lepton is zero, and the total manifest
color of the valence quarks within a hadron must be zero, the mass spectra of
leptons and pseudoscalar mesons follow a “three-and-two” formation rule, which
gives rise to specific sequences. In this paper, we examine the formation sequences
of the mass spectra of charged leptons and pseudoscalar mesons. In principle, the
masses of pseudoscalar mesons can be related, through QCD modeling, to the
masses of their valence quarks. Quark masses are therefore indirectly connected
to the mass sequences investigated here.

Pools of fermionic configurations, represented in terms of internal colors and
indices, can be associated with the weak interaction vertices. These pools are as-
signed energy reserves defined by the energy cost of these configurations. We in-
terpret the Higgs mechanism as a conversion of these reserves into the mass of the
gauge bosons mediating the interaction, which is zero before symmetry breaking.
This argument plausibly also constrains the values of the weak coupling constant
and the Weinberg angle.

The plan of the work is as follows. Section 2 illustrates the color and index con-
figurations corresponding to the various fermionic flavors, and lays out the gen-
eral basis of the argument. Section 3 develops a mass formula for charged leptons.
Section 4 applies the “three-and-two” logic to the definition of a mass sequence
for hadrons (pseudoscalar mesons). Section 5 presents a scheme for justifying the
masses of gauge bosons. In Section 6 some possible cosmological connections are
discussed, concerning the definition of the coupling constants at the big bang.

Conclusions are presented in Section 7.

2. Indexes and Colors

The mass of an elementary fermion is a function of its flavor, which in turn is
defined, according to the assumptions mentioned in the Introduction, by the in-
ternal configuration of indices and colors. Before turning to the mass problem, we
must therefore illustrate how the systematics of elementary fermions emerges
from the combinatorics of their internal configurations. As anticipated in the In-

troduction, our examination of this topic here is limited to a brief reminder aimed
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at our present purpose, which is to propose an elucidation of the mass trends of
elementary particles. The interested reader is warmly invited to consult the origi-
nal paper [10] in which the justification of the systematics of SM particles on these
grounds is set out in greater detail.

In simplified form, the assumptions made to define the internal configuration
of the elementary fermions of the SM can be stated as follows. First, each elemen-
tary fermion is associated with a triad of quantities that we call “colors.” The rela-
tionship between these quantities is the same as that between the three fundamen-
tal colors in QCD; that is, the same as that between the elements of the fundamen-
tal irreducible representation of the SUs group of third-order unitary symmetry.
It is assumed that the three colors associated with each fermion or antifermion are
complementary to each other and that, while fermions are associated with the col-
ors of the fundamental representation, antifermions are associated with the anti-
colors of its conjugate representation.

Secondly, each color (or anticolor) is associated with three numerical indices a,
b, and ¢ each of which can assume the values —1, 0, or +1. If an index (for example,
a) is zero for a given color, it is also zero for the other two; if, however, it is non-
zero for a given color, it is also non-zero for the other two. The non-zero indices
assume, for a given color, the same value; this common value, however, may differ

for the three different colors.

The fermionic flavor is represented by the internal configuration of colors and
indices in the following way. The number of non-zero indices defines the genera-
tion to which the fermion belongs: first-generation fermions have only one non-
zero index; second-generation fermions have two, and third-generation fermions
have three. For each given generation, the type of fermion (antifermion) is defined
by the set of non-zero indices associated with the three colors (anticolors). If they
are all equal to +1, we have the charged lepton (antilepton) of that generation. If
they are all equal to —1, we have the neutrino (antineutrino) of that generation.
These are the only combinations in which the three colors are not distinguished
by different values of the indices associated with them; this symmetry is mani-
fested in the fermion’s overall colorlessness. That is, leptons are color singlets. In
the other cases, two colors will have non-zero indices equal to +1 and one color
will have index —1, or one color will have index +1 and the other two will have
indices —1. The two cases correspond to the u-type and d-type quarks (anti-
quarks) of that specific generation. The colors (anticolors) are no longer equiva-
lent, as there is a minority color (anticolor), different from the other two. This
color (anticolor) manifests itself as the external color (anticolor) of the quark (an-
tiquark); it is the usual color intended by QCD, i.e, the source of the gluon field.

Leaving aside neutrinos, which will not be considered further in this article, it
is possible to associate each elementary fermion of the SM (charged lepton or
quark) with a spatial region of radius r= ¢/ mc, where g is the fermion’s charge
and mits mass. The creation of that fermion in an interaction process requires the

exchange of an energy equal to at least mc, given by the product of the interaction
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constant ¢*/ icand the energy /ic/ rrequired by the uncertainty principle to resolve
the radius r. In these processes, the production of “external” QCD color may or
may not occur, and this leads us to consider the key role played by the electron
mass scale.

For the electron, ¢ = —e (e = unit of electric charge) and therefore r = r, the
classical radius of this particle. For energies > Ac/r. = 70 MeV, color is produced,
which can remain “internal” or appear as an external color; in this second case,
since a pair of external color-anticolor or a trio of complementary external colors
must necessarily be produced, the value of 70 MeV must be doubled or tripled
respectively, obtaining 140 MeV and 210 MeV [11]. Excitation processes of this
type without the production of “bare” or “external” color are, for example, e'e —
U, or e e - e ey . External color is instead produced in processes such as
e'e > d'd, or e e > e e . The quarks generated in these processes, in fact,
rearrange themselves into hadrons, and this circumstance leads to multihadronic
production.

In a process such as e'e” — y'u, the number of non-zero indices varies (from
one to two); consequently, the radius rvaries from the value of the classical radius
of the electron to that of the classical radius of the muon. However, processes like
this do not alter the symmetry of the indices attributed to the various internal
colors of the particle, so no “bare” or “external” color is produced. On the other
hand, in a process such as e'¢” — 7° the number of non-zero indices remains equal
to one, but the values assumed by these indices become different for the various
internal colors, and therefore “colored” quarks in the usual sense of the term are
produced. These quarks rearrange themselves, giving rise to a bound state of the
strong interaction, n’. The reaction product constituted by this bound state is col-
orless, as were the reacting fermions. In these processes, the radius r varies as a
consequence of the variation of both the charge gand the mass m. The mass passes
from the initial value corresponding to the electronic mass to the final value cor-
responding to the mass of the generated quarks. The square charge ¢ passes from
€ to a final value ~ fic, typical of the strong interaction at the confinement limit.
Using a perhaps more common lexicon, we have r. — Ac/Agcp = rd2. The energy
hAcd/(rd2) = 140 MeV = Agcp is approximately that of the pion triplet production.

Roughly speaking, in a reaction considered at the threshold energy in the crea-
tion of a fermion-antifermion pair (xand anti-x), the energy required for the ac-
tualization of the three internal colors is converted into the rest energy of the two
members of the pair. Since the three colors involved are degenerate in energy (in
order to assure the compatibility with the external color symmetry SUs), we have
a conversion rule of the type: 3m(color-anticolor) — 2m(x), where m(a) denotes
the mass of a. This is the aforementioned “three-and-two” rule, which we will use

later.

3. Charged Leptons

In this Section, we propose a possible mass sequence for charged leptons. Let 7 -
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1 denote the ordinal number of the generation preceding that of the charged lep-
ton whose mass m; we wish to determine. Here, the “three-and-two” rule takes the
form 3m(i- 1) = 2m; where m(7- 1) is the mass contribution of each color of the
(7 - 1)-th generation, with 7> 2. The determination of m; is therefore reduced to
that of the function m(7- 1).

Let K(2) denote the set of non-zero indices (a, b, ¢) associated with the color
(anticolor) zin the lepton (antilepton) of generation (7 - 1). The cardinality of this
set is clearly Card(/(2)) = 7- 1. Let C(C) be the set of internal colors (anticolors)
R, G, B (anti- R, anti- G, anti- B) associated with the lepton (antilepton) of genera-
tion (7- 1). Let us consider the Cartesian products:

I = H I(Z); I, = H I(z) (1)

zeC or C' zeCUC'

Obviously, Card(4) = (71— 1)°, Card(£) = (7 — 1)°. This result remains valid if in
the expression of /; we replace C'with C, that is, if we move from the lepton to the
corresponding antilepton.

The elements of 7 are all possible couplings between the non-zero indices (a, b,
¢) associated with all the colors (anticolors) of the lepton (antilepton) of genera-
tion (7- 1). These couplings define, as a whole, the interaction of the colors (anti-
colors) associated with the particle, in the process of its annihilation and conver-
sion into a lepton-antilepton pair of the next generation. The interaction energy
defines, through the uncertainty principle, the radius of the spatial region within
which the internal colors are localized by this interaction. It is canonical to assume
that the value of this radius is z, the classical radius of the electron, for the reasons
seen in the previous Section. This leads to associating, to each element of 7, a
contribution to the function m(; - 1)& equal to fiic/r,, where fis an interaction
constant. For the reasons already discussed, = ¢*/ic, where gis the coupling con-
stant between the colors at the confinement limit. Assuming ¢ = 4g ie., a value
corresponding to Agcp, we have £= 1 and therefore an overall contribution (7 -
1)Adr.= (i- 1)’a‘mc.

The elements of 4 are all possible couplings between non-zero indices (a, b, ¢)
associated with all the internal colors and anticolors of the lepton-antilepton pair
of generation (7 - 1). These couplings define, as a whole, the interaction of the
colors (anticolors) associated with the pair in the process of its annihilation and
conversion into a lepton-antilepton pair of the next generation. The energy con-
tribution of each of these couplings is still fAc/r., but now the coupling constant £
= ¢/Ac s different. Now, in fact, the radius of the spatial region involved is that
at which two electric charges (the charged lepton and the corresponding antilep-
ton) separate or annihilate each other, that is, their respective colors and anticol-
ors separate or annihilate each other. In the case of the electron, this radius is the
Compton wavelength r/a, so that Ad/(r/a) = m & = fid r. and this relation im-
plies = q, the fine structure constant. The contribution of 4 to the function m(7
- 1)& is therefore equal to (i - 1)°mn & The total contribution of 7 and 5 is there-
fore [(i-1)*a '+ (/- 1)°]mn &
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However, this contribution still needs to be multiplied by all possible permuta-
tions of colors (anticolors) and indices. Restricting ourselves to cyclic permuta-
tions [10], only three color permutations are allowed. Therefore, the total contri-
bution [(7- 1)’a™! + (/- 1)°]m & needs to be multiplied by 3, yielding 3[(/- 1)’a!
+ (i - 1)°]m . As for the permutations of non-zero indices, note that only the

following cases are possible:

0 non-zero indices in the parent generation — 0 permutations /- 1 = 0
1 non-zero indices in the parent generation — 1 permutations 7-1=1

2 non-zero indices in the parent generation — 2 permutations /- 1 = 2
The number of permutations is then expressed by (7 - 1). Multiplying the re-
sulting expression by (/- 1) gives the final expression (72 2):

. mlcz - 1) 20- 1\°
m.c —5(1—1) T(z 1) +mc (1 1) } 2)

which translates the “three-and-two” rule for charged leptons. The results are:

m; = 0.510998902 + 0.000000021 MeV (assumed; source: PDG)
= 105.804290 + 0.000004 MeV PDG: 105.658357 + 0.000005 MeV
ms =1778.71645 £+ 0.00007 MeV PDG: 1776.99 + 0.29 — 0.26 MeV

The differences Am; between the results of (2) and the corresponding experi-
mental data are within am;, and can presumably be attributed to perturbative ef-
fects which will not be further analysed here. We draw the reader’s attention to
the difference between (2) and the certainly more popular relation proposed years

ago by Barut on the basis of a semiclassical modelling [12] [13].

4. Hadrons

It is well known that it is not possible to assign a mass to quarks that has a model-
independent meaning [2]. For this reason, we are not interested here either in the
current masses (attributable to the coupling with the VEV of the Higgs field) or
in the constituent masses related to specific quark models. Our interest is instead
directed to an aspect directly accessible to empirical control and, at least ideally,
independent of the model: the masses of the lightest truly neutral pseudoscalar
mesons, consisting of a quark-antiquark pair of the same flavor. Therefore, rather
than looking for an expression like (2) directly associated with elementary fermi-
ons, we instead look for a mass sequence for the mentioned meson states. In prin-
ciple, from the estimate of the mass of these mesons and from their modeling in
terms of QCD it should be possible to fit the masses of the individual quarks or,
at least, fix these masses to given energy values. The values of the masses at other
energies would then be obtainable by applying the equations of the renormaliza-
tion semigroup. In this sense, our procedure is the reverse of that normally fol-
lowed, for example, in non-perturbative lattice calculations. The reader may refer
to [14] [15] for an alternative approach based instead on the extension to quarks

of relations such as (2).
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Our starting point is the assumption, explained in the previous Sections, that
the externalization of color into an e"e pair leads to the appearance of a series of
hadronic states, the lightest of which is the pion, with rest energy ~ 2Ac/r. = 140
MeV, in acceptable agreement (3.7%) with the experimental data. Let us consider

the sequence:

)
n
n
7 (Ls)
76(15)

!

We adopt the following mass formula:

M, :2(1+3an)% (3)

where ay=0, 2, = 1 and, for n> 1:
a,, =2 a,+n-1 (4)
i=1
This formula expresses the successive tripling and doubling of “mass blocks”
corresponding to truly neutral (flavorless) combinations of quarks, with a funda-
mental level 2/¢/ r.~ 140 MeV; thus, a version of the “three-and-two” rule adapted

to the context under consideration. We obtain:

Ty M, = 140.05 MeV Experimental: 134.97 MeV  Difference: 3.7%
n M, = 560.2 MeV Experimental: 547.3 MeV  Difference: 2.3%
n M, =980.35 MeV Experimental: 958 MeV Difference: 2.3%

n.(1ls) M;=3081.1 MeV Experimental: 2979.7 MeV  Difference: 3.4%
nls) M,=9383.35 MeV  Experimental: 9388.9 MeV Difference: —6-10™*

The discrepancies between the theoretical values obtained from the sequence
and the experimental ones are probably at least partly explainable by electromag-

netic effects, which we do not deal with here.

5. Gauge Bosons

Consider the interaction vertex at which a boson B= W, %, H, of mass Mz cou-
ples two elementary fermions £, 4. The energy cost of producing a color pair is,
as seen in Section 3 (set £), 2a'nn & = 140.05 MeV. The idea we propose in this
Section is that, in the false vacuum state of the Higgs mechanism, the Bfi £ vertex
consists of a pool of index and color configurations, each of which contributes
equally, and independently of the others, to the minimum amount of energy re-
quired for the vertex to be actualized. This energy becomes the rest energy of the
Bgauge boson. We therefore have a pool of configurations for each Bboson. The

concurrence of the fermionic lines £, £ at the vertex selects the corresponding B
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boson whose rest energy, initially zero, becomes finite and equal to the energy
reserve constituted by the pool. The symmetry breaking is therefore interpreted
in terms of this mass acquisition. This assumption connects the Higgs mechanism
to the combinatorics of indices and colors from which, according to the scheme
seen in Section 2, the fermionic flavors £ and £ emerge.

The pool associated with the W boson contains the 64 pairs of elementary fer-
mions £, £ belonging to the same (unspecified) generation. Each of these cou-
plings includes 3 x 3 = 9 couplings between the internal colors of £ and £ (con-
sidering three colors for each of them). Because the complete equivalence of colors
and fermionic states, 7e. complete color and flavor symmetry, is assumed, the en-
ergy associated with all these couplings is 64 x 9 x 2a™'m & = 80.67 GeV.

This is therefore the energy that competes at the vertex of the process W — £
+ £. The Wboson can be selected only by the couplings that satisfy the conserva-
tion of the electric charge g, that is, such that g( W) = ¢(£) + g(£). This condition
does not define the generation to which the fermion belongs (this fact is at the
basis of flavour mixing) so that each fermion £ corresponds to a single fermion %,
a linear combination of the fermions of the same charge belonging to the three
generations (for example: if £ is the u quark, then £ is the & quark, a combination
of d, s, b). The number of possible a priori couplings between # and £ therefore
remains 64, despite the involvement of all three generations. In accordance with
our hypothesis, the rest energy of Wis therefore Muc* = 80.67 GeV. This value
differs by 0.36% from the experimental value of 80.385 + 0.015 GeV.

The pool associated with the Z boson contains the 24 pairs consisting of the 24
elementary fermions of the three generations and their corresponding antiparti-
cle. The energy assigned to the vertex under conditions of perfect symmetry be-
comes 24 X 9 x 2a'm & = 30.24 GeV. However, the constraint is insensitive to
the three cyclic color permutations applicable simultaneously to each member of
a pair; indeed, the exchanged color remains null. Including these configurations
in the energy reserve attributable to the vertex, this becomes 3 x 30.24 GeV = 90.72
GeV. This is the energy that competes for the vertex in the reaction 2, — £ + &£.
Therefore, in accordance with our assumption, we have Mz = 90.72 GeV. This
value differs by —0.51% from the experimental value of 91.1880 + 0.0020 GeV.

Before the symmetry breaking, there are therefore energy reserves that will be
subsequently converted into the masses of W*, W and 4. The energy reserve con-
stituted by their combination, which we will indicate with o; clearly amounts to
My + Mzn) = 252.06 GeV. If ois identified as a component of the Higgs vac-
uum, pair creation processes can occur at the zero kinetic energy limit such as o
— Hy + Hy, where Hj, the Higgs boson, is the quantum of the field. The mass of
this boson then turns out to be half of o; that is: Mmc = 126.03 GeV. This value
differs from the experimental one, 125.35 + 0.15 GeV, by 0.54%.

If we take the previously considered energy reserve of 80.67 GeV and triple it
by including in it, as distinct, the configurations deriving from the three genera-

tion of elementary fermions, we obtain a new reserve ¢’ of 3 x 80.67 GeV = 242.01
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GeV. Before symmetry breaking, the reserves o and ¢’ are energy amplitudes of
virtual fluctuations. By averaging them in quadrature, we obtain the expectation

value:

=247.09 GeV (5)

\/(242.01 GeV) +(252.06 GeV)’
2

which can be identified with the VEV of the Higgs field. The value (5) differs from
the usually accepted one of 246 GeV by 0.44%.

An interesting mass conversion process that can be hypothesized is: 20 - W*
+ W+ ¢ + £, (or the equivalent, even more symmetrical o+ 2= WA4HW 24, —
t + ), where trepresents the top quark. We then have M,& = o- My = (252.06
- 80.67) GeV = 171.39 GeV. This result is superimposable on the experimental
one 171.77 £ 0.38 GeV. Since the top quark does not form hadrons due to its fast
decay, it is the only one whose mass can be obtained directly from weak sector
through the conversion of o

To summarize: while all the pools of configurations which are percursors of the
gauge bosons and the ¢ pair are mutated in themselves by the cyclic permuta-
tions of the internal colors of £ and £, their behavior with respect to the conjuga-
tion of those same colors is different. The precursor pool of the Wis mutated into
the pool of conjugated configurations. This property is inherited from the Wsince
a conjugation of the colors of the fermions £, £ concurrent at a vertex mediated
by the W converts these fermions into their respective antifermions, and hence
the Winto its conjugate. The o pool is symmetric with respect to the conjugation
of the colors of £, £ and this property is inherited from the two H; bosons that
originate from it. In fact, a conjugation of the colors of the fermions £, £ concur-
rent at a vertex mediated by H, converts these fermions into their respective anti-
fermions, but leaves A, unchanged. By applying the same reasoning we note that
the precursor of 7 is self-conjugated, and that this property is inherited from Z,.
The pool 02 = (W' 24)(W %) undergoes, under the conjugation of the colors of
i, £, the interchange of the components (W*'%) and (W %); this property is
shared by their descendants ¢ and 7, which are interconverted by conjugation.
The pool ¢’ is converted into the pool of conjugated configurations. The VEV is
therefore the composition of a self-conjugated part (o) and another (o) that is
not. Only the former contributes to the mass of H.

It is certainly superfluous to underline the hypothetical and speculative nature
of the scheme outlined in this Section, which we present merely in the hope of
arousing interest for discussion. However, in defense of our argument, we believe
it is useful to point out that the suggested assumption seems to satisfactorily con-
strain the values of the masses generated by the Higgs mechanism, which would
otherwise appear as free parameters. Our argument leaves out the photon y be-
cause it remains subject to an exact U, gauge symmetry, and therefore maintains
zero mass. We also believe it is appropriate to recall that, from the standard for-

mulation of the Higgs mechanism:
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J2c?

g weak

VEV =

M Wc2 (6)

If the values of VEV and M)y are assumed to be constrained by the present ar-
gument, through (6) it is possible to estimate the weak coupling constant gyea
From this constant and from the expression e = gy sin(w), also derived from
the Higgs mechanism, which connects it to the elementary electric charge ¢, it is
then possible to derive the Weinberg angle &y. If the reasoning presented here is
correct, the value of these parameters is then constrained by the existence of in-
ternal colors, through the “three-and-two” rule which takes, in this context, the

form of the generation of o by triplings and its subsequent halving.

6. On the Genealogy of Coupling Constants

As seen in Section 2, the color property manifests itself on a spatial scale superim-
posable on the classical electron radius, r.. The relation between the energy asso-
ciated with this manifestation, Mc = Ad/r,, and the scale r. can be written in a
form that makes the coupling constant ¢*/fic explicit, namely M¢c = (¢/ hic)(hd r.),
where, in this specific case, ¢ = Ac. This relation can be generalized in the form
Mc = g(Aclr), where the right-hand side now represents the energetic cost of cre-
ating a set of physical quantities that, in the context of spontaneous quantum fluc-
tuations, dissociate and recombine on a spatial scale . The position g= ¢/Acis
still possible, where the square charge ¢ now depends on the interaction that me-
diates the dissociation and recombination of those quantities. With this choice,
the particular case in which the quantities involved are the internal colors is char-
acterized by having Mc = 70 MeV, r= r.and ¢ = ic. When the colors are mani-
fested externally, this description applies to a specific interaction, which is the
strong interaction at the confinement scale (up to factors of order 1, it is in fact
M = Agcep). The case of electric charges of the two signs corresponds instead to
M = my, the mass of the electron, r= r.and ¢ = ahc, where ais the renormalized
fine structure constant.

We note that the localization of an energy Mc = 70 MeV on a spatial scale r.

necessarily implies a gravitational self-interaction energy:

G(nY he

—H R 7
where Gis the gravitational constant, by virtue of the universality of the gravita-
tional interaction. The left-hand side of (7) can also be written in the form
(@¢hc)(Ad 1), setting ¢ = G(A/r.c)*. The interaction involved is now, of course,
the gravitational one. It turns out that the coupling constants of three different
interactions: strong (at the confinement limit), electromagnetic and gravitational
are different expressions of the single constant g that appears in the general rela-
tion MZ = g(Ad'r.). In principle, a running of g can exist. In fact, let us consider

the Callan-Symanzik equation in the form:
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g = 8o (8)

E
1- log| —
e

where g is the coupling constant at the infrared cutoff defined by (7):

_ G(her,)
hic

e

EOR

; g=g(E,) 9)

and E'= Acd/xis the energy associated, by the uncertainty principle, with the spatial
domain of extension x. For x = R, it is £= F, and therefore g= g. For x= r it is
E= Er= Adr.>> E), so g~ gr= —1/[alog(E/ E)]. If we require that grbe the value
of the coupling constant of the electromagnetic interaction, then gs~ a. This im-
plies a < 0. Setting a = —1/log(2), we have gr= a, as required, if:

1

R=2%r (10)

c

Up to factors in the order of unity, we can interpret Ras the radius of curvature
of cosmological space. The radius R can then be connected to the cosmological
constant A through the natural relation A = 3/R’. The Equation (7) then allows a
theoretical prediction of the value of A, of course in order of magnitude, the result
of which is 4.1 x 107° cm™2, being R = 3.03 x 10* r. = 8.54 x10%” cm. This result is
in agreement, in order of magnitude, with that provided by cosmological obser-
vations, which amounts to 1.10 x 107 cm™ [16]. On the other hand, inserting
into (10) the experimental value of R, estimated from the experimental value of A
= 1.10 x 107 cm™ through the relation R = (3/A)"? = 1.65 x10% c¢m, and the
nominal value of r, = 2.81 x 107" cm, we obtain a = 1/135.44. This result is super-
imposable with the running value of the electromagnetic fine structure constant
at the energy E; The “preferred” role of the binary logarithmic base seems to al-
lude to an informational meaning of 1/a, linked to the localization of the charges
in space. This allusion suggests the following speculation.

Let us imagine that the initial state of the Universe is represented by a maxi-
mally symmetric space with constant radius of curvature x, quantum variable de-
localized on the interval [0, R]. This space will be, by hypothesis, a reservoir of
energy in the form of quanta vibrating in the ground state with frequency d'x,
maximally delocalized. This results in a condition of maximum isotropy and spa-
tial homogeneity. Each value of x will correspond to a value of gaccording to (8).
As x decreases, the energy E for each quantum will increase, but this increase will
be compensated by the decrease in the number N of fundamental oscillations, so
as to keep the energy balance unchanged.

Now, the point is that only for x < r. will the energy E be sufficient to be con-
verted into processes of creation of internal colors and charges. Therefore, only
for x< r.can the creation of material particles take place. On the other hand, while
color charges manifest themselves confined in globally neutral or “colorless” ag-
gregations, the genesis of electric charges requires an open space in which the for-
mation of infinitely extendable electric lines of force is possible. This space must

be any space tangent to the closed space of radius x = r.. Such “private” tangent
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spaces, each associated with a fundamental observer, will be connected to each
other by global coordinate translations on the “public” space of radius x = r, for
example by projectivity. The private space of a fundamental observer will then be
the phenomenal cosmological space, within which he/she will coordinate remote
events up to a “cosmological horizon” placed at distance R, the infrared cutoff
established by (7). According to conventional cosmology, this space will be ex-
panding.

The initial situation, represented by the nucleation of particles within a domain
of extension ~ r. in private space, will constitute a non-singular big bang. Spaces
of radius x with r. < x< Rwill constitute the “pre-big bang” state of cosmological
evolution. It should be noted that, as a consequence of the homogeneity and isot-
ropy of the physical situation in these spaces, the big bang will also be homogene-
ous and isotropic. However, since the nucleation of charges and particles is a sta-
tistical phenomenon, it will introduce inhomogeneities that will become the seeds
for the subsequent evolution of structures.

In the transition from x= Rto x = r. the number N of fundamental oscillations
undergoes a decimation and the binary logarithm of the selection ratio, as can be
easily seen from (10), is 1/a. This number therefore represents the information
acquired in the process of selection of the fundamental oscillations, which consti-
tutes the premise for the nucleation of charges in the big bang and the emergence

of the phenomenal world.

7. Conclusions

The astonishing predictive power of the Standard Model is powerless to explain
its free parameters, and the numerous numerical coincidences between these pa-
rameters that appear physically significant; but also to physically justify its very
basis states. In this article, we have quietly addressed at least two of these “mys-
teries”. The first, which has remained unsolved since the time of the historic ex-
periment by Pancini, Piccioni and Conversi [17], is the existence of a replica of
the electron, the muon. The question arises as to how it is possible for two parti-
cles, characterized by the same behavior in relation to their main interaction with
the external world, the electromagnetic one, to have such a significant difference
in mass. If this difference is attributable to their different coupling with the VEV
of the Higgs field, as is usually accepted today, it must originate from their internal
characteristics that have no effect on the dynamics expressed by the SM Lagran-
gian. Or at least, with no effect other than the mere definition of the fermionic
flavor; which makes these features uninvestigable through extensions of SM dy-
namics.

Another disturbing mystery is the concordance of the classical radius of the
electron with the effective action radius of the strong force. We have hypothesized
an internal color of elementary fermions that can be excited above an energy
threshold given by the reciprocal of the classical radius of the electron, expressed

in natural units. The excitation of this degree of freedom can lead to the produc-
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tion of states in which the color remains unobservable, the lightest of which is
represented by the muon. Or it can lead to the production of bound states of ob-
jects with external color (quarks), the lightest of which is the pion. As illustrated
in Sections 1-3, it is possible on this basis to explain both the existence of the muon
and its difference in mass with respect to the electron. But we also have a common
basis for the mass spectra of hadrons and charged leptons, including the muon;
and, therefore, a representation of the fundamental unity of the electromagnetic
force and the strong force that appears to be deeper than that obtainable from
the—in any case fruitful —unification of their symmetry groups. The first, in fact,
seems to constitute the root and the necessary completion of the second. For the
reasons already expressed, this completion does not require a modification of the
SM Lagrangian.

As can be easily verified by retracing the line of argument, the different mass
scales discussed in the Introduction all ultimately reduce to one: the electron mass
m. If we set my; = 0, the mass of all charged leptons is automatically zeroed as a
consequence of (2). Furthermore, the color excitation energy scale a™*m ¢, which
is the basis of (3), is zeroed; the masses of all pseudoscalar mesons are, conse-
quently, zeroed, because r. = c. This in turn implies an exact flavor unitary sym-
metry, which reduces the quark mass spectrum to a single point. This symmetry
expresses the invariance of the fermionic mass with respect to the value of the
indices associated with the internal colors, with the consequence that the only sur-
viving mass value for quarks should be the same as that of the electron, ie., zero.
Finally, the position m, = 0 implies the cancellation of the energy reserves associ-
ated with the weak interaction vertices, with the consequent cancellation of the
masses of the gauge bosons and of the VEV (Section 5).

When approaching the study of the Higgs mechanism for the first time, it is
almost impossible to avoid a feeling of discomfort; in fact, one first hypothesizes
a cosmic state of perfect gauge symmetry with zero masses, only to then artificially
break this symmetry through a redefinition of the vacuum. The narrative pre-
sented in this paper can perhaps help in overcoming this uncomfortable condi-
tion. In fact, saying that the expectation value of the vacuum is different from zero
is equivalent to affirming nothing more than the mass of the electron is finite. This
equivalence makes no longer necessary to consider the breaking of symmetry as
an actual physical event that occurred in the past, because it can be reinterpreted
as a mere logical step necessary for the reconstruction of the necessary relation-
ships between the masses of elementary particles. Relationships that are expressed
by Equations (2), (3) and by the relations reported in Section 5.

Naturally, this line of reasoning does not exclude the possibility that in the Uni-
verse’s very remote past, a few moments after the Big Bang, the state of matter
could indeed be expressed by exactly gauge-invariant laws. And that, subse-
quently, a quantum fluctuation actualized by a quantum jump induced, as a real
physical phenomenon, a redefinition of the vacuum. The point we wish to em-

phasize, however, is that in the present state of affairs, the true nature of the sym-
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metry breaking seems more easily interpreted as a logical step consistent with the
reconstruction of a general architecture of masses. This architecture would be ne-
cessitated by the existence of internal degrees of freedom of elementary fermions,
such as the aforementioned indices and internal colors.

From this perspective, the symmetric state would be that of energetically de-
generate and non-interacting configurations of colors and indices, which give rise
to agglomerations that constitute the precursors of both elementary fermions (sin-
gle or associated in hadrons) and their interaction vertices. The essence of the
Higgs mechanism then becomes the conversion of the energy of these agglomer-
ations of properties (indices and colors) into spatially localizable blocks of mass,
that is, into the elementary particles described as the basis states (elementary fer-

mions and gauge bosons) of the Standard Model.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References
[1] Boya, L.J. and Rivera, C. (2011) On the Masses of Elementary Particles. Physics of
Particles and Nuclei, 42, 800-811. https://doi.org/10.1134/s1063779611050030

[2] Zyla, P.A,, et al (2020) (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01.
https://pdg.lbl.gov/2020/

[3] Sidharth, B.G. (2005) The Elusive Mass Spectrum. In: Sidharth, B.G., Ed., The Uni-
verse of Fluctuations, Springer, 145-155. https://doi.org/10.1007/1-4020-3786-4 9

[4] Greulich, K.O. (2010) Calculation of the Masses of All Fundamental Elementary Par-
ticles with an Accuracy of Approx. 1%. Journal of Modern Physics, 1, 300-302.
https://doi.org/10.4236/imp.2010.15042

[5] Hansson, J. (2014) On the Origin of Elementary Particle Masses. Progress in Physics,
10, 71-73.

[6] Mashford, J. (2024) Computation of the Masses of the Elementary Particles. AZP Ad-
vances, 14, Article ID: 015007. https://doi.org/10.1063/5.0177079

[7] Varlamov, V.V. (2023) Group Theory and Mass Quantization. arXiv: 2311.16175v1.

[8] Varlamov, V.V. (2017) On Algebraic Structure of Matter Spectrum. arXiv:
1608.04594v1. http://arxiv.org/abs/1608.04594v1

[9] Chiatti, L. (2012) A Possible Model for the Mass Spectrum of Elementary Particles.
Physics Essays, 25, 374-386. https://doi.org/10.4006/0836-1398-25.3.374

[10] Chiatti, L. (2023) Parity Violation as a Possible Indication of a Pre-Spatial Order Un-
derlying the Standard Model. International Journal of Quantum Foundations, 9, 158-
173. https://ijqf.org/archives/6870

[11] Nambu, Y. (1952) An Empirical Mass Spectrum of Elementary Particles. Progress of
Theoretical Physics, 7, 595-596. https://doi.org/10.1143/ptp.7.5.595

[12] Barut, A.O. (1979) Lepton Mass Formula. Physical Review Letters, 42, Article 1251.
https://doi.org/10.1103/PhysRevLett.42.1251

[13] Barut, A.O. (1980) Stable Particles as Building Blocks of Matter. Surveys in High En-
ergy Physics, 1, 113-140. https://doi.org/10.1080/01422418008228081
[14] Acharya, R. and Nigam, B.P. (1981) Lepton-Quark Symmetry and Barut’s Lepton

DOI: 10.4236/jhepgc.2026.121001

15 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121001
https://doi.org/10.1134/s1063779611050030
https://pdg.lbl.gov/2020/
https://doi.org/10.1007/1-4020-3786-4_9
https://doi.org/10.4236/jmp.2010.15042
https://doi.org/10.1063/5.0177079
http://arxiv.org/abs/1608.04594v1
https://doi.org/10.4006/0836-1398-25.3.374
https://ijqf.org/archives/6870
https://doi.org/10.1143/ptp.7.5.595
https://doi.org/10.1103/PhysRevLett.42.1251
https://doi.org/10.1080/01422418008228081

L. Chiatti

(15]

(16]

(17]

Mass Formula. Lettere Al Nuovo Cimento Series 2, 31, 437-438.
https://doi.org/10.1007/bf02776172

Nigam, B.P. (1990) Quark Masses Using Barut-Like Mass Formula. Journal of Physics
G: Nuclear and Particle Physics, 16, 1553-1555.
https://doi.org/10.1088/0954-3899/16/10/019

Aghanim, N., Akrami, Y., Ashdown, M., Aumont, J., Baccigalupi, C., Ballardini, M.,
et al. (2020) Planck 2018 Results. VI Cosmological Parameters. Astronomy & Astro-
physics, 641, A6. https://doi.org/10.1051/0004-6361/201833910

Conversi, M., Pancini, E. and Piccioni, O. (1947) On the Disintegration of Negative
Mesons. Physical Review, 71, 209-210. https://doi.org/10.1103/physrev.71.209

DOI: 10.4236/jhepgc.2026.121001

16 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121001
https://doi.org/10.1007/bf02776172
https://doi.org/10.1088/0954-3899/16/10/019
https://doi.org/10.1051/0004-6361/201833910
https://doi.org/10.1103/physrev.71.209

	The Invisible Color: A Doorway to Particle Masses?
	Abstract
	Keywords
	1. Introduction
	2. Indexes and Colors
	3. Charged Leptons
	4. Hadrons
	5. Gauge Bosons
	6. On the Genealogy of Coupling Constants
	7. Conclusions
	Conflicts of Interest
	References

