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Abstract

Within the Aether Physics Model (APM), physical processes are governed by closure dynamics
in a volumetric–chronovibrational substrate. Previous work established that cosmological
expansion follows

H = Fqα4/5
a

√
8π

3 ,

where the exponent arises from double-loxodromic closure geometry and the isotropic factor 8π
3

follows from volumetric closure symmetry.
The present work provides a density-gradient operator derivation of this relation. A density-

weighted closure operator is constructed and solved along loxodromic transport paths, yielding
a standard closed-loop spectrum λn ∼ n2. The fractional exponent 8/5 arises not from the
eigenvalue spacing itself, but from the geometric closure measure governing the distribution of
residual imbalance across the Aether-unit structure.

The Aether fine-structure parameter αa is then derived from QMU charge relations,

αa = e2

8πea
2 ,

with ea
2 determined from the maximum Aether magnetic charge. The result is a fully deter-

mined QMU scaling relation connecting Aether density gradients, closure-field dynamics, and
cosmological expansion.

Keywords: Aether Physics Model, Quantum Measurement Units, density gradients, closure
operator, eigenmodes, cosmology, Aether fine structure

1 Introduction

In APM, geometry is encoded not by curved spacetime but by gradients of Aether density. Closure
processes occur within a structured medium whose volumetric and chronovibrational properties
define transport, stability, and interaction Thomson [2026a].

Previous results established:

• primary constants as invariants of closure Thomson III [2026], Thomson [2026d],
• αa as the primary Aether fine-structure parameter Thomson [2026e],
• cosmological expansion as residual closure imbalance Thomson [2026c,b].

The present work derives the cosmological scaling relation

H = Fqα4/5
a

√
8π

3

from density-weighted closure dynamics, loxodromic transport geometry, and the QMU definition of
αa.
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2 Density-Weighted Closure Field

Let Ψ(x, t) denote the closure field and let ρA(x) denote the local Aether density or volumetric
coherence. Define the density-weighted inner product

⟨f, g⟩A =
∫

f(x)g(x)ρA(x) d3x.

This construction places the closure dynamics in a weighted Hilbert-space setting, analogous to
weighted Sturm–Liouville systems in which the weighting function determines the natural inner
product for self-adjoint operators Zettl [2005].

The QMU-consistent Lagrangian density is

L = 1
2ρA(∂tΨ)2 − 1

2ρAc2(∇Ψ)2 − ρAV (Ψ),

with
c = λCFq.

This has the standard scalar-field variational structure, with the Aether-density factor supplying
the QMU weighting of the closure medium Peskin and Schroeder [1995].

Variation yields
ρA∂2

t Ψ − ∇ · (ρAc2∇Ψ) + ρA
dV

dΨ = 0.

3 Closure Operator in Aether Density Gradients

Linearizing about a stable closure state gives the spatial closure operator

Hcl = − 1
ρA

∇ · (ρAc2∇) + V(x),

where
V(x) = d2V

dΨ2

∣∣∣∣∣
Ψ=Ψ0

.

The density-weighted core operator is the natural APM analogue of a self-adjoint weighted Sturm–
Liouville operator Zettl [2005].

Loxodromic transport is introduced through

Dlox = vlox · ∇.

The full closure operator is

Hcl = − 1
ρA

∇ · (ρAc2∇) + α Dlox + β D2
lox + V(x).

The density-weighted core operator is self-adjoint under ⟨·, ·⟩A. The first-order loxodromic term is
odd under handedness reversal and cancels in the paired double-loxodromic spectrum.
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3.1 Local Reduction Along Loxodromic Paths

The reduction of the closure operator to a one-dimensional loxodromic coordinate assumes that the
Aether density varies slowly along each transport path:∣∣∣∣ 1

ρA

dρA

ds

∣∣∣∣ ≪ kn.

This condition states that the Aether density varies on scales large compared to the loxodromic
wavelength, ensuring that closure transport remains locally periodic.

Under this condition, the density-weighted operator admits a local WKB-type approximation in
which ρA is treated as constant over a single closure cycle Bender and Orszag [1999]. The eigenvalue
problem then reduces to a periodic boundary problem along s.

At larger scales, variations in ρA enter through modulation of the effective potential V(x) and the
closure measure, rather than the local eigenvalue spacing.

Thus the spectrum λn ∝ n2 remains valid locally, while global Aether-density gradients influence
the weighting of closure modes.

4 Reduction to Loxodromic Coordinate

Introduce a loxodromic arc coordinate s such that

Dlox = d

ds
.

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

Along a closed loxodromic path, the eigenvalue equation reduces locally to

(c2 + β)d2Φn

ds2 + α
dΦn

ds
+ (λn − V)Φn = 0.

Periodic closure requires
Φn(s + Llox) = Φn(s),

so that
Φn(s) = eikns, kn = 2πn

Llox
.

These are the standard Fourier eigenmodes of a closed periodic path, corresponding to the S1

spectral structure of compact periodic domains Chavel [1984].

Substitution gives
λn = V + (c2 + β)k2

n − iαkn.

Opposite loxodromic orientations satisfy kn → −kn, so the odd term cancels in the paired spectrum:

λpair
n = V + (c2 + β)

(2πn

Llox

)2
.
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Thus the explicit closure spectrum is
λn ∝ n2.

This confirms that the closure field behaves as a periodic resonant system along individual loxodromic
transport paths.

For cosmological-scale modulation, this condition requires the Aether density to vary slowly compared
with the local loxodromic closure cycle, so that density gradients affect mode weighting rather than
destroying local periodicity.

5 Density-Weighted Closure Measure

The Aether unit contains eight directed loxodromic transport arcs:

Narc = 8.

These arcs are constrained by five independent closure conditions:

Ncon = 3 + 2 = 5,

corresponding to three volumetric directions and two chronovibrational phase orientations.

The density-weighted phase-space measure is

dµA = ρA d3x dτ.

The effective closure-measure exponent governing the distribution of residual imbalance is therefore

Dcl = Narc
Ncon

= 8
5 .

The fractional exponent belongs to the closure measure, not to the raw eigenvalue spacing Thomson
[2026b].

6 Closure Imbalance and Cosmological Expansion

The closure spectrum describes oscillatory modes of the Aether unit. Perfect symmetry would
produce complete cancellation of forward and reverse loxodromic transport.

However, closure asymmetry introduces a residual imbalance. The lowest non-cancelled eigenmode
therefore contributes a net transport of closure flux across Aether units Thomson [2026c,b].

This residual flux acts as a source term for volumetric expansion:

1
V

dV

dt
∼ (closure flux imbalance).

Identifying this rate with the Hubble parameter gives

H = Fq Ω1/2
cl .
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Since the imbalance is distributed according to the closure measure,

Ωcl = α8/5
a ,

we obtain
H = Fqα4/5

a

√
Γiso,

where Γiso is the isotropic closure factor derived below.

Thus cosmological expansion is not imposed externally, but emerges from a persistent imbalance in
closure transport at the lowest eigenmode.

7 Derivation of the Isotropic Closure Factor

The isotropic factor in the cosmological scaling relation is the volumetric averaging factor for
closure-front propagation.

The total angular measure of a spherical Aether-density domain is

4π.

The volumetric averaging factor per independent spatial direction is

4π

3 .

Closure propagation is bidirectional, incorporating both forward and return transport channels.
Therefore,

Γiso = 2
(4π

3

)
= 8π

3 .

Thus the isotropic closure factor is

Γiso = 8π

3 .

The cosmological expansion law becomes

H2 = Fq
2α8/5

a Γiso.

This expression has the same structural form as Friedmann-type expansion laws, with Γiso = 8π/3
acting as a geometric density coefficient Weinberg [2008]. In the present formulation, however, the
source term is not mass density but closure-density Ωcl.

Equivalently,

H = Fqα4/5
a

√
8π

3 .
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8 Numerical Derivation of the Aether Fine-Structure Parameter

The Aether fine-structure parameter is defined by the ratio of electrostatic charge squared to
maximum Aether magnetic charge squared:

αa = e2

8πea
2 .

The maximum Aether magnetic charge is

ea
2 = maλC

3Fq
2

Au
,

where
ma = λC

3Fq
2

G
.

These QMU charge and mass-loading relations follow from the primary closure-constant derivation
and the QMU conversion framework Thomson [2026d, 2025].

Equivalently, using
mchg = ma

ea
2 ,

we have
ea

2 = ma

mchg ,

and therefore
αa = e2 mchg

8πma
.

Using the QMU numerical values,

ma ≈ 3.2672473357 × 1015,

ea
2 ≈ 5.0200566087 × 108,

and
mchg = ma

ea
2 ≈ 6.5083874354 × 106,

we obtain
αa ≈ 2.0345684859 × 10−48.

This value is the substrate-level Aether fine-structure parameter. It is distinct from the electro-
magnetic fine-structure constant α, which is the boundary-sector projection of closure asymmetry
Thomson [2026e].
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9 Relation Between Aether and Electromagnetic Fine-Structure
Parameters

The Aether fine-structure parameter αa characterizes closure asymmetry at the substrate level:

αa = e2

8πea
2 .

The electromagnetic fine-structure constant α arises as the boundary-sector projection of closure
asymmetry Thomson [2026e]. Using the QMU definitions of the Aether and electromagnetic
fine-structure parameters,

αa = e2

8πea
2 , α = e2

8πeemax2 ,

we obtain the ratio
α

αa
= ea

2

eemax2 .

The maximum magnetic charges scale with their corresponding mass loading capacities, giving the
proportionality

ea
2

eemax2 ∝ ma

me
.

Within the QMU normalization of magnetic charge to mass loading, this proportionality becomes

ea
2

eemax2 = ma

me
.

Thus the boundary projection factor is not arbitrary, but is given by the Aether-to-electron mass
ratio:

Π∂ = ma

me
.

The electromagnetic fine-structure constant is therefore

α = αa
ma

me
= αa

ea
2

eemax2 .

Using the QMU values

αa ≈ 2.0345684859 × 10−48,
ma

me
≈ 3.5866831812 × 1045,

we obtain
α ≈ 7.2973525693 × 10−3.

This numerical value corresponds to the CODATA value of the electromagnetic fine-structure
constant Mohr et al. [2024, 2025].

Thus α is not an independent constant, but a projection of αa under boundary constraints that
enforce charge differentiation and electromagnetic coupling.

In this framework:
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• αa governs volumetric closure asymmetry,
• α governs boundary-sector electromagnetic interaction.

The large separation of scales between αa and α is quantitatively determined by the Aether-
to-electron mass ratio, reflecting the transition from volumetric closure to surface-constrained
dynamics.

10 Cosmological Scaling from Spectrum and Measure

The lowest non-cancelled eigenmode contributes to closure imbalance with weight determined by
the closure measure:

Ωcl = αDcl
a .

Since
Dcl = 8

5 ,

we obtain
Ωcl = α8/5

a .

Substituting the isotropic factor and the QMU-derived value of αa gives

H = Fqα4/5
a

√
8π

3 .

Thus

H = Fq

(
2.0345684859 × 10−48

)4/5
√

8π

3 .

Using
Fq ≈ 1.235589965 × 1020 s−1,

with Fq = c/λC evaluated from CODATA values Mohr et al. [2024, 2025], this yields

H ≈ 2.5131 × 10−18 s−1.

Expressed in conventional cosmological units,

H ≈ 77.55 km s−1 Mpc−1.

11 Physical Interpretation

The eigenvalue spectrum is determined by closed loxodromic transport, while the cosmological
suppression exponent arises from the density-weighted distribution of closure imbalance across the
Aether geometry.

Cosmological expansion is therefore governed by:
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• eigenmode structure,
• Aether density gradients,
• double-loxodromic closure measure,
• the Aether fine-structure parameter αa.

The Hubble parameter corresponds to the lowest non-cancelled closure eigenmode weighted by
the geometric measure of the Aether unit. This interpretation extends the preceding closure-field
eigenmode derivation by including explicit Aether-density gradients in the operator structure
Thomson [2026b].

12 Implications

Since the closure operator depends on the activity term Am through the potential V (Ψ), the effective
eigenmode weighting is expected to vary with local Aether density gradients. This provides a natural
mechanism for scale-dependent variation in the observed Hubble parameter and offers a QMU-based
interpretation of cosmological anisotropies.

The numerical value obtained here is closer to late-universe observational determinations of H0 than
to lower early-universe estimates. For comparison, Planck CMB analysis within the base ΛCDM
model gives a lower inferred value, while the SH0ES distance-ladder result gives a higher local value
Planck Collaboration [2020], Riess et al. [2022].

A direct consequence of the density-gradient formulation is that the effective expansion rate depends
on the distribution of Aether density and matter activity. Regions of higher closure stimulation
are expected to exhibit slightly elevated effective values of H, while lower-density regions exhibit
reduced expansion.

This predicts a scale- and direction-dependent variation in inferred cosmological expansion rates,
providing a potential QMU-based framework for interpreting observational discrepancies such as
the Hubble tension Planck Collaboration [2020], Riess et al. [2022].

Quantitative predictions for specific surveys and sky directions are left to future work.

13 Conclusion

A complete operator-spectrum derivation has been presented within a density-gradient Aether
framework. The closure operator yields a standard closed-loop eigenvalue spectrum,

λn ∼ n2,

while the fractional exponent 8/5 arises from the geometric closure measure governing the distribution
of residual imbalance.

The Aether fine-structure parameter was derived numerically from QMU charge relations:

αa = e2

8πea
2 ≈ 2.0345684859 × 10−48.
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Combining the closure-measure exponent with isotropic volumetric closure gives the fully determined
cosmological scaling relation:

H = Fqα4/5
a

√
8π

3
and the numerical value

H ≈ 77.55 km s−1 Mpc−1.

This establishes a fully determined QMU connection between Aether density gradients, closure-
field dynamics, and cosmological expansion. The result replaces phenomenological density-driven
expansion with a closure-density mechanism derived directly from Aether geometry.
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