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Abstract

In this paper, we present a compelling alternative to the Standard Model’s Higgs mechanism.
Our framework is built on two core principles: 1) the mass of particles originates from the self-
energy of their associated gauge fields, where composite particles exhibit effective charges arising
from gauge dynamics, and 2) certain massive bosons are composite systems. We model the Z° and
HO bosons as the ground and first excited states of a composite WHW~ system. The most powerful
aspect of this work is our striking, model-independent prediction: the binding distances of Z° and
HO are related by rg ~ 2ry. This relationship naturally explains their spin difference—vector Z°
(S = 1) and scalar H? (S = 0)—as triplet and singlet states of the WHW~ system. Our model
makes concrete, falsifiable predictions, including a second excited state with a predicted mass of
approximately Z{ ~135.4 GeV. The search for this resonance at future colliders constitutes a crucial
test that could serve as key experimental evidence for questioning fundamental assumptions about
electroweak symmetry breaking. By identifying Z° and H° as different states of the same underlying
system, we explain their masses without invoking the Higgs field, thereby resolving the vacuum
energy fine-tuning problem. The Higgs mechanism appears to be an unnecessary construct, as the
problem it addresses finds a more natural solution in the inherent properties of effective charges
emerging from gauge dynamics and composite structures.

1. Introduction

1.1. The triumph and crisis of the standard model

The Standard Model (SM) of particle physics stands as one of the most successful scientific theories, cul-
minating in the experimental discoveries of the W+ | W~ | and Z° bosons, which mediate the weak force [1,/2],
and the subsequent discovery of a scalar particle at approximately 125 GeV/c? at the Large Hadron Collider
(LHC) [3,/4]. This particle was identified as the long-sought Higgs boson, the final missing piece of the SM
puzzle. The Higgs mechanism, which postulates a ubiquitous Higgs field, was celebrated for providing a means
for fundamental particles, particularly the W and Z bosons, to acquire mass while preserving the underlying
gauge symmetries of the electroweak theory [5H7].

1.2. A cascade of puzzles: From mass hierarchy to the vacuum catastrophe
Despite its monumental success, the Higgs mechanism introduces a cascade of profound theoretical challenges
that suggest it is an incomplete description of nature. The most prominent issues include:

e The arbitrariness of fermion masses: The model does not predict the mass of any fermion. Instead, it
accommodates them by introducing a separate, experimentally determined Yukawa coupling constant for
each particle. The reason for the vast hierarchy of these couplings, spanning over five orders of magnitude
from the top quark to the electron, remains a complete mystery.

e The hierarchy and naturalness problem: The Higgs boson’s mass itself presents a severe hierarchy
problem, a major challenge to the principle of “naturalness”. Quantum corrections from virtual particle
loops should drive the Higgs boson’s bare mass to the highest possible energy scale, presumably the
Planck scale (Mp ~ 10'° GeV/c?). For the observed mass of 125 GeV/c? to be possible, the bare mass
must be fine-tuned to cancel these enormous quantum contributions with an incredible, almost perfect
precision [§].
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e The massless neutrino prediction: The SM, in its original formulation with the Higgs mechanism,
predicts that neutrinos are massless. However, the discovery of neutrino oscillations provides incontro-
vertible evidence that they possess a small but non-zero mass [9,[10]. While this can be accommodated
through ad-hoc extensions to the model (like the seesaw mechanism), it is not a natural prediction and
strongly suggests that the vanilla Higgs mechanism is incomplete.

e The vacuum energy catastrophe: The most severe of these issues is the vacuum energy problem. The
non-zero vacuum expectation value (VEV) of the Higgs field implies a colossal energy density in empty
space [L1]. Theoretical calculations predict this energy density to be vastly larger than the observed
cosmological constant |12,[13], with a discrepancy of approximately 105 orders of magnitude. To reconcile
this, one must again resort to a fine-tuning explanation, postulating an unknown mechanism that cancels
the Higgs vacuum energy with extraordinary precision.

Taken together, these issues strongly suggest that the Higgs mechanism is not a final, fundamental theory,
but perhaps an effective description awaiting a deeper explanation.

1.3. An alternative paradigm: Mass from self-energy and composite bosons

We explore the hypothesis that the mass of fundamental particles arises not from an external field, but
from intrinsic properties: their gauge self-energies corresponding to all charges they carry. For particles with
multiple gauge charges, this includes electrostatic, weak, and strong self-energy components, where composite
particles exhibit effective charges arising from gauge dynamics. Based on the principles of gauge field theory and
Einstein’s mass-energy equivalence E = mc? [14], the very existence of spatially distributed charges of various
types necessitates positive self-energies, which in turn manifest as mass.

Furthermore, we extend this reasoning to the electroweak bosons. We will demonstrate that the neutral
7Y boson can be elegantly described as a composite particle—a bound state of a W+ and a W~ boson. The
model shows that the observed mass of the Z° can be explained by the mass of its constituents combined with
their negative electromagnetic binding energy. Following this logic, we argue that the 125 GeV scalar particle
discovered at the LHC is not the fundamental Higgs boson, but rather another, less tightly bound “excited
state” of the same W, W™ system. This composite model provides a mechanism to calculate the masses of
these bosons from first principles, a feat the Standard Model cannot achieve for the Higgs boson.

The objective of this paper is not to present a complete quantum field theory capable of describing every
reaction and decay channel of the Z° and H® bosons. Rather, our purpose is to demonstrate that a simple,
physically-intuitive model, grounded in first principles, can reveal fundamental inconsistencies in the prevailing
paradigm. We utilize this semi-classical framework as a tool to highlight a critical point: that the standard
assumption of the Higgs boson as an elementary particle may be flawed at its very foundation, and that a more
parsimonious reality could exist.

By attributing mass to intrinsic self-energy and composite structures, this framework obviates the need for
a Higgs field. Consequently, the severe vacuum energy problem and the associated need for artificial fine-tuning
are naturally resolved. This paper aims to develop this alternative model, presenting a more parsimonious and
potentially more fundamental explanation for the origin of mass.

2. An Alternative Model for Mass Generation

2.1. The principle: Mass from self-energy

We begin by postulating a principle that diverges fundamentally from the Higgs mechanism. Instead of
acquiring mass from an external field, we propose that a particle’s rest mass is an intrinsic property, arising
from the self-energy of the fundamental fields associated with it [15]. This concept is rooted in the principles
of integral calculus and Einstein’s mass-energy equivalence, E = mc? |14].

Any particle possessing a charge (be it electric, color, weak, or even mass itself) can be conceptualized as a
spatially distributed field of that charge [15]. The total energy of this field—its self-energy—can be found by



Figure 1: Since all charge @ is a set of infinitesimal charge d@ and and each d@ is also a source of
electromagnetic force, there is an electrostatic potential energy between each d(@). Since electrostatic
self-energy is a positive energy, the object has a positive equivalent mass by the presence of charge Q)
alone.

integrating the interaction energy over all pairs of its infinitesimal constituents. In gravity and electromagnetism,
for a spherical particle of radius R, this self-energy generally takes the form

Uself _ 5 ) GcouplingQ?:harge (1)
R
where 3 is a geometric factor (e.g., 3/5 for a uniform sphere), Geoupiing represents the coupling constant
of the corresponding interaction, and Qcparge Tepresents the “charge” of that interaction. Note that the above
expression applies strictly to interactions with a 1/r potential, such as gravity and electromagnetism. For short-
), this
form is valid only in the extreme short-range limit (r < 1/m), and the actual self-energy has a more complicated
dependence on R.
This principle implies the existence of multiple self-energy components for any given particle:
1) Gravitational Self-Energy (Ugs): Arising from the particle’s mass.
2) Electrostatic Self-Energy (Ues): Arising from its electric charge.
3) Strong Self-Energy (Uss): Arising from its color charge.
4) Weak Self-Energy (U, s): Arising from its weak charge.
The total rest mass of a particle, therefore, is the sum of these self-energy contributions.

range forces like the strong and weak interactions, where the potential is of Yukawa type (V(r) x ¢

—mr
T

me® =3 Usety = Ugs + Ues + Uss + Uns + ... (2)

It is crucial to clarify the scope of this assertion. While the mass of a composite system (like a proton)
includes the internal kinetic and binding energies of its constituents, our model posits that for a fundamental
particle, the rest mass itself is the physical manifestation of its total self-energy .

This framework provides a direct, physical mechanism for the origin of mass, rooted in the known forces of
nature.

2.2. Application to quarks: From a simple model to a comprehensive one

In this section, we apply the self-energy principle to the quark family to test the validity of the model.
We begin by examining the fundamental relationship between mass and radius through a simple model that
considers only electrostatic self-energy. We then extend this to a comprehensive model that incorporates strong
self-energy.

2.2.1. A first approximation: Quark radii from electrostatic self-energy

As a first-order approximation, we can hypothesize that a quark’s mass arises solely from its electrostatic
self-energy, myc? = U,s. Based on the classical formula for the self-energy of a uniformly charged sphere, we
can derive the effective radius R.s for each quark.
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Using the known masses and charges of the six quarks, we can calculate their respective radii. The results,
summarized in the table below, reveal an intriguing pattern.

Quark | Mass (MeV/c?) | Calculated Radius R (m)
Up ~ 2.2 ~16x10"10
Down ~ 4.7 ~2.0x 10717
Strange ~ 95 ~1.0x10"18
Charm ~ 1,270 ~3.0x 1071
Bottom ~ 4,180 ~23x107%
Top ~ 173,000 ~2.2x1072

Table 1: Calculated effective radii (R) for the six known quarks, assuming mass originates solely from
electrostatic self-energy. The values are derived from a simplified model and cited from prior work [16].

This simplified model suggests that the quark mass hierarchy is deeply connected to the
particle’s size, showing a systematic decrease in radius by approximately an order of magnitude
for each generation. [16]

It is worth noting that this observed pattern, where the radii change by approximately a factor of ten, might
be perceived by some as a mere artifact of our decimal (base-10) numeral system. To address this potential
misconception, it is more rigorous to describe the pattern on a logarithmic scale.

For instance, a radius of approximately 10~'"m, 10~'8m can be expressed on a base-10 logarithmic scale as
logy(107'7) = =17 = (—16) + (1) (4)

log;9(107'5) = 18 = (—17) + (1) (5)

This value can be seen as a step from the previous state, (—16) + (—1), highlighting that the progression occurs
in constant increments of -1 on this logarithmic scale.

This regularity of constant additive steps in a logarithmic space is a fundamental property of the relationship
and is independent of the choice of numeral base. Changing the base would alter the numerical value of the
step (e.g., to approximately -3.32 in base-2), but the consistency of the steps—the pattern itself—would remain.
This suggests that the observed multiplicative scaling may be a physical characteristic, rather
than a mere numerical coincidence.

2.2.2. A comprehensive model including strong self-energy
To construct a more physically realistic model, we posit that a quark’s mass arises from the sum of its
electrostatic and strong self-energies: mq02 = Uegs + Uss

The self-energy of a particle is derived from the net interaction among its own infinitesimal constituent
parts. While a charged sphere has a positive electrostatic self-energy due to the repulsion of like-signed charges,
we must extend this principle to the strong force for quarks. A single quark (e.g., a "red” quark) must be viewed
as a distribution of "red” color charge. Therefore, its self-energy must be derived from the repulsive potential
between its constituent like-colored parts.

The phenomenological Cornell potential, V(r) = —A/r + Br, successfully describes the interaction between
different color charges (e.g., a quark and an anti-quark), where the net color factor is positive, leading to
attraction. However, for the self-energy of a single quark, we must consider the interaction between like color
charges. According to Quantum Chromodynamics (QCD), the color factor for this repulsive interaction is



negative [17]. We argue that this color factor applies to the entire potential, unifying its components under a
single principle. The effective potential for calculating strong self-energy is therefore

A’ Al
s/elf—energy =C- Veornen = (_) . <—T + BT) = +7 — Br (6)

By translating this effective potential into self-energy terms and adding the electrostatic component, we
arrive at the comprehensive mass equation:

A Br
R R

where f3 is the geometric factor (3/5), and R is the effective radius. This can be rearranged into a quadratic
equation for R.
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BBR* + (my,c®)R — B(k.Q* + A') =0 (8)

Solving this equation for R using the known masses of the six quarks from the Particle Data Group |1§]
and standard parameters for the strong force, we calculate their respective effective radii. The results are
summarized in the table below.

Quark | Mass (MeV/c?) | Calculated Radius R (fm)
Up ~~ 2.2 ~ 0.33

Down ~ 4.7 ~ 0.32

Strange ~ 95 ~ 0.27

Charm ~ 1,270 =~ 0.08

Bottom ~ 4,180 ~ 0.02

Top ~ 173,000 ~ 0.0005

Table 2: Calculated effective radii (R) for the six known quarks using the comprehensive self-energy
model. The values are solutions to the quadratic self-energy equation using the phenomenological
strong force parameters A’(~ 98.65 MeV - fm), B (=~ 0.18 GeV?) [18]. This effective radius represents
the scale of the “dressed” quark’s virtual particle cloud, which constitutes its mass, and is distinct
from the point-like interaction radius (< 10~!?m) probed in high-energy experiments.

Significantly, this comprehensive model successfully calculates a physically coherent radius for all six quarks.
Each calculated radius is substantially smaller than the size of a nucleon (~ 0.8 fm) [17], satisfying
the fundamental condition of confinement.

Furthermore, the model reveals a physically intuitive pattern. The two foundational quarks, up and down,
are found to have nearly identical radii (= 0.33 fm), reflecting their similar masses and their symmetric role in
constructing stable matter. For heavier quarks, the radius systematically decreases as the mass increases. The
success of this model suggests that the self-energy framework, when guided by the fundamental principles of
QCD, provides a powerful and consistent mechanism for understanding the origin of the quark mass hierarchy.

2.3. Why the model succeeds for quarks and fails for free leptons: Environmental effects

It is important to address why this simple model finds remarkable success with quarks, yet seems to fail for
leptons like the electron. The key difference lies in their respective environments. Quarks have a confining force,
and are thus permanently confined within hadrons. In addition, they constantly interact with other quarks and
gluons [17]. This environment of ceaseless interaction acts as a continuous “quantum measurement”, which
forces the quark’s wave function to remain localized [19], thus preserving a well-defined effective radius.

Free leptons, such as electrons, are fundamentally different. Unlike quarks, they are not subject to a
confining force that continuously localizes their position. In the absence of such a force, their wave function
can spread out significantly, making a classical, stable radius ill-defined. The mass of a free electron is therefore



better understood through the lens of Quantum Electrodynamics (QED), where its “bare mass” is dressed by
the effects of vacuum polarization, or screening [20]. Our model, therefore, applies most accurately to particles
that are continuously localized by a confining force, a condition perfectly met by quarks but not by free leptons.

2.4. Application to the mediators of the electroweak interaction

Since we have confirmed the model’s feasibility using the quark mass hierarchy, we now turn our attention
to the massive vector bosons that mediate the electroweak interaction: W+, W=, and Z° bosons [17]. This step
is crucial for evaluating whether our framework can offer a viable alternative to the Higgs mechanism.

Unlike quarks, which are confined, W bosons are free particles that possess both electric charge (which
interacts via electromagnetism) and weak charge (which interacts via the weak nuclear force). A complete self-
energy model must therefore account for contributions from both interactions. For clarity and to demonstrate the
robustness of our conclusions, we will first analyze a simplified model before proceeding to a more comprehensive
one.

e A first-order model: Dominance of electrostatic self-energy

As a simplified demonstration, we can initially examine the electrostatic component alone, recognizing
that the complete W boson mass includes both electrostatic self-energy and effective weak self-energy
arising from the underlying gauge dynamics. This electrostatic calculation provides a baseline for un-
derstanding the spatial scale of these composite particles. Using the experimentally measured mass of
my ~ 80.4G6V/C2 and a charge of Q@ = t1e, we calculate their effective radius ry as

3( 1 (£le)’
rw o= - ( (tle) ) ~ 1.07 x 107 2m 9)

5 \ dmeg myyc?

This simple model provides a baseline radius for the W boson based on its electric properties alone.

e A comprehensive model: Including weak self-energy

A more rigorous approach, in line with the principles of gauge theory, acknowledges that the W boson’s
total mass arises from the sum of its electrostatic and weak self-energies. The electrostatic self-energy
(Ues) is given by the classical formula U.s = BkegQ, where 3 is a geometric factor (3/5 for a uniform
sphere). In particle physics, this is more fundamentally expressed using the fine-structure constant, aep,.

The term k.e? is equivalent to c,,hic, making the electrostatic self-energy U, = g“;Ti,:”c

This logic extends to the weak self-energy (Uw.seir). Since the self-energy of the W boson is repulsive,
the sign of the Yukawa potential must be positive (+).

myyer
e n awhe _ _=
Uw,setf = +8iy e (10)

m';lv - is the Compton wavelength, which represents the range of the weak force.

Here, Ry =
In cases where the distance between interacting particles is very short (r < Ry ), much smaller than the
range of the weak force, as in the model we are considering, we can approximate the exponential part of

the function using the Taylor series.

aw he T
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The above potential describes the interaction between the constituent parts of the particle. To obtain
the total self-energy (my-c?), which represents the energy of the entire system, this potential must be
integrated over the particle’s volume. This integration introduces a geometric structural coefficient 3.
For the uniform spherical distribution assumed in our model, 5 = 3/5. Applying this coefficient yields
the final mass-energy formula.

hc
™w

mwe? =B <(ozem +aw)—; — awmwcz> (14)

Rearranging this equation to solve for the refined radius ry/’, yields

r I _ 6hc(aem, + aW)
W mwc2(1+ Baw)

(15)

Using the known coupling constants (aen, = 1/137, aw = 1/29.5, 3 = 3/5), we find a new, more precise
radius for the W boson.

riw’ ~5.934x 1072 m (16)

This provides our most accurate radius for the W boson, based on a comprehensive self-energy model
that incorporates a more precise treatment of the weak force at short distances.

2.4.1. The challenge of the neutral Z° boson

Both of these models, however, present an immediate and crucial challenge when applied to the neutral
7" boson. As a particle with zero net electric charge and zero net weak isospin, a naive application of our
self-energy model would predict a mass of zero.

Uself(Qnet - 0) =0= mz = 0 (17)

This prediction is in direct and stark contradiction with the experimentally measured mass of the Z° boson,
myz ~ 91.187GeV />,

This apparent failure is not a weakness, but rather a powerful clue that points toward a
deeper structure. It strongly implies that the Z°’s mass must originate from a different mechanism, or,
more provocatively, that the Z° itself is not a fundamental particle [16] in the same sense as the charged
W bosons. This opens the door to the hypothesis that the Z° is a composite system, whose mass arises from
the interplay of its constituent parts.

This possibility—that the Z° is a bound state of a W and W~ pair—will be the central topic of the
following section. There, we will develop a composite model for both the Z° and the 125 GeV scalar particle,
demonstrating how their masses can be calculated from this underlying structure, and we will test this hypothesis
using the parameters derived from both the simple and comprehensive models of the W boson.

3. The Composite Boson Model: The 7' and Higgs as W W~
Bound States

The failure of the self-energy model to account for the mass of the neutral Z° boson provides a powerful
impetus to reconsider its fundamental nature. This section puts forth a radical yet internally consistent hy-
pothesis: that both the Z° boson and the 125 GeV scalar particle are not fundamental entities, but are in fact
different bound states of a W' and W~ boson pair. This concept of particle spectroscopy, where a system
exhibits a ground state and a series of excited states, is well-established in the study of quarkonium [21}/22].

To rigorously test this hypothesis, we will analyze it through two lenses: a first-order model based on the
principles of electromagnetism, and a more comprehensive model that incorporates the weak nuclear force.



3.1. Analysis with a first-order model: Electrostatic interaction
As a first approximation, we propose that the binding force between the W+ and W~ bosons is primarily
electrostatic. This model must satisfy the fundamental conservation laws of charge and energy-mass.

e Charge conservation: The combination of a W+ (charge +1e) and a W~ (charge -1e) results in a net
charge of zero, perfectly matching the neutrality of the Z° boson.

(+1le) + (—1le) =0

e Mass and energy conservation: The Z°’s mass must be the sum of the constituent masses of the W+
and W~ bosons, minus the mass equivalent of their negative binding energy.

TnW‘*'C2 + TnVV—C2 + Ubinding = 'n”LZOC2 (18)

Using the experimentally measured masses (my ~ 80.379GeV/c” and my ~ 91.188GeV /c®) 18], we can
solve for the required binding energy.

(80.379 GeV) + (80.379 GeV) + Upinding = 91.188 GeV (19)

Ubinding = 91.188 GeV — 160.758 GeV = —69.570 GeV (20)

3.1.1. The Z° boson as the ground state
If we assume this strong negative binding energy corresponds to the electrostatic potential energy between
the WT and W~ particles, we can calculate the separation distance, rz, that would produce this energy.

k.e?
Ubinding = - (21)
Tz
2 1.44 x 1079 eV -
ry = - fec” 141X 10 GX = ~2.070 x 1072°m (22)
Ubinding —69.570 x 10”7 eV
2. 10720
rz 070 x 10**m ~193 (23)

rw  1.07x107m

This result is highly significant. The calculated separation distance rz ~ 2.070 x 1072%m is remarkably
close to twice the effective radius of a single W boson calculated from the simple electrostatic model in Section
2.4 (ry ~ 1.07 x 1072m). This suggests a clear physical picture of the Z° as two W-boson “spheres” in direct
contact, representing the most tightly bound and stable configuration possible—a true ground state.

3.1.2. The H? particle as the first excited state
We now apply this identical logic to the 125.100 GeV scalar particle [18], hypothesizing it is the first excited
state of the same WTW~ system. Its required binding energy is

Ubinding = 125.100 GeV — 160.758 GeV = —35.658 GeV (24)
The separation distance ry7, corresponding to this weaker binding is
kee?
Ubinding/ = - (25)
TH
kee? 1.44 x 1077 eV -
o= ¢ 2 O 4038x10°m (26)
Ubinding —35.658 x 10” eV

r 4.038 x 1072%m
A ~1.95 (27)
rz 2.070 x 107*"*m
The physical implication of this result is profound. This separation distance is, strikingly, almost exactly
twice the separation distance calculated for the Z° boson (rg &~ 2rz). This simple integer relationship strongly
suggests a quantized structure.



3.2. A comprehensive model and the robustness of the prediction

While the first-order electrostatic model is intuitive, a more rigorous approach must acknowledge that W
bosons also interact via the weak force. This interaction is described by a Yukawa potential, which accounts for
its short-range nature. For the attractive force between a W* and W™ pair, the potential is

h
U (r) = — W1 o=r/Ruw (28)
T
where Ry = mz/ - is the Compton wavelength of the W boson. For the extremely short distances considered
in this model (r < Ry ), we can employ a first-order approximation for the exponential term e™* ~ 1 — z.
This yields a modified weak potential.
aw he r awhe

Uw(r) ~ — W (1 - > = VT awmwe? (29)

r Ry r

This introduces a constant, positive energy term (=~ +2.717 GeV) to the potential. The total binding energy
is now the sum of the electromagnetic potential and this modified weak potential.

he
Utotal(r) =Uem (T) +Uw (T) = 7(aem + O‘W)? + O‘Wf'nVVC2 (30)

To find the binding distances, we must now solve for the 1/r component of the potentia (U; /,.) by subtracting
the constant weak energy term from the total binding energy determined by experimental masses.
For the Z° boson (Total Binding Energy = -69.570 GeV)

Uyjr = —69.570 GeV — 2.717 GeV = —72.287 GeV (31)
/ he —19
1z = ———(Cem + o) ~ 1.122 x 107 m (32)
Ul/r

Now, let’s compare this to the new effective radius of the W boson ry’ ~ 5.934 x 1072%m, which was
calculated in the previous chapter using the comprehensive self-energy model (including the weak force correction
term).

rz’ 1122 x 10 "m

~ 1.890 (33)

rw’  5.934 x 10720m

Figure 2: Schematic of the Z° boson as the ground state of a WHW~ composite system.
The figure depicts the W and W~ bosons in direct contact, representing the most stable, tightly
bound configuration. This physical picture corresponds to our calculation where the binding distance
rz' is found to be approximately twice the effective radius of a single W boson (rz’ ~ 2ry’). This
configuration corresponds to the triplet spin state (S = 1).

For the HY particle (Total Binding Energy = -35.658 GeV)

Uys,' = —35.660 GeV — 2.717 GeV = —38.377 GeV (34)
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P’ = = (@ + aw) & 2113 x 107 m (35)
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Finally, we check the ratio of these new distances, calculated with our most precise model.

rg’  2113x107"Y m
rz’  1.122x 10719 m

~ 1.883 (36)

[ r r
1y =l = dn

Figure 3: Schematic of the H’ boson as the first excited state of the WFW~ composite
system. In contrast to the ground state, the constituent W and W~ particles are separated by a
larger distance ry’. This separation is approximately double the binding distance of the Z° (rgy’ ~
2ry" &~ 4ry’), which corresponds to a weaker binding energy and thus a higher total mass (125 GeV).
This configuration corresponds to the singlet spin state (S = 0).

This is a critical result. The prediction that 7y’ =~ 2r;’ remains remarkably stable even when applying
a more precise approximation to the weak force. The fact that this simple integer relationship holds true
under increasingly rigorous physical assumptions indicates that the observed mass ratio of the Z° and H°
particles points to a fundamental geometric and quantum mechanical relationship between them, which is a
core prediction of our composite model.

3.3. Robustness of the core predictions

The most credible and powerful prediction of our composite model is the quantum relationship between the
ground state (Z° and the first excited state (H°), expressed as rp ~ 2rz (1.88 ~ 1.95).

If the interaction potential has a 1/r form at this scale, this ratio can be derived purely from the experi-
mentally measured masses of the W, Z, and H bosons, independent of the specific composition of the binding
force.

T7H o *C/Ubinding,H o Ubinding,Z (37)
rz  —C/Upinding,z  Ubinding,H

where the coupling factor C (e.g., aemfic or (em + aw)hic) cancels out. Using the precise binding energies
derived from experimental data, we get

rg _ —69.570 GeV N

ry  —35.658 GeV 1.95 (38)

This elevates our core prediction beyond a mere model-dependent coincidence. It is a fundamental structural
principle that emerges directly from the observed masses. However, our most comprehensive model, which
includes kinetic effects and higher-order potential corrections, yields a final ratio of approximately 1.88.
We interpret this slight deviation from a perfect integer ‘2’ not as a failure, but as a significant indicator of
additional, subtle physical effects not yet included in our framework, such as spin-spin interactions or a full
relativistic treatment.

This phenomenon, where the energy ratios in a complex quantum system deviate from perfect integers,
is common in nature. A pertinent example is the Carbon-12 nucleus, where the ratio of its second to first

10



excited state energies is approximately 1.72 [23]. This deviation from an idealized integer mirrors our result
of 1.88, suggesting our model accurately captures the complex, non-ideal dynamics of a real-world composite
system. Viewed in conjunction with the model’s success in explaining the system’s charge and spin properties,
the predicted ratio of 1.88 stands as a robust theoretical prediction, offering a clear target for future, more
sophisticated theoretical and experimental investigations.

3.4. Completing the picture: Spin conservation and quantum states

A complete physical model must satisfy all fundamental conservation laws, including not only charge and
energy, but also spin. This presents an immediate and crucial test for our composite hypothesis: How can two
spin-1 vector bosons (the W+ and W~ ) combine to form both a spin-1 vector boson (the Z°) and a spin-0
scalar boson (the H?) [18]?

The answer lies in the quantum mechanical rules for the addition of angular momentum [19]. When two
particles with spin s; = 1 and ss = 1 combine, the total spin S of the resulting system is not unique. It can
take on any integer value between |s; — so| and s1 + so.

S=1-1],.,14+1=5=0,1,2 (39)

This quantum mechanically allowed result perfectly accommodates the existence of both the Z° and H° as
different spin configurations of the same WHW~ system.

The Z° boson (total spin S = 1): The Z°, being a spin-1 vector boson, corresponds to the triplet state of
the WHW™ system. In this configuration, the spins of the constituent W bosons are effectively aligned in a
parallel fashion. This state naturally represents one of the lowest energy configurations, consistent with our
identification of the Z° as the ground state.

(Spin of W :1) + (Spin of W~ :1 ) — (Total Spin of Z°: S = 1)

The H° boson (total spin S = 0): The H°, being a spin-0 scalar boson, corresponds to the singlet state of
the WTW~ system. Here, the spins of the W bosons are aligned in an anti-parallel fashion, perfectly canceling
each other out to yield a total spin of zero. This different quantum configuration naturally possesses a different
energy level, consistent with our identification of the HY as an excited state.

(Spin of W :1) + (Spin of W~ :]) — (Total Spin of H? : S = 0)

Therefore, the spin difference between the Z° and HY is not a problem for our model; on the contrary, it is
a direct and natural prediction. It provides a deeper physical explanation for why these are distinct particles:
they are different quantum states (triplet vs. singlet) of the same underlying constituents, distinguished by
both their binding distance and their internal spin alignment.

3.5. A new class of composite: Distinctions from QCD hadrons

A pertinent question arises when comparing our composite model to known composite systems, such as the
mesons and baryons in Quantum Chromodynamics (QCD) [17]. If the Z° and HY are composite particles, why
do they not exhibit the characteristic features of a hadron, like a broad decay width or an easily observable
internal structure at high energies?

It is crucial to distinguish our proposed W W~ system from QCD hadrons, as it represents a fundamentally
new class of composite entity governed by entirely different dynamics.

e Decay Width and Stability: The relatively narrow decay width of the Z° (I' ~ 2.5 GeV) [18], rather
than contradicting its composite nature, is precisely what is expected of a deeply bound, stable ground
state, in stark contrast to a short-lived, broad resonance. More strikingly, the extremely narrow width
of the H (I ~ 4.1 MeV) [18] is explained in our model as a feature of a metastable excited state with

fewer available decay channels. This is unlike many hadronic resonances which have much broader decay
widths [17].
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¢ Binding Dynamics and Point-like Behavior: The dynamics of our system are entirely different from
QCD. In a hadron like a proton, the constituent quark masses (a few MeV) are a tiny fraction of the total
proton mass (~ 938 MeV), with the vast majority arising from the kinetic and binding energy of the gluon
field [17]. In our model, the binding energy of the Z° (~ 70 GeV) is of the same order of magnitude as the
constituent W boson masses (~ 80 GeV). Such a highly relativistic bound state, where the binding energy
constitutes a substantial fraction of the total mass, is expected to be extremely compact and behave as
a point-like particle until probed at energies far exceeding its own mass scale.

Therefore, the absence of an observable internal structure at current collider energies is not a refutation of
our model. On the contrary, it is a consistent feature of this new, tightly bound system and implies that the
energy scale required to resolve its composite nature (the “compositeness scale”) is significantly higher than for
a typical hadron.

3.6. Testable predictions: The search for higher resonances

A successful theory must not only explain existing data but also make novel, testable predictions. Our com-
posite model does precisely this, in a manner analogous to the successful predictions of quarkonium spectroscopy
which followed the discovery of the J/+ particle and its first excited state, 1(2S) [21}22].

Figure 4: Electroweak boson spectroscopy: The predicted Zg resonance at 135.4 GeV represents the
second radial excitation of the WFW~ bound system, completing the sequence Z° = Z9 (91 GeV,
ground state) — H? = Z3 (125 GeV, first excitation) — Z3 (135.4 GeV, second excitation).

Our model makes two concrete, falsifiable predictions.

e Prediction 1: The existence of a spin-2 tensor boson.

The quantum mechanical rules for spin addition (1® 1 =0® 1@ 2) |19] that so elegantly explain the
spins of the HY (S = 0) and Z° (S = 1) also point to the necessary existence of a third spin configuration
to complete the multiplet: a neutral, spin-2 tensor boson.

e Prediction 2: A new resonance at approximately 135.4 GeV.

While a full quantum theory of the WTW ™ binding potential is needed to precisely determine the masses
of all possible states, we can extrapolate from the robust pattern discovered in the relationship between
the Z° and HY states. Considering the observed deviation from a perfect integer multiple and allowing
for a plausible decrement in the incremental spacing at higher excitations, the most realistic prediction
for the binding distance of the next resonance (Z3) falls in the range of rz,’ = 2.43r;" ~ 2.86r’.

This interval corresponds to a binding energy range of -25.35 to -28.11 GeV. This, in turn, predicts
the existence of a new resonance with a mass between 133.8 and 138.1 GeV. The predicted value
when applying the most reasonable scenario is about 135.4 GeVﬂ Based on this, our model pinpoints

2This prediction is extrapolated from the binding distance increment, Ar’ = ry/ — 4/, using the Carbon-12 nucleus
energy levels as a physical analogue. After applying a system-specific correction (Difference in distance ratio between
the first and second levels 0.883 - 0.723=0.16) to the C-12 spacing ratio, we predict a mass of 135.4 GeV (corresponding
to rZ3’ ~rg’ + 0.78Ar" =~ 2.57rz"). The mass range of 133.8 - 138.1 GeV reflects plausible variations in this corrected
ratio.
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135.4 GeV as the most probable mass for this new particle, offering a clear and narrow target for future
experimental searces.

This leads to a concrete prediction: Our model predicts a new neutral resonance state at approx-
imately 135.4 GeV. It is plausible that this state could correspond to the predicted S = 2 tensor boson,
or another S = 0 or S = 1 state with higher orbital angular momentum. The discovery of any new neutral
resonance in this mass region would provide powerful evidence for our composite boson model. The search
for such a particle at the LHC or future colliders, where searches for high-mass resonances are ongoing [17], is
therefore a crucial test of this theory.

Although no definitive signal for a ~135.4 GeV resonance has been reported so far, this may be due to
the extremely low production probability of such a second excited state, making its observation inherently
challenging. Alternatively, it is possible that rare events near ~135.4 GeV have already occurred but were
discarded as statistical fluctuations or buried in the background due to strict event selection criteria, limited
statistics, or analysis thresholds. Thus, as experimental datasets continue to grow and analyses become more
sensitive, a careful re-examination of events in this mass region remains of fundamental importance for testing
the predictions of the composite boson model.

3.7. A qualitative explanation for the production rate hierarchy

Beyond the static properties of mass and spin, our model finds further validation when compared against the
dynamical phenomena observed in high-energy collisions. A crucial piece of evidence is the dramatic hierarchy
observed in the single boson production cross-sections, which follow the approximate relation [18].

oc(W*) > o(2°) > o(H?) (40)
(Approximately 400 : 40 : 1 at 13TeV [18,24}[25])

The Standard Model accounts for this hierarchy through detailed calculations involving different production
diagrams and coupling constants. Our composite model, however, offers a remarkably simple and intuitive
physical explanation for why this hierarchy must exist. The observed dynamical hierarchy is a direct reflection
of the structural hierarchy proposed by our model.

e Level 1: Constituent production (W, W~): The Wt and W~ bosons are the fundamental con-
stituents of our model. It is a general physical principle that producing the basic building blocks of
a system is the most direct and probable process. Therefore, it is entirely natural that W bosons are
produced far more copiously than any of their composite states.

e Level 2: Ground-state formation (Z°): The Z° boson is the ground state of the W+ W~ system. Its
formation requires not only the production of a W+ and a W~ but also that they successfully bind into
their most stable, lowest-energy configuration. This additional requirement of forming a specific bound
state makes the process inherently less probable than simply producing the constituent W bosons.

e Level 3: Excited-state formation (H®): The H" boson is the first excited state. The formation of a
higher-energy, less stable state is, by the principles of quantum and statistical mechanics, a far less likely
outcome than the formation of the ground state. It requires more specific initial conditions and represents
a more fragile configuration. This naturally explains why the HO is the rarest of the three.

In summary, the production rate hierarchy observed at the LHC is not a challenge to our model but rather
one of its strongest pieces of qualitative evidence. The structural hierarchy of our theory— Constituents >
Ground State > Excited State —maps perfectly onto the dynamical hierarchy of the observed production
rates. While the Standard Model provides the technical “how”, our model provides the fundamental “why”,
offering a deeper physical insight into the nature of these particles.

3.8. Towards an Electroweak Boson Spectroscopy

Our composite model does more than just solve existing puzzles; it opens up a new, predictive frontier
that we term “Electroweak Boson Spectroscopy”. This concept is grounded in a well-established principle in
physics: bound state systems, from the hydrogen atom to quarkonium (c¢ and bb systems) [26,27], exhibit a
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discrete spectrum of energy levels. Just as the Upsilon(Y) meson family revealed a rich spectrum of excited
states (Y(15), T(25),Y(35)...) [19,22], our W W~ system should also possess a full 'periodic table’ of possible
states.

The mass and quantum numbers of these states are determined by the various ways the WTW™ system can
be excited. We have already explored two fundamental modes:

e Radial excitations (n): These correspond to states where the average distance between the W and
W~ increases, leading to higher mass. We identified the Z° as the ground state (n = 1, or 15) and the
HO as the first radial excitation (n = 2, or 25), and predicted a second excited state (n = 3, or 39) at
~ 135.4 GeV.

e Spin alignments (S): The intrinsic spins of the two spin-1 W bosons can align to produce total spin
S = 0 (singlet, as in H%), S = 1 (triplet, as in Z°), or S = 2 (quintet, a yet-to-be-discovered tensor state).

To complete the spectroscopic picture, we must introduce a third mode of excitation:

e Orbital angular momentum (L): The Wt and W~ bosons can orbit each other, carrying integer
units of orbital angular momentum (L=0, 1, 2, ...). The Z° and H°, being the simplest configurations,
correspond to the L = 0 (s-wave) state.

By combining these quantum numbers, our model predicts a rich and structured spectrum of new particles, far
beyond the initial states we have discussed. The total angular momentum (J) of any state is given by the vector
sum of the total spin and orbital angular momentum, J = L + S [19).

For example, let us consider the first orbital excitation (L = 1, or p-wave) of the triplet (S = 1) ground
state system. The combination of L =1 and S = 1 would produce a new triplet of particles with total angular
momentum.

J=[1-1,.,1+1=J=0,1,2 (41)

This implies the existence of a new scalar (J = 0), a new vector (J = 1), and a new tensor (J = 2) boson,
all with masses different from the Z° and H°, forming a “p-wave multiplet.” The systematic exploration and
discovery of this predicted spectrum would be the central task of Electroweak Boson Spectroscopy, providing a
definitive test of our framework and a detailed map of the fundamental structure of the electroweak scale.

3.9. Physical implications
This composite boson model, where the Z° and the 125 GeV particle (H") are the ground and first excited
states of a WTW™ system, carries deep physical implications.

e A unified and parsimonious framework: The model explains the masses of two seemingly distinct
massive bosons using a single, unified mechanism based on known particles (W™ , W) and their known
interactions (the electroweak force). It obviates the need to postulate a new, undiscovered Higgs field,
adhering to the principle of Ockham’s Razor.

e Predictive power and quantized states: Unlike the Higgs mechanism, which takes the 125 GeV mass
as an empirical input, our model derives it from an underlying structure. The relationship rg =~ 2rz,
which holds true regardless of the specific model details, strongly suggests a quantized structure analogous
to the discrete energy levels of an atom. This opens the possibility of a predictive “spectroscopy” of
electroweak bosons.

e Resolution of foundational problems: By eliminating the Higgs field, this framework naturally
resolves the most severe problems associated with it, namely the vacuum energy catastrophe and the
need for unnatural fine-tuning, which were outlined in the introduction.

A new interpretation of the 125 GeV discovery: The model reframes the landmark discovery at the
LHC. It was not the discovery of a new fundamental particle, but rather the first observation of an
excited quantum state of known particles—a new composite state of matter at the electroweak scale.
This provides a clear, qualitative explanation for why 125 GeV events are rarer than Z° production, as
creating an excited state is typically less probable than creating the ground state.
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4. Is the Higgs Mechanism Necessary?

The Standard Model’s introduction of the Higgs mechanism was a necessary step to solve a specific theoret-
ical impasse: the mass of the W and Z bosons. A simple mass term for a gauge boson, such as £ D %mQA#A”,
is not invariant under gauge transformations, thus explicitly breaking the fundamental symmetries of the the-
ory [20]. The Higgs mechanism, through the process of spontaneous symmetry breaking (SSB), provided an
elegant way to generate boson masses while preserving the underlying gauge invariance [5-7]. This section,
however, argues that this celebrated solution may be an elaborate and unnecessary construct, built upon ques-
tionable assumptions and creating more problems than it solves.

4.1. Reframing electroweak unification: A challenge to mechanism, not symmetry

Our composite model does not challenge the celebrated success of electroweak unification [28+30|, which
correctly predicted the existence of the Z° boson and its associated neutral currents from the SU(2) x U(1)
gauge symmetry. This paper fully acknowledges the underlying SU(2) x U(1) structure and the existence of the
Z° as established facts, confirmed by the landmark discovery of weak neutral currents [17,31].

Instead, our work fundamentally challenges the specific mechanism proposed to explain these facts: the
Higgs mechanism, while preserving the mathematical elegance and predictive power of the underlying gauge
symmetries.

4.1.1. The hidden gauge boson framework

The standard narrative assumes that the observed particles W, W, and Z° are the direct manifestations of
the gauge bosons required by SU(2) x U(1) symmetry. Our model proposes a more nuanced picture, analogous
to the relationship between the fundamental theory of quantum chromodynamics (QCD) and the observed
hadronic spectrum.

Just as QCD requires eight gluons as fundamental gauge bosons yet these gluons are never observed in
isolation due to color confinement, we propose that the true gauge bosons of the electroweak theory—W!,
W2, W3, and B%—exist as real particles that are confined within the deep structure of interactions, while the
observed W+, W~ and Z° are composite states arising from their complex dynamics.

This framework preserves the full mathematical structure of SU(2) x U(1) gauge theory while providing a
natural explanation for why these fundamental gauge bosons are not directly observed: they mediate forces at
a more fundamental level, just as gluons mediate the strong force between quarks without appearing as free
particles.

4.1.2. Mass generation without external fields

In this view, the Z° boson is not a “twin” to the photon created by the Higgs mechanism; rather, it is a
stable, ground-state composite particle formed from the fundamental gauge interactions. The photon remains
as the direct manifestation of the U(1) electromagnetic symmetry, while the massive bosons arise through the
internal dynamics of the electroweak sector itself.

The successful prediction and discovery of neutral currents, therefore, remain a triumph of the underlying
SU(2) x U(1) symmetry, but they do not exclusively validate the Higgs mechanism as the sole explanation
for that symmetry’s manifestation. Our critique is therefore aimed not at the existence of the Z°, but at the
necessity of the Higgs mechanism as its only conceivable origin story.

4.2. An alternative path: Mass generation from gauge self-energies

The primary justification for the Higgs mechanism evaporates if a path to mass generation exists within the
established gauge symmetries of the Standard Model. We argue that such a path is provided by the complete
SU(3) x SU(2) x U(1) gauge structure itself, where each particle’s mass arises from the sum of all self-energies
corresponding to its gauge charges.

4.2.1. Fundamental basis of self-energy
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The concept that any spatially extended energy distribution can be decomposed into infinitesimal energy
elements in mutual interaction represents a more fundamental and intuitive physical principle than the ab-
stract mathematical constructs of gauge symmetries. This basic insight—that finite-sized charge distributions
necessarily possess self-energy due to the interaction between their constituent elements—rests on elementary
physical reasoning that is both more transparent and no less rigorous than the sophisticated mathematical
framework of gauge theories. Indeed, the self-energy principle derives from the most basic aspects of field the-
ory and electrostatics, making it a more natural foundation for understanding mass generation than complex
symmetry-breaking scenarios.

4.2.2. The multi-component origin of mass

The existence of multiple gauge symmetries necessitates corresponding gauge fields that interact with par-
ticles carrying the associated charges. As established in Section 2, any spatially extended charge distribution
possesses self-energy for each type of charge it carries. The total mass of a particle is then the sum of all these
self-energy contributions

mc? = Usotar = Uss + Ups + Uss + . . . (42)

where U, Uys, and Uy represent electrostatic, weak, and strong self-energies, respectively. Here, U,
represents not a fundamental weak self-energy, but rather the effective weak energy arising from the complex
dynamics of the confined W', W2, W? gauge bosons within the composite structure. This effective weak charge
manifests similarly to how a proton, despite being a composite of quarks, exhibits a well-defined electric charge
of +1.

For a finite-sized particle with multiple charges, each self-energy component is approximately

9°Q?

477

~

Ugauge (43)

where ¢ is the appropriate gauge coupling constant, @ is the corresponding charge, and r is the characteristic
size of the particle.

4.2.3. Resolution of the gauge invariance problem

A critical objection to gauge self-energy mass generation has been that it violates gauge invariance if applied
to fundamental gauge bosons. However, our composite model resolves this apparent contradiction through a
key insight: the observed massive bosons W, W~ and Z° are not the fundamental gauge bosons of SU(2)
theory.

The true gauge bosons W', W2, W3, and B® remain massless and preserve gauge invariance, real but
confined gauge bosons, they exist as real particles that are not observable in free states due to confinement
effects. They mediate interactions at the most fundamental level, appearing transiently during interaction
processes before immediately combining to form the composite states that appear as the observable W+, W—,
and Z° bosons. This creates an effective field theory where the observed particles behave as if they possess
fundamental weak charges, while their true nature emerges from the dynamics of the underlying gauge bosons.

4.2.4. Comprehensive mass generation framework
This multi-component self-energy framework provides a unified explanation for the masses of all fundamental
particles based on their specific gauge charge combinations.

e For quarks: Possessing both electric charge (Qem) and color charge (Qcolor), their masses arise from
both electrostatic and strong self-energies.

”nquarkc2 = Ues + Uss (44)

However, as argued in Section 2, color confinement effects may suppress the strong contribution, making
the electrostatic self-energy the dominant organizing principle.

16



e For W bosons: As composite particles, their mass arises from the dynamics of their internal constituents.
While carrying a fundamental electric charge (1), they exhibit an effective weak charge by the underlying
SU(2) dynamics of the confined W', W2, W3 gauge bosons. Like protons, which are composite particles
yet carry a well-defined electric charge, W bosons emerge as composite states that effectively mediate
weak interactions. Therefore, their mass is naturally explained by the combination of their electrostatic
self-energy and this effective weak self-energy.

ch2 = Ues + Uws (45)

e For charged leptons: Carrying only electric charge, their masses arise primarily from electrostatic
self-energy:.
mleptonc2 = Uk (46)

It is crucial to clarify how this principle applies to free leptons, such as the electron. While the self-energy
concept remains fundamental, its direct calculation using a simple effective radius presents challenges for
unconfined particles.

Unlike quarks, which are perpetually localized within hadrons by the strong force, free leptons are not
subject to a continuous confining force. As stated in Section 2.3 of the paper, this absence of confinement
allows their wave functions to spread out, making a stable, classical radius—a key parameter in this
simplified self-energy calculation—ill-defined.

The mass of a free electron is therefore more accurately described by the framework of Quantum Elec-
trodynamics (QED). In QED, an electron’s “bare mass” is “dressed” by the quantum effects of vacuum
polarization and its interaction with virtual particles [20].

Therefore, the equation mleptonc2 = U, should be understood as a foundational principle linking mass to
self-energy. However, for a precise quantitative description of free leptons, the simple electrostatic model
must be expanded into a full QED treatment that accounts for the delocalized nature of the particle [20].
The model presented in the paper applies most accurately to systems that are continuously localized, a
condition perfectly met by quarks.

e For neutral composite particles (Z°, H): Though electrically neutral overall, they contain charged
constituents (W+ and W), giving rise to internal electromagnetic and effective weak energies that
contribute to their total mass through the composite binding energy mechanism demonstrated in Section
3.

This multi-component self-energy framework naturally explains the observed mass hierarchy through the
finite spatial extent of particles and their specific gauge charge combinations, eliminating the need for external
scalar fields, fine-tuned Yukawa couplings, or ad-hoc symmetry breaking mechanisms

4.3. Deconstructing the core assumptions of the Higgs mechanism
Beyond its redundancy, the Higgs mechanism rests on a series of ad-hoc assumptions that lack firm physical
grounding.

e The arbitrary Higgs potential: The specific “Mexican hat” shape of the Higgs potential (V(¢) =
—p2$? + M¢|*), is not derived from first principles [8]. It is engineered precisely to produce the desired
outcome of spontaneous symmetry breaking. The physical origin of this potential remains entirely unex-
plained. In contrast, composite models offer a more natural alternative where mass generation arises from
the internal dynamics of bound states, eliminating the need for such engineered potentials altogether.

e The postulated spontaneous symmetry breaking scenario: The narrative of the universe “settling”
into a non-zero vacuum expectation value—the ball rolling from the unstable peak of the hat to the stable
brim—is a compelling story, but it is an unproven scenario. It is a postulate designed to fit the observation
of massive bosons, not a confirmed physical process [20].
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4.4. Re-evaluating the experimental evidence for the 125 GeV boson

Experimental observations indicate that the decay channels of the 125 GeV boson (H°) exhibit a pattern
proportional to the masses of the final state particles, which is widely cited as evidence supporting the Higgs
boson as predicted by the Standard Model [3,|4]. However, this interpretation faces critical scrutiny due to
underlying foundational issues.

1) the observed 125 GeV boson (H?) is the sole example of a high-energy, neutral, spin-0 particle within
current experimental reach [18]. As such, there exists no comparable counterpart to distinguish whether the
observed mass-proportional decay behavior is specific to the Higgs boson or a general trait of high-energy scalar
particles. This lack of a control or comparative sample undermines definitive attribution of the behavior to the
Higgs mechanism.

2) the differences in decay patterns observed between the Z° and HY bosons may arise from their intrinsic
properties — specifically their differing spins (spin-1 vs. spin-0) and energy level states |18]. These inherent
differences, governed by quantum mechanical principles such as the addition of angular momentum [19], could
naturally lead to distinct decay characteristics without necessitating confirmation of the Higgs mechanism.

3) the approximately 600-fold longer lifetime of the HY boson (75 ~ 1.6 x 10~22s) compared to the Z° boson
(17 ~ 3 x 107%%5) suggests fundamental distinctions in their decay dynamics [18]. Longer lifetimes correlate
inversely with decay widths (I' = A/7) and could indicate that the H® decay channels are more limited or
are suppressed by quantum mechanical selection rules relative to those of the Z° [17]. This lifetime disparity
provides a plausible basis for the differing decay behaviors observed and should be considered when interpreting
decay patterns.

4.5. Re-evaluating the particle spectrum and degrees of freedom

The standard narrative posits that the Higgs field, a complex SU(2) doublet, has four degrees of freedom.
Three of these (the Goldstone bosons) are “eaten” by the W | W~ | and Z° bosons to become massive, leaving
the fourth to manifest as the physical Higgs boson (H?) [20]. This elegant counting argument relies
critically on the assumption that W= , W~ , and Z° are three independent, fundamental particles.

Our composite model dismantles this assumption. If the Z° is not a fundamental particle but a
bound state of W and W~ , then there are only two fundamental massive vector bosons that require a mass-
generation mechanism. The SU(2) group’s neat requirement for a fourth particle to balance the books loses its
footing. The theoretical justification for the existence of the HY as a necessary remnant of electroweak symmetry
breaking is significantly weakened. Instead, our composite model suggests that the observed H? at 125 GeV
represents an excited state of the same WTW~ bound system that produces the Z°, fundamentally altering the
particle counting and eliminating the need for a fundamental scalar field.

4.6. Systemic shortcomings of the Higgs paradigm

Beyond the questionable accounting of degrees of freedom, a critical assessment reveals that the Higgs
mechanism is beset by a range of systemic issues, suggesting it is an effective parameterization rather than a
fundamental theory. Key shortcomings include:

e The arbitrary nature of mass: The model offers no explanation for the fermion mass hierarchy,
instead accommodating it via arbitrary Yukawa coupling constants [20]. It also fails to predict its own
mass, which is subject to the severe hierarchy problem, requiring unnatural fine-tuning against quantum
corrections at the Planck scale [§].

e The ad hoc and unnatural structure: Its core components are ad hoc. The specific “Mexican
hat” potential is engineered, not derived from a deeper principle [20]. Furthermore, the postulation
of a fundamental scalar field—the only one of its kind in the Standard Model—lacks any compelling
theoretical justification, appearing as a peculiar and isolated addition to the otherwise elegant structure
of gauge theories. Composite models eliminate this conceptual inconsistency by treating all observed
massive bosons as bound states arising from more fundamental gauge interactions, restoring the theoretical
elegance of pure gauge theories.
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e Cosmological inconsistencies: The mechanism creates the vacuum energy catastrophe, a discrepancy
of some 10°° orders of magnitude between its prediction [11] and cosmological observation [12}[13]. This
problem underscores its fundamental tension with our understanding of general relativity and the observed
universe. Composite models fundamentally resolve this crisis by eliminating the need for a fundamental
scalar field with a vacuum expectation value, thereby removing the primary source of the vacuum energy
catastrophe while maintaining all successful predictions of the electroweak theory.

Collectively, these shortcomings paint a picture of an elaborate theoretical scaffold built to solve one specific
problem (vector boson masses) while creating or leaving unaddressed a host of deeper, more fundamental puzzles.

These fundamental shortcomings of the Higgs paradigm motivate the exploration of alternative approaches.
Our composite model addresses each of these issues: it provides a natural explanation for mass hierarchies
through particle size and binding energies, eliminates ad-hoc scalar potentials by deriving mass from gauge
self-energies, and resolves the cosmological constant problem by removing fundamental vacuum expectation
values.

4.7. A more parsimonious and comprehensive framework
Our proposed framework, based on self-energy and composite structures, offers a more elegant and complete
picture by addressing the many questions the Higgs mechanism leaves unanswered or creates anew.

e Predictive power vs. ad-hoc parameter: The Higgs mechanism fails to predict the mass of the
Higgs boson itself, the mass of any fermion (instead introducing arbitrary Yukawa couplings [20]), or the
mass of neutrinos. Our composite model, in contrast, predicts the mass of the HY as an excited state
of the same WHW~ bound system that produces the Z° ground state, based on the robust structural
relationship rg ~ 2rz. This fundamental connection between the two composite particles provides
a natural explanation for their mass relationship without requiring external scalar fields. While our
model does not inherently explain neutrino mass, it can incorporate existing mechanisms (e.g., a see-saw
mechanism with right-handed neutrinos [32]) just as readily as the Standard Model does, placing it on
equal footing in this regard.

e A unified origin of mass: Our framework proposes a unified source for mass: the self-energy generated
by a particle’s interaction with its associated gauge fields, where particles exhibit effective charges arising
from the dynamics of fundamental gauge bosons. For composite particles like W+, W—, and Z°, this
includes both electromagnetic self-energy and effective weak self-energy emerging from the underlying
W1, W2, W3 gauge boson dynamics. This provides a richer, more physical basis for mass than a single,
arbitrary field. Additionally, a smaller “bare mass” component could be dynamically generated for all
particles (even massless ones) via mechanisms like the one suggested by the KGC equation from Sphere
Theory [33].

Modified propagator (Klein-Gordon-Choi model) [33]:
] 1

PP AP e pr4 BB — e
P

Dinod (p) (47)

Divergences arising from point-particle assumptions can be resolved by treating fundamental particles
as finite-sized entities with spatial extent rather than mathematical points. Additionally, high-energy
divergences at the Planck scale and beyond are naturally eliminated by this modified propagator, which
incorporates gravitational self-energy effects as a fundamental cutoff mechanism.

¢ Resolution of foundational problems: Most crucially, our framework avoids the severe incidental
problems created by the Higgs mechanism’s introduction. The most prominent of these is the vacuum
energy problem. By obviating the need for a fundamental scalar Higgs field with a large vacuum expec-
tation value, we eliminate the primary source of the 10°° discrepancy between theory and observation.
Our composite model treats all massive bosons as bound states of more fundamental entities, thereby
removing the cosmological constant catastrophe while preserving all successful electroweak predictions

19



through effective field theory. This not only dissolves the need for unnatural fine-tuning but also opens
the door to explain the actual observed cosmic acceleration.

The self-energy described in this paper also applies to solving the dark energy problem. If a certain
energy density p exists, then a gravitational self-energy density —p,, must exist due to the existence of
this energy density p [34].

Inserting this into the second Friedmann equation yields the following [34]

a 4G 3P drG 3P anG
PR ((P) + (—pgs) + 02) =3 ( 02> 3 Pos (48)
a drG 3P 27GRyp . o
s (”*a) T ) (49)
6mG Ry, (t)p(t)

A(t) = ( )? (50)

By substituting the radius of the observable universe (46.5 Gly) for R,,(t) and the critical density (p. ~
8.50 x 10727kg/m3) for p(t), the current value of the cosmological constant can be obtained.

5¢2

In other words, the self-energy of the electromagnetic, strong, and weak forces can explain the mass of
elementary particles, and since gravitational self-energy is a negative energy component, it can
explain the accelerating expansion of the universe.

In conclusion, the Higgs mechanism appears to be a solution in search of a problem that may not exist.
The masses of the electroweak bosons can be explained through the inherent properties of effective charges
emerging from gauge dynamics and the internal structure of composite systems, eliminating the need for exter-
nal symmetry-breaking mechanisms while maintaining full compatibility with experimental observations. By
abandoning the Higgs construct, we not only provide a more direct and predictive model for boson masses but
also resolve some of the most profound conceptual crises in modern physics.

5. Conclusion

In this paper, we have presented a compelling alternative to the Standard Model’s Higgs mechanism. We
began by challenging the foundational necessity of the Higgs field, highlighting the severe conceptual problems
it introduces, such as the hierarchy problem and, most critically, the vacuum energy catastrophe [8l|11].

Our alternative framework is built on two core principles: 1) The mass of fundamental particles originates
from the self-energy of their associated gauge fields [15] [16], and 2) Certain neutral massive bosons are com-
posite particles. The first principle, when applied to quarks, leads to a comprehensive self-energy model that
incorporates both electrostatic energy and the key features of the strong force, as described by the Cornell
potential. This approach successfully calculates physically coherent effective radii for all six quarks, providing
a consistent mechanism for the entire quark mass hierarchy. For W bosons, the mass is understood as the sum
of weak energy and electrostatic self-energy, and the W boson appears as a composite state that effectively
mediates weak interactions through internal gauge boson dynamics.

The most powerful and predictive aspect of this work arises from the second principle. By modeling the
Z° boson as the ground-state bound system of a WTW~ pair and the 125 GeV scalar particle
(H°) as its first excited state, we derived a striking, model-independent prediction: their binding
distances are related by a simple integer factor, ry =~ 2rz. This result emerges directly from the
experimental masses |18], regardless of whether the binding force is treated as purely electrostatic or the full
electroweak interaction. This robust relationship provides a profound physical explanation for the particles’
quantum numbers. The spin difference between the vector Z° (S = 1) and the scalar H? (S = 0) is naturally
accounted for as a consequence of their different internal spin alignments, corresponding to the triplet and singlet
states of the WTW~ system, respectively. This composite structure also offers a clear, qualitative explanation
for the observed production rate hierarchy (o(W*) > ¢(Z°) > o(H°)) at the LHC [18].
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This composite model not only provides a mechanism to calculate the mass of the H° from the
masses of the W and Z bosons—a feat the Higgs mechanism cannot perform—but it also offers a more natu-
ral alternative to the Higgs mechanism. Rather than requiring an external scalar field, our framework preserves
the mathematical elegance of SU(2) x U(1) gauge theory while reinterpreting how these symmetries manifest
in nature through composite dynamics. By eliminating the need for a Higgs field, our framework
naturally resolves the vacuum energy problem and the associated need for fine-tuning.

Crucially, the predictive power of this model extends beyond explaining existing data. It heralds a new field
of “Electroweak Boson Spectroscopy” and makes concrete, falsifiable predictions. These include the existence
of a spin-2 tensor boson to complete the spin multiplet and a second radial excitation with a predicted mass of
approximately 135.4 GeV. The search for this new resonance at future colliders constitutes a crucial test of
our theory and could serve as the key that opens the door to questioning fundamental assumptions about the
nature of electroweak symmetry breaking. If confirmed, this prediction would provide compelling evidence for
the composite nature of electroweak bosons and potentially revolutionize our understanding of mass generation
in particle physics.

Ultimately, we conclude that the 125 GeV particle discovered at the LHC is not a new fundamental scalar,
but the first observed excited state of a WTW ™ system. The Higgs mechanism appears to be an unnecessary
construct, as a more natural and parsimonious solution is offered by the inherent properties of effective charges
emerging from gauge dynamics and the internal structure of composite systems. Our framework suggests that
the true beauty of electroweak unification lies not in external symmetry breaking, but in the rich dynamics of
composite states arising from the fundamental gauge interactions themselves.

Appendix A: Spherical shell model

This picture depends on the assumed internal charge distribution of the W boson. To test the robustness
of our core prediction, we can compare the results for a uniform spherical distribution versus a surface shell
distribution. The electrostatic self-energy for a shell model is given by:

2
Ues—shett = 1 ( ! Q > (51)

2 47‘(’50 Res

This corresponds to a structural coefficient of § = 1/2, in contrast to § = 3/5 for the uniform model. We
recalculate the key structural ratios using the comprehensive electroweak model for both scenarios. The results
are summarized below.

Comparison Metric | Uniform Distribution Model | Spherical Shell Model
W Boson Radius (ry’) ~5.934 x 1072 m ~ 4.945 x 10720 m
22, Ratio ~ 0.95 ~ 1.13

"t Ratio ~ 1.88 ~ 1.88

Table 3: Comparison of key structural ratios under different charge distribution models, calculated
using the comprehensive electroweak model.

The prediction that the H° is the first excited state of the Z°, characterized by the ratio rg’/rz’ ~ 2, is
remarkably robust and model-independent. This ratio remains virtually unchanged regardless of the assumption
made about the W boson’s internal charge distribution. This stability is the most central and robust prediction
of our composite particle hypothesis.
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