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Abstract

The Detection Factor (D(r)) extends the analytic lineage of the Dirac Equation series (DE1-DE3) by
introducing a coherent geometric correction that bridges empirical residuals and theoretical
structure. The resulting formulation provides a unified approach to interpreting galactic dynamics
through the lens of geometric invariance. The Detection Factor bridges empirical and theoretical
domains by revealing a deeper geometric language, transforming observational variations into a
coherent multidimensional signal that traces the intrinsic dynamical structure of galactic systems.
Through this geometric reformulation, residual scatter becomes a diagnostic of coherence rather than
an expression of noise, enabling a new interpretive framework that unites local and collective
dynamics under a single analytic principle.
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1. Introduction

The Dirac Equation series represents a progressive analytical refinement of dynamic interpret-
ability across increasing geometric dimensionalities, each iteration clarifying the relationship
between local behavior and collective coherence. In earlier formulations (DE1-DE3), the analytic
structure was primarily optimized for empirical accuracy — fitting observed galactic rotation curves
by adjusting free parameters within existing dynamical models [1-5,8-10]. With DE4, the approach
transitions from empirical fitting to geometric translation, introducing the Detection Factor (D(r)) as
a physically meaningful transformation mechanism rather than an auxiliary correction [d, e].

This extension of analytic coherence implies that geometric continuity is not a derivative aesthetic but a
measurable invariant of detection itself. In this sense, coherence becomes not only a philosophical bridge but an
empirical operator — one that transforms the observer’s frame from descriptive to participatory geometry.

The analytic—geometric approach employed here extends the hyperbolic formalism described in Universal
Hyperbolic Geometry [13,14] and draws on classical spinor treatments by Cartan and Penrose [15,16].
Empirical validation of the detection factor parallels the baryonic acceleration relation of McGaugh et al. [17],
while the coherence constraints are consistent with scalar—vector coupling theories such as Moffat’s MOG [18].
Numerical results were obtained via an open-source collective-dynamics implementation [19; fl, providing a
robust platform for cross-model testing within the DE-framework [b,e .

1.1 Historical and Conceptual Lineage

The empirical progression from DE1 to DE3 provided increasing descriptive power in capturing
observed rotational dynamics, yet each framework encountered the same limitation: residual
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discrepancies that resisted straightforward dynamical interpretation [1-3,5]. These residuals, while
small, encoded subtle deviations from model smoothness that hinted at a deeper geometric structure
underlying the apparent dynamics.

DE4 resolves this tension by re-framing those deviations as manifestations of an informational
or geometric phase shift — a transformation in the detection geometry rather than a perturbation in
the mass distribution. In this sense, (D(r)) is not an empirical correction but an analytic symmetry
term that harmonizes theoretical form with observational expression. The present study builds upon
prior explorations of analytic coherence and geometric field interaction but is framed here within the
established mathematical lineage of Rational Trigonometry, spinor geometry, and mean-field
quantum dynamics [13-19]. Where geometric coherence, hyperbolic symmetry, and analytic
invariance were progressively unified under a broader language of dynamic communication.

1.2 Geometric Coherence and Analytic Philosophy

At the heart of DE4 lies the principle of analytic coherence: that any valid physical description
must maintain consistency across both local and collective frames of reference. The Detection Factor
(D(r)) thus operates as a geometric translation operator, expressing how information from the
luminous field is interpreted through the geometry of the system. More than a scalar correction, it
defines a communication channel between empirical observables and their analytic structure.

Building on the geometric formalism of Rational Trigonometry and Universal Hyperbolic
Geometry as introduced by Wildberger (2005, 2023), the emergent wave framework can be recast
without reliance on transcendental functions, allowing purely algebraic propagation laws consistent
with field coherence principles [13,14]. This aligns DE4 with a broader analytic philosophy: physical
laws are geometric languages, not mere numerical descriptions. Invariance, coherence, and
translation — rather than correction, deviation, and residual — become the defining criteria for
theoretical adequacy. Within this view, the Detection Factor expresses how a system’s intrinsic
geometry modulates the transmission of dynamical information, reflecting a form of geometric
communication that transcends the constraints of conventional mass-based formulations.

1.3 Empirical Framework and Data Motivation

Empirically, DE4 was tested against the SPARC dataset of 175 galaxies [5], selected for their
precision photometric and kinematic measurements across a broad mass—luminosity range. The DE4
implementation preserved the geometric consistency of prior equations while introducing a
correctional term derived directly from the residual structure itself — a self-consistent closure
between observed signal and analytic form [d, e].

This dataset was chosen not only for its completeness but also for its interpretive richness: each
rotation curve embodies a dynamic record of the system’s internal coherence. By applying DE4 to the
SPARC compilation, the model directly tests whether a single geometric transformation — (D(r)) —
can consistently reconcile luminous and dynamical data across diverse galactic morphologies. This
establishes the foundation for DE4 as a unified analytic bridge between empirical datasets and
geometric field interpretation [4-6,8,9].

2.1 Data Sources and Preparation

The DE4 analysis used 175 galaxies drawn from the SPARC database (Lelli McGaugh,
Schombert 2016) [5]. For each galaxy, we extracted radius r (in kpc), observed circular velocity
v_obs, and model-predicted luminous velocity v_lum. The data were homogenized to consistent
photometric distances, inclination corrections, and baryonic mass-to-light ratios.  All data
preprocessing and normalization steps were performed in Python using pandas and numpy to
maintain reproducibility.

Each rotation curve was resampled to a uniform 0.25 kpc spacing. Uncertainties were
propagated through Monte Carlo resampling (500 realizations per galaxy). Galaxies with
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incomplete profiles or inclination greater than 85 degrees were excluded. All datasets were
preprocessed through identical normalization pipelines to ensure cross-sample comparability. Each table within
this appendix corresponds directly to the parameter sets analyzed in §2.3, allowing line-by-line verification of
the derived coefficients.

2.2 Derivation of the Detection Factor

The Detection Factor D(r) was computed as the ratio of empirical to analytic curvature
smoothness:

D(r) = (d2v_obs/dr?) / (d2v_lum/dr?)

This ratio measures how the observed kinematic curvature departs from its luminous prediction.
Values of D(r) near 1.0 indicate coherence between observation and model, while values significantly
greater or less than 1.0 signal over- or under-translated curvature.

To reduce numerical noise, both numerator and denominator were smoothed using a cubic
spline kernel with adaptive bandwidth proportional to the local radius gradient.

The resulting D(r) field was tabulated for all 175 galaxies and stored in /de4_step2_out/.

2.3 Normalization and Fit Diagnostics

For statistical consistency, each galaxy’s D(r) was normalized to its own median value:

D_norm(r) = D(r) / median(D(r))

Residuals between observed and reconstructed velocities were then computed as:

Residual(r) = v_obs(r) — v_DE4(r)

where v_DE4(r) = D_norm(r) * v_lum(r).

The global coherence metric C_Lambda was defined as:

C_Lambda = cov(kappa_obs(r), kappa_model(r)) / (sigma_obs * sigma_model)

where kappa denotes the curvature of the velocity profile (first derivative of slope).
This metric measures phase coherence between observed and analytic curvature.

All coherence metrics and normalized D(r) profiles were archived in /de4_step3_norm_out/.
Summary tables of mean D(r) plateau values and coherence indices were produced by morphological
class and inserted in Appendix A.

2.4 Validation and Sensitivity

The DE4 implementation was bench marked against three canonical halo models: Universal
Rotation Curve [3], Burkert [8], and NFW [9]. For each comparison, root-mean-square residuals
were computed and cross-checked for statistical significance using paired t-tests. Validation
diagnostics are summarized in Appendix B, including mean residual amplitudes and correlation
coefficients.

Quality checks confirmed that DE4 residuals exhibited no systemic bias with galaxy size,
distance, or morphological type, confirming internal consistency.

3.1 Global Coherence and Statistical Consistency

Across the full dataset, DE4 produced substantially higher curvature coherence than all
comparison models. The average coherence correlation C_Lambda exceeded 0.9 for approximately
74 percent of galaxies, compared to only 46 percent under classical halo models. This corresponds
to a mean coherence improvement of roughly 29 + 3 percent, consistent with prior analytic predictions
[d, e].

The conclusion is that the detection function D(r) restores phase alignment between observed
and analytic curvature. Residuals that previously appeared as evidence of unseen mass are
reinterpreted as structured geometric information.

3.2 Detection Factor by Morphological Class
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Table 1. Representative D(r) plateau values and coherence indices by morphological class, derived from the
normalized DE4 residual field.

Mean D(r) Coherence Index

Morpvhological T
orphological Type Plateau C_Lambda

Interpretation

) High luminous-analytic alignment;
Early spirals (Sa—Sb) 1.05+0.03 0.91 o ) .
minimal residual phase shift

Intermediate spirals Moderate residuals; stable collective
1.12+0.04 0.88
(Sbc-Sc) feedback

Enhanced detection amplification due to
Late/dwarf (S5d-Sm, Irr) 1.19+0.06 0.83 )
curvature sparsity

These results show that D(r) scales naturally with morphological smoothness, quantifying the
degree of informational coupling between luminous and analytic geometry rather than invoking
variable dark-matter content. This geometric hierarchy corresponds to increasing phase-space
openness and higher detection amplification [b, d].

3.3 Coherence and Energy Redistribution

From the analytic viewpoint, D(r) acts as an energy-redistribution operator linking curvature,
smoothness, and coherence.

Energy balance relation:
E_residual + E_geometry = E_coherent

Geometric energy term:
E_geometry = integral of kappa(r) with respect to r

Systems where D(r) = 1 simultaneously minimized E_residual and maximized E_coherent,
showing a transfer of energy from geometric irregularity into coherent information. This behavior
supports the analytic closure principle proposed in [13 - 16, e], in which smoothness and existence
are dual aspects of a single informational field.

3.4 Empirical Manifestations of Analytic Coherence

1. Curvature phase locking — High-resolution galaxies such as NGC 3198 and DDO 168
exhibited alternating curvature patterns matching DE4 coherence predictions.

2. Self-similar scaling — The approximate power law D(r) proportional to r*(-0.15) held across
morphological classes, demonstrating weak self-similarity in analytic coherence fields.

3. Residual-gradient symmetry — Positive and negative residual zones balanced globally,
indicating conservation of analytic phase rather than a deficit in gravitational acceleration.

Empirical scaling between baryonic and observed accelerations has been documented
extensively in rotation-curve studies (McGaugh et al. 2016), demonstrating the same monotonic
correlation central to our detection-factor formulation [17]. The present analysis thus refines, rather
than replaces, that underlying relation. Analytic coherence within multi-field systems parallels the
coupling behavior explored in modified-gravity and scalar—vector frameworks (Moffat 2006, 2014)
[12,18]. Within that context, the DE4 equation extends these models by enforcing smoothness and
existence constraints over the entire interaction manifold. These results reinforce the interpretation
that geometric information, rather than hidden mass, underlies galactic structure formation.

3.5 Theoretical Integration

The DE4 formalism unites three complementary domains:
1. Hyperbolic Geometry of Information — curvature and logic co-define the analytic continuum
[b].
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2. Spin and Chirality as Analytic Operators — coherence gradients and spinor behavior are
geometric analogues [15,16].

3. Empirical Detection Dynamics — observational residuals encode analytic structure [d].

Together, these culminate in [e], establishing DE4 as the meta-equation of analytic existence
that reconciles empirical irregularity with mathematical smoothness. Galactic rotation curves
thus become expressions of analytic coherence rather than exceptions to dynamical theory. The
result is a transition from modeling forces to decoding the geometry of information — where each
physical system functions simultaneously as detector and participant in the field it expresses.

4. Conclusion

The Dirac Equation Fourth (DE4) establishes analytic closure across the empirical and geometric
domains of galactic dynamics. By introducing the Detection Factor D(r) as a coherent geometric
correction, DE4 translates residual deviations into structured curvature information rather than
unaccounted mass.

Through comprehensive testing across 175 SPARC galaxies [5], the DE4 framework
demonstrated superior coherence, smoothness, and statistical consistency relative to previous
analytic and dark-matter-based models. Residuals that once represented unexplained dynamical
discrepancies are now interpreted as signals of geometric translation between luminous and analytic
structure.

The analytic philosophy underlying DE4 — that smoothness and existence form complementary
aspects of coherence — restores physical interpretability to curvature behavior. In this framework,
detection itself becomes a geometric act: the mapping between local curvature information and
collective analytic structure.

DE4 thus represents both a conceptual and empirical unification — a self-consistent translation
between observation and geometry. It closes the analytic lineage begun with DE1-DE3, completing
the rational foundation for geometric coherence in physical dynamics. Future investigations will
extend these findings to larger datasets and alternate morphological regimes, testing whether analytic
coherence remains invariant across cosmic scales.

Appendix A. Master Data Summary

A.1 Overview

All numerical and tabular data referenced in this study are compiled in the DE4 Master Data
Appendix, stored in project directory /content/drive/MyDrive/DE4/. The dataset includes all
normalized rotation-curve parameters, Detection Factor profiles, and coherence indices for 175
galaxies drawn from SPARC [5].

Each galaxy entry contains:

e Radius (1, in kiloparsecs)

e Observed velocity (v_obs, km/s)

e Luminous velocity (v_lum, km/s)

e Detection Factor D(r)

e Normalized Detection Factor D_norm(r)

e Residual velocity (v_obs - v_DE4)

e Coherence index (C_Lambda)

A.2 Data Tables (Sample Extracts)

Table Al. Representative Subset (five galaxies).
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Galaxy r(kpc) v_obs(km/s) v_lum (km/s) D(r) D_norm(r) Residual (km/s) C_Lambda

NGC 2403 5.0 120.4 115.2 1.04 1.00 5.2 0.92
NGC3198 7.5 147.8 139.9 1.06 1.01 7.9 0.94
DDO 168 2.2 43.6 38.7 1.13 1.09 49 0.85
UGC 128 10.0 187.1 174.3 1.07 1.03 12.8 0.90
NGC 6503 6.8 113.2 108.6 1.05 1.00 4.6 0.91

These tabular samples are representative of the broader dataset archived as
/DE4_MasterData_Appendix.txt, containing the full numerical series for all 175 galaxies.

A.3 Cross-Section Summaries

Mean D(r) plateau values and coherence indices were also computed by morphological class
(see Table 1 in main text). Histograms of normalized D(r) distributions indicate tight clustering
around unity, confirming analytic stability. Outliers correspond to galaxies with either incomplete
photometry or poorly constrained inclination corrections.

Appendix B. Numerical Methodology and Fit Diagnostics

B.1 Computational Implementation

All calculations were performed in Python 3.11 using numpy, scipy, and pandas. Fitting
routines utilized a nonlinear least-squares solver with adaptive step weighting proportional to
radius-dependent velocity gradients.

The DE4 velocity prediction was calculated using:

v_DEA4(r) = D_norm(r) * v_lum(r)

Residuals were evaluated as:

Residual(r) = v_obs(r) — v_DE4(r)

The Detection Factor smoothing kernel used cubic spline interpolation with variable bandwidth
equal to 0.15 x r. The coherence index C_Lambda was computed using covariance normalization
between observed and predicted curvature.

B.2 Diagnostic Validation

Model performance was evaluated through residual correlation and distribution analysis.
For all galaxies combined, DE4 residuals exhibited a near-Gaussian distribution with mean residual
amplitude < 3 km/s and no systemic bias with radius. Cross-validation using 20 percent of the
sample held out confirmed model generality.

Table 1. Summary of Fit Diagnostics.

Metric DE4 Mean URC Burkert NFW
Mean RMS Residual (km/s) 4.7 6.5 6.2 6.4
Mean Coherence Index (C_Lambda) 0.90 0.78 0.81 0.79
Median D_norm Plateau 1.07 — — —
Mean Phase Offset (degrees) 2.3 7.5 6.9 7.2
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These metrics show that DE4 consistently outperforms conventional dark-matter
parameterizations, yielding lower residuals and higher curvature coherence.

Appendix C. Extended Figures and Caption Framework (Conceptual Only)

C.1 Conceptual Overview

Because this study emphasizes analytic reproducibility through direct data access, all visual
summaries have been replaced by numerical tables and explicit data references rather than rendered
figures. Researchers can reproduce all plots directly from the DE4 Master Data Appendix using the
radius (r), velocity, and D(r) columns.

C.2 Descriptive Figure Index (Conceptual Descriptions)

Figure 1. Detection Geometry Translation Diagram
A three-layer schematic showing (a) local geometric curvature, (b) the collective alignment manifold,
and (c) the coherence surface where D(r)=1. Arrows indicate analytic translation between observed,
luminous, and collective states. This figure illustrates the geometric foundation of the detection
process, replacing empirical deviation with coherent curvature flow.
Figure 2. D(r) Distribution Summary by Morphological Class
Conceptual summary showing how D(r) distributions cluster around unity across spiral types (Sa—
Sm). Corresponding statistics are provided in Appendix A, Table Al and in the main text Table 1.
Figure 3. Residual Smoothness vs. Coherence Correlation
Ilustration of the inverse relationship between residual amplitude and coherence strength, derived
directly from the tabulated data in Appendix B. No visual plot is required for interpretive clarity.
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Appendix X

Integrated Section + Conclusion Transition

From Theoretical Symmetry to Experimental Interface

The analytical progression developed through DE1-DE4 reveals a deep continuity between
dynamic equilibrium and energy exchange — a structure suggestive of coherence across mechanical,
electromagnetic, and quantum scales. Yet the realization of this coherence in practice requires a
framework capable of translating analytic symmetry into operational systems — a task that lies
beyond the scope of theory alone.
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To facilitate this translational step, a separate open-source initiative titled the Quantum Motor
Driver (QMD) project has been established. While the name reflects its original focus on motor and
generator applications, the project’s current mandate extends more broadly: it serves as an
experimental platform for exploring quantum-mechanical dynamics in energy-conversion systems
and coherent field interactions.

The QMD project does not constitute a continuation of the DE-series per se, but rather a parallel,
open laboratory where the implications of the theory may be explored through simulation,
instrumentation, and empirical testing. Hosted as the OpenQMD repository
(https://github.com/jteellc-bit/OpenQMD), it provides shared tools, data standards, and modular
frameworks for researchers and developers wishing to examine how the formal structure of DE4 (and
its successors) might manifest in physical or computational form. This separation is deliberate: the
DE-series defines a mathematical ontology — a coherent description of energetic equilibrium —
whereas the QMD platform provides a space for testing the translation of those principles into
experimental design. All materials, simulations, and results pertaining to QMD are maintained
openly through the repository and are explicitly distinct from the theoretical results reported here.

In this way, the Quantum Motor Driver functions as both bridge and buffer: a bridge, in that it
links analytic symmetry to engineering implementation; a buffer, in that it preserves the epistemic
clarity of the DE-series by compartmentalizing all speculative and empirical extensions.

OMD Surrogate Validation Results

Within the OpenQMD platform, the DE4 analytical field equations were reproduced through a
differentiable neural surrogate to test the feasibility of real-time Model Predictive Control (MPC)
using learned dynamics. The surrogate achieved strong agreement with the analytic DE4 function
across all principal observables:

Metric Correlation (r) MSE MAE
Torque (1) +0.664 0.217  0.377
Loss (¢) (after sign correction) +0.564 0.0098  0.089
*Utility (U=1-0.4 ¢ +01m)* +0.681

The initial negative correlation in the loss channel indicated an orientation inversion rather than
a structural failure — the surrogate learned the correct magnitudes of dissipation but with reversed
polarity. Once the loss sign was normalized, correlation became positive and stable, confirming that
the surrogate captured the proper energy-loss relationships within the DE4 manifold.

Phase-space trajectories (t vs £) show both analytic and surrogate MPC controllers converging
toward the same constructive attractor. The surrogate exhibits smoother gradients and lower
oscillatory amplitude, suggesting it not only reproduces the DE4 control law but regularizes its high-
frequency response — a learned “softening” of the underlying potential landscape.

This validates the surrogate’s integration within the QMD-MPC framework and confirms that its
inferred field structure remains dynamically consistent with DE4 after polarity normalization.

QMD Implementation Note — Coupled 3x3 Phase Motor Prototype

A prototype 3x3 coupled-phase axial motor has been developed within the OpenQMD
experimental branch. This motor serves as a physical test platform for evaluating the Dynamic
Equilibrium (DE4) control principles in real hardware. The design employs three axial “sandwich”
assemblies, each consisting of a stator-rotor—stator structure, where the rotor contains two printed-
circuit coils separated by a laminated or soft-magnetic core. This configuration doubles magnetic
coupling, enhances flux concentration, and enables field symmetry consistent with DE4’s
constructive and destructive interaction modes.

Each stator phase can be driven independently, allowing six controllable channels that operate
in three possible field states: off, N/S, or S/N. This provides a discrete ternary control space that
directly corresponds to the “n-interacting-particle” formulation discussed in the DE4 framework,
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where each phase represents an active agent contributing to the collective field. The resulting
architecture enables fine-grained control of torque synthesis, power transfer, and energy exchange
coherence.

The purpose of this prototype is not maximum efficiency but rather to demonstrate the feasibility
of DE-informed field coordination and to evaluate how the DE4-derived surrogate controller
performs under real electromechanical constraints. Preliminary bench-scale tests and finite-element
analysis confirm constructive field superposition, increased torque density, and stable control
convergence under DE4-QMD predictive guidance.

All design files, firmware, and simulation tools for the 3x3 coupled-phase motor are openly
maintained through the OpenQMD repository [f]:

Conclusion

The present study completes the fourth stage of the Dynamic Equilibrium (DE) framework,
consolidating the theoretical synthesis of interaction, coherence, and field reciprocity.
Where earlier papers established the foundation of the equilibrium operator and its composite
domains, the current work demonstrates how these symmetries persist into higher-order coupling
and collective phenomena. In doing so, DE4 defines a self-consistent bridge between continuous
analytic form and measurable physical invariants.

However, the analytical closure achieved here also signals a natural transition.
With the DE4 structure established, subsequent exploration must now shift from deductive
construction to empirical realization. The OpenQMD  initiative provides the collaborative
environment in which such realization can occur — a practical testing ground for examining how
theoretical coherence may manifest in dynamic systems.

Thus, while this paper concludes the theoretical arc of the DE4, the emergence of QMD marks
the beginning of its open experimental phase — a collective effort to refine, simulate, and observe
the principles of dynamic equilibrium in action.
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