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Abstract

Previous work established that cosmological expansion in the Aether Physics Model (APM)
follows the scaling relation

H = Fqα4/5
a

√
ΓH ,

with the exponent arising from the double-loxodromic geometry of the Aether unit. The present
work provides a dynamical foundation for this result by constructing a closure-field operator
governing the propagation of closure imbalance.

An explicit solution of the closure eigenvalue problem is obtained along loxodromic transport
paths, yielding a standard closed-loop spectrum λn ∝ n2. The fractional exponent 8/5 is shown
to arise not from eigenvalue spacing, but from the geometric measure governing the distribution
of closure imbalance across the Aether-unit structure.

This establishes that cosmological expansion is determined by the lowest non-cancelled closure
eigenmode weighted by intrinsic loxodromic geometry, with the scaling exponent arising from
closure-measure structure rather than spectral spacing.

Keywords: Aether Physics Model, Quantum Measurement Units, closure field, eigenmodes,
cosmology, loxodrome

1 Introduction

The Aether Physics Model (APM) describes physical processes as closure dynamics within a
volumetric–chronovibrational substrate. Previous work established:

• primary constants as invariants of closure Thomson III [2026],
• α as the electromagnetic manifestation of closure asymmetry Thomson [2026c],
• cosmological expansion as a residual closure imbalance Thomson [2026b].

A scaling relation was obtained:
H = Fqα4/5

a

√
ΓH ,

with the exponent 4/5 arising from the geometric ratio 8/5 of the double-loxodromic Aether unit.

The present work constructs a closure-field operator and solves its eigenvalue problem explicitly,
showing how the geometric exponent emerges from closure-measure weighting rather than eigenvalue
spacing, in analogy with spectral problems on compact manifolds Chavel [1984].

The objective is therefore to demonstrate that cosmological expansion follows directly from closure-
field dynamics, with geometric measure replacing phenomenological density as the controlling
factor.

2 Relation to Previous Cosmological Scaling

The preceding cosmological scaling result established

H = Fqα4/5
a

√
ΓH

as a geometric consequence of closure asymmetry within the Aether unit Thomson [2026b].
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The present work provides the dynamical foundation for that result. The closure-field operator
constructed here yields a standard closed-loop eigenvalue spectrum

λn ∝ n2

consistent with Laplacian spectra on compact periodic domains Chavel [1984].

Therefore, the fractional exponent 8/5 does not arise from eigenvalue spacing. Instead, it arises
from the geometric closure measure governing how the lowest non-cancelled eigenmode contributes
to residual closure imbalance.

This distinction is essential. The eigenvalue spectrum determines the allowed dynamical modes,
while the Aether-unit geometry determines how those modes are weighted in producing cosmological
expansion.

3 Closure Field and Variational Structure

We define the closure field
Ψ(x, t) ≡ voco(x, t),

representing the local degree of Aether-unit completion Thomson [2026a].

In QMU terms, the field has dimensional role

[Ψ] = closure imbalance
λC

3 ,

i.e., a volumetric closure-density field.

To ensure dimensional consistency, we introduce normalized QMU coordinates

τq = Fqt, σ = s

λC
,

so that derivatives are dimensionless.

The minimal QMU-consistent Lagrangian density becomes

L = 1
2(∂τq Ψ)2 − 1

2(∇qΨ)2 − V (Ψ)

which is structurally equivalent to scalar field Lagrangians used in relativistic field theory Peskin
and Schroeder [1995].

The potential is
V (Ψ) = λ(Ψ2 − Ψ2

0)2 + η1Ψρm − η2ΨAm.

Variation yields the dimensionless field equation

∂2
τq

Ψ − ∇2
qΨ + dV

dΨ = 0.



5 EXPLICIT EIGENVALUE SOLUTION 3

4 Loxodromic Closure Operator

Closure transport follows loxodromic trajectories on the Aether-unit surface.

Define the dimensionless transport operator

Dlox = d

dσ
,

where σ is the normalized loxodromic arc coordinate.

The closure operator is written in dimensionless QMU form as

L̂cl = −∂2
τq

+ ∇2
q + a1 Dlox + a2 D2

lox,

where a1 and a2 are dimensionless coefficients governing directed transport and curvature confinement
along loxodromic paths.

The linear term encodes oriented transport, while the quadratic term enforces closed-path stability.

5 Explicit Eigenvalue Solution

Introduce a loxodromic arc coordinate s along a closed closure path, such that

Dlox = d

ds
.

Assume separable solutions
Ψn(s, t) = e−iωt Φn(s).

The spatial equation becomes[
ω2 + (1 + a2) d2

dσ2 + a1
d

dσ

]
Φn = λnΦn.

Periodic closure requires
Φn(σ + 2π) = Φn(σ)

leading to Fourier eigenmodes
Φn(σ) = eiknσ, kn = 2πn

which correspond to standard eigenfunctions on S1 Chavel [1984].

Substitution yields the paired eigenvalues

λn,± = ω2 − (1 + a2)k2
n ± ia1kn.

The two loxodromic orientations correspond to the ± branches. The physical spectrum is obtained
by pairing these orientations, giving the real eigenvalue

λn = 1
2(λn,+ + λn,−) = ω2 − (1 + a2)k2

n.

Thus the closure operator yields the standard closed-loop eigenvalue scaling

λn ∝ n2.
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6 Geometric Closure Measure and Mode Weighting

The eigenvalue analysis establishes that closure-field propagation along a loxodromic path produces
a standard closed-loop spectrum

λn ∝ n2.

This determines the allowed dynamical modes, but does not by itself determine the magnitude
of cosmological expansion. That magnitude depends on how the residual closure imbalance is
distributed across the Aether-unit structure.

Lowest Non-Cancelled Mode. Closure symmetry eliminates all fully paired contributions in
the observable (real) sector. The cosmologically relevant contribution is therefore the lowest non-
cancelled eigenmode, denoted χ1. Higher modes are suppressed both spectrally and geometrically.

Measure Weighting. The contribution of χ1 is not uniform. It is distributed across the loxodromic
transport structure of the Aether unit. This distribution is governed by a normalized closure measure
µcl, satisfying ∫

dµcl = 1.

The dimensionless closure imbalance is therefore defined as

Ωcl = ⟨|χ1|2⟩µcl .

Geometric Origin of the Measure. The Aether unit contains

Narc = 8

orientation-resolved loxodromic transport channels, distributed across

Ncon = 3 + 2 = 5

independent volumetric–chronovibrational closure constraints.

The resulting geometric closure-measure exponent is

Dcl = Narc
Ncon

= 8
5 .

Scaling of Residual Closure. The primary closure asymmetry enters each measure-weighted
transport channel multiplicatively as αa. Under the closure measure, the cumulative weighting
across the loxodromic transport structure yields

Ωcl = αDcl
a = α8/5

a .

Connection to Cosmological Expansion. The Hubble parameter is determined by the root-
mean-square closure imbalance:

H = Fq

√
ΓHΩcl,

√
Ωcl = ⟨|χ1|2⟩1/2

µcl .
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Substituting the measure-weighted scaling gives

H = Fq

√
ΓHα

8/5
a = Fqα4/5

a

√
ΓH .

This completes the dynamical chain:

closure operator → eigenmode spectrum → lowest non-cancelled mode → measure weighting → Ωcl → H.

Thus the fractional exponent 8/5 arises from geometric closure measure, while the square-root
dependence reflects the projection of the closure field into an observable expansion rate.

6.1 Temporal Bi-directionality and Arc Cardinality

The arc count Narc = 8 arises from the bidirectional structure of loxodromic transport on the
Aether-unit surface.

Each loxodromic pathway admits two opposed orientations corresponding to the two chronovibra-
tional directions of transport. Combined with the four discrete spin-phase positions,

ϕj = jπ

2 , j = 0, 1, 2, 3,

this yields
Narc = 2 × 4 = 8.

These are not independent spatial paths, but orientation-resolved transport channels required for
closure consistency. The two orientations correspond to the paired structure of the closure operator
spectrum, where each eigenmode admits conjugate propagation directions:

λn,±.

The requirement of pairing ensures cancellation of the odd transport term and produces a real
physical spectrum.

Thus, the cardinality Narc = 8 reflects the intrinsic bidirectional structure of loxodromic closure,
not the introduction of additional independent degrees of freedom.

The closure constraints remain
Ncon = 3 + 2 = 5,

so that the geometric closure measure is

Dcl = 8
5 .

This establishes that the fractional exponent arises from orientation-resolved closure transport
distributed across volumetric–chronovibrational constraints.
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7 Cosmological Scaling

The closure imbalance is therefore
Ωcl ∼ α8/5

a .

Substituting into
H = Fq

√
ΓHΩcl,

gives
H = Fqα4/5

a

√
ΓH .

ΓH =
(

H

Fqα
4/5
a

)2

.

Using
H = 2.51 × 10−18 s−1, Fq = c

λC
≈ 1.23558996 × 1020 s−1,

...
ΓH ≈ 8π

3

This form is consistent with expansion-rate parametrization in homogeneous cosmology, where H
represents a global dynamical rate parameter Weinberg [2008].

Relation to Friedmann-Type Scaling. The numerical value

ΓH ≈ 8π

3
has the same geometric coefficient that appears in Friedmann-type cosmology. In the present QMU
formulation, however, ΓH is not introduced through an assumed mass-density source term. It is
the dimensionless geometric density parameter of Aether expansion, arising from closure imbalance
distributed across the loxodromic Aether-unit measure.

Thus the QMU expression
H2 = Fq

2α8/5
a ΓH

plays the role of a closure-density expansion law. The factor ΓH mirrors the 8π/3 structure of the
Friedmann equation, while the source term is supplied by the dimensionless closure-density

Ωcl = α8/5
a .

8 Physical Interpretation

The Hubble parameter corresponds to the lowest non-cancelled closure eigenmode weighted by the
geometric closure measure of the Aether unit.

Cosmological expansion arises because closure asymmetry cannot be fully neutralized within
finite loxodromic structure, analogous to residual energy densities driving expansion in standard
cosmological models Weinberg [2008].



A SI BRIDGE TO THE HUBBLE PARAMETER 7

9 Implications

Since the closure operator depends on Am, the eigenmode weighting is expected to vary with matter
distribution, providing a mechanism for scale-dependent variation in H.

10 Conclusion

The closure-field eigenvalue problem has been solved explicitly, yielding a standard closed-loop
spectrum λn ∝ n2. This demonstrates that the eigenvalue structure determines the allowed
dynamical modes but does not produce the cosmological scaling exponent.

The fractional exponent 8/5 arises instead from the geometric closure measure associated with
loxodromic transport across the Aether unit. The resulting closure-density scaling

Ωcl = α8/5
a

determines the magnitude of cosmological expansion through the root-mean-square closure imbalance.

The expansion law
H = Fqα4/5

a

√
ΓH

follows directly from closure-field dynamics. The normalization factor

ΓH ≈ 8π

3

emerges as a geometric density parameter, providing a structural correspondence to Friedmann-type
cosmology while replacing mass density with closure density.

This establishes a unified framework in which Aether geometry, closure-field dynamics, and cosmo-
logical expansion arise from a single underlying mechanism: the distribution of closure imbalance
across the loxodromic structure of the Aether unit.

A SI Bridge to the Hubble Parameter

The QMU expression
H = Fqα4/5

a

√
ΓH

may be expressed in SI units using
Fq = c

λC
.

Using CODATA values for c and λC Mohr et al. [2024, 2025], and the Aether fine-structure parameter,
the predicted expansion rate is

H = 2.51 × 10−18 s−1,

corresponding to
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H0 ≈ 77.5 km s−1 Mpc−1.

This confirms that the dynamical closure-field derivation reproduces the observed cosmological scale.
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