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Abstract: The historical incompatibility between general relativity and quantum mechanics is identified not as a
fundamental paradox of nature, but as an artifact of the “binning error”—the methodological fallacy of mistaking
emergent topological stability for fundamental discreteness. This paper proposes a unified ontological framework
based on **superfluid vacuum theory (SVT)**, which reinterprets the vacuum as a continuous, torsion-bearing
superfluid plenum. By synthesizing foundational ether theories, rigorous soliton mathematics, and hydrodynamic
isomorphisms from plasma physics and cosmology, we demonstrate that elementary particles are topological
solitons (vortices) stabilized by the hydrodynamics of the medium. In this view, quantum discreteness, probability,
and entanglement are emergent stability conditions and epistemic limits of an underlying deterministic continuum.
We outline the mathematical bridge between the Navier-Stokes and Schrodinger equations, reinterpret quantum
field theory as an effective theory of hydrodynamic turbulence, and propose chiral vacuum birefringence as a

definitive falsification vector.
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1. Introduction

1.1 The Incompatibility
of Modern Physics

The central challenge of contemporary physics is not merely an empirical deficit but a profound methodological
rupture: the conflation of epistemic measurement limits with the ontic structure of reality. This category error,
crystallized during the early 20th-century formalization of quantum mechanics, bifurcated natural philosophy into
two mutually exclusive logical domains. On one side, general relativity preserved the classical continuum,
describing a deterministic universe governed by smooth geometric curvature and partial differential equations. On
the other, quantum mechanics abandoned the physical plenum for an algebraic abstraction, positing a reality
composed of discrete, probabilistic entities existing in a Hilbert space. This schism rests on the fallacious
assumption that the discrete energy spectra observed in atomic systems necessitate a discrete underlying geometry,
rather than representing the resonant modes of a continuous background field. We designate this intellectual
pathology as the “binning error”: the false reification of the “quantum” as a fundamental object rather than a
resonant mode of a background field. As Schmelzer (2012) argues, the rejection of a material ether was premature; a

viable metric theory of gravity with a preferred frame is logically consistent and necessary to resolve these
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quantization issues. Furthermore, ‘t Hooft (2006) posits that what we perceive as distinct quantum states are merely
“equivalence classes” of a deeper, deterministic reality, implying that the discrete nature of quantum mechanics is

an emergent feature of information loss rather than a fundamental property of nature.

1.2 The Vacuum Anomaly

The standard model treats the vacuum as a passive geometric void—a null container for point-particle “bricks.”
However, this definition contradicts the requirements of quantum field theory (QFT), which treats the vacuum as a
seething foam of virtual particles. This ontological confusion culminates in the “vacuum catastrophe,” the 120-
order-of-magnitude discrepancy between the calculated vacuum energy density and cosmological observations. We
argue that “virtual particles” are a mathematical artifact of treating a continuous turbulent medium as a void
populated by transient points. The lack of consensus on the nature of these fluctuations is evident in foundational
debates, where stochastic electrodynamics offers a compelling alternative view of the vacuum as a source of real,
classical noise (Khrennikov et al., 2006). Moreover, experimental evidence of “squeezed vacuum” states
demonstrates that the vacuum possesses manipulable physical properties, such as anisotropic pressure, which refutes

the hypothesis of the vacuum as a simple void (Iskhakov et al., 2009).

1.3 The Failure of
Point-Particle Ontology

The concept of the “elementary particle” as a zero-dimensional point is a historical approximation that leads directly
to infinite self-energies and the requirement for renormalization—a mathematical procedure that effectively hides
our ignorance of the particle’s internal structure. The extreme complexity of modern QFT calculations, such as next-
to-leading order (NLO) QCD corrections, hints that “particles” are actually complex dynamical systems interacting
with a medium, not isolated points (Dittmaier et al., 2009). Radiative corrections, typically interpreted as clouds of
virtual particles, can be more naturally reinterpreted as hydrodynamic drag and wake effects arising from a
substructure moving through a fluid (Kiihn et al., 2003). This necessitates a substructural theory: we must model

what the particle is made of, not just how it behaves as a point mass.

1.4 The Hydrodynamic
Hypothesis

We propose a framework based on **superfluid vacuum theory (SVT)** as the resolution to these paradoxes. This
theory rests on three postulates. First, the vacuum is a **continuous, torsion-bearing superfluid plenum*#*,
possessing nonzero density and viscosity. Second, elementary particles are **topological solitons** (vortices or
Skyrmions) formed from the twisted order parameter of this plenum. Third, “quantum” behavior is the result of
these solitons interacting with the **turbulent background** of the plenum (hydrodynamic fluctuations). This
hypothesis is supported by structural isomorphisms found in other fields. For instance, chiral anomalies—
quintessentially quantum phenomena—can be derived using classical kinetic theory in relativistic plasmas,
establishing the plausibility of a fluid substrate for quantum effects (Manuel & Torres-Rincon, 2014). Furthermore,
rigorous mathematical proofs demonstrate that stable solitons can exist and persist in nonlinear dispersive media,

providing a solid theoretical basis for the particle-as-vortex model (Beceanu, 2009).

1.5 The Emergence

of Discreteness and Probability



In this hydrodynamic framework, discreteness is not axiomatic; it is an emergent stability condition. Just as a
whirlpool in water is a discrete object made of continuous fluid, a particle is a quantized vortex in the plenum. Only
certain flow patterns (those with integer winding numbers) are stable against dissipation. This mirrors gravitational
analogs where continuous orbital decay proceeds through quasi-stable “quantized” states (Glampedakis et al.,
2002). Probability, therefore, is epistemic, not ontic. It arises from our inability to track the infinite micro-degrees
of freedom of the turbulent plenum (the “hidden variables”). The Born rule is reinterpreted as a maximum entropy
best-guess of the plenum’s state. This view is supported by findings in algorithmic game theory, which suggest that
“discreteness” (minimal sharing) is an optimal solution to resource division problems, mirroring nature’s

optimization for stability (Sandomirskiy & Segal-Halevi, 2022).

1.6 Methodological Approach

Since the Planck-scale plenum cannot be directly observed with current technology, we employ structural
isomorphism as our primary methodology. We validate the theory by identifying mathematical and physical
analogs in accessible systems: superfluid helium, relativistic plasmas, and information theory. If the mathematics of
signal recovery in noise (Information Theory) matches the mathematics of wavefunction collapse (QM), we infer a
structural identity between the processes. The renormalization group flow serves as the mathematical tool
connecting the high-energy plenum to low-energy effective theories (Zappala, 2002), while continuous Banach

space theory provides a precedent for using continuum mechanics to explain discrete quantum logic (Palazuelos et
al., 2010).

2. Literature Review

2.1 The Resurrection of the

Ether

The rejection of the ether in the early 20th century led to the “geometrization” of physics, but recent work suggests
this rejection was premature. Schmelzer’s General Lorentz Ether Theory proves that the Einstein equivalence
principle can be derived from simple condensed matter conservation laws (continuity and Euler equations) on a
Euclidean background. Schmelzer (2012) highlights that general relativity is merely the limit where specific ether
properties, such as density variations, become unobservable. This suggests that singularities like the Big Bang or
black holes are artifacts of taking the relativistic limit too far, and that a material vacuum theory can resolve these

pathologies.

2.2 Determinism and the
Information Horizon

The “ontic indeterminism” of the Copenhagen interpretation is increasingly challenged by deterministic alternatives
rooted in information theory. ‘t Hooft’s **cellular automaton interpretation** posits that quantum states are
“equivalence classes” of underlying deterministic microstates (’t Hooft, 2006). The mechanism of information loss
explains why we perceive probability: we cannot track the rapid, deterministic fluctuations of the substrate (the
plenum). Furthermore, ‘t Hooft (2007) addresses the “free will” counter-argument using the concept of the
“unconstrained initial state,” which correlates the observer with the observed system via shared past

hydrodynamics, thereby preserving determinism without violating Bell’s inequalities.

2.3 The Mathematics of

Topological Stability



The physical possibility of stable, discrete entities existing within a continuous, dispersive medium is validated by
mathematical literature on solitons. Beceanu (2009) provides proof for the cubic focusing Schrédinger equation,
demonstrating that stable, localized wave packets can persist indefinitely in 3D dispersive media. This connects to
the work of Glampedakis et al. (2002) on orbital decay, which shows how continuous dynamics naturally settle into

quasi-stable “quantized” states defined by constants of motion, providing a gravitational analog for quantization.

2.4 Hydrodynamic
Isomorphisms in Nature

Empirical evidence suggests that “quantum” phenomena can emerge in classical fluid systems. Manuel & Torres-
Rincon (2014) derived the chiral magnetic effect—a quantum anomaly—using classical kinetic theory in relativistic
plasmas. Similarly, Hazra et al. (2018) studied solar filaments and showed how macroscopic torsion in a magnetic
fluid organizes plasma into discrete chiral structures, serving as a macro-scale model for particle spin. In
cosmology, Chang & Scherrer (2012) demonstrated cyclic models where fluid dynamics drive universal evolution

without singularities, aligning with the hydrodynamic cosmology proposed here.

2.5 The Epistemic
Derivation of Probability

The Born rule can be reframed as a tool for signal processing in a noisy environment. Yu (2020) applied the
**principle of maximum entropy** to derive risk-neutral distributions in finance, showing the structural identity
between this method and the modulus-squared rule in QM. Khrennikov et al. (2006) highlighted the stochastic
electrodynamics view that the “vacuum” is a real source of random noise or turbulence. In this view, probability is

the only rational way to navigate a deterministic system when the micro-variables of the plenum are hidden.

2.6 The Emergence
of Discrete Logic and Structure

Continuous substrates can generate discrete logic and entities. Palazuelos et al. (2010) showed how continuous
Banach space theory explains discrete communication complexity better than discrete logic itself. Sandomirskiy &
Segal-Halevi (2022) argued that “discreteness” (minimal sharing) is an algorithmic solution to optimization
problems, suggesting nature quantizes to optimize stability. Furthermore, Gioan et al. (2012) and Jin et al. (2018)
showed how complex continuous data, such as graphs and diffusion fields, can be decomposed into fundamental

“prime” components, analogous to particles emerging from a field.

2.7 Measurement as Signal
Recovery

The “measurement problem” is demystified by framing it as information retrieval. Becker & Combettes (2013)
reviewed splitting algorithms for signal recovery, modeling measurement as the mathematical act of splitting a
composite signal to recover the stable component. Zidi & Abed (2013) proposed ontology-based retrieval,
projecting a structured ontology onto an unstructured data stream, analogous to an observer projecting a particle
model onto the plenum. Pavel (2014) validated this method macroscopically by showing how discrete tracers (stars)

are used to map continuous invisible fields.

2.8 The Effective Field

Theory Bridge



The hydrodynamic model connects back to standard physics via effective field theory. Zappala (2002) analyzed the
renormalization group (RG) flow to explain how the turbulent hydrodynamics of the plenum (UV scale) smooth out
to become the standard QFT (IR scale). Dittmaier et al. (2009) presented NLO QCD calculations representing the
effective theory that this framework must reproduce in the low-energy limit. In this context, radiative corrections are

reinterpreted not as virtual particle exchange, but as hydrodynamic interactions described by the effective theory.

3. Methodology

3.1 Epistemological

Stance: Scientific Realism

The philosophical baseline for this methodology is **scientific realism**. We reject the “shut up and calculate”
approach in favor of an ontology where the vacuum is a mind-independent substance. Physical laws must describe
the dynamics of a real substrate, not just correlations of observations. We adopt the stance of General Lorentz Ether
Theory (GLET), asserting that relativistic symmetry is an emergent property of the medium’s dynamics, not an

abstract geometric constraint (Schmelzer, 2012).

3.2
Defining the Superfluid Plenum: Constitutive Equations

We define the vacuum substrate as a **fermionic condensate**, conceptually isomorphic to Superfluid Helium-3
(Phase B). Its macroscopic properties include nonzero density (p), isotropic pressure (P), and effective viscosity (
1) in the turbulent regime. The equation of state for this plenum links it to “phantom energy” models in cosmology,
providing a unified description of the vacuum’s energy content (Manuel & Torres-Rincon, 2014; Chang & Scherrer,
2012).

3.3
The Hydrodynamic Healing Length: Reinterpreting the Planck Scale

We redefine the Planck length (£p) not as a fundamental pixelation of geometry, but as the **hydrodynamic
healing length (§)** of the condensate. Below this scale, the continuum approximation breaks down, revealing the
discrete “molecular” dynamics of the ether. This scale naturally regularizes divergent integrals in quantum field

theory without the need for ad-hoc subtraction schemes (Zappala, 2002).

3.4 The
Torsion-Bearing Assumption: Vorticity and Spin

We postulate that the plenum supports torsion (nonzero vorticity). Intrinsic particle spin is identified not as an
abstract quantum number, but as the local angular momentum of the plenum’s flow. This is supported by
macroscopic analogs, such as solar filaments, which demonstrate how torsion organizes a continuous medium into

discrete, chiral structures (Hazra et al., 2018).

3.5 The
Navier-Stokes-Schrodinger Bridge

We derive the governing equation of quantum mechanics from fluid dynamics using the Madelung
transformation. This maps the Schrodinger equation to the Euler/Navier-Stokes equations. We express the

wavefunction W in terms of fluid density p and action .S



U(r,t) = v/p(r,t)eSE0/n

Substituting this into the Schrédinger equation yields the continuity equation:
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and the modified Hamilton-Jacobi equation (Euler equation) with a quantum potential term Q:
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where the quantum potential is defined as:
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In this view, () represents the internal stress energy (surface tension) of the plenum resisting compression. The

Q=

linear Schrodinger equation is thus revealed as the low-viscosity limit of the plenum’s hydrodynamics (Ruprecht et
al., 2012).

3.6 Modeling
Topological Defects: Particles as Solitons

Elementary particles are defined as **topological solitons** (Skyrmions, vortices, or knots) in the order parameter
of the superfluid. Homotopy theory explains their stability: particles persist because they are topologically distinct
from the vacuum ground state. Particle decay is mapped to topological phase transitions, or the “untying” of the
knot (Beceanu, 2009).

3.7 The

Renormalization Group Flow: Scaling Dynamics

We use renormalization group (RG) flow to model the transition from the high-energy, turbulent hydrodynamics
of the plenum (UV scale) to the smooth, effective field theory of quantum mechanics (IR scale). “Running coupling

constants” are interpreted as the scale-dependent viscosity and density of the medium (Zappala, 2002).

3.8 Boundary
Conditions and System Isolation

A “particle” is mathematically defined as a distinct entity from the plenum using transparent boundary conditions
(TBCs) based on the pole condition. “Non-physical modes” (poles in the complex plane) correspond to transient
fluctuations that do not form stable particles, allowing us to mathematically isolate the system from the environment
(Ruprecht et al., 2012).

3.9 Measurement as Interaction

Measurement is modeled as a **thermodynamic relaxation process**. The measurement apparatus acts as a
boundary condition that forces the turbulent plenum to settle into a specific eigenstate (laminar flow pattern).

“Quantum fluctuations” are treated as real, classical stochastic drivers of this process (Khrennikov et al., 2006).



3.10 Signal
Recovery Algorithms: The Epistemic Bridge

We employ primal-dual splitting algorithms to model the “collapse” as a signal recovery problem. The
“wavefunction” is the observer’s best estimate of the signal; the “collapse” is the algorithmic convergence to the

true signal (the soliton state) amidst plenum noise (Becker & Combettes, 2013).
3.11 The Role of

the Observer: Subsystem Correlation

The observer is defined not as an external agent, but as a subsystem of the plenum. We apply ‘t Hooft’s
“unconstrained initial state” condition: the observer and the particle share a deterministic past in the plenum,

creating the correlations violated in Bell tests without requiring superluminal signaling (’t Hooft, 2007).
3.12 Addressing the

Point-Particle Fallacy

We critique the limitations of current QFT methodology to justify the hydrodynamic approach. The extreme
complexity of NLO QCD calculations is evidence that the point-particle model is an effective approximation, not a
fundamental truth. “Radiative corrections” are actually hydrodynamic wake and drag effects that this model

calculates naturally (Dittmaier et al., 2009).
3.13

Simulation Parameters: Computational Fluid Dynamics (CFD)

We define parameters for future numerical validation via computational fluid dynamics (CFD). A Lattice
Boltzmann or Smoothed Particle Hydrodynamics (SPH) simulation of the vacuum is proposed, utilizing parameters
such as superfluid density ps, normal fluid density py, and the quantum of circulation K. The goal is to reproduce

interference patterns using purely hydrodynamic drivers (Di Francescomarino et al., 2014).

3.14 Validation
Criteria: The Falsification Vector

We establish conditions that would falsify the hydrodynamic model. The theory must recover the Schwarzschild
metric in the static, large-scale limit and the Schrédinger equation in the linearized, low-viscosity limit. A novel
prediction is **chiral vacuum birefringence**—a frequency-dependent time delay for high-energy photons of

opposite helicity, verifiable via Gamma-Ray Bursts (Schmelzer, 2012; Dzuba & Johnson, 2007).

4. Core

Contribution: Superfluid Vacuum Theory

4.1 The Unified
Ontology: The Superfluid Plenum

The fundamental ontological postulate of this framework rejects both the “empty void” of standard general relativity
and the “probabilistic foam” of quantum field theory. Instead, we posit that the vacuum is a continuous, non-
baryonic, inviscid superfluid plenum, conceptually isomorphic to the B-phase of Superfluid Helium-3 (3He-B).

This medium possesses intrinsic physical properties: a nonzero macroscopic density (0yqc), internal pressure (



P,..), and torsional stiffness. In this framework, “fields” are stress states of the medium, and “particles” are stable
flow patterns within it. This definition aligns with Schmelzer’s General Lorentz Ether Theory, which demonstrates
that relativistic symmetries emerge naturally from the conservation laws of such a condensed matter substrate
(Schmelzer, 2012).

4.2 Particle
Genesis via Hydrodynamic Instability

The mechanism by which the continuous plenum generates discrete entities is purely hydrodynamic. Local shear
stress in the plenum—caused by energy injection or vacuum fluctuations—triggers a Kelvin-Helmholtz-like
instability. Under specific conditions defined by the medium’s viscosity and the speed of sound (light), this
instability rolls up into stable, localized topelogical solitons (vortices or Skyrmions). These stable vortices are
identified as the entities we observe as “elementary particles.” Beceanu’s rigorous analysis of the nonlinear
Schrodinger equation confirms that such stable, localized wave packets can persist indefinitely in dispersive media,

providing the mathematical existence proof for this particle genesis model (Beceanu, 2009).

4.3 Quantization as
Topological Stability

The integer nature of quantum mechanics is derived not from a granular geometry, but from fluid topology. A vortex
cannot exist with “fractional” rotation; it must close upon itself to remain stable. Consequently, the integer values
associated with quantum numbers (spin, charge, lepton number) are reinterpreted as **topological winding
numbers** ( 55 v - dl = nk). “Quantum discreteness” is therefore an emergent stability condition: the set of
flow patterns that can persist in the plenum without dissipating into the background turbulence. This mirrors the
gravitational analog where continuous orbital decay proceeds through a sequence of quasi-stable “quantized” states

defined by constants of motion (Glampedakis et al., 2002).

4.4 The Hydrodynamic Origin of

Mass

In this model, mass is redefined as a dynamic property of the vortex-plenum interaction rather than an intrinsic
scalar property. Mass is the hydrodynamic inertia of the vortex—the energy required to displace the topological
defect through the superfluid medium. The Higgs mechanism is thus reinterpreted not as a field coupling, but as the
manifestation of the drag coefficient arising from the effective viscosity of the plenum condensate. This view is
consistent with the complex radiative corrections calculated in QCD, which model the “cloud” of interactions

surrounding a particle as it moves (Kiihn et al., 2003).

4.5 Radiative Corrections

as Wake Fields

Standard quantum field theory (QFT) perturbative expansions are reinterpreted through a hydrodynamic lens. The
“cloud of virtual particles” surrounding a real particle maps to the **turbulent wake and eddies** generated by a
vortex moving through a fluid. “Renormalization” is the mathematical process of smoothing out this turbulence to
define an effective path. The high precision of QFT predictions is actually a measure of the plenum’s hydrodynamic
Reynolds number. The complexity of next-to-leading order (NLO) calculations reflects the difficulty of modeling
these wake effects in a high-density medium (Dittmaier et al., 2009).



4.6 Entanglement as Vortex
Coupling

This framework provides a physical mechanism for non-local correlations without invoking acausal magic.
Entangled particles are modeled not as separate objects, but as a single **coupled vortex structure** (e.g., a smoke
ring pair or flux tube). The “connection” is a pressure bridge within the incompressible superfluid, allowing the
instantaneous transmission of tension (phase velocity) without mass transfer. This eliminates “spooky action at a
distance” in favor of non-local hydrodynamics, where the manipulation of one part of the structure instantaneously

affects the stress tensor of the whole (Ionicioiu, 2007).

4.7 Decoherence as
Hydrodynamic Dissolution

The transition from quantum to classical behavior is explained as a mechanical loss of structural integrity.
Decoherence is defined as the rupture of the vortex coupling due to interaction with the background turbulence
(zero point field). “Entanglement sudden death” is reinterpreted as the critical threshold where the internal energy of
the coupling dissipates into the bulk plenum (Cui et al., 2006). The “classical” world is simply the regime where

plenum turbulence destroys long-range vortex coherence.

4.8 Gravity as Elastic

Curvature

Gravity is unified with the hydrodynamic model by treating general relativity as the elasticity theory of the
superfluid. The presence of vortices (matter) displaces the plenum, creating a density gradient. The refractive index
of this density gradient maps to the spacetime metric of general relativity. Gravity is not a force but the refraction of
flow paths (geodesics) through a medium of varying density. This mapping allows scalar-tensor theories to be

expressed as effective fluid descriptions (Bloomfield, 2014).

4.9 Spin as Plenum Torsion

The physical nature of intrinsic spin is identified as the local vorticity (torsion) of the spacetime fabric itself. The
vacuum is a torsion-bearing medium (Einstein-Cartan geometry). Fermions are sources of torsion; their “1/2 spin”
represents a specific topological twist required to decouple from the background flow. This is supported by
macroscopic analogs in solar physics, where torsion organizes plasma into discrete chiral structures (Hazra et al.,
2018).

4.10 Dark Matter as

Geometric Spin Glass

The dark matter mystery is resolved without postulating new particles. The plenum can contain **“frozen”
topological defects**—regions of high torsion or stress that are not propagating vortices (matter). These defects
possess energy (mass) and curve the plenum (gravity) but lack the phase-coherence to couple to the electromagnetic
flow (light). Dark matter is the “texture” or “geometric spin glass” phase of the vacuum itself, akin to “exciting”

dark matter states proposed in high-energy astrophysics (Cholis et al., 2008).

4.11 Dark Energy as

Residual Surface Tension



Cosmic acceleration is explained by identifying dark energy as the internal pressure or surface tension of the
superfluid plenum. As the universe expands (plenum stretches), this internal tension exerts a negative pressure,
driving acceleration. The “cosmological constant” is a material property (bulk modulus) of the vacuum, consistent

with cyclic phantom models of the universe (Chang & Scherrer, 2012).

4.12 The Emergence of Time

This model resolves the conflict between reversible (quantum) and irreversible (thermodynamic) time by
distinguishing between absolute time (the evolution of the plenum itself) and proper time (the metabolic rate of
the vortex). Relativistic time dilation is the slowing of the vortex’s internal cycles as it moves through the medium

(Lorentz friction). Time is a measure of hydrodynamic change, not a fundamental dimension (Schmelzer, 2012).

4.13 Resolving

Singularities via Phase Transitions

Mathematical pathologies such as infinite density (black holes/Big Bang) are eliminated. In a physical fluid, infinite
density is impossible. Under extreme pressure, the plenum undergoes a **phase transition** (e.g., to a solid or
“frozen star” state), preventing singularity formation. The “Big Bang” was a phase change (melting) of the plenum,

not a creation ex nihilo (Finster et al., 2003).

4.14 The Unified Field Equation

We propose the master equation of this framework: A **nonlinear Navier-Stokes equation with torsion**. In the
low-viscosity, low-velocity limit, this equation reduces to the Schrodinger equation. In the high-density,
macroscopic limit, the stress tensor yields the Einstein field equations. This formalism synthesizes the boundary

condition modeling of Ruprecht et al. (2012) with the kinetic theory of Manuel & Torres-Rincon (2014).
5. Analysis & Validation

5.1 Evidence of Vacuum
Physicality

The ontological claim that the vacuum is a physical substance rather than a geometric zero-point is supported by
recent experimental advances in quantum optics. Iskhakov et al. (2009) demonstrated the generation of “squeezed
vacuum” states where quantum fluctuations are suppressed below the standard shot-noise limit. In the
hydrodynamic framework, this “squeezing” is reinterpreted not merely as a statistical adjustment, but as the
application of anisotropic hydrodynamic pressure to the plenum itself. If the vacuum can be mechanically stressed
to exhibit anisotropic properties, it must possess an ontic existence with defined material parameters such as

viscosity and density, refuting the conception of the vacuum as a mere absence of matter.

5.2 Hydrodynamic Isomorphism

The hypothesis that “quantum” anomalies can emerge from purely classical hydrodynamic systems is validated by
the behavior of relativistic plasmas. Manuel and Torres-Rincon (2014) derived the chiral magnetic effect (CME)—
traditionally considered a quintessentially quantum phenomenon—using classical kinetic theory with Berry
curvature. This structural isomorphism between the quark-gluon plasma and the proposed superfluid vacuum
suggests that the “quantum” anomaly is actually a classical fluid dynamic effect arising from the vorticity of the
medium. This implies that the mathematical machinery of quantum field theory may be describing the fluid

dynamics of a high-energy substrate rather than the intrinsic properties of point particles.



5.3 Macroscopic Torsion

A macroscopic analog for how a continuous medium organizes into discrete, chiral structures is found in solar
physics. Hazra et al. (2018) analyzed the hemispheric preference for chirality in solar filaments, which are twisted
plasma structures. Their findings demonstrate that torsion in a continuous magnetic fluid naturally segregates matter
into discrete chiral states (dextral and sinistral) without requiring intrinsic quantum numbers. This provides a
scalable physical model for how the torsion-bearing plenum proposed in this paper could generate the intrinsic spin

and chirality observed in elementary fermions.

5.4 Gravitational Orbitals

The transition from continuous dynamics to quantized states is mirrored in gravitational physics. Glampedakis et
al. (2002) showed that the continuous orbital decay of test bodies spiraling into Kerr black holes proceeds through a
sequence of quasi-stable states defined by constants of motion (E, L,, Q). This adiabatic evolution effectively
“quantizes” the orbit into discrete stages. We propose that atomic electron orbitals are the hydrodynamic limit of
this gravitational process: they are stable flow patterns (limit cycles) maintained by the pressure gradient of the
plenum, rather than probability clouds of a point particle.

5.5 Phase Transitions

The emergence of discreteness from a continuum is effectively modeled as a phase transition dependent on
fluctuation strength. Golubev and Zaikin (2001) analyzed the Coulomb blockade model, demonstrating a sharp
transition between an “insulator” phase (characterized by discrete charge) and a “metal” phase (characterized by
continuous flow). Mapping “quantum fluctuations” to hydrodynamic turbulence, we argue that “particles” exist only
in the “insulator” phase of the plenum. At sufficiently high energies or turbulence, this discreteness dissolves,

restoring the continuous behavior of the underlying superfluid.

5.6 Algorithmic Optimization

Algorithmic game theory provides a logical basis for why the universe “chooses” discreteness. Sandomirskiy and
Segal-Halevi (2022) demonstrated that “minimal sharing” (discreteness) is the optimal solution for fair division in
complex systems. Applied to the vacuum, this suggests that the “quantum” nature of reality is the universe’s energy-
minimization strategy: resolving the continuous substrate into discrete packets (quanta) is the most efficient way to

maintain stability and conserve information in a turbulent medium.

5.7 Limits of Stability

The physical conditions under which the particle model fails are defined by the dynamics of Dirac particles in
extreme gravitational fields. Finster et al. (2003) proved that Dirac particles cannot maintain stable orbits in the
Kerr-Newman geometry near the event horizon; they must either escape or be absorbed. In the hydrodynamic view,
this represents the dissolution of the topological vortex. When the gravitational shear (plenum turbulence) exceeds

the binding energy of the soliton, the “particle” ceases to exist as a discrete entity and dissolves back into the bulk
fluid.

5.8 Hydrodynamic Decoherence

Quantum decoherence is reinterpreted as a mechanical loss of structural integrity rather than a loss of information.
Cui et al. (2006) analyzed “entanglement sudden death” (ESD) in bipartite systems, showing that entanglement can

vanish abruptly due to environmental interaction. We map the “environment” to the background superfluid plenum



and entanglement to a physical pressure bridge between vortices. Decoherence is thus the physical rupture of this
pressure bridge due to energy transfer to the surrounding fluid, marking the transition from the quantum (coupled)

to the classical (uncoupled) regime.

5.9 The Variable Plenum

If the vacuum is a physical substance, its properties should not be absolute constants. Dzuba and Johnson (2007)
utilized relativistic coupled-cluster calculations to show that atomic spectra are highly sensitive to variations in the
fine-structure constant (&x). We interpret (¢ not as a fixed number, but as a parameter dependent on the local density
and viscosity of the plenum. Observed variations in & over cosmic timescales would therefore constitute empirical

evidence of the vacuum’s changing hydrodynamic state (expansion and cooling).

5.10 Defects and Pressure

The “Dark Sector” of cosmology is unified within the hydrodynamic framework. Cholis et al. (2008) described
“exciting dark matter” as states with internal structure; we reinterpret these as “frozen” topological defects or
geometric spin glass within the plenum—regions of high stress that possess mass but do not propagate as waves
(light). Simultaneously, Chang and Scherrer (2012) modeled “phantom energy” using fluid equations of state. We
identify this as the residual surface tension of the superfluid substrate, which exerts a negative pressure driving

cosmic acceleration.

5.11 The Measurement
Isomorphism

The model of “measurement as information retrieval” is validated by signal processing techniques in other fields.
Jin et al. (2018) demonstrated how discrete connectivity networks can be extracted from continuous diffusion tensor
imaging (DTI) data. Similarly, Pavel (2014) showed how discrete stellar tracers can be used to map continuous
galactic magnetic fields. These examples confirm that “discreteness” is often a feature of the probe and the analysis
method used to interrogate a continuous system, supporting the view that quantum measurement extracts discrete

eigenvalues from a continuous plenum.

5.12 Bell’s Theorem

The deterministic hidden variable theory is defended against non-locality claims by invoking ‘t Hooft’s (2007)
“unconstrained initial state” argument. Bell’s inequalities rely on the assumption of statistical independence between
the observer and the observed system. However, in a hydrodynamic unity, the observer and the particle share a
common deterministic past within the plenum. This “superdeterministic” correlation violates the independence

assumption, allowing for the violation of Bell’s inequalities without requiring acausal, superluminal signaling.

5.13 Renormalization

Standard quantum field theory requires renormalization because the assumption of point particles leads to infinite
energy densities at small scales. The hydrodynamic framework resolves this by introducing a natural physical
cutoff: the **hydrodynamic healing length** (conceptually the Planck scale). Zappala (2002) showed how
renormalization group flow connects different energy scales; in our model, this flow describes the smoothing of
turbulent hydrodynamics into effective field theories. Radiative corrections are thus reinterpreted as finite

hydrodynamic drag and wake effects (Dittmaier et al., 2009), eliminating the need for ad-hoc subtraction schemes.



5.14 Falsification Vector

We propose chiral vacuum birefringence as a definitive experimental test for this framework. If the vacuum is a
torsion-bearing superfluid as postulated, it must be optically active. This implies that high-energy photons of
opposite helicity (circular polarization) should propagate at slightly different speeds. We predict that this effect
would accumulate over cosmological distances, resulting in a measurable arrival time difference for gamma-ray
bursts (GRBs). A null result—perfect isotropy for all polarizations at the Planck scale—would refute the torsion-

bearing hypothesis (Schmelzer, 2012).

5.15 Synthesis

The cumulative weight of evidence from micro, macro, and mega scales converges on the hydrodynamic model. We
have seen that the vacuum can be mechanically stressed (Iskhakov), that classical fluids can mimic quantum
anomalies (Manuel), and that continuous dynamics can generate quantized states (Glampedakis). The ability of this
framework to resolve paradoxes that break standard theories—such as the singularity problem, the vacuum
catastrophe, and the measurement problem—marks the necessary transition from a “magical” view of quantum
mechanics to a “mechanical” view of a superfluid universe.

6. Discussion

6.1 Locality and Realism

This framework eliminates the need for “spooky action at a distance” by restoring a local, causal medium that
mediates all interactions. Standard interpretations of Bell’s inequalities claim to disprove local realism, but they
only disprove local realism without a super-deterministic substrate. By adopting ‘t Hooft’s (2007) unconstrained
initial state condition, we recognize that the observer and the system are correlated via the shared hydrodynamics of
the plenum. “Non-locality” is thus reinterpreted as the propagation of pressure waves or tension along vortex
filaments, which remains a strictly causal process within the fluid medium.

6.2 Probability as Turbulence

Quantum mechanics is reframed as the statistical mechanics of the vacuum plenum. We reject “ontic
indeterminism”—the idea that nature is inherently random—in favor of “epistemic ignorance,” where probability
arises because we cannot track the infinite fluid variables. Yu (2020) demonstrated that the Born rule is structurally
identical to a derivation of the principle of maximum entropy. Furthermore, Khrennikov et al. (2006) argue that
“Heisenberg uncertainty” is simply the Reynolds number of the vacuum, quantifying the threshold where laminar

flow breaks down into stochastic turbulence that we must model probabilistically.

6.3 Measurement as Retrieval

The “measurement problem” is redefined as a signal processing challenge. Measurement is not a mystical collapse
caused by consciousness, but the physical act of extracting a stable signal (eigenstate) from a noisy background
(superposition). Becker and Combettes (2013) provide the mathematical tools for this via splitting algorithms for
signal recovery. Zidi and Abed (2013) further support this by modeling retrieval as projecting a structured ontology
onto unstructured data. The “collapse” is simply the algorithmic convergence of the observer’s probe to the true
signal amidst the noise of the plenum.



6.4 Quantum Logic as Control

Quantum logic is not a new set of logical axioms but a high-level abstraction of fluid mechanical interactions. Logic
gates are effectively “valves” and “mixers” that manipulate the flow of vorticity. Ionicioiu (2007) demonstrated that
quantum gates can be constructed from measurement protocols, and Palazuelos et al. (2010) showed that continuous
Banach space theory explains discrete game complexity. This implies that the “parity gate” toolbox of quantum

computing is actually a method for engineering flow constraints within the superfluid substrate.

6.5 Unifying the Dark Sector

This framework unifies dark matter and dark energy as properties of the same medium. Dark matter is identified as
“geometric spin glass”—static topological defects in the plenum that possess mass (energy) but do not propagate as
waves (light), consistent with the “exciting dark matter” states described by Cholis et al. (2008). Dark energy is
identified as the internal pressure or surface tension of the superfluid plenum itself (Chang & Scherrer, 2012). The
“coincidence problem” is resolved because matter (vortices) and dark energy (pressure) are coupled mechanical

properties of the same underlying substance.

6.6 The Binning Error
Revisited

The historical error that necessitated this framework was the “binning error”: mistaking the stability of the vortex
(quantization) for the granularity of the water (discretization). This error forced physics to invent “virtual particles”
to explain continuous field effects, leading to the renormalization crisis. As Golubev and Zaikin (2001) showed with
the Coulomb blockade, systems can transition between discrete and continuous behaviors. Correcting this error
allows us to keep the continuous mathematics of general relativity while accepting the discrete observations of

quantum mechanics as emergent features.

6.7 From Objects to Processes

We shift the ontological baseline from “Object-Oriented” to “Process-Oriented.” Standard physics asks “what is the
particle?”, whereas this framework asks “what is the flow pattern?”. Matter is not “stuff”; it is a persistent event in
the plenum. This resolves the wave-particle duality: the “particle” is the knot (soliton), and the “wave” is the
oscillation of the medium itself. Beceanu (2009) provides the mathematical support for this view, proving that

solitons are stable process-structures within a dispersive field.

6.8 Entanglement as Connection

Entangled particles are modeled not as separate objects communicating superluminally, but as a single **coupled
vortex structure** (e.g., a smoke ring pair or flux tube). The “connection” is a physical pressure bridge within the
incompressible superfluid. Cui et al. (2006) analyzed “entanglement sudden death,” which we reinterpret as the
hydrodynamic rupture of this pressure bridge due to environmental turbulence. Entanglement is a physical link in

the medium, not an abstract correlation in Hilbert space.

6.9 The Emergence of Time

We reconcile reversible quantum time with irreversible thermodynamic time by distinguishing between absolute
time and proper time. Absolute time applies to the evolution of the plenum itself (the container). Proper time
emerges locally from the metabolic rate (frequency) of the vortex (the content). Relativistic time dilation is the
slowing of the vortex’s internal cycles due to Lorentz friction as it moves through the medium. This aligns with

Schmelzer’s (2012) requirement for a preferred frame to make gravity consistent with quantum evolution.



6.10 Methodological Limitations

It is important to acknowledge that this is currently a conceptual framework and mathematical blueprint, not a
completed theory. We lack the specific Lagrangian that perfectly reproduces the Standard Model particle zoo as
soliton solutions. While we have established the structural isomorphisms (Bloomfield, 2014), the precise derivation

of particle masses and coupling constants from the fluid parameters (p, 77) remains a task for future research.

6.11 The Computational Barrier

A major hurdle for this theory is the computational cost of validation. Simulating a turbulent superfluid at the
Planck scale requires computational power orders of magnitude beyond current capacity. As noted by Ruprecht et
al. (2012), simulating unbounded domains with transparent boundary conditions is mathematically difficult. We
need new algorithms, perhaps based on the clustering methods of Di Francescomarino et al. (2014), to approximate

this multiscale hydrodynamics without simulating every “molecule” of the ether.

6.12 Interdisciplinary

Validation

The use of sources from finance, biology, and computer science provides a necessary “lateral validation” for this
theory. Complex systems share universal structural laws. If the mathematics of signal recovery in finance (Yu, 2020)
matches wavefunction collapse in physics, it suggests a deep structural identity: the universe processes information.
These isomorphisms allow us to test the logic of the theory even when direct Planck-scale experimentation is

impossible.

6.13 Variable Constants

In this model, fundamental constants like the speed of light () and the gravitational constant ((7) are material
properties of the vacuum (e.g., the speed of sound in the plenum and its elastic modulus). Consequently, they should
not be absolute constants but should vary slightly with the density and pressure of the plenum. Dzuba and Johnson

(2007) have provided the tools to test this by measuring variations in the fine-structure constant over cosmic time.

6.14 Final Synthesis

The universe is not a collection of things, but a **superfluid information processor**. “Quantization” is the data
compression algorithm of the universe—the “minimal sharing” of resources described by Sandomirskiy and Segal-
Halevi (2022). This framework unifies the hardware (the plenum/General Relativity) with the software (the

vortices/Quantum Mechanics), offering a coherent, realist picture of the physical world.

7. Conclusion

7.1 The Ontological Shift

The primary conclusion of this manuscript is definitively stated: the vacuum is a physical substance, not a geometric
abstraction. The “quantum schizophrenia” is a result of the “binning error”—treating the vacuum as empty and
particles as fundamental points. **Superfluid vacuum theory** provides the necessary unified ontology: the
universe is a continuous, torsion-bearing superfluid plenum. “Quanta” are emergent topological stability conditions
(vortices/solitons) of this medium, not irreducible bricks of reality (Schmelzer, 2012; Manuel & Torres-Rincon,
2014; Beceanu, 2009).



7.2 Resolving the Schism

This framework heals the rift between general relativity and quantum mechanics by assigning them to different
regimes of the same substrate. General relativity is the effective theory of the plenum’s large-scale hydrodynamics
(density/pressure variations). Quantum mechanics is the effective statistical theory of the plenum’s turbulent micro-
states and vortex interactions. The incompatibility vanishes when we recognize they are describing the bulk vs. the
defect of the same underlying substance (Bloomfield, 2014; ‘t Hooft, 2006; Finster et al., 2003).

7.3 The Consilience of

Evidence

The multidisciplinary evidence supporting this radical synthesis is robust. Experimental evidence shows the vacuum
can be mechanically squeezed and manipulated (Iskhakov et al., 2009). Macroscopic evidence shows solar filaments
demonstrate how torsion organizes continuous plasma into discrete structures (Hazra et al., 2018). Mathematical
evidence shows continuous Banach space theory explains discrete quantum logic better than discrete axioms do
(Palazuelos et al., 2010).

7.4 Redefining Fundamental
Concepts

We have redefined the core concepts of physics. Mass is the hydrodynamic inertia of a topological vortex (Kiihn et
al., 2003). Time is the local metabolic rate of these vortices. Probability is epistemic ignorance of the plenum’s

turbulent state, quantified by maximum entropy (Yu, 2020; Zidi & Abed, 2013).

7.5 The Theoretical Frontier

We acknowledge the current limitations and define the immediate theoretical work required. Theorists must derive
the nonlinear Schrodinger equation directly from the Navier-Stokes equations of a compressible, torsion-bearing
fluid. The dark sector requires rigorous modeling, specifically treating dark matter as a “geometric spin glass” of
frozen topological defects within the plenum (Cholis et al., 2008). Finally, dark energy must be calculated as the

residual surface tension of the superfluid substrate (Chang & Scherrer, 2012).

7.6 The Experimental Frontier

We propose specific, testable predictions to validate or falsify this framework. The most definitive is **chiral
vacuum birefringence**: if the vacuum possesses torsion, high-energy photons should experience helicity-
dependent time delays over cosmological distances. Additionally, the fine-structure constant should show minute
variations over cosmic time, reflecting changes in plenum density (Dzuba & Johnson, 2007). Finally, laboratory
experiments with Superfluid Helium-3 should be able to reproduce quantum interference patterns using purely

hydrodynamic drivers.

7.7 Final Synthesis

The manuscript concludes with a visionary statement on the nature of reality. The universe is not a collection of
things, but a unified process of flow. “Information” is the measure of structure within this flow. The next revolution
in physics will not come from finding smaller particles, but from understanding the fluid mechanics of the space
that holds them (Khrennikov et al., 2006; Sandomirskiy & Segal-Halevi, 2022).
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Appendix A: Mathematical

Derivations

The Madelung Transformation

The bridge between the Schrodinger equation and hydrodynamics is established via the Madelung transformation.

We begin with the time-dependent Schrédinger equation:

o B,
ih— = —— VU + VU
ot 2m
We express the complex wavefunction W in polar form, where p(r, t) is the probability density and S (r, t) is the

action (phase):

U(r,t) = /p(r, eSE/h
Substituting this into the Schrodinger equation and separating the real and imaginary parts yields two coupled
hydrodynamic equations.

**1. The Continuity Equation (Conservation of Mass):**

op B
E%—V-(pv)—O

where the flow velocity is defined as v = Yn—s This equation describes the conservation of the fluid density.

**2. The Quantum Euler Equation (Conservation of Momentum):**

9 1
6—: + (Vv V)V =——V(V +Q)



This is the Navier-Stokes equation for an inviscid fluid subject to an external potential V" and an internal “quantum
potential” ().
The Quantum Potential

The term () arises naturally from the kinetic energy of the wavefunction’s amplitude gradient. It represents the
internal stress or “surface tension” of the plenum resisting compression:

RV
Q__2m VP

In the hydrodynamic framework, this term is not a mystical potential but a physical stress tensor F;; characteristic
of the superfluid substrate.

Appendix B: Glossary of Terms
Absolute Time: The time parameter governing the evolution of the plenum itself, distinct from the relativistic
proper time measured by observers within the plenum.

Binning Error: The methodological fallacy of assuming that because energy levels are discrete (quantized), the
underlying spacetime geometry must also be discrete.

Chiral Vacuum Birefringence: The predicted phenomenon where the vacuum possesses a refractive index that

depends on photon helicity, causing rightand left-handed photons to travel at different speeds.

Geometric Spin Glass: A state of the vacuum plenum containing “frozen” topological defects (torsion lumps) that
possess mass but do not propagate, proposed as a candidate for Dark Matter.

Hydrodynamic Healing Length: The characteristic length scale (§) of the superfluid condensate, below which the

continuum approximation breaks down. Reinterpreted here as the physical meaning of the Planck length.

Plenum: A space-filling material substance (ether) with physical properties such as density and viscosity, distinct

from a geometric void.

Superfluid Vacuum Theory (SVT): The theoretical framework positing that the vacuum is a superfluid condensate

and that elementary particles are topological defects within it.

Topological Soliton: A stable, localized wave packet or vortex that maintains its structure due to topological

constraints (winding numbers) rather than point-like indivisibility.

Torsion: The local vorticity or “twist” of the spacetime manifold, identified in this framework as the physical origin

of intrinsic particle spin.



