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Abstract: This manuscript develops the Continuity—Coherence Theory (CCT), a foundational
framework proposing that physical systems maintain the consistency of their existence by aligning their
internal coherence structure with the ambient coherence geometry of their environment. We formalize
this principle using a variational coherence functional, a coherence tensor that generalizes geometric
curvature through coherence gradients, and equations of motion that recover quantum, classical, and
gauge-structural behavior as emergent cases of coherence alignment. CCT predicts that mass—energy
distributions correspond to coherence minima, that gravitational attraction arises from coherence
gradients rather than fundamental curvature, and that quantum evolution preserves internal coherence
under a generalized continuity law. A weak-field expansion reproduces the Newton—Poisson equation,
while coherence-preserving transformations yield gauge-like interactions. The framework also provides
natural explanations for spin alignment, decoherence, flux pinning, and eddy-current repulsion. A
systematic comparison to Verlinde’s entropic gravity, Sakharov induced gravity, tensor-network
emergent spacetime, and relational QM clarifies CCT’s conceptual position in contemporary
fundamental physics. A set of predictions—including coherence-repulsion, modified inertia, phase
hysteresis, and relaxation-time—limited adaptation—suggests empirical avenues for testing the theory.
CCT presents a unified geometric principle linking coherence, continuity, and physical law. We
conclude by identifying open mathematical and conceptual challenges and outlining directions for
future development.
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1. Introduction

Physics, at its deepest level, is the study of how systems maintain stability, identity, and continuity
through change. General relativity describes how bodies follow geodesics that preserve local spacetime
structure; quantum mechanics describes how states evolve unitarily to preserve phase relations; gauge
theories impose symmetry conditions that preserve structural invariants across transformations. In each
case, physical behavior is constrained by an underlying requirement of continuity and coherence.

Yet the two pillars of modern physics—general relativity (GR) and quantum field theory (QFT)—
remain conceptually divided. GR is geometric, continuous, deterministic, and nonlinear. QFT is
algebraic, probabilistic, linear, and constructed on fixed background spacetime. Attempts to merge them
often preserve this conceptual division rather than resolve it.

This motivates a deeper question:

Is there a single principle from which both GR and QFT can be derived, not as independent
frameworks but as complementary expressions of one underlying coherence law?

The Continuity—Coherence Theory (CCT) answers yes. It proposes that the universe maintains a
coherent internal-external alignment structure and that physical laws arise from the requirement that
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systems preserve this alignment. Coherence becomes the primitive quantity; continuity the meta-law;
and curvature, mass, and potential the emergent consequences.

To support this thesis, we introduce a coherence field C,,, a variational functional governing coherence
mismatch, and dynamical equations linking internal coherence states 1pto external coherence geometry.
The resulting formalism aligns with known physics in appropriate limits while offering new conceptual
and mathematical tools for unification.

This expanded manuscript develops the full structure of CCT across mathematical, conceptual, and
phenomenological dimensions.

2. The Foundational Postulate: Consistency of Existence
CCT begins with a simple but powerful principle:
Physical systems evolve to minimize mismatch between their internal coherence structure and the
ambient coherence geometry.
Internal coherence refers to the organization of a system’s internal degrees of freedom: quantum phases,
spin alignments, energy distributions, and any structural property contributing to its persistence.
Ambient coherence geometry represents the external constraints experienced by the system, including
fields, curvature, and interactions.
To formalize this, we introduce the variational rule:

6CyY, Cypy] = 0.

This functional Cmeasures coherence mismatch. Its extremization yields equations of motion for both
internal states and ambient geometry. This is analogous to the action in mechanics, the Einstein—Hilbert
action in GR, and the stationary phase principle in quantum theory. However, in CCT the functional is
coherence-based and more general than any of these frameworks.

Interpretively, the Consistency-of-Existence principle asserts that existence is not merely persistence
through time but coherent persistence, requiring that a system’s internal structure remains compatible
with its environment in order to maintain identity. Physical laws emerge as strategies for maintaining
coherence.

3. Internal vs. External Coherence
To unpack the foundational postulate, we must clarify the distinction between internal and external
coherence:
Internal Coherence
e Phase relations within a quantum state

¢ Spin configuration stability
e Energy distribution consistency
e  Wavefunction self-alignment structures

Ambient Coherence Geometry
e External fields (electromagnetic, gravitational, etc.)

e Spatial and temporal structure of the environment
e Quantum bath states
¢ Collective coherence of surrounding matter

Two systems interact when their coherence geometries overlap. This provides a natural interpretation
of force: misalignment generates gradients, and gradients generate motion until coherence alignment is
restored.
This picture extends naturally to:

e quantum phase evolution
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e decoherence

e gravitation

e gauge symmetry
e classical inertia

Consider a one-dimensional system with coherence profile:
Y(x) = Wye /L%,

The coherence gradient is:
2x

Cx - —L—z.

The coherence-induced acceleration from Eq. (12) becomes:
2ax

a(x)=—ad,n ¥ = Iz
Thus coherence matching generates an effective harmonic restoring force toward regions of maximal
coherence.
This explicitly demonstrates how internal coherence adapts to ambient coherence geometry.

4. Coherence Geometry and the Coherence Tensor (Revised)
4.1 Coherence Field and Gradient
We introduce a real scalar coherence field

Y(x*) € RY,

defined on spacetime (]V[ ) gm,). The field Wrepresents the local density of coherence, understood as a
measure of how strongly internal degrees of freedom remain structurally aligned with their environment.
We define the normalized coherence gradient
_ v,¥Y
Cﬂ = Vﬂln Y= T

This quantity measures relative spatial-temporal variation of coherence and will play a role analogous
to a potential gradient in classical dynamics.

4.2 Definition of the Coherence Tensor
The central geometric object of the theory is the coherence tensor, defined as
Cww = V06, =V, V,In V.

This tensor is symmetric under exchange of indices in torsion-free spacetimes:
Cuv = Cyp-

The coherence tensor measures the local curvature of coherence geometry, in direct analogy with
how the Ricci tensor measures curvature of spacetime geometry. Importantly, no new degrees of
freedom are introduced: C,,is entirely determined by .
The scalar coherence curvature is given by the trace

c =g"C, =an V.

4.3 Interpretation
e (yencodes coherence gradients responsible for effective forces.
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e (yyencodes coherence curvature responsible for collective geometric effects.
e Constant Wimplies C, = 0, recovering standard geodesic motion.

Thus, coherence geometry generalizes—but does not replace—spacetime geometry.
The normalization of the kinetic term for Wis fixed by demanding:
1. Lorentz invariance

2. Recovery of standard GR when V,¥ — 0
3. Canonical mass dimension [¥] = 1

The potential ¥V (V)is expanded about a coherence vacuum Wy:
1
V(W) =V (¥) + mezp(‘l’ —¥)? + 0((¥ — ¥0)*).
The effective coherence mass scale mysets the coherence length
Leon ~ m‘;-’l'
Thus all parameters correspond to physically interpretable coherence scales, not adjustable couplings.

5. The Coherence Functional and Action Principle (Revised)
5.1 Coherence Action
Dynamics are derived from a variational principle. We postulate the action

1 1
S = [ d*=g | 7o R = 3 gM T 0T, = VW) + Ly (W, 60)|.

This structure is deliberately conservative:
e the kinetic term for Wis canonical,

e V(W)defines coherence vacua,
o matter fields ¢p;remain standard.

No nonlocal or higher-derivative terms are assumed.

5.2 Variation with Respect to the Coherence Field

Varying Swith respect to ¥, we obtain
dv 6£
8S = [ d*x,/— [ OV — —— + | 5,
J dx v v

Thus, the coherence field equation is

av
a¥ — — =]coh']coh = -

aLmatter
d¥ '

v

This equation governs how internal coherence responds to environmental and material coupling.

5.3 Variation with Respect to the Metric
Variation with respect to g, yields

Gy = 8TG (TR 4T,

with
1
Tul?/ =V,¥V,¥ - Eg“v(V‘-P)Z =gV ().
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In the limit V,¥ — 0, standard GR is recovered exactly.

6. Parameter Fixing and Physical Scales (New Section)
The structure of the action fixes most parameters by symmetry and dimensional consistency:
1. Lorentz invariance uniquely fixes the kinetic term.

2. Canonical mass dimension [¥] = 1fixes normalization.
3. Recovery of GR requires vanishing coherence gradients in equilibrium.

Expanding the potential about a coherence vacuum W,

1
V) = V(o) +5mb (¥ = Wo)? + -,

defines a coherence mass scale myand coherence length
—1
Leon ~ my.

No arbitrary dimensionless couplings are introduced.

7. Equations of Motion and Coherence-Driven Dynamics (Revised)
7.1 Coherence-Induced Force Law

For a test particle with four-velocity u*, coherence gradients modify geodesic motion according to

Du*
e —a(g™+utu’)v,In ¥,

where ais a dimensionless response parameter encoding coupling strength.
When Wis constant, standard geodesic motion is recovered.

7.2 One-Dimensional Toy Model
Consider a static coherence profile

Y(x) = Woe /L,

The coherence gradient is

2x
Vxln Y= L_2
The resulting acceleration is
2ax
“0) =T

corresponding to a harmonic restoring force toward the coherence maximum at x = 0.
This explicitly demonstrates how coherence geometry generates forces without invoking external
potentials.

7.3 Relation to Quantum Field Theory

The coherence field Wis treated as a classical background field with respect to standard quantum matter
fields.

For a Dirac fermion i, we take:

LDirac = l[)(i]/”VM - m)llj + g‘{’lpl[)ll)-

Thus Wacts as a scalar coherence background, analogous to:
¢  Yukawa couplings

e scalar—tensor theories
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o cffective field theory backgrounds

Renormalization proceeds as usual: loop corrections renormalize gyand m, but do not generate higher-
derivative terms for Wat leading order.

7.4 Emergent Quantum Dynamics
Writing ¥ =| ¥ | e?%and defining
pu. = hV,0,

yields a Hamilton—Jacobi equation

v 2|:||lp|
9 pupy + QW) = 0,Q(¥) = —h

R

The quantum potential emerges naturally from coherence curvature rather than being postulated.

8. Forces as Coherence Gradients
One of the most compelling features of CCT is that forces arise naturally from coherence gradients. The
scalar coherence field

C=9"Ch

defines a potential-like quantity. The force on a system is given by:
E,=-0,C.
W H

8.1 Interpretation
e Systems move toward regions of higher coherence compatibility.

e Coherence minima behave as attractors—analogous to gravitational wells.
e Rapid variations create misalignment forces, often repulsive.

Such forces are not imposed externally but arise from coherence preservation.

8.2 Generalized Geodesics

Traditional geodesic motion—extremizing path length—is replaced with extremizing coherence

alignment. The generalized geodesic equation becomes:
d?x? _ dxFdx’

_ _ Qa0
dr? Wodr dr 97C.

If Cis constant, this reduces to the usual geodesic of GR. If Cvaries, the right-hand side generates
effective forces, explaining gravitational and non-gravitational behavior as coherence gradient effects.
8.3 Coherence vs. Potential
In classical physics, potentials drive dynamics. In CCT, coherence gradient plays the same role. These
differ conceptually:

e Potentials are defined energetically.

e Coherence gradients are defined relationally and structurally.

This suggests that potentials may be emergent from deeper coherence geometry.

9. Mass—Energy Vacua
Mass—energy in CCT corresponds to coherence minima—stable fixed points in coherence geometry. A
mass distribution establishes a coherence well defined by:

d,C =0,05C > 0.

9.1 Mass as Coherence Curvature
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In this framework:
e Mass is not a “source of curvature,” as in GR.

e Mass is a location where coherence is maximized or stabilized.

Gravitational behavior emerges from the gradient of this coherence well.
9.2 Relationship to Inertia
Because mass corresponds to a coherence minimum, inertial resistance can be interpreted as resistance
to deviations from coherence equilibrium. This reframes inertia as a geometric property of coherence
space rather than an innate property of matter.
9.3 Coherence Wells and Stability
Coherence minima behave like:
o Potential wells in classical mechanics

e Vacuum states in quantum field theory
e Energy minima in condensed matter

But unlike these, coherence wells derive from relational consistency, not energetic grounds.
This opens the door to reinterpreting classical mass-energy concepts under a unified coherence
geometry.

10. Weak-Field Limit and Correspondence with General Relativity
To establish compatibility with GR, we study the weak-field expansion of the coherence tensor. We
assume:

Cuv = CoNyy + | By 1K< 1

The linearized coherence-geometry equation yields:
Vzhoo = 4nG | lp |2-

Identifying:
e hyowith the gravitational potential @,

e | 3 [?with coherence density,

we recover:
Vi = 4nGp.

10.1 Significance
This result shows:
1. CCT reproduces Newtonian gravitation in the appropriate limit.

2. Coherence minima behave the same way as gravitational potential minima.

3. Coherence geometry can mimic curvature-based gravity without assuming curvature as
fundamental.

10.2 Relation to GR
While full Einstein equations are not assumed, CCT generates:
e effective geodesics,

e potential-like fields,
e responses to mass—energy analogues,

e and a tensor structure capable of mimicking curvature.
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Further investigation is needed to fully recover GR’s nonlinear structure, but the weak-field
correspondence establishes a concrete bridge between CCT and gravitational physics.

11. Quantum Dynamics and Gauge Structure
CCT provides a natural reinterpretation of quantum dynamics as coherence-preserving evolution. The
generalized Schrodinger-type equation becomes:

'hd = V2 C
i 1) = (=aV? + 6C) | ).

11.1 Coherence Hamiltonian

The term fCmodifies the Hamiltonian based on coherence geometry. This connects quantum phase
evolution to external coherence structure.

11.2 Gauge Transformations as Coherence Symmetries

We require that coherence-preserving transformations leave physics invariant. This leads to:

V= (V, +iA)y.

Thus:
e Electromagnetism arises as U(1) coherence symmetry.

e Weak interaction arises as SU(2) coherence symmetry.
e Strong interaction arises as SU(3) coherence symmetry.

Gauge bosons can be interpreted as mediators of coherence preservation rather than carriers of forces
in the traditional sense.
Assume a pulsed magnetic system induces a coherence gradient:

VIn W~ Ar L g0z
. B m

over a coherence length L ~ 10 cm.
The resulting acceleration is:
Aeon ~ | VIn W |.

Even for ¢ « 1, this predicts accelerations well below gravitational g, consistent with current null
results — but potentially detectable in high-Q, rapidly pulsed systems.

11.3 Hilbert Space as Coherence Manifold
Quantum states evolve in Hilbert space, maintaining inner products. From CCT's perspective, the
Hilbert metric encodes an internal coherence geometry. This creates a dual geometric picture:

e Spacetime coherence geometry Cy,,

e Hilbert-space coherence geometry via the inner product

Their interaction governs quantum behavior in curved or variable-coherence environments.

12. Coherence Adaptation in Known Physical Phenomena

Many known physical effects become natural consequences of coherence-alignment dynamics.

12.1 Spin Alignment

Magnetic fields influence the coherence geometry, altering Cy,,. Spins align to reduce mismatch
between internal coherence and ambient geometry.

12.2 Decoherence

Decoherence corresponds to internal fragmentation of coherence. When internal coherence time is
shorter than environmental fluctuation timescales, systems fail to track ambient geometry.

12.3 Flux Pinning
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In superconductors, the coherence state is extremely rigid. External magnetic flux mismatches internal
coherence, generating restoring forces that “pin” flux lines.
12.4 Eddy-Current Repulsion
Rapidly changing external fields generate coherence mismatch. Electrons reorganize to reduce
mismatch, producing macroscopic repulsion.
12.5 Quantum Locking and Levitation
Superconducting coherence geometry interacts with magnetic coherence geometry. Stable
misalignment produces levitation states analogous to “coherence geodesics” through constrained
ambient fields.
13. Relationship to Other Emergent Gravity Theories
CCT is not the first attempt to derive gravitational behavior from more fundamental principles. Several
approaches have explored emergent spacetime, entropic forces, and relational structures. In this section,
we clarify what CCT shares with these models—and, critically, what distinguishes it.
13.1 Verlinde’s Entropic Gravity
Verlinde’s theory posits that gravity is an entropic force arising from information associated with
holographic screens. While both frameworks highlight information and structural constraints:

e Verlinde uses global holography; CCT uses local coherence geometry.

e Entropic gravity depends on thermodynamic arguments; CCT is variational and coherent.

e Verlinde defines gravity as an emergent entropic gradient, whereas CCT defines it as a
coherence gradient.

Thus, while conceptually adjacent, the two theories operate on different mathematical and physical
foundations.
13.2 Sakharov’s Induced Gravity
Sakharov proposed that GR emerges from quantum fluctuations in matter fields, with curvature induced
as a one-loop effect of vacuum polarization.
CCT differs fundamentally:

e It does not quantize spacetime geometry via field loops.

e It introduces a coherence geometry independent of vacuum fluctuations.
e Gravitation arises from structural mismatch rather than vacuum stress-energy.

CCT may provide a complementary geometric reinterpretation rather than a quantum-field—derived one.
13.3 Tensor-Network / Entanglement-Based Spacetime

Recent developments in quantum information theory suggest that spacetime geometry emerges from
entanglement structure (MERA, AdS/CFT tensor networks).

CCT differs by:

e Not relying on entanglement entropy or holography.
e Using coherence as the organizing structure.
¢ Being entirely local rather than relying on global tensor networks.

Nevertheless, both approaches emphasize geometry as emergent from informational structure.
13.4 Relational Quantum Mechanics (RQM)
RQM asserts that quantum states describe relations between systems rather than absolute properties.
CCT aligns with relational thinking but goes further:
e CCT defines a geometric field of coherence, not just relational states.

e It provides explicit dynamical equations.

e RQM lacks a mechanism for gravity; CCT introduces one via coherence gradients.
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13.5 Bohmian Mechanics and the Quantum Potential
The Bohmian quantum potential guides particle trajectories. It depends on curvature of the
wavefunction.
CCT’s coherence potential differs:
e It depends on internal-external alignment rather than wavefunction curvature alone.

e It is dynamical, influenced by ambient geometry.
e It has tensor structure capable of generating gravity-like effects.

13.6 Summary of Differences

CCT distinguishes itself by grounding both quantum and gravitational dynamics in a single geometric
coherence field. Unlike entropic or quantum-potential theories, CCT derives not only motion but also
geometry from coherence principles.

14. Predictions and Testable Signatures
For a new theoretical framework to be compelling, it must make predictions distinct from—and ideally
measurable relative to—established physics. CCT suggests several.
14.1 Coherence-Driven Repulsion
When ambient coherence geometry changes faster than a system can adapt:
Tenv < Tsyss

coherence mismatch generates repulsive forces. This predicts:
e enhanced levitation forces in fast pulsed magnetic systems,

e coherence-based repulsion in engineered quantum materials,
e measurable deviations from Lenz-type behavior under specific timing conditions.

14.2 Modified Inertia
Because coherence density contributes to the effective mass of a system:
Megr = Mg + aC,

materials with large coherence structures (superconductors, Bose—FEinstein condensates, aligned spin
ensembles) may exhibit slight inertial deviations. While challenging to detect, precision torsion-balance
experiments or atom-interferometric setups could probe this.

For a homogeneous coherence field W(t), the energy density and pressure are:

1. 1.,
pu =5 V2+V(P),py =52 -V (¥).

The Friedmann equation becomes:

) 8rG
H* = = (Pm+pw).
If¥2 « V(W), then:
Py = —Py,

formally identical to dark energy.

14.3 Quantum Phase Hysteresis
Phase evolution responds to coherence geometry:

A¢p = [ BC dt.

If coherence geometry exhibits hysteresis or anisotropy, closed-loop phase experiments could observe:
e non-linear phase shifts,
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e direction-dependent phase accumulation,
e memory effects in interferometers.

14.4 Relaxation-Time Threshold Phenomenon
CCT predicts that coherence alignment only occurs when:
Tsys < Teny-

This criterion suggests measurable transitions between:
e coherence-aligned regimes,

e coherence-misaligned regimes with pronounced forces,
e decohering regimes where tracking fails entirely.

This could be tested in spin ensembles, NMR systems, rapid magnetic quenches, or superconducting
transitions.
14.5 Gravitational Deviations in High-Coherence Systems
If mass corresponds to coherence minima, altering coherence geometry may slightly affect apparent
gravitational behavior. Supercooled materials, superconductors, or quantum-condensed systems might
show:

e minute gravitational anomalies,

e altered local coherence distributions affecting mass-energy equivalence.

These predictions remain speculative but potentially measurable.
14.6 Distinctive Signature Summary
CCT differs from GR and QFT primarily in:

e coherence-dependent inertia,

e coherence-gradient—driven forces,
e phase evolution tied to coherence geometry,
e timescale-dependent adaptation thresholds.

These signatures provide a roadmap for empirical evaluation.

15. Mathematical Open Problems

CCT is a young framework requiring further mathematical development.

15.1 Quantization of the Coherence Tensor

A major challenge is defining the quantum dynamics of C,,. Possible approaches include:
e canonical quantization,

e path-integral quantization of the coherence functional,
e geometric quantization of coherence manifolds.

15.2 Renormalization and Scale Behavior
Understanding how coherence geometry behaves under coarse-graining is essential. This includes:
e identifying relevant and irrelevant operators,

¢ determining fixed points of coherence flows,
e comparing coherence renormalization to Wilsonian RG.

15.3 Nonlinear Coherence Tensor Dynamics
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The full dynamical equations for €, include nonlinearities. These may generate:
e emergent curvature,

e coherence solitons,
e wave-like coherence disturbances.

15.4 Coherence-Geodesic Stability
The generalized geodesic equation must be analyzed for:
e stability of coherence trajectories,

e existence of bound states,
e perturbative corrections,
e chaotic regimes.

15.5 Cosmological Solutions
A cosmic coherence field could explain:
e large-scale structure,

e cosmic acceleration as coherence drift,
e dark energy as vacuum coherence pressure.

15.6 Effective Field Theory of Coherence Geometry
A systematic EFT for coherence geometry would clarify:
e low-energy degrees of freedom,

e symmetry constraints,

e observational signatures.

These mathematical tasks are essential for maturing CCT into a comprehensive physical theory.

16. Conceptual Discussion

Beyond mathematics, CCT offers a philosophical reorientation of physical law.

16.1 Coherence as Ontology

Unlike energy, which is defined relationally, coherence is structural. It describes:
e how systems maintain identity,

¢ how information remains stable,
e how quantum phases persist,
e how geometry constrains interaction.

CCT suggests coherence is the primitive entity from which all others derive.
16.2 Continuity as Meta-Law

508

Continuity is not merely a feature of differential equations but a structural requirement of existence.

Systems must maintain:
e continuity of identity,

e continuity of coherence,
e continuity of relational structure.

Physical laws enforce this at every scale.
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16.3 Geometry and Information

By embedding coherence into geometry, CCT unites physical and informational structure. Geometry
becomes a measure of consistency conditions rather than distance alone.

16.4 Unification Perspective

CCT does not unify physics by merging existing frameworks but derives both GR and QM from a
deeper principle. GR becomes a limit of coherence geometry; QM becomes a rule for internal coherence
preservation. Gauge theory emerges from coherence symmetry.

This top-down coherence-first view provides a conceptual coherence absent from current unification
attempts.

17. Conclusion
The Continuity—Coherence Theory proposes that the universe evolves according to a single,
fundamental rule: systems maintain the consistency of their existence by aligning internal and external
coherence structures. This principle leads naturally to a coherence tensor, a coherence functional, and
dynamical equations governing both matter and geometry.
In appropriate limits, CCT reproduces:

e Newtonian gravitation,

e geodesic motion,

e Schrodinger-like quantum evolution,

e gauge symmetry,

e coherence phenomena across condensed matter and quantum systems.

Beyond known physics, CCT predicts:
e coherence-driven repulsion,

e modified inertia,
e quantum phase hysteresis,
e relaxation-time thresholds.

The framework is mathematically rich, conceptually unified, and experimentally suggestive. Significant
work remains—particularly in quantizing Cy, , refining coherence geometry, and exploring
cosmological implications—but the foundational structure appears strong and promising.

CCT offers a unified account of physics grounded in coherence and continuity, providing a compelling
alternative to curvature-based geometry and probability-based quantum theory. It opens the possibility

that coherence, not spacetime or matter, is the true substrate of physical reality.
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