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This paper proposes a conceptual inversion of the conventional hierarchy in quantum mechanics:
rather than spin generating Berry phase, we demonstrate that Berry curvature, arising from internal
thermodynamic and geometric processes, serves as the generative mechanism for spin-like degrees
of freedom in elementary particles. Using the 0-Sphere model, we describe a free electron as a
thermodynamically closed system where energy oscillates between two internal kernels without
reference to external fields, establishing an intrinsic adiabatic process that traces closed paths
in internal parameter space. This cyclic energy transfer induces a Berry geometric phase,
characterized by nontrivial holonomy in the internal configuration space, from which spin emerges
as a macroscopic manifestation of microscopic geometric dynamics. The framework provides an
alternative interpretation of quantum anomalies, particularly the anomalous magnetic moment,
as coordinate-dependent manifestations of the same internal Berry phase processes. Through
analogy with Foucault pendulum behavior across terrestrial latitudes, we demonstrate that observers
comoving with the internal photon sphere measure the fundamental gyromagnetic ratio g = 2,
while external laboratory observers detect additional geometric corrections arising from coordinate
system transformations. By reinterpreting Zitterbewegung as the geometric trace of internal
thermal motion and extending our previous reversal of Noether’s theorem, we demonstrate that
conserved thermal flows can generate the quantum symmetries we observe as fundamental particle
properties. This framework not only redefines the ontological status of spin but also establishes a
geometric foundation for understanding quantum anomalies and provides concrete pathways toward
background-independent theories that potentially unify quantum mechanics with general relativity
through shared geometric principles.

I. INTRODUCTION

In modern quantum theory, spin is treated as an
intrinsic degree of freedom of elementary particles,
fundamentally linked to representations of the rotation
group. Berry phase, on the other hand, arises when
a quantum system undergoes an adiabatic and cyclic
evolution in parameter space, accumulating a geometric
phase independent of the dynamical details [1]. The
geometric structure underlying quantum evolution has
been shown to play a fundamental role in determining
observable properties of quantum systems [2]. The
prevailing understanding assumes that the existence of
spin is a prerequisite for the emergence of Berry phase,
as exemplified in spin- 12 systems subjected to magnetic
field loops.
This paper examines that conventional hierarchy by

proposing a reversed conceptual structure. We explore
the possibility that Berry phase—or more precisely, its
underlying geometric framework—may itself serve as a
generative structure from which spin-like internal degrees
of freedom can emerge. Rather than treating spin as a
primitive input and Berry phase as a derived consequence,
we investigate whether geometric phase accumulation,
arising from a thermodynamically closed internal process,
could instead be the foundational mechanism.
Our approach is grounded in the 0-Sphere model, pre-

viously developed to provide a background-independent
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geometric description of energy transfer within a free
electron. This approach builds upon earlier interpreta-
tions of Zitterbewegung as reflecting genuine internal
geometric structure [3], wherein the oscillatory behavior
of electrons emerges from intrinsic spatial dynamics rather
than mathematical artifacts. In this model, energy
oscillates between two internal structures, denoted as
kernel A and kernel B, without interaction with external
degrees of freedom. This oscillation, interpreted as a
purely internal adiabatic process, allows for a redefinition
of the time phase and establishes an internally consistent
geometric framework in which the conditions for Berry
phase accumulation—such as adiabatic cyclicity and
closed parameter evolution—are fulfilled intrinsically as a
consequence of the system’s thermodynamic configuration,
without the need for externally imposed variations.

By extending this framework, we aim to demonstrate
how Berry curvature can arise from internal energy
dynamics even in the absence of externally imposed
parameter variations. Within this view, the spin of
the electron may not be an axiomatically given
attribute, but rather a consequence of deeper
geometric and thermodynamic principles. Further-
more, this geometric interpretation provides an alternative
understanding of quantum anomalies, particularly the
anomalous magnetic moment, as coordinate-dependent
manifestations of the same internal Berry phase processes
that generate spin itself.
The theoretical framework developed here draws

illuminating parallels with classical geometric phenomena,
particularly the coordinate system dependence observed
in Foucault pendulum behavior across different terrestrial
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latitudes. Just as a Foucault pendulum exhibits maximum
deflection at polar latitudes while showing no deflection at
the equator—despite the underlying spherical geometry
remaining constant—the electron’s magnetic properties
manifest differently depending on the observational
reference frame. An observer comoving with the internal
photon sphere measures the fundamental gyromagnetic
ratio g = 2 [4], which corresponds to the intrinsic
geometric relation directly arising from the undistorted
internal configuration of the system, whereas external
laboratory observers detect additional contributions
resulting from coordinate transformation effects that
constitute the anomalous magnetic moment.

Such a perspective may not only broaden the theoretical
understanding of internal degrees of freedom, but also
provide novel insights into the foundations of symmetry,
conservation, and quantization. The mathematical rigor
established through topological and differential geometric
principles suggests potential pathways toward a unified
treatment of quantum mechanics and general relativity,
wherein both gravitational and quantum effects emerge
from similar geometric structures observed from different
coordinate systems and energy scales.
This paper is organized as follows: Section II

establishes the theoretical foundation for reversing the
conventional spin-Berry phase hierarchy through our
previous work on thermal conservation and background
independence. Section III presents the core theoretical
framework, demonstrating how Berry curvature emerges
from internal geometric dynamics (III B), and how spin
arises as a manifestation of holonomy in the internal
thermogeometric structure (III C). It then establishes
the velocity threshold for classical-quantum transition
(IIID), and provides the thermogeometric interpretation
of state functions (III E). The geodesic Lagrangian
formalism and geometric phase criteria are developed
in Sections III F and IIIG respectively, followed by the
analysis of anomalous magnetic moment as observable
manifestation of internal Berry phase (III H). Section IV
synthesizes the implications for fundamental physics and
experimental predictions. The mathematical foundation
derived from internal energy dynamics is presented in the
Appendix V.

II. MOTIVATION

The theoretical hierarchy that places spin as a pre-
requisite for geometric phase has rarely been questioned.
However, a closer examination of geometric frameworks,
particularly in the context of closed thermodynamic
systems, suggests an alternative interpretation. If the
accumulation of geometric phase is understood as a
manifestation of internal structure and energy flow, then
it becomes plausible to consider it not merely as a
consequence of spin, but as a potential generative source.
In our previous work [5], we have proposed a reversal

of the conventional reading of Noether’s theorem. Instead

of assuming symmetry as the origin of conservation
laws, we interpreted conservation itself—specifically the
conservation of thermal energy in a closed system—as
the origin of emergent symmetry. This inversion allowed
the reconstruction of spherical harmonic structures, and
suggested that the internal thermodynamic behavior of
a particle could serve as a geometrical ground for its
observable properties.

Furthermore, in a prior study on background inde-
pendence [6], we introduced the 0-Sphere model, in
which energy oscillates between two internal kernels, A
and B, without any reference to an external coordinate
frame. This model captures the essence of a self-contained
thermodynamic process, in which energy transfer occurs
along a geodesic in an internal manifold. We interpreted
this as a geometric realization of time phase evolution,
distinct from conventional temporal parameterizations.

The present work is motivated by the possibility
that such internal, adiabatic oscillations may inevitably
give rise to a Berry geometric structure. Rather than
assuming spin as an input, we investigate whether
the topology and geometry inherent in the 0-sphere
configuration could induce a nontrivial holonomy that
manifests as spin-like behavior. In this way, spin may
be interpreted as a secondary feature—emergent from a
deeper thermodynamic-geometric substrate.

This approach is further supported by our in-
terpretation of Zitterbewegung in terms of internal
thermal motion, wherein the oscillatory behavior of
an electron at the Compton scale is viewed not as a
quantum anomaly, but as a deterministic and geometric
thermal process [7]. The unification of geometric
phase, spin emergence, and thermal time evolution
presents a coherent conceptual framework, grounded
in background-independent dynamics and governed by
internal conservation laws.

III. DISCUSSION

The theoretical framework presented in this section
builds upon rigorous mathematical foundations developed
in the Appendix, which demonstrates how Berry
phase emerges from classical thermodynamic processes
(Section V). Readers seeking detailed mathematical
derivations are encouraged to consult the Appendix
alongside the conceptual discussions presented here.

A. Geometric Reinterpretation: Parallels with
Einstein’s Gravitational Revolution

The conceptual reversal proposed in this work—where
Berry curvature serves as the generative mechanism for
spin rather than its consequence—bears resemblance to
Einstein’s geometric approach in general relativity. This
parallel illustrates the theoretical significance of treating
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internal geometric processes as foundational to quantum
structure.

In Newton’s framework, gravity was understood as
a fundamental force acting between massive objects
across space, with gravitational effects being secondary
consequences of this primary force. Einstein’s approach
involved recognizing that this causal hierarchy could be
inverted: rather than gravity causing spacetime curvature,
spacetime geometry itself manifests as what we observe
as gravitational phenomena.

Our theoretical approach follows an analogous inversion
in the quantum domain. Conventional quantum
mechanics treats spin as a fundamental intrinsic property
of elementary particles, with Berry phase arising as a
secondary effect when such spinning systems undergo
adiabatic evolution in parameter space. We propose
instead that this hierarchy should be reversed: internal
geometric processes—specifically, the Berry curvature
arising from thermodynamic energy circulation within the
electron’s 0-Sphere structure—serve as the primary reality,
with spin emerging as the macroscopic manifestation of
this deeper geometric substrate.

The mathematical parallels extend beyond mere
analogy. Both theories employ differential geometry
as their foundational language, with curvature tensors
serving as the fundamental descriptors of physical reality.
In general relativity, the Einstein field equations relate
spacetime curvature to energy-momentum distribution.
In our framework, the Berry curvature arising from
internal energy circulation determines the observable spin
properties through analogous geometric relationships.

Perhaps most significantly, both approaches resolve
apparent paradoxes through geometric reinterpretation.
Einstein’s theory explained the equivalence principle—the
mysterious equality of gravitational and inertial mass—as
a geometric necessity rather than a coincidental nu-
merical relationship. Similarly, our geometric approach
reinterprets the anomalous magnetic moment not as a
perturbative quantum electrodynamic correction requiring
infinite series expansions, but as a geometrically inevitable
outcome of applying coordinate transformations to the
internal accumulation of geometric phase. This shift
parallels the reinterpretation of the equivalence principle
in general relativity, and arises from a reversal of
conventional assumptions: rather than treating spin as
the source of geometric phase, we identify the internal
thermodynamic structure responsible for geometric phase
as the origin of spin-like effects—including its anomalous
deviation.

The observational frame-dependence inherent in both
theories provides another crucial parallel. In general
relativity, the same spacetime geometry appears dif-
ferently to observers in different coordinate systems
or states of motion, leading to coordinate-dependent
descriptions of identical physical reality. Our theory
suggests that the fundamental geometric processes within
the electron similarly appear differently depending on the
observational reference frame—with internal observers

measuring g = 2 while external laboratory observers
detect the anomalous magnetic moment through the
same geometric effects observed from different coordinate
systems.
This parallel suggests that the unification of quantum

mechanics with general relativity may not require
fundamental modifications to either theory, but rather
recognition of their shared geometric foundation. Both
gravitational and quantum phenomena may emerge as
different observational perspectives of the same underlying
geometric reality, observed from different coordinate
systems and energy scales. The 0-Sphere model thus
represents not merely a reinterpretation of quantum spin,
but a step toward the geometric unification that has long
been sought in fundamental physics.

B. Emergent Spin from Internal Geometric
Dynamics

The emergence of spin from internal Berry phase
accumulation represents a further development in
a geometric reinterpretation begun in our previous
work [8], where we demonstrated that electron spin
arises not from abstract quantum properties but from
real vector quantities associated with internal photon
sphere dynamics. This vectorial motion between thermal
kernels generates actual angular momentum through
geometric circulation, providing a classical foundation for
what conventional theory treats as an intrinsic quantum
attribute.
This vectorial circulation forms the physical

basis for the internal Berry curvature, which in
turn gives rise to the observed geometric phase
structure associated with spin.
The 0-Sphere model [6] posits that a free electron

possesses an internal structure composed of two distinct
kernels, A and B, both characterized as thermal potential
energy (TPE) reservoirs. (This two-kernel configuration
is not an arbitrary assumption, but a physical and
mathematical necessity arising from thermodynamic
balance and the Dirac equation structure, as detailed in
Appendix VH.) Energy oscillates between these kernels
through radiative flux that becomes manifest as kinetic
energy within the photon sphere during the transfer
process. This oscillation occurs in the absence of any
interaction with external systems, thereby establishing the
conditions for a thermodynamically closed system. The
energy transfer from kernel A to kernel B proceeds along
an internal geodesic path, with the radiative flux serving
as the kinetic energy carrier that mediates the thermal
exchange. This motion, being internally reversible and
isolated from external entropy exchange, constitutes an
adiabatic oscillator system governed by internal degrees
of freedom. The entire process may be regarded as an
adiabatic oscillatory process in a generalized, geometric
sense, where the internal geodesic motion preserves the
system’s thermodynamic isolation while enabling periodic
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energy redistribution between the TPE kernels.

Unlike traditional adiabatic processes that depend on
slow external parameter variations, the adiabaticity in this
context is intrinsic—governed by the internal geometry
of the system. The oscillation between kernels defines a
periodic structure in the internal configuration space, and
this periodicity gives rise to a time phase evolution that
is not imposed externally but generated by the internal
dynamics themselves. This approach builds on prior work
in which the time phase was interpreted as a result of
thermal-geometric circulation within the electron [9].

This geodesic motion of the photon sphere
creates a temporally closed adiabatic loop [10],
in which the manifestation of kinetic energy strictly
follows the geometric constraints defined by the internal
manifold’s curvature. The periodic nature of this
process renders Zitterbewegung as a time-closed adiabatic
oscillation, with each cycle constituting a geometrically
compelled traversal of the internal configuration space—a
trajectory that emerges from the internal thermodynamic
structure rather than being externally imposed.

The internal motion of the electron—traditionally
modeled as Zitterbewegung—is reinterpreted in this
framework as a genuine internal dynamic process.
The geometric interpretation of Zitterbewegung as
arising from real internal structure, rather than as a
mathematical byproduct of the Dirac equation, has
been previously explored [3]. As demonstrated in our
foundational work [7], the oscillation on the scale of the
Compton wavelength represents the geometric trace of
thermal potential energy flow between internal kernels.
This interpretation reframes Zitterbewegung not as a
quantum anomaly but as a geometrically constrained and
thermodynamically driven phenomenon—a signature of
cyclic internal transport in a closed manifold reflecting
the intrinsic architecture of the electron.

When this internal oscillatory process is examined
within a geometric framework, it exhibits properties
formally analogous to Berry phase accumulation. Re-
cent comprehensive studies have demonstrated that
Berry curvature can significantly influence electronic
properties, particularly those related to spin degrees of
freedom [11]. The closed path in internal parameter
space is traced by the radiative energy transfer between
TPE kernels—specifically, as thermal potential energy
from kernel A transforms into kinetic energy within the
photon sphere and subsequently reconverts to thermal
potential energy at kernel B. This cyclic transformation
can be interpreted as defining a fiber bundle over the
internal state manifold, where the fiber represents the
instantaneous energy configuration and the base manifold
parameterizes the oscillation phase.

As the system undergoes adiabatic cycling through
this internal energy redistribution, it accumulates a
geometric phase associated with parallel transport along
this closed path in configuration space. This is not
merely an analogy to known Berry phase systems [12],
but rather a constructive route toward generating a

Berry-like structure from purely internal dynamics, where
the adiabatic parameter is the internal oscillation phase
rather than an externally varied field. The geometric
foundations of such phase accumulation processes have
been extensively developed in the literature [1], providing
theoretical support for our interpretation of internal
geometric dynamics as generators of observable quantum
properties. The formalism developed by Wilczek and
Zee [13], which generalizes Berry phase to systems with
degenerate internal states, provides further theoretical
support for this interpretation. In particular, the
multi-level structure of the dual-kernel system suggests
the emergence of non-Abelian holonomy, as the internal
energy transport cycles through dynamically coupled
configurations that cannot be described by a single scalar
phase.

Crucially, this geometric phase is not predicated
on the preexistence of spin. Instead, the model
suggests that what we observe as spin may be the
macroscopic manifestation of holonomy in the internal
thermodynamic-geometric structure of the particle. The
directionality, periodicity, and quantization of spin could
then be reinterpreted as emergent from the topological
properties of the 0-sphere configuration space. This idea
aligns with our previous reversal of Noether’s theorem [5],
where conserved thermal flows generated the symmetry,
rather than vice versa.
Topological phases of matter provide further evidence

that Berry curvature can serve as a proxy for spin-related
structure. In the context of quantum Hall systems and
topological insulators, spin-like edge states emerge due
to nontrivial Berry curvature in momentum space [14].
These examples reinforce the plausibility of interpreting
spin not as a primitive variable, but as a consequence
of geometric and topological features of an underlying
system.

C. Spin as Emergent Holonomy from Internal
Geometry

This view resonates with insights from the theory of
geometric phases in electronic systems. As Vanderbilt
notes, “the fact that the Berry phase is gauge-invariant
modulo 2π is not surprising—it reflects our experience
in discrete cases. But its significance is profound. While
quantum probabilities are proportional to the squared
norm of amplitudes—leading to the impression that phase
is irrelevant—the phase can cause physically observable
interference effects.” [15]
Although standard interpretations no longer dismiss

the role of phase entirely, it is still common to regard spin
as a primitive input. By contrast, in our model, the phase
is not a passive byproduct but the central dynamical
quantity that causes spin. Internal energy circulation
between thermal kernels generates a nontrivial holonomy
that, through the structure of the 0-sphere, gives rise to
spin as a topologically and thermodynamically protected



5

emergent quantity.
By treating the Berry curvature as a consequence of

internal thermal dynamics [10], the present model bridges
concepts from geometric phase theory, thermodynamics,
and quantum structure. It provides a physically grounded
mechanism through which internal degrees of freedom can
become observable, not through quantization imposed a
priori, but as a geometrically determined consequence
of internal thermal processes. This perspective offers
not only a new foundation for understanding spin, but
also an alternative approach to background-independent
modeling of elementary particles.

The mathematical foundation for this energy conserva-
tion and the derivation of the sinusoidal state function
from temperature gradients is rigorously established in
Sections VA and VC of the Appendix, with the energy
circulation dynamics illustrated in Figure 2.

D. Classical-Quantum Transition and the Velocity
Threshold

The emergence of angular momentum from internal
dynamics, as described by the Thomas precession
mechanism [4, 6], provides a structurally grounded
framework in which the transition from classical to
quantum behavior emerges from internal rotational
dynamics. The internal motion of the photon sphere,
oscillating between thermal kernels with a sinusoidal
velocity profile, gives rise to an angular velocity of the
form:

Ω(t) = −v
2
0ω

4c2
sin(2ωt) · ez. (III.1)

For the detailed derivation of this angular velocity
expression, see Section VE in the Appendix.
This expression reveals a critical dependence on the

amplitude v0 of the internal motion. In classical systems
where v0 ≪ c, the factor v20/c

2 effectively suppresses
any significant angular velocity, rendering relativistic
effects negligible. Under such conditions, the Thomas
precession becomes imperceptible, consistent with the
observed absence of spin-like behavior in macroscopic
oscillators such as pendulums or acoustic cavities. In this
classical regime, the geometric phase accumulated over
an oscillation cycle is vanishingly small, and the system’s
behavior is well described by Newtonian mechanics.
In contrast, when the internal velocity approaches

relativistic values, the angular velocity in Equation (III.1)
becomes non-negligible. In particular, for an electron
exhibiting Zitterbewegung motion, the internal velocity
has been calculated to reach approximately 4% of the
speed of light [6]. Although subluminal, this velocity is
sufficiently large for the v20/c

2 term to yield a measurable
angular velocity, placing the system in a transition regime
where classical approximations begin to fail, and quantum
effects become essential.

This threshold behavior suggests that the emergence of
spin can be interpreted as a dynamical phase transition
driven by the internal velocity of energy transport within
the photon sphere. The angular momentum arising from
the cross product of acceleration and velocity, modulated
by the relativistic factor 1/2c2, acts as an order parameter
that distinguishes between classical and quantum phases
of motion. The harmonic form of Ω(t) ∼ sin(2ωt)
implies that the angular momentum oscillates at twice the
fundamental frequency of the internal motion, reinforcing
its connection to the spin-1/2 structure observed in
fermionic particles.
The mathematical structure of Equation (III.1) thus

serves not only as a descriptor of internal angular
dynamics but also as a boundary condition for the onset
of quantum mechanical behavior. The internal Berry
curvature becomes geometrically meaningful only when
this angular motion is sufficiently strong, suggesting that
quantum geometry itself is not absolute but emerges under
specific dynamical constraints. This interpretation places
the 0-Sphere model within a broader physical paradigm
in which quantum structure is not a foundational axiom,
but a high-velocity limit of thermodynamically consistent
geometric dynamics.
By establishing this velocity-dependent threshold,

the model provides a physical criterion for the onset
of geometric phase accumulation, angular momentum
quantization, and ultimately spin. It delineates the
boundary between classical reversibility and quantum
holonomy, offering a testable prediction: spin emerges
not merely from algebraic quantization, but from the
relativistically modulated dynamics of internal motion.
Figure 1 illustrates the critical relationship between

internal velocity amplitude and angular velocity genera-
tion. The sinusoidal profiles shown become geometrically
significant only when the velocity approaches relativistic
values, establishing the threshold condition for quantum
behavior emergence.



6

Fig. 1. Internal motion components and Thomas precession in the 0-Sphere model. The three panels
demonstrate the kinematic foundation for angular momentum emergence from internal thermodynamic circulation. Top
panel: Velocity profile v = cos(ωt) of the photon sphere oscillating between thermal kernels, exhibiting fundamental
period 2π. Middle panel: Acceleration a = − sin(ωt) with identical period, representing the thermal gradient-driven

dynamics described by Equation (V.6). Bottom panel: Angular velocity Ω(t) = − v2
0ω
4c2 sin(2ωt) derived from Thomas

precession formula (Equation (V.13)), exhibiting double-frequency oscillation with period π. This frequency doubling
represents the geometric mechanism through which internal thermal circulation generates the characteristic 720-degree
(4π) periodicity of spin-1/2 particles. The angular velocity amplitude is proportional to v20/c

2, establishing the velocity
threshold condition for classical-to-quantum transition discussed in Section IIID. When v0 ≪ c (classical regime), the
angular velocity vanishes, consistent with the absence of spin behavior in macroscopic oscillators. When v0 approaches
relativistic values ( 4% of light speed for electron Zitterbewegung), the angular velocity becomes non-negligible,
triggering the emergence of quantum mechanical properties through pure geometric and thermodynamic principles.
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E. Thermogeometric Interpretation of the State
Function ψ(x)

It is important to clarify the nature of the state function
ψ(x) used in the geometric phase formalism of this work.
While conventional Berry phase theory often assumes that
ψ(x) is a solution to the Schrödinger equation with an
externally controlled Hamiltonian, the present framework
does not rely on such assumptions. Instead, ψ(x) in the
0-Sphere model should be understood as a representation
of the internal thermodynamic state of the photon sphere
as it oscillates between kernels A and B.
This state function may take the form of a classical

harmonic oscillator, such as ψ(x) ∼ sin(ωτ) [7], where
τ is the internal time phase associated with energy
exchange. This sinusoidal form arises as a direct
consequence of the velocity potential of radiative flux
between thermal kernels, as demonstrated in our previous
derivation of photon sphere kinematics [7], where the
kinetic energy of internal energy transport follows u∗γ =
−E0 sin θ (see Equation (V.7) in the Appendix for detailed
derivation). The key requirement is that ψ(x) evolves
smoothly over the internal parameter space and traces a
closed loop over one full oscillation cycle. This ensures
that the Berry connection ⟨ψ|∇xψ⟩ and curvature are
well-defined, enabling geometric phase accumulation. The
complete mathematical derivation of this sinusoidal form
from thermal potential energy gradients is presented in
Section VC, demonstrating the physical necessity rather
than mathematical convenience of this functional form.
From this perspective, the function ψ(x) serves

not as a probabilistic quantum amplitude but as a
thermogeometric descriptor of internal energy flow. The
emergence of Berry curvature and associated holonomy
is thereby rooted in the geometry of internal energy
redistribution, rather than in the quantized solutions of an
externally driven Hamiltonian system. This generalization
aligns with geometric mechanics [1] and supports the
broader thesis that quantum-like structure can arise
from internally governed classical cycles under geometric
constraints.

F. Geodesic Lagrangian and Entropy Generation

The internal motion between kernels A and B can
be interpreted as a geodesic process governed by an
effective Lagrangian [5]. Although not explicitly derived
in earlier works, the geometric structure of the 0-sphere
configuration suggests a form such as:

L =
1

2
gµν(x)

dxµ

dτ

dxν

dτ
− V (x), (III.2)

where gµν(x) is an effective metric over the internal
0-Sphere, V (x) is a potential associated with thermal
potential energy (TPE) localized in kernel A, and τ is
the internal time phase. The motion follows a periodic

trajectory such that:

x(τ + T ) = x(τ), (III.3)

implying that the energy transfer is a closed adiabatic
cycle in the internal space.
This cyclic motion provides the mathematical foun-

dation for the emergence of a geometric phase. The
relationship between cyclic evolution and geometric
phase accumulation is fundamental to understanding how
internal dynamics generate observable properties [2]. If
the internal parameter space M between kernels A and
B admits a well-defined loop, and if the quantum state of
the photon sphere ψ(x) traverses this loop adiabatically,
then the Berry phase is accumulated as:

γ = i

∮
C

⟨ψ(x)|∇xψ(x)⟩ · dx. (III.4)

This expression is interpreted as a geometric effect
induced by internal thermal change, without the need
for external driving fields. The rigorous connection
between this geometric phase integral and the underlying
thermodynamic processes is established in Section VD,
which bridges classical thermal circulation to Berry phase
formalism.
Although the kernels A and B are discrete points

on a 0-sphere S0 [6, 7], the internal motion connecting
them forms a continuous cyclic path. This motion can
be regarded as a one-dimensional loop embedded in
a higher-dimensional internal parameter manifold M.
Consequently, the geometric phase integral in Eq. (III.4)
remains applicable, with the loop C traced by the
photon-sphere’s motion in this internal space. The
discrete 0-sphere serves as a topological skeleton, while
the geodesic oscillation provides the smooth structure
necessary for Berry phase accumulation.

The two equations (III.2) and (III.4) together constitute
a compact theoretical framework: the first describes
internal adiabatic motion in a geometric language, while
the second captures the geometric phase accumulated
during such motion. Within this framework, spin is no
longer a fundamental input but an emergent property
tied to the geometry and periodicity of internal thermal
processes.
The periodic trajectory in Eq. (III.3) implies a closed

adiabatic cycle in which no entropy is generated. This
thermodynamic reversibility ensures that the Berry phase
in Eq. (III.4) remains stable across repeated cycles. Hence,
the emergence of spin from the internal geometric phase
is not only topologically but also thermodynamically
protected.
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Table. I. Comparison of standard geometric phase conditions and their realization in the 0-Sphere model.

Mathematical Requirement Conventional Setting 0-Sphere Model Realization

Differentiable manifold Parameter space of external
Hamiltonian

Internal configuration space of photon
sphere (0-Sphere)

Closed loop (cycle) Slow adiabatic change in external field Periodic energy exchange between ther-
mal kernels A and B

Smooth state function ψ(x) Quantum eigenstate evolving under
Schrödinger equation

Harmonic oscillator form ψ(x) ∼
sin(ωτ) derived from internal energy
flow [7]

Connection and holonomy Berry connection and curvature on
parameter space

Internal radiative flux inducing thermal-
geometric holonomy

G. Geometric Phase Criteria in the 0-Sphere Model

This section provides a summary of the geometric
and topological conditions necessary for Berry phase
emergence, with specific attention to how these are
realized within the 0-Sphere model. It is designed both
as a recapitulation and as a conceptual bridge for future
investigations seeking to connect thermodynamic particle
models with differential geometry.
The following conditions are widely regarded as

prerequisites for the accumulation of a geometric phase
in adiabatic systems:

• The existence of a differentiable manifold M that
serves as the parameter space over which the system
evolves.

• A closed cyclic trajectory (loop) inM, traced during
adiabatic evolution.

• A smoothly varying state function ψ(x) that remains
single-valued and continuous over M.

• A well-defined connection over the manifold,
enabling parallel transport and holonomy, from
which the Berry phase is derived.

As summarized in Table I, these mathematical and
geometric requirements—typically satisfied in externally
driven quantum systems—are intrinsically realized
through the internal geometric and thermodynamic
architecture of the 0-Sphere model.

By organizing these elements explicitly, we clarify that
the 0-Sphere model does not merely mimic the formal
structure of Berry phase theory, but reconstructs it
from within a thermodynamically closed system. This
internal derivation establishes a new conceptual route for
geometric phase generation—grounded not in external
fields but in the intrinsic circulation of thermal potential
energy.

H. Anomalous Magnetic Moment as the Observable
Manifestation of Internal Berry Phase

The theoretical framework developed in this work
provides a novel interpretation of the anomalous magnetic
moment of the electron, positioning it not as a
quantum electrodynamic correction but as the
direct observable consequence of internal Berry
phase accumulation within the 0-sphere structure.
This reinterpretation represents a conceptual refinement
of our previous theoretical approach and requires careful
clarification of the causal relationships involved.

In our earlier work, we established that electron spin
emerges from intrinsic internal structure rather than being
a fundamental given property [4]. Building upon our
reversal of Noether’s theorem [5], we demonstrated that
conserved thermal flows within the electron’s internal
architecture generate the symmetries and quantum
numbers we observe as fundamental particle properties.
This perspective inverted the conventional hierarchy
by showing that spin arises from Berry-like geometric
processes within the particle’s thermodynamic structure,
rather than Berry phase emerging as a consequence of
preexisting spin.

However, the present analysis necessitates a subtle
but crucial conceptual refinement. While we maintain
that geometric phase accumulation from internal en-
ergy circulation serves as the fundamental generative
mechanism for spin-like behavior, we must distinguish
between the pure geometric effects observed within the
electron’s internal reference frame and the distorted
observations made from external laboratory frames. In
our previous investigations of the 0-Sphere model [6],
we demonstrated that an observer comoving with the
photon sphere would measure a gyromagnetic ratio of
exactly g = 2, consistent with the Dirac equation
solutions and representing the undistorted geometric
relationship between internal angular momentum and
magnetic moment.

The key insight developed in this subsection is that the
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Berry phase distortions responsible for generating
what we observe as anomalous magnetic moment
arise specifically when the electron’s internal
Zitterbewegung motion is observed from external
coordinate systems. These external observations
necessarily involve relativistic transformations that
introduce the geometric phase corrections described by
the mathematical framework developed below.

However, external observers in laboratory reference
frames measure a gyromagnetic ratio that deviates
from this fundamental value by approximately 0.1%,
corresponding to the well-known anomalous magnetic
moment ae = (g − 2)/2 ≈ 0.0011596. According to the
theoretical predictions developed in previous work [4],
this deviation arises from the relativistic corrections that
must be applied when translating the internal geometric
phase accumulation into externally observable quantities.
The present theory suggests that this represents not a
fundamental quantum electrodynamic effect, but rather a
geometric consequence of reference frame transformations
between the internal photon sphere dynamics and external
laboratory measurements.

To understand this coordinate system dependence, the
analogy with Foucault pendulum behavior proves
particularly illuminating. A Foucault pendulum placed at
the North Pole exhibits maximum deflection, completing
a full 360-degree rotation over 24 hours as the Earth
rotates beneath it. At intermediate latitudes, the
deflection decreases proportionally to sinϕ, where ϕ is the
latitude. Most significantly, a Foucault pendulum placed
precisely at the equator exhibits no deflection whatsoever,
remaining in its original plane of oscillation despite the
Earth’s rotation.

This latitude dependence does not indicate the absence
of geometric effects at the equator. The Earth remains
spherical at all latitudes, and the underlying curvature
that generates the Foucault pendulum deflection through
parallel transport remains unchanged. Rather, the
equatorial placement represents a special coordinate
system where the geometric effects, while universally
present, happen to cancel out in the observed motion.
The pendulum at the equator experiences the same Berry
curvature as pendulums at other latitudes, but the specific
geometric configuration results in zero net observable
deflection.

In direct analogy, the measurement of g = 2 by an
observer comoving with the photon sphere represents
the “equatorial” observation of the electron’s magnetic
properties. The internal Berry curvature resulting from
thermal energy circulation between kernels A and B
remains universally present, but the coordinate system of
the internal observer aligns precisely with the symmetry
axis of the system’s internal dynamics. In this optimal
geometric configuration, relativistic correction terms
inherently cancel over the full cycle—not by external
design, but as a direct consequence of the internal system’s
structural symmetries and conserved thermodynamic flow.

External laboratory observers, by contrast,

occupy coordinate systems analogous to high-
latitude positions for Foucault pendulums. They
observe the same underlying Berry curvature, but
their external vantage point introduces coordinate
transformation effects that manifest as the measurable
anomalous magnetic moment. The geometric phase
accumulated by the internal energy circulation appears
distorted when projected into external reference frames,
much as the Foucault pendulum deflection increases
with latitude due to the changing geometric relationship
between the pendulum’s motion and the Earth’s rotation
axis. The topological protection of this geometric
phase structure and its unification with relativistic
quantum mechanics are mathematically demonstrated
in Sections VF and VG.
This perspective clarifies that both electron spin and

the anomalous magnetic moment arise from the same
universal Berry phase structure, but manifest differently
depending on the observational coordinate system. The
total geometric phase can be decomposed as:

γtotal = γintrinsic + γanomalous, (III.5)

where γintrinsic represents the coordinate-invariant Berry
phase that generates the fundamental spin properties
observed as g = 2 in the internal frame, and γanomalous

represents the coordinate-dependent correction that
emerges under external observation.

The analogy with Global Positioning System corrections
proves illuminating in understanding the mathematical
structure of these corrections. GPS satellites experience
two competing relativistic effects that partially cancel
each other. Special relativistic time dilation due to
orbital velocity produces a clock rate correction of
approximately −7.2 microseconds per day, while general
relativistic gravitational time dilation yields a correction
of approximately +45.9 microseconds per day. The
net effect, requiring a total correction of approximately
+38.7 microseconds per day, emerges from the partial
cancellation of these two contributions.
Similarly, the anomalous magnetic moment can be

understood as the residual effect remaining after two
competing geometric contributions partially cancel within
the electron’s internal structure. The first contribution
arises from Lorentz contraction effects associated
with the high-velocity internal motion of the photon
sphere. As demonstrated in previous work on relativistic
rotating disks, when a disk rotates at relativistic velocities,
Lorentz contraction of the circumference creates a
non-Euclidean geometry where the ratio of circumference
to diameter no longer equals π [16]. A projectile
launched radially across such a disk will not arrive at
the diametrically opposite point but will be deflected
due to the geometric distortion, much like a Foucault
pendulum deflection but arising from special rather than
general relativistic effects. In the context of the 0-Sphere
model, this Lorentz contraction of the internal energy
circulation path contributes a geometric phase correction
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Table. II. Core theoretical features of the 0-Sphere model and their consequences for quantum structure.

Key Theoretical Feature Underlying Mechanism Relevance to Quantum Structure

Causal hierarchy reversal Berry curvature leads to spin emergence Spin arises as a derived effect of internal
geometry

Velocity threshold transition Classical-to-quantum boundary at
v20/c

2
Quantum effects emerge beyond critical
internal speed

Zero-integrated torque
∫ T

0
τ(t) dt = 0 Angular momentum sustained without

external input

Thermal gradient origin State function defined via ∇T =
E0 sin θ

Geometric phase derives from thermo-
dynamic flux

of the form:

γLorentz =

∮
C

ASR · dτ, (III.6)

where ASR represents the Berry connection modified by
special relativistic effects and the integral is taken over
the closed path of internal energy circulation.
The second contribution arises from geodetic

precession effects that emerge when the electron’s
internal motion is considered within the broader context
of spacetime curvature. Even in weak gravitational fields,
the parallel transport of the internal angular momentum
vector around closed loops in curved spacetime accumu-
lates additional geometric phase through the standard
geodetic precession mechanism. This contribution takes
the form:

γgeodetic =

∮
C

AGR · dτ, (III.7)

where AGR encodes the gravitational contributions to the
Berry connection arising from spacetime curvature.
The observable anomalous magnetic moment emerges

as the net geometric phase accumulated after these two
contributions partially cancel:

γanomalous = γLorentz − γgeodetic

=

∮
C

(ASR −AGR) · dτ (III.8)

This residual phase directly translates into the measured
deviation of the gyromagnetic ratio from its fundamental
value of g = 2. The remarkable precision of
experimental measurements of the anomalous magnetic
moment, extending to twelve decimal places, reflects
the extraordinary accuracy with which this geometric
phase difference can be determined through the internal
circulation dynamics of the 0-sphere structure.

This interpretation fundamentally reframes the anoma-
lous magnetic moment from a quantum electrodynamic
perturbation requiring infinite series of Feynman dia-
grams to a geometric effect arising from the interplay
between special and general relativistic corrections to
internal energy circulation. The success of quantum
electrodynamic calculations in predicting the anomalous
magnetic moment stems not from the fundamental
correctness of virtual particle interactions, but from
their effectiveness as computational tools for calculating
the net geometric phase accumulation that arises from
the underlying thermodynamic and geometric processes
within the electron.

Furthermore, this geometric interpretation suggests
that the anomalous magnetic moment represents the
most direct experimental probe of internal Berry phase
accumulation in elementary particles. Unlike abstract
theoretical constructs, the anomalous magnetic moment
provides a measurable quantity that directly
reflects the non-trivial holonomy arising from
the electron’s internal thermodynamic circulation.
This establishes a concrete experimental foundation for
investigating the geometric origins of quantum phenomena
and validates the physical reality of the internal structure
proposed in the 0-Sphere model.
The correspondence between anomalous magnetic

moment and Berry phase also provides a structurally
grounded explanation for the universal character of
this quantum correction across different elementary
particles. Each particle species exhibits its own
characteristic internal energy circulation pattern, leading
to specific geometric phase accumulations that manifest
as particle-dependent anomalous magnetic moments.
The theoretical framework developed here thus offers a
unified geometric foundation for understanding quantum
anomalies across the entire spectrum of elementary
particles, grounded in the thermodynamic and relativistic
properties of their internal structure rather than in
perturbative corrections to abstract field theories.
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IV. CONCLUSION

As summarized in Table II, this work introduces four
structural innovations that reframe the conventional
ordering of principles in quantum theory, placing
thermodynamic and geometric processes at the foundation
of spin emergence.
This work presents a fundamental reinterpretation of

one of quantum mechanics’ most essential features: the
intrinsic spin of elementary particles. Rather than treating
spin as a fundamental input that gives rise to geometric
phases, we have shown that Berry curvature—emerging
from internal thermodynamic processes within the
electron’s 0-Sphere structure—can serve as the generative
mechanism from which spin-like behavior emerges through
well-defined geometric and thermodynamic principles.

The mathematical rigor established through the rela-
tionship between topology and curvature has illuminated
the deep geometric foundations underlying quantum
phenomena. The reinterpretation of observational
coordinate system differences as analogous to Earth’s
latitudinal variations—where curvature effects manifest
differently depending on geometric position—provides
a concrete bridge for treating quantum mechanics
geometrically and potentially unifying it with general
relativity. This geometric perspective suggests that
the fundamental distinction between quantum and
gravitational effects may not reflect different physical
principles, but rather different manifestations of the same
underlying geometric structure observed from different
coordinate systems and energy scales.
The key insight lies in recognizing that a thermody-

namically closed system with internal energy oscillation
provides the necessary conditions for geometric phase
accumulation, independent of any external parameter
variation. The cyclic energy exchange between thermal
potential and kinetic states within the electron forms
an intrinsic adiabatic process, tracing closed paths in
internal parameter space. Within this framework, internal
geometry becomes the origin of spin, understood as a
macroscopic manifestation of microscopic holonomy.
Importantly, the 0-Sphere model satisfies all standard

mathematical requirements for Berry phase emer-
gence—differentiable configuration space, closed adiabatic
cycles, smoothly evolving state functions, and well-defined
connections—within a self-contained thermodynamic
system. Table I summarizes these conditions and
their realization in our model, demonstrating that
geometric phase generation can arise from entirely internal
dynamics, without reliance on externally imposed fields
or Hamiltonians.
Our approach suggests a deeper causative hierarchy:

thermal conservation laws governing internal flows
generate the geometric structures that manifest as
quantum numbers and symmetries. This reversal of

the traditional Noetherian paradigm [5] places ther-
modynamic necessity—not abstract symmetry—at the
foundation of quantum structure, offering an ontological
framework for why certain symmetries exist.
The geometric interpretation developed here provides

a unified understanding of both fundamental spin
properties and the anomalous magnetic moment as
observational corrections. The coordinate system
dependence illuminated through the Foucault pendulum
analogy demonstrates that the anomalous magnetic
moment represents not solely a quantum electrodynamic
perturbation, but rather interpretable as a geometric effect
arising from internal relativistic transformations. This
reframing offers a classical foundation for understanding
this specific phenomenon traditionally attributed to
virtual particle interactions.

This perspective also points toward experimental
predictions. The established role of Berry curvature
in electronic properties [11] implies that alterations to
internal geometric processes—via external fields—should
induce measurable spin-related effects. For example,
the gravitational redshift of Zitterbewegung frequencies
offers a direct observational test, while the temperature
dependence of internal energy flow may reveal hidden
thermosensitivity in spin behavior.

Moreover, this theory illuminates a profound connection
between local thermodynamic processes and global
topological phenomena. The geometric phase formal-
ism [1] provides a robust foundation for understanding
how internal adiabatic cycles give rise to topologically
protected quantum features. In this light, the Berry
curvature generated within a single particle may scale
up to collective behaviors in condensed matter systems,
offering new insight into the resilience of topological
phases.
Crucially, this work demonstrates that background in-

dependence can emerge intrinsically, without postulation.
The 0-Sphere model requires no reference to external
coordinates, yet intrinsically generates the geometric
features essential to observable quantum behavior. This
suggests that reconciling quantum theory with general
relativity may not require altering either framework,
but rather recognizing their shared thermodynamic and
geometric origin.
The theoretical predictions are supported by detailed

mathematical derivations and visualizations that demon-
strate the energy conservation principles and kinematic
relationships underlying spin emergence.
The proposed theory awaits empirical validation,

particularly in high-precision studies of internal electron
dynamics. Yet even at the theoretical level, the
emergence of spin from internal Berry curvature redefines
our understanding of thermodynamics, geometry, and
quantum structure—and opens a new path toward a
unified picture of fundamental physics.
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V. APPENDIX:
MATHEMATICAL FOUNDATION FROM

INTERNAL ENERGY DYNAMICS

This appendix provides the mathematical foundation
for understanding how Berry phase emerges from the
internal thermodynamic processes within the 0-Sphere
electron model. Rather than treating Berry phase as
an abstract quantum mechanical effect, we demonstrate
its concrete derivation from classical thermal energy
dynamics, establishing the physical basis for the spin
emergence described in the main text.
The mathematical development proceeds through

six interconnected stages: Section VA establishes
the fundamental energy conservation law governing
the dual-kernel oscillation, demonstrating how quartic
thermal dependencies arise from black-body radiation
principles. Section VB provides the theoretical
foundation for reinterpreting Dirac equation solutions as
thermodynamic processes, transforming Zitterbewegung
from mathematical artifact to physical reality. The crucial
derivation of sinusoidal state functions from temperature
gradients is presented in Section VC, establishing the
physical necessity of the sin(ωτ) form through rigorous
thermodynamic analysis originally developed in our 2018
foundational work [7]. Section VD bridges classical
thermal circulation to Berry phase formalism, demon-
strating how internal energy redistribution generates
geometric phase accumulation without external field
dependence. The emergence of angular momentum
through Thomas precession is rigorously derived in
Section VE, providing the velocity-dependent transition
mechanism that distinguishes classical from quantum
regimes. Finally, Section VF establishes the topological
robustness of the geometric phase structure and its
unification with relativistic quantum mechanics through
Section VG, completing the mathematical framework
that grounds quantum spin in classical thermodynamic
and geometric principles. The fundamental question
of why exactly two kernels are required—neither more
nor fewer—is addressed comprehensively in Section VH,
which demonstrates that this structure emerges as
a mathematical necessity from both thermodynamic
constraints and the Dirac equation’s eigenvalue structure.
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Fig. 2. Energy conservation and internal dynamics in the 0-Sphere electron model. The graph demonstrates
the temporal evolution of energy components during internal circulation between thermal kernels, illustrating the
mathematical foundation for Berry phase emergence from classical thermodynamic processes. The blue dashed
line represents the thermal potential energy (TPE) of kernel A following cos4(ϕ/2), the orange dotted line shows
kernel B’s TPE as sin4(ϕ/2), and the green dashed line depicts the photon sphere kinetic energy (1/2) sin2(ϕ) with
characteristic double-frequency oscillation. The red solid line H(ϕ) represents the total energy, remaining constant
at unity throughout all phases, confirming perfect energy conservation as required by Equation (V.1). Key phase
relationships: at ϕ = 0, kernel A contains the complete rest energy; at ϕ = π, energy fully transfers to kernel B; at
ϕ = 2π, the cycle completes with 720-degree periodicity characteristic of spin-1/2 systems. The quartic temperature
dependence arises from Stefan-Boltzmann black-body radiation principles, while the sinusoidal kinetic energy profile
provides the physical foundation for the state function ψ(x) ∼ sin(ωτ) used in geometric phase calculations. This
energy circulation represents the thermodynamic substrate from which Berry curvature and ultimately electron spin
emerge through internal geometric dynamics.

A. Energy Conservation in the Dual-Kernel System

The fundamental starting point for Berry phase
emergence lies in the energy conservation law governing
the internal dynamics of the electron. Within the 0-Sphere
model, the electron’s rest energy oscillates between two
internal kernels, designated as kernel A and kernel B,
through a mediating photon sphere that carries kinetic
energy during the transfer process [7].
The complete energy conservation relation takes the

form:

E0 = E0

[
cos4

(
ωt

2

)
+ sin4

(
ωt

2

)
+

1

2
sin2(ωt)

]
,

(V.1)
where E0 represents the total rest energy of the electron,
and ω is the fundamental oscillation frequency of the
internal energy exchange. The first two terms describe
the thermal potential energy (TPE) stored in kernels
A and B respectively, while the third term represents
the kinetic energy of the photon sphere during energy
transfer.
This conservation law demonstrates that the electron

maintains perfect energy conservation throughout all
temporal phases, with no energy fluctuations regardless of
the oscillation phase. The quartic dependence cos4(ωt/2)
and sin4(ωt/2) emerges from the requirement that each

kernel functions as a perfect black body, following the
Stefan-Boltzmann law where radiative intensity scales as
the fourth power of temperature [6].

The mathematical structure of Equation (V.1) reveals
three distinct oscillatory components operating at
different frequencies. The thermal potential energies of
the kernels oscillate with half the fundamental frequency
(ωt/2), producing the characteristic 720-degree periodicity
associated with spin- 12 particles. Meanwhile, the kinetic
energy term oscillates at the full frequency (ωt), providing
the energy transfer mechanism that enables continuous
circulation between the kernels.

The temporal evolution of these energy components and
their perfect conservation throughout the oscillation cycle
is illustrated in Figure 2. This visualization demonstrates
the complementary nature of the kernel energies and the
double-frequency oscillation of the photon sphere kinetic
energy, which provides the physical foundation for the
720-degree periodicity characteristic of spin-1/2 particles.

B. Reinterpretation of Positive and Negative
Energy States

The reinterpretation of Zitterbewegung as a real
physical oscillation, rather than a mathematical artifact
of the Dirac equation, finds its theoretical foundation in
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our earlier work [17] where we proposed that the positive
and negative energy solutions should be understood as
thermal potential energy states within the electron’s
internal structure.

In conventional quantum field theory, the negative
energy solutions of the Dirac equation are typically
interpreted through the Dirac sea formalism or modern
quantum field theoretical approaches involving particle
creation and annihilation. However, our earlier investi-
gation demonstrated that these mathematical constructs
could be reinterpreted as describing real thermodynamic
processes within a composite electron model. Specifically,
we proposed that what appears as positive and negative
energy states in the Dirac formalism actually corresponds
to the radiative emission and absorption phases of thermal
potential energy exchange between internal structural
components.

This reinterpretation was motivated by the recognition
that the Zitterbewegung oscillation, with its characteristic
frequency of approximately 2mc2/h̄, suggests the presence
of real internal dynamics rather than purely mathematical
interference between positive and negative frequency com-
ponents. By treating the electron as a thermodynamically
active system composed of internal thermal reservoirs, the
oscillatory behavior emerges as a direct consequence of the
classical thermal energy exchange processes, eliminating
the need for abstract quantum mechanical interpretations.

The key insight from this earlier work was that the
wave functions associated with positive and negative
energy states could be reinterpreted as describing the
thermal radiation and absorption characteristics of
internal energy reservoirs. This approach transformed
the Zitterbewegung from an embarrassing mathematical
curiosity into a direct signature of the electron’s internal
thermodynamic activity. The oscillation frequency and
amplitude could then be understood as determined by
the thermal properties and spatial separation of the
internal components, providing a classical foundation for
what had previously required purely quantum mechanical
explanation.

This reinterpretation established the conceptual foun-
dation for treating the electron as a thermodynamically
active system with internal energy circulation, which
provides the theoretical foundation for the Berry phase
emergence described in the present work. The thermal
potential energy oscillations between internal kernels,
originally identified through the reanalysis of Dirac
equation solutions, now serve as the physical basis
for the sinusoidal state functions and geometric phase
accumulation that generate observable spin properties. In
this way, the seemingly abstract mathematical structures
of relativistic quantum mechanics find their origin in
concrete thermodynamic processes operating within the
electron’s internal architecture.

C. Derivation of the Sinusoidal State Function from
Temperature Gradients

The emergence of the sinusoidal state function ψ(x) ∼
sin(ωτ) used in the Berry phase formalism finds
its physical foundation in the temperature gradients
generated by the dual-kernel energy exchange. This
derivation provides the crucial link between classical
thermodynamic processes and quantum geometric phase
accumulation.

To understand this emergence, we begin by examining
how the thermal energy stored in each kernel creates a
time-varying temperature gradient that drives the internal
energy circulation. Each kernel alternately functions as
an emitter and absorber of thermal radiation, with their
respective thermal energies given by [7]:

Te1 = E0 cos
4

(
ωt

2

)
, (V.2)

Te2 = E0 sin
4

(
ωt

2

)
. (V.3)

The temperature gradient between these kernels drives
the radiative energy transfer and determines the velocity
of the photon sphere. Since the kernels remain at
fixed spatial positions while their thermal energies vary
temporally, the gradient calculation involves only time
derivatives. For the internal time parameter θ = ωt, the
individual gradients are:

grad Te1 =
d

dθ

[
E0 cos

4

(
θ

2

)]
= −2E0 cos

3

(
θ

2

)
sin

(
θ

2

)
, (V.4)

grad Te2 =
d

dθ

[
E0 sin

4

(
θ

2

)]
= 2E0 cos

(
θ

2

)
sin3

(
θ

2

)
. (V.5)

The net temperature gradient between the kernels, which
drives the energy circulation, is obtained by taking the
difference:

grad(Te2 − Te1) = 2E0 cos

(
θ

2

)
sin3

(
θ

2

)
+ 2E0 cos

3

(
θ

2

)
sin

(
θ

2

)
= 2E0 cos

(
θ

2

)
sin

(
θ

2

)
= E0 sin θ. (V.6)

The sinusoidal form of this temperature gradient, as
visualized in Figure 2, drives the harmonic motion of the
photon sphere and establishes the physical necessity of the
sin(ωτ) state function used in Berry phase calculations.
This derivation reveals the fundamental result that

the temperature gradient between the kernels produces
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a sinusoidal force F ∝ E0 sin θ. This force drives the
velocity of the photon sphere in simple harmonic motion,
establishing the physical basis for the sinusoidal state
function used in Berry phase calculations.

The significance of Equation (V.6) cannot be overstated:
it demonstrates that the sinusoidal behavior emerges
as a direct consequence of the geometric constraints of
thermal energy exchange between spatially separated
kernels. This is not an arbitrary mathematical choice
but a physical necessity arising from the thermodynamic
processes within the electron’s internal structure.

The velocity of the photon sphere, which carries kinetic
energy during the transfer process, is therefore governed
by this temperature gradient according to the velocity
potential principle:

uγ∗ = −E0 sin θ , (V.7)

where the negative sign indicates the direction of energy
flow from the higher-temperature kernel to the lower-
temperature kernel [7].

D. Connection to Berry Phase Formalism

The sinusoidal energy circulation described by Equa-
tion (V.7) provides the physical foundation for the state
function ψ(x) used in Berry phase calculations. In our
framework, this state function represents not a quantum
probability amplitude but rather a thermogeometric
descriptor of the internal energy flow between kernels.

The state function takes the specific form:

ψ(x) = A sin(ωτ + ϕ), (V.8)

where A is the amplitude determined by the energy
scale E0, τ is the internal time phase associated with
energy exchange, and ϕ is a phase constant determined
by initial conditions. The functional form directly
mirrors the velocity profile of the photon sphere given in
Equation (V.7).

This state function evolves smoothly over the internal
parameter space as the system undergoes its cyclic
energy redistribution. Over one complete oscillation
cycle, corresponding to τ → τ + T where T = 2π/ω,
the state function traces a closed loop in the internal
configuration space. This periodicity ensures that the
Berry connection ⟨ψ|∇xψ⟩ and the associated Berry
curvature are well-defined mathematical objects.
The Berry phase accumulated during one complete

cycle is calculated as:

γ = i

∮
C

⟨ψ(x)|∇xψ(x)⟩ · dx, (V.9)

where the loop C is traced by the photon sphere’s
motion in internal parameter space as described by
Equations (V.6) and (V.7).
The crucial insight is that this geometric phase

accumulation occurs entirely within the electron’s internal

structure, without requiring external parameter variations
or imposed magnetic fields. The adiabatic parameter is
the internal oscillation phase τ rather than an externally
controlled field, making this a truly intrinsic geometric
effect.

E. Emergence of Angular Momentum from Internal
Dynamics

The internal energy circulation not only generates
Berry phase but also produces the angular momentum
that manifests as electron spin. This emergence can be
understood through the Thomas precession effect applied
to the harmonically oscillating photon sphere within the
dual-kernel structure.

The photon sphere undergoes sinusoidal oscillation as it
moves between kernels, where the position x(t) represents
the energy centroid of the photon sphere oscillating
between kernel A and kernel B in the 0-Sphere model. The
complete kinematic description includes position, velocity,
and acceleration profiles:

x(t) = A cos(ωt+ ϕ), (V.10)

v(t) = −Aω sin(ωt+ ϕ), (V.11)

a(t) = −Aω2 cos(ωt+ ϕ), (V.12)

where A is the amplitude of oscillation between the kernels,
ω is the fundamental angular frequency, and ϕ is the
phase constant. The amplitude A corresponds to the
separation distance between kernel A and kernel B, while
the maximum velocity Aω is related to the Zitterbewegung
velocity discussed in our previous work [6].

The Thomas precession formula for the angular velocity
of a system undergoing acceleration is:

Ω =
1

2c2
[a× v], (V.13)

where a and v are the acceleration and velocity vectors
of the oscillating system.
Substituting the sinusoidal profiles from Equa-

tions (V.11) and (V.12) into the Thomas precession
formula yields [4]:

Ω(t) =
1

2c2
[a(t)× v(t)]

=
1

2c2
[(
−Aω2 cos(ωt+ ϕ)

)
× (−Aω sin(ωt+ ϕ))

]
= −A

2ω3

2c2
cos(ωt+ ϕ) sin(ωt+ ϕ) · ez

= −A
2ω3

4c2
sin(2ωt+ 2ϕ) · ez, (V.14)

where ez is the unit vector along the axis of oscillation.
The temporal evolution of these kinematic components

and the resulting double-frequency angular velocity are
illustrated in Figure 1. This visualization clearly demon-
strates how the fundamental oscillation at frequency ω
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generates angular motion at frequency 2ω, providing the
geometric foundation for the characteristic 720-degree
periodicity of spin-1/2 particles.

As suggested by Equation (V.14), when the maximum
velocity Aω corresponds to slow velocities, the large value
of c2 in the denominator causes the angular velocity Ω(t)
to approach zero. This explains why classical mechanical
systems, such as a pendulum clock, exhibit negligibly
small angular velocities that can be safely ignored within
the classical mechanics framework, where relativistic
effects are suppressed by the factor (Aω)2/c2 ≪ 1. Such
systems operate in the non-relativistic regime where
the Thomas precession contribution becomes vanishingly
small, consistent with our everyday experience of classical
oscillators.
However, when Aω approaches the speed of light, the

angular velocity becomes non-negligibly large, entering
the relativistic regime where quantum mechanical effects
must be considered. According to predictions from
previous work [6], the Zitterbewegung velocity of electrons
has been calculated to be approximately 4% of the speed
of light. At this subluminal but relativistically significant
velocity, the angular velocity described by Equation (V.14)
becomes substantial and cannot be ignored.
Equation (V.14) thus serves as a bridge between clas-

sical and quantum mechanics, delineating the transition
regime where effects negligible in classical theory become
essential for quantum mechanical description. This
equation represents a fundamental bridge connecting
general relativity and quantum mechanics, providing a
concrete mechanism for understanding how relativistic
internal motion generates the quantum mechanical
properties we observe at microscopic scales. This
theoretical framework was developed in previous research
as a step toward reconciling the apparent disconnect
between gravitational and quantum phenomena.
This result demonstrates several crucial features of

spin emergence. First, the angular velocity oscillates at
twice the fundamental frequency (2ωt+ 2ϕ rather than
ωt+ ϕ), which provides the mathematical foundation for
the factor-of-two enhancement in spin magnetic efficiency
compared to orbital motion. Second, the sinusoidal time
dependence ensures that the average angular momentum
over one complete cycle corresponds to the quantized spin
values observed experimentally.

The instantaneous torque on the system is given by the
time derivative of the angular velocity:

τ (t) =
dΩ

dt

= −A
2ω4

2c2
cos(2ωt+ 2ϕ) · ez. (V.15)

Importantly, the net torque over one complete oscillation
period vanishes:∫ T

0

τ (t) dt = −A
2ω4

2c2

∫ 2π/ω

0

cos(2ωt+ 2ϕ) dt

= 0, (V.16)

demonstrating that the system maintains stable oscilla-
tory angular motion without requiring external torque
input.
This zero-integrated torque mechanism, if established,

would function as an intrinsic mechanism for maintaining
spin without external input, potentially providing a new
perspective on the fundamental understanding of quantum
mechanics. This theoretical framework provides a rational
foundation for explaining a crucial claim from previous
research—that spin exists intrinsically even in the
absence of external magnetic fields. While conventional
quantum mechanics has traditionally assumed that spin
observation requires perturbation by external magnetic
fields, the internal thermal circulation model presented
in this work suggests that spin can be understood
as a phenomenon that spontaneously emerges from
the particle’s intrinsic geometric and thermodynamic
processes. This intrinsic nature represents a core concept
within the comprehensive theoretical framework of
“background-independent emergence of quantum structure”
that has been consistently developed throughout previous
studies [8, 18], establishing a theoretical foundation that
redefines spin as a fundamental property independent of
external conditions rather than a manifestation dependent
upon external measurement apparatus.

F. Topological Protection and Berry Curvature

The geometric phase accumulation described above
possesses topological protection due to the closed nature
of the energy circulation cycle. The Berry curvature
associated with the internal energy flow can be calculated
from the state function derivatives, providing a measure
of the geometric twist in the internal parameter space.
For the sinusoidal state function given in Equa-

tion (V.8), the Berry connection is defined as:

Aτ = i⟨ψ|∂ψ
∂τ

⟩

= iA2ω cos(ωτ + ϕ)
∂

∂τ
[sin(ωτ + ϕ)]

=
iA2ω2

2
sin(2ωτ + 2ϕ). (V.17)

The Berry curvature, obtained by taking the derivative
of the connection, characterizes the local geometric
properties of the internal energy flow:

F =
∂Aτ

∂τ
= iA2ω3 cos(2ωτ + 2ϕ). (V.18)

The Berry phase accumulated over one complete cycle is
then:

γ =

∮
C

Aτ dτ

=

∫ 2π/ω

0

iA2ω2

2
sin(2ωτ + 2ϕ) dτ

= πA2ω. (V.19)
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This sinusoidal form of the internal state function,
ψ(τ) ∼ sin(ωτ+ϕ), directly reflects the thermal radiation
gradient structure previously derived in [7]. There, the
internal radiative pressure field within the photon-sphere
structure of the electron was shown to follow ∇T =
E0 sin θ, indicating a sinusoidal angular distribution of
thermal potential. This angular profile corresponds to
the spatial geometry of thermal flow and projects onto
the temporal oscillation phase τ through a structurally
consistent mapping, wherein the angular dependence sin θ
in thermal radiation is geometrically reinterpreted as a
time-parametrized internal modulation of energy density.
Thus, the state function ψ(τ) is not a quantum mechanical
wavefunction but a thermogeometric descriptor of internal
radiative energy redistribution. The key requirement is
that it evolves smoothly and periodically over internal
parameter space, ensuring a well-defined connection and
curvature structure.
The resulting Berry phase is proportional to both the

square of the oscillation amplitude and the frequency—
two quantities determined by the internal thermodynamic
parameters of the dual-kernel photon sphere model.
Because the Berry phase arises from integration over a
closed adiabatic cycle, its value is topologically protected
and remains stable against small perturbations in system
parameters. This topological robustness provides a
classical thermodynamic foundation for the persistence
and quantization of spin-like properties. In particular,
the geometric phase structure derived here emerges
entirely from internal dynamics, without recourse to
external fields or quantum mechanical postulates. This
further strengthens the claim that spin is an emergent
macroscopic manifestation of geometric holonomy in an
internally structured thermodynamic system.

G. Unification with Relativistic Quantum
Mechanics

The mathematical framework presented above demon-
strates how the Berry phase formalism emerges as a direct
consequence of classical thermodynamic and geometric
principles, without requiring the quantum mechanical
postulates typically associated with spin and geometric
phase. This emergence suggests a deeper unity between
classical and quantum descriptions of physical phenomena.

The connection to the Dirac equation becomes apparent
when we recognize that the dual-kernel structure provides
an inherent framework for accommodating both positive
and negative energy solutions. In our interpretation,
these solutions correspond to the energy configurations
of kernels A and B respectively, rather than particle-
antiparticle pairs [7]. The four-component structure of
the Dirac spinor maps directly onto the thermal states
of the two kernels, with the upper and lower components
describing their respective energy configurations.
The geometric phase accumulation described by

Equation (V.19) provides the quantum mechanical phase

factors that appear in the Dirac equation solutions.
Rather than being imposed through complex number
rotations, these phases emerge from the real physical
process of energy circulation within the electron’s internal
structure.
This unification suggests that the apparent mystery

of quantum mechanical phase factors may be resolved
through understanding the underlying geometric and
thermodynamic processes operating at scales below
current experimental resolution. The success of quantum
mechanics in predicting experimental results stems not
from fundamental non-classical behavior, but from its
effective description of the statistical properties of classical
systems with internal structure operating at extremely
high frequencies.
The Berry phase emergence demonstrated here thus

provides not only a foundation for understanding
spin generation, but also a bridge toward a more
complete classical understanding of quantum mechanical
phenomena. This classical foundation, combined with
the relativistic constraints imposed by the finite speed of
energy circulation, offers a pathway toward reconciling
quantum mechanics with general relativity through shared
geometric and thermodynamic principles.

H. Physical Necessity of the Two-Kernel Structure

1. Why Two Kernels? Thermodynamic Constraints

The physical necessity of the two-kernel structure
in the 0-Sphere model emerges from fundamental
thermodynamic principles governing energy conservation
within elementary particles. If the thermal potential
energy (TPE) within an electron radiates according to
the Stefan-Boltzmann law, where radiated power scales as
E ∝ T 4, then the conservation of the electron’s rest mass
energy E0 = mc2 requires the existence of corresponding
absorption mechanisms to prevent energy dissipation.
A single isolated thermal kernel would inevitably

radiate energy into the surrounding spacetime according
to established thermodynamic principles, leading to
progressive mass loss that contradicts the observed
stability of electrons over cosmological timescales. The
electron’s classification as a stable particle with infinite
lifetime demands a closed thermodynamic system where
energy radiated by one component is absorbed by another,
maintaining perfect energy balance without external
intervention.
The two-kernel configuration provides the minimal

structural complexity necessary to achieve this ther-
modynamic closure. Kernel A and kernel B exchange
energy through precisely coordinated oscillatory dynamics,
where energy radiated by one kernel is absorbed by the
other according to the established sinusoidal pattern
EA(t) = E0 cos

4(ωt/2) and EB(t) = E0 sin
4(ωt/2)

demonstrated in Figure 2. This bidirectional energy flow
creates a closed thermodynamic loop that preserves total
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energy while enabling the internal dynamics necessary for
generating observable quantum phenomena such as spin
and magnetic moments.
The thermodynamic necessity extends beyond mere

energy conservation to encompass the fundamental
requirement for temporal asymmetry in energy flow. A
single kernel cannot exhibit directional energy transfer,
as it lacks the spatial separation necessary to define
energy transport pathways. The two-kernel structure
establishes the minimal spatial configuration capable
of supporting directional energy flow between distinct
locations, enabling the internal dynamics that manifest
as external quantum mechanical properties.

2. Why Not More? Mathematical Limits on Kernel Number
from Dirac Theory

The precise number of thermal kernels is uniquely
determined by the mathematical structure of the Dirac
equation, which provides the fundamental quantum
mechanical description of spin-12 particles. The Dirac
equation admits exactly two independent energy solutions:
positive energy states corresponding to particles and
negative energy states traditionally interpreted as
antiparticles within the framework of quantum field
theory.
In the 0-Sphere reinterpretation developed in Sec-

tion VB, these two mathematical solutions correspond
directly to the two physical thermal kernels within the
electron’s internal structure. The positive energy solution
maps to kernel A, while the negative energy solution maps
to kernel B, establishing a one-to-one correspondence
between the abstract mathematical components of
the Dirac spinor and concrete physical energy-storage
mechanisms within the particle.
This correspondence is not an interpretative conve-

nience but a mathematical inevitability, dictated by the
fundamental structure of relativistic quantum mechanics
as embodied in the Dirac equation. The Dirac equation’s
four-component spinor structure emerges from the tensor
product of two distinct two-component entities: spin
degrees of freedom and energy sign degrees of freedom.
More precisely, the four-dimensional representation space
can be decomposed as C4 = C2 ⊗ C2, where the first C2

factor corresponds to the intrinsic spin degrees of freedom
(spin up and spin down states), while the second C2 factor
encodes the energy sign dichotomy that distinguishes
between positive and negative energy solutions.
In the standard interpretation of quantum field

theory, this energy sign dichotomy corresponds to the
particle-antiparticle distinction, where positive energy
states describe particles and negative energy states
are reinterpreted through the Dirac sea formalism or
modern field theoretical approaches. However, within
the 0-Sphere framework developed in this work, these
two mathematical energy eigenvalue branches find their
physical realization as the two distinct thermal kernels

within the electron’s internal structure. The positive
energy solution, traditionally associated with the particle
state, maps directly to the thermal potential energy stored
in kernel A, while the negative energy solution corresponds
to the energy configuration of kernel B.
This structure defines a precise one-to-one correspon-

dence between the abstract mathematical components of
the Dirac spinor and the concrete physical energy-storage
mechanisms within the particle. The energy sign
dichotomy directly translates to the two-kernel structure,
where each kernel corresponds to one energy eigenvalue
of the Dirac Hamiltonian:

Ĥψ = Eψ, E = ±
√
p2c2 +m2c4 (V.20)

Rather than representing abstract mathematical con-
structs requiring field theoretical interpretation, the
positive and negative energy solutions find immediate
physical meaning as the thermal states of spatially
separated internal components.

The mathematical structure of the Dirac equation thus
provides not only the formal framework for describing
spin- 12 particles but also the geometric blueprint for
their internal architecture. The four-component spinor
encodes both the external spin properties observable
through magnetic measurements and the internal energy
distribution that gives rise to these properties through
the thermodynamic circulation between kernels A and
B. This dual encoding explains why the Dirac formalism
successfully predicts both the magnetic moment and the
anomalous corrections, as both phenomena emerge from
the same underlying geometric and thermodynamic pro-
cesses operating within the electron’s internal structure.

Any attempt to construct a three-kernel or higher-order
structure would require additional independent solutions
to the Dirac equation beyond the mathematically
determined positive and negative energy states. Since the
Dirac equation admits only these two energy eigenvalues
for a given momentum state, the mathematical framework
provides no foundation for additional kernels. The
two-kernel structure represents the unique realization
of Dirac’s mathematical formalism in terms of concrete
physical components.
The discrete nature of spin measurements provides

additional mathematical constraint against continuous
energy distributions. Experimental observations confirm
that electron spin can assume only two values: + 1

2 h̄ and

− 1
2 h̄ in any chosen direction. This discreteness reflects the

discrete two-state structure of the internal kernel system,
where energy can reside primarily in kernel A or kernel B
but cannot be distributed continuously across an infinite
number of internal components.
A continuous energy distribution would generate

continuous spin values, contradicting the fundamental
experimental fact that spin measurements yield discrete
results. The discrete nature of spin in the 0-Sphere
model arises from the specific geometry of internal energy
transport: the photon sphere undergoes one-dimensional
oscillatory motion along a linear axis connecting kernels A
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and B, analogous to a pendulum’s back-and-forth motion
rather than continuous circular rotation.

This linear oscillation between discrete endpoints
creates a fundamentally different angular momentum
generation mechanism compared to classical orbital
motion. When the photon sphere oscillates at relativistic
velocities approaching vZB ≈ 0.04c, the Thomas
precession effect transforms this linear back-and-forth
motion into angular momentum through the relativistic
coupling between acceleration and velocity vectors
described in previous work [4]. The motion is constrained
to oscillate between only two discrete positions rather
than following a continuous circular path, making the
resulting angular momentum inherently quantized.

The discrete endpoints of kernel A and kernel B
locations serve as boundary conditions that prevent
continuous angular velocity variations. This boundary-
constrained structure also justifies the application of the
principle of least action, since the internal energy transfer
occurs between fixed endpoints—kernel A and kernel
B—enabling a geodesic minimization of action along the
internal configuration space. Unlike classical spinning
objects that can assume any rotational velocity, the
photon sphere’s motion is restricted to oscillation between
fixed spatial points, with the oscillation amplitude and
frequency determined by the thermodynamic parameters
of energy exchange. This geometric constraint transforms
what would be continuous angular motion in classical
mechanics into discrete angular momentum states in
the relativistic regime, providing the physical foundation
for spin quantization without requiring ad hoc quantum
mechanical postulates.

As a result, the mathematical framework reveals
that the electron naturally embodies both discrete and
continuous characteristics within its internal architecture:
discreteness in energy storage locations and continuity in
energy transport mechanisms. Rather than representing
a fundamental dichotomy requiring resolution, discrete
and continuous aspects emerge as complementary
manifestations of the same underlying thermodynamic
process. The sin2(ωt) kinetic energy term serves as the
mediating continuous field that enables energy exchange
between discrete kernel states, providing a concrete
physical mechanism for the wave-particle duality that
has long puzzled quantum mechanics.

The mathematical relationship between kernel number
and spin value reflects the general correspondence between
internal discrete states and external quantum numbers.
For a system with n discrete internal energy-storage
sites, the spin multiplicity — the number of distinct spin
states — scales as n, so the maximum spin quantum
number satisfies s = (n − 1)/2. In the case of the
electron, n = 2 corresponds to the two thermal kernels
A and B, between which the photon sphere undergoes
one-dimensional oscillatory motion. This binary structure
defines the two spin eigenstates (+1

2 and − 1
2 ) observed

externally, and no higher spin multiplicity can arise
without fundamentally altering the geometry of internal

energy transport. The observed spin- 12 nature of the
electron thus reflects the minimal nontrivial configuration
of n = 2 internal kernels, confirming the mathematical
necessity of this structure as derived from the Dirac
equation.
This mathematical determination of kernel number

represents a fundamental theoretical constraint that
eliminates arbitrary model construction. The two-kernel
structure emerges not from phenomenological fitting or
aesthetic considerations, but from the rigorous mathe-
matical requirements imposed by established quantum
mechanical principles and experimental observations. The
0-Sphere model thus achieves the rare theoretical status
of geometric inevitability, where internal structure follows
necessarily from external mathematical and empirical
constraints rather than representing an additional
assumption requiring independent justification.
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