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Abstract

Standard relativistic quantum mechanics, including the Klein—Gordon and Dirac equations, is recovered here as the screened,
flat-frame tangent limit of a deeper dynamical proper-time phase transport governed by the Temporal Equivalence Principle
(TEP). By governing proper-time accumulation dt through a dynamical scalar field ¢ rather than treating time as a universal
parameter, the causal matter metric is shown to reproduce the standard free-particle structures in the screened limit — a
necessary consistency check for the theory — and two further structures are geometrically reinterpreted at the level of

postulate.

(1) The phase action S = -mc? | dr emerges as the primitive geometric driver, with mass appearing in the primitive action as
the parameter governing the oscillator frequency, wy = mc? / 7, modulated by the conformal factor in the causal matter metric
gw (2) The Klein-Gordon equation is derived from the minimal geometric Lagrangian in the causal metric and verified via
WKB / eikonal expansion, its eikonal limit recovers the g-Hamilton-Jacobi equation, not via operator substitution. (3) The
Dirac operator is recovered as the local Clifford/tetrad representation in the isochronous background — it emerges in the limit
where temporal shear 2 and disformal coupling B(p) are negligible. (4) Spin-1/2 is reinterpreted as temporal-orientation
holonomy of the proper-time phase frame, and antiparticles as reversed proper-time orientation within the temporal-
orientation bundle, eliminating the need for a macroscopic two-sheeted spacetime. (5) The spinor structure of relativistic
quantum mechanics may be reinterpreted geometrically: the 1928 Dirac spinor admits a retrospective geometric interpretation
as an algebraic encoding of temporal-orientation holonomy on an isochronous background. These results recover standard
relativistic quantum mechanics as the screened tangent-space limit of the TEP causal geometry, in the regime where the
temporal field is frozen and locally constant over the interaction scale; the saturation scale pp =~ 20 g/cm3 is empirically
calibrated in TEP-UCD (Paper 6). The scope is stated plainly: the Klein—Gordon and Dirac recoveries are exact in the
conformal limit B(p) = 0 and constitute a consistency proof that QFT on the causal metric reduces to the standard form in the
screened regime, rather than a TEP-specific derivation, the spin-1/2 and antiparticle reinterpretations are postulates about an
orientation bundle with winding and non-abelian structure that the single scalar ¢ does not generate, the interacting theory —
Born rule, gauge-invariant interactions, QED matching, g-factor, spin-statistics — is deferred to the companion Papers 24—25

(in preparation); and the estimated conformal mass shift (om/m s 1.5 x 107" ') is a falsifiability floor below realistic
interferometric sensitivity, not a detectable prediction of this paper.
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1. Introduction: The Background-Dependency of Relativistic Quantum Theory

1.1 The External-Metric Postulate

Every equation of quantum mechanics — from the Schrédinger equation to the Dirac equation, from the path integral to the operator
formalism of Quantum Field Theory — is formulated on a prescribed spacetime background. The metric g, is not dynamical in the

quantum sector; it is an external input, fixed either as the Minkowski metric U in flat-space QFT or as a classical solution to

Einstein's equations in QFT in curved spacetime. In neither case does the quantum field back-react on the temporal geometry. Proper
time 7 is computed from a metric that is unaffected by the quantum state of the matter fields it governs.

Screening projection notice. Screening in TEP is represented at theory level by the environmental operator S_X(E). Quantities such
as p T, R TM), S_&(r), compactness ®/c"2, local stellar density, thermal epoch, coherence length, proximity, and boundary
geometry are domain-specific projections of E, not independent screening mechanisms and not interchangeable universal thresholds.

Evidence status. This paper is classified as a candidate microscopic completion in the TEP corpus. It derives the Klein—Gordon and
Dirac operators as the screened tangent limit of a dynamical proper-time geometry, but full Born-rule recovery, gauge-invariant
interaction structure, and quantitative QED matching remain open closure tasks. The antiparticle reinterpretation, wavefunction-
collapse model, and entanglement ontology presented here are theoretical proposals, not empirically validated replacements for
standard quantum mechanics. The results should be evaluated as structural exploration rather than as direct empirical proof of TEP.

This is not a bug in the formalism; it is a deliberate approximation. The energy scales of known particle physics are so far below the
Planck scale that gravitational back-reaction is negligible. However, the approximation becomes a structural limitation when one asks
whether the quantum state itself — the phase coherence, the entanglement, the spin orientation — might be fundamentally tied to the
geometry that the metric describes. In standard relativistic quantum theory, the metric is a stage; the quantum fields are actors. The
Temporal Equivalence Principle reverses this hierarchy.

Conceptual continuity with Einstein’s geometric programme. This reversal places TEP in conceptual continuity with Einstein’s
search for a continuous geometric foundation beneath the discrete formal machinery of quantum theory. Einstein’s later unified-field
programme can be read not as a failure of the geometric instinct itself, but as evidence that the available geometry remained tied too
closely to spacetime curvature while quantum phase, spin, and matter—antimatter structure were treated as algebraic additions. TEP
shifts the geometric object from the gravitational metric alone to the causal proper-time geometry governing matter-clock phase
transport. In this sense, the present paper does not replace the empirical success of relativistic quantum mechanics; it asks whether the
Klein—Gordon and Dirac structures are the flat-frame, screened expression of the continuous geometry Einstein sought but could not
formulate in terms of dynamical proper time.

A critical distinction must be made. General Relativity does recognise local proper-time variance — gravitational time dilation and
path-dependent proper time are well-measured phenomena, and in general curved or rotating spacetimes (go; 7 0) GR does not admit
a global proper-time synchronization. However, GR computes all gravitational dynamics and all matter proper-time intervals from a
single universal metric tensor g,,,,, without an independent dynamical scalar clock field or internal orientation sector. In conventional
curved-spacetime quantum field theory, the background metric is solved or prescribed externally while quantum phase, spin, and
matter—antimatter structure are carried as algebraic structures on that single geometry. TEP introduces a distinct causal matter metric
g~w governed by a dynamical scalar field ¢ together with a postulated temporal-orientation bundle; its physical significance depends

on regimes and observables not already contained in standard single-metric curved-spacetime field theory.

The Temporal Equivalence Principle goes further. It governs the local rate of proper time not merely as a parameter computed from a
prescribed metric, but through a dynamical scalar field ¢ satisfying its own field equations and coupled to matter density through a
conformal-disformal metric. The metric that governs quantum phase transport is not the gravitational (Einstein-frame) metric g,,,; it
is the causal matter metric g~/w, which differs from the gravitational metric by a conformal factor 4(p) that modulates with local matter
density. In standard relativistic quantum theory, even in curved spacetime, the metric is externally prescribed and the quantum field is
quantised on that fixed background. The Bogoliubov transformation between vacua encodes particle creation (the Unruh and
Hawking effects), but the metric itself remains classical and unaffected. This paper targets the structural assumption that the metric
governing quantum phase transport is externally prescribed rather than dynamically coupled to the matter fields it governs.

1.2 The Inventions It Forces

When a dynamical, density-dependent temporal landscape is forced into the framework of a fixed background metric, the theory must
invent compensating structures to account for the discrepancy:

o Wavefunction collapse: The sudden, non-unitary reduction of the quantum state upon measurement may reflect the inability of a
fixed-background formalism to accommodate the geometric interaction between a probe and the local temporal shear field. In a

Page 2 of 17



dynamical proper-time geometry, the measurement process is reinterpreted as the equilibration of probe and system to a shared
temporal contour: as the probe approaches the interaction region, the joint shear field relaxes to a common isochronous
manifold. The apparent collapse may be reinterpreted as the geometric relaxation of two initially independent temporal
topologies to a single synchronised phase, rather than a discontinuous jump. The fluid dynamics of the temporal shear field are
proposed to conserve geometric stress; what standard quantum mechanics records as projection onto an eigenstate is, in the
TEP framework, the settling of the combined system onto a contour of constant proper-time phase. The amplitude-curvature
term that appears in the WKB expansion of the geometric Klein—-Gordon equation (§2.4) is the natural point of contact with the
quantum-potential term of de Broglie-Bohm mechanics: TEP identifies it as a transport effect of the causal phase geometry, not
as a hidden-variable ontology. A rigorous derivation of this correspondence — including the recovery of the Born rule from
geometric statistics — from the full TEP field equations, including the non-linear disformal sector, is beyond the scope of this
paper and is addressed in TEP-KIN (Paper 25, in preparation).

o [ntrinsic spin: In standard quantum mechanics, spin-1/2 is described by an abstract SU(2) representation without reference to
spatial extent. In the TEP framework, spin-1/2 is the temporal-orientation holonomy of a localized topological charge — a
geometric, not algebraic, property.

o Antiparticles as separate ontological species: The Dirac equation's negative-energy solutions are reinterpreted as a separate
particle species. In the TEP framework, the antiparticle sector is the reversed proper-time phase orientation in the orientation-
conjugate branch of the temporal-orientation bundle.

o Virtual particles as force carriers: The exchange of momentum between particles across empty space is modeled by the
emission and absorption of unobservable virtual bosons. In the TEP framework, forces may be reinterpreted as routed through
the continuous geometry of the disformally tilted light cone. The derivation of the Maxwell equations and full quantum
electrodynamic interactions from the TEP disformal geometry is not provided in this paper; it is addressed in TEP-SPIN (Paper
24, in preparation).

1.3 The Temporal Equivalence Principle

The Temporal Equivalence Principle (TEP) governs the local calibration of proper time through a dynamical scalar field ¢ coupled to
a conformal—disformal metric (Paper 0). Matter clocks tick at rates set by the conformal factor A(p) = exp(f ¢ / Mpy). The critical
saturation scale py ~ 20 g/cm3 (empirically calibrated in TEP-UCD, Paper 6, New Delhi, and cross-checked across compact-object
and galactic scales) is the Temporal Topology saturation scale at which screening effects saturate; it is a property of the theory's non-
linear regime and not a binary threshold. In the screened limit, where the observable shear sector Eﬂ(’bs — 0 with A(p) normalized to

its ambient environmental value, the locally observable Temporal Shear is suppressed and standard physics is recovered. In the
unscreened regime, the full geometric structure of the Temporal Topology is manifest. The disformal coupling B(p) controls the tilting
of the light cone by the temporal gradient; in the screened limit the observable disformal response is suppressed and interactions
become isotropic.

What "screened" means for a scattering event requires care. Following Paper 0 (§7), recovery of standard physics is controlled by
suppression of the observable shear sector, Z#Obs = 85(&) ), — 0, not by comparison of any local density against p7; high-energy
probes are represented by channel-specific response coefficients xy rather than by the ambient bulk-density screening function. For
collider processes the relevant statement is kinematic: the scalar field's configuration is set by boundary conditions over its correlation
length (Rp(Mg) = 4 x 103 km in the terrestrial calibration of Paper 6), so across the ~10718 m, ~10727 s extent of a TeV-scale
interaction the field is frozen and locally constant — %, = 0 and B(p)( vp)? = 0 over the entire interaction region. A frozen, locally
constant field is precisely the tangent-space limit of Section 3. The KG-Dirac and perturbative-QFT descriptions therefore remain

exact for currently accessible particle-physics experiments, while long-baseline, long-integration interferometry — which
accumulates phase over scales comparable to field gradients — is the probe class that can resolve the unscreened structure.

The foundational geometric framework of TEP was established in the original theory paper (Smawfield 2026, Paper 0, DOI:
10.5281/zenodo.16921911), which introduced the full disformal metric g, = A(p) & T B(w) V9 Vyp with A(p) = exp(B4 ¢ / Mpy,
demonstrated local Lorentz invariance as a theorem, and introduced the sector ontology of Temporal Topology (spatial/covariance
structure of /n A(p)), Temporal Shear (2, = V,, In A), and the saturation scale p7. This paper works in the conformal limit B(p) = 0
and adopts the foundational convention throughout: the symbol A(p) denotes the original conformal factor of the Jakarta theory, so
the causal matter metric reads gﬂv =42 (9) & The screened limit 4(p) — I recovers the standard Minkowski background; the defect
core, where the conformal response saturates and the orientation sector carries winding, marks the topological defects identified in
Section 4. The conformal limit suffices for the KG—Dirac tangent-limit derivation because a non-zero disformal response does not
invalidate the conformal recovery; it marks the breakdown of the isotropic tangent limit and introduces direction-dependent causal
corrections. The full disformal structure becomes essential for interaction routing, synchronization holonomy, interferometric
observables, and multi-messenger tests, addressed in companion papers.

Companion papers in this series develop TEP across a wide range of mass densities, from subatomic scales (TEP-SPIN) through
laboratory interferometry (TEP-KIN) to cosmological distances (TEP-CO). This paper addresses the quantum regime directly, arguing
that the KG—Dirac sector of relativistic quantum theory is the flat-frame, isochronous tangent limit of a deeper dynamical proper-time
geometry.

Page 3 of 17



Paper 0 establishes local Lorentz invariance as a theorem: in local freely falling frames of g~/w, physics reduces to special relativity
(Axiom A2). The present paper is the quantum-sector instantiation of that theorem. Sections 2-3 exhibit the explicit KG—Dirac
tangent limit and, critically, the leading departure from it — the temporal-shear coupling 2y in the conformal Dirac operator (§3.2.1)

— so that the recovery of standard relativistic quantum mechanics is not asserted but constructed, with its first correction term in
hand.

1.4 Structure of This Paper

Section 2 establishes the phase action and recovers the Klein-Gordon relation as the Euler-Lagrange equation of the minimal scalar-
field Lagrangian in the causal metric. Section 3 delivers the central derivation: the Dirac operator is recovered as the local tetrad
representation in the screened limit. Section 4 reinterprets spin and antiparticle structure as geometric orientations. Section 5
concludes and outlines the synthesis with companion papers.

1.5 Broader Framework Context

Beyond the tangent-space derivations developed below, TEP carries conceptual implications that extend across the companion series.
Bell's theorem rules out any theory in which quantum correlations are explained by pre-assigned local hidden variables satisfying the
usual separability and factorisation assumptions. TEP does not attempt to restore such a theory. Instead, it challenges the deeper
premise that entangled systems are fundamentally separable subsystems embedded in an inert, externally prescribed background.

In the TEP framework, the interval between entangled charges is not an empty stage but part of the same dynamical temporal
geometry that governs phase transport. Entanglement is therefore interpreted not as a superluminal signal between isolated particles,
but as a non-separable geometric contour in the conformal-disformal proper-time field. Measurement perturbs one boundary of a
shared temporal configuration; the observed correlation reflects the global constraint structure of that configuration rather than the
transmission of information through space.

This view is best described as geometric non-separability rather than conventional local realism. It preserves the empirical force of
Bell-type violations while relocating their ontological meaning: Bell excludes separable local hidden-variable completions of
quantum mechanics, but it does not by itself exclude a realist theory in which the relevant physical object is an extended temporal-
geometric structure rather than two independent point systems. The full disformal treatment of measurement, entanglement, and
geometric stress propagation is developed in TEP-KIN and TEP-SPIN. The present paper establishes the tangent-space quantum limit
on which those extensions build.

Temporal-topology drag denotes the influence of large-scale temporal-field configurations on local particle dynamics, mediated by
the conformal factor A(p) rather than spacetime curvature; environment-dependent mass emerges from modulation of the proper-time
oscillator frequency by A(p). What standard fixed-background quantum theory models as virtual force carriers and statistical
wavefunctions may be effective descriptions of geometric stress propagation in a contiguous temporal fluid. These phenomena
furnish concrete experimental signatures developed in TEP-SPIN (Paper 24) and TEP-KIN (Paper 25).

Cosmological clock-rate interpretation. The same proper-time oscillator law also supplies the local quantum input for the
cosmological papers in this series. If atomic emission frequencies are governed by w;,..;(¢) = wy A(p), then spectra emitted across

cosmological gradients of the temporal field may contain a conformal clock-rate component in addition to standard Doppler or
metric-expansion interpretations. The present paper does not develop that cosmological model; it records the quantum-sector
mechanism. The full redshift, distance-ladder, and effective-dark-energy interpretation is developed in TEP-CO.

1.6 Conventions and Notation

Unless otherwise stated, the metric signature (+, —, —, —) is used. Paper 0 works in the (-, +,+,+) signature; this paper uses (+, —, —,
—), and all imported expressions have been converted. Natural units ¢ = /2 = [ are used inside derivations; dimensional factors are

restored in summary equations. With x" = ct, the Klein-Gordon mass term is m°c’ / /7, and the Dirac mass term is mc / /2.
Throughout, "screened limit" denotes Zﬂ”bs — 0 with 4(p) normalized to its ambient environmental value (Paper 0, §7); the

shorthand A — 1 refers to this normalization.

2. Proper-Time Phase Transport

2.1 The Phase Action

The fundamental action for a massive particle in the TEP framework is:

S = -mc? fdt”
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where 7 is the dynamical proper time measured along the particle's worldline in the causal matter metric g~#v. This is not an abstract

phase — it is the physical accumulated phase of the matter-clock oscillator, whose frequency is set by the local conformal factor
A@).

Dimensional analysis confirms the primitive status of this action. The dimensions are:
[s] = [m] [c®] [t] =M L? T7F = [A]

Thus S/7 is dimensionless, as required for a phase. Given Axiom A2 of Paper 0 — all non-gravitational processes evolve in the proper
time of ¢ — this action is the unique Lorentz-invariant, first-order geometric functional of the proper-time interval. The mass m

appears not as an inertial parameter but as the frequency of phase accumulation: w,) = me / 7.

The causal matter metric is related to the gravitational (Einstein-frame) metric g, by the conformal transformation:

2
guv = A% (9) gy

The bare conformal coupling is frozen at S4 = —1 (Paper 0 §2.2); under the unified unstretched-space metric
Gy = —AL (Ugrav(x))U,U, + Agp(udrift(t,x))ﬂu,, + B(¢)HzH€VQ¢Vg¢ (Paper 0 §2.2, Step 80), Cassini constrains the
screened source-charge projection S)(:(D) <1.15 % 10°° (5.8 x 10 on the isotropic-conformal benchmark; with the solved two-
branch solar profile giving ys»(1.6 Rg) = 2.16 x 10°% and |yppN — 1] = 4.32 % 1078 « 2.3 x 1075, Paper 0 §7), not 84
itself. In the screened limit, where the observable shear sector Zﬂ"bs — 0 with A(p) normalized to its ambient environmental value,
A(p) — I and g}w — &, In the unscreened regime, the particle's phase accumulates along geodesics of the causal matter metric

rather than the bare Einstein-frame gravitational metric.
2.2 The Massive Particle as Proper-Time Oscillator
A massive particle is defined geometrically as a stable, local proper-time oscillator governed by the causal metric. The oscillator's
natural frequency in the flat-frame limit is:
wg = mc? / h

In the full TEP geometry, this frequency is modulated by the conformal factor:

®local (®) = wy - A(Q)

Mass parameter and conformal rescaling. The bare mass m enters the primitive action S = —m¢c? | d. The local oscillator frequency is
Djocal = mc? A(p) / 1. The Klein-Gordon equation uses the bare parameter m because the conformal modulation is already encoded in

the causal d'Alembertian O (via A2 in the metric). The effective inertial mass measured by local clock response reduces to m when A
— [ in the screened limit.

This local oscillator law is also the quantum-sector input used by the cosmological papers in this series. Since atomic emission
frequencies are governed by the same matter-clock phase rate, w;,.,j(®) = wy A(p), spectra emitted across large gradients of the
temporal field need not be interpreted solely as Doppler or metric-expansion effects. In the present paper this observation is not
developed into a cosmological model; it simply records the local mechanism by which conformal proper-time modulation enters
atomic frequency standards. The cosmological redshift interpretation is developed in TEP-CO (Paper 26), where the accumulated
variation of 4(p) along cosmological baselines is compared with the standard expansion history.

2.3 The g-Hamilton-Jacobi Equation

The Hamilton-Jacobi equation for the proper-time phase action in the causal metric is:

g™ 3,8 8,8 = m?c?

This is the fundamental classical equation governing the phase transport of a massive particle. It is not an operator equation — it is
the Hamilton-Jacobi equation in a curved geometry. The correspondence between the wave equation and this classical equation is
constructed geometrically (§2.4) rather than imposed by operator substitution; the quantum sector itself enters through Axiom A2.
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Metric signature convention. Throughout this paper, the metric signature is (+, —, —, —). In the flat Minkowski limit, with x" = ctand
Ny = diag(l, —1, =1, —1), the Hamilton-Jacobi equation takes the explicit form:

(805)% - 1Vs|? = 2% (p) m?c?

2.4 Deriving the Klein-Gordon Equation from Geometric First Principles

In the following derivation ¢ = /2 = I is set; dimensional factors are restored in the summary equations. The Klein-Gordon equation is
derived as the Euler-Lagrange equation of the minimal scalar-field Lagrangian in the causal metric. The derivation proceeds in three
steps.

Step 1: The geometric scalar-field Lagrangian.

The phase field ¥ is a complex scalar field propagating on the causal manifold with metric g~ﬂv. The covariant, second-order

Lagrangian for a massive scalar field that reduces to the standard Klein-Gordon Lagrangian in the flat limit is:

L=1 (g™ g9 a,¥ - m® |¥]?)

The metric tensor g*” raises indices; the inverse metric is g*” = A2 (p) g"’. The bare mass parameter m enters here because it is the
only dimensionful parameter available from the primitive action § = —mc? | dz. This Lagrangian follows directly from the causal
metric g”/w via minimal coupling; its form is fixed by the geometric structure established in Section 2.1. The linear structure of the

resulting wave equation follows from the stationarity condition on this action, exactly as in standard field theory, but now formulated
in the causal geometry.

Step 2: Euler-Lagrange equation.

Varying the action § = [ L V—§ d*x with respect to " gives:

a9y ( N-g g™ o, ¥ ) - V-g'm® ¥ = 0

Dividing by V—¢ yields the causal d'Alembertian form:
Ov +m® ¢ =0

where 0 = (1 /\-g) ol \-g g 0, ) is the d'Alembertian operator constructed from the causal metric gy,,.

Step 3: Connection to the Hamilton-Jacobi equation via WKB / eikonal expansion.

To verify that this linear wave equation is consistent with the classical Hamilton-Jacobi equation derived in Section 2.3, insert the
WKB / eikonal ansatz:

v =R S/ | R, s ER

Substituting into (& + m?) ¥ = 0 and dividing by S yields an equation that can be organised by powers of /2. Before collecting
orders, recall the exact decomposition of the causal d'Alembertian established in Step 2. With gﬂv =42 (p) Ny in the flat-background
limit,

-2
O=2a°“(p) (DM+2Zu6u)

where 0,/ = 602 — v’ is the Minkowski d'Alembertian. The conformal factor A(p) is the same scalar field-dependent rescaling

introduced in Section 2.1; throughout the eikonal expansion it is treated as a prescribed geometric background, not as part of the /-
expansion of ¥. Its derivatives 9,4 = 4 2, enter only through the second, temporal-shear term.

At leading order O(ff2 '), the real part recovers the Hamilton-Jacobi equation. The conformal bookkeeping at this order is explicit.
From the WKB ansatz, 06,% = (i /) ¥ 0,S + O(flo '), so the shear term is O(ﬁﬂ ) and does not contribute at O(ﬁﬁ ). The conformal

factor therefore enters the leading order exclusively through the kinetic prefactor 42 (p) in the first term: gradients of the phase S are
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contracted with the inverse causal metric & = 4 °(p) 7"’ before any quantum corrections appear. The mass term carries no

conformal prefactor (it is the bare parameter m from the primitive action). Collecting the 7772 coefficients therefore gives

272 (@) R [(8g8)% - 1VSI?] + m® R =0

Dividing by R and multiplying by —A%(p) immediately yields the g-Hamilton-Jacobi equation in natural units, with the conformal
mass shift 4%(p) on the right-hand side:

(80S)% - 1VS|? = 2% (¢) m?

The appearance of Az(ga) at this order is not an independent postulate; it is the classical signature of propagation on the causal
manifold. In the screened limit A — I, the equation reduces to the standard Hamilton-Jacobi form; in the unscreened regime, the
effective inertia of the phase front is modulated by the local conformal clock-rate rescaling before any O(7% ) transport or O(7)
quantum-potential terms enter.

At next order O(ﬁﬂ ), the imaginary part gives the transport equation in the causal metric:
99(R? 90S) - V - (R® VS) + 2A7'R? n*V(9,R) (8,5) = O

which expresses conservation of the probability current j* = R? 3S modified by the temporal shear X =0y nd.In the screened limit

A— 1, 6#A — 0, this reduces to the standard transport equation.

At finite order O(fzo), the quantum-potential term with shear coupling appears:
A7 Oy R/ R+ 287° o™V (9,A) (4,R) / R

which reduces to 0y, R /R in the screened limit and is suppressed by 72 relative to the Hamilton-Jacobi term.

This is the natural point of contact with the quantum-potential term familiar from de Broglie-Bohm formulations [11]: the standard
amplitude-curvature term remains, while TEP supplies an additional shear-coupled geometric correction. TEP does not require a
hidden-variable ontologys; it identifies the potential-like term as a transport effect of the causal phase geometry.

The Klein-Gordon equation is thus derived from the minimal geometric Lagrangian in the causal metric, and its eikonal limit is
verified to coincide with the g-Hamilton-Jacobi equation. The inputs are the causal metric gr#v, the bare mass m from the primitive

action, and the standard scalar-field Lagrangian minimally coupled to that metric. No operator substitution is required.

In the screened limit gw — 1,y and the standard Klein-Gordon equation is recovered. In the unscreened regime, the causal

d'Alembertian encodes the full geometric structure of the temporal field, including additional temporal-shear coupling terms
proportional to 0,4.

3. The Dirac Operator as a Screened Limit

3.1 The Standard Dirac Equation

The Dirac equation, the cornerstone of relativistic quantum mechanics, is:
(iy#o, - m) ¥ =0

where p* are the Dirac matrices satisfying the Clifford algebra /)", "} = 25". This equation is noted for its Lorentz covariance, its
prediction of antimatter, and its role as the foundation of Quantum Electrodynamics.

3.2 Algebraic Flat-Space Recovery

TEP attributes the difficulty of geometrising the quantum sector to a metric misattribution: particle phase transport was mapped onto
the gravitational metric while proper time remained a universal parameter. TEP demonstrates that the Klein—Gordon and Dirac
equations are the screened, flat-frame tangent limits of a deeper dynamical proper-time phase transport. The geometric operator
successfully reduces to the familiar Dirac operator only when the temporal background is artificially flattened. By governing proper-
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time accumulation t through a dynamical scalar field ¢ and deriving the action from the causal matter metric g]m the geometric

language of a deeper temporal topology is naturally revealed.

The standard Dirac equation is recovered as the local Clifford/tetrad representation in the isochronous (screened) limit. This is an
exact mathematical result: the geometric operator reduces to the familiar Dirac operator when the temporal background is flat.

In curved spacetime, spinors cannot be defined directly on the manifold. They require a local frame (tetrad) e”# at each point, related

to the metric by:

_ .a b
Guv = € €y Nap

The Dirac matrices in curved spacetime are defined as Y = e y?, where y are the flat-space Dirac matrices. The Dirac operator in

curved spacetime becomes:
(ivhv, - m) ¥ =0

b

where V. is the spin-covariant derivative, incorporating the spin connection o* -

The flattening conditions. The standard Dirac equation (iy“aﬂ — m) y = 0 makes two critical assumptions that are never stated

explicitly:

1. The temporal shear vanishes: X, = v, In A(p) = 0. This means the conformal factor is locally constant, and up to constant unit

normalization the causal matter metric coincides with the Einstein-frame gravitational metric.
2. The observable disformal response is suppressed: B(p)(Vp)? — 0. This means the light-cone tilt becomes phenomenologically
negligible, and all interactions are effectively isotropic in the screened regime.

When these two conditions are imposed, the causal metric g, reduces to the Minkowski metric 7,,, the tetrad ficld becomes the

identity, and the spin-covariant derivative reduces to the ordinary partial derivative. The full geometric Dirac operator:
(ieuayavu—m) =0
collapses to the standard form:
(iy"o, - m) ¥ =0

3.2.1 The Conformal TEP Dirac Operator Before Screening

Before imposing the flattening conditions, the conformal sector of the causal metric is g, = A(p) N~ The corresponding tetrad and
curved-space Dirac matrices are:

gpv = A%() ny,, &%, = Alp) B° & = ale) 3% v = ATl

®) v,
The spin-covariant Dirac operator on this conformal geometry therefore takes the unrescaled four-dimensional conformal form

Dy =1 At v" (3, +3/25) ¢ -my =0,

— A3/2

where 2, = 0, In A(p) is the temporal shear. Under the Weyl-rescaled spinor convention x v, the derivative shear term can be

absorbed into the rescaled spinor field. The equation may then be written equivalently as

A S/2 4 s 9, X — m a3/2 x = 0,
or, after multiplying by 47 s

iyh o, x -mAx =0.
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Thus the temporal-shear contribution can be represented either as an explicit spin-connection term in the unrescaled matter-clock
spinor y, or as a conformal mass modulation in the Weyl-rescaled spinor y. In the matter-clock convention used here, the explicit 2,

term is retained because it displays the temporal-shear correction directly. In the screened limit:
A(p) - 1, 5, » 0 = iyt o, v -my = 0.

This Zﬂ-dependent term is the explicit conformal TEP correction: standard Dirac dynamics is recovered only when the temporal-shear

contribution vanishes in the screened limit.

3.2.2 Disformal Departure from Conformal Collapse

The conformal sector g,,,, = A(p) 1,y alone admits tetrad rescaling eaﬂ — A(p) éaﬂ. The rank-one disformal correction B(p) V0 V,p
cannot be absorbed into a single conformal factor: for generic v, # 0, off-diagonal components such as Sox = B(p) O Oyp are non-
zero unless B(p) = 0. Even with temporal shear suppressed (4(p) = 1, X, = 0), the metric departs from Minkowski through gpp — 1 =
B((p)(@tgo)z and g  + 1= B(q))(axgo)2 . Standard Clifford collapse therefore requires both flattening conditions of Section 3.2. SymPy

Audit A4 in results/sympy audit.log verifies this signpost; the full disformal tensor audit (inverse metric, null-cone tilt,
Christoffel symbols, synchronization holonomy) is in TEP-KIN (Paper 25), results/disformal kinematics audit.log .

Bridge to the full matter metric. The conformal tangent-limit proof of Sections 2-3 is not an abandonment of the Jakarta ansatz g, =
A2(¢) &uw T B(®) Vup V,p; it isolates the tangent-space algebra that the KG—Dirac sector of relativistic quantum theory already

assumes. Particle-physics experiments operate in the screened regime where B(p)( V(p)z — 0; in the highly screened regime of particle
colliders, where the scalar field is frozen and locally constant over the interaction scale (§1.3), this disformal suppression is not
merely a convenient approximation but practically exact. The Dirac and Klein-Gordon derivations of this paper are therefore the exact
limiting forms of the same geometric operator written against the full g~ﬂv. Outside that limit, the disformal sector does not modify the
Clifford algebra by a small perturbative correction; it replaces the isotropic Minkowski inner product with a direction-dependent
causal structure. TEP-KIN (Paper 25) carries the full metric through: the symbolic inverse g, the effective refractive index n. that
tilts null cones, the Christoffel symbols that route geodesics through B(p) gradients, and the synchronization-holonomy sector that
distinguishes conformal transport (exact one-form d /n A) from genuinely non-integrable disformal transport. The narrative continuity
is therefore explicit: Paper 23 establishes what the KG—Dirac sector of relativistic quantum theory recovers when both temporal shear
and observable disformal response are suppressed; Paper 25 establishes how interactions, measurement, and interferometric
observables behave when they are not.

Exact tensor algebra. The derivation proceeds by exact tensor algebra. The individual steps — tetrad collapse to the identity,

vanishing of the spin connection, and reduction of the covariant derivative to the ordinary partial derivative — are the standard flat-

space limit of the Fock—Ivanenko formalism in curved-spacetime quantum mechanics. Every term in the geometric operator is tracked

through the flattening limit; no approximation is made. The standard Dirac operator is the exact local Clifford/tetrad representation in

the isochronous background. This tensor-algebraic derivation has been verified symbolically using SymPy; see
results/sympy audit.log .

3.3 The Screened Limit

The flattening conditions correspond to the screened limit, where the observable shear sector Zﬂ”bs — 0 with A(p) normalized to its

ambient environmental value (Paper 0, §7). In this regime:

e A(p) — I (conformal factor approaches unity)
e 2=V, In A(p) — 0 (temporal shear vanishes)

e B(p)(Vp)> — 0 (observable disformal response suppressed)

The standard Dirac equation is thus the screened limiting case of the geometric operator, valid in the regime where the geometric
structure of the temporal field is negligible. For collider processes the relevant statement is kinematic: the scalar field's configuration

is set by boundary conditions over its correlation length (L. = 4 x I 0% km in the terrestrial calibration of Paper 6), so across the
~10718 m, ~10727 s extent of a TeV-scale interaction the field is frozen and locally constant — 2, ~ () and Bp)( V(/))2 =~ () over the

entire interaction region. A frozen, locally constant field is precisely the tangent-space limit derived above. The KG-Dirac and
perturbative-QFT descriptions therefore remain exact for currently accessible particle-physics experiments, while long-baseline, long-
integration interferometry — which accumulates phase over scales comparable to field gradients — is the probe class that can resolve
the unscreened structure.

The operator collapse of the curved-space Dirac equation into the flat-space Dirac limit serves as the quantum-geometric realization
of the abstract environmental operator Sy:(€). The saturation of the Temporal Topology at the Compton scale 7. acts here as the
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physical proxy for Sx(&), yielding the standard flat-space behavior without committing to specific chameleon or symmetron
microphysics.

3.4 Geometric Reinterpretation of Spinor Structure

The KG-Dirac tangent-limit derivation shows that the standard Dirac equation is recovered within the TEP framework as the
screened limit. The TEP framework further provides a geometric reinterpretation of the spinor structure that Dirac introduced in 1928.

The algebraic structure of the Dirac equation — the Clifford algebra, the spinor representation, the charge conjugation and parity
operations — all emerge from the tetrad structure. When the tetrad is trivial (flat background), these operations appear as abstract
algebraic symmetries. When the tetrad is non-trivial (curved temporal background), they are revealed as geometric orientation
operations on the proper-time manifold.

In the TEP framework, the spinor is proposed as a mathematical encoding of temporal-orientation holonomy. The Clifford algebra is
proposed as the local tangent-frame algebra of the temporal orientation bundle, with the gamma matrices y* generating the Clifford
algebra and their commutators o = (1/2)[y%, yb] generating infinitesimal Lorentz transformations of the proper-time phase frame
(Appendix A.2). Within this paper the proposal is supported at the abelian level (Appendix A.5); the non-abelian completion is
developed in TEP-SPIN (Paper 24). This reinterpretation follows from the geometric structure of the temporal manifold and offers a
geometric candidate for the algebraic structure introduced in 1928.

The Dirac equation is thus recovered within the TEP framework as the screened tangent-space limit when temporal shear and
disformal coupling are negligible. This characterizes the standard theory as the tangent limit of a deeper geometric structure.

4. Spin and Antiparticles as Geometric Orientations

4.1 Spin-1/2 as Temporal-Orientation Holonomy

In the TEP framework, spin-1/2 arises as temporal-orientation holonomy of topological charge defects in the temporal field. In
standard quantum mechanics, spin-1/2 is described by an abstract SU(2) representation without reference to spatial extent. The SU(2)
spinor encodes angular momentum /2/2 algebraically, not as a physical rotation in space.

In the TEP framework, spin is reinterpreted as temporal-orientation holonomy. A fermion is modeled as a localized defect in the
temporal orientation bundle, with two sectors distinguished. The scalar amplitude sector: the core is a region of saturated conformal
response, with /n A(p) smooth and single-valued, so that 2, = Vv, /n 4 remains an exact one-form and # 2, dx** = ( around every loop
— in exact agreement with the conformal-exactness theorem of Paper 0 (§3.3). The conformal sector carries no holonomy, and the
causal metric g~,uv = A2(¢) 8w is single-valued everywhere. The orientation sector: the defect regime is postulated to carry a circle-
valued orientation phase on the temporal orientation bundle — additional structure beyond the single real scalar ¢, in the same sense
that the conjugate orientation bundle of §4.3 is postulated structure. Its winding around the defect core is the topological invariant
identified with spin. The local temporal shear orients the defect relative to the matter-clock congruence but does not itself carry the
winding. This division of labour places the holonomy in exactly the sector Paper 0 (§3.3) reserves for non-exact transport structure
beyond the conformal one-form.

Singularity regulation. The defect core, where the conformal response saturates, is adopted here as a strict topological point defect for
holonomy purposes: the postulated orientation phase winds around the topological core, and Stokes' theorem is inapplicable precisely
because the orientation connection is not globally exact. The precise codimension of the idealized singularity in the orientation bundle
is not fixed by the single scalar field ¢ alone; the physically relevant scale is the Compton-radius smearing discussed below. This
idealization parallels the Dirac-string construction for a magnetic monopole or the //r vortex of a superfluid; it is not regulated by
perturbative renormalization of a zero-dimensional source. Physically, the fermion carries finite Compton-scale extent r, = 7/(mc);
the scalar field equation with potential V() saturates the conformal response at the core, smearing the curvature of the orientation
connection, dd, over this radius rather than admitting a bare ultraviolet divergence. A loop penetrating this smeared core (r < r.)
therefore encounters redistributed curvature rather than a point singularity, yet the enclosed holonomy does not degrade continuously:
the integer winding n = £/ in the orientation bundle is a topological invariant, and any closed contour encircling the defect yields the
same orientation holonomy ¢ 19/1 dx" = +4r regardless of how deeply it penetrates the core. Observable spin and transport are

computed in the exterior regime r > r., where the //r shear profile applies; the interior regularization is derived in TEP-SPIN (Paper
24).

The "spin-1/2" property follows from the half-integer coupling of the matter-clock phase to the orientation sector. The postulated
connection U, carries winding ¢ 0, dx'* = n - 4x; the phase couples with weight //2, so the minimal winding n = +/ yields 45/ =
+27, preserving single-valuedness of ¥ = exp(iS//2). A 2r spatial rotation of the defect changes the orientation phase by 7, producing
the characteristic spinor sign flip ¥ — —¥. The 4 periodicity is therefore a consequence of the half-integer weight, not an additional
postulate. A full recovery of fermionic exchange antisymmetry requires the multi-particle configuration-space treatment developed in
TEP-SPIN. The two "spins" are the two possible orientations of the topological charge relative to the local matter-clock congruence:
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e Spin up: The topological charge rotates in the same sense as the local temporal shear circulation.
e Spin down: The topological charge rotates in the opposite sense.

On this construction, SU(2) is proposed as the holonomy group of the orientation bundle — postulated structure beyond the scalar
sector — with the Pauli matrices o; as its generators. The U(1) winding exhibited in Appendix A.5 is the abelian core of that proposal;

the non-abelian completion is developed in TEP-SPIN (Paper 24).

4.2 The g-Factor as Geometric Ratio

The anomalous magnetic moment g — 2 arises in QED from loop corrections involving virtual photons. In the TEP framework, the g-
factor is a geometric ratio that measures the deviation from the flat-frame approximation, and the QED loop expansion is interpreted
as the screened-limit representation of a deeper geometric correction associated with topological charge structure. Far from the charge
core, where the orientation-sector curvature becomes negligible, the geometric correction vanishes and g — 2, recovering the Dirac
value. The geometric contribution to the g-factor is addressed in TEP-SPIN (Paper 24).

4.3 Antiparticles as Reversed Proper-Time Orientation

In standard quantum mechanics, antimatter is introduced as a separate field of particles with opposite charge. The Dirac equation's
negative-energy solutions are reinterpreted via the Feynman-Stiickelberg interpretation as positive-energy antiparticles moving
backward in coordinate time.

In the TEP framework, antimatter is not an independent ontological species, nor does it require a macroscopic ’second sheet’ of the
universe. It is interpreted as reversed proper-time phase orientation localized strictly within the internal phase space (the temporal
orientation bundle) of the topological defect.

The macroscopic spacetime manifold remains a single, continuous, orientable Lorentzian manifold. The ’double cover’ required to
support opposing temporal orientations exists entirely within the temporal-orientation bundle of the scalar field. Where a particle's
phase advances as +d7 aligned with the ambient temporal shear, its antiparticle advances as —dz with an inverted phase relative to the
ambient shear.

The Decoupling Vertex and Topological Conservation: At the pair production vertex, the spacetime manifold does not tear or branch.
The electromagnetic coupling furnishes the energy budget for a null phase contour to resolve into two orientation-conjugate timelike
excitations: a forward-oriented matter-clock mode and a reverse-oriented charge-conjugate mode. In screened laboratory language
these appear as particle and antiparticle; in TEP ontology they are opposite phase orientations of the same continuous proper-time
geometry.

Laboratory realisation: pair production. The abstract seam .Jp, admits a concrete laboratory identification in photon-induced pair

production, y + Z — e~ + e* + Z, where a high-energy photon converts in the Coulomb field of a nucleus Z. The process is traced
here in laboratory coordinates (%, x); the orientation assignment is a property of the temporal phase bundle, not of the spatial direction
of motion in the lab frame.

(i) Pre-junction approach. Before the vertex, the photon propagates on the future null cone with kﬂ kK = 0 in g. Its phase action
advances along the null generator; no timelike proper-time oscillator is yet present because the photon is massless. The covector k# =

0,8 is future-directed and null, placing the photon on the branch locus Jj, rather than on either orientation branch.

(ii) Junction event. At the interaction vertex—the spacetime event at which the electromagnetic coupling supplies sufficient energy—
momentum budget to populate the electron mass shell—the local covector remains null on the photon mass shell but is no longer
globally continuable on a single orientation branch: the connected phase contour must decouple to support two timelike, on-shell
continuations. This vertex is a point of Jj,. It is localised to a single laboratory event (a point in (7, x)), not extended along a spatial

hypersurface; detectors record the bifurcation only through the emergence of two timelike tracks downstream of that event.

(iii) Bifurcation into orientation-conjugate excitations. From the connected contour on the decoupling vertex emerge two branches.

The electron continues with timelike &, accumulating phase as +dr along a future-directed worldline aligned with the ambient
temporal shear. The positron continues with reversed proper-time orientation within the temporal-orientation bundle, dr — —dr
relative to the matter-clock congruence. Both worldlines advance forward in coordinate time #; the distinction is geometric, not a
reversal of laboratory causality. The Feynman—Stiickelberg reinterpretation is recovered as the screened-laboratory projection of a
past-directed proper-time orientation: the positron appears in detectors as a particle of opposite charge propagating forward in 7, while
its phase transport is reversed strictly within its internal phase frame. In the screened limit, kinematic worldline observables such as
opposite track curvature in a magnetic field and coincidence timing follow from the two timelike branches, whereas quantitative QED
radiative cross-sections (such as bremsstrahlung spectra) must be recovered by the open interacting completion; the TEP content here
is the geometric identification of the creation vertex as a topological decoupling event.

(iv) Post-creation separation and entanglement. As the pair separates, each branch carries a localized topological charge (Section 4.1)
on its respective orientation branch. The phase contour rooted at the Jj,. event remains a single connected geometric object: TEP-KIN
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(Paper 25) identifies this as the macroscopic entanglement link between the bifurcated charges. The junction event is therefore not
only the orientation decoupling but also the origin of the shared orientation-bundle holonomy that enforces quantum correlations
between the outgoing tracks.

(v) Annihilation as recombination. The reverse process, e~ + e’ — y + y, is recombination on Jj,: timelike contours from the matter

and antimatter orientation branches converge at a common null event, the shared phase contour closes, and a single future-directed
null continuation emerges. Creation and annihilation are time-reversed navigations of the same topological seam.

Textual spacetime schematic. The same navigation can be read directly in the laboratory (7, x) plane, with x along the photon beam
axis and ¢ increasing upward. For ¢ < ¢y, the incident photon follows a null generator at slope dt/dx = +1/c (future light cone); its
phase contour lies on the branch locus Jj,. At the vertex V' = (ty, xy,), that null generator meets .J,,—a single event, not a spatial line
or wall. For ¢ > ¢, two timelike worldlines branch from ¥, each with |dx/dt| < ¢ and both advancing in coordinate time. The electron
worldline y,- carries forward orientation dz > 0; the positron worldline y,+ carries reversed orientation dz < 0 in the matter-clock
congruence. The two branches may separate symmetrically in x (for example, emission at equal angles about the beam axis) while
remaining future-directed in z. A track photograph or time-resolved coincidence measurement records only these timelike curves in (7,
x); the orientation labels are not imprinted on the tracks but are fixed by the sign of phase accumulation along each worldline.
Annihilation is the time-reverse reading of the same diagram: y,- and y,+ converge at a vertex /' on Jj,, and the outgoing photon
again follows a null generator from V. The junction is thereby visible only as a fork or merge in the causal structure of recorded
worldlines, localised to the vertex events ¥ and V.

Crucially, CPT symmetry is preserved locally. The local CPT theorem remains valid at every point in spacetime: a full rotation in the
local orientation bundle (C x P x T) returns the system to its original state. Charge conjugation C is realised as a local reflection in the
orientation bundle (reversing the direction of proper-time phase accumulation), not as a global spacetime transition. A particle and its
antiparticle correspond to opposite orientations within the temporal-orientation bundle; this separation is a consequence of the internal
phase geometry, not of the local C operation itself. This construction is not a substitute for the screened QED calculation of pair-
production amplitudes; it supplies the proposed TEP geometric interpretation of the same laboratory process. This suggests a possible
topological origin for the observed matter-antimatter asymmetry: rather than requiring a symmetry-breaking event in the early
universe, the dominance of matter may reflect an orientation bias in the cosmological temporal-orientation bundle, favouring one
proper-time phase orientation over its conjugate in certain density regimes. A quantitative prediction of the baryon-to-photon ratio
from this topological bias, evaluated via MCMC parameter estimation, is developed in TEP-CO (Paper 26, Athens).

4.4 Unification of C, P, and T
Charge conjugation (C), parity (P), and time reversal (T) are unified as orientation operations in the temporal-orientation bundle:

o C (Charge conjugation). Local reflection in the orientation bundle — maps a matter-clock excitation to its charge-conjugate
orientation mode by reversing proper-time phase orientation into the orientation-conjugate branch.

e P (Parity): Spatial reflection — reverses the handedness of the topological charge in the temporal landscape.

o T (Time reversal): Phase reversal — reverses the direction of proper-time accumulation, mapping future-directed phase
transport to past-directed. It belongs to the same orientation-bundle sector as charge conjugation but is a distinct operation in
the product group C x P x T.

The CPT theorem, a central result in quantum field theory, is reinterpreted geometrically: a full rotation in the orientation bundle (C x
P x T) returns the system to its original state. In the standard framework, the theorem is derived rigorously from Lorentz invariance,
locality, and the spin-statistics connection (Liiders-Pauli, Jost). The TEP framework preserves the local content of this derivation and
proposes a geometric origin: the theorem is manifest as the orientability of the temporal manifold.

4.5 Experimental Implications

The TEP framework makes concrete, falsifiable predictions that distinguish it from standard fixed-background quantum theory. In the
unscreened regime, where the scalar field varies appreciably over the probe baseline so that the observable shear sector Zﬂ”’” is non-
negligible, the conformal factor 4(p) deviates from unity. High-energy particle collisions are deep in the screened limit because the
scalar field is frozen and locally constant over the interaction scale (Paper 0, §7); long-baseline, long-integration atomic
interferometry, which accumulates phase over scales comparable to field gradients, is the probe class that can resolve the unscreened
structure.

Order-of-magnitude estimate: For a conformal factor A(p) = exp(f4 ¢ / Mp)), the fractional mass shift is parametrically om/m ~ (1 —
A) ~ B4 ¢/ Mpy. In a realistic model the scalar field acquires a non-zero vacuum expectation value ¢, from cosmological boundary

conditions or apparatus geometry; local matter density then screens this background value, with the unscreened field in ultra-high
vacuum approaching ¢ rather than scaling with the ambient density p. The linear estimate ¢ / Mp; ~ p / pr, used here for orientation

only, assumes no independent potential for ¢ and should be understood as a lower bound: if ¢ is set by cosmology at a larger value,
the signal is proportionally larger. With the conservative linear estimate and the screened source charge bounded by Cassini, S, E(O) =
1.15 % 10~ under the unified unstretched-space metric (5.8 x 1 07 on the isotropic-conformal benchmark; solved two-branch solar
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profile y(1.6 Rp) = 2.16 x 1078, lyppy — 1| = 4.32 % 1075; Paper 0 §7, Step 80), with the bare coupling frozen at 4 = —1, the

predicted fractional mass shift is m/m = 1.5 x 10717, corresponding to 6@ = 1.5 x 107! rad in the 10 m rubidium configuration. At
current sensitivities of 10" #-107° rad / VHz this is not detectable on realistic integration times. The linear estimate therefore
functions as a falsifiability floor, not a near-term detection forecast. Two routes raise the signal within the framework: a
cosmologically set background value ¢, exceeding the linear estimate, which must be computed from the profile solution Paper 6
(§5.4) identifies as an open target; or channel-specific response «xy exceeding the PPN channel's, which would have to be derived, not
assumed (Paper 0, §7). Both routes are bounded above by existing clock-network constraints. The near-term experimental leverage of
the framework lies instead in the closed-loop synchronization holonomy H,,;; (Paper 0, §3.3, §10; TEP-KIN), an observable the
conformal mass-shift channel cannot mimic and which standard fixed-background quantum theory predicts to be exactly zero; it is
sourced by the non-exact disformal transport sector and measured via closed-loop clock-network protocols (Paper 0, §10; TEP-KIN).

This estimate is phenomenological rather than a full interferometer phase calculation; the precise observable depends on pulse
sequence, common-mode cancellation, and whether the temporal-shear contribution enters propagation, laser phase, or both. The
companion paper TEP-KIN (Paper 25, in preparation) formulates candidate experimental protocols for laboratory and solid-state
Aharonov—-Bohm interferometry. TEP-SPIN (Paper 24, in preparation) addresses subatomic structure and spin-dependent
measurements.

4.6 The Spinor: A Geometric Reinterpretation

In 1928, Dirac derived the spinor as the mathematical object required to linearize the Klein-Gordon equation. The spinor was
introduced as a four-component complex vector that transforms under the Lorentz group via a double-valued representation. Dirac
showed that the spinor "internal space" was necessary to accommodate both positive- and negative-energy solutions while preserving
Lorentz covariance. The algebraic machinery — Clifford algebra, gamma matrices, charge conjugation — was taken as fundamental.

TEP permits a retrospective geometric reinterpretation of the Dirac spinor (no claim is made regarding Dirac's historical intent).
Within this framework, the "internal space" of the spinor is understood as an algebraic encoding of geometric orientation data (the
winding of the orientation phase, oriented by the local temporal shear) onto a flat, isochronous background.

In the standard Dirac—Pauli representation in the particle rest frame, the four components of the Dirac spinor admit the heuristic
correspondence:

o Upper two components: Forward proper-time orientation mode (particle) with spin up/down relative to the winding of the
orientation phase, oriented by the local temporal shear.

o Lower two components: Reversed proper-time phase orientation mode (antiparticle, corresponding to the negative-frequency
solutions in the rest-frame split).

Under general Lorentz boosts these components mix; invariantly, the four spinor degrees of freedom span the product of the two-state
orientation-holonomy sector and the two-state proper-time orientation sector within the temporal-orientation bundle. The gamma

matrices y* generate the local Clifford algebra of the phase frame, while their commutators o = (1/2)[y%, yb] generate infinitesimal
Lorentz rotations of the spinor frame (Appendix A.2).

The Dirac equation remains the exact description of free relativistic fermions in the screened limit; TEP proposes that its algebraic
spinor structure is the flat-frame tangent expression of an underlying temporal-orientation geometry.

5. Conclusion

This paper derives three foundational structures of relativistic quantum theory and geometrically reinterprets two others, all as the
screened tangent-space limit of the Temporal Equivalence Principle:

1. The phase action S = —mc? | dt is the primitive geometric driver, with mass appearing as the parameter governing the oscillator
frequency w, = mc? / %, modulated by the conformal factor in the causal matter metric &

2. The Klein-Gordon equation (0 + m’c? /7P ) ¥ = 0 is derived from the minimal geometric Lagrangian in the causal metric and
verified via WKB / eikonal expansion; its eikonal limit recovers the g-Hamilton-Jacobi equation, not via operator substitution.

3. The Dirac operator iy”@ll — mc/ 72is recovered as the local Clifford/tetrad representation in the isochronous background. It
emerges as the limiting case of the geometric operator when temporal shear 2, and disformal coupling B(p) are negligible.

4. Spin and antiparticle structure are proposed to admit geometric reinterpretations as orientation structures in the internal
temporal-orientation bundle, rather than being treated as primitive internal quantum properties. Antiparticles are interpreted as
reversed proper-time phase orientation in the orientation-conjugate branch; CPT is preserved locally while matter and
antimatter correspond to opposite phase orientations of the same continuous proper-time geometry.

5. The spinor is reinterpreted geometrically: the 1928 Dirac spinor admits a retrospective geometric interpretation as an algebraic
encoding of temporal-orientation holonomy on an isochronous background.
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These results provide the quantum-foundation layer for the full TEP framework. All tensor-algebraic derivations have been verified
symbolically using SymPy; the audit log is available in results/sympy audit.log . The companion papers develop the
implications for subatomic structure (TEP-SPIN), interaction kinematics (TEP-KIN), and cosmological synthesis (TEP-CO).

The standard relativistic quantum framework is recovered as the screened limit of the Temporal Equivalence Principle. In the
screened limit, where the observable shear sector Z#Obs — (0 with A(p) normalized to its ambient environmental value, the conformal
factor approaches unity and the temporal shear is suppressed, reproducing the familiar Minkowski background. In the unscreened
regime, the full geometric structure is manifest, and new phenomena become accessible. A non-zero disformal response B(p)
introduces direction-dependent causal corrections — tilting the effective light cone and producing non-isotropic scattering — that
vanish in the screened limit but become critical for interaction routing and interferometric observables. The broader conceptual
implications — geometric entanglement, temporal-topology drag, and the geometric reinterpretation of Bell non-separability — are
introduced in Section 1.5 and developed in the companion papers TEP-SPIN and TEP-KIN. In this restricted but precise sense, the
result is a structural consistency demonstration: the algebraic structures of relativistic quantum mechanics are not discarded, but
recovered as limiting expressions of the underlying continuous geometry in the screened regime — a necessary condition for the
viability of the framework rather than a geometric derivation of quantum mechanics itself.

The quantum-sector screening evidence inherits the pr calibration from Paper 6 (UCD), propagating the same screening scale into
the quantum limit — a unified prediction of TEP, not an independent measurement.
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Appendix A: Detailed Derivations

A.1 Tetrad Formalism in Curved Spacetime

In curved spacetime, the Dirac spinor cannot be defined directly on the manifold. A local orthonormal frame (tetrad) eaﬂ is required at
each point, satisfying:

— a2 b
uv = € €y Nap

where 7, is the Minkowski metric. The inverse tetrad ¢ /' satisfies ¢, e," = 0",,. The Dirac matrices in curved spacetime are defined

as:

where y? are the constant flat-space Dirac matrices satisfying the Clifford algebra {77, yb} = 211”b.

A.2 Spin Connection

b

The spin-covariant derivative incorporates the spin connection w® o

_ ab
Vp = au + (1/4) w 1 Cab

where g, = (1/2)[y,, 73/ are the Lorentz generators. The spin connection is related to the tetrad by:

wabu = e%, V, e
In the flat-frame limit where the tetrad becomes the identity (eaﬂ — 6“ﬂ), the spin connection vanishes and the covariant derivative

reduces to the ordinary partial derivative.

A.3 Conformal Transformation of the Dirac Operator

ion & = 42 a a 3
Under the conformal transformation g, = 4%(p) g,,,» the tetrad rescales as e, — A(gp) ¢ . The Dirac operator therefore acquires both

a direct tetrad rescaling and additional terms from the modified spin connection. The explicit transformation is non-trivial because the
spin connection depends on derivatives of A(p); see e.g. Penrose & Rindler [14]. When A(p) = I (screened limit, where the

observable shear sector Eﬂ(’bs — 0 with A(p) normalized to its ambient environmental value), the conformal transformation is trivial

and the standard Dirac operator is recovered.

The full tetrad algebra factorisation — from the geometric Dirac operator (i e, y* Vv, —m) y = 0 to the standard flat-space form

(iy"aﬂ — m)y = 0 under the flattening conditions 2, =0, B(p)( Vga)z — (0 — has been verified symbolically using SymPy. The audit
log documenting each algebraic step (Clifford algebra verification, tetrad identity, spin connection vanishing, operator collapse, and
disformal signpost) is available in  results/sympy audit.log . The corresponding derivation scripts are in

scripts/derivations/ .

A.4 Disformal Departure from Conformal Collapse

On the full Jakarta ansatz g}w =42 (9) 8wt B(p) V9 Vyp, the conformal sector alone is tetrad-rescalable. The disformal term is rank-
one and generates off-diagonal matter-frame components g, = B(p) V,¢ V,p whenever V,¢ V,¢ has support in both temporal and

spatial directions. Identity tetrad collapse therefore requires suppression of the observable disformal response, not merely vanishing
temporal shear. SymPy Audit A.4 verifies this obstruction at the metric level; the complete disformal kinematics audit (inverse metric,
neg, Christoffel symbols, holonomy sector) is implemented in TEP-KIN (Paper 25), which carries the full g, through interaction

routing and measurement while this paper establishes the screened tangent limit recovered when B(p) (Vo )2 — 0.
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A.5 Holonomy of the Orientation Bundle

The temporal field carries an orientation bundle with structure group O(1,3). Away from topological defects, the temporal shear 2, =

v, In A(p) is a smooth gradient, and by Stokes' theorem:
$c By dx? = fc d(ln A) =0

for any contractible loop in a simply connected region where A(p) is smooth and single-valued, as established in the original TEP
theory, which assumes the exponential form A(p) = exp(f4 ¢ / Mpy everywhere. The conformal sector therefore carries no holonomy;

the metric g, = A(p) 8,y 1s single-valued everywhere.

The holonomy resides in the postulated orientation sector. In the defect regime the orientation bundle carries a connection one-form
U, with curvature concentrated at the core; around any loop encircling the core,

$c Oy dx? = n - 4m, n €Z

The matter-clock phase couples to this sector with half-integer weight, dS > (#/2) ¥, dx*, so the minimal winding n = 1/ yields 45/7
= +27 — preserving single-valuedness of ¥ = exp(iS/7) — while a 2 spatial rotation of the defect yields 4S/7% = +x, the sign flip
characteristic of spinors. The half-integer weight is postulated here as the minimal consistent charge; its derivation, and the non-
abelian SU(2) structure of the full spinor representation, require the multi-defect treatment of TEP-SPIN (Paper 24). The single scalar
¢ generates neither the winding nor the non-abelian structure; both belong to the postulated orientation sector.

A.6 SymPy Audit Environment

The symbolic derivations were executed in a reproducible Python environment with the following pinned dependencies: Python 3.11,

SymPy 1.12, NumPy 1.26, and SciPy 1.11. The primary derivation scripts —  derive klein gordon.py ,
derive dirac_limit.py , derive spin_holonomy.py , and sympy audit.py — are located in scripts/derivations/ . The

master audit verifies: (i) Clifford algebra closure for the rescaled Dirac matrices; (ii) tetrad identity 8w = e“ﬂ ebv 1145 under conformal

rescaling; (iii) spin-connection vanishing in the flat-frame limit X, = 0; (iv) operator collapse from the curved-space Dirac operator to

the standard flat-space form; and (v) the disformal signpost audit (rank-one obstruction to conformal collapse). To reproduce the audit

independently, run python scripts/run_all.py --audit from the repository root; the master audit writes the step-by-step log to
results/sympy audit.log . The full disformal tensor audit is in TEP-KIN (Paper 25).

6. Data Availability & Reproducibility

This work follows open-science practices. All theoretical derivations, symbolic checks, and reproducibility materials are fully
reproducible using the documented code.

Repository and Code
GitHub Repository: github.com/matthewsmawfield/ TEP-QF

The repository contains the analytical derivations and symbolic verification scripts for the TEP quantum-field framework, conformal
Dirac-operator derivation, and spin—antimatter coupling.

Repository Structure

TEP-QF/

I— scripts/

| L— derivations/

| I— derive klein gordon.py
| I— derive dirac_limit.py
| }— derive_spin_holonomy.py
| L sympy audit.py

— results/

| L— sympy audit.log

I— requirements.txt

— CITATION.bib

L— README.md
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Software Environment

Key packages: NumPy, SciPy, SymPy, Matplotlib. The scripts have been tested on Python 3.10+.

License

All code and manuscripts are released under CC-BY-4.0.
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