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Abstract

This research seeks to understand the fundamental properties of matter, such
as mass, charge, and spin, and how they interact with each other. By studying
the behaviour of these particles in different environments, scientists can gain
insight into the nature of the universe. This research also has implications for
our understanding of dark matter and dark energy, which are believed to
make up the most of the universe’s mass but remain largely mysterious. Ad-
ditionally, this research may provide clues to the origin and evolution of the
universe itself. The research began with a comprehensive review of existing
theories that attempt to explain the origin and nature of charge quantization.
Special attention is given to the standard model and quantum field theory,
which provides a mathematical framework for describing both particles and
their interactions. Also, this research aims to bridge the gap between our un-
derstanding of massive particles and charge quantization.
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1. Introduction

In the Standard Model, the concept of mass is one of the core elements of the
Standard Model. Mass is the measure of an object’s inertia or resistance to a
change in its velocity. It is the property of a particle that enables it to interact with

gravity. In the Standard Model, mass is identified as an inherent property of the
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fundamental particles that make up all matter in the universe. The Standard Mod-
el assigns mass to the particles, which in turn determines the strength of the as-
sociated forces. For example, the mass of the Higgs boson is responsible for the
strength of the weak force. The Standard Model also assigns mass to the quark,
the basic building block of matter. The mass of the quarks affects the behavior of
protons and neutrons, the particles that make up the nucleus of an atom. The
mass of the quarks determines the properties of all matter in the universe, in-
cluding the properties that make up the wide variety of elements on the periodic
table. The internal physical nature and structure of the most fundamental par-
ticles—leptons and quarks—is so far not known and not needed for the classifi-
cation as such but of course, much wanted for the understanding of nature. [1]

In Special Relativity, the concept of mass plays an integral role in the theory of
relativity. In special relativity, mass is an invariant quantity, meaning it remains
constant no matter the speed or direction of the observer. In general relativity,
the concept of mass is further developed, as it is seen as a form of energy and is
used to explain the curvature of space time.

Mass is related to both energy and momentum, as stated by the famous Einstein
equation, this equation shows that mass and energy are interchangeable, meaning
mass can be converted into energy and vice versa. This phenomenon can be ob-
served in nuclear fission, where energy is released through the splitting of atoms,
[2] [3] which is a process in which the nucleus of an atom is split into two or
more smaller nuclei, releasing a large amount of energy. This process occurs when
a heavy atomic nucleus, such as uranium-235 or plutonium-239, absorbs a neu-

tron and becomes unstable as shown below (Figure 1).

2. Physics of Standard Model

Electroweak Interaction Boson Masses

Physical world consists of matter particles like electrons and quarks beside field
quanta (particles) like photons w*, w™ and z° bosons. Matter particles are called
fermions, while field quanta (particles) are called bosons. The standard model is
a set of rules that describes the interactions between all the particles in the un-

iverse. The origin of mass generation is based on the breaking of one of these

Figure 1. Diagram of nuclear fission.
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rules, which leads to the elusive Higgs boson being accidentally created in a par-
ticle accelerator. The new theory explains how this happened and what it does to
mass generation throughout the universe. [4]

The Lagrangian of the matter field is a mathematical description of the dy-
namics of the field, capturing how it changes with time and how it interacts with
the rest of the system. It is an integral part of the classical description of physical
systems like electromagnetism, gravity and quantum mechanics. The Lagrangian
can be expressed in terms of the positions and momenta of the particles that
make up the field and their interactions with each other. It is then used to calcu-
late the dynamics of the field, including the equations of motion and the energy
of the field. Furthermore, the Lagrangian can be used to calculate other quanti-
ties such as the entropy, pressure, temperature and chemical potential of the field.
The Lagrangian is an indispensable tool for understanding the behavior of phys-
ical systems at the fundamental level. [5]

And the Lagrangian of the matter field is described by:
L=%(iy" —m)w (1)

m = the mass, ¥ = wave function, ¥ = wave fuction conjugation.

The conservation of quantities like energy and momentum, this can be achieved
by space-time translation which leads to 4-momentum (energy + 3 momentum
components). This leads to action and Lagrangian invariance. Noether theorem is
the generalization of this symmetry by introducing continuous group of trans-
formations of the fields. The corresponding Lagrangian determines a conserved
tensor and an associated time independent observable. The Lagrangiancan be

made invariant under local space time dependent gauge:
¥y ="My (x)
PP (x)=e "M (x) (2)
Under this transformation, the first term of Lagrangian (1) transform as:
Piy'o,¥' =e Fiyro, [ ¢ (x) ]
:e‘iq/\(x)‘?[i}/”(iq@#/\)‘l’+6#‘P)]eiq'\(X) (3)
=P [iy*0, ¥ +iqy" ¥o,A |

where gis the charge and A is the conversion parameter.

Clearly this term is not invariant under the gauge transformation. Under a
general gauge transformation, a given term in any Lagrangian is not invariant
since the gauge field couples to the matter fields. However, if the gauge field is
transformed through a unitary transformation, the term may be rendered inva-
riant, potentially up to a total derivative. In other words, the term may be gauge
invariant if the gauge field is transformed according to a unitary transformation.
In this case, the term will not change under the gauge transformation, meaning

it is invariant. [6]
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The second term in (1) is given by:
P'm¥’ = e M Pmypeltt = Pmy (4)
The mass term is thus invariant. The invariance of the first term and the La-
grangian can be restored by replacing ordinary derivative by the covariant deriv-
ative which is a generalization of the ordinary derivative, which is used in the
study of general relativity and other tensor calculus theories. It is represented by
a curved arrow and used to differentiate tensors with respect to the associated me-
tric tensor. The covariant derivative allows for differentiation in which the result-
ing tensor is guaranteed to transform in a specified manner under coordinate
transformations. It is used to define the manner in which physical laws trans-
form under coordinate transformations and is a powerful tool in the study of

general relativity and other such theories, [7] then:

D#‘{’:aﬂ‘PJriqA#(x) (5)

where D is covariant derivative and A, is a field of boson quanta. A field of
boson quanta is a system of particles composed of bosons, which are particles
that obey Bose-Einstein statistics. These particles are typically characterized by
the wave-particle duality, meaning they can exist as both waves and particles.
Boson quanta fields have various applications, ranging from describing particles
such as photons and gluons to field theories such as quantum electrodynamics
and quantum chromodynamics. These fields are also useful for describing phe-

nomena such as super fluidity and superconductivity. And which transform as:

A, (x)> A, (x)=A,(x)-0,A(x) (6)

H H

Under these constraints the Lagrangian is invariant, Ze.
L'=%'(iy*D, %' -m¥)
L=¥(iyD,¥-m¥) (7)

This Lagrangian describes free matter particles and interaction of them with
electromagnetic field (e.m) A, .

L, =—1F, F® (8)

e.m v
4 H

where the F*’ is electromagnetic field tensor.

The complete electroweak Lagrangian is:

= 1 .
L :‘P(ly"DH‘P—m‘P)—ZFwF”
)
i 1 s u 1 v
=¥ (iy 0, -m)¥ - j“A, ~5FuF’

It’s important to note that the Lagrangian invariance requires massless field

quanta (bosons), since the mass term is not invariant:
mZA, A =m? A A, =m? (A, —0,A)( A —"A) (10)

/Al /Al

And the mass term in quantum field theory is the part of the quantum La-
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grangian that corresponds to the mass of a particle, it is often necessary to work
with mass-independent Lagrangian, which are invariant under Lorentz trans-

formations, in order to obtain consistent. [8]

3. Higgs Mechanism and Mass Generation

A cornerstone of the Standard Model is the mechanism that generates the par-
ticle masses while preserving the gauge invariance of the theory. Indeed, the di-
rect introduction of masses for the fermions and for the gauge bosons that me-
diate the weak interaction violates the invariance with respect to the transforma-
tions of the electroweak symmetry group.

This mechanism explains why some particles have mass while others do not,
and it also explains why some particles have different masses from one another.
The discovery of the Higgs boson in 2012 confirmed the existence of this me-
chanism and provided further evidence for the Standard Model. [9]

It is the Higgs-Brout-Englert mechanism commonly called the Higgs mechan-
ism, which allows the generation of particle masses while preserving the gauge
symmetry of electroweak interactions.

The field quanta (particles) of electroweak interaction particles are not all mass-
less. Some of these quanta bosons are massive. the gauge invariance of Lagran-
gian require massless quanta. Thus, one needs a certain mechanism (higgs me-
chanism) for mass generation. according to higgs mechanism (H.m) field quanta
masses are generated at vacuum state, which can be found by considering the

scalar (spin-less) Lagrangian, which describes klein-Gordon equation. Where:
L=(0,®) (6®)-V (@)

- Y (1)
=(0,0) (@) -0’ -Z (o o)

For real scalar field the potential Vis given by:

212 4
V= M@ + AD (12)
2 4
The potential is minimum, when:
2 A(4D°
av oMo A()
do 2 4
_ 2
o= =V =vacuum (13)

Thus, the vacuum state potential is associated with a zero-point energy, and
this zero-point energy has measurable effects. In the laboratory, it may be ob-
served through the Casimir effect, and spontaneous emission. However, these
energies may be regulated by introducing gradients in the vacuum states, Now
assume existence of new higgs field A which fluctuate around vacuum, the newly

discovered Higgs field, denoted H, has been proposed to exist in the Universe
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and to fluctuate around a vacuum expectation value. [10] This new field is said
to be closely related to the Standard Model Higgs boson, as it shares a similar
mass and spin. The Higgs field A is believed to be responsible for mass genera-
tion, as well as for the spontaneous symmetry breaking of the Standard Model.
Furthermore, it is thought to be connected to the cosmological history of the

Universe, as it could potentially influence the rate of vacuum decay. Thus:

®=v+H(x) (14)

where the H(x) is higgs field.

Where v constant clearly the Lagrangian is not invariant under mirror reflec-
tion (parity).This means that when a system is reflected in a mirror, its Lagran-
gian will not remain the same. To understand this concept better, let us look at
an example. Consider a particle moving in two dimensions. When this particle is
reflected in a mirror, the equations of motion of the particle remain the same,
but the Lagrangian of the particle changes. This is because the Lagrangian is de-
pendent on the coordinates of the particle, which are changed by the reflection.

Therefore, the Lagrangian is not invariant under mirror reflection (or parity).

[11]

Then:

H—->-H
In this case, the term:
2 2 2
M—®*®:M—(v+ H)(v+ H):M—(v2 +2vH + H? )% -H
2 2 2
which is:
M2 M 2
=M (u-H) (- H) =M (v -2+ 1) as)

Thus, the symmetry is spontaneously broken, which is a concept that explains
how certain physical and mathematical systems can spontaneously break a
symmetric state of equilibrium, resulting in a state that is asymmetrical or “bro-
ken.” This is commonly seen in things such as particle physics, where the laws of
physics are symmetric but the physical states that occur are asymmetric. Sym-
metry breaking can be caused by external forces, such as energy, or by intrinsic
forces, such as the nature of the system itself. The concept of symmetry breaking
has been used to explain a wide range of physical phenomena, from crystal for-
mation and the behavior of subatomic particles to the evolution of species and
even the formation of stars, since parity is not conserved or reflection symmetry
is hidden. [12]

Now consider the scalar filed to be:

1 io
O=—+[v+H]e" (16)

V2

where:
H=H(x), 6=6(x) (17)
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The field can transform as:
®(x)= 0 ="M (x) =" (18)

Then becomes:
(19)

1 E+iqA
O=—|v+H]eY
SlveH]
By Comparing, the equation requires:
H=H (20)

g - qA + g

v v

0 =qVA+6 (21)

By choosing:
A=-2p (22)

qv

The massless goldstone boson can be removed. The field ® transforms as:
o _ _. e
®=[v+H]er >®=[v+H]e"

d=[v+H] (23)
where @ vanishes, ie:
0=0 (24)
According to this choice the Lagrangian:
- M? o A .2 1 »
qugu%®—77¢®—zﬁb®)—zﬁj” (25)
With the covariant derivative:
D,=0,+igA,D, =0, -IqA, (26)
And
— 1
Aﬂ = Aﬂ + AﬂA = Aﬂ +—6y¢9 (27)
qv
_ - . i
D,=0,+IgA, :8#+|qA#+Vé’#¢9 (28)
The above transformation is invariant. Ze.
S 7 S S S [
L=D®Dﬂ»7;®®—z@qﬁ—zaf/=L (29)
In view of equations:
1 io
~MZ= D =—=(H +Vv)e"
(H+)

And then one gets:
Open Access Library Journal
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L :B(G”H ) —AV2H2}+%q2v2A#A“ +%q2AﬂA*‘H ? 1 g2vA, A"H
4 (30)
v AL e (A
4 4

Thus, the field quanta bosons acquire mass, and Quanta bosons are the smal-
lest known particles, and they have no mass. Quanta bosons have energy and
momentum, but no mass or electric charge. They are influenced by the four
fundamental forces—gravity, electromagnetism, strong nuclear force, and weak

nuclear force—and can interact with other particles.

Where the mass term is:

%qzvaﬂA” =%miAﬂA" (31)
Their mass is given to be:
m, =qu

The higgs quanta boson mass term is given by:
AVPH? = %mf| H?

Thus, the higgs particles mass are:
m,, =24V (32)

The Lagrangian invariance and form can be easily found by knowing that:

o 0.0 0,0
FﬂvzﬁﬂAj—avAﬂzaﬂ(& +Wj—au(Ay+ qﬂvj

0,0-9,,0

=0,A—0A +

=0,A-0,A,=F,
where: 0,,60=0,,0.

The above equation is Lagrangian invariant, meaning that it is invariant under
the action of a Lagrangian transformation. This means that if we apply a Lagran-
gian transformation to both sides of the equation, the resulting equation will be

identical to the original one. [13]

4. Discussion

The papers proposed that the Higgs field was responsible for the masses of par-
ticles, particularly the W and Z bosons that carry the weak nuclear force, and
that the existence of the Higgs boson (a particle associated with the Higgs field)
could be confirmed experimentally. The potential independent mass term in the
Lagrangian is replaced by potential dependent mass to obtain anew Lagrangian,
considering local transformation of ywith (¢ =@ —¢,) the symmetry is restored

when:
o,A=mq 'y (4-9)

To make the gauge field acquire mass the wave function is assumed to have
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constant background ¢ .

The gauge mass depends on this background ¢, as well as the charge. The
coefficients of and ¢, are related to the probability of existence of the system
in dynamical or vacuum states. Another approach to acquire mass is suggested
below by adding to the covariant derivative and additional charge term g. The
mass term is shown to be dependent on this additional charge term according to

the following equation:
D,¥D,¥=0,¥0,¥ +igW,¥o,¥ +iq, (W—¢,)0 ¥ +iqW ,¥o ¥
— QW2 |P[* ~ qaW, ¥ (W~ ) + i (W—,)0, P
— oW, P (W) — 0F (W) —2W, ¢ + ¢ )

A new development is made also to the quantum field theory by considering

the Lagrangian to be dependent on the second order differential.

5. Conclusion

When introducing the new Lagrangian with the mass-dependent term, the
transformation of the gauge field requires the inclusion of the potential and va-
cuum fields in the invariance parameter. The gauge field mediator can acquire
mass by adding to the dynamical field constant vacuum background wave func-
tion related to the density of the mediator. One can also redefine the covariant
derivative to add to the additional charge term. The research on massive par-
ticles and charge quantization provided strong evidence for the existence of a
fundamental unit of electric charge and its discrete nature. In addition to that,
the observed behavior of elementary particles, conservation laws, and experi-
mental findings all support the concept of charge quantization as a fundamental

principle in physics.
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