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DRUMS Cosmology: A Superfluid with Cubic Magnetic Substrate 
A Comprehensive Technical Analysis
Abstract
DRUMS (DRop-Dynamics Superfluid Universe with Cubic Magnetic Substrate) proposes a cosmological model in which the universe is described as a finite droplet of superfluid-like medium (“UFluid”) spreading across a pre-existing cubic magnetic lattice substrate. 
Rather than empty space containing particles and forces, the universe is treated as a continuous fluid in which phenomena normally described as particles, electromagnetic fields, and gravity emerge from vortices, waves, and excitations within the medium and its interaction with the underlying lattice. The magnetic substrate provides discrete nodes and preferred directions that quantize circulation and flux, impose length scales, and shape the geometry of physical processes. 
DRUMS will show that many astronomical observations can be reproduced through the dynamics of this fluid-substrate system without invoking unseen entities. Galactic rotation curves arise from large-scale vorticity in the superfluid surrounding galaxies, producing additional centripetal support that mimics the effects normally attributed to dark matter. Filamentary large-scale structure is interpreted as matter accumulating along vortex tubes and lattice-aligned flows, producing the observed cosmic web. 
The framework also describes how coherent flows and density waves in the fluid could accelerate the collapse of matter, potentially explaining the early formation of massive galaxies, while gravitational lensing and other gravitational phenomena emerge from density and flow variations in the medium.
DRUMS further shows that the fluid-lattice interaction produces a wide range of phenomena across scales, from laboratory magnetic behavior to astrophysical structures. Magnetic patterns or “shapers” can pin vortices in the fluid and impose specific topological configurations on electromagnetic signals, leading to newly-accessible effects for commercial industry. 
In this framework, photons, neutrinos, and other particles correspond to different types of structured wave packets or vortex envelopes within the superfluid interacting with the lattice.  The existing sizes of magnetic domains, protons, the Bohr radius, planets and galaxies are explained.  Dark matter, dark energy and finely-tuned inflation do not exist in this model.  DRUMS does not preclude a multiverse but does not require one.  Dozens of existing “anomalies” are resolved under this one consistent model and explanations are also provided for existing mystery questions such as how neutrinos change flavors.
On cosmological scales, similar mechanisms can explain collimated black-hole jets, cosmic filaments, spin alignments of galaxies, and extreme magnetic events such as magnetars. 
The model also interprets entropy and the arrow of time as the growth of vortex complexity within the fluid, with time corresponding to the evolving topology of these structures. 
DRUMS presents a fully mathematically unified picture of our universe from the smallest to the largest scales in which cosmic structure, magnetism, particle behavior, gravity, time, entropy and information flow all arise from the dynamics of a superfluid universe interacting with a discrete magnetic substrate.
1. Core Ontology: UFluid (Superfluid Medium)
[image: ]
No assumption of global isotropy or homogeneity is imposed.
[image: ]
1.1 Hydrodynamic Formulation
Using the Madelung transformation, the governing equations become hydrodynamic:
[image: ]
1.2 Large-Scale Incompressibility
At cosmological scales, the characteristic Mach number
[image: ]
which defines an effectively incompressible cosmological medium.
Local compressibility remains possible through wave excitations and vortex formation.
1.3 Quantized Vorticity
Because the velocity derives from a phase gradient, circulation is quantized:
[image: ]
These vortices constitute the fundamental carriers of angular momentum and structure in the medium.
1.4 Fundamental Excitations
All observable phenomena arise from coherent excitations of UFluid.
Three primary excitation classes exist.
Wave Modes
Linear perturbations satisfy
[image: ]
representing phonon-like modes at long wavelengths and dispersive modes at short wavelengths.
Soliton Modes
Nonlinear wave packets arise when dispersion balances nonlinearity.
The one-dimensional soliton solution satisfies
[image: ]
is the healing length. 
Solitons propagate without dispersion and represent localized energy packets.
Vortex Structures
Three-dimensional topological defects form vortex filaments or rings.  
The velocity field around a straight vortex is
[image: ]
These structures transport momentum and energy across the medium.
1.5 Emergent Interaction Fields
Interactions typically attributed to fundamental forces arise from fluid dynamics.
Effective Gravitational Interaction
Mass concentrations correspond to regions of persistent vortex circulation.
[image: ]
Electromagnetic-Like Behavior
Define the vector potential
[image: ]
1.6 Boundary of the Superfluid Universe
[image: ]
This expansion emerges directly from surface physics rather than additional energy components.
1.7 Implications for Observational Phenomena
Within this ontology:
1. Galactic rotation curves
Persistent vortex circulation in the medium provides additional centripetal velocity:
[image: ]
producing flattened rotation profiles.
2. Early structure formation
[image: ]
Constructive interference along vortex flows accelerates mass concentration.
1.8 Summary of Ontological Elements
The cosmological system is defined by:
[image: ]
Within this formulation, observable physical phenomena arise from coherent dynamics of the superfluid medium interacting with the underlying cubic magnetic substrate.
2. Physical Model
2.1 Universe as a Superfluid
[image: ]2.2 Surface Tension Effects
[image: ]2.3 Emergent Gravity from Superfluid Dynamics
[image: ]
3. Structure Formation
3.1 Early Galaxy Formation
Surface tension and coherent bulk flows accelerate collapse:
1. Density fluctuations in the superfluid propagate as sound-like modes.
2. Constructive interference along coherent flows produces rapid accumulation of mass.
3. Early massive galaxies appear naturally without violating causality or standard thermodynamics.
[image: ]
3.2 Cosmic Web Formation
The superfluid’s bulk flows and vorticity produce filamentary structure:
· Vortices align along preferred directions, concentrating matter.
· Surface tension at boundaries seeds density ridges.
· Large-scale filamentary network emerges without requiring collisionless dark matter.
4. Galactic Dynamics
4.1 Rotation Curves
Effective force law derived from phonon-mediated superfluid excitations:
[image: ]
4.2 MOND Correspondence
[image: ]
4.3. Gravitational Lensing
· Superfluid density directly contributes to spacetime curvature:
[image: ]
7. Advantages Over ΛCDM
Magnetic Substrate and Large-Scale Matter Organization
The model replaces the assumption of additional unseen gravitating matter with a structured magnetic substrate that permeates the entire spatial domain of the universe. This substrate functions as a persistent background field that defines the lowest-level physical boundary conditions of the system. Matter and radiation evolve as dynamical excitations within this field rather than as objects moving through empty space. Large-scale structure formation is therefore treated as a consequence of electromagnetic stress and field topology imposed by the substrate rather than gravitational attraction from unobserved mass components. The effective force density acting on matter is governed by the Lorentz interaction between charged or magnetically polarizable plasma structures and the background field:
[image: ]
Substrate Uniformity and Apparent Cosmological Symmetry
[image: ]
Finite-Domain Droplet Dynamics
[image: ]so that gradients in the magnetic field modify the flow of the matter distribution. Regions of stronger magnetic energy act as barriers or guides, causing the fluid-like matter distribution to channel into filaments and nodes defined by the field geometry.
Removal of Unobserved Mass Components
[image: ]
	Feature
	ΛCDM
	Bounded Superfluid

	Galactic rotation curves
	Requires dark matter
	Emergent from superfluid phonons

	Early massive galaxies
	Fine-tuned baryon physics
	Natural from coherent collapse

	MOND phenomenology
	Ad hoc
	Emergent

	Invisible energy
	Required
	None

	Predictive control
	Partial
	High, tunable via (\sigma, \rho_0, R_U)



Consequences for Large-Scale Structure
The presence of a structured magnetic substrate establishes a deterministic framework for matter distribution. Instead of gravitational collapse occurring in a statistically uniform medium, matter evolves under the combined influence of fluid dynamics and magnetic potential geometry. Regions corresponding to magnetic minima accumulate mass, while regions of strong magnetic stress inhibit accumulation. The resulting matter distribution tends toward filamentary networks and nodal clusters aligned with the substrate topology.
In this formulation, space is not treated as an empty vacuum but as a medium with persistent electromagnetic structure. Matter and radiation evolve as excitations within this medium, and the spatial distribution of cosmic structures reflects the geometry and dynamics of the underlying magnetic field configuration.
Replacement of Inflationary Mechanisms with Structured Boundary Conditions
The framework replaces stochastic expansion models with a deterministic spatial structure defined by a persistent magnetic substrate. Instead of treating the universe as a dynamically generated spacetime region emerging from a transient expansion phase, the model assumes that matter–energy occupies a finite domain embedded within a pre-existing field configuration. The governing equations of motion for matter within this domain arise from magnetohydrodynamic coupling and superfluid dynamics rather than from expansion dynamics of the metric itself.
Let the magnetic substrate be represented by a background field
[image: ]
Spatial Uniformity and Directional Symmetry
[image: ]This spatial uniformity ensures that macroscopic physical processes evolve under identical boundary conditions throughout the domain. Matter distributions responding to this substrate exhibit statistical symmetry in all directions when observed at scales significantly larger than the lattice spacing. Under these conditions, large-scale isotropic appearance emerges directly from the uniformity of the underlying field structure rather than from rapid early-time dynamical expansion.
Finite-Domain Matter Distribution Over a Structured Substrate
[image: ]
Layered Field Configurations and Resonant Domains
The magnetic substrate may support multiple resonant field modes distinguished by characteristic frequencies and field amplitudes. Each mode satisfies the Maxwell wave equation in a magnetized medium
[image: ]which determines the equilibrium structure of matter interacting with that layer. Variations in field amplitude, lattice spacing, or resonance frequency modify the equilibrium conditions governing particle binding, plasma stability, and large-scale matter organization.
Deterministic Structure Formation
Given a fixed substrate field configuration, the distribution of matter becomes a deterministic outcome of the governing fluid and electromagnetic equations. The coupled system
[image: ]
fully determines the temporal evolution of density and velocity fields. Once the geometry of the magnetic substrate is specified, the equilibrium configuration of matter can be calculated directly from these equations without introducing additional mass components or stochastic cosmological generation mechanisms.
The resulting cosmological system is therefore characterized by a finite matter distribution evolving within a structured electromagnetic substrate, with large-scale structure determined by the geometry and strength of the underlying magnetic field.
8. Observational Consistency
8.1 Cosmic Microwave Background Uniformity
Within a superfluid cosmological medium, the large-scale uniformity of the cosmic microwave background (CMB) arises from the homogeneity of the bulk condensate density during the epoch of photon decoupling. Let the superfluid state be described by the order parameter
[image: ]Acoustic oscillations in the medium prior to recombination obey the wave equation derived from linearized Gross–Pitaevskii hydrodynamics. Let
[image: ]which imprint the characteristic angular fluctuation spectrum observed in the CMB temperature field.
8.2 Filamentary Cosmic Web Formation
Large-scale matter distribution in astronomical surveys exhibits a network of filaments connecting dense nodes and surrounding large void regions. In the superfluid framework these structures arise from coherent bulk flows of the medium combined with vortex dynamics and magnetic substrate coupling.
The velocity field of the condensate is defined by
[image: ]channels plasma motion along magnetic field lines, reinforcing filament formation.
Several observable structures follow naturally from this mechanism:
Galactic Filaments
Galaxies appear preferentially along elongated structures spanning tens to hundreds of megaparsecs. In the model, these correspond to persistent coherent flow channels where density gradients and magnetic forces align matter along substrate field lines.
Cluster Nodes
At intersections of multiple filamentary flows, mass accumulates at stagnation points of the velocity field. Mathematically these correspond to regions where
[image: ]
then matter is transported laterally, producing flattened density structures.
8.3 Galaxy Clustering and Void Formation
Galaxy clustering and large cosmic voids correspond to nonlinear evolution of density fluctuations within the superfluid medium. Let the density perturbation field be defined as
[image: ]resulting in expanding underdense regions. These regions correspond to cosmic voids spanning tens to hundreds of megaparsecs.
Examples of structures reproduced by this mechanism include:
Large Voids
Regions with low matter density where outward superfluid flow removes material from the region.
Galaxy Superclusters
High-density nodes where multiple filamentary flows converge.
Cluster Filaments
Persistent density ridges connecting clusters along flow channels determined by magnetic field geometry.
Wall Structures
Large planar galaxy concentrations formed from compressional flows along two-dimensional boundaries of neighboring void regions.
8.4 Black Hole Jets and Extreme Collimation
8.4.1 Observational Characteristics
Relativistic jets associated with compact objects exhibit extreme collimation and persistence across distances ranging from kiloparsecs to megaparsecs. Typical jet opening angles are
[image: ]Within the superfluid cosmological framework, jet stability and collimation arise from the interaction between rotating compact objects, large-scale magnetic fields, and vortex structures within the universal superfluid medium.
8.4.2 Rotational Field Geometry
Consider a rotating compact object with angular velocity
[image: ]This configuration naturally generates a helical magnetic channel extending outward from the central object.
8.4.3 Superfluid Vortex Coupling
In the UFluid framework the surrounding medium is a superfluid condensate described by the order parameter
[image: ]These vortex lines form a stable cylindrical structure within the superfluid medium. Plasma entrained within this vortex bundle is constrained to move along the axis of the vortex tube.
8.4.4 Formation of Topological Flux Tubes
The combined magnetic and superfluid structure produces a topological flux tube. The magnetic field within such a tube satisfies the condition
[image: ]which acts to straighten and stabilize the field.
2. Superfluid vortex confinement
which restricts transverse motion relative to the vortex axis.
8.4.5 Stability from Topological Invariants
The helical configuration of the field and vortex bundle is characterized by a winding number
[image: ]
which counts the number of phase rotations around the vortex core.
Because this quantity is quantized, the vortex structure cannot dissipate continuously. Changes require discrete reconnection events, which are energetically suppressed in large coherent structures.
The magnetic helicity and superfluid winding number together form topological invariants that stabilize the jet channel. As long as these invariants remain conserved, the flux tube maintains its structure over very large distances.
8.4.6 Jet Propagation in the Superfluid Medium
Plasma flowing within the flux tube experiences acceleration from magnetic pressure gradients and rotational energy extraction. The jet flow equation can be approximated by the magnetohydrodynamic momentum equation along the tube axis:
[image: ]ensuring that plasma remains confined within the cylindrical channel.
Because the surrounding UFluid medium supports stable vortex structures with minimal viscosity, the flux tube encounters limited dissipative interaction with the environment. This allows the jet to propagate over distances much larger than its initial launch scale while preserving its narrow opening angle.
8.4.7 Resulting Jet Morphology
The combination of magnetic helicity, superfluid vortex confinement, and rotational field twisting produces a self-organizing structure with several observable characteristics:
· Narrow, persistent jet channels aligned with the rotation axis.
· Helical magnetic field patterns detectable through polarization measurements.
· Knot-like density structures formed by internal shock waves along the flow.
· Large-scale stability extending over hundreds of kiloparsecs or more.
The collimation is therefore maintained not solely through local magnetohydrodynamic pressure balance but through the conservation of topological quantities associated with vortex circulation and magnetic helicity within the superfluid cosmological medium.
8.5 Missing Baryons and the Warm–Hot Intergalactic Medium
8.5.1 Observational Context
Measurements of primordial nucleosynthesis and early-universe plasma conditions determine the expected baryon density of the universe. The baryonic mass density parameter is commonly expressed as
[image: ]
Observational surveys of galaxies, stars, and cold interstellar gas account for only a fraction of this predicted baryonic density. Large-scale surveys of luminous matter typically measure
[image: ]
with a deficit that becomes more pronounced when only condensed structures (galaxies, clusters, stellar systems) are counted.
Diffuse gas detected through X-ray emission and ultraviolet absorption lines—commonly referred to as the warm–hot intergalactic medium (WHIM)—accounts for part of this discrepancy but does not fully resolve the difference when considering detection limits.
In the superfluid cosmological framework, baryons are distributed throughout a continuous dynamical medium and can remain confined within coherent flow structures that possess low radiative efficiency.
8.5.2 Baryonic Transport in the Superfluid Medium
Let the baryonic mass density be represented by
[image: ]
Because baryons are embedded within the flow of the condensate, they are transported along coherent flow lines and vortex structures rather than existing only in isolated gravitationally bound clumps.

8.5.3 Vortex Filaments as Baryon Reservoirs
Superfluid vorticity is confined to quantized vortex lines satisfying the circulation condition
[image: ]resulting in elongated matter distributions aligned with the vortex axis.
Because these filaments extend over large spatial distances but maintain low density relative to galaxies, their total baryonic content can be substantial while remaining difficult to detect through conventional emission measurements.
8.5.4 Thermodynamic State of Diffuse Filaments
Gas entrained in large-scale superfluid flows undergoes compressional heating and adiabatic expansion as it moves through regions of varying pressure. The thermal state of the baryonic component satisfies the energy equation
[image: ]
the total luminosity per unit volume remains small because the emission rate depends on the square of the density.
As a result, large baryonic reservoirs may exist in diffuse filamentary structures that emit weakly across most wavelengths.
8.5.5 Alignment with the Magnetic Substrate
The superfluid medium interacts with a structured magnetic substrate represented by the field
[image: ]
These forces guide plasma flows along magnetic field lines and reinforce the formation of elongated filaments parallel to the substrate geometry.
When vortex structures in the superfluid align with these magnetic channels, the resulting configuration produces long-lived baryon reservoirs that are spatially extended but faint in electromagnetic emission.
8.5.6 Observational Manifestations
Several observed phenomena are consistent with baryonic matter distributed in diffuse structured flows:
Intergalactic Absorption Lines
Weak absorption features in quasar spectra indicate low-density ionized gas distributed along extended lines of sight. These correspond to filamentary baryonic structures intersecting the observational path.
Soft X-Ray Background
Diffuse X-ray emission observed across large angular scales is consistent with hot, low-density plasma occupying intergalactic filaments.
Large-Scale Filamentary Structures
Galaxy surveys reveal matter arranged along elongated filaments spanning tens to hundreds of megaparsecs. These luminous components trace only the densest portions of larger underlying baryonic flows.
Gravitational Effects
Even when electromagnetic emission is weak, the baryonic mass within diffuse filaments contributes to gravitational potentials affecting galaxy motions and cluster dynamics.
8.5.7 Superfluid Interpretation
In the UFluid framework, baryons are not confined exclusively to compact structures such as galaxies or clusters. Instead they remain distributed throughout coherent flow structures within the superfluid medium. The baryonic density field can therefore be written as
[image: ]Thus baryonic matter that appears absent in condensed astronomical objects can reside within structured superfluid flows aligned with vortex and magnetic filament networks of the cosmic medium.
8.6 Large-Scale Spin Alignments and Polarization Coherence
8.6.1 Observational Characteristics
Astronomical surveys have reported correlations in the orientation of galaxy angular momentum vectors and polarization directions of distant quasars over scales extending from tens to hundreds of megaparsecs. These correlations manifest as statistical deviations from completely random orientation distributions.
Let the angular momentum vector of a galaxy be
[image: ]
over the unit sphere. Observational alignment signals correspond to deviations from this isotropic distribution.
Similarly, the polarization of electromagnetic radiation emitted by quasars is characterized by a polarization vector ( \mathbf{P} ) defined in the plane perpendicular to the propagation direction. If polarization orientations are random, the distribution of polarization angles ( \psi ) satisfies
[image: ]
Observed correlations indicate the presence of coherent orientation structures over cosmological scales.
8.6.2 Structured Magnetic Substrate
In the superfluid cosmological framework, space is permeated by a structured magnetic substrate with periodic geometry. A cubic lattice field configuration can be represented as
[image: ]
is the current density.
Because the field geometry repeats periodically across large distances, its directional influence persists over cosmological scales.
8.6.3 Vortex Alignment in the Superfluid Medium
The universal superfluid medium is described by the order parameter
[image: ]
Vorticity in the superfluid occurs along quantized vortex lines satisfying
[image: ]
These vortex lines represent topologically stable rotational structures embedded in the fluid.
[image: ]
which correspond to alignment with directions where the magnetic interaction energy is minimal. In a cubic lattice geometry, these preferred orientations coincide with lattice axes and diagonals.
8.6.4 Angular Momentum Acquisition During Galaxy Formation
Galaxy formation occurs within rotating regions of the superfluid medium where matter accumulates in convergent flow structures. The angular momentum of a forming galaxy arises from the local vorticity field
[image: ]Thus galaxy spins become correlated across regions where vortex orientation remains coherent.
8.6.5 Jet Orientation Bias
Relativistic jets associated with compact objects are typically aligned with the rotation axis of the central object. If the angular momentum vector of the host galaxy or accretion disk is aligned with the underlying vortex structure, then jet orientation follows the same direction.
The jet direction unit vector
[image: ]
If vortex alignment persists across large spatial regions due to substrate anisotropy, jets from different galaxies within those regions exhibit correlated orientations.
8.6.6 Polarization Alignment
Electromagnetic radiation propagating through magnetized plasma experiences polarization effects determined by the magnetic field orientation. The polarization state evolves according to the radiative transfer equation for polarized light
[image: ]
In regions where magnetic field orientation remains coherent over large distances, polarization vectors tend to align with the projected magnetic field direction. If the substrate field and associated vortex structures impose a common orientation across extended regions, radiation emitted or scattered within those regions will exhibit correlated polarization angles.
8.6.7 Statistical Consequences
[image: ]Such distributions generate observable correlations in:
· galaxy spin vectors
· jet orientations
· quasar polarization angles
across spatial regions where the underlying vortex field maintains coherent alignment.
8.6.8 Resulting Large-Scale Alignment Patterns
Within this framework, large-scale orientation correlations arise from deterministic physical mechanisms rather than statistical coincidence. The process proceeds through several linked stages:
1. The cubic magnetic substrate introduces preferred spatial directions.
2. Superfluid vortex lines align with energetically favorable orientations relative to this substrate.
3. Matter collapsing within these vortex structures acquires angular momentum aligned with the vortex axis.
4. Astrophysical structures such as galaxies, accretion disks, and jets inherit these orientations.
5. Electromagnetic radiation propagating through the aligned magnetic environment acquires correlated polarization directions.
These processes collectively produce large-scale patterns of spin and polarization alignment observable in astronomical surveys.

9. Universe-Wide Rotation and Spin
9.1 Global Vorticity of the Superfluid Medium
The cosmological medium is represented as a superfluid described by the complex order parameter
[image: ]
In a perfect superfluid, vorticity is confined to quantized vortex lines satisfying the circulation quantization condition
[image: ]
If the vortex distribution is not perfectly symmetric, the average vorticity does not vanish:
[image: ]
This corresponds to a small net rotational component of the cosmic medium.
Let the characteristic angular velocity of this global rotation be
[image: ]
The presence of such a weak rotational component produces a large-scale shear flow across the cosmic medium. Matter embedded within the medium inherits angular momentum from this background motion.
9.2 Formation of Vortical Cells
The superfluid medium can support large coherent vortical regions similar to rotating cells observed in laboratory superfluids. The density and velocity fields within a rotating superfluid satisfy the hydrodynamic equations derived from the Gross–Pitaevskii equation.
The continuity equation is
[image: ]
On cosmological scales, such vortices can extend across extremely large distances and define rotating flow cells within the medium. Matter accumulating within these cells experiences rotational motion inherited from the local velocity field.
9.3 Influence of the Cubic Magnetic Substrate
The superfluid medium interacts with a structured magnetic substrate represented by the background field
[image: ]
These forces channel plasma flows along preferred directions defined by the lattice geometry. As a result, vortical structures within the superfluid tend to align with energetically favorable directions corresponding to lattice axes and diagonals.
The energy of a vortex segment interacting with the magnetic substrate can be written as
[image: ]
leading to alignment of vortices along specific lattice directions.
9.4 Angular Momentum Seeding of Galaxies
Galaxies form through gravitational collapse of matter within overdense regions of the superfluid medium. The angular momentum of a forming structure is determined by the velocity field of the surrounding medium.
[image: ]
then the resulting angular momentum vector aligns with the vortex axis.
Because vortical cells in the superfluid may span large spatial regions, multiple galaxies forming within the same cell inherit similar angular momentum directions.
This mechanism produces correlated spin orientations across clusters and superclusters. The distribution of galaxy spin vectors can therefore be expressed as
[image: ]
9.5 Black Holes as Vorticity Concentration Regions
Black holes represent regions in which angular momentum and mass accumulate to extremely high density. Within the superfluid framework, these objects correspond to localized concentrations of vorticity.
Consider a vortex tube carrying circulation
[image: ]
This concentration of rotational energy produces a stable compact object where the vortex core is effectively locked into a high-density state.
The spin parameter of the resulting compact object is
[image: ]
In this interpretation the spin of the compact object reflects the angular momentum carried by the larger vortex structure in which it formed.
9.6 Jets and Accretion as Angular Momentum Transport
Matter accreting toward a rotating compact object forms a disk due to conservation of angular momentum. The disk rotates with angular velocity
[image: ]
Thus the jet and accretion flow act as mechanisms that redistribute angular momentum from the concentrated vortex core into the surrounding cosmic medium.
9.7 Large-Scale Consequences
The presence of weak global vorticity in the superfluid medium produces several large-scale effects:
1. Preferred rotational orientation for galaxies forming within common vortical cells.
2. Correlation of angular momentum vectors among structures occupying the same region of the medium.
3. Alignment of astrophysical jets with the axes of underlying vortex structures.
4. Concentration of vorticity into compact objects, producing rapidly rotating black holes.
These phenomena arise as direct consequences of rotational flow patterns embedded within the superfluid cosmological medium and shaped by the geometry of the magnetic substrate.
10. Source of Entropy
10.1 Entropy as Vortex and Tangle Complexity
In a superfluid cosmological medium the microscopic state of the system is characterized by the configuration of the condensate order parameter
[image: ]
In a simple ordered configuration the vortex network consists of a small number of nearly parallel filaments with low curvature. As dynamical processes occur—such as turbulence, reconnection, and interaction with the magnetic substrate—the vortex configuration becomes increasingly complex.
A quantitative measure of vortex complexity is the vortex line density
[image: ]
As the vortex network becomes more tangled and fragmented, the number of accessible configurations increases, resulting in larger entropy.
10.2 Irreversibility from Topological Processes
The local equations governing superfluid motion—derived from the Gross–Pitaevskii equation—are formally time-reversal symmetric. However, the dynamics of vortex lines introduce discrete topological events that generate effective irreversibility.
The motion of a vortex filament can be approximated by the Biot–Savart relation
[image: ]
which describes the self-induced motion of vortex segments.
[image: ]
These waves cascade toward higher wave numbers through nonlinear interactions, producing a spectrum of small-scale excitations. The resulting energy distribution spreads across many degrees of freedom, making reversal of the process highly improbable.
Additional irreversibility arises from vortex pinning to the magnetic substrate. If the substrate contains localized magnetic features producing a potential
[image: ]
When a vortex becomes pinned, its motion is constrained. Subsequent unpinning requires external perturbations exceeding a threshold force. These pinning and unpinning processes introduce hysteresis and path dependence in the evolution of the vortex network.
10.3 Thermal Phenomena as Excitation Density
Temperature within the superfluid medium corresponds to the density of incoherent excitations superimposed on the condensate ground state.
The excitation spectrum of the superfluid can be obtained from linear perturbations of the Gross–Pitaevskii equation. The resulting Bogoliubov dispersion relation is
[image: ]
is the sound speed in the medium.
These excitations include:
1. Phonons (long-wavelength density waves)
2. Kelvin waves on vortex filaments
3. Magnetically coupled oscillations in the substrate field
The energy density of excitations can be expressed as
[image: ]
An increase in excitation density corresponds to increased thermal energy and entropy.
Large coherent structures—such as ordered flows, jets, or vortex bundles—can decay through nonlinear interactions. The decay process transfers energy from organized motion into the excitation spectrum:
[image: ]
resulting in an increase in the number of small-scale excitations and therefore an increase in entropy.
10.4 Entropy Growth During Cosmic Evolution
At early times the superfluid medium may exist in a nearly uniform configuration with minimal vortex density. The vortex line density satisfies
[image: ]
During cosmic evolution several processes increase vortex complexity:
1. Formation of large-scale vortices during structure formation.
2. Accretion flows and jets that inject rotational energy into the medium.
3. Magnetic interactions that twist and reconnect field-aligned vortex structures.
The temporal evolution of vortex density can be described by a balance equation
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As long as generation exceeds dissipation, the vortex network becomes increasingly complex.
The entropy of the system therefore increases as
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which grows with increasing vortex configuration multiplicity.
The direction of increasing vortex complexity defines the macroscopic arrow of time within the DRUMS framework.
10.5 Information and Substrate Configuration
Information within the DRUMS system corresponds to stable, low-complexity configurations of vortex and spin structures within the superfluid and magnetic substrate.
Let the state of the system be represented by a configuration variable
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Disruption of the ordered structure through vortex reconnection or spin-domain mixing increases the number of accessible states. The entropy change associated with erasure of a structured configuration satisfies
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per bit of information lost, consistent with the thermodynamic limit of information erasure.
In physical terms, erasure corresponds to the transformation
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where the coherent vortex and spin structures break down into a high-complexity configuration containing many small excitations.
The energy released during this process is distributed into phonons, Kelvin waves, and magnetic fluctuations within the substrate, producing an increase in excitation density and thermal entropy.
Summary
In the DRUMS framework, entropy arises from the dynamical complexity of the superfluid medium and its magnetic substrate. The principal contributors are:
1. Growth of vortex-line density and vortex tangle complexity.
2. Irreversible topological events such as vortex reconnection and substrate pinning.
3. Conversion of coherent flow energy into small-scale excitations.
4. Progressive increase in configurational multiplicity of vortex and spin structures.
The arrow of time corresponds to the direction in which the topological complexity of the vortex network and substrate configuration increases.
11. Time in the DRUMS Universe
Time emerges as the directional progression of the UFluid–substrate system through topological configuration space. It is not treated as a fundamental geometric coordinate but as a physical measure of the evolving vortex network embedded in the cubic magnetic substrate.
The global state of the universe is defined by:
· the configuration of vortex filaments in the UFluid,
· the spin orientations of the cubic magnetic lattice,
· the coupling between vortex circulation and lattice spin domains.
Temporal ordering arises from irreversible reconnection dynamics and substrate pinning processes that progressively increase the accessible configuration space of the system.
11.1 Time as Vortex Tangle Evolution
Core Definition
Time corresponds to the growth of total vortex-line complexity within the UFluid.
Define the vortex-line density
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Thus time measures the net accumulation of vortex filament length and topological complexity across the cosmic volume.
Present as Configuration State
At any instant the universe is defined by a complete topological configuration consisting of
· vortex filaments and loops
· vortex braids and knots
· lattice spin domains
· domain walls and pinning sites.
The present state can therefore be written as
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Topological Irreversibility
The arrow of time arises from vortex reconnection events.
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The inverse transformation requires coordinated global motion against energy barriers set by substrate pinning potentials.
Thus reconnections produce irreversible increases in tangle complexity.
Linking and Braiding Growth
Topological complexity is quantified by linking number
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Vortex reconnections redistribute these quantities but statistically increase the number of braided configurations accessible to the system.
11.2 Substrate Clock Mechanism
Local clocks arise from spin dynamics in the cubic magnetic substrate coupled to the superfluid phase field.
Spin Exchange Dynamics
Lattice spins interact through nearest-neighbor exchange
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These propagating modes create periodic local transitions that function as timing events.
Superfluid Phase Synchronization
The UFluid is described by an order parameter
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Phase coherence across large regions synchronizes spin oscillations and vortex dynamics, creating a distributed timing framework throughout the medium.
Resonant Scale Hierarchy
The coupled lattice–fluid system supports characteristic resonant lengths.
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matching the superfluid flow velocity.
These resonances produce stable oscillatory patterns that function as periodic timing references.
Proper Time from Fluid Motion
Objects moving through the UFluid experience altered phase evolution.
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At velocities approaching (c), phase evolution slows, producing relativistic time dilation.
11.3 Arrow of Time from Pinning Dynamics
Large-scale irreversibility originates from vortex interaction with the cubic substrate lattice.
Kelvin Wave Cascade
Vortex filaments support helical perturbations called Kelvin waves with dispersion
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Energy injected at large scales cascades through these modes toward smaller scales.
This cascade increases filament curvature and promotes reconnection events.
Energy Dissipation
Each reconnection produces localized bursts of excitations:
· phonons in the superfluid
· magnons in the lattice.
Energy transfer rate is approximately
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Energy stored in coherent flows converts into small excitations distributed across the substrate.
Pinning Potentials
Substrate imperfections produce pinning sites described by potential
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Reverse reconnection would require simultaneous reconfiguration of large vortex segments, making it statistically suppressed.
Entropy Growth
The number of vortex configurations increases with line density.
Define configuration count
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Cosmological Initial Condition
The earliest cosmic state corresponds to a low vortex-density configuration:
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The substrate lattice is phase-coherent and nearly uniform.
As the universe evolves:
· vortices nucleate,
· filaments stretch and reconnect,
· spin domains form.
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11.4 Time Dilation and Gravitation
Gravitational phenomena arise from mass-induced modifications of the UFluid flow field and vortex density around matter concentrations. Massive objects generate persistent vortex sinks and shear layers in the superfluid. These distort the local vortex-reconnection rate and substrate spin dynamics, which alters the local progression of topological complexity and therefore the rate at which time advances locally.
Vortex Sinks Around Massive Bodies
Massive objects induce circulation in the surrounding UFluid.
The velocity field of a quantized vortex sink can be written
[image: ]
Gravitational Time Rate
The local progression rate of vortex reconnection events determines the effective flow of time.
Define a dimensionless shear parameter
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Interpretation:
· High vortex density → stronger shear → reduced reconnection frequency → slower local time progression.
· Low vortex density → weak shear → faster reconnection → faster local time progression.
Event Horizon Behavior
Near compact massive objects, vortex shear becomes extreme.
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At sufficiently high shear:
· vortex filaments wind into tight helices
· reconnection events are suppressed
· vortex crossing frequency decreases dramatically.
The surface where reconnection becomes effectively frozen corresponds to an event horizon, where external observers see the local time progression approach zero.
Frame Dragging
Rotating masses twist the surrounding UFluid.
The angular velocity of the induced swirl is
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This rotational shear transports vortex lines azimuthally, producing large-scale helical flow structures.
Observable consequences include
· rotation of orbital planes
· twisting of jet structures
· precession of nearby vortices.
Gravitational Wave Propagation
Disturbances in mass distribution propagate through the medium as shear waves in the vortex lattice and UFluid phase field.
A perturbation ( \delta v ) propagates according to
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As these waves travel through regions of non-uniform vortex density, the pulse shape becomes distorted.
Observable effects include:
· signal delay
· phase shift
· amplitude modulation.
These distortions correspond to phenomena normally interpreted as
· Shapiro delay
· gravitational wave propagation
· relativistic frame dragging.
11.5 Quantum Time and Uncertainty
Quantum temporal effects arise from microscopic vortex dynamics interacting with discrete substrate spin states.
The substrate lattice forms quantized pinning sites where vortex cores can attach, precess, and transition between states.
Energy–Time Uncertainty
The energy–time uncertainty relation
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Short observation intervals correspond to tightly constrained vortex motion, producing larger energy spreads in the emitted magnon spectrum.
Magnon Emission Spectrum
Transitions between vortex pinning states release discrete excitations in the lattice.
The emitted frequency spread satisfies
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This produces the measurable spectral width associated with quantum uncertainty.
Wavefunction Collapse
A measurement interaction corresponds to a vortex reconnection or depinning event.
Before measurement:
· the vortex is distributed across multiple nearby pinning configurations
· the superfluid phase field supports multiple coherent paths.
Measurement forces the vortex into a single pinned configuration.
Mathematically this corresponds to
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where the vortex filament reconnects to a specific substrate node.
Because reconnections increase global tangle complexity, the transition is topologically irreversible.
Planck Time
The smallest meaningful time interval arises from the propagation time of the fastest lattice excitation across one lattice spacing.
Let
[image: ]
representing the minimal time resolution permitted by substrate dynamics.

 11.7 Cosmological Time Anomalies Explained

11.7 Cosmological Anomalies Interpreted Through the UFluid Framework
Several large-scale observational puzzles arise when the universe is modeled as a perfectly homogeneous and isotropic expansion. Within the UFluid–substrate framework, these anomalies correspond to spatial variations in vortex density, vorticity, and lattice coupling, producing measurable deviations from simple expansion models.
Cosmic Dipole
Standard Puzzle
Measurements of the cosmic microwave background show a strong dipole anisotropy. This is commonly interpreted as motion of the observer relative to a preferred cosmological rest frame, yet the physical origin of such a universal reference flow remains unexplained.
UFluid Explanation
The cosmic dipole emerges from global vorticity in the superfluid medium.
Define the large-scale vorticity field
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then large-scale flow establishes a preferred kinematic frame.
The background radiation field propagates through this rotating fluid, and photons acquire Doppler shifts depending on propagation direction relative to the flow.
The observed dipole temperature variation becomes
[image: ].
In this interpretation the dipole reflects the velocity field of the cosmic UFluid, not a purely kinematic offset.
Hubble Tension
Standard Puzzle
[image: ]
UFluid Explanation
Expansion rate depends on the local density of vortex structures and energy stored in fluid flows.
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Regions with high vortex activity contain:
· stronger shear
· enhanced energy transfer between fluid modes.
These regions experience faster effective expansion.
Thus:
· nearby cosmic volume (measured by distance ladders) samples local vortex conditions
· early-universe measurements probe lower-tangle primordial conditions.
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Time-Reversal Asymmetry
Standard Puzzle
Observed CP violation in particle physics is insufficient to explain the strong macroscopic arrow of time observed in thermodynamics and cosmology.
UFluid Explanation
Time asymmetry arises from ratchet-like vortex dynamics created by substrate pinning sites.
The pinning potential for vortex segments may be approximated as
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This produces macroscopic irreversibility independent of microscopic CP violation.
Black Hole Information
Standard Puzzle
Information appears to be lost when matter crosses an event horizon, conflicting with unitary quantum evolution.
UFluid Explanation
Black holes correspond to stable vortex cores in the superfluid medium.
The circulation around the core is quantized:
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Matter falling into the vortex becomes encoded in
· vortex twist
· linking structure
· lattice spin configurations near the core.
The information content is stored in the topological invariants of the vortex system, such as
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These invariants persist even when matter crosses the horizon, preventing information loss.
Early Universe Homogeneity
Standard Puzzle
The large-scale uniformity of the early universe requires an inflationary phase to smooth initial density variations.
UFluid Explanation
The initial state of the UFluid–substrate system corresponds to minimal vortex density and high phase coherence.
Define the primordial tangle density
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In this regime:
· velocity gradients are small
· phase variations are negligible
· density fluctuations are strongly suppressed.
The system therefore begins in a nearly uniform configuration without requiring rapid exponential expansion.
Structure formation begins only after vortices nucleate and grow, producing density contrasts through fluid shear and gravitational coupling.
11.8 Philosophical Implications
The dynamical nature of time and structure in the UFluid framework leads to several conceptual consequences regarding cosmology and physical ontology.
Rejection of the Block Universe
If time corresponds to increasing vortex complexity,
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then the universe cannot be described as a static four-dimensional spacetime containing all events simultaneously.
Instead:
· the system evolves physically
· the global vortex network continuously reconfigures
· future configurations do not yet exist.
Branching of Future States
Vortex reconnection processes allow multiple possible outcomes when filaments intersect.
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Each pathway corresponds to a distinct topological configuration.
The future evolution of the system therefore depends on which reconnection pathway occurs.
Observers as Coherent Vortex Structures
Complex organized systems correspond to regions where vortex and spin configurations maintain high coherence relative to the surrounding tangle.
Such regions maintain:
· stable circulation patterns
· persistent spin-domain alignment
· reduced local tangle growth.
These properties allow sustained information storage and processing.
Long-Term Cosmic Evolution
The vortex network cannot increase complexity indefinitely. As linking density grows, the system approaches a maximum tangle state where further reconnections no longer significantly increase complexity.
Let the maximum vortex density be
[image: ]
At this point the fluid may reorganize through large-scale vortex annihilation or phase restructuring, potentially initiating a new low-tangle state.
This produces the possibility of cyclic cosmic evolution governed by topological dynamics of the UFluid and substrate lattice.
12. Magnetic Field Generation : Superfluid Motion Over Cubic Magnetic Substrate
Magnetic fields arise from relative motion between the superfluid medium and the fixed cubic magnetic substrate. The substrate contains discrete spin sites that interact with the flowing superfluid. When the fluid moves relative to the lattice, vortex structures form and pin to lattice defects or spin domains.
Magnetic fields correspond to organized spin distortions induced by fluid shear and vortex pinning.
Observed magnetic field structures — filamentary, helical, and dipolar — follow naturally from the geometry of the cubic lattice combined with fluid motion across it.
12.1 Core Mechanism: Fluid–Substrate Drag
The substrate is modeled as a cubic lattice with localized spins
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Vortex filaments generated by this vorticity interact with the magnetic lattice and pin to defects or spin domains.
Magnetic Field Generation
Spin alignment in the lattice is perturbed by fluid motion. The resulting magnetic field arises from curl of the induced spin current.
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This equation describes magnetic field generation as a shear interaction between fluid flow and lattice spin structure.
Regions where fluid velocity changes relative to the lattice generate magnetic field loops and filaments.
Three Primary Magnetic Generators
Magnetic fields arise from three types of fluid motion.
1. Translational motion
Large-scale expansion stretches lattice domains.
Velocity component:
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Domain stretching generates elongated magnetic structures aligned with the direction of expansion.
Result:
· filamentary magnetic fields.
2. Rotational motion
Fluid rotation produces azimuthal shear across the lattice.
Velocity component:
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Rotational shear twists lattice spin domains, producing helical magnetic field structures.
3. Turbulent motion
Local eddies create fluctuating velocity fields
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Turbulent flow generates intermittent vortex pinning events.
These produce small-scale magnetic loops and amplify existing fields through repeated shear interactions.
12.2 Filamentary Magnetic Fields
Large-scale magnetic fields in cosmic filaments exhibit strong alignment with matter density structures.
Typical observed strengths:
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over megaparsec-scale structures.
Alignment Mechanism
Fluid flow tends to follow symmetry directions of the cubic lattice.
The lowest-energy flow directions correspond to lattice planes
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Vortices generated by the flow pin preferentially along these planes.
Pinned vortex lines align with the dominant flow direction, producing magnetic fields parallel to the filament axis.
Magnetic Field Strength
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Stronger density concentrations increase vortex density, which increases the magnetic field strength.
Thus magnetic field intensity scales approximately with density squared.
Laboratory Analogy
Permanent magnets contain microscopic domains known as Weiss domains.
Typical domain size:
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Magnetic field lines follow domain boundaries rather than forming ideal dipoles.
In experiments involving millimeter-scale magnets, magnetic field distortions correspond to interactions between the external field and the underlying domain structure.
This domain-guided field geometry explains deviations from ideal dipole fields.
12.3 Helical Magnetic Fields from Rotation
Rotating systems generate magnetic helicity through coupling between fluid vorticity and lattice spin orientation.
Helicity Definition
Helicity measures twisting of the velocity field:
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Helicity is therefore determined by alignment between the rotation axis and lattice symmetry directions.
Helical Magnetic Field Generation
Magnetic helicity arises from integrated contributions of helical flow modes.
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Helical magnetic fields therefore naturally emerge in rotating systems embedded in the cubic substrate.
Galactic Magnetic Fields
In spiral galaxies:
· the rotating galactic disk generates vorticity
· shear across the lattice induces systematic spin alignment.
This produces magnetic fields that follow spiral patterns.
If the substrate drag opposes rotation, the magnetic field lines wind in the opposite sense relative to disk rotation.
12.4 Dipolar Magnetic Fields
Dipolar fields arise when fluid circulation occurs around a localized rotating mass.
Examples include:
· planetary dynamos
· stellar dynamos.
Planetary Dynamo Mechanism
Within planetary interiors, conductive fluid layers move relative to the surrounding solid lattice.
For Earth:
· the liquid outer core circulates
· the mantle provides a slowly rotating reference frame.
Fluid velocity in the outer core can be approximated as
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Interaction between this flow and the surrounding substrate induces a dipolar magnetic field.
Dipole Alignment
When the rotation axis aligns with a lattice plane,
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vortex structures remain symmetric about the axis.
This produces a stable dipole magnetic field aligned with the planetary rotation axis.
Magnetic Field Reversal
If the rotation axis precesses relative to the lattice orientation, vortex pinning conditions change.
This can cause
· vortex reconnections
· domain realignment.
These processes may invert the dominant dipole orientation, producing geomagnetic field reversals.
Stellar Magnetic Cycles
Stars exhibit periodic magnetic reversals.
If stellar differential rotation interacts with substrate lattice harmonics, oscillatory magnetic fields appear.
Let
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produces cyclic magnetic behavior such as the approximately eleven-year solar magnetic cycle.
12.5 Lattice-Aligned Magnetic Bursts (Magnetars and GRBs)
Extremely strong magnetic fields observed in compact stellar remnants arise when rotational vortices within a collapsing star become coherently aligned with the cubic substrate axes. During collapse, the fluid interior compresses and its rotational circulation intensifies. If the rotation axis approaches a symmetry direction of the substrate lattice, vortex pinning becomes coherent across a large volume, producing a sudden amplification of the magnetic field.
Baseline Magnetic Field from Flux Conservation
In ordinary stellar collapse the magnetic field increases primarily through magnetic flux conservation.
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consistent with standard neutron star magnetic fields.
Lattice Alignment Amplification
When the stellar rotation axis becomes aligned with a cubic lattice axis, vortex filaments pin coherently to substrate spin domains.
Let
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This field strength corresponds to observed magnetar magnetic fields.
Energy Release During Alignment
Rapid realignment of vortex bundles produces a sudden release of magnetic and rotational energy.
The magnetic energy density is
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For magnetar-scale fields, the stored energy becomes extremely large, allowing sudden bursts of electromagnetic radiation when the vortex configuration rearranges.
These events correspond to phenomena such as:
· magnetar flares
· gamma-ray bursts associated with stellar collapse.
12.6 Scale Hierarchy of Magnetic Structures
Magnetic fields appear across a wide range of spatial scales. Their geometry and strength are determined by the interaction between fluid motion, lattice spacing, and coherence length of vortex structures.
	Scale
	Magnetic Strength
	Geometry
	Dominant Mechanism

	Laboratory (≈1 mm)
	1–10 T
	Domain wall structures
	Local vortex pinning to magnetic domains

	Planetary
	~10⁻⁵ T
	Dipolar
	Core fluid rotation relative to crust lattice

	Galactic
	~10⁻¹⁰ T
	Spiral or helical
	Disk shear along lattice-aligned filaments

	Cosmic web
	~10⁻⁹ T
	Filamentary
	Expansion flows along lattice planes



Unified Magnetic Field Relation
Magnetic field magnitude depends on several local physical parameters.
A general scaling relation is
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so the fluid motion lies parallel to lattice symmetry directions.
Misalignment reduces coherent pinning and weakens the field.
Density Dependence
Since vortex density increases with matter concentration, the field magnitude typically scales approximately as
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in filamentary regions where both fluid velocity and vortex pinning increase with density.
12.7 Magnetic Field Persistence
Magnetic fields often survive far longer than expected from simple resistive decay models. In the UFluid framework, this persistence arises from topological pinning of vortex lines to the substrate lattice.
Ohmic Dissipation
In conductive media without topological protection, magnetic fields decay through resistive diffusion.
The Ohmic decay timescale is
· [image: ].
For small-scale structures this timescale can be relatively short.
Substrate Pinning
When vortex filaments carrying magnetic flux pin to lattice defects or spin domains, their topology becomes constrained.
Pinned vortices require significant energy to move or reconnect. The characteristic timescale for depinning becomes
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for perfectly stable pinning configurations.
This produces topological protection of magnetic structures.
Survival of Primordial Fields
Large-scale cosmic magnetic fields can remain stable for extremely long durations if their underlying vortex structures remain pinned to the lattice.
Because the vortex topology remains preserved, magnetic flux does not freely diffuse.
The effective lifetime of such fields can therefore approach cosmic timescales on the order of
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or longer.
These long lifetimes explain the persistence of weak primordial magnetic fields observed in large-scale cosmic structures.
13. Magnetization of Materials 
Magnetization results from coherent interaction between the material lattice, the superfluid medium, and the cubic magnetic substrate. The magnetic response of matter arises when vortex structures in the superfluid align with microstructural features of the material and pin to defects or domain boundaries. These pinned vortices couple the material to the underlying cubic substrate symmetry.
Magnetic domains therefore represent regions where local vortex pinning and material lattice orientation match a stable configuration relative to the global substrate.
13.1 Standard Model vs Substrate Mechanism
Standard Model
Magnetization is interpreted as alignment of electron spins or orbital magnetic moments within atomic orbitals under an applied magnetic field.
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Domains arise when groups of spins align to minimize exchange energy.

Substrate Mechanism
Magnetization arises from vortex alignment in the superfluid medium interacting with material microstructure.
Material lattice sites act as pinning centers for vortex filaments. When an external field modifies the local fluid velocity field, vortices reconfigure and lock to specific lattice orientations.
Magnetic domains correspond to regions where:
· vortex circulation is stable,
· pinning energy is minimized,
· orientation matches cubic substrate symmetry.
The magnetization vector becomes
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13.2 Microscopic Magnetization Process
Magnetization proceeds through sequential dynamical stages involving vortex motion and pinning.
1. Virgin State (Demagnetized Material)
In the absence of external fields:
· domain orientations are randomly distributed relative to the substrate,
· vortex structures in the superfluid fluctuate locally.
The net magnetic field cancels due to opposing domains.
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Local vortex circulation exists but lacks coherent alignment across the material.
2. External Field Application
Applying an external magnetic field introduces a shear force on the superfluid.
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The shear in the fluid reorients nearby vortex filaments.
These vortices begin aligning with the direction of the applied field.
Material moments follow because vortex pinning occurs at lattice defects within the material.
3. Domain Wall Motion
Domains that align with the external field expand, while opposing domains shrink.
The boundary between domains is a domain wall where vortex pinning energy is locally high.
Domain wall velocity is governed by the balance between magnetic driving force and pinning resistance.
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Domain walls move when the magnetic driving force exceeds the pinning threshold.
4. Vortex Pinning
As vortex filaments shift through the material, they encounter defects such as
· grain boundaries,
· dislocations,
· inclusions.
These defects provide pinning potentials.
The circulation around a pinned vortex loop obeys quantization:
[image: ]
Pinned vortices stabilize the local domain orientation.
5. Saturated State
At sufficiently strong external fields, nearly all domains align with the field direction or the nearest stable substrate axis.
The total magnetization approaches saturation.
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Multiplied by the effective volume of aligned domains.
The material enters a coherent pinned state in which vortex circulation is stable across most of the structure.
13.3 Substrate Domain Geometry
Magnetic domains follow the symmetry of the cubic substrate lattice.
Preferred orientations correspond to low-energy lattice directions.
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These directions minimize vortex curvature and pinning energy.
Weiss Domain Scale
Typical Weiss domain size in ferromagnetic materials is approximately
[image: ]
This scale corresponds to the coherence length over which vortex structures remain stable relative to the lattice.
When domain size matches this scale, pinning energy is minimized.
Barkhausen Jumps
Domain wall motion does not occur continuously.
Instead, walls remain pinned until the applied field exceeds the local pinning energy.
The sudden release of a wall produces a discrete magnetization change known as a Barkhausen jump.
This corresponds to a vortex bundle depinning from a defect.
Domain Wall Energy
The energy density of a domain wall is determined by exchange stiffness and anisotropy relative to lattice orientation.
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Minimum energy occurs when the magnetization lies along substrate symmetry axes.

13.4 Millimeter Magnet Example
A cubic neodymium magnet of size approximately
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provides a system where the magnetic domain scale and substrate coherence scale are comparable.
Material Microstructure
Typical NdFeB magnets contain grains of size
[image: ]
These grains are exchange-coupled, allowing domain structures to extend across multiple grains.
Substrate Coupling
When the magnet size approaches the coherence scale of substrate pinning (~1 mm), vortex structures can pin coherently across the entire magnet.
The effective magnetization becomes
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across the full volume.
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Field Structure Near the Magnet
At distances comparable to the magnet size
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the field pattern reflects internal domain structure.
Domain boundaries distort the field geometry.
Field Structure at Larger Distances
At larger distances
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fine domain structure averages out.
The magnetic field approaches a dipole form but may contain higher-order harmonics arising from the underlying lattice symmetry.
These harmonics represent residual effects of the substrate-aligned vortex configuration within the magnet.
13.5 Hysteresis Loop Substrate Physics
Magnetic hysteresis in condensed matter is treated here as the response of spin domains embedded in a fluid medium that is constrained by a cubic magnetic substrate. The substrate introduces preferred spatial axes and discrete pinning centers that alter the conventional continuum description of magnetization dynamics.
Let the magnetization field be
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contains metastable minima determined by domain pinning.
1. Virgin State → Initial Permeability
In an unmagnetized sample, domains are randomly oriented but constrained by the cubic substrate axes.
The magnetic susceptibility tensor is therefore orientation-dependent
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Initial magnetization proceeds through reversible domain wall motion until pinning thresholds are reached.
2. Knee → Saturation
Domain wall propagation continues until all spins align with the nearest substrate axis.
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3. Demagnetization → Coercivity
Upon field reversal, domains do not immediately reorient because spins remain pinned to substrate potential wells.
The pinning force per unit area on a domain wall is
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4. Remanence → Residual Magnetization
After the external field returns to zero, a fraction of domains remains aligned due to pinning.
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The remanent magnetization therefore reflects the efficiency of lattice locking rather than purely intrinsic spin interactions.
13.9 Anomalies Explained
Several empirical phenomena in magnetism follow directly from substrate pinning dynamics.
Ultra-High Coercivity
Observed coercivities in rare-earth compounds exceed predictions from simple exchange models.
Using the substrate formulation,
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1 mm Magnetic Domain Scale
Weiss domains commonly appear at millimeter scales.
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domain walls stabilize at this scale because wall propagation beyond a coherence region encounters new pinning potentials.
Barkhausen Noise Universality
Magnetization changes occur as discrete jumps when domain walls escape pinning wells.
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then the magnetization change occurs through avalanche events.
The avalanche size distribution follows
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This produces scale-invariant Barkhausen noise.
Magnetostriction
Magnetization changes cause mechanical deformation because spin orientation alters the local stress tensor.
Define the strain tensor
[image: ]
13.10 Mathematical Master Equations
The time evolution of magnetization is governed by the Landau–Lifshitz–Gilbert form with an additional substrate force.
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Effective Magnetic Field
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Exchange Field
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which smooths spatial magnetization gradients.
Substrate Coupling Field
The cubic substrate introduces long-range dipolar alignment terms.
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Resulting Interpretation
Magnetization in solid materials can be represented as the transient alignment of spin domains within a magnetized fluid constrained by a cubic lattice substrate.
The macroscopic magnetic behavior—hysteresis, coercivity, remanence, domain scaling, Barkhausen noise, and magnetostriction—emerges from three interacting mechanisms:
1. exchange coupling between spins
2. magnetostatic energy of domain structures
3. pinning interactions with discrete substrate lattice nodes
The presence of substrate pinning introduces discrete energy wells that govern domain dynamics and establish characteristic coherence scales in magnetized materials.
14. Resonance Field Sizes and Locations
The magnetized domain scale near (1,\text{mm}) represents a coherence length at which collective magnetic order stabilizes in bulk ferromagnetic media. If magnetization dynamics are constrained by a cubic magnetic substrate, this coherence length defines the fundamental spatial resonance of the coupled system. Larger structures form discrete harmonic volumes where magnetic energy and substrate alignment simultaneously minimize the free energy functional.
Let the fundamental coherence length be
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This defines the smallest macroscopic region over which domain magnetization behaves as a single correlated unit.
14.1 Harmonic Resonance Volumes
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Substituting numerical values,
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which matches the observed harmonic volume.
14.2 Resonant Field Amplification
Magnetic energy density in a magnetized region is
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Large harmonic volumes therefore store significantly larger magnetic energy while maintaining the same magnetization density.
14.3 Standoff Field Structure
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However, if the magnetization volume resonates with the substrate coherence length, an additional field term arises from coherent coupling between the domain and substrate lattice modes.
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where the exponential term maximizes coupling relative to dipole decay.
14.4 Resonance Hierarchy
If harmonic volumes follow a cubic scaling law
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14.5 Cosmological Resonance Scale
Large-scale matter distribution exhibits a characteristic clustering scale known from galaxy surveys.
Let the preferred separation scale be
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Thus the large-scale cosmic clustering length corresponds to approximately the 11th harmonic of the domain-scale resonance hierarchy.
14.6 Planetary Harmonic Example
[image: ]
Thus planetary magnetic structures correspond to approximately the sixth harmonic of the domain-scale resonance sequence.
14.7 Galactic Harmonic Example
For the stellar disk diameter of the Milky Way,
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Thus galactic-scale magnetic structures lie near the ninth resonance harmonic.
14.8 Downward Scaling Limits
The same resonance relation can be applied toward smaller scales.
Let the inverse harmonic ratio be
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Atomic Scale
The Bohr radius is
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Thus atomic orbital scale corresponds to approximately the fourth inverse harmonic.
Nuclear Scale
The proton charge radius is
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Thus nuclear dimensions occur near the sixth inverse harmonic.
14.9 Full Resonance Ladder
The resulting resonance ladder spans many orders of magnitude:
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14.10 Median Node Interpretation
Because the coherence scale
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lies near the logarithmic midpoint of the resonance ladder spanning nuclear to cosmic dimensions, it represents the scale at which macroscopic magnetic structures directly interact with the underlying substrate without requiring extreme energy densities or astronomical sizes.
The magnetized domain therefore functions as the smallest experimentally accessible structure where coherent alignment with the substrate can be investigated through laboratory measurements of field structure, domain stability, and resonance behavior.
15.  Lattice Alignment
In the DRUMS framework the universe is modeled as a moving superfluid medium embedded in, and interacting with, a fixed cubic magnetic substrate. The observable physical phenomena arise from transient alignment between the vorticity field of the superfluid and the principal axes of the substrate lattice.
The universe is described by two simultaneous motions:
1. global expansion
2. global rotation of the superfluid medium
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These represent lattice planes along which magnetic coupling can occur.
15.1 Relative Motion Between Fluid and Substrate
The local fluid velocity field is
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15.2 Alignment Probability
Assume lattice directions form a discrete set of cones covering the celestial sphere.
For cubic symmetry the number of primary symmetry directions is
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This predicts that only a small fraction of astrophysical events occur during alignment.
15.3 Magnetar Formation
Magnetars exhibit magnetic fields
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However, alignment with the substrate introduces coherent domain coupling across the stellar interior.
Let
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which matches observed values.
15.4 Dynamo Coupling During Alignment
Magnetic field growth in a conducting fluid follows the induction equation
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]
which rapidly increases field strength.
15.5 Gamma Ray Burst Collimation
Relativistic jets in GRBs arise from magnetic pressure gradients.
The magnetohydrodynamic momentum equation is
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producing highly collimated jets.
15.6 Fast Radio Bursts
Neutron stars contain quantized superfluid vortices.
Vortex density is
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yielding radio-frequency emission bursts on millisecond timescales.
15.7 Type Ia Supernova Brightness Variation
Type Ia supernovae arise from thermonuclear runaway in white dwarfs.
Burning front propagation follows
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magnitudes.
15.8 Pulsar Glitches
Pulsar rotation is governed by conservation of angular momentum
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occur when many vortices release simultaneously.
Alignment with the substrate may synchronize vortex unpinning across large regions, producing avalanche events.
15.9 Alignment Duration
Alignment events persist only while the star's rotation axis remains within the angular tolerance.
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This duration matches timescales of observed transient astrophysical bursts.
15.10 Grid–Sphere Geometry
The cubic substrate defines a discrete orientation lattice on the celestial sphere.
Allowed directions correspond to normalized integer vectors
[image: ]
These directions produce 48 symmetry-equivalent cones due to cubic rotational symmetry.
Alignment occurs when astrophysical rotation axes fall within these cones.
15.11 Observable Event Rates
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which is comparable to observed transient high-energy event frequencies.
15.12 Observable Alignment Signatures
Alignment-driven phenomena exhibit several measurable properties:
[image: ]
These arise when transient coupling occurs between the moving superfluid universe and the fixed cubic magnetic substrate.
16. Near-Field Envelopes (“Magnetic Boxes”) 
A near-field envelope is defined as the localized topological structure formed in the superfluid medium surrounding any time-varying excitation. These envelopes arise from quantized vorticity coupled to defects or pinning sites in the cubic magnetic substrate.
The envelope defines the region where information, momentum, and field topology are preserved as an excitation propagates through the medium.
Let the velocity field of the superfluid be
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16.1 Quantized Circulation
Superfluid vortices obey quantized circulation constraints.
For a closed loop surrounding a vortex core,
[image: ]
This condition enforces discrete topological states of the envelope.
16.2 Magnetic Representation of the Envelope
Magnetic field structures arise from the vector potential
[image: ]
due to the combined effects of fluid vorticity and lattice coupling.
16.3 Geometric Forms of Envelopes
Different excitations generate different vortex geometries depending on interaction strength and symmetry constraints.  These can be colloquially described as “magnetic boxes” with attributes.
Three principal envelope morphologies arise.
Rigid Braided Envelope
Topology remains fixed during propagation.
The vortex bundle maintains constant winding number and braid structure.
Mathematically
[image: ]
Propagation occurs without topological deformation.
Fluid Envelope
Weakly interacting excitations allow the vortex geometry to continuously reshape.
The envelope evolves according to the hydrodynamic equation
[image: ]
allowing dynamic reconfiguration.
Conical Envelope
Strong confinement interactions generate flux-tube geometries where field lines converge toward a narrow axis.
The envelope approximates a cone with opening angle determined by energy minimization.
16.4 Envelope Rigidity Spectrum
Envelope stiffness depends on interaction coupling strength and substrate gradients.
Let the stiffness parameter be
[image: ]
Large gradients and strong coupling produce rigid envelopes.
Weak interactions produce fluid envelopes.
16.5 Photon Envelopes
Electromagnetic excitations generate rigid vortex bundles due to strong coupling between charge currents and magnetic fields.
A time-varying current density
[image: ]
a propagating electromagnetic excitation forms.
The envelope becomes topologically stabilized through quantized vortex pinning.
Formation steps:
1. Oscillating current generates local vorticity
2. Vorticity couples to substrate pinning sites
3. Quantized circulation fixes braid topology
The resulting envelope transports energy while preserving topological structure.
16.6 Neutrino Envelopes
Weakly interacting excitations produce fluid envelopes that continuously adapt to the local lattice orientation.
Let the envelope Hamiltonian be
[image: ]
Continuous re-alignment of the envelope with substrate directions maintains coherence over large propagation distances.
16.7 Hadronic Confinement Envelopes
Strong interaction excitations produce conical flux structures.
[image: ]
The color field energy is concentrated within a narrow tube.
The potential energy increases linearly:
[image: ]
is the string tension.
This produces confinement.
Mesons correspond to vibrational modes of a single flux tube.
Baryons correspond to three tubes joining at a central junction.
Energy minimization yields a Y-shaped configuration.
16.8 Phase Transition of Conical Envelopes
[image: ]
the free energy becomes negative and confinement dissolves.
The system enters a quark–gluon plasma state where envelope structure becomes fluid.
16.9 Anomalous Phenomena Interpreted via Envelope Physics
Several observed anomalies can be interpreted as interactions between envelopes and the substrate.
Radiation Drag Effects
A spacecraft radiating energy produces asymmetric thermal emission.
If the emitted radiation interacts with a substrate-coupled envelope, net momentum transfer occurs.
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Orbital Flyby Phase Shifts
Planetary gravitational fields generate large-scale envelopes around rotating bodies.
A spacecraft passing through the envelope experiences additional phase shifts in velocity due to transient coupling.
Quantum Zeno Effect
Repeated measurement imposes boundary constraints on the wavefunction envelope.
Frequent projections prevent evolution away from the pinned state.
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Casimir Effect
Boundary surfaces constrain allowed envelope modes of vacuum fluctuations.
Allowed wave numbers satisfy
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producing attraction between boundaries.
Lamb Shift
Atomic energy levels are modified by interactions with fluctuating vacuum envelopes.
The correction to the hydrogen energy level can be expressed as

[image: ]
16.10 Universal Envelope Equation
The evolution of the envelope wavefunction (\psi) follows a generalized wave equation including substrate coupling.
[image: ]
16.11 Envelope Interpretation
The near-field envelope defines the spatial region where quantized vorticity, magnetic field structure, and substrate alignment combine to produce stable propagating excitations.
The envelope topology determines:
• propagation stability
• interaction strength
• confinement behavior
• oscillation dynamics.
Rigid envelopes preserve topology over long distances, fluid envelopes adapt continuously to local conditions, and conical envelopes produce confinement through linear energy growth.
Magnetic boxes represent localized topological interfaces through which excitations couple to the underlying substrate structure. These structures do not generate new physical laws; rather, they reveal the geometric and dynamical constraints already present in the propagation of fields and particles.
In this interpretation, engineered magnetic structures act as boundary conditions that make these substrate couplings experimentally accessible. They provide controlled regions where the topology of propagating excitations becomes measurable.
Evidence for such envelope structures appears across multiple interaction regimes:
· Neutrinos: Flavor oscillations indicate that weakly interacting excitations maintain coherent propagation states over large distances. This behavior is consistent with a dynamically evolving envelope that remains phase-coherent while adapting to environmental conditions.
· Photons: Electromagnetic radiation propagates with well-defined phase and polarization structures that preserve topology across long distances. These properties demonstrate the stability of rigid propagation envelopes associated with electromagnetic fields.
· Hadrons: Strong interaction confinement manifests as flux-tube geometries between quarks, where field energy is localized into narrow regions with approximately constant tension. This behavior corresponds to envelope structures whose geometry constrains particle separation.
Across these cases, the observable properties of particles arise from the structure and stability of their associated propagation envelopes within the surrounding field medium.
17. Quantum Tunneling
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17.1. Barrier Representation as Surface Tension
A barrier corresponds to a localized increase in membrane curvature or surface tension.
Surface tension energy density
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17.2. Substrate Oscillation
The magnetic substrate oscillates with frequency[image: ]
17.3. Wave-Pilot Interaction
The particle produces pilot ripples described by a propagating surface wave
[image: ]
is the local membrane resonance frequency.
17.4. Resonance Condition
Barrier softening occurs when
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and the barrier amplitude decreases.
17.5. Phase-Synchronized Crossing
Let the substrate displacement be
[image: ]
17.6. Transmission Probability
Assuming phase randomness of substrate oscillation, the probability of crossing equals the fraction of time the inequality holds.
Define
[image: ]
17.7. Non-local Guidance Through the Superfluid
The pressure field in the fluid obeys
[image: ]
The reflected-wave pressure field therefore guides the particle toward nodes where the barrier deformation is minimized.
17.8 Result
In the DRUMS superfluid–substrate model:
1. Barriers correspond to localized tension maxima in the membrane.
2. Pilot-wave ripples excite resonant softening of the barrier.
3. Substrate vibration periodically injects kinetic energy.
4. Barrier crossing occurs when phase-synchronized resonance lowers the tension and substrate acceleration adds energy.
5. Transmission probability emerges from the phase window during which the crossing condition is satisfied.
6. Non-local guidance arises from pressure gradients produced by reflected ripples in the coherent superfluid medium.
18.  Entanglement
Let the universe be modeled as a coherent superfluid membrane coupled to a cubic magnetic substrate lattice. The state of excitations within the medium is represented by a collective wave function
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18.1. Shared Wave Function of Two Particles
Two particles generated from a single event correspond to two localized excitations of the same coherent field.
The joint state can be written
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This standing wave acts as a coupling structure linking the two excitations through the medium.
18.2. Ripple Propagation in the Superfluid
Perturbations of the superfluid obey a wave equation derived from hydrodynamic conservation laws.
Continuity equation
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18.3. Phase Coupling Between Two Particles
Let the phases of the two localized excitations be
[image: ]
Thus the two excitations become phase locked.
18.4. Response to State Change in One Particle
[image: ]
This adjustment propagates through the medium according to the wave equation above.
18.5. Role of the Magnetic Substrate
The magnetic substrate imposes a periodic lattice potential
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Therefore the substrate restricts entanglement propagation to specific harmonic modes.
18.6. Standing-Wave Tether
The overlapping pilot waves produce a standing-wave envelope
[image: ]
The force direction depends on the standing-wave nodes and antinodes, producing a stable coupling configuration.
18.7. Entangled State Condition
Two particles remain entangled when the coupling energy exceeds decoherence energy.
[image: ]
which ensures the phase-locking interaction maintains coherence across the separation.
Result
Within the DRUMS superfluid–substrate framework:
1. Two particles originate as localized excitations of a single coherent field.
2. Their pilot waves interfere to form a standing-wave structure linking the two positions.
3. Phase coupling produces an interaction energy proportional to the cosine of the phase difference.
4. Perturbations propagate through the superfluid as pressure waves.
5. The magnetic substrate constrains the allowed harmonic modes that transmit the coupling.
6. Entanglement corresponds to a phase-locked configuration of the shared wave field maintained through the coherent superfluid medium.
19. Fine Structure Constant 
[image: ]
19.1. Electromagnetic Excitations as Phase Waves
Small perturbations of the superfluid field are written
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represents the substrate resonance frequency.
19.2. Charge as Circulation Quantization
Localized excitations correspond to vortices in the superfluid phase field.
Circulation quantization
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19.3. Effective Coulomb Interaction
Two vortices produce interacting velocity fields.
Superposition of flows produces interaction energy
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19.4. Electromagnetic Wave Speed
Wave propagation speed in the medium is
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19.5. Effective Planck Constant
Phase quantization in the superfluid yields
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19.6. Fine Structure Constant
The fine structure constant is defined as
[image: ]
19.7. Substrate Constraint
The cubic lattice imposes quantization on allowed wavevectors
[image: ]
Result
Within the superfluid–substrate framework:
1. Electric charge corresponds to quantized vortex circulation in the phase field.
2. Coulomb forces arise from interaction of vortex velocity fields.
3. Electromagnetic propagation corresponds to phase waves in the superfluid medium.
4. The fine structure constant emerges as a dimensionless ratio determined by
[image: ]
The constant therefore reflects the coupling strength between quantized vortices and the harmonic modes imposed by the cubic magnetic substrate.
20. Surface Excitation Layer (“Beer Foam Layer”) in the DRUMS Framework
The surface excitation layer is defined as the region in which observable particles and electromagnetic radiation propagate while interacting weakly with the deeper substrate structure. This layer forms the interface between the superfluid bulk and the cubic magnetic lattice beneath it.
In this description, observable excitations behave as surface modes confined to a finite penetration depth within the superfluid medium.  This layer can be thought of as analogous to “beer foam” and is the medium of our everyday experience.
20.1 Structure of the Surface Layer
The system is divided into two principal regions:
1. Surface excitation layer where observable particles propagate
2. Bulk superfluid region where deeper vortex structures dominate.
Let the vertical coordinate (z) measure distance into the bulk from the interface.
The amplitude of a surface excitation decreases exponentially with depth:
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20.2 Surface Energy Density
The surface layer is stabilized by surface tension between the superfluid and the underlying substrate.
Let the substrate energy density be
[image: ]
This energy difference creates a potential barrier preventing surface excitations from penetrating deeply into the bulk.
20.3 Superfluid Bulk Region
Below the interface lies the superfluid interior.
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indicating dense vortex structures.
Surface excitations entering this region rapidly lose coherence due to interactions with the vortex tangle.
20.4 Mechanism of Surface Confinement
Surface excitations remain near the interface because the vertical potential energy forms a well.
Let the vertical potential be
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representing the approximate thickness of the surface excitation layer.
20.5 Photon Surface Modes
Electromagnetic radiation propagates as wave excitations confined to this interface.
A time-varying current density
[image: ]
At sufficiently small wavelengths the surface tension term dominates.
20.6 Emergent Propagation Velocity
For surface waves dominated by tension forces,
[image: ]
which relates propagation speed to properties of the surrounding medium.
20.7 Interaction Strength and Surface Behavior
Different particle types couple differently to the surface layer.
Let the interaction strength with the interface be denoted
[image: ]
Three regimes occur.
Electromagnetic Coupling
Strong electromagnetic interaction produces tightly confined surface excitations.
Penetration depth approximately follows the electromagnetic near-field scale
[image: ]
Weak Interaction Coupling
Weakly interacting particles penetrate deeper before interacting.
The characteristic scale approaches the Compton wavelength
[image: ]
which sets the effective localization length.
Strong Interaction Coupling
Strong interactions confine energy into flux-tube structures rather than surface modes.
This results in localized field structures instead of extended waves.
20.8 Observable and Hidden Physical Quantities
The surface layer contains directly measurable quantities.
Examples include
• electromagnetic spectra
• polarization states
• redshift and gravitational lensing effects.
In contrast, deeper bulk properties are not directly accessible.
Examples include
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The interface between these regions contains hybrid phenomena where surface excitations interact with deeper structures.
20.9 Skin Depth Hierarchy
Penetration depth varies significantly depending on the type of excitation.
Typical orders of magnitude are
[image: ]
These scales reflect the interaction strength between each excitation and the surrounding medium.
20.10 Summary of the Surface Layer
The observable universe corresponds to a thin excitation layer in which particles and electromagnetic fields propagate as surface modes.
This layer has three defining properties:
1. finite penetration depth determined by surface energy density
2. confinement of most observable interactions near the interface
3. exponential suppression of excitation amplitude within the bulk.
Excitations that attempt to penetrate deeper into the bulk encounter strong vortex interactions and rapidly lose coherence, preventing stable propagation within the interior medium.
21. Empirical Limits of Surface Observation in the DRUMS Framework
In the DRUMS description, observable physics occurs primarily within a surface excitation layer. Measurements performed within this layer are constrained by fundamental limits that prevent direct access to deeper substrate structures. These limits arise from finite probe wavelengths, quantum uncertainty relations, and the exponential attenuation of surface modes within the bulk medium.
21.1 Measurement Resolution Limits
[image: ] 
the measured signal becomes spatially averaged over multiple lattice cells, producing a smeared observable.
21.2 Quantum Uncertainty Constraints
Quantum measurement introduces an additional constraint on simultaneous localization of position and momentum.
The uncertainty principle states

[image: ] which establishes a minimal coherence region over which measurements remain meaningful.
21.3 Classes of Unobservable Quantities
Several quantities associated with the deeper substrate remain inaccessible to surface measurements.
Lattice Spacing
If the substrate lattice constant satisfies
[image: ] 
Measured observables become spatial averages across many lattice sites.
Bulk Vorticity
Bulk vorticity is defined by
[image: ] 
when integrated across many randomly oriented vortices.
Node Spin Phases
Each lattice node may possess an internal phase parameter
[image: ]
Vortex Tangle Connectivity
Vortex lines may link and knot within the bulk.
The linking number between two vortex loops is
[image: ] 
because positive and negative linkings statistically cancel.
21.4 Surface Measurement Operator
Observables measured at the interface correspond to expectation values over the surface density matrix.
Let the surface state be
[image: ] 
21.5 Deductive Determination of Bulk Parameters
Although direct measurement is not possible, bulk properties can be inferred indirectly through observable surface phenomena.

Global Vorticity
Large-scale rotation of the cosmic fluid can be estimated by analyzing angular momentum distributions of astrophysical systems.
[image: ] 
Lattice Spacing from Harmonic Scales
If resonance structures appear at two characteristic lengths
[image: ] 
Vortex Tangle Complexity
Entropy production in a turbulent vortex system is related to reconnection events.
Let the vortex line density be
[image: ] 
producing a macroscopic arrow of time.
Substrate Tension
The tension associated with the substrate can be related to energy density in the superfluid medium.
[image: ] 
This relation resembles the energy density of relativistic fluids.
21.6 Logical Constraints on Direct Bulk Detection
Several physical mechanisms prevent direct probing of the bulk substrate.
Mode Orthogonality
Surface excitations propagate as transverse modes, whereas bulk excitations may be longitudinal.
If
[image: ]
mode coupling becomes extremely weak.
Exponential Evanescence
Surface modes decay exponentially into the bulk.
[image: ] 
At depths much larger than the lattice scale, the amplitude becomes negligibly small.
Statistical Averaging
[image: ] 
Topological Projection Limits
Certain bulk vortex configurations cannot be mapped onto surface excitations without destroying their topology.
Therefore the mapping
[image: ]
 is not bijective, preventing direct replication of bulk states within the surface layer.
21.7 Limitations of Existing Probe Techniques
Various experimental approaches fail to access the bulk substrate for different physical reasons.
High-Energy Particle Collisions
Large collision energies generate localized excitations that disrupt coherent structures rather than revealing underlying lattice order.
Gravitational Wave Measurements
Gravitational waves couple primarily to large-scale spacetime curvature and produce frame-dragging effects within the surface layer, leaving deeper substrate modes weakly excited.
Neutrino Beams
Neutrinos interact weakly with matter and propagate through extended fluid envelopes, but their interactions remain insufficient to resolve individual lattice structures.
21.8 Summary
Surface observations are fundamentally limited by probe wavelength, quantum uncertainty, and exponential attenuation of surface modes within the bulk medium.
Direct measurement of substrate structures is therefore prevented by:
1. insufficient spatial resolution
2. averaging over large numbers of lattice sites
3. orthogonality between surface and bulk excitation modes
4. destruction of bulk topology during projection to the surface layer.
As a result, deeper substrate properties must be inferred indirectly from observable surface phenomena rather than measured directly.
22. Long-Term Future of the Universe
The long-term evolution of the universe follows a sequence of dynamical phases as expansion slows and the underlying lattice structure increasingly governs physical behavior. The present epoch of turbulent expansion gradually transitions into a regime where substrate tension balances expansion and the cubic lattice becomes the dominant organizing structure.
22.1 Phase Evolution Overview
The progression can be summarized in four stages:
Phase 0 — Present (t ≈ 13.8 billion years)
Expansion continues with complex vortex dynamics and large-scale structural turbulence.
Phase 1 — ~10¹⁰⁰ years
Expansion approaches equilibrium and large-scale growth halts.
Phase 2 — ~10¹⁰⁰⁰ years
Angular momentum dissipates and large-scale spin disappears.
Phase 3 — ~10¹⁰⁰⁰⁰ years
Energy release from stellar remnants becomes geometrically constrained.
Phase 4 — t → ∞
The universe approaches a lattice-dominated physical regime.
The balance between expansion and substrate tension can be expressed as
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as the vortex tangle approaches its maximum complexity.
22.2 Phase 1 — Pancake Stasis (~10¹⁰⁰ years)
In this stage the vortex network reaches maximal linking complexity. Expansion slows until it effectively stops.
Key conditions:
· Vortex linking approaches a saturation level.
· The cosmic scale factor approaches a constant value.
· The expansion rate tends toward zero.
[image: ]
Compact objects gradually decay through processes associated with Hawking Radiation, leaving progressively less gravitationally bound structure.
Rotational motion of galaxies dissipates through friction-like interactions with the surrounding medium. The characteristic spin decay time is extremely long:
[image: ]
22.3 Phase 2 — Spin Elimination (~10¹⁰⁰⁰ years)
As angular momentum continues to dissipate, rotational motion vanishes on cosmic scales.
Consequences include:
· Galactic rotation declines toward zero.
· Stellar systems settle into stable orientations relative to the lattice.
· Residual compact objects complete their evaporation.
Matter gradually migrates toward preferred lattice positions that correspond to former gravitational potential minima.
At this stage conservation laws become constrained by lattice geometry. Momentum transport becomes preferential along symmetry directions associated with cubic lattice vectors.
22.4 Phase 3 — Lattice-Guided Energy Release (~10¹⁰⁰⁰⁰ years)
Energy release from long-lived stellar remnants or particle decay processes becomes strongly anisotropic.
Instead of isotropic explosions typical of present-day Supernova events, energy preferentially propagates along lattice directions where resistance to propagation is minimal.
Directional energy release may occur along cubic symmetry axes such as the {100} or {110} directions, producing structured outflows rather than spherical remnants.
22.5 Phase 4 — Lattice-Dominated Physics (t → ∞)
At extremely late times the universe approaches a regime in which lattice structure governs nearly all remaining dynamics.
Physical behavior becomes dominated by collective excitations of the lattice medium.
Wave propagation exhibits interference patterns characteristic of periodic structures, similar to those observed in Bragg Diffraction.
Dispersion relations follow lattice-wave behavior:
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for bulk propagation along lattice bonds, while transverse modes display periodic band structure.
Transport becomes strongly anisotropic, favoring motion along lattice pathways while suppressing off-axis trajectories.
In this final regime, the universe behaves as a structured crystalline medium in which remaining excitations propagate through ordered lattice dynamics rather than through large-scale gravitational collapse or expansion.
23. Challenges and Open Questions
While the superfluid–lattice framework provides explanations for many observed phenomena, several areas require further theoretical and quantitative development.
23.1. Extending General Relativity
A full treatment requires incorporating a superfluid stress–energy tensor into the equations of General Relativity.
This involves modeling how a compressible, vortex-bearing medium contributes to curvature at cosmological scales and how lattice anisotropy modifies the effective metric.
23.2. Gravitational Wave Propagation
The behavior of waves predicted by Gravitational Waves must be analyzed within a superfluid environment.
Open questions include:
· Whether vortex structures produce measurable dispersion or attenuation.
· How wave polarization interacts with lattice orientation.
· Whether superfluid excitations alter phase velocity over cosmic distances.
23.3. Precision Matching of BAO Peaks
Observed features of Baryon Acoustic Oscillations provide a sensitive cosmological ruler.
The framework must reproduce:
· The exact peak spacing in the matter power spectrum.
· The amplitude ratios between successive peaks.
· The evolution of the BAO signal over cosmic time.
Achieving this requires detailed simulations of density waves propagating through a vortex-structured medium.
Interpretation
These issues represent technical modeling challenges, not fundamental contradictions.  They primarily involve extending existing mathematical tools and running high-precision simulations to test whether the predicted behavior quantitatively matches observational data.
24. Conclusions
A bounded superfluid universe with a finite interface and non-zero surface tension provides a physically grounded framework for interpreting large-scale gravitational phenomena. Within this picture, many observations traditionally attributed to unseen matter or exotic energy sources can instead arise from the collective behavior of a structured medium.
In particular, effects commonly associated with Dark Matter—such as flat galactic rotation curves—can emerge from long-range phonon-mediated forces within the cosmic fluid. Because the framework treats gravity and inertia as macroscopic consequences of fluid dynamics and vortex interactions, it provides natural explanations for galaxy clustering, large-scale structure formation, and early massive galaxy emergence without introducing additional particle species.
Time, gravity and entropy emerge from dynamic interaction.  Physical sizes are unified in a common resonance.  Unanswered questions such as the origin of universal spin, the unchanging nature of photons and the changing nature of neutrinos are given a consistent platform.
Future work should focus on integrating this fluid description with the equations of General Relativity so that the theory can generate additional quantitative predictions that are testable against observational and experimental data.
24.1 Cubic Magnetic Substrate
Beneath the superfluid layer lies a discrete cubic magnetic substrate. In this structure:
· Each lattice node carries an intrinsic spin orientation.
· Connections between nodes define the pathways through which spin-wave excitations can propagate.
These excitations correspond to what condensed-matter physics calls Magnons—collective oscillations of spin alignment.
The lattice plays several structural roles:
· It quantizes circulation and magnetic flux within the fluid.
· It introduces preferred spatial directions and anisotropies.
· It establishes characteristic length scales that organize coherent behavior in the overlying medium.
In this sense, the lattice acts as the geometric scaffold upon which the superfluid dynamics unfold.
24.2 Fields as Emergent Phenomena
Within this framework, classical electromagnetic fields are not fundamental entities but effective, large-scale descriptions of deeper dynamics.
· The electric field reflects gradients and compressional modes of fluid motion.
· The magnetic field reflects rotational flow patterns and organized vorticity interacting with substrate spin structures.
Thus the familiar framework of Electromagnetism can be interpreted as a macroscopic approximation of coupled fluid and spin-lattice behavior.
In this picture, entities normally treated as particles—such as Photons—are coherent wave packets formed by the interaction between fluid oscillations and lattice spin waves. They behave particle-like at observational scales but fundamentally represent propagating excitations of the combined medium.
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Original Thought Experiment:   Electricity is water, magnetism is the pipe.  We know that magnetism shapes energy flow and that it prefers straight edges.  Though interactive, the water and the pipe would obviously follow totally different rules and have different structure.  Take the observed perpendicular angle of magnetic to electric fields, observe the universality of magnetism and propose that this perpendicular angle is ubiquitous to all energy, acting as a true fourth dimension.  Magnetism’s preference for straight lines reveals a hard-edged composition of which the cube is the simplest and most efficient.  Thus it is geometric.  Anomalous physical evidence occurs ~ 1mm.

AI stated that current observation and mathematics fit a superfluid universe better than a vacuum.  That idea was combined with the human thought experiment.  AI did the mathematical proofs from there.

APPENDIX A:  Experimental Tests
Ghost Field Scan
Core Prediction: The cubic substrate produces resonant revivals of magnetic field at specific standoff distances, not monotonic dipole decay.
Equipment: 1 mm³ N52 cube, FGM-3 Gaussmeter (0.01 mG sensitivity), non-magnetic scan rail
Procedure: Fix 1 mm cube on axis. Scan r = 5-50 cm in 1 cm steps along three orthogonal axes. Log B(r) vs distance.
Expected Signature: Classical 1/r⁶ dipole decay predicts B < 10⁻⁷ G at 25 cm. DRUMS predicts 0.1-1 mG peaks at r ≈ 25 cm, with four lobes aligned to cubic {100} axes.
Falsification: Monotonic 1/r⁶ decay to noise floor, no spatial lobes.
---
40 mm Disk Amplifier
Core Prediction: The 40 mm scale represents the first harmonic of the 1 mm fundamental. The disk couples resonantly to the substrate, amplifying ghost fields.
Equipment: 1 mm³ N52 cube, 40×12 mm N52 disk, FGM-3 Gaussmeter, scan rail
Procedure: Place 40 mm disk 2 cm from probe. Repeat ghost field scan (Test 1.2). Rotate disk 360° while monitoring peak positions.
Expected Signature: Ghost peaks amplify 3-10× with disk present. Peak positions rotate with disk orientation, proving lattice mediation.
Falsification: No amplification or isotropic field changes.
Domain Wall Lattice Preference
Core Prediction: Magnetic domains align to the cubic substrate lattice, not just the applied field direction.
Equipment: Steel sheet, Kerr microscope, electromagnet, magnetite-tiled reference sample
Procedure: Magnetize sample at 0°, 45°, and 90° relative to tile edge. Image domain structure.
Expected Signature: Domain walls preferentially align to tile lattice axes regardless of field direction at 45°.
Falsification: Domains align exclusively to applied field direction.
---
Barkhausen Lattice Spectrum
Core Prediction: Domain wall motion occurs via discrete pinning hops on the substrate lattice, producing characteristic frequency peaks.
Equipment: Steel sample, pickup coil, spectrum analyzer, magnetite tiles forming artificial lattice
Procedure: Demagnetize sample through tiled region. Record Barkhausen noise spectrum.
Expected Signature: Noise peaks at f_sub = v_wall / a_lattice ≈ 10 kHz-1 MHz. Not broadband white noise.
Falsification: Featureless broadband spectrum.
---
Ferrofluid Triad Cascade
Core Prediction: The harmonic ladder (62 nm → 1 mm → 40 mm) produces cascade amplification when elements are combined in series.
Equipment: EFH1 ferrofluid (62 nm particles), 1 mm³ cube, 40 mm disk, Hall sensor array
Procedure: Measure B from droplet alone, droplet + cube, droplet + cube + disk in series.
Expected Signature: B-cascade amplification through each scale step. Not linear superposition.
Falsification: Linear addition only.
---
Envelope Resonance Beat Frequency
Core Prediction: Coupled 1 mm and 40 mm resonators produce measurable beat frequency in the 10-100 Hz range.
Equipment: 1 mm³ cube, 40 mm disk, high-sensitivity Gaussmeter, oscilloscope
Procedure: Place both magnets at predicted standoff. Monitor B(t) for oscillations.
Expected Signature: f_beat = |ω_1mm - ω_40mm| / 2π ≈ 10-100 Hz. B_ghost(t) ∝ cos(ω_beat t + φ_lattice).
Falsification: No time-varying component.
---
Nonlinear Polarization Rotation
Core Prediction: Substrate coupling produces polarization rotation proportional to triple product of tile field, signal field, and substrate gradient.
Equipment: Polarized laser source, detector, magnetite tiles, rotation stage
Procedure: Measure polarization rotation through tiled vs untiled path at various orientations.
Expected Signature: θ_rot ∝ B_tile · B_signal × ∇B_substrate. Rotation vanishes for any coplanar configuration.
Falsification: Rotation follows linear magneto-optic effects only.
---
Group Velocity Drag
Core Prediction: Envelope propagation speed decreases near substrate resonance.
Equipment: Function generator, oscilloscope, matched tile pairs, variable attenuator
Procedure: Measure signal transit time through tiled path at varying amplitudes.
Expected Signature: v_g = c (1 - α|B_tile|² / B_critical). Measurable delay when tile field approaches critical value.
Falsification: No amplitude-dependent delay.
---
LHC Particle Trajectory Anomalies
Core Prediction: High-energy particles should show tiny but systematic trajectory deviations correlated with detector orientation relative to cosmic axes.
Available Data: ATLAS/CMS public datasets, LHC beam commissioning data
Analysis Method: Rebin collision data into cubic voxels (not spherical coordinates). Look for 90° periodicities in scattering angles.
Expected Signature: Excess events at scattering angles corresponding to {100}, {110}, {111} lattice planes. Deviation from isotropic QCD predictions at 10⁻⁵-10⁻⁶ level.
Falsification: Perfect isotropy within statistical limits.
---
 Neutrino Oscillation Lattice Harmonics
Core Prediction: Neutrino flavor mixing angles should show discrete quantization aligned with cubic symmetry, not continuous parameter space.
Available Data: Super-Kamiokande, IceCube, NOvA public oscillation data
Analysis Method: Project oscillation probabilities onto cubic harmonic basis. Look for preferred mixing axes corresponding to lattice directions.
Expected Signature: Mixing angles cluster near values predicted by lattice eigenstates (E₁, E₂, E₃). Continuous parameter space shows forbidden regions.
Falsification: Mixing angles uniformly fill allowed parameter space.
--
Proton Decay Directional Dependence
Core Prediction: If proton decay occurs, decay products should show alignment with lattice axes, not isotropic distribution.
Available Data: Super-Kamiokande proton decay search data
Analysis Method: Re-analyze candidate events for angular correlation with galactic coordinates transformed to cubic basis.
Expected Signature: Decay axes preferentially align with {100} directions. Anisotropy exceeds 3σ.
Falsification: Isotropic decay distribution.
---
 Vacuum Birefringence Quantization
Core Prediction: Polarization rotation in strong magnetic fields (magnetars) should occur in discrete steps, not continuous.
Available Data: IXPE (Imaging X-ray Polarimetry Explorer) magnetar observations (RX J1856.5-3754, etc.)
Analysis Method: Examine polarization angle vs energy for quantized steps. Look for phase retardation that clicks through discrete values.
Expected Signature: Phase retardation Δφ = n·φ₀, not continuous function of B/λ.
Falsification: Continuous polarization rotation.
---
CMB Cold Spot Lattice Alignment
Core Prediction: The CMB "Axis of Evil" and cold spots align with cubic lattice axes when analyzed with proper symmetry.
Available Data: Planck, WMAP public data (NASA LAMBDA archive)
Analysis Method: Apply cubic Fourier transform instead of spherical harmonics. Look for power excess in modes corresponding to cube faces/edges.
Expected Signature: CMB multipoles show preferred alignment with specific sky directions corresponding to cubic lattice normals. Not random.
Falsification: Spherical harmonic decomposition shows no preferred axes beyond statistical fluctuations.
---
Baryon Acoustic Oscillation Peak Quantization
Core Prediction: BAO peaks in galaxy power spectrum should occur at discrete harmonics of the fundamental lattice scale.
Available Data: SDSS BOSS, DESI public galaxy survey data
Analysis Method: Transform 3D galaxy positions into cubic voxel grid. Compute power spectrum in Cartesian coordinates. Look for peaks at k = 2πn/L_lattice.
Expected Signature: Peak spacing shows quantization matching harmonic ladder from lab scale (1 mm → 40 mm → cosmic). Not continuous power spectrum.
Falsification: Smooth BAO feature with single preferred scale only.
---
 Galaxy Spin Axis Alignment
Core Prediction: Galaxy angular momentum vectors should show statistical preference for lattice directions, especially in clusters.
Available Data: SDSS galaxy catalog with morphology data, ALFALFA HI survey
Analysis Method: Compile galaxy spin vectors. Test for alignment with {100}, {110}, {111} directions relative to cosmic lattice orientation inferred from CMB.
Expected Signature: P(ŝ) = (1/4π)[1 + A(ŝ·ñ)²] with A > 0. Alignment persists across supercluster scales.
Falsification: Random spin orientation.
---
 Quasar Polarization Lattice Bias
Core Prediction: Quasar polarization angles should show large-scale coherence aligned with lattice planes.
Available Data: SDSS quasar polarization catalog, VLBI polarimetry data
Analysis Method: Map polarization vectors onto celestial sphere. Test for alignment with cubic symmetry axes after correcting for Galactic rotation.
Expected Signature: Significant excess of polarization vectors within 10° of lattice planes. Correlation length >100 Mpc.
Falsification: Random polarization orientation.
---
Pulsar Glitch Lattice Correlation
Core Prediction: Pulsar glitches occur preferentially when the pulsar's rotation axis aligns with lattice planes, enabling coherent vortex unpinning.
Available Data: Pulsar timing arrays (PPTA, NANOGrav, EPTA) glitch catalogs
Analysis Method: Cross-correlate glitch timing with pulsar orientation relative to galactic coordinate grid transformed to cubic basis.
Expected Signature: Excess glitch rate when pulsar axis aligns with {100} planes. Glitch size distribution shows preferred quantized values.
Falsification: Random glitch timing and sizes.
---
Magnetar Field Quantization
Core Prediction: Magnetar magnetic fields should cluster at discrete values corresponding to harmonic amplification factors (×10³, ×10⁶, etc.).
Available Data: Magnetar catalog (McGill Online Magnetar Catalog)
Analysis Method: Plot magnetic field distribution. Look for peaks at B = B_NS × 10³ⁿ (n integer). Compare with harmonic ladder from lab tests.
Expected Signature: Field strengths cluster at ~10¹⁵ G, ~10¹⁸ G (if observable), not continuous distribution.
Falsification: Continuous distribution of magnetar field strengths.
---
Cosmic Web Filament B-Alignment
Core Prediction: Magnetic fields in cosmic filaments run parallel to filament axes, not random.
Observation Platform: ASKAP, MeerKAT, SKA (future)
Measurement: Measure Faraday rotation and synchrotron polarization in 100+ filaments.
Expected Signature: >70% of filaments show B ∥ filament axis (vs random 33%). Alignment persists across Gpc scales.
Falsification: Isotropic field orientations.
---
Jet Opening Angle Quantization
Core Prediction: Relativistic jet opening angles from AGN and GRBs should cluster at discrete values corresponding to lattice confinement.
Observation Platform: VLBI, Chandra, XMM-Newton jet surveys
Measurement: Compile jet opening angles from literature and new observations.

Expected Signature: θ_jet ≈ 0.1°, 0.5°, 2°, etc. Not continuous distribution. Angles correspond to harmonic ratios of lattice spacing.
Falsification: Continuous distribution of opening angles.
---
 FRB Periodicity Clustering
Core Prediction: Fast Radio Burst periods (in repeating FRBs) should cluster at values corresponding to harmonic beat frequencies between stellar and lattice scales.
Observation Platform: CHIME, ASKAP, future FRB telescopes
Measurement: Analyze repeating FRBs for periodicity. Compare period distribution with predicted harmonic ladder.
Expected Signature: FRB periods cluster at multiples of fundamental timescale τ ≈ (a_lattice/c) × (R_star/a_lattice)ⁿ.
Falsification: Random period distribution.
---
Supernova Brightness Lattice Modulation
Core Prediction: Type Ia supernova brightness shows small (0.1-0.2 mag) modulation correlated with orientation relative to lattice axes.
Observation Platform: Pantheon+ SN sample, LSST (future)
Measurement: Bin SNe by sky direction relative to candidate lattice axes. Compare average brightness.
Expected Signature: Systematic brightness difference between SNe aligned with lattice planes vs those in "void" directions.
Falsification: No directional brightness dependence.
---
Hubble Constant Directional Dependence
Core Prediction: Measured H₀ varies slightly with sky direction due to anisotropic expansion through structured substrate.
Observation Platform: All H₀ measurements cataloged by sky position
Measurement: Compile H₀ measurements with known sky coordinates. Test for dipole/quadrupole aligned with lattice.
Expected Signature: ΔH₀/H₀ ≈ 10⁻³-10⁻² with pattern matching cubic symmetry. Explains Hubble tension as directional effect.
Falsification: No directional dependence beyond measurement errors.
---
Black Hole Spin Alignment in Clusters
Core Prediction: Supermassive black hole spin axes in galaxy clusters align with cluster-scale vortex cells, not random.
Observation Platform: X-ray observations of jet directions, Event Horizon Telescope (limited)
Measurement: Compile black hole spin/jet directions in rich clusters.
Expected Signature: Spin vectors show coherence across cluster (correlation length >1 Mpc). Aligned with larger cosmic flow patterns.
Falsification: Random spin orientations within clusters.
---
Gamma-Ray Burst Collimation Axis Lattice Bias
Core Prediction: GRB jets show statistical preference for lattice directions when viewed in cosmic rest frame.
Observation Platform: Fermi/GBM, Swift BAT catalogs
Measurement: Transform GRB sky positions and jet angles to cosmic lattice coordinates. Test for excess along {100}, {110}, {111}.
Expected Signature: >3σ excess of GRB jets within 5° of lattice planes after accounting for beaming.
Falsification: Isotropic GRB distribution.
---
 Dark Matter Distribution Voids
Core Prediction: What appears as "dark matter halos" are vortex structures in the superfluid. Their distribution should show lattice periodicity at very large scales.
Observation Platform: Weak lensing surveys (DES, LSST, Euclid)
Measurement: Map dark matter distribution via weak lensing. Compute power spectrum in Cartesian coordinates.
Expected Signature: Excess power at wavelengths corresponding to harmonic ladder: λ = L_lattice × βⁿ/³ with β ≈ 1.6×10⁴.
Falsification: Smooth power spectrum with no periodic excess.
---
Cosmological Time Dilation Lattice Modulation
Core Prediction: Time dilation from cosmic expansion shows tiny directional dependence due to anisotropic vortex density.
Observation Platform: Supernova light curves, gamma-ray burst duration distributions
Measurement: Compare time dilation of events in different sky directions at same redshift.
Expected Signature: Δt_dilation varies with direction at fixed z. Pattern matches lattice symmetry.
Falsification: Isotropic time dilation.
---
Ultimate Fate Lattice Test
Core Prediction: The universe will not expand forever nor recollapse, but will asymptotically approach a lattice-dominated ordered state with frozen vortex complexity.
Observation Platform: Long-term monitoring of:
- Deceleration parameter q(z) at high z (JWST, Roman)
- Large-scale structure evolution (SKA, LSST)
- Cosmic microwave background spectral distortions (PIXIE-like mission)
Measurement: Track expansion history and structure formation to determine if system approaches maximum vortex density L_max.
Expected Signature: da/dt → 0 as L → L_max, not exponential expansion or recollapse. Acceleration decelerates at late times.
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is therefore much larger than bulk drift velocities.

Thus the large-scale approximation becomes
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where
o p = fluid density

e L = vortex line density.
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Vortex segments trapped in these potentials require energy
Eqep ~ kpaly
to depin.

Forward evolution occurs when reconnection energy exceeds Eqey-
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QL) ~ ek
with constant a: determined by lattice geometry.
Entropy becomes
S =kplnQ = kpaL

Since reconnections statistically increase L, entropy grows monotonically.
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This progression increases both L and S, producing a natural arrow of time tied directly to topological

complexity growth in the UFluid-substrate system.
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where
e K = h/mis quantized circulation
e 7 is radial distance from the vortex axis.

The associated vortex density generated by the mass-induced flow field is

|V x v|

L~ B

As 1 decreases, shear increases and the vortex network becomes more tightly wound.
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I(r) = BL(r)
where

e L(r) is local vortex line density

e [isacoupling constant determined by substrate pinning strength.

The local time rate becomes
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For a rotating mass with angular momentum J, the induced circulation field is approximately

J
v(r)~—
)~ 3
where

o pis fluid density.
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A perturbation dv propagates according to
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where

® ¢, is the effective propagation speed of coupled phonon-magnon modes.
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where n € Z.
Vortices therefore possess discrete circulation and form stable topological defects in the medium.
The vorticity field is
w=Vxv
which is nonzero only along vortex filaments.

The energy per unit length of a vortex filament is

where
e k=h/m,
¢ Ris system scale

® aisvortex core radius.
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emerges from fluctuations in vortex precession around lattice pins.
A vortex pinned to a substrate node experiences a restoring torque

T = —Ky0
where

®  Kp is the pinning stiffness

e 0 is angular displacement.

The precession frequency becomes

7

where I is the effective moment of inertia of the vortex core.
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* a = lattice spacing

* v, = magnon propagation speed.

Then the minimum time interval is

For extremely small lattice spacing, this interval approaches

tp~108s
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w=V xy
where v is the UFluid velocity.

If the universe contains a weak but coherent global rotation,

wo #0
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where

® Vg is the observer velocity relative to the global flow

o 7 is the sky direction.
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Local measurements of the expansion rate Hj differ from values inferred from early-universe observations.
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Let the effective expansion rate depend on local tangle density L:
H(r) = Hy (1 + aL(r))

where

e L(r) = vortex line density

e @ = coupling coefficient.
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The difference between these regimes produces distinct inferred values of Hy.
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Uy,(z) = Uy exp ( ﬁ)
When reconnection energy exceeds the pinning barrier
Eee > U,
vortices depin and reconfigure.

Forward transitions increase vortex tangle complexity, while the reverse process requires coordinated

reconfiguration of many vortex segments.

The probability ratio between forward and reverse transitions becomes

Prorwara _ eoxp (AE)
Preverse kgT

where AE is the net energy released during reconnection.
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with dispersion
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where n is the vortex winding number.
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For two interacting filaments I'y, I'y, several reconnection pathways may exist:

([1,T5) = (Tg,Ty) or (T, Ta)
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When

the system approaches a saturated state where
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located at positions
T
The superfluid velocity field contains three components:
Viwid(r,t) = vo+ Q@ xr+af

where

* v = turbulent flow velocity
*  Q = rotation of the fluid

® a = large-scale expansion rate.

The vorticity of the flow is

w =V X Vfuid
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If fluid density is p, lattice spacing is a, and characteristic vortex length scale is L, the induced magnetic field

magnitude is

PVf1uial

B
filament = O~ —— “

where

®  fig is the vacuum magnetic permeability.
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h=v-(Vxv)
Substituting rotational velocity
v=Qxr
gives
h o< Q- Dyagtice

where nygyice represents a lattice axis.
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where k represents cubic Fourier modes allowed by lattice symmetry.
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Qpote
represent equatorial and polar rotation rates.
The beat frequency between these rates and lattice resonance frequency €y, is
Weyele = |Qeq — Qat|

The resulting oscillation period
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where 7 is radial distance from the core.

Such vortices form networks whose dynamics are governed by

ds K, 2
& vad + — In(=
x Viuid + 4"5 XS p

with s describing vortex filament geometry.
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If the stellar radius contracts from R; to Ry,

® = BA = constant

(R
B”B"(Rﬁ)

For typical stellar collapse this produces surface fields of order

B~102G
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®  Viattice = volume where vortex orientation matcnes iatuce symmetry

¢ Vinisalign = volume where vortices remain disordered.
Magpnetic field amplification scales with the ratio

Viattice
Vinisalign

The maximum field strength becomes

‘/la.llilx‘
Vinisatign

If coherent alignment occurs across most of the stellar core,

B = Bo (

Viattice ~10°
Vinisalign

giving
maz A 101 x 10°

Biar ~ 10° G
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Total energy in a stellar core of volume V' becomes

Ep
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where
* p = local mass density of the fluid
* v = velocity of the fluid relative to the substrate
e L = coherence length of vortex structures
®  Qattice = SPacing between lattice nodes

¢ Balign = angle between fluid flow direction and lattice symmetry plane.

Maximum magnetic fields occur when

Oatign = 0
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where

o L = characteristic scale of the magnetic structure

* 1 = magnetic diffusivity.
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where p1; are individual magnetic moments.
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e n;

s vortex circulation pinned to defect j

s the orientation of the local lattice axis.
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The induced velocity potential & satisfies
Ve =V (vxw)

For stationary flows the effective potential approximates

B(r) < CMe
-
with
Mg x / pdV

emerging from integrated vorticity and density gradients.
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If a current J,.; produces an external field, the induced fluid motion satisfies

Viuid X VX (T X 1)
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Vyall =
e Qtdamping

where

e M, = saturation magnetization
e H = applied magnetic field
®  Opin = pinning energy density

®  Qudamping = Viscous damping coefficient.
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where
* nis aninteger,
e his Planck’s constant,

o mis the effective mass parameter associated with the superfluid order parameter.
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The resulting magnetic field becomes

B = pyM,
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where

o A = exchange stiffness coefficient,
* K, = anisotropy constant,
* m = normalized magnetization vector,

®  Olastice = angle between magnetization and the nearest cubic lattice plane.
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where g, is a coupling constant describing interaction between excitations and substrate spin structure.

Then
B=VxA
0A
E=-—
ot

These fields emerge directly from variations in fluid velocity and vorticity.

Wave propagation in the medium yields a characteristic velocity

\/?
c=,/2
P

where o represents surface tension of the fluid boundary.
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This produces maximum remanent magnetic field B,..
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1
M(x,t) = v E 1S
i

where
M is the magnetic moment magnitude of spin i,
S is its orientation vector, and

V' is the local averaging volume.

The substrate imposes an orientation constraint through a lattice alignment energy

Bop = Ko D (Si- éwe)?
i

where €. represents one of the cubic lattice axes and Ky, is the substrate coupling coefficient.
The macroscopic magnetic field satisfies Maxwell’s magnetostatic relation
B = po(H + M)
with 11 the permeability of free space.
The hysteresis loop arises because the free energy of the system

F = Ferchange + Fdema N Fanisotropy + Fsubstrate
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Xij = oH,
J

For alignment angle 6 between the external field and a substrate axis,
2
Xsubstrate (6)) = X0 cos” 0

Thus the effective relative permeability becomes

s =1+ xgcos® 0
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Let the fraction of aligned domains be f.

The magnetization magnitude evolves as

with My the saturation magnetization.

Domain growth occurs by minimization of total free energy

dF
E =0
When f — 1,
M — M,
and the material reaches saturation.
The external field required for full alignment is
2Ky
o~ HoM,

where the effective anisotropy constant is

Kepp = Kerystat + Ksup
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8Epin
oz

Fpin =
Let the characteristic pinning energy density be opin.

Balancing magnetic torque and pinning force yields the coercive field

o
H =122
© oM,

Large coercivity therefore indicates strong coupling between domain walls and substrate lattice sites.

Rare-earth magnets possess large Ky, increasing opin and therefore H..
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If fiock is the fraction of domains trapped in substrate minima,

B, = poM; fioek
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Ho— Ko
¢ .U'I)Mslpiﬂ
where £, is the pinning length scale.

If K gy is large and £,;,, small, coercivity becomes extremely high without invoking additional exchange

mechanisms.
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Let the superfluid occupy a finite domain €2 with boundary 9€2.
Surface tension o generates pressure

Puriace = 0Ky
where K is surface curvature.

For a spherical equivalent radius Ry
20
Puurtace = 55—

Ry

This boundary pressure drives outward flow in the bulk medium.

Bulk radial expansion velocity satisfies

dR
e vr(R,t)

with

dvp dP| 20
"% T drR Ry
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The domain size Ly minimizes the sum of demagnetization energy and wall energy:

where o, is wall surface energy.

Minimization gives

If the substrate coherence length is

Asup = 10 m
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Let the wall position be (). Motion obeys

dz
N = Fy — Fyin(z)
with
Fy=2M,H

If the pinning potential consists of many wells

U :Z:Uicxp( om0

then the magnetization change occurs through avalanche events.
The avalanche size distribution follows
P(S)x S

with exponent 7 determined by the statistics of pinning centers.
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P(S)x ST

with exponent 7 determined by the statistics of pinning centers.
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€ = %(31'“1 + Ojui)
with displacement field u;.
The magnetoelastic energy is
Epe = Bi(aleg, + o, + ale..)
where a; are spin direction cosines.

If spins reorient toward a substrate axis, the strain field adjusts to minimize E,,,., producing measurable

deformation.
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oM

oM
g = MM x Hey oM x s 1 e

ot

where

7 — gyromagnetic ratio

« — damping constant.
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Hepp = Hewt + Haemag + Hezchange + Hanisotropy + Hsubstrate

Each component derives from the variation of the free energy

1 6F,

Hy= ——"
* Ho 6M
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For spin stiffness constant A,

Hevchange = —— VM
change 5
; Ho M
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Let spin sites be z, 7. Then

where J;; represents the coupling coefficient imposed by the substrate.

The 7~ dependence arises from dipole-dipole interaction between spins anchored to lattice nodes.
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The corresponding coherence volume is

ly=1x10"m
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Consider a cubic lattice substrate with characte. ¥ ©€t¥lUs Xy g Magnetized fluid structures embedded in
this substrate form resonances when their volume matches integer multiples of the substrate unit cell

volume.
Let the harmonic scale factor be k. Then
Vi =KWy
If the first large-scale resonance occurs at approximately
Vo~ 15 x107° m®

then the harmonic ratio becomes
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o(r)?

_ GMuaryonic

(2mr)?
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_L5x107°

R
10-9

~ 1.5 x 10
which yields
R~16x10*

Thus the first macroscopic harmonic occurs when the system volume increases by approximately 10 relative

to the domain coherence volume.

If the resonance structure approximates a cylindrical disk of diameter D and thickness h,
D\?
Va= =) h
T ( 2 )

D =40mm, h=12mm

For

we obtain
V2 = m(20 x 10 %)*(12 x 10~°)

Vo~ 15%x107°m®
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The total magnetic energy stored within a coherent domain is therefore

ngf B

For a coherent domain with nearly uniform B,
B?
Ep~ —V
2p0
If two volumes V7 and V3 correspond to resonance harmonics, their magnetic energy ratio becomes
BV
E. W
Thus

E, "
—— ~ 1. 1
A 6 x 10
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For a conventional magnetic dipole of moment m, the far-field magnetic field magnitude is

2m
B = 1°F
with
m =MV
where M is magnetization.
Thus
B(r) = o 2MV

ar
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Let this term be Bg,;. Then the total field becomes
Biotal (1) = Buipote(r) + Baus(r)
The substrate contribution follows the spatial Green function of the lattice coupling operator
V2B — K* By, = —aM
where

kL is the substrate coherence length,

ais a coupling coefficient.

Solving for a localized source yields

with

Thus a resonance standoff distance occurs near

o~ g
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Vo=pB"V1
with scale ratio 8 ~ 1.6 x 10%, then characteristic lengths grow as
L,=V/?
Thus
Lo ="
Forn=1
Ly ~ (1.6 x 109" x 1mm
Ly ~ 25 mm

which corresponds to the observed 40 mm order-of-magnitude scale.
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Lpao ~ 150 Mpc
Convert to meters:
Lpao ~ 4.6 x 10* m

If this corresponds to a higher-order harmonic of the same scaling relatior

Lpao = B4
Solving for n,
ne 3111(113/10/[0)
Ing

Substituting values:

Lpao  46x10% .
7S = 4.6 x 10

"o 3]11(446 x 10%7)
~ “In(1.6 x 10%)

Evaluating logarithms gives
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Let a planetary-scale resonance length be L.
For Jupiter,
L,~143 x10°m

The harmonic index becomes

= 5L/

Substituting:

L
—2 =143 x 10"
b

ny ~ 6
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L,~11x10*m

Applying the same relation,

ny =51l

L
29— 1.1 x 10
ll)

which yields
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Low=B8""t
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ap =529 x 1071 m

Compute harmonic index:

_ oIn(f/a0)
me=3Thg
)
20~ 1.9x107
ap

n, ~4
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Density perturbations propagate as coherent waves with speed c;.
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7, ~0.84 x 10 m

Using the same relation:

_  In(l/ry)
%*3Tﬁp

b 19102
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Scale

Cosmic web

Galactic disk

Planetary magnetic node

Human domain coherence

Atomic orbital

Nuclear vortex scale

Characteristic Length

4.6 x 10%m

102 m

10°m

103m

107"m

10 %m

Harmonic Index
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Let the scale factor be a(?). Expansion rate is
a
H(t) =—
=2
Let the cosmic superfluid possess angular velocity
Q
The cubic substrate defines fixed orthogonal axes

ny, € {(100), (010), (001), (110), (111), ...
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v(r,t) = H(t)r + Qu X T + Vigeal
where

« H(t)r = expansion flow
+ Qy X r = rotational motion

* Vioeal = local turbulence and stellar flows.
The vorticity field is
w=Vxv
Alignment occurs when the vorticity vector becomes parallel to a lattice normal.
The alignment condition is
W * Nygyiice = |w| 0| cos @
Alignment window:
0 < €

where €4, is a small angular tolerance determined by substrate pinning strength.
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Nyir =48
Each alignment cone occupies solid angle
AQ = 27m(1 — cos €sup)

The total alignment probability is therefore

P Ngir AQ
4
For small angles,
cose~ 1 f
2
so
AQ = me?,
Thus
2
~ % —12¢2,
For
€~ 1070

the probability becomes

P~107°-10°
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¥ GetFlus =
B~10" - 10°G

while ordinary neutron stars have
B~ 10" - 10%G
Let the initial stellar magnetic field be
Bns

During collapse, conservation of magnetic flux gives

1
Bo(ﬁ

where R is stellar radius.
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Linisalign
be the coherence scale of turbulent fluid vortices.
Let
Liattice
be the scale over which the substrate enforces phase alignment.
Field amplification occurs when
Liattice > Limisatign

The amplification factor becomes

A= Liattice
Lmisalign
Thus the maximum field strength is
Bmar = BnsA
For
Bys ~10° G
and

A~10°
the predicted magnetar field becomes

Biar ~ 10° G
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%—?:VX(VXB)lﬂVZB

where
7 is magnetic diffusivity.
Substrate coupling adds an external gradient field
B

The effective induction becomes

%B:VX(vx(Bqu))lnsz

If stellar rotation axis aligns with the lattice normal,
v VB,
and the induction term maximizes.

The resulting dynamo amplification is

B & Q|V Byl
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pdl: vp (VxB)xB
dt Ho

f the substrate introduces a preferred direction

Dyattice

magnetic tension channels plasma flow along that axis.

The jet opening angle is determined by

where magnetic pressure

B?
Pp = %

During alignment, B increases strongly, causing
Pp > Pyas

thus

0 <1°




image14.png
Medium
(p,v, P)
Order parameter
¥ = /pel

Topological defects

vortex filaments, f vdl =nh/m.

Excitations
wave modes, solitons, and vortices.
Boundary dynamics

surface tension o governing global expansion.
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ny = —
K
where
h
K=—
2m,

is the quantum circulation constant.
If vortices align with the substrate lattice, coherent oscillations can excite magnetospheric plasma,
The resonance frequency is determined by
Wres ~ —
where

vy = Alfvén speed

and L is the envelope thickness.

For magnetar fields

vy~ 10° —10° m/s
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KT

vy~
PCp
where

K = thermal conductivity

C) = heat capacity.
Substrate alignment modifies fluid convection patterns.
If fluid vortices align with lattice planes, turbulent mixing increases, altering flame propagation speed.
Luminosity depends on synthesized nickel mass
Lyear < My;
Small variations in burn efficiency produce brightness scatter of

Am ~0.1-0.2




image196.png
IQ = constant
Neutron star interiors contain superfluid vortices pinned to the crust.

The total vortex number is

_ 20R?
=
K

When vortices unpin collectively, angular momentum transfers to the crust.

The resulting spin change is
AQ AT

Observed glitch magnitudes
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If stellar radius is R and fluid misalignment velocity is ¥y,

At ~ R

Umis
For neutron stars
R~10'm
and internal flows
Umis ~ 10> — 10° m/s
giving
At ~10 —100s
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= (ED
LAY/~ E R

Examples include

(100), (110), (111)




image199.png
If the alignment probability is P, then the expected rate of alignment-enhanced events among stellar

collapses is
Rutign = P Reollapse
For
P~10°

and typical galactic supernova rate

Reoltapse ~ 10 yr
the magnetar formation rate becomes

Ronagnetar ~ 107 yr ™t
per galaxy.
Across 10! galaxies the cosmic rate becomes

~ 10° events per year




image200.png
Phenomenon

Magnetars

GRB jets

FRB bursts

SN la brightness

Pulsar glitches

Alignment Signature

magnetic fields > 1014 G
opening angles < 1°
millisecond coherent pulses
luminosity scatter 0.1-0.2 mag

sudden AQ/Q ~ 10-0
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v(r,t)
The vorticity field is
w=Vxv
When the vorticity becomes pinned to lattice defects, the envelope condition is
V x v =w(r)du(r)
where

dsub represents localized substrate pinning sites.
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/

where

n = integer winding number
h = Planck constant

‘m = carrier mass associated with the excitation.

v-dl:nﬁ
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A =Apia+ A
The magnetic field is
B.,=VxA
The fluid component originates from moving charge or current structures,
while the substrate component arises from lattice-induced alignment fields.

Thus the envelope is the region where

B #0




image15.png
We model the universe as a quantum superfluid with order parameter ¥ (r, t) = /p(r, £)e®%). The
dynamics obey the generalized Gross-Pitaevskii equation (GPE):

v n2
ihg, = %VZ b Vext(r) + g|®*| @

where:

o mis the effective mass of superfluid “quanta.”
e Vex(r) encodes boundary conditions at the finite universe edge.

® g is the self-interaction strength of the condensate.

The superfluid density p(r,t) = |¥|? encodes the mass-energy distribution, while the phase 8(r, t)

determines bulk flows, vorticity, and emergent gravitational behavior.
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%v F(v-V)v= %VP FuViv
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Keny
The proposed relation is
Keny X Gint |V Bous|*
where

Oint = interaction strength

V B,,;, = spatial gradient of substrate magnetic field.
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J(r,t)
produces magnetic fields governed by Maxwell's equations
V x B = pgJ
f the current oscillates,

J(t) ~ Joe™!
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Heny = Hyorter + Hiattice + Hambient
Eigenstates arise from alignment with lattice directions.
Define lattice orientation vectors
Ny00; D110, D111
Corresponding energy eigenvalues
E\, Ey, E;
Flavor states correspond to these eigenmodes.

Transition probability between modes follows the two-state oscillation relation

P(a— B) = sin (A;t) sin(20)

where
AE=Es— E,

and 6 represents mixing induced by lattice orientation changes.
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Consider a quark-antiquark pair separated by distance 7.
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V(r)=or
where

o~ 1GeV/fm
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At sufficiently high temperature 1, thermal fluctuations overco
The free energy of the flux tube is

F=0L-TS
where S is entropy associated with string configurations.
When

T>T.
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Resulting acceleration

where P is radiated power.
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Mathematically,

o= (3%)]

which approaches unity as measurement frequency IV increases.
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The boundary of the superfluid universe exhibits surface tension o. For a spherical finite universe of radius
Ry:

Foface =0 Vy -1
where V - 1 is the surface curvature. This introduces effective forces on embedded structures (galaxies,

clusters) that mimic:

® Accelerated expansion (cosmic acceleration)
* Radial pressure gradients influencing structure formation

* Modification of local gravity analogously to MOND

This eliminates the need for A or “dark energy.”
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for plate separation d.

Energy density between plates becomes

Resulting force is
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a’mec? mec?
AE ~ In
6m ( hw. )

where w, is a cutoff frequency determined by local field structure.
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Ty AV Vil =0

The substrate potential term is
3 2
Ve = AV X% — 1 Btattice

where
A = coupling constant controlling envelope rigidity
n = quantized winding number

Olattice = substrate pinning distribution.
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Let the universal medium be described as a coherent superfluid membrane with surface density p coupled to

a vibrating magnetic substrate. The state of a localized excitation (particle) is represented by a wave packet
W(x,t) = v/p(x, ) "V

The fluid velocity field is

v:EVG
m

The dynamics follow a hydrodynamic form equivalent to a generalized nonlinear wave equation
ov h?
ihom = |~ o=V + U(x,t v v

= [ g U i

where

e U(x,t) is the local membrane tension potential

® g is the nonlinear coupling constant of the superfluid.
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Er = o(Vh)?

where

o h(x,t) is membrane displacement

* 0 is the effective tension coefficient.

The barrier profile is modeled as
U(z) = Uneir?/az

with Uy determined by the local curvature energy

Uy o o(V?h)
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Q
causing periodic modulation of the membrane tension.
U(z,t) = Up(z) + AU (z) cos(t)
where
AU(z) « B?

and By is the magnetic field amplitude of the substrate.
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hy(@,t) = Apei(kkm)

The barrier region responds dynamically according to a driven oscillator equation

where

and




image221.png
The effective barrier height becomes
Uit = Up — @Ay

where
- p(w} — w? + iyw)

Near resonance

thus

|a| — large
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hy(t) = A, cos(Qt)
The kinetic energy of the particle becomes time dependent
Ei(t) = %mv2 + mage
where
as = —A,Q? cos(Qt)

is the substrate acceleration.

Barrier crossing occurs when

Ei(t) > Uerr

Substituting

1
5"“)2 t mAQz cos(Q) > Uy — A}

At the resonant phase
cos(Qt) =1

which yields the crossing condition

1
ému2 + mAQ%z > Uy aAZZ,
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Crossing occurs for phases satisfying
Ey + mAQ% cos(Qt) > Upr

Solving for phase

Ues — Ey
) > ——+—
cos(Qx) > mAQ%x
If
5= Ueir — Ey
T mAQ2z

then the transmission probability becomes

1
P= . cos H(B)
for
1<8<1
and
P=0
if
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Small excitations (phonons) in the superfluid behave as quasi-particles. Linearizing the GPE for small

perturbations 6 ¥:

a5V "
ih—— ~ — — V26U | 2gp 0¥
‘ ot va F 290

The phonon-mediated interactions yield an effective force law:

where o ~ o/ pg encapsulates boundary effects. This reproduces flat galactic rotation curves without

unseen particles.
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a—Plch-(pv)zﬂ

ot
_ fgp
cs =

Reflected ripples from the far side of the barrier create a standing wave

with sound speed

h(z,t) = Acos(kz) cos(wt)
The pressure gradient becomes

VP x —kAsin(kz)

The particle experiences force

Thus trajectory evolution follows




image225.png
W(x,t) = y/p(x, 1))
with density
plx,t) = [¥f?

and velocity field

h
v=—Vo
m

The evolution of the system follows a nonlinear wave equation for the superfluid field
o ", )
th—— = |~ -—=V" + Viu(x) + g|¥[*| ¥
= [ e 4 Vauto) 919
where

o Vi (x) is the periodic potential induced by the magnetic substrate

® g is the nonlinear interaction constant.
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W(x,t) = Tu(x,t) + Up(x,t)

with

U, = Ay cilkaz—wat)

Up = Apeilhsr—est)
The total density becomes

p= T4+ Tpf
which expands to
p =04+ |p|* + 244Ap cos|(ka — kp)z — (wa — wp)t]
The interference term
Pint = 2A4Ap cos(Akz — Awt)
forms a standing wave pattern when
Aw=0

Thus

pint = 242 Ap cos(Ak )
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FV-(pv)=0
Momentum equation

m(a—v t (v-V)v): VP

For small perturbations
p=po+dp
the pressure relation becomes

P=dp

€ = | 9pPo

Combining the equations yields the wave equation

&(%p)
a2

with sound speed

= ciV3(ép)

Thus perturbations propagate through the superfluid at speed c;.
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64

Op
The interference density term depends on the phase difference

AO =0, 0p
Energy stored in the interference pattern
Ei = —J cos(Af)
where J is the coupling strength determined by overlap of the pilot waves
J x AsAp

The torque equation governing phase evolution becomes

A(A0) _ BBy,
dt a(A6)
which yields
@ = Jsin(A6)
Stable equilibrium occurs at
AB=0

or

Ab=m
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Suppose particle A undergoes a phase shift
G4 — 04+ 06
The interference energy becomes
By = —J cos(AB + 66)

The system evolves to restore equilibrium

A#' = constant
Therefore

g — 0p + 06
to maintain

AY =0, 05
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V(%) = Vo [cos (2;”) ' cos (Zzy) © cos (2;;;)]

Allowed vibrational modes satisfy the Bloch condition

T(x + an) = e*™P(x)
where a is the lattice spacing.
The dispersion relation becomes

w? =2k +wi

with lattice frequency

wr o
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h(z,t) = Acos(kz) cos(wt)
The pressure gradient from this standing wave
VP = —kAc?sin(kz)
exerts forces on the two excitations.

Force on particle

Thus
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J > kpTen

and when the phase synchronization time

1
Tsyne ™~ j
is shorter than the propagation delay
L
Tprop = ..
s

where L is the separation distance.

Thus the condition for persistent entanglement becomes

1L
J e
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Let the universe be represented as a coherent superfluid membrane with density p and phase field

W, 1) = Vo, B
The velocity field is

h
v=—Vo
m

The system evolves according to the nonlinear wave equation
o ", )
th—— = |~ -—=V" + Viu(x) + g|¥[*| ¥
= [ e 4 Vauto) 919

where the magnetic substrate imposes the periodic potential

Van(x) = Vo [cos (2;”) ' cos (Zzy) © cos (2;;;)]

with lattice spacing a.





image18.png
Quantitative estimate for collapse time t,. for region of mass M:

~ 10% years

matching JWST observations at z ~ 10.
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W = /po + Gpeil®+0)

Linearization gives density and phase perturbations governed by

& (%p)
a2

€ = | 9po
m

The electromagnetic-like excitation corresponds to transverse phase oscillations of the membrane.

= ciV3(ép)

where

Let the phase disturbance be
56 = Aeilke—wt)
Dispersion relation in the lattice medium becomes
2 2 2
w? =2k +wi

where





image235.png
where

and n is an integer.

The velocity field around a vortex

Energy stored in the vortex

Substituting the velocity profile

where

¢ Ris the system scale

o ¢ is the vortex core radius.

h
k=—
m

Kn

o) =5
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Substituting
K K
v, — v —
B 27ry 2 27ry
The interaction potential becomes
2
pr-1
U(r)=—=
) 4 T

which has the same spatial dependence as the Coulomb potential.

Thus the effective charge interaction constant becomes

pr?

k.=
‘T 4nm
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Thus
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thus
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kee?

he

a

In the superfluid-substrate model the effective coupling arises from vortex circulation and medium density.

Substituting
2
K
f— P
4
and
h  mk
h=— =DF
2T 2T
gives
pr2e? 2m
a= —
4m mkc
which simplifies to
2
o= Pre
2mc
Substituting
P
m
yields

9 1/2
oo P (ﬂ)
2m \ gpo




image240.png
Resonant electromagnetic modes satisfy
w =csk

The coupling constant e therefore emerges from the interaction between vortex circulation and the lattice

harmonic modes

e o

elx

Substituting into the expression for a




image241.png
superfluid density p
circulation quantum &
lattice spacing a

wave propagation speed c.
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Vsurface(2) = 1&06#/ Buten
where

)y is the amplitude at the interface and
Oskin is the penetration depth.

For a bound excitation in a potential barrier the penetration depth is
h

Sskin = —m=———=
V/2M€gur face

where

m is the effective mass associated with the excitation and

€surface 15 the surface energy density.
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Esub
The interface energy is assumed to be smaller:

—~10-3
€surface = 10 €qup
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Effective force law derived from phonon-mediated superfluid excitations:

SaMo) |

o (r) = 148~

Ry

* Produces flat rotation curves at large 7.
* Eliminates the need for particle dark matter halos.

B ~ & /po tunable by boundary surface tension.
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p = constant
indicating an incompressible medium.
The bulk also contains a cubic magnetic lattice with coherence scale

~ 103
@attice = 107" m

Vorticity in the bulk is represented by

Whuap =V XV
and typically satisfies

|wputk| > |@sur face|
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V() = eourgane (1 € ) 4 Viape /0
where

Ac is a characteristic interaction scale

bulk is the bulk attenuation length.

The potential minimum occurs where

which produces an equilibrium position

—12
Zsurface ~ 107 m




image246.png
J(r,t)
creates oscillating electromagnetic fields governed by
V x B = ppJ
The resulting electromagnetic wave behaves as a surface mode analogous to a capillary wave.
The dispersion relation for surface waves in a fluid with surface tension is
w? = gk + Ty
P
where

g is gravitational acceleration
o is surface tension
pis fluid density

k is the wave number.
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Wi =k
P
The phase velocity is

w
v, =
Pk

Substituting the dispersion relation gives
o

vy =4/ —k

P

In electromagnetic propagation the effective propagation speed can be written

1
VEoko

If electromagnetic waves correspond to tension-driven surface excitations, the effective velocity may be

expressed as
o
e~
PEoHo
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where ) is wavelength.
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» vortex tangle density L(r)
- lattice spacing aiattice

« global rotational vorticity.
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Excitation

Photon

Electron

Neutrino

Bulk vortex

Characteri
8~ A/2m
§~10"%m
§~102m

effectively unbounded
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Any physical measurement relies on a probe with characteristic wavelength Aprgpe-

Spatial resolution is limited by the relation

If the characteristic structural scale of the substrate is
Qlattice
then direct resolution requires

Aprove < Qattice

Aprobe > Qattice
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For accelerations a < ag ~ O'/RU, the emergent force law approximates MOND:

F ~ m/aogn

with gn the Newtonian acceleration. Thus, superfluid boundary effects provide a natural origin for MOND

phenomenology.
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Az Ap >

NS

If a probe attempts to resolve structures on scale ajattice, the required momentum uncertainty becomes

h
Ap> ——

T 20attice

This introduces large momentum fluctuations that disrupt coherent measurement of fine substrate

structures.

The effective measurement volume becomes

Vo ~ (Az)?
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Qlattice < Tp

where 7, is the proton radius, then scattering experiments cannot resolve individual lattice nodes.
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Qe =V X Vyur
Surface excitations interact with an averaged velocity field, producing

(Qpuar) ~ 0
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S; = |Sile
The phase ¢; determines local substrate orientation.
Surface measurements detect only averaged values
(8i)

making direct measurement of the individual phases ¢; impossible without penetrating the bulk.
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(r1 — 1) - (dry x dry) 1'2) (dry x drs)
" |ry 1'2|‘

For a large ensemble of tangled vortices,

(Lk) >0
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Psur face

and the observable operator be O.

The expectation value is

(Osurface) = Tr(Psur faceO)

If the substrate potential is Vs, the surface wavefunction satisfies

(Osurface) = / Diur face VoubPsur facedV

Because surface modes are orthogonal to bulk modes, contributions involving bulk vorticity gradients vanish

in the surface average:

(V X wpur) =0




image260.png
Let the angular velocity of galaxy  be £2;.

The average cosmic rotation becomes

Ei i

Qupiverse = Hm
Voo

where the sum extends over galaxies within volume V.
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Ly, Ly
the lattice spacing may be inferred from harmonic relations.

For example,

Ly — L
N

lattice =

where N is the number of harmonic intervals between the scales.
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_ total vortex length

v
If reconnections increase line density,
)
dt
entropy increases according to
dS dL

at > d
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If the medium has density p and characteristic propagation velocity ¢,
the effective tension scale becomes

2
Tsub ~ PC
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V2® = 47 Gt pyupertiuid

* Predicts lensing identical to ACDM on galactic scales.

* Boundary surface tension produces minor corrections consistent with observational scatter.
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For depth z,

W(2) = e Faie
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If a probe interacts with IV lattice cells simultaneously,

N ~10%

random phase contributions cause the average signal to vanish:

(Si) =0
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where equilibrium occurs when

— =0
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Substrate tension balances expansion pressure according to

2
Osub = PC
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F=g(E+vxB)+V(M-B)

where g is charge density, M is magnetization density, and B represents the background magnetic field of
the substrate. On galactic and intergalactic scales, plasma matter behaves collectively and can acquire
magnetohydrodynamic coupling to the field. In such a regime the momentum equation of

magnetohydrodynamics governs the evolution of mass density and velocity:

p(z‘; } (v-V)v): VP +J xB+pg

where P is plasma pressure and J = V x B/ is the electric current density. The term J x B provides a

non-gravitational force capable of organizing matter along magnetic flux structures.
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The large-scale directional uniformity observed in astronomical surveys can be represented as a
consequence of a spatially regular magnetic lattice or grid that extends across the full cosmic domain. If the
substrate possesses periodic structure with characteristic spacing L, its field configuration may be

approximated as

B(r) = By Zsm(zm‘) &

where z; are Cartesian coordinates aligned with the grid axes. Such a field produces repeating regions of
magnetic minima and maxima that act as potential wells or channels for plasma transport. Matter that
interacts electromagnetically with the field experiences drift toward stable field configurations. Over large
spatial scales, the statistical distribution of these repeating structures yields directional symmetry when
averaged over volumes significantly larger than L. Under these conditions the observed uniformity of the
universe arises from the regularity of the underlying substrate rather than from assumptions about matter

distribution.
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Within this framework the universe is treated as a finite region of condensed energy-matter interacting with
a pre-existing magnetic field configuration. The evolution of this region can be modeled analogously to the
spreading of a fluid layer across a structured surface. Let h(r, t) represent the effective thickness or density
amplitude of the matter distribution over the substrate. The dynamics follow a generalized thin-film equation

derived from conservation of mass and surface stress:

oh h? )
Ve (QV [yV?h Q(r)]) =0

where
n = effective viscosity of the medium
~ = surface tension parameter
®(r)

represents the potential imposed by the magnetic substrate. The function ®(r) may be expressed in terms
of magnetic energy density
[B@)P?

240

®(r) =
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Observed galactic rotation curves and large-scale clustering require additional inward forces beyond those
predicted by Newtonian gravity when only visible mass is included. In the present formulation these

additional forces arise from magnetically mediated stresses within the plasma medium and its coupling to
the substrate field. The effective radial force acting on rotating galactic plasma with current density Jy in a

vertical magnetic field B, is
F.=JyB.

which contributes to the centripetal acceleration of matter within the disk. The rotational equilibrium

condition becomes

T 72 P

v?  GM(r) I JyB.

where M (r) is the visible mass enclosed within radius 7. The second term provides additional stabilizing
acceleration without introducing additional unseen mass. In magnetized plasma environments where
currents and fields are sustained over galactic scales, this term can remain significant far beyond the

luminous disk.
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By(r)

with spatial periodicity determined by a lattice scale L. A cubic lattice representation can be expressed as

Bo(e) - By [sin(zzz) i sm(zzy) 04 Sm(zzz) z]

where By represents the characteristic field amplitude of the substrate. Matter distribution is then governed

by the magnetohydrodynamic momentum equation

p(‘;—: t (v-V)v): VP +JxBg+pg

with

1
J=—VxB
Ho
representing the current density associated with the substrate field. The presence of the J x By term
introduces deterministic forces guiding the spatial organization of matter. Because the substrate structure is
uniform across the domain, the same dynamical rules apply throughout the system without requiring

separate physical realizations or stochastic generation of additional universes.
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Directional symmetry in large-scale observations arises naturally when matter evolves within a spatially
regular background field. If the magnetic lattice is periodic with characteristic scale L, the statistical
properties of the field become invariant under translations larger than this scale. The spatial average of the

field over volumes V' > L? satisfies
(Bo(r))v =0

while the mean magnetic energy density remains constant:

|By > 3B?
u = =
( B>V < 2u0 v 4po
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The matter content of the universe can be modeled as a continuous fluid-like distribution interacting with

the magnetic lattice. Let i (r, t) represent the effective mass—energy density amplitude of this distribution

across the substrate. The evolution of this density field is governed by conservation of mass and force

balance between pressure gradients, magnetic potential, and surface stresses.

A generalized thin-layer evolution equation describing spreading and redistribution is

where

Oh h?
ot

- +V- Qv [yV*h q»(r)]) =0

n = effective viscosity
~ = surface tension parameter

[Bo(r)?

®(r) = 2

represents the magnetic potential imposed by the substrate. Gradients in ®(r) create stable channels and

nodes where matter accumulates. The resulting density distribution tends toward filamentary and nodal

structures aligned with the topology of the magnetic lattice.
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with solutions that can be decomposed into standing-wave eigenmodes
BL(r,) = by (r) cos(wnt)

where w,, represents the eigenfrequency of the n-th mode. Distinct modes correspond to different resonant
field configurations of the substrate. Matter interacting with a particular mode evolves under the

electromagnetic and fluid-dynamic constraints imposed by that mode’s field distribution.
If multiple resonant layers exist, each layer can be described by its own field configuration B,, and

corresponding potential energy density

o BAP
" 20
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(g‘;l(v V)v): VP +J xBo+pg
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U(r,t) = /p(r, t) 70D

where p(r, t) represents the condensate density. If the density field during the recombination epoch

satisfies

pxstree) = po + Sp(r)

with
d,
‘£‘<<1
Po

then the radiation temperature field T'(r) is directly proportional to the local photon energy density

resulting in fluctuations of order 10~ when the density perturbations remain small. In the superfluid
framework these perturbations arise from quantized phonon-like excitations and weak compressional modes

propagating through the condensate.
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p=po+dp
and
v=V¢
for small perturbations. Linearization of the continuity and momentum equations produces

9%6p
Btz

=c2V3p

where the effective sound speed in the condensate is

T

with g the interaction parameter and m the effective condensate particle mass. Standing-wave solutions of

this equation generate spatial oscillation modes
Spr(r,t) = Apcos(k - r — wyt)
with

wy, = ¢|k|
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h
v=—Vo
m

and is irrotational except at singularities corresponding to quantized vortices. Circulation around such a

fv-dl:nﬁ
m

where 7 is an integer vortex number. These vortices produce stable filamentary regions in the density field

vortex satisfies the quantization condition

due to centrifugal evacuation near vortex cores.

The density profile surrounding a vortex core satisfies

p(r) = po (1 g)

for 7 > £, where the healing length is

h
2mgpy

Vortex bundles and interacting vortical structures can extend over large distances when embedded within

coherent flow fields. When the superfluid is coupled to a magnetic substrate with field
B(r)
the magnetohydrodynamic force density

F=JxB
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V.-v<0
producing local density amplification through the continuity equation

p

En FV-(pv)=0

Sheet-like Structures

Large planar galaxy distributions can arise from shear flows within the superfluid medium. If the velocity field

has dominant planar gradients

v = (vz(y),0,0)
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S(r,t) = w

The evolution of perturbations follows from the hydrodynamic equations governing the condensate.

Combining the continuity and momentum equations yields the growth equation

8% ) IxB
5+ 2Hegs gy = V5 4 v-( X )

ot? Po
where H, s represents the effective divergence rate of the background flow.

Regions where the magnetic potential or vortex dynamics reduce local pressure support allow perturbations

to grow:
6>+ A
leading to gravitationally bound structures such as galaxies and clusters.
Conversely, regions with outward flow divergence satisfy
V-v>0

which produces decreasing density

dp
5 <0
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Bjer ~0.1° — 5°
while propagation distances can exceed
Lje ~ 10° — 107 light-years

These jets maintain coherence despite interaction with surrounding interstellar and intergalactic media. The
flow velocities inferred from Doppler measurements and apparent superluminal motion correspond to

relativistic bulk speeds
v = (0.9 — 0.999)c

where c is the speed of light.
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Q
surrounded by an accretion disk threaded by a magnetic field
B(r)

The rotation twists the magnetic field lines into a helical structure. For an initially poloidal field component

B, rotation produces a toroidal component
Qr
By~ —B,
va

where

is the Alfvén velocity of the surrounding plasma.

The resulting magnetic configuration can be represented as

B(r,z) = B,(r,z)2 + By(r, z)(i
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W(r,t) = /p(r, )"
The superfluid velocity field is

v:EVG
m

Vorticity in a superfluid occurs only along quantized vortex lines satisfying

fv-dl:nﬁ
m

The rotating compact object and its magnetized disk impose boundary conditions that generate a bundle of

where 7 is an integer winding number.

aligned vortex lines extending along the rotation axis. The vortex density per unit area is determined by the

Feynman relation

2Q
ny = —
K
with circulation quantum
h
K=—
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V-B=0
while magnetic helicity

H:/A-BdV
v

remains approximately conserved in highly conducting plasma.

Helical field configurations minimize magnetic energy subject to helicity conservation, producing force-free

fields satisfying
VxB=aB
where a is a constant along each field line.

The superfluid vortex bundle and the magnetic flux tube become dynamically coupled. The resulting

structure confines plasma through two mechanisms:

1. Magnetic tension

(B-V)B
Mo

Frension =
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The combination of magnetic pressure and tension maintains radial confinement. The radial force balance is

d 2\ B}
d (p | i) _B
dr 2po Hor
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o= Qupe
where

3H?

S Y]

is the critical density and H is the characteristic cosmic expansion rate at the epoch of measurement.
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pu(r,t)
embedded in the total superfluid density field
p(r,t)
The evolution of baryonic matter within the medium is governed by the continuity equation

9,
% FV - (V) = Sy

where S}, represents baryon source or sink terms associated with nuclear processes.

The velocity field v is determined by the condensate phase gradient

v:EVG
m

as defined by the superfluid order parameter

= Jpe
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fv-dl:nﬁ
m

These vortex lines extend through the medium and can form extended filamentary bundles.
Within such a vortex filament the density profile takes the approximate form
p(r) = pof(r/€)

where £ is the healing length

h
2mgpy

and f(r/€) describes the density transition from the depleted vortex core to the bulk density.

Baryons entrained in the flow accumulate preferentially along the outer regions of vortex tubes where shear
forces are minimized and the flow is coherent. The baryon number density along a filament can therefore be

written as
(2, 7) = npo + dny(r)
with

dny(r) o< p(r)
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where
T = gas temperature
Qmag = heating due to magnetic reconnection or turbulence
A = radiative cooling function.
For low-density intergalactic plasma the radiative cooling rate scales approximately as
Aoxcnd
Thus emission becomes weak when
ny < 1lem™
Even when temperatures reach

T~10° - 10"K
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B(r)
Charged baryonic plasma experiences Lorentz forces
F=¢(E+vxB)
and magnetohydrodynamic stresses
Fyup=J xB

where

J:iVxB
Ho
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25(T,t) = Petump(r,t) + priow(r,t)

where
Pelump represents condensed matter within galaxies and clusters
P flow represents baryons distributed along vortex filaments and diffuse flow channels.

Because 14, Occupies large volumes with low local density, it contributes significantly to the total baryonic

mass while producing relatively weak observable signals.
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where

is the moment of inertia of the galactic mass distribution and
Q

is the angular velocity vector.

In a purely random orientation scenario the probability distribution of angular momentum directions
satisfies
1

PL) =
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P(L) =~

over the unit sphere. Observational alignment signals correspond to deviations from this isotropic

distribution.

Similarly, the polarization of electromagnetic radiation emitted by quasars is characterized by a polarization
vector P defined in the plane perpendicular to the propagation direction. If polarization orientations are

random, the distribution of polarization angles 1 satisfies

P =2

T

for

0<yp<m
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where

is the characteristic lattice spacing and By is the field amplitude.

This field geometry introduces preferred spatial directions corresponding to the principal lattice axes
T,9,2

as well as diagonal directions along combinations of these axes. The anisotropy of the substrate field

produces direction-dependent forces on charged plasma structures through the Lorentz interaction

F=JxB

where

J:iVXB
Ho
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W(r,t) = /p(r, )"
with velocity field

h
v=—Vo
m

Vorticity in the superfluid occurs along quantized vortex lines satisfying

fv-dl:nﬁ
m

These vortex lines represent topologically stable rotational structures embedded in the fluid.

In the presence of an anisotropic external field, the free energy of a vortex line depends on its orientation

relative to the substrate. The energy of a vortex segment aligned with direction 72 can be approximated as

where

is the circulation quantum,
R is a characteristic system scale,
£ is the healing length, and

(7)) represents orientation-dependent interaction energy with the magnetic substrate.
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W(r,t) = /p(r, )"
with velocity field

h
v=—Vo
m

Vorticity in the superfluid occurs along quantized vortex lines satisfying

fv-dl:nﬁ
m
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In the presence orf an anisotropic external fiela, the free energy or a vortex line aepends on Its orientation

relative to the substrate. The energy of a vortex segment aligned with direction 2 can be approximated as

where

is the circulation quantum,

R is a characteristic system scale,

£ is the healing length, and

() represents orientation-dependent interaction energy with the magnetic substrate.

Minimization of the total energy leads to preferred vortex orientations satisfying

0B,

a

0
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w=Vxv

If the vorticity field is dominated by aligned vortex bundles, the resulting angular momentum vectors of

galaxies forming within these regions inherit the orientation of the parent vortex.

The angular momentum vector of a collapsing matter region with density p is
L= / p(r) (r x v)dV
4
When the velocity field contains coherent vortex components aligned with a preferred direction 7,
V() & Vvortex(r; 72)

the resulting angular momentum vector satisfies approximately

L|n
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J
is therefore approximately parallel to the local vortex axis:

}zﬁ
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where S is the Stokes vector
S=(1,Q,U,V)

and K is the propagation matrix determined by the local plasma and magnetic field properties.
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where A is an alignment parameter measuring the strength of directional bias and 72 represents a preferred

axis imposed by the substrate.

For A = 0 the distribution reduces to an isotropic random orientation. For A > 0 the probability increases

for spins aligned with the preferred direction.
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with velocity field

where

p(r,t) is the condensate density and
O(r, t) is the phase field.

The vorticity of the flow is defined as

W(r,t) = /p(r, )"

h
v(r,t) = " \Y

w=Vxv
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where

is the quantum of circulation and 7 is an integer.

A cosmological superfluid may contain a sparse distribution of large-scale vortices. When averaged over

sufficiently large volumes V/, the mean vorticity can be expressed as

(w)V:%/‘;(VXv)dV
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Q.
so that the background velocity field can be approximated as
Vg = Qe X T

where

1
Q.= §<“’>V
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and the momentum equation is

m(% | (v-V)v): V(9P + Veur + Q)

where

L

= om wp

is the quantum pressure term.

Within a rotating domain the equilibrium solution contains a lattice or network of vortices. The surface

density of vortices in a rotating superfluid is given by the Feynman relation

20
7I€

Ty

where n,, is the number of vortices per unit area and {2 is the angular velocity of the rotating region.
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Let the universe be filled with a continuous medium F called UFluid, characterized by a macroscopic

complex order parameter

U(r,t) = /p(r, t) 70D

where

o p(r,t) is the local mass—energy density of the medium

e 0(r,t) is the phase field describing the coherent state of the superfluid.

The macroscopic velocity field of the fluid follows from the phase gradient

v(r,t) = iVﬂ(r, t)

my
where m, represents the effective inertial scale associated with the coherent excitation of the medium.
The dynamics of the order parameter follow a nonlinear Schrédinger-type equation describing a superfluid
condensate:

.h37‘1’7 w?
' ot — 2m,

V2T + Vi (p) T + Veun (r)

where

o Vine(p) describes self-interaction of the medium

o V. (T) describes coupling to the underlying m |, stic substrate.
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B(r)

For a cubic lattice configuration the field can be approximated as

= () (7)) n(T )

where L is the lattice spacing.

Charged baryonic matter embedded within the superfluid experiences magnetohydrodynamic forces
Fyup=J xB

with

J:iVXB
Ho
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E,(R) = By + A(R)
where

E) is the intrinsic vortex energy and

() represents orientation-dependent coupling to the substrate.

Minimization of the total energy favors orientations for which

0B, _
o

0
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For a collapsing region with density distribution p(r), the total angular momentum is
L= / p(r) (r x v)dV
4

If the velocity field is dominated by a coherent vortex component

& Viortes(T)
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where 7 is the preferred vortex direction and A is an alignment parameter describing the strength of the

correlation.
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I'=nk

When matter collapses toward the vortex core, conservation of angular momentum requires that rotational

velocity increase as the radius decreases:

L = mrvy = constant

which implies
1

vd,o(;

As the core radius approaches extremely small values, the rotational kinetic energy density becomes large:

Bt = Lo
mtfzﬂ%
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where

J is the angular momentum and

M is the mass of the object.
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Magpnetic fields threading the disk couple the rotating plasma to the surrounding medium. The torque

exerted by magnetic stresses is
T= /r(J x B)gdV

which transfers angular momentum away from the central region.

Relativistic jets provide an efficient channel for this angular momentum transport. Plasma accelerated along

magnetic field lines carries energy and angular momentum outward.
The flux of angular momentum along the jet is approximately
Jjet = Mjerrvg

where Mt is the mass outflow rate.
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U(r,t) = /p(r, t) 00D

with density p(r, t) and phase 6(r, ).
The velocity field of the medium is

and vorticity is defined as
w=Vxv

In a superfluid, vorticity exists only along quantized vortex lines satisfying the circulation condition

fv-dl:mc

where

is the circulation quantum.

The global state of the medium can therefore be described by the spatial network of vortex lines
V= {Xi(s,1)}

where X;(s,t) parameterizes the i-th vortex filament as a function of arc length s.




image72.png
1
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representing the total vortex length per unit volume.

A second measure of structural complexity is the tangle curvature
1 2
Co=1 S [ 182xi]ds
w
i

which characterizes the degree of bending and twisting of the vortex filaments.

Entropy in the DRUMS framework is associated with the multiplicity of possible configurations of the vortex
network and substrate spin domains. A coarse-grained entropy density can therefore be defined as a

functional of the vortex configuration:
S =k QV)

where Q(V) represents the number of accessible vortex configurations consistent with the macroscopic

state of the system.
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Density p(r,t) and flow v(r, ) may vary arbitrarily over space.
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When two vortex filaments approach each other within a critical distance d,., reconnection occurs. During a

reconnection event the topology of the vortex network changes:
Vi = Vs
where the connectivity of the vortex lines is altered.

The reconnection process converts kinetic energy of coherent vortex motion into short-wavelength

excitations known as Kelvin waves. The dispersion relation for Kelvin waves on a vortex filament is

w(k)f—kzln(kg)

where k is the wave number and £ is the healing length.
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then vortex lines experience pinning forces
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where
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e = [ B0y (k)

where n(k) is the occupation number of excitations with wave number k.

Temperature is related to this excitation population through the Bose—Einstein distribution

1

(k) = T 1
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Econerent = Ephonon + Eretvin + Bmagnetic
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where « represents vortex generation processes and [3 represents decay mechanisms through reconnection

cascades.
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where V denotes the vortex network and o represents spin configurations of the magnetic lattice.

A structured configuration representing stored information corresponds to a restricted subset of possible

states
Qinfo < Qotal

The information content associated with such a configuration is
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Continuity equation

p

5 TV () =0

Momentum equation

v 1
S+ (v-V)v=-VP+Fy
P (v-V)v 5  Fa + Q

where

is the quantum pressure term and
Fop = —VVi
represents interaction with the cubic magnetic substrate.
The pressure term follows an equation of state
P(p) = gp*
P)=9p

with coupling constant g.
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L(r,t) = —

where

o d/{ = differential vortex filament length

o dV = differential spatial volume.

The global tangle measure is
A(t) = / L(r,t)dV
\4

Temporal progression corresponds to increasing A.

t o< A(t)
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(1) = {Ti(t), S;(1)}
where

. i = vortex filament trajectories

e S; = spin vectors of lattice nodes.

Temporal evolution corresponds to the continuous deformation and reconnection of the set I';.
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When two vortex filaments approach within a core radius ay, the velocity field

K [dsx(r—s)

v=—
Am |r—s

induces mutual attraction and reconnection.

Here

e K = h/mis the quantized circulation.

Reconnection transforms vortex topology:

(T1,Ty) — (T}, Ty)
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1 (r1 —15) - (dr; x dry)

Lk=
4m Jr, Jr, [ry

and writhe Wr.
The total topological invariant
Lk=Tw+ Wr

with
o Tw = filament twist

o Wr = geometric writhe.
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where

s Jis the exchange coupling constant

e S, is the spin vector at node 4.
Spin oscillations propagate as magnons with dispersion
w(k) =2JS (1 — cos(ka))

where

* ais lattice spacing.
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The superfluid velocity is

v, =—V8o
m
Time evolution of the phase obeys
06 1
h— = —mv?
ot M ™s

where p is the chemical potential.
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If the lattice spacing is a, collective resonances appear at multiples

A, =na
Standing wave envelopes form when
21
k,=—
W

corresponds to eigenmodes of the coupled vortex-magnon system.

For mesoscale envelopes, coherent structures appear at harmonic scales where phase velocities match:

w
Uphase = E
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Let v, be velocity relative to the fluid background.

2
dr = dty/1 Zﬁ

where ¢ is the critical velocity for vortex excitation.

Proper time becomes
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