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Abstract

There are two ways of linearizing the Klein-Gordan equation: Dirac’s choice, which introduces a
matter—antimatter pair, and a second approach using a bivector, which Dirac did not consider. In this
paper, we show that a bivector provides the classical origin of quantum spin. At high precessional
frequencies, a symmetry transformation occurs in which classical reflection becomes quantum parity.
We identify a classical spin-1 boson and demonstrate how bosons deliver energy, matter, and torque to
a surface. The correspondence between classical and quantum domains allows spin to be identified as
a quantum bivector, i, which is a spinning plane. Using geometric algebra, we show that a classical
boson has two blades, corresponding to magnetic quantum number states m = £1. We conclude that
fermions are the blades of bosons, thereby unifying both into a single particle theory. We compare and
contrast the Standard Model which uses chiral vectors as fundamental, with the Bivector Standard
Model which uses bivectors, with two hands, as fundamental.

Keywords: classical spin; intrinsic angular momentum; geometric algebra; Dirac field; classical
correspondence; coherence; bosons; fermions; parity; reflection; Twistor theory; quantum theory;
standard Model; Bivector Standard Model; quantum gravity

1. Introduction

When Dirac linearized the Klein—-Gordan (KG) equation [1], his anticommuting gamma matrices
("N 7% (1)

led to the familiar Dirac equation [2] in Minkowski space, which is the Laboratory Fixed Frame (LFF),
defined by (B = ct, X, Y, Z). However, an alternative linearization exists that Dirac did not know
about [3-5]. Instead of Dirac’s choice of gamma matrices, the set

(Y2, 7, 92,73) ¥)
also anti-commute where
V=i 3)

introduces a bivector [6]. The subscript s denotes spin spacetime in the Boby Fixed Frame (BFF),
(Bs, €1, €2, €3). Dirac’s linearization led to the identification of two spin-1 particles with opposite proper-
ties, establishing the matter-antimatter pair, [7]. The main issue is the negative energy of the antimatter
particle which has never been satisfactorily resolved, [8]. The matter-antimatter interpretation is
universally accepted. It identifies the two particles as fundamental fermions of spin . This choice
leads directly to the Standard Model, [9], SM, of particles.

We have shown, [3], that the bivector linearization gives a different interpretation which resolves
the negative energy issue, the baryogenesis problem, and the EPR paradox, [4,5]. The main purpose
of this paper is to contrast the bivector linearization from Dirac’s choice. We argue that the bivector
approach offers an alternative with consequences that may well lead to abandoning the current
paradigm based upon chiral fermionic fields of the SM. Rather a Bivector Standard Model, BiSM, is
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suggested. In this paper we describe the electron as a physical object with a bivector structure which
replaces the usual point particle of the SM.

Figure 1 compares the SM matter-antimatter pair with the BiSM bivector. Both are mirror images
and both have opposite chirality. Dirac proposed two particles, and the bivector model proposes two
axes on the same particle.

One of the consequences of the bivector spin is we show for the first time that intrinsic angular
momentum has a classical origin. This opens up an entirely different description of the microscopic
and gives insight into the fundamental properties of the quantum domain. The description of spin
changes from a chiral point particle of intrinsic angular momentum, to a well defined ontic structure: a
rotating plane that spans the classical and quantum domains, [3].

The consensus is, however, that spin is an intrinsic quantum property without a classical origin.
No classical theory has revealed full quantum behaviour, [10-15]. These approaches universally start
with spin as the fermions experimentally observed and use Dirac’s matter-antimatter choice.

Hestenes pioneered the use of Geometric Algebra, GA, to reinterpret the Dirac equation by ex-
pressing spinors as real multivectors and identifying the internal structure of spin with zitterbewegung
(zbw:trembling motion) [33]. This is a rapid, lightlike circulatory motion of the electron at the Compton
scale. Spin then emerges from the intrinsic rotation of a localized point-like particle, modeled as a
rotor in spacetime algebra, with the complex phase of the spinor reinterpreted as a physical geometric
rotation. Both Hestenes'’s treatment and ours have many features in common. We find internal motion
of the electron that likely is the source of a zbw. His interpretation provides a kinetic origin for the
rest mass and associates the quantum phase with real rotational geometry. However, Hestenes retains
the structure of Dirac spinors and relies on the conventional spinor decomposition into electron and
positron states. In contrast, the BiSM dispenses entirely with spinors, modeling spin as a classical bivec-
tor confined in the BFF, with spin—% projections emerging from rotor dynamics of a spin-1 structure.
This difference in our approaches eliminates the need for chiral decomposition, complex amplitudes,
and positive/negative energy conflict between the electon/positron pair. Rather, these are replaced
with real geometric precession and internal blade coherence. Since both approaches use GA, both are
focused on geometry.

Building on Hestenes’ framework, Doran and Lasenby, [6], further developed geometric algebra as
a foundation for quantum mechanics and quantum field theory. Their formalism expresses spin states
as even-grade multivectors, or rotors, acting on reference vectors, providing a geometric visualization
of spin and spacetime dynamics. However, their approach again remains structurally aligned with
quantum theory, retaining spinors as fundamental entities. They preserve complex phase, maintain
linear superposition, and rely on operator algebra for measurement.

The zitterbewegung appears consistent with a structured bivector with rotating blades within a
BFF. Rather than postulating internal motion from the LFF, the bivector-based model gives internal
angular momentum geometry, with classical rotor dynamics governing spin, mass, and chirality. This
provides a concrete mechanical origin for spin and parity, free from abstract spinor components and
compatible with classical rotational motion under Lorentz conditions.

Muralidhar, [17], used GA to study the electron at zero point energy. He too finds spin is a bivector
governed by classical rotor dynamics.

1.1. Outline

In Part I we present the classical mechanics of a bivector and show that its properties correspond
to those of quantum spin. We identify a significant bifurcation where classical spinning separates the
environment which forms spin states with definite odd and even parity. This transition reflects the
change in symmetry from classical reflection to quantum parity.

In Part I we describe the symmetry transition between classical and quantum domains, and show
the correspondence between classical and quantum bivectors.

In Part III we interpret the results, and describe mechanisms by which external spin chirality
relates deterministically to internal chirality, enabling structure formation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Left: Dirac’s matter-antimatter pair of the SM. Right: The BiSM showing two counter precessing angular
momentum cones on the same particle which form a bivector.

In Part IV we show the unification of bosons and fermions. Properties of internal mass-energy
balance, helicity, chirality, emergence of charge are also discussed.

In Part V the ontological differences between the SM and the BiSM are discussed. We formulate
the bivector field as spin 0, 1, and 2 structures. Each is related to a bivector property which leads to a
Lagrangian for both the classical and quantum bivectors.

Part VI shows that superposition of bivectors does not happen, and discusses quantization and
measurement.

Part VII discusses the experimental evidence that support both the SM and the BiSM.

2. Classical Spin

The results of this section establish that a classical bivector defines a classical spin-1 boson using
no quantum postulates. There is a direct correspondence between classical and quantum spin. This
correspondence is taken as strong support that spin is a bivector with two opposite chiral hands.

2.1. A Classical Bivector

Figure 2 shows three different views of spin. On the left is the usual point particle with intrinsic
angular momentum, treated as a chiral fermion. On the right is a classical bivector in its BFF with
two internal axes (1 and 3), spinning about the 2-axis of linear momentum. In the center is that same
bivector but now viewed from the LFF. It is a spinning disc with the internal motion mostly averaged
out. The torque, or force, around the 2 axis is in the LFF. In the BFF, that torque becomes the centrifugal
force, acting along the bisector of the 1-3 axes, causing them to counter precess. This is internal motion.
We also assume that microscopic particles require so little energy compared to its availability that
they quickly attain a state of quantum parity by spinning the bivector to high, but not relativistic,
frequencies.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Three views of a spinning object: Left: a point particle with spin (LFF), Middle: a disc with vector motion
(LFF), and Right: a classical bivector with internal motion (BFF). In the LFF, the angular momentum is intrinsic,
being the projection of the internal bivector motion that is in the BFF which is unobservable.

The classical bivector
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Figure 3. Classical spin bifurcation. Right: A classical bivector with two orthogonal massive axes, 1 and 3,
spinning about axis 2 (projecting out of the page). Center: The two mirror-image precession states, (=, represent
Nature’s left and right hands. The angles between axes 1 and 3 and their angular momentum vectors are equal in
both states and increase with precession frequency. A mirror plane bisects the 1-3 axes. At @ = Z, the classical
spin magnitude is v/2, corresponding to a spin-1 boson. Right: The cone is decomposed into components S | and
S, orthogonal and parallel to the precession axis. Bottom: Left: Quantum state of even parity showing the loss of
reflection within the double helix of mass along the bisector, 31. Right: Permuting the 1 and 3 labels reverses the

handedness of the frame. Summing the two frames cancels the torques; subtracting them cancels matter. Matter
and force are separated.
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2.2. Complementarity

This leads us to the first property shared by classical and quantum bivectors: complementarity. In
the LFF, the observer sees a vector precessing around the 2-axis, but no internal bivector motion. We see
only a projected blur of the internal dynamics, like looking at an engine when lifting the hood. From
the BFF, the vector motion around the 2 axis is canceled, but there the internal torques are absorbed,
driving the internal bivector dynamics, like the wheels of the engine responding to the applied torque.
In the classical domain, there are two complementary views of spin: vector motion around the e, axis
in the LFF, and a coherent bivector motion, e; A e3, in the BFF, [3].

2.3. Euler’s Equations

The bivector structure shown in the left panel of Figure 3 depicts a bivector with external vector
precession. The two massive orthogonal axes of the bivector are labeled 1 and 3. In response to
the vector motion around the massless axis 2, these two axes counter-precess with opposite angular
velocities, w = w; = —w3. Take the moment of inertia for the external vector as Iy, and that for the
internal bivector as Ig. The bivector axes counter precess at twice the frequency of the torque axis, 2,
and therefore the rotational energies, %I w?, for the disc and the two axes, are distributed between the
vector and bivector in the ratio, . :

a ratio maintained for any precessional frequency of a rigid bivector.

The classical motion is described by Euler’s equations. The massless 2 axis provides the torque
that turns the bivector either clockwise or counter-clockwise. They are the classical particle’s two
helicity states. We calculate the motion at fixed frequencies so there are no external torques and the
system is conservative. Euler’s equations reduce to the substantive derivative, [18],

— =S Xw 6)

This describes the internal motion by its angular momentum, S, and the constant angular velocity
around the 2-axis, giving two equations for the 1 and 3 motions,

(IJl —l—szl =0
W3+ QPws =0 (6)

where () = 9. The solutions apply conservation of energy and initial equal phases. Two cones of
angular momentum are generated one for each axis. Their interaction plane, 13, is where the two cones
are closest and furthest in their orbits, giving,

S; =e3c0s@ +¢1sin®
S1 =e1c0sO + e3sin©® (7)

These are shown at various angles ® = G/T, defined as that between an axis, ¢; and the vector, S;,
Figure 3). The units are radians per second, and G is a gauge to be determined by the system. The
period of precessions is T = %T. These components are normalized: parallel to the axes is S| = cos ©;
and perpendicular to the axis is S| = sin®, Figure 3).

2.4. Resonance
This configuration can also be expressed in terms of the angle & between the two angular
momentum vectors, S; and S3 by

7T
:——2
) 5 o, (8)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2210.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 July 2025 d0i:10.20944/preprints202507.2210.v1

6 of 35
giving,
()
S; = egrl cos 5 + e, sin 5
() _ .
S, = e3+1 cos 5 e;; sin 5 9)
where the bisector axes are defined as,
4 1
= 7(63:&61). (10)

€31 /2

With @ constant, the two orbits resonate between alignment along the bisector, e5; and cancellation
along opposite directions of +e,;. Therefore, the tandem and coherent precessional motion results
in the two vectors at various fixed values of ® coming in and out of phase coherence, Figure 3). The
mirror plane bisecting the 13 axes reflects them, so neither can distinguish its real counterpart from its
own reflection. This figure is shown from ® = 0 to ¥, or equivalently from & from 7 to 0.

From the BFF, Figure 2), the high precessional motion about the 2-axis is canceled, revealing the
internal counter-precession of the bivector. The external vector precession and the internal bivector
motions are related: for every period of rotation around the 2 axis, the bivector axes counter-rotate
by two periods. This is a geometrical example of the double cover of SU(2) over SO(3). The angle &
remains fixed at constant precession. This resonance within the bivector structure is identified below
as a spin 1 boson.

2.5. Geometric Algebra: Bivector Dynamics

A blade is defined as one of the two orthogonal vector axes e; and e3 that are used to define spin,
Equation (11) below. Chirality refers to the handedness of this bivector plane, which is determined by
left- and right-handed unit quaternions around the 2, or torque, axis, [3]. In contrast to the SM, where
chirality is projected from the Dirac field using 7>, [1], here it arises from the opposite chirality of the
two blades. These blades are identified as the magnetic numbers of spin, both classical and quantum.

The counter precessing cones of angular momentum, Figure 3), lead to the definition of classical
spin as a bivector being the wedge product of the two angular momenta associated with each axis, [6],

B=S1AS; (11)
thereby defining their interaction plane, 13. Using Equation (7), the scalar and the wedge products are,

S1-S3 =sin20 = cos P
S1AS3 =epc0820 = ¢;sind (12)

Normalized S gives a unit quaternion structure of a scalar and bivector which we express as the
geometric product, [6], of the two angular momenta,

Qp(P) =81S3 =51 -S3+ 51\ S3
exp(ea®) = cos P + e sin P (13)

Spin is a bivector, Equation (11), and the geometric product, Equation (13), describes its dynamics as a
classical rotor.

The unit vector e; is normal to the 31 plane and Qp(®) gives rotation around the 2 axis which
is manifest in the LFF as a spinning disc. There is no vector component in the BFF. This quaternion
also gives a measure of scalar and bivector contributions at different angles. The scalar part gives a
measure of its mass, and the bivector part gives coherent rotational kinetic energy from the two counter
precessing axes. At® = J, (® = 0), the scalar part is maximized to 1, and the two axes 1, 3, meld

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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which cancels their precessions, leaving scalar mass. Equation (4) shows that the ratio of the rotational
kinetic energies is fixed. As the internal frequency goes to zero, so the external precession slows and
stops. In isotropy, all kinetic energy is converted to mass. This locked kinetic energy can be revived in
the presence of a polarizing field, causing the two blades to unfurl. This suggests that in isotropy and
far from any target, the bivector electron conserves energy by converting it all to mass. It maintains its
bivector 2D frame giving spin finite size. We call the BFF the rest frame, and the mass the rest mass.
We identify this maximally confined structure to have the classical electron radius 7, ~ 2.82 x 107> m.

This classical angular momentum has no physical axis and is a purely resonant state: the eye of a
tornado along 13. The analogy is apt but with an extra twist. The eye of a vector tornado is a region
of calm and lower energy, yet surrounded by a vortex of high precessional energy. In contrast, the
bivector tornado is due the two axes melding into an eye of left and right chiralities intertwined in
harmony, Figure 3). There is no vortex, only a scalar directed along the bisector with calm everywhere
else. It is a microscopic double helix. As ® — 0 all internal motion ceases. With no magnetic field
present, we assign this state the magnetic classical (not yet quantum) number m = 0. The two blades,
m = =£1, have folded into a massive arrow. The high rotational kinetic energy of those two locked
blades is reversibly converted into mass with changing ®. The chirality and energy are not lost, only
stored in free-flight by the geometric product. Figure 3) also shows how the massive double helix
destroys reflection, leading to parity. Shown is the even parity state of matter.

The quaternion, Qp(®), is also a phase which changes sign when 1 and 3 labels are swapped. This
symmetry operation shows the 1 and 3 labels are indistinguishable, allowing for both the clockwise
and counter clockwise helicity around the 2 axis.

2.6. A Classical Boson of spin-1

This resonant and scalar state is formed from the coherent coupling of the two perpendicular
components, S| , one from axis-3 and one from axis-1. As seen from Figure 3), the component from
axis-1, S , projects onto the 23 plane, while the axis-3 component projects onto the 12 plane. Any cone
will give a spin-1, but the maximum value occurs when S| = S, at ©® = 7. We normalize these cone
projections and the angle between the projected component and the bisector, 31, is § = 7. A spin is
formed from these two components which resonates giving a state of length /2. Using the quantum
definition for the angle, 8, between a spin axis and its cone, we get

_m =1 _ 7
Vs(s+1) V2 4

which is identified as a purely classical spin 1. Moreover, this particle is rapidly spinning, averaging

cosf = (14)

out all anisotropies, and obeying Bose-Einstein statistics. We are justified in calling the classical spin a
boson. Since the spin-1 is a result of the coupling of the two blades, we assign a spin of 3 to S, and S;.

2.7. Special Relativity

Using the angular momentum of an electron, %, its mass, and a radius defined by the de Broglie
wavelength in atomic systems of A = 1.94 x 10~ m, we found a rim velocity of wr = vy, = 8.9 x 10°
m/s, or about 0.03c, is attained. This allows us to determine the gauge, G, for an electron. At ®@ = /4

letT =T,
7T T A TTA
C=1Te= 7003 ~ 012
A
~0.12¢T (15)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Relativistic effects, [19], are determined by the relativistic angular frequency, w®, which is given

by,
c w
w" = 'Y(Urim)w = ’ (16)
1 v%im
—

where 7 is the Lorentz factor. The divergence of w® reflects relativistic time dilation effects, not an actual
physical increase in the intrinsic angular velocity w. At higher precessional frequencies, to compensate
for time dilation, the observed precessional frequency w® decreases. The condition vy, = wr < ¢ must
be satisfied. As w® — 0 and A — co, the system ceases to spin, and energy is converted to mass. Here
A = Urim /W is the effective coherence length or wavelength associated with the relativistic angular
frequency. However, this usual explanation of the relativistic limit can never be approached by an
electron because the quantum domain occurs first.

2.7.1. The Quantum and Relativistic Limits

Due to the intertwining of the two chiralities, the cones cannot pass through one another, and
instead become confined as mass. The quantum limit, therefore, occurs at © = % ;@ = 0. At this limit,
the energy is,

1 1

E= EmefoIZ‘im + Emeff<_vrim)2 (17)
= meffv%im - mOC2 (18)
with meg = ¥ (0pm )M, and,
1
')/(0.03C) = —— =1.00045 (19)

V1 —10.032

where m, is the internal rest mass. At vy, = 0.03¢, the electron is far from its relativistic limit. At this
point, however, all rotational kinetic energy is fully confined. The double helix in Figure 3), shows the
mass formed from intertwined blades, when left and right merge into a state of positive parity. This is
the quantum domain. It exists only at @ = 0. The intertwining of the two chiralities means the addition
of more internal energy is not possible. Once the system reaches this quantum limit, additional energy
cannot further increase the rest mass. Instead, additional energy propels the entire structure through
space, shifting the dynamics from internal confinement in the BFF, to external forward propagation in
the LFF. The relativistic limit, vy, — ¢ can never be approached internally, thereby capping the rest
mass.

This establishes a geometric origin and physical mechanism for the quantum and relativistic
limits. The Lorentz factor becomes a geometric measure of the quantum limit, and differs for types of
particles. In contrast to the SM, which treats mass as intrinsic and structureless, the BiSM shows that
rest mass arises from a structured, geometric state formed at the quantum boundary.

3. Correspondence

In this part, we formalize the correspondence showing how classical spin maps to quantum
operators, and how parity bifurcation emerges geometrically. Planck’s constant is identified from the
structure.

3.1. Parity from Reflection

The symmetry of our domain, the LFF, is different from the bivector symmetry of the BFF. This
transition at © = 7, ® = 0, defines when reflection becomes parity. To see this significant symmetry
transition, note our RHF domain has three spatial dimensions of definite chirality. We can never get to
the LHF and see only a mirror reflection of our RHF. The matter that is used to make a machine, and
the torques that make the wheels turn, are both in our RHF domain. The bivector, in contrast, has one
axis in a LHF, and the other in the opposite RHF. They are mirror or reflective states, =, in opposite

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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handed frames, Figure 3). They form a chiral pair, a left and right hand of Nature. In complete contrast
to us, the bivector does not see its reflection in the mirror plane, but its real opposite chiral hand.

Reflection evolves to positive parity at & = 0, when the two angular momenta lock into a double
helix of mass inside their reflection plane. Reflection is lost, as shown in Figure 3), lower right. Up until
the double helix of mass is formed, the left and right frames are separate and reflection preserved, but
as shown, left and right reflections intertwine along the bisector which defines the quantum domain.
Therefore that figure shows that the two reflections add, and they can also be substracted,

_ L
V2

Since the system is a two dimensional plane, 31, a permutation operator, P3, interchanges left handed

y+ (pTL£y7) (20)

planes and right handed planes, so Py3(eq, e2,e3) = (e3, e, e1) giving,

Pl:),lpi = 171?¥ (21)

Therefore, a LHF and a RHF, shown in the bottom panel of Figure 3), combine into states of definite
parity with the permutation, P;3, being the parity operator,

Pis¥* = 9+ (22)

Adding gives even parity and cancels the torque axis 2; subtracting gives odd parity and cancels the
massive axes, 1 and 3, thereby separating matter from force. Thus, the emergence of quantum parity
from classical reflection is a necessary consequence of the bivector structure.

3.2. Classical-Quantum Correspondence

The classical domain is described by a continuous mixture of vector and bivector motion, forming
a single classical convex set. As the angle ® decreases, the symmetry shifts from classical reflection
to quantum parity. As & — 0, the classical system transitions to two distinct convex sets, each with
definite parity. This marks the bifurcation point where classical dynamics becomes quantum. In this
process, force separates from matter, the former in the LFF, and the latter in the BFE. Their classical
complementary becomes quantum. In this transition, the classical bivector remains intact as a bivector.
It is not the bivector that changes, but the symmetry of the environment inside the BFF that causes a
phase transition from energy to mass.

As the angle ® varies, vector V,(®) and bivector motion B.(®P) are geometrically mixed forming
a field over a classical convex set, [20],

Y (5 2P >0) =V (P)+ B.(D) (23)
where,

V,(®P) = sin Dep
B.(®) = cosPeg Aes (24)

To be clear: the vector motion about the 2 axis is expressed by V(@) in the LFF, and the complementary
internal bivector motion is expressed by B.(®) in the BFF.

As @ varies, the system undergoes a continuous transition in its parity structure from external
P = —1tointernal P = +1. At ® = 7 the system is dominated by external torque in the LFF which
turns the 2 axis either way with chirality of left or right. The external motion is described by a unit
quaternion, [3], that spins the axis.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The symmetry is dominated by reflection until the cones form a double helix when reflection
is lost. These two parity states coexist in in different domains: force (LFF) and the responding mass
(BFF).

At the critical ® = 0, the system reaches maximum mass confinement, and all motion stops. The
external torque, if it persists, no longer drives the internal dynamic, but causes increase in forward
propagation. The system is at its rest frame with rest mass in a state of positive parity. The double
helix can accept no more energy, external spinning halts, and reflection symmetry is extinguished. This
pure parity state: P = +1 dominates, and the LFF registers no torque, and so has no parity. This is
the quantum domain of the electron and it is here that its properties of spin, mass and charge emerge
when a field is encountered.

Thus, parity is present and co-exists simultaneously with complementary roles. The geometric
product, Equation (13), tracks this evolution, by giving the balance between internal labile energy and
mass.

We express this as a symmetry transition from reflection to parity, giving two convex sets each
with definite parity. Before this, the only symmetry is reflection, like we experience. However, at
@ = 0, both L and R reflections are available, and the symmetry of the system changes to parity,

%4(® =0) =V, ® B, (25)

where @ is the Minkowski sum, [21], which combines elements from different convex sets. The
quantum vector field with odd parity is separated from the bivector field with even parity. These give
the quantum components that define quaternion, or Q-spin, [3],

Vg ={c}
B, = {ic} (26)

There is no ® dependence in the quantum domain since the two cones are locked along their bisector.
The bivector form of the Dirac equation also undergoes bifurcation, [3], and this is summarized in
Appendix B where the Clifford algebra changes from CI(1,3) to CI(2,2).
Classical-quantum correspondence, based on their commutation relations, is usually expressed by
d d d
E < ih—, 1 —ih—, | & —ih— 27
gy P —ihg ] o =g @7
This now extends to spin angular momentum, giving a complete quantum-classical correspondence.
We replace the classical Geometric Product, Equation (13), with their corresponding quantum operators,
a Pauli vector and a Pauli bivector, giving the classical correspondence of quantum spin,

e1 Ne3 <> iy

ey <> 0 (28)

We note, however, a fundamental difference in that the variables, E, p, | become classical as i — 0.
Moreover, those variables are continuous, whereas parity is a discrete symmetry. Spin does not become
classical as i = 0. Only when ® = 0 do quantum effects manifest. We define Planck’s constant as the
internal angular momentum of an electron at ® = 0. In the BiSM, Planck’s constant is not postulated
but arises as the angular momentum associated the state of pure parity of unity.

3.2.1. Calculation of Planck’s constant

Consider a mass equal to the electron mass, n, = 9.109 x 1073 kg, moving at a rim velocity

v = 8.9 x 10° m/s along a circular path of radius r = 8.17 x 10~!! m. Using the classical formula for
angular momentum,

h=myro, (29)
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we obtain

h=9.109 x 10731.817 x 10711 . 8.9 x 10°
~6.62 x 107345 (30)

which matches the accepted value of Planck’s constant entirely from independent physical quantities.

The value of r is about 1.5 times larger than the Bohr radius placing it within atomic dimensions. It
is also roughly 34 times the Compton wavelength A¢c &~ 2.43 x 1072 m, and approximately 2.9 x 10* m
times the classical electron radius 7, ~ 2.82 x 101> m.

It may seem counter-intuitive that the radius required to generate Planck’s constant reaches
atomic dimensions extending the radius to be larger than the Bohr radius. However, this radius is
on the scale of the actual spatial extent of electron orbitals. In the hydrogen atom, the average radius
for finding the electron in the ground state 1s orbital is (r);, = 1.5a, = 7.94 x 10~ ! m, using the
Bohr radius. Our calculated spin radius, r =~ 8.17 x 10~ m, is close. This suggests that the angular
momentum structure of the electron occupies the same scale as the atomic orbitals, and gives physical
justification for the delocalized and cloud-like appearance of electron orbitals.

In QM, orbitals are probability densities for localizing a point particle electron in space. These
map out the orbitals, giving the probability of finding the point particle somewhere in these probability
clouds. Instead, in the BiSM the extended internal geometry is the electron’s spin structure, not the
probability of its location. In this view, atomic orbitals are physically structured spatial extensions of
one electron with different quanta of angular momentum. The electron is not a point-like carrier of
charge but a dynamically coherent angular momentum structure. The energy of the bivector is hv,
consistent with the usual definition of Planck’s constant.

In the BiSM, the orbital is a manifestation of a single electron.

3.3. Quaternion spin

We replace the classical vector and bivector, Equation (24), with their corresponding quantum op-
erators, Equation (28), giving the classical correspondence of quantum spin, which we call quaternion
or Q-spin, [3,4],

Y=c0+g-ic=0+h (31)

in terms of the helicity operator, h, [4], which is an element of physical reality. The inclusion of helicity
transforms the spin operator, X, into a unit quaternion. The external vector motion, ¢, is observed in
the LFF, while the bivector, ic describes internal bivector motion in the BFF. This quaternionic structure
of X forms the quantum analogue of the classical spin bivector, Equation (23).
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Full correlation

EPR. correlation: Ful

I [
o Ful correlation = 2.995 —+— -
Polarization = 2.027 —=—
Coherence = 0.968 —+—
Residual = 0.027
-cos = 2.828
* Triangle = 2.000 —— -
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(a-b)

Figure 4. Plotting EPR correlation versus the angle difference (6; — 6,). The points give the results of the
simulation. The CHSH values are listed and the full correlation is the sum of polarization, (the triangle) and the

coherence, (the mustache). Note the hardly discernible residual polarization correlation along the horizontal axis,
which shows the contribution extracted from the polarization, 2.027 — 2.000 = 0.027.

3.3.1. The EPR Paradox

Including correlation between vectors and bivectors, Equation (31) resolves the EPR paradox,
[4,5,22]. EPR coincidence experiments measure correlation, not polarization. As such, both the vector
and bivector provide contributions. Bell’s theorem, [23,24], refers to one classical convex set, whereas
polarization and coherence are two complementary convex sets in the BiSM. This is shown in Figure 4),
where the full EPR correlation is given by a function which is cosine-like, — cos(6; — 6,), and which
also violates Bell’s Inequalities. However, the triangle is the simulation of the correlation between two
vectors, giving a CHSH, [25], of 2. The mustache is the simulatation of the correlation between two
bivectors, with CHSH = 1. Bell’s Inequalities are not violated when applied twice, once for vectors
and again for bivectors. Therefore we conclude the violation is not a consequence of non-locality and
entanglement, [4,5,25-29], but rather bivector geometry.

4. Interpretation

The magnitude of the classical spin-1 is a direct consequence of the orthogonality between the
bivector axes, 1, 3. The two measured outcomes of spin is a result of the geometric structure as one
blade or the other aligns with the field. The classical bivector spin-1 exists for all values of ®, but
maximizes when the wedge product, B = S; A S3 has a magnitude of % The maximum construction
is shown in the middle panel of Figure 3).
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4.1. Hammers, Wrenches, and Matter

Parity and reflection lead to mechanisms for bosons interacting with targets, driven to form states
of fixed parity. Depending on the field alignment, a boson can hammer the target, torque it, or add a
mass quantum to a structure.

Assume that the bivector is in an isotropic environment, free of fields, so it has state of m = 0.
When a field is present, the two axes are pulled apart, and one aligns. The interaction of the boson with
the target is simply described as the interaction between that bivector axis, S;, and a field component,
B(6,), on the target,

eT9tS;  B(0,)e Tt — 1. (32)

The two vectors are normalized. Both the target and spinning disc are coplanar, and in that measure-
ment plane, the field is oriented at angle 6,, which is depicted by the long arrows in Figure 5). There
are two general cases: the field is within the interaction plane, 13, upper arrow of the right panel, or it
lies outside the interaction plane, lower arrow. In Equation (32) the blade and field vectors join to form
mass because the frequencies are opposite. If the frequencies were coherent, they generate a torque,
Figure 5).

Boson interactions

V : i :: J Matter of even parity

Energy with no chirality

Torques of odd parity

Figure 5. Three manifestations of bosons: When the incoming boson and the target have opposite chirality, they
meld into matter of even parity. When their chiralities are equal, they combine to create a greater torque of odd
parity. These require the polarizing field be outside the 13 interaction plane. If the polarizing field lands within
the interaction plane, 31, then a massive quantum impinges on the surface with no chirality. The long arrows
denote two positions of the polarizing field vector: one in the interaction plane and the other outside of it.

4.2. Determinism

The determinism of the BiSM follows from the relationship between the chirality of the 2-axis, and
the chirality of the interacting blade. This is shown in Figure 5), where the leading blade is expressed
as follows. Clockwise precession, L, of the 2 axis ensures the leading blade is 3, with ccw, R, chirality.
It is this blade which will first encounter the field vector, B(6,). Reversing the 2 axis to ccw, R, ensures
the leading blade, now 1, has cw, L, chirality, see bottom of Figure 5). As the boson approaches the
target surface, it becomes polarized and aligns into Larmor precession about a field axis. This is shown,
upper panel where the boson has R chirality, and melds into matter. If the chirality of the 2-axis is
reversed, lower panel, both have the same L chirality, and generate a torque. This way, the external
chirality (helicity) deterministically picks the chirality of the leading blade.

The 2-axis is spun by the a unit quaternion which has definite chirality. However, the helicity so
generated is not a Lorentz invariant so the sense of the helicity depends on the rest frame. Therefore, the
chirality of the spin should be determined at the source in the LFE, and not from free flight observation.

The dynamics are intuitive with one bivector axis aligning with Larmor precession, and the other
randomizing. The boson can also deliver a quantum of mass that impinges on the target. If the field
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lies within the interaction plane, 31, Figure 5), then the blades remain folded, leaving a spin-1 being a
massive arrow. We note building matter is an asymmetrical process due to melding L and R chiralities
into a double helix, thereby obeying Fermi-Dirac statistics.

This L-R antisymmetric mechanism dominates biochemistry. Nature uses L-amino acids exclu-
sively (except in rare bacterial cell walls). Protein folding is determined by this handednes. Enzymes
are chiral and only recognize L-amino acids. The D-forms won’t bind properly or function. Enzymes
are like gloves — they only fit molecules with the correct handednes. Even a single inversion of
chirality (e.g., from R to S (sinister) at a carbon center) can make a substrate completely inactive or
toxic.

It is also possible for the source to determine the boson’s helical phase relative to the target, thereby
specifying where the boson will meet the field. In processes where particles move over relatively short
distances, their landing site on the target plane can be deterministic. This requires the boson to be
released at a specific distance from the target, thereby determining where the boson is relative to the
field by cos (6, — 6 + 2n7), where 6 is the initial phase of the helicity at the source, and the integer n is
the number of periods between the source and the target.

If the bosons arrive randomly at the target, then one quarter of the time they will hammer the
surface with arrows of quanta, and three-quarters of the time fermionic blades will couple with the
target to build matter.

5. Unification of Bosons and Fermions
5.1. Emergence of Spin

In the presence of a polarizing field, the two axes are pulled apart, and @ is no longer 0. The
m = 0 state would resist this forceful process. The spin properties of kinetic energy, charge and helicity
emerge. One blade aligns with the field and its partner randomizes. The spin property has emerged. A
polarized blade has all the properties of a fermion, and only in such states can spin be measured. The
outcomes, however, are not chiral particles of spin-1, but the polarized blades of the boson. Fermions
are emergent in the BiSM. This unifies fermions and bosons, and eliminates the need for fermions as
fundamentals in the BiSM.

An electron is a boson in free flight, and a fermion in a field, with an anyon transition between
them, [30],

er (anisotropy, fermion) Pty e (isotropy, boson) (33)
transition

Anyons require a 2D structure that bivectors possess, perhaps revealing more details of the mechanisms.
This transition is governed by the anisotropy or isotropy of the environment, and is therefore contextual,
[31,32]. In isotropic conditions, the bivector remains folded and behaves as a boson; in anisotropy, the
blades unfurl, producing a fermionic appearance. Therefore, the BiSM need list only the bosons.

5.2. Emergence of charge

The mass-only free-flight boson is not a sphere, but a microscopic massive bivector frame that
hosts no kinetic energy until encountering an anisotropic field. Its chirality is intertwined into its
resonant spin-1 state. In an external field the axes are forced to separate, and in doing so the 2D
structure gains internal kinetic energy. Helicity emerges, Equation (4), from the revived internal
bivector motion. With the mechanical properties of helicity, mass, and spin emerged from the confined
bivector structure, the remaining property is its charge.

Consider the two orthogonal axes, 1 and 3, each contributing a magnetic moment p; = g exp (iwt)
in the m = 0 state. The total magnetic moment is the sum of these contributions, j113 = 2 cos(wt),
and cancel when in the isotropic state of even parity, m = 0. When one of the axes aligns in a field,
however, a phase shift yx is introduced. This modification changes one of the magnetic moments to
i = poexp(i(wt + x)). Thus, the combined magnetic moment becomes

p15 = 2pge!WHX/2) cos(%) (34)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2210.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 July 2025 d0i:10.20944/preprints202507.2210.v1

15 of 35

This shows that the system acquires an imaginary component in its electromagnetic interaction with the
field. In both geometric algebra and quantum mechanics, an imaginary term indicates the presence of
charge. An analogy is found in the Dirac equation and its interaction with an external electromagnetic
field. The partial derivative is modified to the covariant derivative 9, — D, = 9, —ieA,. The
imaginary term is responsible for the EM interaction.

However, a more direct geometric view is available here. Consider the scalar, invariant, part
of the moment 13, which is the scalar product, y; - #3. This has a relative phase and an imaginary
component of,

g o« sin(x) (35)

This is a purely geometric result, independent of quantum postulates. When x = 0, the two axes are
in phase and the system is neutral. When the external field forces the blades apart, then x = 7 and
orthogonal. The system then carries maximal charge: g ~ e* = +1. This not only provides the correct
sign structure but also an electric charge emerging from internal bivector geometry.

In the BiSM, the magnetic moment and electric charge are not separate fundamental properties,
but manifestations of the internal bivector motion. When the blades are folded (x = 0), the system
exhibits only a canceled magnetic moment and no charge. As the phase shift increases, the magnetic
component appear but decrease with x, while the charge grows, maximizing when x = +7. This
describes a continuous geometric process in which the magnetic moment transforms into charge. This
is a transient and geometrically induced state of spin structure, and the exchange between magnetic
and electric properties remains complementary, like wave-particle duality, but here it is a property of
classical bivector geometry. Thus, charge emerges from a geometric phase shift, rather than an intrinsic
scalar. Such effects are formulated by the Berry phase in quantum mechanics [34-36].

Although this approach is not a complete model of charge, it provides a compelling mechanism
linking geometric phase shifts to the emergence of electric charge.

5.3. Internal Mass-Energy

Mass and rotational kinetic energy are distributed within the bivector internal motion. In contrast,
a massless point particle has energy only associated with free precession about the 2 axis, generating
forward propagation. This free motion defines massless particles with energy given by E = pc. There
is no internal energy.

In contrast, bivector structure hosts energy and mass, which is mass-energy confinement. This
internal bivector motion distinguishes massive from massless particles. In the BiSM the mass-energy
relation is a geometric effect of internal structure and dynamics. The geometric product, Equation (13),
expresses the internal mass-energy relationship, E = mc?.

We have shown, [3], the quantum bivector form of the Dirac equation leads to solving a 2D Dirac
equation for a disc. The energies have two solutions in terms of the 1 and 3 axes, p1, p3, [3],

E==+\/m2+pi+p2 (36)

This is entirely different from the conventional Dirac interpretation where the three energy components,
pi, are from the linear momenta of two point particle with opposite energy. Rather, the expression
Equation (36), emphasizes that internal mass-energy arises from the confined internal rotational kinetic
energy between the 1 and 3 axes.

This trivially avoids the negative energy of the SM antiparticle. Moreover, the internal struc-
ture prevents singularities associated with point particles. These lead to divergences in the SM as
interactions occur at or close to zero separation, where the energy densities can become infinite. Renor-
malization is then applied to absorb these singularities into redefined masses and charges, [37-44].
However, these divergences are not physical, and arise from mathematical artifacts of structureless
point particles.
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By assigning structure and finite size to the bivector, energy densities remain finite. The diver-
gences that plague point-particle theories, requiring renormalization, are avoided in this geometric
model.

5.4. Photons Are Massless Bivectors

We propose that both the photon and the electron possess a bivector structure, yet represent
different physical phenomena. So far, we have treated the spin-1 electron using Classical Mechanics on
a bivector, and energy is distributed between mass and rotational kinetic energy.

In contrast, the electromagnetic field propagates at the speed of light. As the mediator of electro-
magnetic force, the photon must also be massless. Maxwell’s equations replace Classical Mechanics.
As a bivector, the photon has a free and unconfined electromagnetic structure, which defines a kinetic
surface,

Skin = EAB (37)

where E and B are the electric and magnetic fields of the photon. This dynamic surface propagates in
the direction of the Poynting vector, [6],
1
P=—-—I(EAB) (38)
Ho
where [ is the unit pseudoscalar in 3D space. With this, the Faraday bivector field is written using
Equation (5.166) of [6],
F=E+1IB (39)

Squaring this field gives the two Lorentz invariants of the electromagnetic field,
F? =E?> - B2 +2I(E-B) (40)
For a freely propagating electromagnetic wave (i.e., a classical photon), the conditions, (c = 1),
E-B=0 and |E|= |B| (41)

are valid, giving F> = 0. This condition reflects the orthogonality and equal magnitudes of E and
B in free space. The field is not “zero”, but rather balanced and propagating energy. This condition
implies the photon can carry no mass because the two blades E and B remain orthogonal, leaving only
a kinetic surface.

Both electrons and photons are modeled as spin-1 bosons in free flight. However, the electron
converts all of its energy into confined rotational motion, producing mass. This does not pose a problem
since electrons usually act over relatively short distances, and accelerated by their charge. Photons, in
contrast, mediate interactions between massless fields, where mass would hinder propagation.

When a photon enters a field, for example near a molecule, the orthogonality between E and B
is lost. The field becomes non-null, and energy can convert to mass, slowing the photon for easier
capture. This is seen from Equation (40), F? # 0.

Like the electron, the Berry phase arises from rotation of the bivector plane leading to optical
rotation and spin-orbit interactions. However, due to the lack of magnetic moment and confinement,
this phase does not give rise to electric charge, distinguishing photons from electrons in the BiSM
framework.

6. Ontology and Geometry

Up to this point, we have developed the classical mechanics of bivectors without relying on
quantum postulates. The main difference between the SM and the BiSM is ontological. The SM
and quantum mechanics is successful, particularly in many-body systems, including spectroscopies,
solid-state physics, and nuclear structure, where angular momentum addition and algebraic methods
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Figure 6. Left: Spinor-based SU(2) construction of higher spins. Right: Vector-based construction using SO(3)
symmetric traceless tensors

are applied. These successes are shared by the BiSM in the Fermion approximation, discussed below,
but with an ontological shift. In this section, we outline the main contrasts in particle interpretation,
algebraic foundations, spin construction, and field formulation.

6.1. Particles

The SM describes particles as abstract, chiral point-like excitations of quantum fields, while
the BiSM treats them as finite, structured objects with internal geometry, like molecules. In contrast
to point particles, in the BiSM they are structured, finite systems characterized by internal bivector
dynamics. Spin, mass, and charge emerge from the geometry and motion of counter-precessing blades
within the particle. These properties are not imposed through abstract symmetries, but arise naturally
from internal resonance and energy. Every particle has a definable geometry, making it ontic and
visualizable in real space.

Chirality in the SM is algebraically defined and treated as fundamental. Left- and right-handed
versions behave differently under weak interactions. In the BiSM, a particle with definite chirality
cannot physically exist. This property is a blade configuration within a spin-1 bivector. The distinct
chiral particles of the SM are replaced by the polarized blades of the BiSM. The balance of left-right
chirality of a bivector is not present in fermion particles with only one hand.

The BiSM does not require neutrinos or other chiral fermions to complete its structure, [45].
Neutrinos are indistinguishable from free blades of a boson. Parity (P), charge conjugation (C), and
time reversal (T) remain individually conserved as they are in the classical domain. The particle is not
an excitation of a background field, but the self-contained host of its own observable properties.

6.2. Lie versus Clifford Algebra

The SM is based on Lie algebras to define particles and interactions. Spin is imposed via spinor
representations, and gauge invariance is enforced through covariant derivatives and gauge fields.
Electron-positron pairs are controlled by raising and lowering operators on that fermion field, [1].

In the BiSM the mathematical framework is Clifford, or Geometric Algebra, [6]. Spin is not a
vector of intrinsic angular momentum, but a spinning bivector plane. In the SM, spin is postulated,
and expressed as eigenvalues of abstract operators. In the BiSM, only upon quantization of geometric
structures are the properties described by operators and eigenvalues.

In order to show the basic difference between the SM and the BiSM, we compare how each forms
spin states. Figure (6), [46-49], distinguishes between the parentage schemes of forming higher spins
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using Lie algebra of fermions and the geometric algebra of bivectors. An explanation of the figure is
given in appendix A.

These two schemes reflect the double-cover relationship between SU(2) and SO(3), as seen from
the interleaved half-integral entries on the left. The SM uses this spinor-based Lie algebra scheme.
The acceptance of fermions as real chiral particles is due to a measured blade being indistinguishable
from a fermion. Use of them as fundamentals in the SM increases the number of particles, as seen
by comparing the boxed on the right, (four irreps.), and equivalent on the left (twelve irreps.). In the
BiSM, chiral fermions are reinterpreted as projections of a spin-1 bivector structure, which eliminates
the need to postulate point-like spin-3 entities. We retain the parentage scheme on the right.

However, we go a step further by replacing the input vectors with bivectors. Instead of construct-
ing states from vectors r € R3, we use bivectors such as B = S; A S3, representing oriented planes and
hypervolumes in geometric algebra.

This approach avoids proliferation of particles due to arbitrary algebraic constructions which the
use of vector fields over a Hilbert space permits.

6.3. The Bivector Field

The bivector field lies within the particle, and is defined by the classical spin expression, Equation
(11). This internal field does not extend over spacetime. The geometric product, Equation (13),
describes energy-mass balance from the scalar mass term and the kinetic energy wedge product term.
The field is generated from the BFF. In the LFF, only the projection of the rotating e, axis is visible as
helicity, along with the total angular momentum, and rest mass of the particle.

The structure of the field is illustrated on the right of Figure 6), where spin-2 arises from the tensor
product of two spin-1 bivectors. This product decomposes into three representations: spin-0 and spin-2
in the BFF, and spin-1 in the LFE.

Spin-0 (Scalar) — Formed by the scalar product of two bivectors:

S=B; B, (42)

This term is invariant under rotations and has no directional dependence. The mass M of a spin-1
boson arises from the confinement of coherent rotation between the two blades. The corresponding
mass term in the Lagrangian is,

1
»Cmass = EMBl . B2 (43)

and replaces the Higgs mechanism of the SM. Similar expressions are used in Lagrangians, [50].

Spin-2 (Symmetric Traceless Tensor) — Unlike vector-based constructions, bivectors are anti-
symmetric and do not naturally form symmetric traceless tensors. Instead, the quadrupole moment
arises from the pure 4-blade component of the bivector product:

1
Q=DBiB—3B1- B, (44)
This is depicted in the middle of Figure 7). The upper panel shows the 4-blade geometry, and the lower
panel shows the scalar spin-0 component. The full geometric product is,

B1By =B1-By,+B{ A By
= scalar + 4-blade (45)

This carries over the same scalar and kinetic energy terms from spin-1 to spin-2. The isotropic
component m = 0 is associated with the scalar, and the m = %1, £2 components are the rotating
blades, which express the fermionic content of the spin-2 boson. The BiSM is a candidate for the
description of gravity with two pairs of asymmetrical components of spin-2, being the wedge product
of two bivector spins, B; A B;.
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Spin-1 (Triplet State) — The antisymmetric part of the product yields,
T=¢:B1By =B1ABy (46)

The bivector can align with an external field, as discussed earlier in Equation (26). Therefore, we must
include coupling to an external current, [/ with strength g, expressed as:

Line = gJ" By (47)

Geometrically, this interaction represents a rotation within the plane defined by By and B,. While these
vector terms are averaged out by the internal helical motion, they can still couple to external fields.

To complete the field structure, we define a field-strength bivector analogous to how the Faraday
tensor F/¥ organizes electric and magnetic fields,

Buw = 3By — 8,B, (48)

The corresponding kinetic term in the Lagrangian is,

1
Ekin = *EB;WBW (49)
These field structures together form a natural basis for building the classical and quantum

Lagrangians in the BiSM. Similar forms are found in [1,51].

7. Quantization and Measurement

Quantum theory was originally developed in response to observed discreteness — blackbody
radiation, photoelectric effect, atomic spectra — and it was natural to model the system as quantized
from the outset, and develop a theory distinct from classical systems. The classical-quantum corre-
spondence of spin was unknown, so spin was postulated. In the SM, spin is treated as a label on a state
vector in a Hilbert space. Superposition and collapse follow as mathematical necessities, not physical
processes.

In the BiSM, with a classical origin, spin is not postulated but a geometric structure. In conven-
tional quantum mechanics, bivectors are present but largely unrecognized. The geometric product of
Pauli matrices is the basis for our treatment, [52]

0i0j = (51‘]‘ + Ei]'ki(fk (50)

which combines a scalar and a bivector. However, only the first term is measured in the LFF, leading to
a two state outcome, with the concommitant Lie algebra structure, commutators, and superposition.
Including the bivector contribution changes spin to Equation (31), [4]. The first term describes the
measured vector spin as one axis up and the other axis down. The second term cannot be measured in
polarized experiments, and the most visible contribution is seen in Figure 4), where bivector correlation
accounts for the violation of Bell’s Inequalities, [22].

We first discuss Lagrangians, with the classical system providing the internal and external motions.
This is not quantized. Rather after parity symmetry is established in the BFF, there are two distinct
quantum Lagrangians, one for the BFF and the other for the LFE.

7.1. Lagrangians

The scalar and wedge product, Equation (12), and the quaternion phase, Equation (13), form
the basis for building the classical Lagrangian, [1,6,18,53-55]. Each term corresponds to a physical
contribution: internal energy, force as torque, and mass coherence. Together, they describe the internal
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dynamics of the confined field inside the particle. The classical bivector has a Lagrangian for the BFF,
the first two terms, and another for the LFF, the last term, together giving,

1 1
Loism = —; BuB" + S MB, B! + g]"B, (51)

In the quantum domain, the Dirac disc is in the BFF in correspondence with the classical BFF. The
Weyl equation gives vector motion around the 2-axis in the LFF, see Appendix B. That means the two
complementary classical spaces, LFF and BFF, undergo a continuous change until the space bifurcates
into respectively the Weyl equation that spins the 2 axis in the LFF; and the 2D Dirac equation that
gives the internal motion in the BFE.

The parity of the BFF is even, and that of the LFF is odd. The Lagrangian for the full Dirac
equation is well known, [1], and for the 2D equation, we write the even parity Lagrangian using the
even parity state, ¥, Equation (22),

£2D Dirac — (52)
Tt (i9290 + ivloy +iy2a3) ¥ — MY T (53)

Using Equation (10), and likewise for the derivative, 9+ = % (03 = 91), (we suppress the subscript s
on the derivatives), transform into the resonance basis,

Y10y + 9303 = 7594 + 95 0 (54)

From Figure 5) on the left, there are two cases of the orientation of the bivector in the external field:
either within the interaction plane, 31, or outside that plane. The long arrows indicate the field
polarization.

Although @ is fixed for a given configuration, the tandem precession of the two axes causes their
projections to cycle through in-phase alignment along the bisector, ¢}, (resonance) and out-of-phase
opposition along the horizontal, +e;;, (cancellation). This phase coherence arises from the relative
precession phase, not from a changing ®.

Within the 31 plane, the spin remains coupled as spin-1 and this precesses about the field. There
are two components configurations, Equation (54). The former constructively interferes to give the
resonant spin-1, while the latter destructively interferes and cancels. We therefore approximate this
by dropping the negative term leaving only a spin 1 resonant contribution. Likewise, outside the
interaction plane, the leading blade interacts with the field. This reduces the Lagranians to have spatial
terms of,

Outside the 31 plane i
sYi

(%181 - 75’63)

Fermion approximation

Inside the 31 plane

(750+ +759-) — —— 9y (35)
esonance approximation
Then the 2D Dirac equation in the presence of a field becomes,
(i7%80 +inka — M)+ =0 (56)

as the case might be, (k = 1,3, +).
There is a second Lagrangian for the Weyl equation, using the odd parity state, ¥, [3],

1/ 4
Loyt = 5 (‘1"*10282‘1" n h.c.) (57)
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Geometric spin structures.

Dipole Quadrupole Octapole
One bivector Two bivectors Four bivectors
Spin 2
H
Spin 1

- +
4 ~

Figure 7. Geometric structures by combining bivectors.

This equation is in the LFF, with torque about the e, axis. Left or right precession gives the two helicity
states which are Hermitian conjugates. It is unlikely there are benefits to quantizing the external
torque.

7.2. Quantization

We regard structure as providing the geometric framework in which internal motions arise, giving
physical properties that can be measured and visualized. The solution to Equation (56) in a polarizing
field leads to a precessional cone of angular momentum at the Larmor frequency around the aligned
axis. We have arrived at a real structure with internal motion. It is at this point that quantization is
applied.

A useful comparison is the bonding structures of molecules which are rigid under the Born-
Oppenheimer approximation, [59]. Within this structure, various quantized dynamics can be hosted.
The philosophy follows that structure and function are related. At high energy, the classical structure
also quantizes and the Born-Oppenheimer approximation breaks down. However, this illustrates
the relationship between structure and function, and is consistent with the electron structure hosting
energy.

First, recall we defined Planck’s constant as the angular momentum of the spin-1 when ® = 0,
from which we deduce each axis has angular momentum of :I:%. To reflect this, we retain the physical
condition that an integral number, m, of wavelengths fit around a cone with mA = 27rr. We modify the
de Broglie relation to have angular momentum of %,

P=13 (58)

and the spin angular momentum becomes,

S=rph=_—nh (59)
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We assume the cone quantization, with radius r to give,

27mr h 1
A= —. 7 s that S = mi = :I:EFt (60)
which are the two observed states depending on which axis is physically aligned. Therefore the
angular momentum magnitude in Equation (60) is % and spin quantum numbers are m = *+1, which
coincide with the blade assignments. This necessarily avoids half-integral quantum numbers which
are representations of fermions, not bosons. Nonetheless, it is convenient to treat fermion blades as
having half-integer spin with 7 than integer spin with % This maintains integral quantization while
assigning the correct angular momentum to the blade.

The initial classical bivector representation of spin serves as a geometric basis for the quantization
of angular momentum. In the Bohr atom, the electron orbits around an atom are quantized, L = mf,
and the angular momentum is not restricted with (21 + 1) states. For spin, one axis within the electron
aligns, S;, for i=1 or 3. The two states of up and down are the two axes with opposite chirality, once
again, geometrical and classical in origin.

This also presents the possibility that the various generations, or flavours, of fermions are excited
states of the quantized cones, and not separate particles in the SM. However, we were unable to
account for the mass differences of the leptons flavours using energy increase and special relativity
alone, [1,57,58,60].

7.3. No Superposition; no Collapse

Vectors naturally add. Bivectors do not. There is no meaningful way to add two planes to create
a third distinct spin state (unless all planes have the same orientation). Unlike vectors, where linear
combinations span a space, bivectors compose geometrically via the wedge product, not linearly.
You cannot form a new bivector spin state by simply summing two others. Thus, each spin state
corresponds to a unique geometric configuration, not a fuzzy blend of basis states. A BiSM spin is
always well defined.

The main ontological difference between the SM and the BiSM lies in the meaning of a state. In
QM, the state of a physical system is completely described by a unit vector i called the state vector
or wavefunction. It is defined in a complex Hilbert space and often expressed by a ket vector, |¢). It
has no physical meaning by itself and is mathematically a probability amplitude. Superposition must
follow, and is the principle that a system can exist in multiple possible states simultaneously. If |¢1)
and |¢,) are valid quantum states, then so is any linear combination,

[Y) = c1lg1) + c2lip2) (61)

where c1 and ¢, are complex coefficients. This structure of the Hilbert space enables interference,
entanglement, and the Born rule. Measurement collapses the system into one of the basis states,
with probabilities determined by the coefficients. Superposition is fundamental in QM because all
predictions rely on the ability to form linear combinations of states.

In GA, states are not represented by abstract vectors in a Hilbert space, but by real geometric
entities in our 3D space. The fundamental operation in GA is the geometric product which is linear
and mixes different geometric grades. State evolution is described by rotor, R, transformations,

o' = RpR* (62)

and measurement is modeled by geometric projection or alignment. Here p is the state or density
operator, [62].
The Born rule emerges by expanding the wavefunction in the eigenbasis of an observable A,

A= Zai|”i><ai| (63)
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The expectation value is given by,
2
(A) = (plAlp) = Yail(ai| )|
1
- Zi:alP(al) <RAR >0 (64)

in terms of the probability of measuring eigenvalue ;. The Schrodinger equation determines the state,
|¢), from its Hamiltonian. The last equality is the expectation value in GA. The observable A is not
given by Equation (63) but represents the state, usually a projection, of a structured object. In GA,
that object is rotated by R to its new orientation, and the expectation value is defined as the scalar
part of the multivector, RAR. In quantum mechanics, the expectation value is a statistical average
computed from abstract wavefunctions. In geometric algebra, it is defined as the scalar part of the
rotated observable, (), representing a direct geometric projection with no need for collapse, [13].
There is an alternate way to express the state by using the density or state operator, [63] where
the expectation value is given by
(4) = Tr(pA) (65)

using the quantum trace. The density operator is defined as the outer product of the wavefunction,

o= [g) (¢l (66)

It is generally believed the wavefunctions and density operators give identical results, and they do if
the SM Hamiltonian is used in both cases. For example, the usual state operator for a spin-1 is, [62],

p:%(IJrP-oe) (67)

where P is the polarization. For a pure state, P = fi where i is a unit vector on the Bloch sphere. Spin
is expressed as a Pauli operator, and the expectation values obtain using Equation (64) are,

0 0
Pz, = cos? (2> Pz = sin? (2> (68)

as usual, [25], in this case for spin polarized along the e3 direction and projected into the LFF with the
field vector along the Z direction.

In the BiSM, the complete bivector spin does not align with a field, in favour of one axis, say e3.
Its partner, e;, randomizes. From the BFFE, that spin component, Sy = e3, is rotated to the LFF using the
rotation operator, R,

S = ResRt R=exp (Bg) (69)

where the bivector is B = ¢; A e;. The measured spin component from the internal axis, es, is,
S-e3 =cosf (70)
thereby defining 6. Since cos 6 € [—1, 1], we re-scale to obtain a "probability” in [0, 1],

1+ cosf

: 7)

Pz =0rz4+ =
giving Equation (68). However, this result is not a probability in the BiSM, but the definite orientation,
Or, in 3D space. This does not depend upon quantization, but rather the axis which is closer to the field,
a, will align, and its partner randomizes out, Equation (55). This interpretation avoids superposition,
collapse and the Born-rule. It instead derives outcome orientations from classical constructs: rotation,
projection, and re-scaling. However, this is not a random process, and is not a statistical ensemble of
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many events. We conclude that the two quantum spin states, expressed as vectors with symmetry
SU(2), is entirely different in the BiSM. Those spin states of up and down are the two physical axes, 1
and 3, aligning with opposite chirality. That process is classical, not quantum. In contrast to the SM,
the Pauli operators are not quantum, but describe the two chiralities of a classical bivector.

A basic difference lies in the Lagrangians for a point and a bivector. Since calculating the state
vector, |), is avoided, we go directly to the state operator, p, the Hamiltonian is defined by, Equation
(1),

Hpism = aﬁaﬂ ii — Leism (72)
qi
Rather than the Schrodinger equation, the BiSM uses the von Neumann, or quantum Liouville,
equation, [63]

)
zha—f = [Hpism., p]_ (73)

Now the two Hamiltonians are different and Equations (64) and (65) give different results. If a
physical bivector structure is reduced to a point, spatial derivatives vanish, eliminating internal energy
terms. Only the mass term %MZBI.2 and the coupling ¢J'B; survive. The coupling of the magnetic
moment interaction is the usual —Ji - Bext. Thus, the spin Hamiltonian in the SM appears as a spatially
degenerate case of the BiSM. Only the interaction with a magnetic field, giving two states, and linear
momentum are possible in the SM. None of the internal coherence, precession, or geometric structure
is accessible. In the BiSM, spin up and down are classical reoritentations in the external field.

7.4. The Fermion Approximation

The ontological differences between the SM and the BiSM are major. Some of the consequences
are also far reaching impacting quantum information theory, [64], cosmology, [65], and the foundations
of physics, [66]. Without Bell’s theorem, [4,5], non-locality and teleportation, [67,68], are replaced by
the correlation between bivectors, and introduce spin quantum coherence as an element of reality,
[4]. Quantum computing would abandon teleportation and qubit superposition, which is the very
motivation for the field, [69]. Quantum computing would retain the classical binary processes, but
advantage may lie in using the deterministic chirality of electrons as quantum bits. Spin provides a
stable deterministic way to predict binary outcomes by controlling the initial phase of the particle at
the source and the field orientation at the filter.

Whereas the usual fermion of spin up and down is entrenched as a vector in a two dimensional
Hilbert space, in the BiSM all objects are oriented in physical space. Therefore, these objects are rotated
in 3D space as see in the last example. In studying the relation between structure and function, it is
always easier to visualize in the BFE. Then, we simply transform to the LFF where measurements are
done. We follow this approach.

Based upon Equation (31) and [3], the two axes are summed to give the resultant,

231 = X3+ (74)

After taking the expectation values in the BFF, this becomes pure geometry,

1
Ts1) = e +ieY ey = —=(e3 + e (75)
(Za1) = €13 13 13 \@( )
We used the resonance approximation, Equation (55). In the presence of a field, a, and within the
interaction plane, 31, the spin-1 precesses around the bisector, 3;1. The last term shows the interactions
outside the interaction plane, giving,

a-(Xz) = La- (e3+e1) (76)

V2
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The projections from each axis in the LFF are,
a-e3 =cos(f; —0)
a-e; =sin(6; —0) (77)

and there is a competition in Equation (76). Since the axes are rigidly orthogonal, only one can align.
Based on Least Action, we take the larger magnitude between the cosine and sine as the indicator as to
which is closer to the field, a. That axis aligns, and its partner averages out. Such interactions are well
know and widely used, [70]. The angle 0 is set at the source, and since both 6, and 6 angles can be
controlled in experiment, the alignment of axes is deterministic.

In mainstream physics and chemistry, QM is applied to spectroscopies and quantum physics
with great success. All such studies involve particles in a field where the spin is polarized. When one
axis is aligned, which is the usual case, the resulting particle has all the properties of a fermion. It
is still, however, a bivector, and cannot superpose, but vectors in physical space can add. Therefore,
under polarized conditions, treating the bivector as an effective fermion maintains the successful
spectroscopic techniques involving angular momentum addition, couplings, energy levels, transition
intensities and shifts. The Clebsch—Gordan algebra applies unchanged, [71]. Both the Wigner-Eckart
Theorem and the Golden Rule remains valid but only under SO(3) symmetry, not SU(2). That is, the
RHS of Figure 6) is used. With that restriction, only the six blades of spin-1 and -2 are retained, and
they are chiral vectors under the fermion approximation. The fermion approximation, Equation (55),
treats a polarized blade as a fermion but without superposition.

8. SM—BiSM and experiment
8.1. The "Origin of Positrons in the Galaxy” Puzzle

Despite the widespread acceptance of electron—positron annihilation as a cornerstone of Dirac’s
theory, direct astrophysical evidence for widespread pair annihilation in the cosmos is scant, [72]. Each
photon produced in electron-positron annihilation has energy of 511 keV. Only narrow 511 keV gamma-
ray lines have been observed, [73], and their origin remains unclear and does not constitute definitive
proof of ubiquitous electron-positron annihilation. Expected large-scale annihilation signatures in the
interstellar medium or from early-universe pair production events are absent, [74]. This challenges the
notion that the positron is a true physical antiparticle of the electron as postulated in the Dirac spinor
formalism. The lack of observational support for universal annihilation phenomena therefore favours
the BiSM that does not rely on the existence of fundamental particle-antiparticle pairs.

8.2. Separating Vector and Bivector Motion

EPR conicidence experiment, [25-27], are used to confirm the validity of non-locality in Nature.
Figure 4), however, shows that the full correlation is a result of the correlation between vectors
and between bivectors. In the experiments, from a random source, correlation between vectors and
bivectors combine using the Minkowski sum, to give the apparent violation of Bell’s Inequalities.
However, using Equation (77) shows that if the initial orientation at the source, 6, lies within % of
the fields of both Alice and Bob, (within their common interaction planes) then the correlation is
dominated by bivector correlation, [5]. If 6 lies beyond Z, (so out of their interaction plane), then
the correlation is dominated by the vector correlation. This technique should separate the two, and
moreover, lead to a deterministic outcome of the chiral vectors. This appears consistent with recent
photon studies, that find bright and dark states of light, [75].

8.3. Low Energy Studies

The above consitute low energy experiments. More generally, if the BiSM electron is viable, then
we should be able to control the processes, and use chirality of the electron, which carries the left and
right hands of Nature.
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Advances in low-energy photon experiments, such as those above by [25-27], and methods
discussed by Steinberg [76] provide the appropriate platform for exploring deterministic models of
spin alignment without shattering bivectors into their chiral bits, as the LHC does. As above, we
propose photon experiments using low-energy laser sources, allowing the experimenter to actively set
the initial phase angle 6 at the source within the disc plane. The relative phase (6, — 6) determines the
spin projection based on the larger component aligning as spin “up” or spin “down”. Control of the
source phase and field orientation should be consistent with deterministic outcomes of spin alignment
without invoking probabilistic collapse.

The question arises as how Nature controls its bosons to create structures, quark confinement and
so on up to bonding and molecular formation. One may be encouraged by advances in chemistry and
biochemistry involving self-assembly where, primarily, the experimenter provides the ingredients and
controls the environment. Self-assembly is the autonomous organization of components into patterns
or structures without human intervention, [77].

The electron appears to be Nature’s choice for providing deterministic chirality. Its electric charge
also gives the Lorentz force which seems not to interfer with the deterministic outcomes.

8.4. Neutrinos, Parity and Non-Locality

We discuss these in detail elsewhere, [4,5,56]. Beta decay, [78], is expressed as a neutron in a
nucleus decaying into a proton by emitting a beta particle, i.e. a fermion electron, and an antineutrino.
A fermion electron, ey, has spin % and is even to parity. Neutrinos are massless chiral (spin—%) particles
without a mirror reflection. They have the properties of free unattached blades. In the BiSM, the beta
particle is a boson electron, ey, of spin 1 and odd to parity. This eleminates neutrinos,

m—=ipter 57

1 11 1
LN NN 7
2 727273 (78)
on —1p+ey

11

L

2 72"

The second and fourth lines gives the total spin magnitudes, each with two magnetic quantum numbers
of :I:%, or +1. Both conserve angular momentum, but the BiSM does so without a neutrino. Moreover,
the internal energy of the boson electron, Equation (36), can account for the energy distribution in beta
decay, not possible for a point particle, [78,79].

The BiSM also shows that parity is not violated. This does not challenge the Wu data, [80], only
reinterprets it. We have also shown in Section 3.3.1, the violation of Bell’s Inequalities may not be
due to non-locality, but is rather bivector correlation, [5], Figure 4). This result is achieved without
invoking entanglement or non-locality, but instead through deterministic least-action products of
quaternions, [3,5]. Thus, the BiSM reproduces the violation of Bell’s Inequalities from local, classical
bivector structure, thereby resolving the EPR paradox in a physically transparent way. The SM, unable
to identify the complementary spin spaces, fails to resolve the EPR paradox.

Parity violation and non-locality are not features of our classical domain. Spin arises from classical
motion and the absence of these quantum asymmetries is not anomalous, as they are in the SM, but
consistent with the geometric, classical, and deterministic foundations of the BiSM.

8.5. Classical Bivector

We did not find any classical experiments that study a spinning bivector. Consider spin as an
angular momentum engine. The system receives an input torque about the e, axis, corresponding
to the drive shaft. The wedge e; A e3 represents the internal working of the engine, with the two
counter-precessing axes absorbing and storing torque as rotational kinetic energy. The external LFF
reveals measurable quantities such as spin projection, torque, and precession behavior. Building and
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treating a classical spin as a mechanical engine allows engineering techniques to be applied, from
torque analysis to calorific measurements.

Such a rigid apparatus has two perpendicular rods representing the bivector axes with, perhaps
magnetic tips on e; and e3, and mounted to spin freely in its own plane while being precessed about
the shaft. One goal is to detect the growth of a magnetic vector along the bivector bisector, 13. LEDs or
reflective markers attached along the rods would not detect the classical spin, but would allow for the
motion to be followed using high-speed cameras or long-exposure imaging. To detect magnetic effects,
the detector must be stationary at the origin of the BFF and directed along the bisector.

NV (nitrogen-vacancy) center magnetometers, [81,82] can be integrated into small, solid-state
structures embedded in diamond chips, making them candidates for mounting directly into the
spinning system. These devices are capable of detecting vector magnetic fields. Their output can be
transmitted optically. When illuminated by green laser light, the NV center fluoresces in the red. They
detect local magnetic fields with spatial resolution down to the nanoscale. NV centers are solid-state
and operate at room-temperature, and easily embedded into the BFF where traditional magnetometers
would be impractical. If a resonance spin was detected, placing it in a magnetic field might reorient
the resonance as we describe here.

The presence of even a small magnetic component along the 13 axis would confirm the spin-1
character of the bivector and that spin has a classical origin. Such an experiment might also confirm
the zbw, [33].

F. The Muon g — 2 Anomaly

The muon anomalous magnetic moment a,, = (g —2)/2 reveals a significant discrepancy between
experimental results and the SM prediction. Recent measurements at Fermilab, [83], report a value of

ay, P = 116592061(41) x 10~ (79)
while SM calculations yield
aM = 116591810(43) x 10~ (80)

leading to a deviation of approximately 4.2¢ to 5¢.

In the BiSM, the muon is modeled as a spin-1 bivector rather than a point particle. Its internal rotor
structure gives rise to spin-3 projections. Shifts in the precessional geometry or coherence between
internal blades can be modulated by mass or field interactions. These shifts may result in observable
deviations from the Dirac prediction. Such geometric effects may offer a classical explanation for the
g — 2 anomaly—without invoking loop corrections, [84] or supersymmetric particles, [85]. Thus, the
muon anomaly may serve as experimental evidence for the bivector structure.

8.6. Electron quadrupole moment

The SM predicts an electron has no quadrupole moment, whereas the BiSM predicts a very small
quadrupole. To date, high—precision experiments, [86,87], have not detected it. The reason the SM has
no quadrupole is due to the matrix element being zero, [51],

(3,m | Qij| 3,m')=0 (81)

where the electric quadrupole operator, Q;; has nonzero matrix elements only for total spin > 2.
In BiSM the electron is a finite-sized rotor with radius, R, assumed proportional to the Compton
wavelength, [33],

h
R =1nAc, Ac= —— ~386x 107 Bm (82)
e

so that if its charge is distributed uniformly on a thin disc, the classical electric quadrupole moment is
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e R? e
Q = [drow(2-r) ~ - = 2 (1Ac)’ (83)
~ 5x107%C.m? (84)

The value #7 = 0.06 is estimated from the rim velocity. From classical mechanics, using S = Iw
with the moment of inertia I = m,R? and intrinsic spin S = %, we get,

h
giving,
h c-n
with vy = 0.03¢, Equation (15), and # = 0.06c.
This quadrupole gives a shift in the energy of the hydrogen 1s state of,
AE ~ & 02y, (87)
207teg ag

Penning-trap and atomic-clock experiments, [86,87], cannot yet detect such a small shift by several
orders of magnitude, but detecting a nonzero AE would provide compelling evidence for the BiSM.

8.7. Problems with chirality

There is the need for more detailed recalculations of experimental observables, such as the beta
spectra, [88] or neutrino detection, [89]. However, such tasks require the development of new modeling
based upon BiSM. Our aim is not to produce a full replacement for the SM’s computational machinery,
but rather to establish the physical and geometric foundations that motivate such development within
the BiSM. To that end, we have identified points of departure from the SM, and see this work as laying
the groundwork and theoretical basis for future studies. Detailed numerical modeling lies beyond the
scope of the present paper, although a classical simulation verifies the bivector correlation in the EPR
paradox, [5].

The SM is theoretically sound and experimentally accurate. It is considered a success of theoretical
physics. Many predictions are confirmed to high precision, [90,91]. These are cited as validating the
gauge theory approach, and gives a mathematical framework for particle interactions. These successes
are primarily for non-chiral particles. The electron g-factor and Muon g-2 calculations do not depend
upon chirality, [92]. Neither do the successful explanation of the Lamb shift, [93], and the Casimir
effect, [94], that depend upon vacuum fluctuations. These and other successes of the SM need to be
examined in the BiSM, and are likely to be equally successful with different perspectives.

The SM’s conceptual difficulties appear to primarily involve chirality, parity violation, and flavor
structure. These are expressed, [95], with the conclusion we must go Beyond the SM, i.e. BSM. The
BiSM resolves many of these issues, not by going beyond, but by replacing the SM with a simpler
and physical framework. Generally we conclude that the mathematical basis of the SM permits the
proliferation of particles and ad hoc corrections. In contrast, visualization of the geometric structures
of the BiSM constrains concepts which are mathematically viable.

The BiSM is a new approach and has not been experimentally tested. However, it provides a clear
framework by which observable vector quantities arise from internal bivector coherence. In cases we
have studied, the experimental data is not violated, only re-interpreted.

9. Conclusions

In quantum mechanics, superposition arises from treating the state of a spin-1 particle as a vector
in a Hilbert space, where any linear combination of basis spinors, Equation (61), also represents a valid
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state. This abstract linearity leads to probabilistic collapse and entanglement, but without a tangible
geometric interpretation.

In contrast, the bivector spin model does not describe states as vectors in an abstract space but as
real geometric objects like we experience, being specifically, rotating planes or blades in physical space.
A bivector is a structured entity, not a linear combination of states. When a bivector spin is defined,
Equation (11), that spin state is completely determined and visualized by an oriented bivector plane
with a left and right hand.

An electron is the likely the smallest engine in Nature, delivering mass, energy and torques to a
target to deterministically build matter. When engineers and mechanics build engines, they are exact
in their details. Tolerances, gear ratios, torques, and ordering of energy are all essential and defined
with precision. This is the same way the bivector is structured. Just as engineers project from their
machine to extract values and data, so Nature does the same. The BiSM follows this protocol, but the
SM does not, allowing for a pool of possible states which, without any idea of a mechanism, simply
collapses into what we view.

Mathematical logic permits much that cannot actually occur due to structural constraints. This,
however, is not the philosophy of elementary particles, and we argue it should. Without real geometry,
formal methods like Feynman diagrams and gauge algebras, [1], become nonphysical, and lack a
counterpart in Nature. Moreover, the difference between the mathematics of the two models is stark.
The chiral fields of spinors that span all of spacetime only work because they are forced to cancels all
gauge anomalies. They are purely mathematical processes and mostly physically obscure, like how
the Higgs's field imparts mass. In comparison, the Geometric Algebra of the BiSM is mathematically
straightforward and physically constrained. The BiSM takes the stance: only those states that can
by constructed from internally consistent geometries are permitted. Much of the confusion in the
foundations, [96], is eliminated in the BiSM.

Werner Heisenberg [97] reflected on the limits of interpreting the quantum world. He contrasted
the German terms Anschaulich (intuitive or visual) and Anschaulichkeit (visualizability) to stress that,
at microscopic scales, classical imagery breaks down, and we must rely on the equations. In the BiSM,
we retain Heisenberg’s concept but overturn his conclusion: classical visualizability is not lost, but is
evident through the geometry of structures. Rather than abandoning physical intuition, we recover it,
being able to visualize processes that involve mass-energy, charge, spin, parity, etc..

Since superposition is rarely used in applications of QM to chemistry and physics, the only real
change there is ontological. The changes occur at the foundational level: particle physics, quantum
information, neutrino science, CPT symmetries, and cosmology, which follow from the SM. There
are two distinct ways to linearize the Klein-Gordan equation. Dirac introduced one such, which has
become foundational to relativistic quantum theory. However, the discovery of a second linearization
inspires comparison. Since both cannot simultaneously describe the same underlying structure, it is
important to examine which formulation more accurately reflects physical reality.

This geometric reformulation has far-reaching implications. It avoids divergences and renor-
malization; bypasses negative energy solutions; resolves Baryogenesis; and challenges the semantic
overreach of the SM. It re-interprets the Wu data showing parity is not violated in the weak force, and
neutrinos are not needed in beta decay, [56,80,98]. The BiSM rejects the definition of qubits as super-
posed fermions. These are replaced by the left and right hands of Nature, whereby the experimenters
choice of helicity determines the chirality of the measured blade. Changing helicity has the effect,
for example, of going from building structures (an asymmetrical Fermi-Dirac process), to applying
torques, (a symmetric process). This determinism is a property that Quantum Computing might
harness. How, one may ask, can microscopic structures be built from a mechanics of the quantum
domain that is random, non-deterministic, non-local, not real, and postulated with no geometrical
basis? The BiSM shows that Nature is deterministic, local, and real, from which structures can naturally
be built. Spin need not be postulated; energy and angular momentum remain conserved between the
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classical and quantum domains; parity quantization occurs at & = 0, when the internal space of the
bivector undergoes bifurcation. Quantum spin, therefore quantum mechanics, has a classical origin.

Appendix A Parentage Schemes

In Figure 6 [46—49], we distinguish between two parentage schemes: the Lie algebra scheme,
which yields both half-integer and integer spin states, and the Cartesian approach, which produces
only integer-spin states. The SM, based on spinors, is compared with the BiSM, which uses bivectors
as fundamental objects.

On the left of Figure 6, the Lie algebra scheme follows angular momentum coupling rules to build
higher-order spin states. Here, the order o denotes the number of spin—% particles being coupled, and
the weight w denotes the total spin resulting from these couplings. Successive coupling of spin-3
particles generates both half-integer and integer spin states. At each horizontal step to the right, a new
spin—% particle is added, and the total spin increases or decreases by %, forming a branching structure
governed by Clebsch—Gordan rules [71]. The total number of components for each order is n = 29,
corresponding to the full dimension of the spinor tensor product space. The multiplicity at each node
indicates the number of distinct ways a given total spin can be formed through allowed pairwise
couplings. The top diagonal (w = 0/2) consists of totally symmetric combinations of spinors, forming
the unique spin-0/2 irreducible representation of SU(2).

On the right side of the figure, the scheme is built not from spinors but from real vectors in R3.
These vectors combine through inner products, cross products, and outer (symmetric traceless tensor)
products. Each vertical column represents the full decomposition of the tensor product space into
tensors of spin 0, 1, 2, and higher integer-spin components. There are no spinors. The top diagonal
(w = o) consists of symmetric traceless tensors, forming the unique irreducible representations of SO(3)
[49].
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Structure of Q-spin
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Figure A1. The structure and separation of spin spacetime into complementary spaces of polarization and coherent
helicity.

Appendix B Quantum Correspondence

For completeness, we summarize the QFT treatment of a quantum bivector to show the classical
treatment is faithfully followed by the quantum. Without details, [3], Figure A1), the usual Dirac
equation, top panel, obeys the Clifford algebra of Minkowski space, CI(1,3), with three spatial
components and one time. Introducing the bivector renders the Dirac equation non-Hermitian, with
Cl(2,2): two time components (linear and helical period) and two spatial axes forming a disc. Its
two solutions are the mirror states ¢+, Equation (20), which are complex conjugates and denote
opposite chirality. Under parity, the non-Hermiticity separates into two complementary equations:
a two-dimensional Dirac equation describing the even-parity disc and a massless Weyl equation of
odd parity describing helicity as a quaternion [3]. This approach is consistent with Twistor Theory
[99,100], which complexifies Minkowski space by replacing the four real parameters with complex
forms. Twistor space, T, is projected into two helicity spaces, P* T = T*. Here, we take the Dirac field
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D, complexify it to Ds, and then use Pj3Ds = (72, ')/;, :l:'ﬁ, ’y?) to project out the two helicity states
[3,4].

C. Symmetry of Quaternion Spin

The standard Dirac equation represents spin through complex four-component spinors, invoking
the symmetry group SU(2) ® SU(2). These spinor components, (1,071, 07, 03), each with SU(2) compo-
nents of opposite chiralities, are mirror images under parity, cf. Equation (21), and are interpreted as a
matter-antimatter pair.

The anti-commutation relations are satisfied by quaternion gamma matrices, 4%, which are also
constructed using skew-diagonal Pauli components. These are real matrices, (+1, £07, £ioy, +03), and
their algebra forms the discrete quaternion group Qg, which is isomorphic to the continuous group
of unit quaternions, H, under multiplication, [101-103]. In the BiSM, spinor algebra is replaced by
quaternionic geometry.

In analogy with the Dirac case, the SU(2) symmetry is replaced by the real algebra SL(2,R),
defined as the group of 2 x 2 real matrices with determinant +1. The full symmetry structure is then
SL(2,R) ® SL(2,R), where each matrix represents one of the two orthogonal planes associated with
each blade. This replaces the chiral spinor components in the SM with geometric planes with definite
internal dynamics in the BiSM.
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