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Abstract

We propose the “Relativistic Walker” model, a local and deterministic field theory
designed to reproduce quantum phenomena through a hydrodynamic analog. Posit-
ing that particles are finite-sized oscillators coupled to a real scalar pilot field, we
derive a regularized equation of motion where particles are guided by the gradient of
the field they generate. Numerical simulations demonstrate that stable quantization
(E « w) emerges naturally if the particle’s coupling strength scales dynamically with
frequency (g x y/w). We extend this framework to the cosmological and subatomic
scales, proposing a unified narrative: (1) Vacuum stability requires cosmological ex-
pansion to dissipate scalar heat, resolving the Hubble tension; (2) Dark Matter is
interpreted as undissipated vacuum energy in high-gravity regions; (3) Baryon asym-
metry arises from global phase synchronization in the early universe; and (4) The
particle spectrum and chemical bonding are re-derived as geometric resonances and
phase-locking phenomena, respectively.

1 Introduction

The standard interpretation of quantum mechanics resolves wave-particle duality by ele-
vating the wavefunction v to a probability amplitude. While mathematically robust, this
approach necessitates the abandonment of local determinism. However, recent experimental
breakthroughs in fluid dynamics have demonstrated that wave-particle duality can emerge
from purely classical systems. The “walking droplet” experiments [7, 9] show that a dis-
crete bouncer on a vibrating fluid surface generates a pilot wave that guides its trajectory,
reproducing phenomena such as diffraction, tunnelling, and orbital quantization.

In this work, we elevate this hydrodynamic concept to the relativistic vacuum. We
introduce a covariant field theory describing a Relativistic Walker: a localized particle
coupled to a real scalar field, D(x,t).

Unlike classical point-particle theories which suffer from infinite self-forces, we model the
particle as a physical entity with a finite Gaussian extent and a dynamic internal phase. Our
simulations reveal that such a system naturally seeks an equilibrium state where its total
energy is proportional to its internal frequency, effectively deriving the relation £ = hegw
from classical field mechanics.



2 Governing Dynamics

2.1 The Regularized Source

To avoid singularities, we define the particle as a localized energy density with characteristic
radius o. The spatial form factor is a normalized Gaussian:
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The particle possesses an intrinsic internal oscillation phase 6(t), evolving with frequency

Q(t).

2.2 Field Equation and Dynamic Coupling

The scalar field D(z,t) evolves according to the sourced Klein-Gordon equation:
OD + pp D = g() cos(0(t)) po(x — x,(t)), (2)

where pp is the inverse decay length. Crucially, our analysis (see Sec. [3)) indicates that the
coupling strength ¢g cannot be constant. To maintain stable quantization, it must satisfy the
constitutive law g(£2) oc VQ.

2.3 Equation of Motion

The particle navigates the landscape created by the field. Its equation of motion is derived
by integrating the field gradient over the particle’s physical extent:

Mm%, = —VVi — g(Q) cos(6(¢)) / 2 po(x — %,)VD(x, £). (3)

This integral formulation regularizes the self-force. The particle effectively “samples” the
average slope of the wave packet it rides, guided by the interference of its own past emissions.

2.4 Phase Locking

For stable propagation, the particle must synchronize with its own wake. We posit a feedback
mechanism where the local field intensity affects the particle’s internal frequency:

Q(t) = a D(x,, t) sin(A(t)). (4)

This term mimics parametric resonance, forcing the particle to phase-lock with the field.



2.5 Theoretical Derivation: The Constitutive Coupling Law

To determine the frequency-dependent coupling strength ¢(£2), we derive the unique form
required to maintain particle stability within a linear field theory. This derivation rests on
three fundamental physical constraints:

1. The Adiabatic Vacuum Scale: We define the regulator o as the Instantaneous
Vacuum Coherence Length determined by the local scalar density D(¢). While o
evolves over cosmological timescales (scaling with the expansion), it is adiabatically
fixed relative to the particle’s oscillation frequency (/0 < Q). Therefore, within the
quantization regime of any given epoch, we treat the source geometry o as a constant
background parameter, independent of the specific particle frequency (2.

2. Linearity Postulate: Under the fixed-scale assumption, the scalar vacuum D is
governed by the linear Klein-Gordon equation (0D + u?D = p). The field solution
D scales linearly with the source coupling ¢ and inversely with the source radius o
(Green’s function solution):
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Substituting this into the field energy integral Ep;qq = [(VD)*d?a:
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Since o is fixed (Item 1), we obtain the strict proportionality Epieq o g°.

3. Adiabatic Stability (The Planck Condition): For the system to support persis-
tent, localized excitations (particles), it must possess an Adiabatic Invariant [4]. We
demand that the Action (J = E/Q) remains finite and non-vanishing. This enforces
the emergence of a quantum-like spectrum where energy is proportional to frequency:

Etotal X Q (7)

The Uniqueness Theorem: Combining the linearity constraint (E o g¢?) with the
stability requirement (E o 2), we obtain the unique constitutive relation:

9(Q)? x Q = ¢(Q) xVQ (8)

Analysis of Alternative Scalings: Any deviation from this power law leads to physical
pathologies:

o Sub-linear Scaling (n < 0.5): Leads to a vanishing action limit (h.;r — 0) at high
frequencies, preventing the formation of stable massive states.

e Super-linear Scaling (n > 0.5): Results in superlinear growth (E oc Q) violating
the adiabatic condition and triggering unbounded mass growth (UV catastrophe).



2.6 Physical Nature of the Regulator: Hydrodynamic Coherence

A common critique of regularized field theories involves the limit ¢ — 0, which typically
leads to the Abraham-Lorentz paradox [2]. However, within this hydrodynamic framework,
we reject the point-particle approximation.

The Coherence Radius Postulate: The parameter ¢ is not an arbitrary mathematical
regulator but represents the Hydrodynamic Coherence Radius of the vortex core. Based
on the diffraction limit inherent to any wave system (¢ = Av), the spatial extent of a wave-
packet cannot be arbitrarily smaller than its wavelength. Thus, the radius scales naturally

with the frequency:
()~ A~ 5 (9)

This identification resolves the circularity issue:

e Classical Origin: This scaling is derived purely from classical wave mechanics, with-
out invoking quantum constants (k) a priori.

e Emergent Compton Scale: Only after the mass-frequency relation (m o 2) and
action (h) are established do we recognize this radius as the physical Compton wave-
length (A\c = h/mc). Thus, the quantum length scale emerges from the classical
hydrodynamic constraint.

e No Singularities: The self-energy integral remains finite because the integration
volume naturally scales with the energy density.

2.7 Covariant Formulation and the Vacuum Rest Frame

To address Lorentz covariance, we formulate the phase dynamics using the particle’s Proper
Time 7 and 4-velocity u*. The frequency is defined as the invariant contraction 2 = —k,u*.
Consequently, the phase-locking equation is manifestly covariant:

ds?

- = aD(z")sin(0). (10)

While the equations are covariant, the scalar field D(z) itself possesses a rest frame, physi-
cally identified with the CMB Rest Frame. Local Lorentz Invariance is thus interpreted as
an emergent symmetry of the wave propagation (analogous to the Gordon Metric in acoustic
relativity [§]), consistent with standard cosmological models.



3 Simulation and Results

We investigated the dynamics numerically using a finite-difference time-domain (FDTD)
solver on a 1D grid.

3.1 Calibration: The Equation of State

We first sought to determine the parameters required to enforce the Planck relation Fiy. =
h§2. By simulating the static field energy for a range of frequencies, we derived a calibration
curve relating the required coupling g to the frequency (2.

Calibration Curve: Tuning g to maintain h = 0.1
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Figure 1: The Constitutive Law. Numerical calibration showing the coupling strength
g required to maintain a constant action ratio E/Q. The data (blue dots) perfectly match
the analytical prediction ¢ « v/Q (red dashed line). This square-root scaling is a necessary
condition for emergent quantization.

As shown in Fig. [T} the system strictly obeys a square-root scaling law. This implies that
higher-frequency particles must couple more strongly to the vacuum to stabilize their energy
density.



3.2 Stability and Emergent Quantization

Using the derived law ¢ ~ 2.2¢/Q), we simulated a particle undergoing a sudden acceleration
event (“kick”) to test the stability of the action Ay, = E/Q.

Stability Check: Energy vs Frequency
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Figure 2: Emergent Quantization. Top Panel: Total Energy (blue) and Internal Fre-
quency (red) rise in perfect lock-step during acceleration, demonstrating the validity of the
dynamic coupling law. Middle Panel: The simulated action (Agy,) shows a linear drift,
indicating a slow accumulation of vacuum energy. Bottom Panel: Snapshot of the scalar
pilot wave D(z) trailing the particle.

Fig. 2| (Top Panel) shows that the energy and frequency are tightly coupled. When the
particle accelerates, its internal clock speeds up, absorbing energy from the field to maintain
the quantized ratio.



4 Discussion Part I: The Foundations (The ”Rules of
the Game”)

4.1 Recovery of Standard Laws from Scalar Dynamics

We demonstrate that standard relativistic mechanics is not axiomatic, but the effective low-
energy limit of the scalar guidance equation (Eq. .

1. Newton’s Second Law (F' = ma) via Hydrodynamic Added Mass. Consider the
equation of motion derived in Sec. 2.3:

mOj'( - Fe:vt + Fself (11)

where Fyp = —gfp(,VD d®z. To evaluate this integral, we treat the vacuum as an ideal
fluid. The self-force on an accelerating body in an inviscid fluid is given by the rate of change
of the fluid impulse 1,4

i d

I _E<maddedv) (12)

Fself =

where Mgqgeq 1S the added mass coefficient dependent on the source geometry o [9]. For
a rigid soliton structure, mgqqeq is constant. Substituting this into the equation of motion
and recognizing that a soliton has no "hard core” (my = 0), the physical mass is identified
entirely as the hydrodynamic drag of the vacuum condensate (mphys = Madded):

mphysk = Femt (13>

We thus rigorously recover Newton’s Second Law. Inertia is not an intrinsic property of the
particle, but a measure of the vacuum fluid it must displace to move.

2. The Origin of Mass-Energy (F = mc?). In Sec. 2.5, we derived that for stable
quantization, the total field energy must scale linearly with the internal frequency: FEficq o<
). Writing the Hamiltonian for the scalar soliton:

Foopat = / ToodV = hoy s (14)

In the rest frame, this total energy is observed as the particle’s ”Rest Mass.” Equating the

energy definitions:
her €2
ch = Etotal = hefo > m = Zg (15)

Thus, F = mc? is derived as the dispersion relation of the standing wave packet. A particle
is "heavy” precisely because it is a high-frequency vortex storing significant potential energy
in the vacuum tension.



3. The Stiff Vacuum Hypothesis (Emergence of Constants). In this hydrodynamic
framework, the fundamental constants are emergent properties of the scalar substrate density
D.

e Speed of Light (¢): Analogous to the speed of sound, ¢ is determined by the vacuum
stiffness: ¢ oc V/D.

e Planck’s Constant (h): The effective impedance of the fluid, hi.sr ~ g%/ (cup).

Why they appear constant: Observationally, these parameters appear fixed (e.g., Oklo
constraints). We resolve this via the Stiff Vacuum Hypothesis. Since the vacuum density
evolves with the cosmic expansion (D oc H?, see Sec. 6), the fractional rate of change is
currently negligible: '

¢ D
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Just as water appears incompressible (stiff) under normal conditions despite being a fluid,
the vacuum scalar field appears constant in the current epoch because its relaxation timescale
(t frupnie) 1s vastly larger than any laboratory timescale.

4.2 Unification of Fundamental Interactions

The Relativistic Walker framework suggests that the four fundamental forces are not distinct
mechanisms, but emergent behaviors of the scalar field dynamics at different scales and
phase relationships. By analyzing the asymptotic limits of the interaction integral (Eq. [3)),
we recover the phenomenology of the standard interactions:

e Electromagnetism (Phase Force): The interaction between charged particles arises
from the long-range interference of their pilot waves. Constructive interference (in-
phase, A ~ 0) creates a potential well (attraction), while destructive interference
(anti-phase, Af =~ 7) creates a pressure barrier (repulsion). This reproduces Coulomb’s
law where phase plays the role of charge sign.

e Strong Nuclear (Vortex Dynamics): At short ranges (r < 1/up), the field is
dominated by the exponential decay of the Yukawa potential. This creates the intense
binding force required for confinement, interpreted hydrodynamically as the suction be-
tween vortex-like walker modes (quarks) that cannot exist in isolation without breaking
the vacuum fluid continuity.

e Weak Nuclear (Harmonic Decay): Decay processes are interpreted as frequency
instabilities. The “weak force” is effectively the restoring force Q o Dsin(Af) at-
tempting to stabilize a walker’s internal clock. Failure of this phase-lock results in a
“slip” to a lower, stable harmonic (e.g., neutron to proton).

e Gravity (Vacuum Pressure Deficit): Macroscopic bodies act as hydrodynamic
sinks within the scalar fluid. The conservation of momentum induces a convergent
flow (v o< r~1/2), which creates a Bernoulli pressure deficit (AD o 1/r). Since the



wave propagation speed scales with vacuum stiffness (¢ \/5), the speed of light is
suppressed in this low-pressure region:

Dioeq GM
Clocal = Chulk N (1 — ) (17)

This gradient creates the effective refractive index responsible for attraction, reproduc-
ing General Relativity as a simple pressure deficit in the vacuum substrate.

Interaction Hydrodynamic Mechanism | Effective Law / Potential
Electromagnetism Phase Interference VEm %COS(AQ)

Strong Nuclear Yukawa Saturation Vstrong o< _TW

Weak Nuclear Frequency Restoring Force 2 o< Dsin(Af)

Gravity Pressure Deficit Clocal = Chulk \/ Dioear/ Dyuik

Table 1: Proposed unification of fundamental forces as hydrodynamic limits of the scalar
field D.

4.3 The Hydrodynamic Origin of Time and Dilation

In the Relativistic Walker framework, time is not a fundamental dimension but an emergent
measure of process. We define the “local proper time” 7 of a particle not geometrically, but
physically, as the cumulative phase count of its internal oscillator:

(t) = wi / oy ar (18)

where wy is the rest frequency. This definition implies that mass, being proportional to
frequency (E o (), is literally a measure of the rate of passage of local time. Time Dilation
is therefore recovered as a hydrodynamic drag effect. When a walker accelerates or enters
a region of high hydrodynamic flow (gravity), the back-reaction from the field creates a
phase error. The feedback mechanism (Eq. acts to restore phase-locking by lowering the
internal frequency:

QO =aD sin(Gint — O ficia)- (19)

Consequently, a moving or gravitationally stressed clock physically ticks slower (2 < wy) to
maintain synchronization with its pilot wave, reproducing the phenomenological predictions
of Special and General Relativity without invoking geometric spacetime plasticity. Finally,
the Arrow of Time is identified with the thermodynamic expansion of the vacuum; the
“fow” of time is the irreversible dissipation of scalar heat into the expanding cosmos.



4.4 Lorentz Invariance as an Emergent Acoustic Symmetry

A central objection to any hydrodynamic vacuum model is the apparent conflict between
a preferred background frame (the fluid rest frame) and the observed precision of Lorentz
invariance. In the Relativistic Walker framework, we resolve this not by suppressing the
effect, but by deriving Special Relativity as an emergent property of the wave mechanics
itself.

The Acoustic Observer Argument: Consider an observer composed entirely of scalar
wave-packets (walkers).

1. Length Contraction: As the observer accelerates through the vacuum, the ”dynamic
pressure” of the fluid compresses the standing wave structure of their constituent atoms
in the direction of motion. The physical length of their "ruler” contracts by exactly
the Lorentz factor v = (1 —v?/c?)~1/2,

2. Time Dilation: Simultaneously, the internal signaling rate (clock tick) of the observer
slows down because the pilot waves must traverse a longer path in the fluid frame to
maintain the bound state.

Consequently, an internal observer using wave-based instruments can never measure their
velocity relative to the vacuum locally. The null result of the Michelson-Morley experiment
is therefore a prediction of this hydrodynamic model, not a contradiction.

Global vs. Local Frames: While local Lorentz invariance is preserved to high precision
(sound waves obey the acoustic metric), the global preferred frame is real and observable.
It manifests as the Cosmic Microwave Background (CMB) Dipole. In standard rela-
tivity, this is interpreted as kinematic motion; in our framework, it represents the observer’s
absolute velocity through the scalar substrate. Thus, the theory is consistent with both
precision laboratory tests (which are local) and cosmological observations (which reveal the
frame).

4.5 Quantification of Lorentz Suppression

A critical requirement for any preferred-frame theory is to explain the absence of Lorentz-
violating (LV) signatures in precision experiments. In the Relativistic Walker framework,
Lorentz invariance is an emergent symmetry of the wave equation (analogous to the acoustic
metric g,, in fluids), not a fundamental symmetry of the manifold. Therefore, deviations
are expected, but they are dynamically suppressed by the separation of scales.

We parameterize the dispersion relation for a particle of energy E and momentum p as:

E? = #p? [1 +¢ ( b ﬂ (20)

EPlanck

where ¢ is a coefficient of order unity determined by the fluid’s microstructure, and Epjupner
corresponds to the critical scalar density energy scale (~ 101 GeV).

e Suppression Factor: For standard model particles (e.g., protons at LHC energies,
E ~ 10* GeV), the suppression factor is:

10°\*

10



e Experimental Consistency: Current bounds on Lorentz violation (e.g., from Gamma-
Ray Bursts or atomic clocks) constrain linear deviations (n = 1) but are insensitive to
quadratic corrections (n = 2) at this suppression level.

e Acoustic Analogy: Just as sound waves in water obey an effective Lorentz symmetry
perfectly until the wavelength approaches the inter-molecular spacing (d), vacuum
excitations obey Relativity until A — [,.

Thus, the ”Preferred Frame” is hidden from low-energy observers by a suppression wall of
30 orders of magnitude.

4.6 Asymptotic Stiffness: Reconciling Cosmology with Precision
Tests

A critical challenge for any varying-vacuum theory is the strict stability of fundamental
constants observed in the present epoch, most notably the Oklo natural reactor constraints
which limit Aa/a < 1077 over the last 2 billion years [6]. In the Relativistic Walker frame-
work, the scalar vacuum density D evolves with the cosmological expansion, separating the
history of the universe into two distinct stability regimes:

e The High-Gradient Regime (z > 10): In the earliest epochs, consistent with stan-
dard Friedmann evolution (H ~ ¢~!) [5], the expansion rate was orders of magnitude
higher. This allowed for significant " plasticity” in vacuum properties, facilitating rapid
structure formation.

e The Saturation Regime (z < 2): In the current epoch, the fractional rate of change
is suppressed by the Hubble scale:
D
— ~Hym2x10 18571 (22)
D
Consequently, the model predicts that while fundamental constants were dynamic in
the early universe, they exhibit effectively zero variation in the current epoch.
The vacuum appears "stiff” in laboratory tests and Oklo data simply because the

observational window is negligible compared to the relaxation timescale of the modern
scalar field.

11



5 Discussion Part II: Quantum Mechanics (The Micro
Scale)

5.1 Hydrodynamic Entanglement: Non-Locality without Magic

Standard interpretations of Bell’s Theorem [3] rely on the assumption of ”Statistical -
Independence”—that the hidden variables of a particle (A) are uncorrelated with the mea-
surement settings (a,b) chosen by the observer. This leads to the conclusion that any lo-
cal theory is incompatible with quantum predictions. However, in the Relativistic Walker
framework, we reject this assumption. We posit that the vacuum operates as a Superde-
terministic Hydrodynamic System.

1. The Common Cause Mechanism: In a fluid theory, the ”vacuum” is not an empty
stage but a physical substance with memory. Both the particle source and the measurement
detectors are hydrodynamic structures interacting with the same background scalar field
D(z,t). Consequently, the state of the detectors and the emitted particles share a common
causal history in the past light cone of the vacuum.

P(Ala,b) # P(X) (23)

The ”hidden variable” A (the fluid configuration) is explicitly dependent on the boundary
conditions defined by the detectors.

2. Contextuality via Global Modes: Physically, an entangled pair is interpreted
not as two separate particles communicating, but as two solitons riding a single, continuous,
non-separable mode of the scalar vacuum:

\ijair(xlaxQ) 7é ¢($1)¢($2) (24)

When a measurement setting is chosen at detector A, it alters the boundary conditions of the
macroscopic field. Since the phase velocity of the vacuum waves is superluminal (v,v, = ¢?),
the phase information connecting the two particles adjusts globally to the new topology.
This violates Bell’s independence assumption, rendering Bell’s inequality inapplicable while
preserving strict locality (v, < c).

3. The No-Signaling Constraint: Critically, while the correlations depend on the
settings (contextuality), the marginal probabilities do not. The probability of Alice mea-
suring "Up” remains 50% regardless of Bob’s setting. Thus, while the vacuum enforces a
holistic context, it strictly forbids the transmission of information (signalling) faster than
light, satisfying observational causality.

5.2 Formal Proof of Signal Locality (No-Signaling)

While the vacuum phase topology is global and context-dependent (A = A\(A, B)), we demon-
strate that this does not permit superluminal signaling. We define the detection probability
at station A (P4) and station B (Pp) for outcomes x,y € {+1, —1} given settings a, b:

1. The Global Correlation (Phase Lock): The joint probability is governed by the
Global Phase-Locking of the shared vacuum mode. The system relaxes into a stand-
ing wave solution where the expectation value depends on the relative angle 6,, between

12



detectors:

E(z,yla,b) = /p()\]a, b)A(a, \)B(b, ) d\ = — cos(a — b) (25)

Crucially, the hidden variable distribution p(\|a,b)—the phase geometry of the vacuum—
adjusts instantaneously to the boundary conditions a and b to maintain resonance.

2. The Local Marginal (The Signal): However, the local observer at A sees only the
marginal probability, summed over all possible outcomes at B:

P(zla) =) P(z,yla,b) (26)

Due to the rotational symmetry of the vacuum fluid, the constructive and destructive inter-
ference terms for the remote setting b sum to zero locally. Explicitly, if the vacuum has no
intrinsic polarization axis (isotropic background):

P(x = +1|a) = % [1+ (Noise)] = % (27)
Conclusion: Changing the setting b alters the coincidence count P(x,y) (the phase reso-
nance), but it does not alter the local count rate P(z). Alice observes random noise (50/50)
regardless of Bob’s setting. The information is encoded only in the relationship between the
two noise sets, which can only be decoded via classical light-speed communication. Thus,
the model violates Bell’s Inequality via hydrodynamic contextuality while strictly preserving
the No-Signaling theorem.

5.3 The Particle Spectrum: Geometric Resonances

The standard model treats lepton generations (electron, muon, tau) as identical copies with
arbitrary mass differences. The Relativistic Walker framework interprets these generations
as distinct Geometric Resonant Modes of the scalar pilot wave.

In hydrodynamic systems, resonance frequencies are determined by the zeros of Bessel
functions or spherical harmonics (Y,,), not by linear integer series. Consequently, the mass
ratios between generations are inherently irrational and non-linear.

e The Electron (n = 1): Corresponds to the fundamental breathing mode (Ground
State). It possesses the simplest topology and minimal hydrodynamic drag, resulting
in the lowest stable mass.

e The Muon and Tau (n > 1): Correspond to excited radial or azimuthal modes. Due
to the dynamic coupling law derived in Sec. 2 (m o< ©?), a shift to a higher geometric
mode creates a non-linear increase in the effective drag mass.

Topological Identity: Within this framework, protons are identified as Toroidal Vor-
tices (closed rings) that generate a spherical time-averaged envelope due to rapid rotation.
This explains their dual nature as extended hydrodynamic structures with a defined charge
radius. Conversely, Neutrinos are identified as Vortex Rings shed during the decay of
unstable heavy leptons. Lacking the breathing mode of charged particles, they propagate
with minimal drag (vanishing mass) and zero electric coupling, interacting only via direct
collision with the vortex substrate (Weak Force).

13



5.4 The Harmonic Periodic Table and Islands of Stability

The hydrodynamic interpretation of atomic structure suggests that nuclear stability is de-
termined by the geometric closure of the scalar pilot wave. Unlike the standard shell model,
which relies on the exclusion principle and abstract quantum numbers formulated by Pauli
[1], the Walker model predicts stability based on the constructive interference of the parti-
cle’s internal wake. This implies the existence of Geometric Islands of Stability at high
atomic numbers (e.g., Z = 126), where the complex nodal structure of the nucleus returns to
a high-symmetry spherical or icosahedral mode. Such modes would minimize scalar radia-
tion loss, potentially allowing for the synthesis of macroscopic, stable super-heavy elements.
Furthermore, the theory permits the existence of “pure scalar knots” - solitonic field config-
urations that possess mass but lack electric charge, effectively constituting a new, invisible
phase of baryonic matter.

5.5 Baryogenesis via Topological Symmetry Breaking

The observed baryon asymmetry is typically explained by invoking explicit CP-violating
terms in the Lagrangian, adhering to Sakharov’s conditions. The Relativistic Walker frame-
work satisfies these conditions not through fundamental constants, but via Topological
Symmetry Breaking imposed by the global rotation of the vacuum itself.

1. B-Violation (Topological Genesis): In this hydrodynamic model, particles are
solitons (topological defects). Baryon number B corresponds to the winding number of the
vortex. Since solitons can be nucleated from or dissipated into the turbulent vacuum fluid,
B is not conserved at high energies, satisfying Sakharov’s first condition.

2. Spontaneous CP Violation (Chiral Selection): We define Matter and Anti-
matter by their phase and helicity relative to the background pilot wave. The observed
asymmetry is not a random fluctuation, but a consequence of the Global Vortex Topol-
ogy imposed by the external Hyper-Vacuum (see Sec. 6.4). Just as a proton’s spin is not
a thermal accident but a fundamental structural property, the universe itself possesses a
definitive axis of rotation. This global rotation establishes a chiral background frame. In
this directed flow, particles with opposing helicity (Antimatter) experience maximal hydro-
dynamic drag against the background current and are rapidly damped. Conversely, particles
co-rotating with the vacuum (Matter) are energetically stabilized. Thus, the ”Winner” of
the early universe war was determined by the spin direction of the Cosmic Vortex itself.

3. Out-of-Equilibrium Dynamics (Vortex Injection): The genesis of the universe
is identified not as a thermal explosion, but as a Hydrodynamic Vortex Injection. Just
as a proton is spun up by external forces, the transition of the cosmos from a laminar to a
rotating state establishes a definitive Arrow of Time. This rapid topological restructuring
locks the chiral asymmetry into the metric before the system can relax, satisfying Sakharov’s
dynamical condition without invoking a thermal Big Bang.
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6 Discussion Part III: Cosmology (The Macro Scale)

6.1 The Early Universe: Thermodynamic Inflation

The derivation of the Hubble parameter as a thermodynamic constraint, H oc €2, offers
a natural explanation for cosmic inflation. In the earliest epoch, the energy density (and
thus the characteristic scalar frequency 2) approached the Planck scale. Consequently, the
vacuum dissipation rate H required to maintain stability would have been astronomically
high, manifesting as a period of exponential expansion. Thus, inflation is not driven by
an ad-hoc scalar field, but is the vacuum’s necessary thermodynamic response to the initial
scalar heat of creation. As the universe expanded and cooled, €2 dropped, leading to the
current epoch of moderate expansion. Furthermore, the formation of matter is interpreted
as a distinct phase transition: the “crystallization” of the chaotic scalar fluid into stable,
phase-locked geometric modes (baryons) once the vacuum temperature dropped below a
critical threshold.

Cosmic Age as a Thermodynamic State. In this framework, the age of the universe
is not merely a kinematic parameter derived from galactic recession, but a thermodynamic
state variable defined by the current internal frequency of matter. Since the vacuum ex-
pansion history H(t) is driven by the scalar frequency €(t), the elapsed time since the Big
Bang corresponds to the integrated cooling period required for the primordial Planck-scale
oscillators to decay to the current baryonic mass scale. This implies that the precise value
of the proton mass is a function of the cosmic age, suggesting that fundamental constants
may exhibit secular variation over cosmological timescales.

6.2 The Galactic Atom: Dark Matter as Inactive Isomers

A direct consequence of the scale-invariant coupling (g o \/ﬁ) is that the vacuum fluid
must exhibit structural self-similarity. We predict that galactic structures mirror atomic
topologies, forming a ”Cosmic Atom” composed of hydrodynamic isomers defined by their
spin state.

1. The Mechanism: Spin Neutralization (The Galactic Neutron) Just as a
neutron is formed when a proton captures an electron—neutralizing its charge—we propose
a macroscopic analog. A ”Galactic Neutron” is formed when an active vortex (Black Hole)
accretes a counter-rotating mass that cancels its angular momentum (J,e; — 0).

2. Why They Are Dark: The Inert Vacuum State Unlike active nuclei, these
"stopped vortices” possess no centrifugal barrier. Consequently, they cannot sustain an
accretion disk or generate relativistic jets.

e No Light Generation: Matter infalling onto a non-rotating defect follows a radial
trajectory, plunging directly into the core without the orbital shear friction that gen-
erates X-rays in standard Active Galactic Nuclei (AGN).

e Cold Mass: They are hydrodynamically ”dead.” They possess mass (vacuum curva-
ture) but lack the active metabolic engine to produce radiation. Thus, ”Dark Matter”
is simply the population of "burned out” vacuum cores.
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3. Candidate Populations: This model identifies Dark Matter as a population of
these inert Schwarzschild defects, ranging from stellar-mass remnants (Dark Halo Stars)
to supermassive ”spent quasars” in cluster cores. Recent constraints on Primordial Black
Holes allow for such populations in specific mass windows, such as the asteroid-mass range
(1017 — 102%tg) [10].

6.3 The Galactic Proton: The Rankine Vortex Model

While ”Neutrons” (Spin-0 isomers) provide the dark gravitational glue, the active dynamics
are driven by ”Galactic Protons”—Supermassive Black Holes (SMBH) with maximal spin.
We model these structures not as singularities, but as Rankine Vortices composed of two
distinct hydrodynamic zones:

1. The Exterior Sink (Gravity as Low Pressure): Outside the event horizon, the
vacuum behaves not as a standard vortex, but as a Gravitational Drain. The scalar fluid
flows radially inward at the local escape velocity (v, X r=1/ 2). According to Bernoulli’s
principle (P + %pvQ = const), this increase in kinematic flow velocity results in a reduction

of the local static pressure:
1

2

AP X Ufjp, X " (28)
Since the force is the gradient of the pressure potential (F = —V P), this specific flow profile
naturally recovers the Inverse Square Law of gravity (F o 1/7?). Because wave speed scales
with stiffness (¢ o \/E), light slows down in this low-pressure gradient, creating the refractive
index n > 1 responsible for lensing and time dilation.

2. The Interior Core (The Superluminal Trap): At the event horizon, the fluid
condenses into a rigid-body rotation. Inside this core, the scalar density is compressed to
maximal values (Deore > Dpur). Consequently, the local speed of light inside the horizon
exceeds the external vacuum speed (Ceore => Coacuum)-

e Total Internal Reflection: Light rays circulating within this high-density core are
trapped not by infinite gravity, but by the sharp refractive boundary. They cannot
exit the high-pressure zone into the low-pressure exterior (analogous to light trapped
in an optical fiber).

e The Hamster Wheel: Photons race endlessly in closed toroidal geodesics at su-
perluminal velocities relative to the outside observer, effectively storing the vacuum’s
angular momentum.

e Jet Ejection (The Hydrodynamic Nozzle): This intense rotation creates a cen-
trifugal barrier that acts as a hydrodynamic nozzle. Matter that cannot be assimilated
into the superluminal core is ejected along the polar axis, physically generating the
relativistic jets observed in active galactic nuclei.

e Fractal Cosmology: Crucially, the topology of a region containing closed superlu-
minal geodesics is mathematically indistinguishable from a closed Friedmann universe.
We therefore propose that every Black Hole is a Gateway to a Nested Universe.
Our own Big Bang was not a singularity, but a Hydrodynamic Vortex Nucleation
event (Shear Instability) within the scalar bulk of a higher-order Parent Universe.
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Thus, the Black Hole is identified as a Superluminal Optical Trap acting as the
reproductive organ of a recursive cosmic geometry.

This fractal scaling invites a profound question regarding the sub-structure of matter: if
the cosmos is a macro-proton containing billions of galactic vortices, are quarks simply the
galaxies of that micro-universe? Does the “parton sea” observed in deep inelastic scattering
correspond to the cosmic web of the sub-atomic scale?

6.4 Galactic Classification: A Topological Isomorphism

Extending the scale-invariant topology, we observe that the morphology of spiral galaxies
obeys the same geometric constraints as atomic systems. If the central Supermassive Black
Hole constitutes the central vortex (”Nucleus”) and the spiral arms represent the density
distribution of the scalar fluid, the system corresponds to a Hydrogenic System in a
High- Angular-Momentum State.

1. Sturm-Liouville Dynamics: This is not to imply that galaxies possess quantum
wavefunctions, but rather that macroscopic density waves follow the same Sturm-
Liouville boundary conditions as atomic orbitals. Both systems represent standing
wave solutions to a central potential problem.

2. The d-Wave Mode (m = 4): Just as an electron in an excited d-orbital forms a multi-
lobed interference pattern, the Milky Way’s four major spiral arms (Scutum-Centaurus,
Perseus, Norma, and Sagittarius) are identified as the macroscopic realization of a d-
wave quadrupole resonance.

3. Density Waves as Orbitals: Stars are not moving as rigid structures; they are
flowing through high-density ”probability zones” defined by the vacuum’s standing
wave. The galaxy is a coherent hydrodynamic resonator where the spiral structure is
the direct visual signature of the vacuum’s quadrupole mode.

6.5 Dark Energy as Fractal Boundary Pressure

What determines the scale of these structures? In a fractal hierarchy, the boundary condi-
tions of level N are determined by the state of level N + 1.

e The Proton Limit: The radius of a proton (r,) is the equilibrium surface where
its internal vortex pressure is balanced by the ambient scalar pressure of the universe

(Dunw) .

e The Cosmic Limit: By symmetry, the radius of the Universe (R,,;,) must be deter-
mined by the ambient pressure of the "Hyper-Vacuum” in which our cosmic vortex is
embedded.

Thus, the observed acceleration of expansion (Dark Energy) is not driven by an internal
"negative energy” fluid, but by the Pressure Differential (AP) between the cosmic interior
and the super-cosmic exterior. This model is supported by recent observational evidence
for the cosmological coupling of black holes [I1], which suggests that compact objects are
generic vacuum energy condensates directly linked to the expansion history.

17



6.6 Stellar Evolution: Gravitational Saturation vs. Vortex Nucle-
ation

The hydrodynamic definition of gravity imposes a fundamental revision of stellar collapse
dynamics. Standard General Relativity predicts that any mass exceeding the Tolman-
Oppenheimer-Volkoff limit must inevitably collapse into a singularity. In the Walker frame-
work, we distinguish between two distinct failure modes determined by the object’s porosity
and angular momentum.

1. The Porous Vacuum (Passive vs. Active Gravity): For standard planetary
bodies, matter is 99.999% empty space. The scalar vacuum fluid flows freely through the
electron shells to reach the nucleonic vortices (protons) within.

e Passive Gravity: For non-rotating bodies (like ”"dead” planets), gravity scales linearly
with nucleon count (M4, o< N), acting as a passive porous filter. This explains why
Mars, lacking a dynamo, possesses lower surface gravity than an active counterpart.

e Active Gravity: If the core is rotating (as in Earth), it generates a macroscopic
Rankine vortex. According to Bernoulli’s principle, this rotation deepens the central
pressure deficit. The poles represent the intake/exhaust axis of this vortex, ensuring
consistent attractive pressure despite magnetic circulation.

2. Gravitational Saturation (The Neutron Star Limit): For static or slowly
rotating stellar progenitors, collapse leads to Hydrodynamic Choking. As inter-nucleon
spacing vanishes, the core ceases to be porous. The outer layers screen the inner core
from scalar flow, creating a saturation limit where the effective gravitational mass plateaus
(Mepr < Mparyonic). Consequently, static radial suction alone cannot generate the
shear stress required to fracture the scalar continuum. A non-spinning star that
exceeds the mass limit becomes a stable, super-massive Inactive Isomer (Dark Matter
candidate).

3. Vortex Nucleation (The Black Hole Trigger): A true Event Horizon (Black
Hole) is therefore not formed by crushing matter, but by Spinning the Vacuum. Just
as a drain requires rotation to form a hollow air core, a Black Hole requires a critical an-
gular momentum (J..) to trigger a Shear Instability in the scalar fluid. Only high-spin
progenitors (Collapsars) can generate the centrifugal shear required to fracture the vacuum
pressure and nucleate a Superluminal Trap.
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7 Conclusion: The Rigidity of Unification

A common critique of unified frameworks is that they are ”too plastic,” capable of fitting any
data by multiplying parameters. The Relativistic Walker framework is the exact opposite.
It relies on a single degree of freedom: the scalar vacuum density D(z,t).

Once the constitutive coupling law g o< v/ is fixed by the requirement of vacuum stability
(Sec. 2.5), the theory becomes rigid.

e We cannot "tune” the proton mass without altering the speed of light.
e We cannot adjust the dark matter profile without changing the atomic spectrum.
e We cannot modify the arrow of time without violating conservation of energy.

Far from being a "theory of everything” that permits anything, the Hydrodynamic Vacuum
imposes stricter constraints than the Standard Model. It demands that the very disparate
phenomena of Quantum Mechanics (micro-scale) and General Relativity (macro-scale) satisfy
the same continuity equation. The fact that this single equation recovers the phenomenology
of forces, particles, and cosmos suggests that we have not invented a new physics, but simply
rediscovered the underlying hydrodynamics of the old one.
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