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Abstract

This work shows a didactic model representative (GPM) of the particles de-
scribed in the Standard Model (SM). Particles are represented by geometric
forms corresponding to geometric structures of coupled quantum oscillators.
From the didactic hypotheses of the model emerges an in-depth phenomenol-
ogy of particles that is fully compatible with that of SM. Thanks to this model,
we can calculate “geometrically” the mass of Higgs’s Boson and the mass of
the pair “muon and muonic neutrino”, and, by the geometric shapes of leptons
and bosons, we can also solve crucial aspects of SM physics as the neutrinos’
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1. Introduction

Despite the clarity and systematic nature of the Standard Model (SM), the greatest

difficulty for students (and not only) in understanding the physical reality of par-

ticles is that of not being able to “see” the particles if they are represented as mere

mathematical objects described by wave functions and equations. Since we cannot

see a space “point”, we think of giving the particle a representation in which it is

not seen as a point particle but becomes an “object” with a spatial dimension,

identified in the Compton wavelength. Then, we therefore decide, for educational

and speculative purposes, to assign an internal geometric structure to a particle

without compromising its elementary nature. This is possible only if we consider
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a massive particle as a structure of coupled quantum oscillators. In this way, the
particle object would also acquire the dimension of a well-defined “structure” in
space. Starting then from some peculiar aspects, such as analogies and some in-
dicative phenomena, we proceed to formulate a representation in which the par-
ticles have a structure with a “geometric” shape. In this way, we build a descriptive
didactic model of the phenomena that is compatible with MS and avoids some
problematic aspects of its basic theories, the Theory of Relativity (point particle)
and Quantum Mechanics (renormalization), because some fundamental concepts,
even if defined in a didactic way, they instead have a more physical meaning, such
as mass, electric charge, and spin. The educational model (and not only) is defined
as the Particles’ Geometric Model (PGM).

In the present article, we will show the geometric relationships between massive
bosons and leptons. In Sections 2.1 and 2.2, we introduce the first “Didactic Idea”
which presents a massive particle as a triangular structure of coupled quantum
oscillators propagating along an axis X with a rotation around this or “spin”: the
quarks’ pair (4, d) is described by of isosceles golden triangles while the leptons’
pair (€, €) by of isosceles rectangular rectangles. It is shown, in Section 3.1, that
the mass is defined precisely by the “additional coupling” between quantum os-
cillators (IQuO) that allows us of constructing the geometric shapes. This aspect
introduces a “new paradigm” in physics: the particles’ phenomenology can be de-
scribed using geometric structures or a “Particles’ Geometric Model” (PGM). In
this way, one can think that a square geometric structure can represent massive
bosons as the H-boson (a square) and W-boson (a rectangle). Instead, in Section
3.2, we show the structure without massive coupling of a massless boson, as the
photon (a segment without additional coupling). In Section 3.3, we represent the
processes of a pair creation mediated by an “electromagnetic” boson H., with
square geometric shape, which couples with the two incident photons originating
so two rectangular triangles which constitute the pair (€', ¢’). In Section 3.4, the
annihilation process of pair mediated by H.,, is descripted. Tanks to the H.., one
can describe, see Section 3.5, the decay of the “Higgs Boson” into two photons
detected at CERN: in this way, we can think that the Higgs Boson can have differ-
ent shapes or states, and one of these can be that of the H., boson expressed in
PGM. In Section 4, we attempt of represent the weak interaction (mediated by
vector bosons (W*, 2)) by of the quadrangular geometric shapes as the // boson
and Wboson. In Section 4.1, we show the decay of the pion through the { W*}
lattice of Wrectangular bosons, { W*}, and a quadrangular “weak” boson H,, in-
serted into a Wboson. This happens because the (1, d) quarks can be inserted into
the Wboson (this is so defined as golden), and through W transform into each
other. In Section 4.2, the decay of the neutron is shown geometrically, where the
H, boson gives rise to the electrons while the golden W gives rise to the neutrino.
This aspect “breaks” the geometric symmetry between leptons charged and neu-
tral: the electrons are rectangular isosceles triangles while the electron neutrinos
are golden isosceles triangles. In Section 5, one shows the geometric shape of the

other leptons (y, 7) and the respective neutrinos, having the same shape. In Section
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5.1, we represent the decays of the pion in the pair (g v,) while, in Section 5.2,
that of D meson, in the pair (7 v,). In this way, it is demonstrated that weak neu-
trinos can oscillate in their three savours because all three have the same shape;
the oscillation between savours does not happen for the charged leptons because
the electron has a different shape from the other two. In Section 5.3, we show the
possible geometric shape of the “sterile” neutrinos (same geometric shape as elec-
trons but electrically neutral), which is so different from that of the “weak” neu-
trinos. In Section 6.1, we represent the geometric shape of the Zboson (Z= (W*
® W)) and its possible decay in a pair of neutrinos: Z— (v, + v z). By the geo-
metric representation of Z-decay one can show the intrinsic difference between
the neutrino and antineutrino because they have opposite “chirality” and “helicity”
due to the asymmetry of the geometric shape in a golden triangle. We so demon-
strate, thanks to the geometric structure of particles, that the weak interactions
violate the P-Symmetry and not the CP-Symmetry. In this way, we demonstrate
that the existence of only left-handed neutrinos and right-handed antineutrinos
is the consequence of a geometric structure possessed by bosons and neutrinos.
Finally, in Section 6, by the mass of Zboson, we can calculate, using the geometric
shapes of the Hboson and golden W Boson, the mass of Higgs’s boson H,, see the
Section 6.2; in Section 6.3 we can also calculate the mass value of the system (g,
v,) given by the value (105.84) Mev/c?.

2. Hypothesis of Structure

2.1. The Geometric Structure Hypothesis into Quarks, Hadrons,
and Bosons

In precedent articles, we formulated the hypothesis that the massive particles are
geometric structures of coupled oscillators (JQuO) of quantum field [1]-[3] com-
posed of elementary “sub-oscillators” with “semi-quanta (sq)” (full sq(e) = ho/2,
empty sq(0) = hw/4) of energy moving along the sides of the structure. To ade-
quately represent a particle, we formulated the following Didactic Idea (1): “ The
triangular structures can propagate along a ‘guide and rotate around this line,
thus physically carrying out a spin”. See the following Figure 1:

Figure 1. The configurations of triangle-particle in the propagation along X-axis.

The arrows indicate the movement direction of two sg{e) which compose the
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energy “quantum” (e), with [e = (e, )], along the sides (flow vector ®@). We as-
sume that: “The value of the electric charge is given by the probability of de-
tecting a quantum (e) along the propagation side” (Didactic Idea (2)), see Fig-
ure 2. In the case of quarks (z, d), we will have the following representation [4]:

—> (Negative electric charge, g =-€)

— (Positive electric charge, q=+e¢€)

Figure 2. Geometric Structure of quark (u, d).

The triangles are “goldens”: (14, Is, Ic) are IQuO vertices, while (I4g, Isc, Ica) are

Junction vertices.

2.2. The Basic Lepton

We remember that the massive coupling builds the quarks-structure and the had-
rons [5] [6]. The electrons, like the quarks, have a triangular structure but cannot
be golden triangles; it follows the Didactic Idea (3): “ The electron (positron) can
be represented by a rectangular isosceles triangle”, see Figure 3:

® = Flow Vector of (®)

Figure 3. The IQuO-structure with semi-quanta of a positive electron and its electromag-
netic guideline.

The two arrows indicate the ®-flow of two sg(e) along the sides. Matter and
antimatter are represented by the same shape geometric; but the negative electric

charge by “empty” arrows while the positive charges by “full” arrows, see Figure 4:
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sq
sq. 9)
(o) D g X X
| 2 \
A S C
electron

positron positron

—> (Negative electric charge, q = - €)

—» (Positive electric charge, q=+¢)

Figure 4. The configuration of the electron and positron, and sg-flow vector ®.

Note: (Didactic Idea (4)) “ The structure-particle propagates in the same di-
rection of @ flow vector along the side AC”.

Here, in the electrons, the probability of detecting the quantum () along the
propagating side (vertices A, C) is: g(e) = A®). = 1. This is because a photon
(gauge boson) along the guideline always operates a phase shift on the sg(e), such
that in two vertices (A, C) there are always full sg(e). The geometric representation

so is coherent to the representation of the Gauge Field [7].

3. The Bosons

3.1. The Massive Bosons

23

We showed [3] [8] the mass is defined by the “additional transversal couplin
of IQuO, referred as a “massive coupling”, see Figure 5:

MASSIVE LATTICE
OV AP\ O

TAVANNA VANNAVAVANNAY VAN Aaa 5%@6_»
<N Y YUY U\

To
K
Of\f\Oﬁy A FD KN\)KIfKJO

M
L=k

massive coupling basic coupling

Figure 5. The massive scalar field as a lattice of “pendulums” with springs.
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“The additional coupling between field oscillators can build triangular struc-
tures (Fermions) and quadrangular (Bosons)” (Didactic Idea (5)). In a lattice
“the bosons appear adjacent to each other but are in an “entanglement’ quan-
tum state” (Didactic Idea (6)). We can build two types of lattices: ({H}, {W*}),
see Figure 6.

Note in lattice, the quadrangular bosons can be in a state of “superposition”
state of eigenstates and in a state of mutual interpenetration. If we consider the W
bosons of a lattice as vector Bosons ( W) having a spin s, see Figure 6, then we
think that “The W-bosons can be ‘inserted a {G} lattice of scalar G-bosons:
the W bosons can so rotate because they are pivoted at certain points of the G
lattice” (Didactic Idea (7)). The G-bosons could be the “Goldston Bosons” but
with mass; we pose: [{ W}®{ G}], where the symbol ® indicates a combination
operation of fields. The representation at “lattice-particle” is so correspondent to

Fields’ representation: Field < Lattice.

{H}- Bosons

Figure 6. (a) The {H} -attice with Compton wavelengths (1z). (b) The {W*}-
lattice with Compton wavelengths (Ax).

3.2. The Massive Boson (Photon)

If the oscillations involving the additional “transversal” coupling (or massive) rep-
resent massive particles, the oscillations involving only the “Jongitudinal’ X-axis,

see Figure 5, (the axis where the springs are extended), instead represent massless
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particles. Thus, photons will involve “longitudinal” but not transverse oscillations.

This longitudinal oscillation takes on the role of “guide track” of the photon itself,

that is, it is a “waveguide” [9]. The geometric representation of the photon (boson)
cannot thus be a “flat” quadrangular figure; it follows the Didactic Idea (8) “ The
“geometric’ representation of the photon is a longitudinal “segment’ along
the X-axis of propagation”. Then, we have, Figure 7:

zZ
\PZ
""""""""" Py,
o f ¥ ,\‘ 7 Y K
Y —— D> =P P>
/ \\\“_‘ ——_-_Y__," S s X
EMF Photon in PGM

Figure 7. Representation in PGM of a photon (EMF).

Recall [10] photon is electromagnetic wave (EMF) with transversal oscillations
(¥ ¥2) to the X-direction of propagation moment & Then, we can convention-
ally represent the photon, with a segment having “six arrows”: two for each axis
of transversal oscillation or two sg(o, ®) per axis (the four red arrows) and two
blue arrows for the oscillation-guide (waveguide), along the axis X, with two sg(o,
o). it follows: () = [sg(0, ®) 1 5g(0, ®) 2 5G(0, ®)\]. If we instead consider “bosons”
having a “transversal” additional, see the Figure 5 and Figure 6, then we add the
massive oscillation ¥, with the frequency (@& & my). Thus, in summary, we will
have: Photon & {[(¥y, V), vx] }, massive Boson < {[(Vx, ¥y, V2), vx], Vim}.

3.3. The Pair Creation Process

We recall the pair creation process: [(p1 + 3») = (e + €)]. Each photon has an
elliptical polarization, with oscillation components in Zand in ¥, that is: [(}1)
(1)1l [(1n) 5 (92)y]. We will have, Figure 8 and Figure 9:

Figure 8. Photon with spin s opposite to the velocity v.
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Figure 9. Photon with spin s parallel to the velocity v

In literature [11] [12] a pair creation process is represented by Figure 10:

l
}
v

Figure 10. A pair creation process by the Photon Propagator IX(y).

A note: as we well know, photons have no mass while electrons and positrons
are massive particles, that is defined by an additional coupling building a lattice.
This means that the additional coupling cannot arise from by coupling of two
photons (having only longitudinal oscillations). We need to think the following
Didactic Idea (9): “A background massive field H.., intervenes in the pair cre-
ation process”. We then will have:

[(7+72)+Hep —>(e*+e’) (1)

Then, the representation of H., in PGM is, Figure 11:

~

-~

YVZ

le
N - I{Hem}. /
/_'| >

-/‘

X,

o
[ 1] X
[l T 171 \ "
X,
e+

Figure 11. Representation of the coupling Photon-Hem.
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1) The background field will have a reticular shape, see Figure 5 and Figure 6

2) H.nrefers to a field that couples with photons

3) H.y,has the shape of a quadrangular structure of quantum oscillators (IQuO)
with massive coupling

4) Spin of H. is zero s(H.m) =0

This because it is: [(s()1) + s(2) + S(Hem)]— [(s(€) + s(€7)]

Therefore, since it is s(1) + s()») = 0, and [(s(e") + s(e7)] = 0 it follows s(He.m)
=0

It follows that, Figure 12:

Figure 12. The IQuO-structure of the bosons Hen.

Note the line of H-square is double since it is [( Hem) x, (Hem) ] which the involv-
ing dimensions. Since the H., boson is electrically neutral, we could conjecture

the following configurations of the H.,, Boson, see Figure 13:

— Anticlockwise Phase Rotation < positive electric charge

H
i

' : ’ ion & . -
Directions of sq-flow ——> Clockwise Phase Rotation <> negative electric

Figure 13. Representation of the (Hem, Hem) Bosons.

We observe that two different forms of configurations can exist. Exactly, H. is
a boson that can propagate along an axis lying along the diagonal of the square,
since it has a non-zero flux vector ® of sg(e) along this diagonal, while H.,, cannot

propagate because it has a zero flux vector ® along the diagonal. We now need
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represent two photons in coupling ()1 + 1»), Figure 14:

Y Y
T%—Wﬁx
Elliptic Photon Elliptic Photon

Figure 14. Representation of the y Elliptic photons.

Also, in this representation of a photon, the arrows would indicate the sign of
the electric charge of the particle, which in the Figure 14 would be electrically
neutral. We now can represent the two processes of a pair creation and annihila-
tion, see Figure 15; we have (s= spin, p=impulse), (® = (®, @), with ® = opera-

tion of interpenetrating and coupling, and @ = operation of exchanging of sg(e):

Figure 15. Pair creation by of Hem.

Where numbers indicate sqg(e). Here H.,, has two oscillation planes (see the
double line of sides): there are [(Hem) v + (Hem) 7] as also the photons have oscilla-

tion along the axes (¥; 2). Now it is:
{I:()/vl )Z ® (7/V1)Y :|(+s) ® |:(7v2 )Z ® (7\/2 )Y ](73)} ® ( Hen )(z,y)

([ 0l ]y @(Hanh o +{[(70); @ 1) ]y @ (Hen )} @
— (e} +eq)
We can think that:
o the massive lepton (electron triangle) propagates in the same direction as the
flux vector ®.
o there is the formation of an IQuO line which acts as a waveguide, again thanks
to the presence of the H,,, “square” boson.
e To the end of the reaction of pair creation stays a virtual Hep,.
o The system ({H..}, y) is physically equivalent to a “lattice” of Feinman dia-

grams.
e The H lattice with finite (4) Compton wavelength of the A boson could
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eliminate the problem of renormalization of the mass (recall the problem of
infinites).
The geometric structure with spatial dimension () of the electron eliminates

the problem of renormalization of the electric charge.

3.4. The Annihilation Process by Hem

We formulate the following Didactic Idea (10) “ The H-boson also intervenes as
an intermediary agent in the annihilation process”. We will have:

1) Along the waveguide (line AB), combining the sg-operators of the two F-

IQuO (leptons) having the opposite phase rotation, two lines of B-IQuO (photons)

along AB are generated.

2) The sg(e) of the additional sub-oscillators of the oblique sides of the two

leptons pass into the sub-oscillators of the Higgs Boson, remaining trapped there.

3) Leptons thus lose mass.

4) Real photons are formed which propagate along the diagonal passing

through AB.

We will have in Figure 16:

/\ e 170 W -
s [ p e, s X

= —>bP e e e —
e+L waveguide )‘ ‘r',.v waveguide\/
H WA
X

<€ P

\*7/73

< Y waveguide ‘ H em ". waveguide Y s X
11_%_6— <P : m
\ ' =7
Figure 16. Annihilation process by Hem.
Where it is
[(71+7/2)+Hem _>|:(e++e7)+He’m:|_>(71+7z) (3)

Note the presence of the line of waveguide. It follows that the two photons are

“correlated” or in an “entanglement state”.

3.5. The Reaction H— (y + )

If we consider H.., Boson (see Figure 13), propagating along X-axis, that is (Hen),
we could have the “electromagnetic’ reaction observed at CERN [13], see Figure
172H—>(y+y)
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/:\:> <¢ A\
-X \'\ﬂem// W X

p Y Y p X

wave-guide

Figure 17. Representation of the reaction & — (y+ ).

Where it is (Hem + Hem) = (31 + 12). Note the boson type H presents itself as a
lattice { H}, Figure 18:

X PAVAVAVAVAVAN X

s ol
B s —

Figure 18. Lattice { Hem}.

4. The Weak Interactions with Hw Boson

4.1. The Charge Pion Decay

We consider a “golden” rectangle [14]; it follows the Didactic Idea (11) “A
“golden” rectangle of coupled oscillators could represent the W-boson of weak
Iinteractions W,”. Since the pion decay occurs by weak interaction, we could as-
sume that (Didactic Idea (12)): “A W* pair of golden W-boson can contain geo-
metrically a d-quarks”. We could then insert the (u, d) quarks in a lattice { W*}
bosons, see Figure 19:

B ' C
W+ ;,/|

A m W d

e N> 7w D
W W G

F < E

Figure 19. A d-quark embed in a lattice { W*}.

In the new perspective, we could treat the Feynman diagrams of the S-decay
with two coupled bosons (W*, W) € { W}: so, one introduces the “lattice” { W}
= {(W*, W)} in the theory of weak interactions, see Figure 20:
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=

Figure 20. Pion decay.

Recall the reactions [( W® u)—> d (W d)— u], { W} = (W' ® W) and 7* = (u®
d); using the matrix form of ({ W}, 7) and the spin (, T) we have, see the refer [14]:

W, u WL ®u W ®u

M =i MEE M e _ -

[W*]@(d ] “lwy, @d J { u ] z[(wﬁ@m@ul]mw
W T m(x) W= () ! m(z)

= :(ul ®u, )g(u,g) ® (W )Am*:| - [(7@ )g(u,g) (W )Am*:|

= (710) 0y ® (12 3 )Am*J “[(r.eum)e(v)]

- )

Note that the spins of two leptons of decay are opposites because the spin of

I®

(4)

initial pion is zero; since the movement directions are opposite, for the moment
conservation, the leptons have the same helicity.
4.2. The Neutron Decay

We consider the free neutron decay [7] and that of neutron inside a nucleus N.

Using the matrices, we have:

Wir d; Wi @dy | (Wi @dy d;
I(W@W,) ®lu, | =| I®uU |=| QU :(W{T)+ uy
W), dy )y \W, ®d, U Uil
d
Yr ! -
= o |*]w =p, +(e5 +v1)
N
u), |
(5)
Wiy d; Wy, @d, Uppp Uprp
ey (B U | 7| 1@U || 1@y, =Wy )+|| u,
Wl_i dT 1 WLL @dT Wu @dT dT M o
v, Uprp
(0| | Aot
A Jiny p*

Since the antineutrino is right-handed (), the electron will be left-handed (e;)
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if the two particles are opposite in movement direction. This is consequence of
the following (Didactic Idea (13)): “In the decay of the neutron there is a coupling
between the { H}-bosons lattice, see the H, and H,/, and golden bosons lattice
{W}: {H} ® { W}”. Let us consider the geometric representation of the decay of
a free neutron [10], Figure 21:

-
//C;\
w”’

-

\

B 1

7
// ~
D’ 6
\\ 11372
N A
AI n 5

1
A 4

[N}

[{H}®{H’}]1® {W}

S(p

proton H

s
-
-
V' 4

Figure 21. The neutron S-decay.

The numbers represent the sg(e) of the system ({ H,}, W") which we find again
in the two leptons. In Figure 21 are represented the two phases of decay: the first
phase of production [7 — (p+ W")] along the axis X and in the two phase the decay
of Wboson [ W — (€ + V)], along the axes X' and X", with Azthe decay time. Note
that the proportions between A, and A, are not respected in Figure 21. Note that:

1) the [sqi(e), sgx(e), sgs(e)] couple with [sqio(®), squ(e), sgi2(e)] and are
trapped in the triangle (AGD), forming the electron which propagates along the
axis X'.

2) the [squ(®), sgs(e), sgs(e)] couple with [sg;(e), sgs(e), sgo(®)] and are trapped
in triangle (A'B'C'),» which is rotated respect to the triangle (ABC),,, forming the
antineutrino which propagates along the axis X", see the Figure 21.

The two axes (X', X") are different due to conservation of momentum, see the
Figure 21.

Note that the bosons (A, W) are in a virtual state with empty sqi(0) and full
semi-quanta sg(e). The H-Boson is in an excited vacuum state. This excitation
induces rotations in the W-Boson (quadrilateral ABCD), which becomes the W'-
boson (A'B'C'D’). In the quadrilateral (A'B'C'D') occur the couplings of the semi-
quanta that will form the antineutrino.

Note that only when the couplings constructing the two triangles (AGD) and
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AB'C') have been realized, then the splitting of W-boson can occur by the quadri-
laterals H(LAEDG) and W(ABCD).

Let us also remember that the W~ boson has a spin (s= 1) so, in neutron decay,
the spins of the two leptons agree. Since the directions of the two leptons are op-
posite, the two decay particles will have opposite helicities. Note that the electron
should emerge from an axis prolongation of the side AG, but this would violate the
total moment conservation. This does not happen. Thanks to the excitement of the
system (H,® W) — (H, ® W), the electron is compatible with the conservation
of momentum, also if H,’ “breaks’ the golden geometric symmetry of the system
(H»® W). We will say that the system {H,, ® H,'} has “broken” symmetry. The
two Hboson (H,, H,/) can be considered as two excited states of a generic /boson:
in fact, the “transformations” [(n — p) = (d > u), (W — (e + v))] imply the “ac-
quisition” of more sg(e) of virtual excitation from the system [{ H, ® H/} ® W].
This is possible if the { H,, ® H,/'} lattice is of course in an “excited vacuum state”.
The systems [{ H,® H,/} ® W] and [{ W} ® { W'} ={ W} 4], see the sect. 3.1, recall
[7] [10] the “Higgs Mechanism’. The “broken” symmetry of system { 4, ® H,'}
introduces a geometric asymmetry in the geometric model of Weak interactions
because the triangular structures of the two leptons of decay are different: the elec-
tron is an isosceles right-angled triangle while the neutrino is a golden triangle with
angles (90°, 72°, 18"). Given the presence of the angles (72°, 36/2), we will formally
speak of a “golden” neutrino. The oscillations between A, and A, and the rotation
(W— ) delay the simultaneous emission of the pair (e, v): this determines the
considerable decay time of the neutron, just under 10 minutes. The decay time is
determined by the probability Pe, v) that all the sg(e) of the system [{H,, ® H,'}
® { W ® W'}] are simultaneously distributed in the two particle triangles (€ (apa),
Varc)). However, the first structure to form is the electron while the second struc-
ture, that of the neutrino, is slow to form. Let us remember that the electron is
originated in the transition time from A, to /,/, while the neutrino is formed from
the time in which the surviving sg(e)x of H, transfer to W to combine with the
sq(e)., of Wand thus originate the neutrino structure. This explains the difference
between the Compton length of the electron (4,) and that of the neutrino (#4,). In
PGM the probability Ae, v) will determine a scale factor () in the space dimension
between the neutrino and electron. We will have [k & P, 1)]; since the (e, v) pair
originates from the (H,, W) system it follows:

Ko/ 2 =K (2, /2,) ©

5. The Leptons
5.1. The Muon

The available energy in pion decay is greater than that in neutron decay. The u-
muon, however, cannot be an electron since the energy involved is greater. Besides,
in the pion there are two quarks which, via the W lattice, are transformed into two
particles; the number of sg(e) present in two quarks will thus be double, as de-
picted in Figure 22. Even in the pion decay the W boson lattice must couple with
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the H-boson lattice: {[{H.} ® ({ W} ® {y})] = (& ¥). Thanks to the sg(e) of
photons the g-muon and antineutrino take form. A possible decay, see the neu-
tron decay, can be the following, Figure 22:

antineutrino

{H} @ [{W}®{y}]

Figure 22. The {H} ® { W}-decay.

Now the energy is sufficient to admit that the sg(e) of H-boson and y-photon
enter into the pathway (ACB), and they couple with the sg(e) of Wboson to give
the structure of the muon: at point A the sg(e, o) of { H} and { W} converge and
in A point the exchange takes place. The same happens to build the antineutrino.
Since the decay occurs simultaneously for the two particles of decay, the muon
has to wait a time A¢ for the formation of the antineutrino to leave the { H ® W}
lattice. Note that the muon is “golden” and, thus, is different from the electron
even if it is a lepton. If the electron originates from the A, vibrational eigenstate
of the { H} lattice in the excited vacuum state, the muon originates from the 4,
eigenstate coupled with the W~ boson.

Now we describe the muon decay, see Figure 23:

electron neutrino

{H} ® {w}

&, electron

Figure 23. Muon decay.
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5.2. The Tau Lepton (1)

The (6 ¢) mesons’ pair [15], such as (J/¥), can have the following structure into a

W-lattice, see Figure 24:

(=X
*

d *
%),

Figure 24. (J/'Y) setting in four Wbosons.

A meson with charm, see (D*, I), could generate not only kaons and pions but
also a 7 lepton. We can imagine the following decay generating a 7 lepton, see

Figure 25:

Figure 25. Decay of the D-meson with a final tau lepton.

On the diagonal AC of D-meson one can build the { # ® W} lattice (the image
to the left in Figure 25) then, we have formulated the following Didactic Idea (14)
“From the D-meson decay one can draw the t-lepton structure’. In the experi-
ments, the discovery of the 7 lepton was made from various decay products of
heavy mesons as D-mesons. The compatibility between the tau lepton and the W
boson leads us to believe that 7* can have the origin, like the muon, from a lattice
[{ H} ® { W}]. the Tlepton, like the muon, also originates from the coupling of the
degenerate eigenstate A, (H,1, Hy>) with the W boson. So, the [{ H} ® { W}] lat-

tice acting on the D-meson (¢, d) allowing the decay into a pair of leptons (7, v;).

5.3. The Leptons

We can thus give the structures of the charged Leptons, Figure 26:
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B
\9 <<— O
A C
electron

Figure 26. The three possible configurations of leptons (e, g, 7).

Note that no oscillation is possible between the electron and muon because they
have different geometric structures. Same between the electron and tau. This is
because the electron is a rectangular isosceles triangular structure while the muon
is a golden triangle, the same as the tau. Instead, oscillations between the muon
and tau could occur. However, it is found that the transition from tau to muon
manifests itself as tau decay. Let’s move on to neutral leptons. We can show that
in PGM the neutral leptons differentiate into “weak” neutral lepton and an “elec-
tromagnetic” neutral. In fact, the elementary charged lepton, the electron, can be

associated with two neutral leptons of different nature, Figure 27:

electron “sterile” neutrino weak golden neutrino

Figure 27. The electron and two neutrinos to it associated.

The weak neutrino (v,) would be the one associated with the weak interaction
or Beta decay. The electromagnetic neutrino ven would instead be associated with
a coupling between two photons and two “electromagnetic” bosons H.,. Never-

theless, this neutrino could appear as a “neutral” electron, see Figure 28:

Figure 28. Representation of the reaction H — (Ve + Yem).
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In the Dirac Theory, this neutrino v., would be given by a spinor ¥ with two
components (¥, ;) because represents a neutral particle. But here, see Figure
28, the two neutrinos (Vem Vem) appear as particles with the same helicity (right-
handed) and mass (they could also have the same mass as the electron one). As it
happens for the electrons, these neutrinos can be particles left-handed or right-
handed, and thus they could be “sterile” neutrinos [16]. We ask, even, if they could
be the Majorana neutrinos, since is (Vem = Vem). Nevertheless, see the Section 4.2,
in the theory of the PGM is (Vem # Vu), Where v, is the weak neutrino which has
the shape of a golden triangle while ven has the shape of a rectangular isosceles
triangle. Besides, recall that in the S-decay it is (v # ¥) because the neutrino
experimentally is always left-handed while the antineutrino is right-handed. This
aspect affirms that, in PGM, the v., cannot be present in S-decay. It follows that
the electromagnetic neutrino ve, or “sterile” neutrino cannot be a “Majorana’s
neutrino” [17], supposed this last present in the “double” S-decay. Recall that the
“double” S-decay can happen only if (v = v). If in PGM we show that the weak
neutrinos v, are different from weak antineutrinos v, then we will show that the
“double” p-decay with weak neutrinos does not exist. The weak neutrino would
instead have the following configurations, Figure 29:

B

electronic neutrino . tau neutrino
muon neutrino

Figure 29. The three possible configurations of neutrinos (ve v 7).

Perhaps this can only happen if the flavours [18] differ slightly in mass, Figure
30:

A F E D C

Weak Neutrinos

Figure 30. The three states of oscillations of the three neutrinos (ve,

Vi, Vr) .

DOI: 10.4236/jhepgc.2024.104080

1442 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2024.104080

G. Guido et al.

In Figure 30, the three neutrinos appear as unique particle.
A note due: the weak neutrinos cannot decay like partner leptons, but they can

only oscillate into their three savours.

6. The Z Boson
6.1. The Geometric Shape of the Z boson

Neutrinos could be produced by a particular state of the lattice { W} where the W
bosons instead of being adjacent, see Figure 6, may be superposed, and interpen-
etrated with each other. In this case, the geometric superposition gives rise to the
Zboson [4] given by Z= W* ® W". The combination ® implies a state in which
there are two aspects (D, ®):

1) Configuration of the Figure 19, where the two W-bosons ( W*, W) exchange
sq(e) > Z=Wd W

2) Where the W-bosons are overlapped and in interpenetration > Z= W*®
W

As it has been said [8], for the neutral pion 7° = 7* ® 77, where the mass is given
by m(7°) = m(z*) £ Am, we will also have for the Z-Boson, with Z= W* ® W,
that m(2) = m(W*) + Am. In the pion we had m(#") = m(7*) — Am, instead in Z-
Boson it is m(2) = m( W*) + Am; this happens because in Z-Boson there are two
possible coupling configurations of two W*-bosons. Regarding the spin, the inter-
penetration, as happens in the pions, admits s(2) = s( W*), that is the spin of the
Z-boson will be the same as that of one of two W*. However, by the intermediation
of H, boson, we could also have [ W* ® W = ], so as it happens in the process of
annihilation of pair (€', &) where the H.,-boson intermediates the annihilation,
see the sect. 3.4. Note this is compatible with the electroweak theory. Finally, we
note that Z, being a “combination” and “interpenetration” of two bosons [Z= W*
® W], could decay in a pair (matter-antimatter) [(/, F), (v, 1, (¢, @)]; in the case
of a pair neutrinos, it is, see Figure 31:

Left neutrino Observe

Figure 31. Decay of the Zboson in two neutrino-structures.

Remember that in SM the two particles originating from the S-decay are two
fermions of a matter-antimatter pair: if to the left there is a particle, to the right
there is its antiparticle. Even here, see Figure 31, if to the left there is a particle, to
the right there is its antiparticle. Note, in Figure 31, that the two particles always
have opposite helicity. Therefore, in PGM as it happens in SM, the Z boson could
decay into a pair of golden neutrinos: [Z— (v, + ¥g)].
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6.2. The Chirality in PGM

In the mirror we will have, Figure 32:

Mirror /]

Right antineutrino

V<

Figure 32. Mirror reflection in P mirror of a neutrino and antineutrino.

Note that each of them is the mirror image of the other (they have opposite
rotations, both around the propagation axis and that of the internal flow of sq(e),
and opposite directions of motion (p' = —p")) except for the spin vector which is
invariant in direction (§ = s"). This determines that the mirror image of a particle
has opposite helicity. It follows that in PGM the reflected image into mirror P of
a neutrino would be an antineutrino. If neutrino and antineutrino were the same
particle (like the neutral pion) then the physical phenomenology determined by
each would be identical for P transformations, that is, they would give rise to the
same reactions. However, this does not happen: the weak interactions involving
neutrinos and antineutrinos are different (see decays) and undergo variations for
Ptransformations, that is the weak interactions do not maintain “parity” [7] [10].
This unequivocally means that “weak” neutrinos and antineutrinos are two dis-
tinct particles. Remember that, if we observe one of the two particles from moving
reference systems, the helicity will change, because the spin of a particle is a rela-
tivistic invariant, while the helicity is not.

In fact, in a Reference Frame S' that surpasses one of the two particles the he-

licity changes (¥ > ), see Figure 33:

Right antineutrino left neutrino? No

Pt R I,

2

Figure 33. The right-handed antineutrino characteristic does not change for observers in

relative motion.

It seems, in PGM, that by surpassing a right-handed antineutrino it appears to
us as a left-handed particle. If this happens then being a neutrino or being an an-
tineutrino would be relative to the observer. Instead, there must thus be an intrin-

sic characteristic of the neutrino and antineutrino that makes them such for any
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observer. This characteristic cannot be helicity, which instead depends on the mo-
tion of the observer and which changes upon P-reflection. The matter-antimatter
distinction, however, must be absolute and not relative (Lorentz Invariance). It is
therefore necessary that there is something that makes the neutrino and the anti-
neutrino different for all observers in relative motion. This indication must be
found within the geometric model, where particles are geometric structures of
coupled quantum oscillators. Even in the wave equation there must be a variable,
other than helicity, which remains unchanged for the Lorentz transformations,
and which makes it possible to say that a left-handed neutrino cannot become a
right-handed neutrino. This variable is “chirality”’ (). Recall that chirality [19] is
connected to the left-handed property of the left hand and the right-handed prop-
erty of the right hand. Recall that in Dirac theory, chirality is defined by the )
array, which allows us to talk about right-handed and left-handed particles. The
mathematical meaning is known but not the physical meaning in depth. In PGM,
instead, we show that the variable y is closely connected to the possibility that a
particle has a geometric structure with an internal flow vector ®@. Look carefully
at Figure 34, where one can highlight the correspondence between the hand and
a triangular structure:

B B

A C A C

Figure 34. The Chirality of the hands.

Note that:

o each hand can be considered as a “triangular structure” in which the thumb
direction is given by the AC(—>) side for the right hand, and CA(«-) side for the
left hand

« each triangle-particle (not isosceles) has a “thumb” side [(AC), (CA)] or chi-
rality indicator (L): {[(Zz) < AC(—)] < right-hand}, {[(Z ) & CA(«)] < left-
hand}

« the two chirality indicators [(Zy), (f)] defined in PGM are coincident to two
chirality operators (I'; I',) built with the )? array of the Dirac theory

« a neutrino will be a triangular structure with a left thumb [(I,) & AC(—)]
while the antineutrino will be a triangular structure with a right thumb [(,) <
CA(«)]

We observe that the right-handed particle (Figure 32) has a spin parallel to the
displacement vector and therefore helicity equal to one [e= s ¢ p=+1] > (¥r)e=s1

Instead, the left-handed particle has a spin antiparallel to the displacement vec-
tor and therefore has negative helicity: [e= s ¢ p=—-1] > (V1) =1

Thus, we will have: [(PR)e+1, (W1)e=-1]
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We have thus demonstrated that the existence of only left-handed neutrinos
and right-handed antineutrinos is a consequence of a geometric structure pos-

sessed by neutrinos.

6.3. The Mass of the Higgs’s Boson (Hy)

Now, we insert a Hboson with “square” shape of side AB into a “golden” Wboson,
see the Figure 6; then we have the Figure 35:

H Fow

Figure 35. The H-Boson with (1x) and
golden W-boson (Aw).

If we consider the rectangle (ABDE) of the golden type, we will have that:
BD = ¢AB = (1.618) AB (7)

In this case, the A boson (ABCF) will be called the “golden” H boson (X) be-
cause it is stuck inside a golden W. Note that the CDEF rectangle is also golden
and therefore W is a golden boson. We will have that AD/ACwill be:

AD/AC =[ ¢ +1]”2 /2”2 =1345= 2, /4, (8)

Thus, it is m(H)/ m( W) = (1.345). That is:
m(H )=m(W )(1.345) )

We remember that Z= (W* ® W"). Given the presence of both interpenetration
(®) and energy exchange (@), we could suspect that there is a mass difference,
Am, not zero as in the neutral pion and, therefore, it is m(2) = m(W) £ Am. The
Higgs’s boson discovered at CERN is a A, and was identified and measured in
mass by the reaction A, — W*+ W [13]. In PGM the reaction could be (H® H
— W' + W). Therefore, when we calculate the mass of the H,, Boson, we must
consider the Zboson: Z =(W* ® W). We could thus have that m(H,) ~ m(2) +
Am. From the equation 9, we will have m(Hy,) ~ (1.345) (11z), then, it follows:

m(H ) =(1.345)(m, ) = (1.345)(91.1876) GeV/c* = (122.647)GeV/c?

The Hboson discovered at CERN is a weak boson of Higgs H,: H—> W'+ W~
Thus, we will have that m(H,) = tm(H). It involves identifying the value of &

6.4. The Muon Mass (u)

Let us return to the decay of the charged pion, see Figure 20. The { W} lattice
induces the pion decay by transforming its quarks; in this process, it gives virtual
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energy &, to the pion in the transformation (z — d) or receives energy in the

transformation (d— u). Recall that the bonded masses of the quarks are:
{[m(d),. =(86.26)MeV/c’ |,[m(u) = (53.31)Mev/c? ]} (10)

with m the bonded masses by gluons of (i, d), quarks into pion. The difference in

absolute value is:

|Am(u,d)|g :|m(u)—m(d)|g =|53.31-86.26|MeV/c* =(32.95)MeV/c* (1)

The transformation (d— u) introduces a massive energy of 32Mev/c? into { W}
but takes it (—32 Mev/c?) away from the pion (in the reference frame of pion is all
massive energy or initial total energy); instead, the transformation (z — d) re-
moves a massive energy of 32 Mev/c? from the { W} lattice. In the first case, since
there is a pion that decays, 32 Mev/c? of massive energy will be missing from the
mass of the system that replaces the pion, while in the second case, 32 Mev of
massive energy will be missing from the W~ boson that after decays in the leptonic
pair. Ultimately, in both cases, to the end of the decay process, a massive energy
Am= 32 Mev/c? will always be missing from the initial mass (only that of the pion):
(m(7*) — Am). Thus, in the reference frame at rest of pion, coincident with that of
the W boson, the final massive energy of system { W~ ® (x, v,)} will be:

mW),,,, = m(7* ) - Am = (139,57 - 32.95)Mev/c’ = (106.62)Mev/c’  (12)

This massive energy is next to the muon mass. We consider some aspects:

1) The energy (-32 Mev/c?) will be used as kinetic energy (K) in the (x4 v,)
system.

2) The annihilation photon y, in both cases, flows inside the W~ producing a
phase shift between the electrically charged sector and the neutral one of the sys-
tems { W® H,}; this is because the photon acts only on its electric sector.

3) This phase shift separates the two sectors which will free themselves from
each other only when they reach the completeness of a quantum oscillating system
(that is they will have an integer 2 number of quanta).

4) In this separation, a part A&y, of massive energy of system { W ® (y, 1)}
could be used for the separation of two triangular sectors; it follows m(y, v,) <
m( W) »)-

5) The splitting energy Ae,, for separate the system is:

Aggy =m(W )(M# - m(y,gu) .

Note that in the neutron decay, we have the difference between the masses

=(1.29)MeV/c* =m(W)_ . Also in the

(eve)
Ve ) <m(W)
If we have m(e) = (0.511) MeV/ ¢? and m(v) <« ml(e), then it could be:
(M) g ~M(€) = Ay (. p) = (1.29-0.51) Mev/c? = (0.78)Mev/c?

of neutron and proton is: (Aé, )(n )

neutron decay there is the splitting energy As, (n, p) —>m (e

(eve)

If Aggir (€) = A (1) then it is:

Aggy (1) =m(W )(m) - m(ﬂ’Kﬂ ) - m(”'Ku) =m(W )( )~ Acg (1)

nvy
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It follows:
m(s,v,)=mW),,  ~Acy (1) =(106.62 - 0.78) Mev/c = (105.84) Mev/c”

This is the mass of system (g, v,). It follows: m(u)= m(,u,zﬂ ) - m(v_ﬂ)
If we use the experimental value of muon mass [(105.65) Mev/c?], then we can

approximately calculate the v, muon neutrino mass:

m(v,)=m(uv,)-m(u)=(105.84-105.65)Mev/c’ = (0.19) Mev/c’

7. Conclusion

Reading the article, it can be noted that PGM is a “simple” and “faithful” repre-
sentation of the SM, with the advantage of being a representative model of the
phenomenology of particles which deepens their physical knowledge and also
manages to make predictions both on the structures of the particles same as also
on the physical values of some physical quantities such as the mass of the muon
or the mass of the Higgs boson. Other representative insights of PGM are very
fruitful in understanding electroweak phenomena: from the structures of leptons,
we derive fundamental aspects such as neutrino oscillations while for charged lep-
tons it is shown that there are no possible oscillations between flavors. From an
in-depth reading of the article, it is also possible to see the descriptive potential of
the model such as the interactions between hadrons, the calculation of their
masses (using the structural equations), and the interactions relating to the weak
bosons (W, Z) and the Higgs’s boson. As also can be seen in this article, PGM
introduces, didactically and otherwise, new descriptive paradigms of particle phe-
nomenology as the interactions between particles through intermediary lattices
(bosons) and the quantum oscillator at sub-oscillators and semi-quanta (IQuO).
Thanks to these new paradigms, it is possible to see that mass, electrical charge,
and color charge find “geometric” expressions that facilitate the understanding of
these fundamental concepts of physics. Thus, in PGM, it is possible to avoid basic
problematic aspects of SM such as the “renormalization” of mass and electric
charge and some issues of symmetries and non-symmetries. In conclusion, in rep-
resenting didactically the physics of SM through geometric figures, we have had
the notable surprise that the didactic model created (PGM) was a model exhaus-
tive, in-depth analysis, and predictive of the phenomena described mathemati-
cally by the SM. Not only, but perhaps, in this article, we could also glimpse a
further effort to broaden the idea of geometrization of physics, begun a century
ago by Einstein with the geometrization of the gravitational field: PGM could so
constitute an unprecedented and original attempt to “geometrize” all the particle-
fields. We therefore ask ourselves whether by PGM it is possible to finally solve

the age-old problem of the quantization of the gravitational field or graviton.
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