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Abstract: The electron of spin —1/2 is a Dirac fermion of a complex four-component spinor field. Though it is
effectively addressed by relativistic quantum field theory, an intuitive form of the fermion still remains lacking
and it is often described by the so-called Dirac belt trick. In this novel undertaking, the electron is examined
within the boundary posed by a recently proposed MP model of a hydrogen atom into 4D space-time. Its
transformation to Dirac fermion is consistent with Dirac belt trick, quantum mechanics and Lie group with
gravity considered to be a classical force. These outcomes are compatible with Dirac field theory and its
associated features like wave function collapse, quantized Hamiltonian, non-relativistic wave function, Lorentz
transformation and Feynman diagrams. The model though speculative, it could become important towards
defining the fundamental state of matter subject to further investigations.

Keywords: Dirac fermion; Dirac belt-trick; quantum mechanics; lie group

1. Introduction

At the fundamental level of matter, particles are described by wave-particle duality, charges and
their spin property. These properties are revealed from light interactions and are pursued by the
application of relativistic quantum field theory (QFT) [1,2]. The theory of special relativity defines
lightspeed, ¢ to be constant in a vacuum and the rest mass of particles to be, m = E/c* with E as
energy. The particle-like property of light waves consists of massless photons possessing spin 1 of
neutral charge. Any differences to its spin, charge and mass-energy equivalence provide the inherent
properties of particles for the matter at the fundamental level and this is termed causality [3,4]. Based
on QFT, particles appear as excitation of fields permeating space at less than lightspeed. There is a
level of indetermination towards unveiling of the charge and spin property, whereas the wave-
particle duality is depended on the instrumental set-up [5,6]. The probability of locating the electron
within the atom is defined by non-relativistic Schrédinger’s electron field, 1, and it is not compatible
to the excitation of the electromagnetic field for particle manifestation [7]. In other words, it is difficult
to imagine wavy form of particles freely permeating space without interactions and this somehow
collapses to a point at observation [8].

At the atomic state, the energy is radiated in discrete energy forms in infinitesimal steps of
Planck radiation, +h. The interpretation is consistent with observations except for the resistive nature
of proton decay [9]. The preferred quest for particle observation at the atomic level is to make non-
relativistic equations become relativistic due to the shared properties of both matter and light at the
fundamental level as mentioned above.

Beginning with Klein-Gordon equation [10], the energy and momentum operators of
Schrédinger equation,

A

0
E=ih—,p = —ihV, (1
5P )
are adapted in the expression,

62
(hzﬁ — c?h?p? + mzc4>1/)(t, %) =0.(2)

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 d0i:10.20944/preprints202210.0172.v8

Equation (2) incorporates special relativity, E* = p?c? + m?c* for mass-energy equivalence, V
is the del operator in 3D space, # is reduced Planck constantand i is an imaginary number, i = v—1.
Only one component is considered in Equation (2) and it does not take into account the negative
energy contribution from antimatter. In contrast, the Hamiltonian operator, A of Dirac equation [11]
for a free particle is,

HyY = (—=iV.a + mB)y. (3)

The ¥ has four-components of fields, i with vectors of momentum,V and gamma matrices, «,
B represent Pauli matrices and unitarity. The concept is akin to, e* e~ — 2y, where the electron
annihilates with its antimatter to produce two gamma rays. Antimatter existence is observed in Stern-
Gerlach experiment and positron from cosmic rays. While the relativistic rest mass is easy to grasp,
how fermions acquire mass other than Higgs field remains yet to be solved at a satisfactory level [12].
But perhaps, the most intriguing dilemma is offered by the magnetic spin +1/2 of the electron and
how this translates to a Dirac fermion of four-component spinor field. Such a case remains a very
complex topic, whose intuitiveness in terms of a proper physical entity remains lacking and it is often
described either by Dirac belt trick [13] or Balinese cup trick [14]. Others relatable descriptions include
Klein bottle [15] and Dirac scissors problem [16]. These descriptions dwell on the possible formation
of Dirac strings from atom decay. However, suppose the atom is preserved, how the electron can be
physically transformed into Dirac fermion is examined within a proposed MP model. Such a process
appears compatible with Dirac belt trick and its field theory, quantum mechanics and Lie group,
while gravity is considered to be a classical force rather than an atomic force. Though the model
remains somewhat speculative, it can become important towards defining the fundamental state of
matter and its field theory subject to further investigations.

2. An Electron Conversion to a Fermion by Dirac Process

In this section, the transformation of a lone electron in a hydrogen atom type to a fermion by
Dirac process within a MP model is speculated. It is ensued by its relevance to quantum mechanics
and Lie group.

a) Unveiling Dirac belt trick within the spherical MP model

The electron’s orbit of time reversal in discrete continuum form of sinusoidal is defined by
Planck radiation, h. In forward time, the orbit is transformed into an elliptical shape of a monopole
pair (MP) field mimicking Dirac string (Figure 1a). It is dissected perpendicular by Bohr orbits (BOs)
into n-dimensions of energy levels. By clockwise precession, the torque or right-handedness exerted
on the MP field shifts the electron of spin up from positions 0 to 4 to assume 360° rotation. Time
reversal orbit against clockwise precession allows for maximum twist at the point-boundary or vertex
of the MP field. The electron then flips to spin down mimicking a positron of isospin to begin the
unfolding process. Another 360° rotation from positions 5 to 8 restores the electron to its original
state. These intuitions are relatable to Dirac belt trick at 720° rotation assumed at spherical lightspeed
of wave-diffraction form. In Minkowski space-time, the conjugate pairs of positions, 1, 3 and 5,7 offer
light-cone depicting Weyl spinor of 4D space-time (Figure 1b). The point of singularity for the light-
cone is out of reach due to the electron’s shift at positions, 2 and 6 (centered image of Figure 1a—d).
Additional details on the conceptualization path of the model from electron wave-diffraction is
offered elsewhere [ref. 17]. Clockwise precession at spherical lightspeed offers an inertia reference
frame, A (Figure 1a) and this adheres to the conditions,
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Figure 1. The MP model [17]. (a) In flat space, a spinning electron (green dot) in orbit of sinusoidal
form (green curve) is of time reversal. It is normalized to an elliptical MP field (black area) of a
magnetic field, B mimicking Dirac string. By clockwise precession (black arrows), an electric field, E
of inertia frame, A is generated. The shift in the electron’s position from positions 0 to 4 at 360° rotation
against clockwise precession offers maximum twist. At position 4, the electron flips to a positron to
begin the unfolding process from positions 5 to 8 for another 360° rotation to restore the electron to
its original state analogous to Dirac belt trick. For the total of 720° rotation, a dipole moment () is
generated for the classical spherical model. (b) The BOs defined by conjugate numbered pairs, 1,3 and
5,7 translate to angular momentum (purple dotted lines) of spin +1/2 depicted by a pair of light cones
(navy colored) in Minkowski space-time. These are projected in degeneracy toward singularity at the
center. (c) Lie Group. The electron in its orbit is tangential to smooth manifolds of both BOs and the
spherical model. By precession, 2, the model is polarized to generate qubits, 0 and +1 at spherical
lightspeed. The polar coordinates (r, 0, ®) are attributed to Schrodinger wave function with respect
to the electron’s position in space. (d) Topological torus emerges from BOs defined by ¢ (white
loops) and their dissection perpendicularly by 6 (yellow circles) from intermittent clockwise
precession stages of the MP field. Any light-matter interactions are tangential to the electron’s position
as the base point of the manifolds and these are transformed by linearization along the z-axis.
Singularity at the center for the light-cone is out of reach due to the electron’s shift at positions, 2 and
6 along horizontal x-y plane (insert centered image). The embedded terms and equations relevant to
the model are explained in the text.
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R=2 Trad,=22,+2_=1, (4)

where the trace function, Tr is the sum of all elements within the model. These elements are applicable
to both quantum mechanics and Lie group as examined next.
b) Quantum mechanics and Dirac notations

The transformation of the electron to a Dirac fermion within the MP model can further
accommodate some basic concepts in quantum mechanics (Figure 1c,d). Some of them are outlined
below in bullet points.

e  The electron is defined by its wave function, . Its orbit of time reversal adheres to the
Schrodinger equation, if % W (#)6(t)) in space-time (Figure 1c). Its superposition state

(electron-positron pair) in space is linked to BO defined by ¢ and thus, its inner product is,
(W|d)" = (P|¢p) with respect to z-axis. Conjugate charges at positions, 1, 3 and 5 and 7 cancels
each other out at spherical lightspeed to form close loops, where the electron is stabilized to
generate only either spin up or spin down in its orbit at an energy n-level in accordance with
Pauli exclusion principle. At 360° rotation, an electron of spin up is produced and at 720°
rotation, a positron of spin down is formed. The loops of BOs are topology construct of
differential manifolds into n-levels or n-dimensions (Figure 1d).

e  Both radial and angular wave functions are applicable to the electron, ¥(r,6,¢) =
Ry, (r)Ylml (8, ¢). The radial part, R,,, is attributed to the principal quantum number, n and
angular momentum, [ of a light-cone with respect to r (Figure 1c). The angular part, Y, in
degenerate states, £m; with respect to the z-axis is assigned to the BO defined by both 6 and
¢ (Figure 1d).

e  The BO is defined by a constant structure, a and its orthogonal (perpendicular) to z-axis by
linearization (Figure 1d). Its link to electron-positron pair is, (aj |ak> = dxl,b[;j (g, (x) = i
for continuous derivation and is relevant to Fourier transform. The translation at the n-levels
along the z-axis can relate to the sum of expansion coefficients, C,, where the electron’s
position offers an expectant value, ) = ¥, C,/a,). Its probability is of the type, (a,|y)?.

e  The shift in the electron’s position of hermitian conjugates by Dirac process, P(0—8) =

J; Y*Hiypdr assumes Hamiltonian space with 7 equal to arrow of time along z-axis (Figure

1d). The complete spherical rotation towards the point-boundary for the polarization state of 1
assumes U(1) symmetry and incorporates Euler’s formula, e™ + 1 =0 in real space.

e  Singularity at Planck’s length is assigned to the point-boundary at position 0 and this promotes
radiation of the type, E = nhv by the electron-positron transition. Somehow it sustains the
principle axis of the MP field or z-axis as arrow of time in asymmetry comparable to linear

time. The inertia frame can substitute for centripetal force if gravity is assumed to be a classical
2
force rather than an atomic force. Coulomb’s law, F,,.., = %, for the electron-positron pair at

constant velocity, v can apply to the MP field, where singularity by gravity is evaded for the
atom (centered image of Figure la—d).

c) Lie Group
The Lie group of differential smooth manifolds are attributed to both the BO of a circle and the

spherical model (Figure 1c). The BO in degeneracy offers a topology of Lie groups and its translation
along z-axis of orthogonality is by linearization (Figure 1d). The electron-positron transition from
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positions 0 — 8 is tangential to the boundaries of the manifolds. Rotation matrices of the type, R,,(6)
and R,,(0) is attributed to the MP field by precession with any changes in z-axis trivial, (z|z') =
0(z —z') (Figure 1d). The rotation matrix, R,,(6) is accorded to the BO. These are relevant to
describe spin 0, 1/2 and 1 towards complete rotation at position 0 at the point-boundary for qubit 1.
Some examples are further explored in this section.

The electron of chirality can be described in the form,

gEa, ()

where g is the electron’s position as subset of the space tangential to the manifolds and G is Lie group.
For the conjugate numbered pairs, 1, 3 and 5, 7 of BO (Figure 1d), Equation (5) validates the
operations,

J15+ 937 €G (6a)

and

g+ (=9 =i (6b)

where i is spin matrix. The form, g, + g3 # g5 + g, due to radiation loss from the electron-positron
transition is tangential to the manifolds. By intermittent precessions (Figure 1c), the inner product of
r is generated in the form,

Fl 'FZ = |F1 ” F2|COSH (7)

where rotation of both vectors preserve the lengths and relative angles (e.g., Figure 1c). By assigning
rotation matrix, R to Equation (7), its transposition becomes,

(Rry)"(Rr,) = 7"1T?”21, (8)

where the identity matrix is, I = R™ x R. The orthogonal relationship of BO to clockwise precession
along z-axis at 90° for all rotations suggests, R € SO(3). The general rotation of SO(3) group in 3D is,

1 0 0 x
Gu(gg) = (0 cos6 —sin@) (y) ©)

0 sin@ cosf z

When rotating as 2 x 2 Pauli vector for SU(2) symmetry with respect to a light-cone (Figure 1d),
Equation (9) translates to the form,

|=&2 &, (10)

6 iin®
+ COSZ LSLle _( VA x—yi)
- - x+yl —Z

1
2

3
2
where & and &, are Pauli spinors of rank 1 to rank 1/2 tensor relevant for Dirac matrices of SU(2)
symmetry. By orthogonal geometry, the column is attributed 6 at n-levels along z-axis and the row
to BO define by ¢ in degeneracy. When y = 0, z = x is a real number with respect to the particle’s
position. At x =0, z = y becomes an imaginary number. The electron’s position on the BO can also
be assigned to SO(2) group in 2D such as,

(S cose)=(Ce D) =1#0(2 )00

where, 6 € [0,2m] to incorporate Dirac process at 720° rotation within the MP model (e.g., Figure 1a).
Similar relationships can be forged for G( g¢) with respect to the BO (Figure 1d) in the form,

cos¢p —singp 0\ ,x @
Gu(g4) = (sin(jb cos¢ 0) <y> =x <e ’ 0_¢>. (12)
0 0 1/ \z 0 ez

, . 8 0
lSlTlE coS —
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Substitution of Equation (12) with G, (g¢) = e? can relate to polarized states, -1, 1 and 0 of the
spherical model at the point—boundary (Figure 1a) from the electron-positron transition such as,

—1 0 cosf —sinf6 0
69 sm@ cos@ 0|. (13)
1

These explanations provide the probable paths to more complex themes of the compact Lie
Group and these can be explored further within the confinement of the MP model.

3. Dirac Field Theory and Its Related Components

Dirac belt-trick based on the MP model is further demonstrated in Figure 2a—f. The electron’s
time reversal elliptical orbit of a MP field mimics Dirac string and it is subjected to twisting and
unfolding process by clockwise precession. Cancellation of charges at conjugate positions 1, 3 and 5,
7 allows for the emergence of loops of BOs in manifolds and these generate only spin up and spin
down states. How these relate to Dirac theory and its associated components [1,2,10,11] are succinctly
described in bullet points for further undertakings.
= Dirac theory and helical property. The fermion field is defined by the famous Dirac equation of

the generic form,

ihy 0, (%) — me(x) = 0, (14)

where y* are gamma matrices. The exponentials of the matrices, {y°y'y?y3} are attributed to the
electron’s position by clockwise precession acting on its time reversal orbit. For example, y°is
assigned to the vertex of the MP field or Dirac string and by electron-positron transition, it sustains
z-axis or arrow of time in asymmetry at position 0. The y'y?y® variables of Dirac matrices are
relatable to the electron shift in its positions.
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maximum twist

> H 7% -

Figure 2. Dirac belt trick. (a) The electron (green dot) induced rotation due to clockwise precession
against its time reversal elliptical orbit insinuates a close loop. The position of the particle on a straight
path (colored lines) is referenced to the MP field of elliptical shape (centered image) based on the MP
model (Figure 1a). The loop of spin 1/2 is confined to a hemisphere and is formed at spherical
lightspeed. (b) Maximum twist is attained at position 4 as detectable energy and the unfolding process
offers another loop at 360° rotation for a total of 720° rotation to restore the electron at position 8 or 0
akin to Dirac belt trick. (c) Precession normalizes the loop to generate an electron of positive helicity
or right-handedness. The spin up vector correlates with the direction of precession. (d) The electron
flips to a positron of negative helicity or left-handedness. The spin down vector is in opposite
direction to the direction of precession to begin the unfolding process. By transposition, Y;&é] of
360° rotation for the total of 720° rotation, unit matrices, é; is produced with j=1, 2 and 3 with respect
to the electron shift in positions. (e) Cancelation of charges at conjugate positions, 1, 3 and 5, 7 at
spherical lightspeed offers close loops of BOs to stabilize the electron to only generate either spin up
or spin down states. The process generates a Dirac spinor and the point of singularity evaded due to
shift in the electron’s position at 2 and 6. Thus, quantum gravity is not probably not applicable to the
atom. The tilt at position 4 compared to position 0 is attributed to energy loss from the electron-
positron transition in the form, E = hv = gBB. (f) Polarization of the model either horizontal or
vertical with respect to the electron-positron pair, +i generates qubits 0, 1 at positions, 0, 4 and 8 (see
also Figure 1a). Image (e) adapted from ref. [18].
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Orthogonal projections of the space-time variables, é(li iy°y'y?y?) are confined to a

hemisphere and assigned to a light cone (e.g., Figure 1c). These are incorporated into the famous
Dirac equation,

09 el b e T e s
igetedgyt By tetyg =) vex). 15

where ¢ acts on the coefficients A, B and C and transforms them to y*,y? and y3. The exponentials
of y are denoted i for off-diagonal Pauli matrices for the light-cone (Figure 1d) and is defined by,

- 0 O.i

and zero exponential, y° is,

p=(0 e

is relevant to oscillations assumed at the BOs (Figure 1d) with anticommutation relationship,
et () # e~ () of chiral symmetry (Figure 2c,d). The associated vector gauge invariance exhibits the
following relationships,

Py, - ey, (17a)

O-l

or

Yr - eieLlpR- (17b)

The exponential factor, i6 refers to the position, i of the electron of a complex number and 6, is
its angular momentum (e.g., Figure 1c). The unitary rotations of right-handedness (R) or positive
helicity and left-handedness (L) or negative helicity are applicable to the electron transformation to
Dirac fermion (Figure 2a). The process is confined to a hemisphere and this equates to spin 1/2
property of a complex spinor (Figure 2b). Two successive rotations of the electron in orbit equal to
clockwise precession of the MP field is identified by ihi. The chirality or vector axial current at the
point-boundary is assigned to polarization, +1 of the model (Figure 1c). The helical symmetry from
projections operators or isospin acting on the spinors (Figure 2e) is,

1
P =5 (1-75) (18

and

1
Pe =35 (1-¥5).(18b)

Dirac matrices of eigenstates, ys; at fixed momentum is attributed to the BOs. The usual
properties of projection operators are: L + R=1; RL=LR=0; L? =L and R? =R (e.g., Figure 2a-d).
= Wave function collapse. Dirac fermion or spinor is denoted 1(x) in 3D Euclidean space and it is
superimposed onto the MP model of 4D space-time, 1(x,t) by clockwise precession (Figure 1a,b).
The model into Minkowski space-time resembles Poincaré sphere (Figure 3a). The Dirac four-

P

component spinor, ¥ = s | is attributed to positions 0 to 3 of conjugate pairs in 3D space (e.g.,
P2
¥3

Figure 2c,d). When imposed on the surface of Poincaré sphere, both positive and negative
curvatures of non-Euclidean space are applicable (e.g., Figure 2a,b). Convergence of positions 1
and 3 at either position 0 or 2 is relevant to the equivalence principle based on general relativity.
The straight paths of Dirac spinor (Figure 2¢,d) define Euclidean space. Any light paths tangential
to the point-boundary is expected to transform the spinor into linear time akin to Fourier
transform (Figure 3b). These outcomes are relatable to a typical hydrogen emission spectrum for
any external wavelengths interacting with the particle’s position along its orbit (Figure 3c). In this
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way, wave function collapse of probabilistic distribution by Born’s rule,|1)|? is attained, where
the spherical model is reduced to linearization of irreducible spinor field.

b)

linear time along z-axis

c)
I .

Figure 3. Wave function collapse. (a) Dirac spinor is defined by vector space superimposed on

Poincaré sphere. It consists of both Euclidean (straight paths) and non-Euclidean (negative and
positive curves) spaces. Clockwise precession by geodesic motion induces a circle at 360° rotation to
the negative curves at positions 0 to 3 (e.g., Figure 2c). The polar coordinates (r, 0, ®@) are linked to a
light cone (navy colored). (b) By Fourier transform (blue wavy curve) into linear time, positions 2 and
6 constraints the reach of singularity for irreducible spinor. Zooming in towards the particle’s position
presents the Heisenberg uncertainty principle (black wavy curve) for the electron of superposition
states linked to BO (e.g., Figure 1d). These can translate to (c) a typical hydrogen emission spectrum.
Fourier transform are shown by white spectral lines and the uncertainty principle with respect to the
particle property by colored spectral lines. The particle’s position in orbit can interact with different
wave lengths such as the visible range.

= Quantized Hamiltonian. Two ansatzes adapted from Equation (14) are given by,

P = u(p)e %, (19a)

and

P = v(p)e'P*. (19b)

By linear transformation, the hermitian plane wave solutions form the basis for Fourier
components in 3D space (Figures 1d and 3b). Decomposition of quantized Hamiltonian ensues as,

1 d3 ) )
Y(x) = WJ Z—%Z(aiﬁus(p)e“p'x + b;TvS(p)elp'x),QOa)

and its conjugate form by,

1

T d3 ST= i S8 —ip.x
Y(x) = WIEZ(aPTuS(p)e”‘"x + bpvS(p)e™P ).(20b)

The coefficients a§ and aj' are ladder operators for u-type spinor and by and by' for v-type
spinor. These related to Dirac spinors of two spin states, +1/2 and ¥° and %° as their antiparticles
(Figure 2a,b). The operators are applicable to BOs into n-levels or dimensions for the production of
complex fermions, +1/2, +3/2, +5/2 by linearization (Figures 1d and 4a). Dirac Hamiltonian of one-
particle quantum mechanics relevant to the MP model of hydrogen atom type is,

H= f A3xpT () [=iyy.V + my°lyY(x). (21)
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The quantity in the bracket is provided in Equation (3). By parity transformation, the observable
and holographic oscillators are canonically conjugates (Figure 4b). The associated momentum is,

7t=a—L—l/_)i 0 =iyt (22)
ap Y '

With z-axis of the MP field aligned to the vertex in asymmetry (Figure 1c), the V-A currents
comparable to Fourier transform are projected in either x or y directions in 3D space (Figures 1d and
3b). These assume the relationships,

[ 0,933, 0) ] = [Wix 0,90 ] =0, (232)

and its matrix form,

[he 0,9}, 1) ] = 8a56%(x —y), (23b)

where @ and  denote the spinor components of 1. Equations (23a) refers to unitarity of the model
and Equation (23b) is assumed by electron-positron transition at the point-boundary (Figure 2b). The
Y independent of time in 3D space obeys the uncertainty principle with respect to the electron’s
position, p and momentum, q, as conjugate operators (Figure 1c). The commutation relationship of p
and q obeys the relationship,

{ap,ad"} = {b5,bT } = (2m)26756% (p — @). (24)

Equation (24) incorporates both matter and antimatter and their translation to linear time (Figure
3b). The electron as a physical entity generates a positive-frequency such as,

— d3 1 .
(v 010) = (01 | 2= D s (re
Py

d3q 1
(2m)* \[2E,

Equation (25) could explain the dominance of matter (electron) over antimatter if the latter is

X

Z al'us (q)e'? | 0). (25)

accorded to the conceptualization process of Dirac fermion provided by the model (e.g., Figure 2a

and 2b).

= Non-relativistic wave function. Observation by light-matter interaction allows for the
emergence of the model from the point-boundary at Planck length. Subsequent energy shells of
BOs at the n-levels by excitation accommodates complex fermions, +1/2, +3/2, +5/2 and so forth
(Figure 4a). The orbitals of 3D are defined by total angular momentum, ] = [+5 and this
incorporates both orbital angular momentum, ! and spin, s (Figure 4b).
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a) subshells

shells

Nq

Figure 4. Light-MP model coupling. (a) To an external observer, the topological point-boundary
provides the origin for the emergence of the oscillator, /, = § + L (maroon light cones). Increase into
n-dimensions, k to [ offers asymptotic boundary to the energy shells and subshells inclusive of the
hidden oscillator. The BOs in degeneracy, @i (see also Figure 1d) at the n-levels of the observable
oscillator can accommodate Fermi-Dirac statistics (green wavy curve) and possibly Fock space for
non-relativistic many-particle systems if mulielectron are assigned to multiple MP fields. The
observable oscillator is partitioned at the infinite boundary at the center of the MP field and is
equivalent to classical limit of the holographic oscillator. The blue light cone is from the perspective
of the observer at the center. (b) The emergence of quantized magnetic moment, £/, = m;# from the
point-boundary (maroon light cones) levitates about the internal frame of the model (blue light cones).
Parity transformation for the conjugate pairs is confined to a hemisphere (e.g., Figure 2a and 2b).
Scatterings (green wavy curves) are applicable to light-MP model interactions along the BOs and
coincide with J =L + § (see also Figure 1d).

Within a hemisphere, the model is transformed to a classical oscillator. By clockwise precession,
a holographic oscillator from the other hemisphere of the MP field remains hidden. One oscillator
levitates about the other (Figure 4b) and both are not simultaneously accessible to observation in
linear time by Fourier transform (e.g., Figure 3b). The n-levels for the fermions can be pursued for
Fermi-Dirac statistics with the point-boundary assigned to zero-point energy (ZPE). The +] splitting
(Figure 4a) can apply to Landé interval rule due to the electron isospin and this can somehow
accommodate lamb shift and thus, hyperfine structure constant. Such a scenario is similar to how
vibrational spectra of a harmonic oscillator for diatoms like hydrogen molecule incorporates
rotational energy levels. The difference of the classical oscillator to the quantum scale is the
application of Schrédinger wave equation (e.g., Figure 4a).
= Weyl spinor. The light cone from the point-boundary within a hemisphere accommodates both

matter and antimatter by parity transformation to generate Dirac spinor (Figure slc, 2a-d and

4b). It is described in the form,

Yo

_[ ¥
v=1y, |0

V3
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Equation (26) corresponds to spin up fermion, a spin down fermion, a spin up antifermion and
a spin down antifermion (e.g., Figure 2c,d). By forming its own antimatter, Dirac fermion somewhat
resembles Majorana fermions. It is difficult to observe them simultaneously due to the wave function
collapse long z-axis of linear time (e.g., Figure 3b). Non-relativistic Weyl spinor of a pair of light cones
in 4D space-time are relevant to Schrodinger wave equation in 3D space (Figures 1c, 3a and 4a). These
are defined by reduction of Equation (26) to a bispinor in the form,

Uy
V=)@
where u, are Weyl spinors of chirality with respect to the electron position. By parity operation, x
— x’ =(t, —x), qubits 1 and -1 are generated at the vertices of the MP field (e.g., Figure 1c). Depending
on the reference point-boundary of the BO (Figure 1d), the exchanges of left- and right-handed Weyl
spinor assumed the process,
(1) = (1209) < VD =790 o
YR PL(x) P'(x") = Plx)y°.

Conversion of Weyl spinors to Dirac bispinor, é* &% are expected diagonally at conjugate
positions, 1, 3 and 5, 7 along BO (Figure 1d). Comparably, the two-component spinor, §' &2 =1 are
normalized at the point-boundary at position 0 of the model (Figure 1a).

= Lorentz transformation. The Hermitian pair, 1%y of Dirac fermion based on Equation (27)
undergo Lorentz transformation in the form,

utu = (&t/p.a, &/p.G. <‘/\/g§)

= 2EpE1E. (29)

Equation (29) basically relates to the transformation of the model of 4D space-time to linear time
at observation comparable to Fourier transform (e.g., Figure 3b). The corresponding Lorentz scalar
applicable to scattering at the BOs (Figure 1d) is,

u(p) = ut(p)y°. (30)

Equation (30) is referenced to z-axis as the principle axis of the MP field of a dipole moment in
asymmetry (Figure 1c). By identical calculation to Equation (29), the Weyl spinor becomes,

uu = 2métE, (31)

with respect to the light-cone (Figure 4a). It is difficult to distinguish Weyl spinor and Majorana
fermion from Dirac spinor by observations due to superposition of electron-positron pairings and the
point of singularity is evaded by shift in the electron’s position (e.g., Figure 2e).

= Feynman diagrams. The two types of particles pursued by Dirac field theory consist of bosons
and fermions. The former of whole integer spin 0 and 1 vectors are force-carrying particles and
the latter of spin 1/2 are fundamental building blocks of matter. Within the prospects of the MP
model, both spin 1 and 0 are attributed to the point-boundary of ZPE of a classical oscillator
(Figure 4a). By conservation of the model, ejection of the electron (object) would permit the
emergence of particle-hole of isospin. Its constriction to mimic the baryons at high energy (Figure
4b) can somewhat relate to Higgs boson at the point-boundary of spin 0. By relaxation, boson
types, Z° and W* can emerge based on mass-energy differences akin to symmetry breaking, m
=0 to m > 0. These explanations are relevant to those provided for the Lie group (see section 2).
Ejection of an electron (or positron) by beta decay, f* can also insinuate neutrino types of helical
property without requiring change of color charges by exchange of gluons from up and down
quarks (Figure 5b). In this case, the vertices of the MP models along the z-axis become center of
mass (COM) and the particle-hole may constitute violation of charge conjugation, parity and time
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reversal symmetry (see also Figure 4b). Any scatterings along the BOs of unidirectional (e.g.,

Figure 1d and 4a) would mimic electron-positron pair as the base point and accommodate the

e?

2
fine-structure constant, a ==~ — with c=h=1 at high energy. The incoming and
hc  4m 137

outgoing radiations from the light-MP model interactions are compatible with Feynman
diagrams (Figure 5a,b) and obey Einstein mass-energy equivalence of the form,

MP field

e- o lBohrorbit'-" e+

MP field

Y
7

linear time along z-axis

Figure 5. Feynman diagrams for MP models coupling. (a) Two electrons, each at a vertex of a MP
model may undergo either repulsion or attraction when approaching each other. Symmetry is
sustained when secondary photons mimic the COM for the electron-positron transition along the z-
axis akin to Fourier transform (Figure 3b). (b) Actual ejection of the electron/positron would induce
particle-hole isospin. Particle-hole interactions at ZPE can generate various boson types including
neutrinos and antineutrinos of helical property mimicking the electron-positron pair (e.g., Figure 2c
and 2d). These are relevant to both positive beta (+) and negative beta (-) decays without requiring
change in color charges of up and down quarks.

E? —|p)%c? = m2c?. (32)

—iguy
p2

Photons coupling to the model can acquire mass, y or by on-shell momentum (p* = m?)

along the BO with respect to particle-hole position (Figure 4a). These translate to z-axis of linear time
from the vertices, iey®, iey” of the MP field as COM akin to wave function collapse (Figure 3b).
These interpretations can accommodate any deviations in the anomalous magnetic moment of the
electron or particle-hole with respect to variations in the value of a such as for lamb shift.

= Further undertakings. The relevant themes offered for Dirac field theory with respect to the MP
model can be pursued into more depth in quantum electrodynamics and the Standard Model of
particle physics, where removal of infinite terms for fermion and boson types can be justified.
Such undertaking can extend to energy-momentum tensor, Fermi-Dirac statistics, Bose-Einstein
statistics, causality, Feynman propagator, charge conjugate-parity-time symmetry and so forth.

4. Conclusion

The dynamics of the MP model of 4D space-time offered in this study allows for the
transformation of the electron of hydrogen atom type to Dirac fermion of a complex four-component
spinor. These are compatible with Dirac belt trick, quantum mechanics and Lie group, while gravity
is considered to be a classical force rather than an atomic force. Such outcomes relate well to Dirac
field theory and its related components such as wave function collapse, quantized Hamiltonian, non-
relativistic wave function, Lorentz transformation and Feynman diagrams. Though the model still
remains a speculative tool, it can become important towards defining the fundamental state of matter
and its field theory subject to further investigations.
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