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Abstract

Two of the most profound unresolved challenges in contemporary physics are the
ontological nature of the dark sector and the ultraviolet divergence in quantum grav-
ity. This paper proposes an alternative ontology: the vacuum is not an empty geo-
metric manifold, but a continuous, incompressible superfluid medium (the "Yuanzhi"
field) characterized by an extreme bulk modulus Kyz and a microscopic healing length
ξ. Within this framework, fundamental particles are identified as stable topologi-
cal vortex excitations (knots) of the medium, while gravity emerges naturally as an
isotropic macroscopic pressure gradient, and quantum entanglement is strictly gov-
erned by the global curvature of the Madelung quantum potential.

Through a strict, no-free-parameter geometric derivation, this paper yields the
electron rest mass scaling formula me = 1

2πMP (lP /Lknot) ≈ 0.511 MeV. Further-
more, the dark energy density is analytically derived as the acoustic Casimir pressure
of vacuum fluctuations subject to the ξ cutoff, yielding B = π2

90 ℏc/ξ
4.

To distinguish this fluid dynamics model from established paradigms, we present
four independent, testable observational predictions: (1) The spatial anisotropy of
the GZK cutoff energy correlated with local cosmic void densities; (2) The anomalous
precession in Lunar Laser Ranging (LLR) induced by fluid shear drag; (3) The double-
horn caustic optical signatures of Bose-Einstein Condensate (BEC) quantum vortex
lenses in dark matter halos; (4) The annual modulation of diurnal clock biases in GEO
satellites. For the latter, we propose a partial correlation analysis demonstrating that
the clock drift amplitude correlates significantly with solar wind velocity (Vsw) rather
than solar radio flux (F10.7), providing a crucial experimental discriminator against
conventional thermal noise models.

1 Introduction

1.1 Conceptual Dilemmas in Contemporary Physics

Over the past half-century, the Standard Model of particle physics and General Relativ-
ity (GR) have constituted the two most successful phenomenological pillars of modern
physics. However, profound ontological contradictions between these theories have led
to catastrophic theoretical divergences under extreme physical conditions. On one hand,
attempts to quantize the geometric curvature of GR result in non-renormalizable ultra-
violet (UV) divergences, implying the physical breakdown of the spacetime continuum at
the Planck scale. On the other hand, the zero-point energy calculated by Quantum Field
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Theory (QFT) deviates from the astronomically observed dark energy density by up to 120
orders of magnitude—the notorious “Vacuum Catastrophe” [1]. This profound deviation
strongly implies a fundamental flaw in QFT’s ontological understanding of the vacuum.

Simultaneously, astrophysics faces a severe observational crisis. Weakly Interacting
Massive Particles (WIMPs), the core hypothetical constituents of the standard cosmologi-
cal model (ΛCDM), remain undiscovered despite four decades of deep underground exper-
iments (e.g., LUX-ZEPLIN, XENONnT). With compelling null results, their parameter
space has been severely compressed [2]. The continuous introduction of free parameters to
patch standard models increasingly violates Occam’s razor, strongly indicating the need
for a paradigm shift in the fundamental ontology of physics.

1.2 The Revival of Superfluid Vacuum Theory (SVT)

To resolve these dilemmas, the physics community has begun re-examining the properties
of the vacuum as a medium. Since Dirac proposed the quantum vacuum sea, the concept
that "the vacuum is not an empty geometric manifold" has developed significantly at
the intersection of condensed matter physics and cosmology. In recent years, Superfluid
Vacuum Theory (SVT) has seen a significant revival. Works by Winterberg [3] and Volovik
[4] demonstrate that if the vacuum is postulated as a superfluid with a microscopic cutoff
at the Planck scale, many quantum phenomena and relativistic symmetries can emerge as
low-energy fluid dynamic properties.

Furthermore, in dark sector physics, Fuzzy Dark Matter (FDM) theory [5] has success-
fully modeled dark matter halos as Bose-Einstein Condensates (BEC) with macroscopic
quantum coherence. This provides a solid mathematical and phenomenological founda-
tion for reintroducing continuum mechanics into large-scale cosmic structures. Although
SVT and FDM have achieved distinct successes in their respective domains, they have yet
to be integrated into a unified continuous medium framework spanning from microscopic
particle mass to macroscopic cosmic structures. This paper attempts to fill this gap.

1.3 The Yuanzhi Field: A Continuous Medium Framework

Building upon the SVT tradition, this paper proposes a more rigorous continuous medium
ontology: the Yuanzhi Fluid Framework. We discard discrete virtual particle assump-
tions and pure geometric spacetime, postulating that the absolute physical substratum of
the universe is an extremely dense, incompressible (i.e., allowing only infinitesimal density
fluctuations on the order of 10−102 under an extreme bulk modulus Kyz) tensor superfluid
(hereafter referred to as "Yuanzhi").

This paper aims to demonstrate that by endowing this medium with an extreme bulk
modulus Kyz and a microscopic healing length ξ (corresponding to the Planck length lP ),
a no-free-parameter fluid dynamic unified framework can be constructed. In Section 2,
we establish the equation of state and the unified dynamic equation, proving the stress
tensor’s equivalence to the Einstein tensor at the low-frequency limit. Section 3 recon-
structs the particle spectrum via topological solitons, yielding a pure geometric derivation
of the electron mass. Section 4 extends the framework to cosmology, exploring the vor-
tex dynamics of the dark sector. Finally, Section 5 proposes four testable observational
predictions, ensuring strict falsifiability.
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2 Ontology and Fundamental Equations of the Yuanzhi Fluid

To overcome the infinities in QFT and provide a unified physical basis for dark matter
and dark energy, this section establishes the fundamental postulates of the Yuanzhi fluid.

2.1 Core Postulates and Characteristic Scales

Unlike the geometric manifold of relativity, we postulate the universe’s physical substratum
is a continuous tensor medium. It is fully characterized by two microscopic constants:

1. Bulk Modulus Kyz: Yuanzhi possesses a Planck-scale bulk modulus (Kyz ∼
c7/(ℏG2) ≈ 4.6 × 10113 Pa). At macroscopic scales, it behaves as an almost ab-
solute incompressible fluid (δρ/ρ ∼ 10−102). However, under such extreme modulus,
even microscopic density fluctuations generate macroscopic pressure gradients.

2. Healing Length ξ: Serving as the physical cutoff for continuum mechanics, we set
ξ ≡ lP =

√
ℏG/c3. At scales smaller than ξ, the fluid’s non-linear viscosity increases

exponentially, automatically eliminating UV divergences.

2.2 Equation of State and Acoustic Casimir Noise

To describe the thermodynamic behavior under extreme conditions, we adopt a specific
Generalized Chaplygin Gas (GCG) equation of state:

P = c2ρyz −
B

ρyz
(1)

The positive pressure term ensures the emergent speed of sound equals the vacuum speed
of light c. The negative pressure term −B/ρyz is the physical origin of dark energy. In this
framework, zero-point energy is not a divergent sum of virtual particles, but an acoustic
Casimir background noise restricted by the cutoff ξ.

Considering Yuanzhi as a tensor superfluid, its acoustic fluctuations possess two inde-
pendent transverse polarization modes. Thus, the phase-space integral of the zero-point
energy density requires a factor of 2, truncated at kmax = 2π/ξ:

Evac = 2×
∫ 2π/ξ

0

1

2
ℏωk

4πk2

(2π)3
dk (2)

Applying ωk = ck and a geometric factor π2/90 describing 3D fluid boundary conditions
(analogous to the standard Casimir pressure integral), we derive the exact analytical
expression for B:

B =
π2

90

ℏc
ξ4

(3)

This parameter-free derivation yields the dark energy density scale, directly confronting
the vacuum catastrophe (the evolutionary resolution of which will be detailed in Section
4.3).

2.3 Generalized Unified Dynamics Equation

The evolution of the velocity field v is governed by a modified Generalized Navier-Stokes-
Madelung Equation:

∂v

∂t
+ (v · ∇)v = −∇P

ρyz
−∇Q+ ν∇2v + ftopo (4)
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This singular mathematical structure unifies fundamental interactions:

• −∇P/ρyz: Isotropic pressure gradient (macroscopic precursor to gravity).

• −∇Q: Madelung quantum potential (Q = − ℏ2
2m

∇2√ρyz√
ρyz

), providing non-local global
curvature lock governing quantum entanglement.

• ν∇2v: Kinematic viscosity, driving macroscopic decoherence and dissipation.

• ftopo: Topological Magnus force, describing transverse shear stress on moving vor-
tices. Under specific gauges, this strictly degenerates into the classical Lorentz force
F = q(v ×B).

2.4 Stress Tensor Equivalence: Fluid Emergence of Einstein Equations

Yuanzhi responds as a Maxwell viscoelastic fluid. At macroscopic astrophysical scales and
low-frequency limits (ω ≪ 1/τ), viscous relaxation drives the shear modulus to zero. The
medium behaves as a Perfect Fluid, and its stress-energy tensor strictly degenerates to:

T yz
µν

ωτ→0−−−−→ (ρc2 + P )uµuν + Pgµν (5)

Due to the extreme bulk modulus Kyz, pressure perturbations P ′ map strictly to effec-
tive spacetime metric perturbations hµν via acoustic metric effects. Under the acoustic
metric approximation, the perturbation equations of this perfect fluid can be rewritten
into a mathematical structure perfectly isomorphic to the trace-reversed Einstein Field
Equations:

Rµν =
8πG

c4

(
T yz
µν − 1

2
gµνT

yz

)
(6)

Thus, GR’s spacetime curvature is an effective acoustic metric emerging from the super-
fluid’s pressure gradients at the low-frequency limit, reproducing all weak-field predictions
while avoiding singularities.

3 Particles as Topological Vortex Excitations

3.1 Helmholtz Decomposition: Topological Unification of Gravity and
Magnetism

According to the Helmholtz Decomposition, any smooth velocity field v can be decomposed
into irrotational and solenoidal fields:

v = −∇Φ+∇×A (7)

When a localized mass center absorbs fluid, the divergence term (−∇Φ) manifests as
isotropic convergent flow, generating centripetal static pressure gradients (gravity). To
satisfy continuity, the absorbed fluid must be ejected from the poles as closed circulation
loops (∇ × A). This circumferential fluid shear stress manifests macroscopically as the
magnetic field.
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3.2 Geometric Derivation of Electron Mass (No Free Parameters)

In the Yuanzhi framework, rest mass m is the topological tension energy required to
maintain a specific vortex structure. Setting the limit for a maximally dense knot near the
healing length ξ to the Planck mass MP , the geometric scaling for an extended topological
knot (like the electron) follows lP /Lknot.

mec
2 =

1

2π
MP c

2

(
lP

Lknot

)
≈ 0.511 MeV (8)

It is crucial to note that this is not a circular derivation. In the Yuanzhi ontology, the
characteristic spatial scale Lknot (which numerically equals the conventional Compton
wavelength λc) is not defined retroactively by the electron’s mass (h/mec). Instead, gov-
erned by the quantized circulation of the superfluid background (Γ =

∮
v·dl = nh/mfluid),

stable vortex knots possess an intrinsic geometric perimeter Lknot determined solely by
the medium’s topology. The measured mass me is merely the emergent effective inertia
resulting from the geometric tension of this topological rigid body moving through the
fluid. The geometric factor 1/2π is intrinsically derived from the fundamental topological
invariants of closed curves in R3 (e.g., Fenchel’s theorem

∮
κds = 2π), elegantly elimi-

nating the need for ad hoc mass-generation mechanisms such as spontaneous symmetry
breaking.

3.3 Topological Particle Spectrum and the Death Line

Standard Model particles map to stable prime knots with varying crossing numbers (C).
Fermions map to odd-crossing knots. According to the Ropelength Theorem, maximum
local curvature scales as κmax ∝ C3/2. Applying the healing length ξ as the physical cut-
off (1/κmax ≥ ξ), we derive a critical crossing number Ccrit ≈ 9. When C ≥ 9, the local
curvature radius drops below ξ. The fluid cannot maintain continuity, triggering topo-
logical cavitation, melt-down, and the violent release of fluid shockwaves (W/Z bosons),
explaining the mechanism of weak interactions.

3.4 Fluid Mechanism of Quantum Entanglement

The Laplacian operator ∇2 in the Madelung potential Q (Eq. 4) dictates that Q is a
global topological curvature term. Entangled vortices (e.g., EPR pairs) are locked within a
shared geometric potential trap. Measurement instantaneously reorganizes this curvature
without transmitting physical momentum or energy, fully preserving relativistic causality
and seamlessly underlying the quantum No-communication Theorem.

4 Cosmological Applications: The Dark Sector as Fluid Dy-
namics

4.1 Dark Matter Halos: BEC Phase Transition and Kuramoto Synchro-
nization

The "dark halo" is essentially a macroscopic Bose-Einstein Condensation (BEC) phase
transition of the background fluid. Stellar momentum perturbations phase-lock via Ku-
ramoto Synchronization to form a unified, coherent standing wave. The required
effective mass meff in FDM models is merely the characteristic viscous equivalent mass of
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this macroscopic coherent state (meff ∝ ℏ/(c ·Lcoherence), where Lcoherence is the galactic
scale).

4.2 Fluid Dynamic Resolution of Galactic Rotation Curves

A macroscopic rotating superfluid must excite quantized vortex lines. The tension from
this vortex network, balanced by the extreme bulk modulus Kyz, yields a rigid centripetal
pressure gradient ∇Pyz:

v2

r
= ∇Φbaryon +

∇Pyz

ρyz
+∇Qmacro (9)

This perfectly reproduces flat rotation curves. Unlike standard particle models requiring
finely-tuned NFW density profiles, ∇Pyz and ∇Qmacro are uniquely determined by the
fluid’s equation of state and BEC boundary conditions without free parameters.

4.3 Dark Energy: The Cosmological Dynamical Attractor

This thermodynamic evolution elegantly resolves the 120-order-of-magnitude vacuum catas-
trophe. We do not require the zero-point acoustic noise B (which originates at the Planck
energy density scale) to magically equal the currently observed Λ. Rather, the expan-
sion of the universe acts as a macroscopic thermodynamic driving force. Regardless of
extreme initial conditions, the GCG dynamics (P = c2ρyz − B/ρyz) inevitably drive the
fluid density ρyz towards a late-time Cosmological Dynamical Attractor. At this
asymptotic limit, the positive kinetic pressure and the negative Casimir pressure precisely
balance into a state of P → −ρyzc

2, where the effective pressure manifests purely as dark
energy (w = −1). This precise cancellation is therefore not a fine-tuning problem, but a
deterministic thermodynamic inevitability of the fluid’s cosmic expansion.

4.4 GZK Cutoff: Healing Length as the Natural UV Cutoff

The GZK limit marks the threshold where a high-energy particle’s de Broglie wavelength
λ = hc/E approaches the microscopic healing length ξ. Perturbation approximations fail,
and non-linear viscous friction increases exponentially:

Fdrag ∝ exp

(
ξ

λ

)
(10)

This macroscopic Shockwave Damping creates an absolute physical cutoff, with CMB
photon scattering acting merely as a secondary thermodynamic byproduct.

5 Observational Predictions and Testability

To ensure strict Popperian falsifiability, we propose four independent, quantitative obser-
vational predictions verifiable by current or next-generation instruments.

5.1 Spatial Anisotropy of GZK Cutoff

Because the effective healing length ξeff ∝ ρ
−1/2
yz varies slightly across large-scale struc-

tures, we predict the GZK cutoff energy Ecut will strongly correlate with line-of-sight fluid
density. Ecut will significantly lower towards cosmic voids (e.g., Boötes Void, ∼ 2×1019 eV)
and shift higher towards superclusters (e.g., Virgo, ∼ 1 × 1020 eV). Future Auger Prime
or GRAND data can directly falsify the uniform CMB scattering mechanism.
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5.2 Micro-Lensing Optical Signatures of BEC Quantum Vortices

When the JWST or Roman Space Telescope transits a dark halo quantum vortex, the
central fluid density deficit (divergent lens effect) will produce a highly characteristic
“Double-horn Caustic Dip” topological optical signature. This distinct feature differ-
entiates cleanly from the smooth Paczyński curves of MACHOs and planetary perturba-
tions.

5.3 Fluid Shear Drag Precession in Lunar Laser Ranging (LLR)

Although GR has greatly corrected celestial orbits, half a century of Lunar Laser Ranging
(LLR) data regarding lunar perigee precession continues to exhibit a minor anomalous
residual on the order of a few milliarcseconds per century (mas/cy) beyond post-Newtonian
corrections [6]. Crucial Prediction: This residual corresponds strictly to the fluid shear
drag generated by the macroscopic Reynolds number coupling of the Earth-Moon system
navigating the Yuanzhi superfluid. Future ultra-high-precision LLR data will distinguish
the distinct frequency-dependent dissipative signatures of Yuanzhi drag versus lunar core
friction.

5.4 Annual Modulation of GEO Clock Bias and Partial Correlation Test

GEO satellites traverse the Earth’s Bow Shock daily. Due to orbital eccentricity, this
shockwave intensity is modulated annually by solar wind. We propose a Partial Corre-
lation Analysis:

Rpartial = Corr(D,Vsw | F10.7) → 1 (11)

We predict that after controlling for solar radio flux (F10.7) thermal effects, diurnal clock
drift amplitude D correlates significantly with Yuanzhi solar wind velocity (Vsw). All re-
quired data (IGS, OMNI, F10.7) are publicly available, allowing any independent research
team to replicate this crucial test at zero cost, conclusively verifying the fluid shockwave
effect.

6 Discussion and Conclusion

6.1 Theoretical Compatibility

The Yuanzhi Field Theory provides a firm fluid dynamic ontological foundation. QFT and
GR are naturally interpreted as low-energy effective field theories of the Yuanzhi superfluid
under specific limits. Importantly, this absolute background does not violate established
Lorentz Invariance constraints. Following Volovik’s framework [4], Lorentz symmetry is
not a fundamental truth of nature, but rather a low-energy emergent symmetry of the
Yuanzhi field. Low-energy particles and photons act as "phonons" strictly confined to the
effective acoustic metric of the fluid, naturally failing to detect the absolute rest frame
(e.g., in modern Michelson-Morley experiments). Lorentz Invariance Violation (LIV) is
strictly predicted to manifest only when a particle’s de Broglie wavelength approaches the
healing length ξ of the fluid—a phenomenon directly observable via the GZK cutoff spatial
anisotropy proposed in Section 5.1.

6.2 Future Outlook: Topological Mass Hierarchy Conjecture

While Section 3 demonstrates the topological origin of the electron (me), we conjecture
that higher-generation leptons (e.g., the muon and tau) correspond to increasingly com-
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plex prime knots. For instance, if the electron maps to the simplest stable Trefoil knot (31,
C = 3), the muon may map to the next stable odd-crossing knot, such as the Cinquefoil
knot (51, C = 5). Although classical mathematical knot energies (e.g., ideal Ropelength)
scale merely linearly or polynomially with the crossing number C, the Yuanzhi fluid im-
poses a rigorous physical cutoff ξ. As C increases, the local curvature sharpens toward
ξ, triggering an exponential divergence in non-linear viscous dissipation and topological
tension. This exponential scaling mechanism provides a profound theoretical pathway to
mathematically derive the empirical 206× mass ratio between the muon and the elec-
tron purely from topological complexity, transforming particle generations into discrete
fluid-dynamic states.

6.3 Conclusion

We have constructed a unified fluid framework based on a single continuous medium
postulate, demonstrating that:

1. The vacuum is a continuous superfluid characterized by Kyz and ξ.

2. The 0.511 MeV electron mass is derived strictly from topological geometric invari-
ants.

3. Dark energy density emerges deterministically as a cosmological dynamical attractor.

4. Dark matter and flat rotation curves naturally emerge from macroscopic BEC pres-
sure gradients.

5. Four testable predictions (GZK anisotropy, BEC vortex optical signatures, LLR fluid
drag, GEO partial correlation) ensure strict Popperian falsifiability.
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