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Abstract

In the Single Monad Model (SMM) and Duality of Time Theory (DTT), the magnetic monopole is
interpreted as a fundamental zero-dimensional ontological source—the Monad—whose inner-time
re-creation cycles project outward to generate the physical structures of fields and charges. One-
dimensional projections give rise to U(1) electric charge, two-dimensional projections yield SU(3)
color charge, and three-dimensional projections correspond to SU(2) weak isospin, thus recovering
the gauge symmetries of the Standard Model as necessary outcomes of projection dimensionality.
The orthogonality of electric and magnetic fields in electromagnetic waves is explained as the duality
of complementary projections, while polarization emerges as the geometric imprint of this duality
on the Poincaré sphere. Charge quantization follows directly from the topological structure of the
monopole, requiring no external quantization postulate. Furthermore, Pancharatnam-Berry phase
interferometry provides an experimental probe of the underlying monopole connection in polarization
space, while neutrino oscillations are interpreted as evidence of a hidden Zj3 cyclic structure in inner
time. Together, these results offer a unified ontological framework for understanding monopoles,
charges, and polarization, while suggesting concrete experimental pathways for probing the symmetry
principles that govern fundamental interactions.

Keywords: Single Monad Model (SMM); Duality of Time Theory (DTT); magnetic monopole; charge
quantization; gauge symmetries; polarization topology; non-commutative geometry; neutrino oscilla-
tions

1. Introduction

Magnetic monopoles, electric charge quantization, and the polarization of light remain among
the deepest unresolved questions in theoretical physics. Since the formulation of Maxwell’s equations
in the nineteenth century [1], it has been evident that while electric charges act as sources and sinks
of electric fields, no corresponding magnetic charges have ever been observed. This asymmetry has
long been regarded as puzzling, given the mathematical elegance of a fully symmetric formulation of
electrodynamics.

Dirac’s groundbreaking work in 1931 showed that the existence of even a single magnetic
monopole would provide a natural explanation for the quantization of electric charge [2]. His condi-
tion,

eg = %h, nez, 1

links electric charge e and magnetic charge g in a manner that reproduces the observed discreteness
of electric charge. Although no monopoles have been detected, Dirac’s argument remains one of the
most elegant connections between topology and quantization in physics.

Grand Unified Theories (GUTs) such as those based on SU(5) and SO(10) [3,4] predict the
existence of monopoles as topological defects formed during symmetry breaking in the early universe.
However, their expected masses are near the GUT scale (~ 1016 GeV), making them effectively
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unobservable in present-day experiments. Inflationary cosmology was partly motivated by the need
to dilute their predicted abundance [5]. Despite decades of experimental searches, both in cosmic rays
and in collider experiments [6], no fundamental monopoles have yet been observed.

At the same time, light polarization reveals a hidden monopole structure even in conventional op-
tics. On the Poincaré sphere, polarization states form a U(1) fiber bundle whose curvature corresponds
to a Dirac monopole at the center [7,8]. The Berry phase associated with cyclic polarization changes
reflects this monopole topology. Thus, monopoles appear naturally in the geometry of quantum states,
even if they remain absent as isolated particles in physical space.

In this work we propose a unified ontological interpretation based on the Single Monad Model
(SMM) [9] and the Duality of Time Theory (DTT) [10]. We argue that the minimal magnetic monopole
can be identified with the Monad itself, a zero-dimensional ontological entity that generates not only
space but also fields and charges through continuous re-creation in inner time. In this framework, fields
emerge as the structured manifestations of these projections rather than as independent background
entities. From this origin, electric charge arises as a one-dimensional projection, color charge as a
two-dimensional projection, and polarization as the geometrical manifestation of dual projection. This
approach not only accounts for the absence of free monopoles and the quantization of electric charge,
but also provides a topological explanation of both fields and polarization as necessary consequences
of the monopole connection.

While traditional quantization approaches rely on gauge group embedding [11,12], topological
charges [13,14], or string compactification [15], these models typically accept the existence of charge
units and coupling hierarchies as empirical facts. In contrast, the SMM/DTT framework seeks to derive
these quantities as necessary outcomes of ontological projection, positioning it closer to foundational
frameworks in quantum gravity [16,17] and topological field theory [18]. By reinterpreting the magnetic
monopole as the metaphysical Monad, the model proposes a novel route to unify metaphysics and
particle phenomenology.

Recent extensions of the SMM/DTT framework have further elaborated its mathematical under-
pinnings and physical implications. In particular, non-commutative geometric formulations based on
complex-time spectral triples [19] and detailed studies of the dynamic formation of spatial dimensions
in inner time [20,21] provide complementary perspectives that reinforce the present interpretation of
the Monad as the magnetic monopole.

2. Magnetic Monopoles in Conventional Physics

Magnetic monopoles have long been a subject of deep theoretical interest due to their potential
to restore symmetry to Maxwell’s equations and explain the quantization of electric charge. First
hypothesized by Dirac in 1931, monopoles offer an elegant topological basis for understanding why
electric charge appears only in discrete units. Despite their strong theoretical appeal—and predictions
from Grand Unified Theories—their absence in experiments remains one of the major unresolved
puzzles in fundamental physics.

2.1. Symmetry in Maxwell’s Equations

Maxwell’s equations in vacuum,

v.E="F, 2)
€0
V-B=0, 3)
oB
V X E = T 4)
oE
V X B = uoJe + Hoco 5,/ @)

describe how electric and magnetic fields evolve in space and time. Here p, and J. denote electric
charge and current densities. These equations are manifestly asymmetric: electric sources exist, but
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magnetic charges do not. Introducing hypothetical magnetic charges p,; and currents J,, would
symmetrize the equations,

V-E:S—;, VB = 1toom, ©)
B
VX E = —poln — 5 @)
JF
V x B = poe + pogo 3., 8)

but no direct evidence for p;, or J,; has yet been found. This asymmetry has motivated nearly a century
of theoretical and experimental efforts to identify magnetic monopoles.

2.2. Dirac’s Quantization Condition

Dirac famously showed that the existence of even a single magnetic monopole of charge ¢ would
require electric charge e to be quantized according to

thus explaining the observed discreteness of electric charge [2]. This result remains one of the most
elegant links between topology and quantization, but it relies on the physical reality of monopoles,
which have yet to be observed.

2.3. Monopoles in Grand Unified Theories

Grand Unified Theories (GUTs) such as SU(5) and SO(10) predict magnetic monopoles as stable
topological defects formed during symmetry breaking in the early universe [3,4]. However, these
monopoles are expected to be extremely massive (~ 10'® GeV), rendering them unobservable at
present energies. Inflationary cosmology was partly motivated by the need to dilute their predicted
abundance [5].

2.4. Experimental Searches

Experimental searches for monopoles span cosmic rays, high-energy colliders, and condensed-
matter systems. In the latter, “spin ice” materials host emergent quasiparticles that behave as effective
monopoles, offering laboratory analogues of monopole dynamics [22,23]. To date, however, no
fundamental magnetic monopoles have been detected [6].

More recently, high-energy experiments have dramatically extended monopole search limits.
The MoEDAL Collaboration at the LHC has placed stringent bounds on monopole production cross-
sections using ionization signatures in nuclear track detectors [24], while the MAVIS Collaboration im-
plemented novel trapped-particle detection strategies, improving sensitivity to high-mass monopoles
and long-lived charged remnants [25]. Although no monopole candidates have yet been observed,
these results highlight the need for alternative frameworks—such as the ontological interpretation
proposed here—in which monopoles exist in inner time rather than as particles in outer spacetime.

2.5. Polarization as Monopole Topology

Independently, the geometry of light polarization reveals monopole-like structures even in
conventional optics. On the Poincaré sphere, polarization states form a U(1) fiber bundle whose
curvature corresponds to a Dirac monopole at the center [7,8]. The Pancharatnam-Berry phase
acquired under cyclic polarization changes directly encodes this monopole topology, suggesting a
deep but unresolved connection between monopoles, charges, and polarization.

Beyond U(1), recent developments in semiclassical gauge theories have highlighted the role of
instanton—-monopole chains and composite topological configurations in non-Abelian settings. Studies
in deformed QCD and SU(N) gauge theories reveal emergent symmetries arising from compactification
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and monopole-instanton dynamics [26,27]. These findings lend theoretical support to the idea that
SU(2) and SU(3) gauge structures may emerge from deeper dimensional projections of a fundamental
source—interpreted here as the Monad—rather than existing as independent inputs.

3. The Foundations of the SMM/DTT Framework

The Single Monad Model (SMM) was originally proposed as a modern reformulation of classical
Islamic metaphysics, particularly the doctrine of the “Oneness of Being” (wahdat al-wujiad) [9]. Its
central thesis is that all multiplicity in the universe arises from the continuous re-creation of a single
fundamental entity—the Monad. The Monad itself is not a physical particle or field, but an indivisible
ontological principle, beyond space, time, and measurement. Physical reality is the result of the
Monad'’s successive unfoldings, appearing as multiplicity through projection.

Building upon this metaphysical foundation, the Duality of Time Theory (DTT) [10] provides a
rigorous physical interpretation of how the Monad gives rise to the universe. The key insight is that
time has a two-tiered structure:

¢ Inner time is compact and discrete. It consists of indivisible cycles in which the Monad is
re-created at each instant. This inner level is ontological and corresponds to the metaphysical
re-creation of existence.

®  Outer time is continuous. It emerges through the sequential projection of inner cycles, creating
the appearance of duration, motion, and space as experienced in physical reality.

In this framework, every physical quantity is the projection of inner-time dynamics into outer time.
Action quanta, energy levels, and spatial dimensions all originate from the discrete unfolding of inner
cycles. The apparent continuity of space-time is thus a result of perpetual re-creation at the inner level.

This ontological duality has profound implications:

e It explains the discreteness—continuity paradox by showing that physical reality is continuous in
outer time but discrete in its inner generative level.

e It naturally unifies relativity and quantum theory: relativistic space-time curvature emerges from
coherent projections, while quantum discreteness follows from the granular nature of inner cycles.

e [t provides a path to derive physical constants, masses, and charges as temporal invariants, rather
than arbitrary empirical inputs.

In the present work, we apply this structure to show that the Monad, interpreted as the fundamen-
tal magnetic monopole, generates the hierarchy of quantized charges through successive projections
into one, two, and three dimensions of outer time.

To provide a clearer theoretical structure and support derivations of physical constants, we
introduce here a minimal formal framework. This structure is formulated in terms of axioms and
postulates analogous to the role of a Lagrangian or action principle in conventional physics. It
establishes the ontological foundations, the projection mechanism, and the emergence of physical
constants as invariants of projection ratios.

3.1. Foundational Axioms

Axiom 1: Ontological Singularity (Monad Postulate) There exists a unique, indivisible ontological
entity—the Monad—which is zero-dimensional, atemporal, and prior to all physical attributes. It
represents the ontological ground of existence.

Axiom 2: Discrete Inner-Time Re-Creation The Monad re-creates itself cyclically in discrete inner-time
steps. Each cycle corresponds to a fundamental act of ontological instantiation. These cycles are
indexed by an integer parameter n € Z*, where each cycle is an ontic event.

Axiom 3: Projection Principle At each discrete step, the Monad projects its state into outer time, giving
rise to emergent physical structures. The n-th projection introduces 2" distinguishable physical
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states corresponding to higher-dimensional degrees of freedom. This projection is governed by a

mapping:
I, :Spo1 — S, |Su] =2" )

Axiom 4: Projection-Invariant Ratios Fundamental physical constants are emergent invariants de-
fined as ratios between successive projection states, i.e.,

Q% ~ |Sn71|

= , =1,2,... 10
"7 4meghc | S| " (19

where w;, represents the coupling constant associated with the n-th projection.

3.2. Foundational Postulates

Postulate 1: Dirac-Monad Equivalence The Monad corresponds physically to the minimal magnetic
monopole satisfying Dirac quantization:

27th
eg=2mh = g= %. (11)
The magnetic fine-structure constant then emerges as
2
g 1
= = —. 12
“s drtpuohe  4a (12)

Postulate 2: Harmonic Projection Energy Scaling Mass and energy scales (e.g., electron mass .,
proton mass 11,) arise from harmonics of different projection levels:

mp EZD H2
=~ = = —, 13
me  Eip  Hip 13)

where H,, denotes the harmonic mode associated with the n-dimensional projection.

3.3. Implications of the Formalism
This formalism provides several immediate benefits:

®  The projection operators I, may be modeled using discrete Clifford algebras, suggesting a natural
link to spinor structures and internal symmetries.

®  The emergent gauge groups (U(1), SU(3), etc.) appear as symmetry stabilizers of projection state
spaces Sy.

¢  Fundamental constants are no longer free parameters but become functions of projection topolo-
gies and combinatorial structures.

3.4. Lagrangian Analogue and Discrete Action Formalism

In conventional physics, a Lagrangian or action principle A = [ L dt generates the equations of
motion. Analogously, the SMM/DTT framework may be expressed as a discrete action functional of
the projection maps:

AllL,] =Y L(Sp, 1Tn), (14)

where £ encodes the combinatorial and harmonic structure of each projection step. This approach
offers a pathway to derive constants and symmetry groups from first principles rather than inserting
them empirically.

4. The Single Monad as the Minimal Magnetic Monopole

While conventional physics treats magnetic monopoles as hypothetical particles or topological
solitons, the SMM/DTT framework offers a radically different ontological perspective. In this model,
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the minimal magnetic monopole is not a physical entity embedded in spacetime, but a zero-dimensional
ontological source—the Monad—that continuously re-creates the fabric of space, time, fields, and
charges through its inner-time dynamics. This identification of the Monad with the fundamental
monopole resolves the longstanding asymmetry between electric and magnetic phenomena and shows
how dimensional projections of re-creation cycles generate the observable gauge structures of the
Standard Model.

4.1. The Monad as a Zero—Dimensional Ontological Source

In the SMM/DTT frameork, developed in [9,10], physical reality emerges from the continuous re—
creation of a fundamental indivisible entity, the Monad. Ontologically, the Monad is zero-dimensional:
it possesses no extension in space, nor duration in external time. Instead, it exists only through
instantaneous re—creation cycles occurring in what the DTT identifies as “inner time.”

From this perspective, the Monad is not itself a physical particle but the ontological origin of all
physical structures. Its repeated re—creation generates the fabric of space, the flow of time, and the
emergence of fields and charges. In this sense, the Monad corresponds to the most elementary “point
of being,” a source that is indivisible and universal.

4.2. Identification with the Minimal Magnetic Monopole

In conventional physics, magnetic monopoles are hypothetical point-like sources of magnetic
field. Their defining property is that they would render Maxwell’s equations fully symmetric and
explain electric charge quantization [2,6]. Yet no such physical particles have ever been observed,
raising the possibility that monopoles are not empirical objects but ontological principles.

We propose that the Monad itself is the minimal magnetic monopole. Several arguments support
this identification:

1.  The Monad is zero-dimensional, indivisible, and universal. These are precisely the attributes
expected of a fundamental monopole, which cannot be decomposed into further constituents.

2. Dirac’s quantization condition links electric charge to the existence of a monopole. In the
SMM/DTT framework, this is realized ontologically: charge quantization arises because the
Monad, as monopole, constrains all projections to discrete values.

3. The absence of free monopoles in experiments is explained by the fact that the Monad is hidden:
it does not appear as an object in outer time but only as the inner source of re—creation.

Thus the Monad provides an ontological foundation for the monopole concept. Instead of being
an elusive particle, the monopole is the indivisible origin of all fields and charges.

4.3. Inner-Time Re—Creation and Outer Projection

In DTT, time is dual: inner time consists of instantaneous re—creation cycles, while outer time is
the continuous flow experienced in physical processes. The Monad re—creates itself in inner time, and
each re—creation is projected outward, forming the structure of physical reality.

This duality explains why monopoles are hidden. The Monad as monopole exists in inner time,
never appearing directly in outer time. What appears in physical reality are its projections: electric
charges, magnetic fields, and gauge symmetries. The Monad thus grounds monopoles ontologically,
while its projections account for the empirical structures of physics.

4.4. Ontological Necessity of Dual Projection

Each re—creation of the Monad carries an intrinsic duality. When projected into outer time, this
duality manifests as complementary structures:

* Inelectromagnetism, the duality appears as orthogonal electric and magnetic fields (E L B).

e In gauge theory, it corresponds to the U(1) freedom of phase rotation.

¢ In polarization, it manifests geometrically as the dual orientations on the Poincaré sphere, equiva-
lent to a monopole connection [7,8].
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Therefore, the orthogonality of fields and the quantization of charge are not merely mathematical
accidents but ontological necessities, grounded in the Monad’s intrinsic duality. The Monad, as the
minimal monopole, is the hidden source from which all dual field structures arise.

4.5. Why Free Monopoles Are Absent

The absence of observed monopoles, despite extensive searches, follows naturally in this frame-
work. Since the Monad is zero—dimensional and re—created only in inner time, it cannot appear as an
isolated object in outer time. Monopoles are not missing but concealed: they are the hidden ontological
basis of reality, always present but never directly manifest.

This resolves the longstanding puzzle: the monopole exists not as a particle to be discovered but
as the Monad, the ultimate ontological source of charges, fields, and gauge structures. Its presence is
indirectly encoded in phenomena such as charge quantization, field orthogonality, and polarization

topology.

5. The Single Monad as the Minimal Magnetic Monopole

While conventional physics treats magnetic monopoles as hypothetical particles or topological
solitons, the SMM/DTT framework offers a radically different ontological perspective. In this model,
the minimal magnetic monopole is not a physical entity embedded in spacetime, but a zero-dimensional
ontological source—the Monad—that continuously re-creates the fabric of space, time, fields, and
charges through its inner-time dynamics. This identification of the Monad with the fundamental
monopole resolves the longstanding asymmetry between electric and magnetic phenomena and shows
how dimensional projections of re-creation cycles generate the observable gauge structures of the
Standard Model.

5.1. The Monad as a Zero—Dimensional Ontological Source

In the SMM/DTT frameork, developed in [9,10], physical reality emerges from the continuous re—
creation of a fundamental indivisible entity, the Monad. Ontologically, the Monad is zero-dimensional:
it possesses no extension in space, nor duration in external time. Instead, it exists only through
instantaneous re—creation cycles occurring in what the DTT identifies as “inner time.”
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emergence of fields and charges. In this sense, the Monad corresponds to the most elementary “point
of being,” a source that is indivisible and universal.
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In conventional physics, magnetic monopoles are hypothetical point-like sources of magnetic
field. Their defining property is that they would render Maxwell’s equations fully symmetric and
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raising the possibility that monopoles are not empirical objects but ontological principles.

We propose that the Monad itself is the minimal magnetic monopole. Several arguments support
this identification:

1. The Monad is zero-dimensional, indivisible, and universal. These are precisely the attributes
expected of a fundamental monopole, which cannot be decomposed into further constituents.

2. Dirac’s quantization condition links electric charge to the existence of a monopole. In the
SMM/DTT framework, this is realized ontologically: charge quantization arises because the
Monad, as monopole, constrains all projections to discrete values.

3. The absence of free monopoles in experiments is explained by the fact that the Monad is hidden:
it does not appear as an object in outer time but only as the inner source of re—creation.

Thus the Monad provides an ontological foundation for the monopole concept. Instead of being
an elusive particle, the monopole is the indivisible origin of all fields and charges.
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5.3. Inner-Time Re—Creation and Outer Projection

In DTT, time is dual: inner time consists of instantaneous re—creation cycles, while outer time is
the continuous flow experienced in physical processes. The Monad re—creates itself in inner time, and
each re—creation is projected outward, forming the structure of physical reality.

This duality explains why monopoles are hidden. The Monad as monopole exists in inner time,
never appearing directly in outer time. What appears in physical reality are its projections: electric
charges, magnetic fields, and gauge symmetries. The Monad thus grounds monopoles ontologically,
while its projections account for the empirical structures of physics.

5.4. Ontological Necessity of Dual Projection

Each re—creation of the Monad carries an intrinsic duality. When projected into outer time, this
duality manifests as complementary structures:

* Inelectromagnetism, the duality appears as orthogonal electric and magnetic fields (E L B).

e In gauge theory, it corresponds to the U(1) freedom of phase rotation.

® In polarization, it manifests geometrically as the dual orientations on the Poincaré sphere, equiva-
lent to a monopole connection [7,8].

Therefore, the orthogonality of fields and the quantization of charge are not merely mathematical

accidents but ontological necessities, grounded in the Monad’s intrinsic duality. The Monad, as the
minimal monopole, is the hidden source from which all dual field structures arise.

5.5. Why Free Monopoles Are Absent

The absence of observed monopoles, despite extensive searches, follows naturally in this frame-
work. Since the Monad is zero—dimensional and re—created only in inner time, it cannot appear as an
isolated object in outer time. Monopoles are not missing but concealed: they are the hidden ontological
basis of reality, always present but never directly manifest.

This resolves the longstanding puzzle: the monopole exists not as a particle to be discovered but
as the Monad, the ultimate ontological source of charges, fields, and gauge structures. Its presence is
indirectly encoded in phenomena such as charge quantization, field orthogonality, and polarization

topology.

6. Illustrative Example: Discrete Action Functional for Monad Projections

To demonstrate how the proposed axioms and postulates can yield quantitative predictions, we
introduce a simple toy model of a discrete action functional governing the projection process. This model
is intended as an illustrative example rather than a definitive formulation.

6.1. Projection States and Weights

Let the state space at projection level n be S, with |S,| = 2" states. Assign to each state a
characteristic “projection energy” E;, representing the ontic weight of the n-th projection:

En = EO ‘Bnr (15)

where Ej is a base scale (e.g., the Planck energy) and B < 1 encodes the attenuation of energy at
higher projections. This captures the intuition that each successive projection distributes the Monad'’s
indivisible energy among exponentially many states.

6.2. Discrete Action Functional

We define the discrete action as a sum over projection levels:

(16)
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where w, are weighting coefficients specifying the “harmonic” contribution of each projection level.
The term E, /|S,| represents the energy per state at level 7.

6.3. Emergence of Coupling Constants

From the above, the effective dimensionless coupling associated with level # may be defined as:

_ En/|5n| _ Eo .Bn
My = —7 — =3 on (17)
This immediately yields a hierarchy of couplings:

n = %g (fine-structure constant), (18)

2
) = Eop” (strong coupling scale), (19)

hic 4
ag = % (magnetic/Monad coupling). (20)

Choosing, for illustration, Eg = fic/fp (Planck scale) and B ~ 1/137 gives:
n ~ 1072, xy ~ 0.7, &g~ large,
qualitatively matching the observed hierarchy (a ~ 1/137, a5 ~ 0.7, ag > 1).

6.4. Interpretation
In this toy model:

*  The fine-structure constant x« emerges as the ratio of base Monad energy distributed over the first
projection (1D).

*  Thestrong coupling as arises naturally at the second projection (2D), reflecting its confinement-scale
strength.

*  The magnetic fine-structure constant g corresponds to the 0D Monad itself and appears large,
consistent with monopole confinement.

6.5. Toward a General Principle

While highly simplified, this discrete action functional illustrates how fundamental constants
may arise from:

(Energy per projection state) —  (Dimensionless couplings).

Future work may replace the toy model with a rigorous projection Lagrangian £(S,,I1,), derive run-
ning couplings as renormalization of projection weights w;, and compute mass ratios from harmonic
modes H,,.
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Figure 1. Projection hierarchy of the Monad and associated emergent physical constants. Each successive

projection introduces 2" states and gives rise to higher-order charges and symmetry structures. Constants such as
«, a5, and the mass ratio i emerge as ratios of projection energies per state.

Here, we focus on interpreting the Monad as the fundamental magnetic monopole, whose
successive projections give rise to quantized charges, gauge structures, and coupling hierarchies. This
interpretation forms the core physical correspondence explored in the present work. However, a
complete formal development of the SMM/DTT framework requires further elaboration beyond the
monopole identification.

To elevate this toy model into a full-fledged theoretical framework, future work should:

1. Define a discrete action principle A[I1,] for projection dynamics, capable of generating coupling
constants and particle spectra.

2. Introduce a state evolution map 7 : S, — 5,41 that allows computation of scale-dependent
phenomena, including coupling flow and symmetry breaking thresholds.

3. Embed projection levels into a unifying algebraic framework, such as graded Hilbert spaces,
spectral triples, or categorical structures, to provide a robust mathematical foundation for the
projection process.

This minimal formalism clarifies the internal logic of the SMM/DTT approach and establishes a
pathway from metaphysical postulates to testable physical predictions, paving the way for a deeper
synthesis of ontology and physics.

7. Emergence of Charges and Gauge Symmetries

In the SMM/DTT framework, electric and magnetic charges are not intrinsic properties of particles
but emergent features of dimensional projections from a zero-dimensional source—the Monad. Each
inner-time re-creation cycle projects into outer time with dimensionality dictating the interaction type
and associated gauge symmetry. Thus, charges are geometric manifestations of an ontological process
governed by the Monad’s hidden topology.
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7.1. Projection Dimensionality and Gauge Structures

Charges arise as projections of the Monad'’s cycles into outer time. The projection dimensionality
determines the gauge structure:

e 1D — electric charge (U(1), Abelian),

e 2D — color charge (SU(3), non-Abelian),

e 3D — weakisospin (SU(2)),

e higher D — unification groups (SU(4), SO(10), Ej).

This hierarchy reproduces the Standard Model gauge groups and suggests a systematic ontological

origin.

7.2. 1D Projection: U(1) Electromagnetism

The simplest projection is one-dimensional. Orthogonality enforces dual components—electric
and magnetic—while the single complex amplitude modulo phase yields an Abelian U(1) symmetry.
Gauge transformations reduce to commuting phase rotations, explaining why electromagnetism is
uniquely Abelian. Charge quantization follows from the Monad’s monopole nature, consistent with
Dirac’s condition [2].

7.3. 2D Projection: SU(3) Color Charge

A two-dimensional projection spans a plane whose rotations are non-commutative:

[TX/ Ty] 7é 0/

where T, and Ty are rotation generators. This structure underlies QCD’s SU(3) gauge group [28,29].
The three color states (red, green, blue) correspond to orientations in the 2D plane, and gluons emerge
as rotation generators carrying self-interacting charge.

7.4. 3D Projection: SU(2) Weak Isospin

A three-dimensional projection yields three orthogonal degrees of freedom with SU(2) as the
minimal non-Abelian symmetry. This organizes fermions into doublets (e.g. electron—neutrino, up—
down quarks) [30,31]. Symmetry breaking via mixing with U(1) explains weak boson masses.

7.5. Higher Projections and Unification

Beyond 3D, higher-dimensional projections correspond to candidate unification groups (SU(4),
SO(10), Ee) [3,32], interpreted in this framework as deeper layers of projection where richer outer
symmetries unfold.

Corollary 1. The gauge group is determined by projection dimensionality:

1D — U(1) (electromagnetism),

2D  — SU(3) (color),

3D — SU(2) (weak),

4D+ — GUT groups (SU(4),S0O(10), Es).

Thus, Abelian versus non-Abelian character follows directly from projection dimensionality.

7.6. Projection Operators and Symmetry Spaces

We represent the Monad, M, as a zero-dimensional ontological unit:

M e,
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from which physical structures emerge via projection.
Let IT,;, map M into an n-dimensional Hilbert space:

HH:MHHngCn/

where H,;, supports the internal degrees of freedom. The automorphism group preserving its inner

product is:
Gﬂ - Aut(Hn)
Table 1. Dimensional projection of the Monad and associated gauge groups.
Projection Dim. Projected Space Gauge Group
1D CT U()
2D cs SU(3)
3D C? SU(Q2)

7.7. Gauge Bundles and Topological Quantization

Each H,, defines the fiber of a principal bundle (P, M, G, ) with M the base manifold (spacetime).
The curvature F determines interaction dynamics. Quantization arises from nontrivial topology:

1
— | F= Z,
2 e ne

reproducing the Dirac condition.
Projection hierarchy can also be modeled by graded algebras:

A= 69 A (W),
k=0

with Al — U(1), A2 — SU(3), A3 — SU(2). Connections to Clifford algebras Cl(n,C) allow
embedding spinor structures.

7.8. Conclusion

Dimensional projection of the Monad provides a coherent origin of gauge symmetries. Hilbert
bundles, topological quantization, and algebraic formulations all converge to show that the Standard
Model groups emerge naturally from projection dimensionality. This bridges SMM/DTT’s ontological
interpretation with conventional gauge theory.

8. Orthogonality of Electric and Magnetic Fields
8.1. Maxwell’s Triad Structure

In free space, electromagnetic waves satisfy the plane-wave relations
k-E=0, k-B=0, E-B=0, (21)

with 1
B=- k x E. (22)

Thus, the electric field E, the magnetic field B, and the wavevector k form a mutually orthogonal,
right-handed triad [33]. The energy flux is given by the Poynting vector S = %E x B, aligned with k.

This orthogonality is one of the most distinctive features of light: in every photon, the fields are
not only transverse to propagation but also perpendicular to each other.
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8.2. Geometric Interpretation: Tangent Bundle of the Poincaré Sphere

Polarization states of light can be represented on the Poincaré sphere, where each point corre-
sponds to a specific orientation and ellipticity of E. At every point, E and B span a tangent plane to the
sphere, while k plays the role of the outward normal.

From a geometric perspective, orthogonality is therefore not accidental but intrinsic: it encodes
the tangent-bundle structure of polarization. The global U(1) phase of polarization corresponds to the
fiber over S?, and the associated Berry connection carries the curvature of a monopole at the center of
the sphere [7,8].

8.3. Monad Interpretation: Dual Projections of Re—Creation
In the SMM/DTT framework, orthogonality reflects the Monad’s intrinsic duality. Each re—
creation cycle projects into outer time along two complementary directions:
e The electric aspect corresponds to the direct projection of charge oscillations.
e The magnetic aspect is the rotated dual, generated simultaneously and necessarily orthogonal to
the first.
The orthogonality of E and B is thus an ontological necessity: it is the visible trace of the Monad’s dual
projection. The photon is not an electric wave with a magnetic byproduct, but the simultaneous dual
projection of a single Monad cycle.

8.4. Corollary: Abelian Nature of Electromagnetism

Because E and B always remain orthogonal, the degrees of freedom reduce to a single com-
plex polarization amplitude. This enforces a U(1) gauge structure: electromagnetic transformations
correspond to commutative phase rotations on the polarization bundle.

Corollary 2. The orthogonality of electric and magnetic fields implies that electromagnetism must be Abelian at
its root. In the SMM/DTT ontology, this follows from the fact that the Monad’s 1D projection produces a dual
pair of orthogonal shadows, leading naturally to U(1) symmetry and charge quantization.

8.5. Visualization

Y
lea]

il

Figure 2. The orthogonal triad of a photon: E, B, and k. In SMM/DTT, E and B are dual projections of the
Monad’s re—creation cycle, while k represents the direction of outer-time unfolding.

9. Implications and Predictions

The identification of the Monad with the minimal magnetic monopole, and the interpretation
of charges and fields as its dimensional projections, leads to several important implications. These
not only clarify the ontological origin of charges and symmetries but also suggest testable physical
signatures.
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9.1. Generational Cycles as Z3 Unfolding

The Standard Model contains three generations of fermions with identical gauge charges but
hierarchical masses. Within SMM/DTT, this structure is explained as a cyclic unfolding of Monad
projections in inner time.

Each higher-dimensional projection (2D, 3D) unfolds in discrete temporal phases, producing
three generational copies. The number three arises naturally from the minimal nontrivial cyclic group
Z3, which governs projection coherence across re—creation cycles. Thus, fermion generations are not
arbitrary but a structural necessity of Monad unfolding.

9.2. Neutrino Oscillations as Phase Dynamics

Neutrino oscillations provide a direct probe of this cyclicity. In the standard framework, flavor
eigenstates are superpositions of mass eigenstates, with oscillations arising from phase differences
during propagation [37,38].

In the Monad interpretation:

e The three mass eigenstates (v1, 1, v3) correspond to distinct Z3 phases of the Monad'’s projection
cycle.

e Flavor states (v, Vy, vr) are outer-time superpositions of these inner-time phases.

e  Oscillations arise because propagation naturally cycles through the Monad’s phases, leading to
observable flavor transitions.

This provides an ontological explanation for why neutrinos oscillate strongly, whereas charged leptons
do not: the near-degeneracy of neutrino masses preserves coherence between the Monad phases.

9.3. Polarization Phase as Monopole Connection

The monopole interpretation of polarization implies that cyclic changes in polarization correspond
to the accumulation of Berry phase, equivalent to encircling a monopole in state space [7]. In SMM/DTT,
this is reinterpreted ontologically: the Berry phase is the direct imprint of the Monad’s dual projection
cycle.

Recent experiments in structured light and quantum optics have observed monopole-like signa-
tures in polarization space. For instance, high-order Pancharatnam-Berry phase accumulations have
been measured in nontrivial polarization trajectories [39]. Furthermore, Wang et al. demonstrated the
creation of a synthetic monopole in polarization space, directly encoding monopole curvature on the
Poincaré sphere [40]. These results empirically support the geometric and topological interpretation of
polarization advanced in the SMM/DTT model, where polarization is viewed as the visible imprint of
dual Monad projections.

Experimentally, precise measurements of geometric phases in light polarization, including higher-
order Pancharatnam-Berry phases, can thus be viewed as indirect evidence of Monad duality.

9.4. Charge Quantization as Ontological Necessity

Dirac’s condition eg = nf1/2 [2] is explained here without requiring the existence of physical
monopoles. Since the Monad itself is the minimal monopole, electric charge quantization follows as a
structural necessity. The absence of free monopoles is thus resolved: monopoles exist ontologically (as
the Monad), but cannot appear in outer time as isolated objects.

9.5. Experimental Outlook
The framework suggests several avenues of testability:

1. Neutrino experiments: The cyclic nature of oscillations predicts hidden Z3 symmetries in mixing
angles or CP-violating phases, potentially observable in next-generation detectors such as DUNE
or Hyper-Kamiokande.

2. Polarization interferometry: Measurements of Pancharatnam-Berry phases in light polarization can
probe the monopole topology directly, testing the Monad interpretation.
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3. Charge precision tests: Further precision measurements of charge quantization (e.g. electron/proton
charge ratio) could reveal subtle signatures of inner-time discreteness.

9.6. Summary

The SMM/DTT framework not only explains the ontological origin of monopoles, charges, and
polarization but also offers experimentally accessible predictions. Neutrino oscillations, polarization
phase measurements, and charge quantization all serve as indirect windows into the Monad’s re—
creation cycle. The theory thus bridges metaphysical ontology with empirical physics.

10. Comparison with Other Approaches

The interpretation of monopoles, charge quantization, and polarization has been studied in
multiple theoretical frameworks. While these approaches provide important insights, none offers a
unified ontological account that simultaneously addresses monopoles, charges, and polarization. Here
we briefly compare our proposal with some of the main alternatives.

10.1. Dirac Monopole

Dirac’s original formulation [2] demonstrated that the existence of a single magnetic monopole
would imply electric charge quantization, through the condition eg = nfi/2. This remains one
of the most elegant arguments in theoretical physics. However, Dirac’s monopole is a singular
solution, dependent on an unobservable string, and its existence as a particle remains hypothetical.
Our framework incorporates Dirac’s insight into quantization, but removes the need for physical
monopoles: the minimal monopole is the Monad itself, a zero-dimensional source hidden in inner
time, whose projections enforce charge quantization ontologically.

10.2. 't Hooft—Polyakov Monopoles and GUTs

Non-Abelian gauge theories predict monopoles as topological solitons. The "t Hooft-Polyakov
monopole [41,42] emerges in Yang-Mills-Higgs systems as a smooth, finite-energy solution. Grand
Unified Theories (GUTs) further predict monopoles as topological defects formed during symmetry
breaking in the early universe [3,32]. These objects are massive and stable, with expected masses near
10'® GeV. Their absence in experiments is usually explained via inflationary dilution [5]. While these
models show how monopoles can arise in field theory, they do not explain the origin of charges or
polarization, and they treat monopoles as contingent solutions rather than ontological necessities.

10.3. Condensed-Matter Analogues

In spin ice systems, emergent quasiparticles behave as effective monopoles, moving along defect
lines in the magnetic lattice [22,23]. These analogues are experimentally accessible and provide
valuable insights into monopole-like behavior. However, they are effective excitations rather than
fundamental entities, and their existence does not address charge quantization or gauge symmetries.
By contrast, in the SMM/DTT framework, monopoles are not emergent excitations but the ontological
source of all charges and fields.

Monopole analogues have also been realized in condensed-matter systems, where emergent
quasiparticles mimic topological features of magnetic monopoles. In topological insulators, monopole
fractionalization appears in the response to gauge flux insertion [43], while topological photonic
lattices host synthetic magnetic fields and Berry curvature singularities reminiscent of monopole
topology [44]. Although these systems involve emergent excitations rather than fundamental entities,
they provide valuable physical analogies to the ontological monopole structure postulated by the
SMM/DTT framework.

10.4. Geometric and Topological Optics

The monopole structure of polarization has been extensively studied in terms of Berry phase
and geometric phase effects [7,8,45]. On the Poincaré sphere, polarization states correspond to a
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U(1) bundle with monopole curvature at the origin. While this geometric framework elegantly
explains polarization holonomies, it does not explain why the monopole appears in state space or why
electromagnetic fields are intrinsically orthogonal. In our framework, this monopole topology arises
naturally as the visible trace of the Monad’s dual projection.

10.5. Quantum Gravity Approaches

Alternative approaches to quantum gravity, such as loop quantum gravity (LQG) [46], causal
set theory [47], and tensor networks [48], also attempt to explain discreteness and gauge structures.
LQG, for instance, explains area and volume quantization using spin networks, while causal set
theory models spacetime as a discrete order structure. However, these frameworks do not provide an
ontological origin for charge or polarization. The SMM/DTT model complements these by situating
discreteness, gauge symmetry, and field duality in the temporal re-creation of the Monad.

Table 2. Comparison of major approaches to monopoles and polarization with the Single Monad Model / Duality

of Time Theory (SMM/DTT).

Approach

Core Idea

Limitations Compared to SMM/DTT

Dirac monopole [2]

Magnetic monopole as a point
singularity enforces charge quan-
tization.

Requires physical monopoles (never ob-
served); monopole is contingent, not
ontological.

t Hooft-Polyakov
monopole [41,42]

solution in
theories;

Smooth soliton
Yang-Mills-Higgs
predicted in GUTs.

Extremely massive (~ 10'® GeV), un-
observed; explains monopole existence
but not origin of charge or polarization.

Condensed-matter
analogues [22,23]

Effective monopole-like excita-
tions in spin ice systems.

Emergent, not fundamental; no connec-
tion to gauge quantization or funda-
mental symmetries.

Geometric optics [7,
8,45]

Polarization states form a U(1)
fiber bundle with monopole cur-
vature; Berry phase encodes

topology.

Describes topology in state space but
not why monopole arises or how
charges and fields originate.

Quantum gravity ap-
proaches [46-48]

Spacetime discreteness via spin
networks, causal sets, tensor net-
works.

Provide kinematics of discreteness but
not the ontological basis of charges,
fields, or polarization.

SMM/DTT
work)

(this

Minimal monopole is the Monad,
a zero-dimensional ontological
source. Projections generate
charges (U(1), SU(3), SU(2)); or-
thogonality of fields and polar-
ization follow as necessary dual
projections.

Distinct from existing models: ex-
plains quantization, gauge group hier-
archy, field orthogonality, and polariza-
tion topology from a single ontologi-
cal foundation; offers testable predic-
tions (Berry phases, neutrino oscilla-
tions, charge precision).
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Single Monad
(0D source)

{ field orthogonality, polarization topology

Explains: charge quantization (Dirac)
: without requiring free monopoles

Minimal Magnetic
Monopole (ontological)

‘/%% A .
1D Projection 2D Projection 3D Projection
Electric charge Color charge Weak isospin
| S — | S —
Y \4 \4
- —
u() SUu(3) Su(2)
(electromagnetism) (QCD / color) (weak isospin)
Y Y \4
ELBlk Non-abelian rotations Doublets, mixing
Abelian phase (U(1)) Gluon self-interaction Massive W, Z0
v Y \4
Pancharatnam-Berry Non-abelian photonic/ Neutrino oscillations:
Interferometry condensed-matter emulators Z3 cyclic patterns
(SOlid'angle law, hnklng) Non-commuting internal rotations in 2D

CP phase hints, discrete cyclicity

Material independence, topological steps

Figure 3. Visual summary of the framework. A zero-dimensional source (Single Monad) is identified with the
minimal magnetic monopole. Dimensional projections generate charges and their gauge groups (1D — U(1), 2D
— SU(3), 3D — SU(2)). Electromagnetic orthogonality and polarization emerge as signatures of the U(1) sector,
with Berry curvature equal to a monopole on the Poincaré sphere. The right column lists concrete experimental
tests.

10.6. Summary

Other approaches either (i) treat monopoles as hypothetical particles (Dirac, GUTs), (ii) model
them as emergent excitations (spin ice), or (iii) identify monopole topology in polarization state space
(Berry phase). Our proposal differs fundamentally: it identifies the minimal monopole with the Monad
itself, a zero-dimensional source hidden in inner time. This ontological identification simultaneously
explains charge quantization, gauge group structure, field orthogonality, and polarization topology,
while offering concrete empirical predictions.

11. Ontological Interpretations of Polarization
11.1. Classical Interpretation

In Maxwellian electrodynamics, polarization is defined as the orientation of the electric field
vector in the plane transverse to the direction of propagation [33]. Linear polarization corresponds to a
fixed orientation, circular polarization to equal orthogonal components with a 77/2 phase shift, and
elliptical polarization to the general case. In this view, polarization is simply a geometrical property of
the electromagnetic wave in space-time.

11.2. Quantum Interpretation

In quantum electrodynamics (QED), polarization is treated as an internal degree of freedom of
the photon, mathematically equivalent to a two-level quantum system [34]. A single photon’s polar-
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ization state lives in a two—dimensional Hilbert space, allowing for superpositions and entanglement.
Polarization measurements thus yield probabilistic outcomes, reflecting the quantum nature of the
photon.

11.3. Geometric and Topological Interpretation

On the Poincaré sphere, polarization states are mapped to points on S?, with a global U(1)
phase forming a fiber bundle. The associated Berry connection carries curvature equivalent to a
Dirac monopole [7,8]. Polarization is therefore not merely spatial orientation, but a manifestation of
monopole topology in state space.

11.4. Information—Theoretic Interpretation

In quantum information science, polarization is regarded as a physical realization of a qubit
[35]. Polarization states encode information and can be manipulated by unitary transformations,
transmitted, and measured. Ontologically, this treats polarization as the information—carrying capacity
of light.

11.5. Relational Interpretation

From a phenomenological standpoint, polarization is not intrinsic but relational: it appears
only when light interacts with matter (e.g. birefringent crystals, polarizers, detectors). In this view,
polarization is an emergent property of light-matter interaction, rather than an independent essence
[36].

11.6. Single Monad Interpretation

In the SMM/DTT framework, polarization is understood ontologically as the manifestation of the
Monad’s intrinsic duality. Each re—creation cycle projects into outer time along two orthogonal axes,
corresponding to the electric and magnetic aspects. Polarization describes the orientation of this dual
projection:
¢ Linear polarization corresponds to a fixed orientation of the dual projection.

*  Circular polarization corresponds to continuous rotation between dual aspects, reflecting temporal
phase shifts.
¢  Elliptical polarization arises from intermediate phase relations.

Thus polarization is not merely an optical property, but the visible trace of Monad duality, combining
gauge freedom (U(1) phase), temporal coherence, and monopole topology.

Table 3. Ontological interpretations of polarization across different frameworks, compared with the SMM/DTT

explanation.
Ontology View of Polarization Ontological Claim
Classical (Maxwell) | Orientation of transverse electric | Polarization is a geometric property
field. of the wave.
Quantum (QED) Two-level degree of freedom of pho- | Polarization is an internal quantum

ton.

state.

Geometric / Topo-

Point on Poincaré sphere, U(1) bun-

Polarization is a geometric property

creation.

logical dle with monopole curvature. of state space.

Information— Encodes qubits, subject to unitary | Polarization is an information car-

Theoretic operations. rier.

Relational Revealed only in interaction with | Polarization is a relational quality,
matter. not intrinsic.

SMM/DTT Dual projections of Monad’s re- | Polarization is the ontological trace

of Monad duality, linking fields,
charges, and monopole topology.
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12. Conclusion and Future Work

Contemporary approaches to gauge unification have explored scalar-induced symmetry genera-
tion and dimensional embedding of gauge groups such as SU(4), SO(10), and E6. Wetterich has shown
how scalar fields can induce gauge symmetry dynamically rather than postulating it [49], while Gail-
lard and Grannis provide a comprehensive account of how electroweak and strong interactions may
unify under broader symmetry groups [50]. These efforts resonate with the SMM/DTT framework,
where higher-dimensional Monad projections yield a natural origin for such gauge structures.

In this work, we have developed a new ontological framework for understanding magnetic
monopoles, charge quantization, and polarization, grounded in the Single Monad Model (SMM) and the
Duality of Time Theory (DTT). By identifying the Monad itself with the minimal magnetic monopole, we
resolved several long-standing puzzles in fundamental physics:

1.  Charge quantization: Dirac’s condition eg = n#1/2 is satisfied ontologically, without requiring
physical monopoles in outer time. The quantization of electric charge follows as a structural
necessity of Monad projections.

2. Field orthogonality: The mutual perpendicularity of E, B, and k is explained as the dual
projection of the Monad’s re—creation cycle, rather than as a contingent feature of Maxwell’s
equations.

3. Gauge symmetries: The dimensionality of projection determines the type of charge and its
associated gauge group: 1D — U(1) electromagnetism, 2D — SU(3) color charge, 3D — SU(2)
weak isospin, with higher projections naturally suggesting GUT structures.

4.  Polarization: The topology of light polarization, usually treated in geometric or quantum-
informational terms, is revealed as the visible trace of Monad duality. Polarization states encode
the monopole structure of the underlying re-creation cycle.

5. Generations and oscillations: The existence of three fermion generations and neutrino oscilla-
tions are traced to Zs cyclicity in Monad unfolding. Oscillatory phenomena reflect inner-time
phase dynamics.

Beyond explanatory power, the framework also suggests empirical pathways. Measurements
of neutrino mixing phases, geometric polarization phases, and charge precision may all provide
indirect evidence for Monad duality. Thus, the theory bridges ontology and experiment, offering a
new paradigm where metaphysical unity underlies physical multiplicity.

Broader Significance

The proposed identification of the Monad with the monopole goes beyond physics in a narrow
sense. It demonstrates how ontological foundations can illuminate unsolved physical problems, while
physics provides empirical grounding for metaphysical insight. In this way, SMM/DTT exemplifies a
new type of interdisciplinary framework, uniting philosophy of nature, mathematical physics, and
experimental outlook.

Outlook
Several avenues of research follow naturally:

e  Formalizing the projection hierarchy within non—commutative geometry and spectral triples,
extending recent work [19].

* Developing testable predictions for polarization interferometry and neutrino oscillation experi-
ments.

e  Extending the projection framework to gravitation, exploring whether an “electric relativity” may
arise analogously to general relativity, with charge shaping 1D geometry.

In conclusion, the Single Monad as monopole provides a unified ontological foundation for

charges, fields, and polarization. It integrates long-standing puzzles of symmetry, quantization, and
duality into a coherent framework, while opening new empirical directions for physics. The Monad,
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though zero—dimensional and hidden in inner time, leaves its unmistakable imprint across the visible
structures of physical reality.
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