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Abstract

Previous work established that the primary physical constants arise as invariants of first
stable bifurcation within the Aether Physics Model (APM), and that the fine-structure constant
α may be interpreted as the electromagnetic projection of closure asymmetry. A subsequent
cosmological extension showed that the Hubble parameter emerges as a chronovibrational rate
modulated by a dimensionless closure-balance factor.

The present work expresses the cosmological expansion rate in terms of the underlying closure
asymmetry parameter αa. A scaling relation is established linking the Hubble constant H0 to
the fundamental QMU frequency Fq through a fractional-power function of αa. The observed
smallness of H0 relative to Fq is shown to arise from suppression of closure imbalance governed
by double-loxodromic transport geometry.

The geometric suppression exponent is derived as the ratio of eight directed loxodromic closure
arcs to five independent volumetric–chronovibrational closure constraints. The closure-field
normalization factor ΓH is then derived from the scalar closure field Ψ as the isotropic projection
of the lowest non-cancelled loxodromic eigenmode. In the ideal isotropic closure limit this gives

ΓH = 8π

3 .

The resulting Hubble scaling is

H = Fqα4/5
a

√
8π

3 .

The result establishes a direct connection between Aether closure asymmetry and cosmological
expansion, demonstrating that large-scale dynamics emerge from the same variational structure
governing subatomic closure.

Keywords: Aether Physics Model, Quantum Measurement Units, cosmology, Hubble constant,
closure asymmetry, loxodromic geometry, closure field

1 Introduction

The Aether Physics Model (APM) describes physical reality as a sequence of closure processes
occurring within a volumetric–chronovibrational substrate. In Singularity Bifurcation and the
Origin of Primary Constants: First Closure, Boundary Invariance, and Substrate Loading in QMU
Thomson III [2026], the primary constants e2 and Gforce were established as invariants of first
stable bifurcation. In Variational Derivation Program for the Fine-Structure Constant: Asymmetry,
Closure Functional, and Charge Duality in QMU Thomson [2026c], the fine-structure constant
α was identified as the electromagnetic manifestation of closure asymmetry. In Cosmological
Closure Dynamics in the Aether Physics Model: Hubble Scaling, Continuous Bifurcation, and Aether
Recycling in QMU Thomson [2026b], cosmological expansion was interpreted as a continuous process
of Aether-unit formation, with the Hubble parameter expressed as

H = Fq

√
ΓHΩcl.

The present work expresses the cosmological expansion rate directly in terms of the underlying
Aether fine-structure parameter αa, thereby linking large-scale cosmological dynamics to the same
closure asymmetry that governs subatomic structure Thomson III [2026], Thomson [2026c,b].

The central result is
H = Fqα4/5

a

√
ΓH
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with
ΓH = 8π

3
in the ideal isotropic closure-field limit. Thus

H = Fqα4/5
a

√
8π

3 .

2 Closure Asymmetry and Fine-Structure Parameters

Within the APM framework, the Aether fine-structure parameter arises from the stationary asym-
metry of first stable closure:

αa = A(0)
cl ,

where αa represents the primary closure asymmetry prior to electromagnetic differentiation Thom-
son III [2026], Thomson [2026c].

This asymmetry governs:

• bifurcation balance,
• closure stability,
• transport of residual imbalance.

The fine-structure constant α represents the electromagnetic projection of closure asymmetry,
emerging after charge differentiation Thomson [2026c], Mohr et al. [2024, 2025]. Thus αa is the
fundamental closure-asymmetry parameter, while α is a boundary-sector manifestation.

The distinction is important. The electromagnetic fine-structure constant quantifies the boundary
projection of differentiated charge, whereas αa quantifies the pre-electromagnetic closure imbalance
of the Aether unit itself.

3 Suppression of Closure Imbalance

Cosmological expansion reflects a residual imbalance of closure asymmetry. This imbalance is
suppressed relative to the Aether-unit scale according to

Ωcl = ΓΩα N
a ,

where Ωcl is the dimensionless cosmological closure imbalance and ΓΩ is a dimensionless closure-
normalization factor Thomson [2026b].

For the ideal normalized closure field,
ΓΩ = 1,

so that
Ωcl = α N

a .

The observed smallness of Ωcl arises primarily from the extremely small magnitude of αa, with the
exponent N providing the effective geometric modulation.
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4 Determination of the Effective Exponent

From cosmological scaling developed in the preceding closure-dynamics treatment,

Ωcl ≈ 4.0 × 10−77.

This value is the QMU closure-imbalance scale corresponding to a Hubble-rate suppression relative
to the fundamental chronovibrational frequency Thomson [2026b].

Using
αa ≈ 2.0345684859 × 10−48,

we solve
α N

a ∼ Ωcl.

Taking logarithms:
N = | log10 Ωcl|

| log10 αa|
≈ 1.60.

Thus the observed closure imbalance corresponds to a fractional suppression exponent:

Nobs ≈ 1.60.

The observationally inferred value therefore suggests

Nobs ≈ 8
5 .

The next section shows that this value is not introduced as a fitting parameter, but follows from the
intrinsic double-loxodromic transport geometry of the Aether unit.

5 Geometric Derivation of the Suppression Exponent

The effective exponent N may be derived from the double-loxodromic geometry of the Aether unit.
The use of loxodromic surface transport and angular closure constraints follows the differential-
geometric treatment of curves and surface parameterizations do Carmo [1976], Needham [2021].

Let the Aether-unit surface be parameterized by a spherical coordinate θ and an azimuthal coordinate
ϕ. A loxodromic path satisfies

ϕ(θ) = σ q ln tan
(

θ

2

)
+ ϕj ,

where σ = ±1 gives the two handedness orientations of the double loxodrome, q is the pitch
parameter, and ϕj labels the discrete spin phase.

The four spin positions of the Aether unit are represented by

ϕj = jπ

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

Thus the double-loxodromic structure contains

Narc = 2 × 4 = 8
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oriented closure arcs.

These arcs do not propagate freely. Stable Aether-unit closure requires five independent constraints.
Three are volumetric constraints, corresponding to closure in the three spatial directions,

x, y, z,

and two are chronovibrational phase constraints, corresponding to the opposed temporal orientations
of the double loxodrome,

τ+, τ−.

Therefore the number of independent closure constraints is

Ncon = 3 + 2 = 5.

The residual closure imbalance is transported by the eight oriented loxodromic arcs, but it is
distributed across the five independent closure constraints. The effective transport exponent is
therefore the ratio

Ngeom = Narc
Ncon

= 8
5 .

Thus
Ngeom = 8

5 = 1.60.

This exponent is not a count of discrete layers. It is the geometric transport ratio of the Aether unit:
eight directed loxodromic closure arcs constrained by five independent volumetric–chronovibrational
closure conditions.

The observational exponent and the geometric exponent therefore coincide:

Nobs ≈ 1.60 =⇒ Ngeom = 8
5 .

The cosmological closure imbalance is therefore

Ωcl = α8/5
a .

Substituting into the Hubble expression gives

H = Fq

√
ΓHα

8/5
a ,

or equivalently
H = Fqα4/5

a

√
ΓH .

In dimensionless ledger form,
H

Fq
= α4/5

a

√
ΓH .

Thus the small ratio H/Fq is the QMU expression of cosmological closure suppression.
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6 Closure Field Eigenmode Interpretation

The scalar closure field Ψ represents the local density of closure imbalance within the Aether
substrate Thomson [2026a]. In QMU form its dimensional role is

[Ψ] = closure imbalance
λC

3 .

Equivalently, Ψ is the volumetric density of residual closure content. It is not a dimensionless
abstraction; it is the local closure-density field whose residual non-cancelled component drives
cosmological expansion.

Let the closure field be decomposed into a stationary closed component and a residual imbalance
component:

Ψ = Ψ0 + δΨ.

The normalized residual closure field is
χ = δΨ

Ψ0
.

The dimensionless closure imbalance is then the mean-square residual field:

Ωcl =
〈
χ2
〉

lox
,

where ⟨·⟩lox denotes averaging over the loxodromic transport structure of the Aether unit.

The scalar closure field supports eigenmodes on the loxodromic geometry of the Aether unit:

χ =
∑

n

anΦn,

where Φn are loxodromic closure eigenmodes and an are dimensionless mode amplitudes. This
spectral decomposition follows the standard mathematical structure of eigenmode expansion on
constrained geometries Arfken et al. [2013].

The spectral scaling of these modes is neither one-dimensional nor fully surface-filling. Instead, the
residual propagation follows the double-loxodromic transport dimension:

λn ∼ nDlox ,

with
Dlox = 8

5 .

The lowest non-cancelled eigenmode dominates cosmological expansion:

Ωcl =
〈
χ2

1

〉
lox

.

Identifying the lowest non-cancelled closure amplitude with the Aether asymmetry suppression gives

χ1 ∼ α4/5
a .
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Therefore
Ωcl =

〈
χ2

1

〉
lox

= α8/5
a .

Thus the exponent N = 8/5 corresponds to the spectral dimension of closure-field propagation,
while the Hubble rate depends on the root-mean-square closure amplitude:√

Ωcl = α4/5
a .

7 Derivation of ΓH from the Closure Field

The Hubble parameter measures the isotropic volumetric expansion rate. In the APM, this expansion
rate is produced by the non-cancelled component of the closure field Ψ Thomson [2026b,a].

The normalized residual closure field is
χ = δΨ

Ψ0
.

The corresponding closure-field transport current is written

JΨ = FqλC χ ûlox,

where ûlox is the directed loxodromic transport orientation. Since

FqλC = c,

this current represents closure imbalance transported at the fundamental chronovibrational propa-
gation rate. The SI value of c and the Compton wavelength used to define Fq are anchored to the
CODATA constants Mohr et al. [2024, 2025].

The isotropic expansion rate is determined by the mean-square divergence of this transport current.
In dimensionless QMU form, (

H

Fq

)2

= ΓH

〈
χ2
〉

lox
.

Since 〈
χ2
〉

lox
= Ωcl,

we recover
H = Fq

√
ΓHΩcl.

The remaining task is to determine ΓH from the isotropic projection of the closure field.

For an isotropic volumetric closure field, the expansion of a spherical Aether-domain obeys the same
dimensional volume normalization as the standard isotropic volume factor. The volumetric closure
projection contributes the factor

4π

3 .

The closure imbalance is double-oriented because the Aether-unit loxodrome contains two opposed
temporal transport orientations:

τ+, τ−.
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Therefore the isotropic double-loxodromic closure projection is

ΓH = 2
(4π

3

)
.

Thus
ΓH = 8π

3 .

Equivalently, ΓH is the product of the isotropic volumetric projection and the two temporal
orientations of the double loxodrome:

ΓH = ΓvolΓτ =
(4π

3

)
(2) = 8π

3 .

This derives the cosmological normalization factor from the closure field Ψ itself. It is not an
independent cosmological parameter. It is the isotropic projection coefficient of the lowest non-
cancelled double-loxodromic closure eigenmode.

Substituting
Ωcl = α8/5

a

and
ΓH = 8π

3
into the Hubble relation gives

H = Fq

√
8π

3 α
8/5
a .

Therefore

H = Fqα4/5
a

√
8π

3 .

The dimensionless ledger form is
H

Fqα
4/5
a

=
√

8π

3 .

This expresses cosmological expansion as a normalized closure leakage rate relative to the fundamental
chronovibrational frequency.

8 Hubble Parameter from Closure Asymmetry

Substituting the derived closure-field normalization into the QMU expression gives

H = Fq

√
ΓHα N

a ,

with
N = 8

5 , ΓH = 8π

3 .
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Therefore
H = Fq

√
8π

3 α
8/5
a .

This reduces to

H = Fqα4/5
a

√
8π

3 .

The corresponding dimensionless suppression ratio is

H

Fq
= α4/5

a

√
8π

3 .

This expresses the Hubble parameter directly in terms of closure asymmetry. The quantity H is not
fundamental in the QMU ledger; it is a derived rate obtained by projecting residual Aether-unit
closure imbalance into isotropic cosmological expansion.

Using
Fq = c

λC
,

the predicted magnitude of H falls in the observed cosmological range when evaluated with the
measured values of c, λC , and αa Mohr et al. [2024, 2025], Planck Collaboration [2020], Riess et al.
[2022].

9 Physical Interpretation

The result implies that the Hubble parameter is a secondary invariant derived from closure asymmetry.
The ratio

Fq

H

measures the degree of suppression of residual closure imbalance relative to the fundamental
chronovibrational rate.

Cosmological expansion corresponds to the non-cancelled transport mode of the closure field.
Expansion occurs because closure asymmetry cannot be fully neutralized within finite Aether-unit
structure, leaving a residual imbalance that propagates across scales.

In this interpretation, the cosmological expansion rate is not imposed externally. It is the large-scale
expression of the same closure asymmetry that governs primary bifurcation and electromagnetic
projection.

10 Implications for Cosmological Dynamics

The relation
H = Fqα4/5

a

√
8π

3
implies that variations in the effective closure-asymmetry parameter rescale cosmological expansion.
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Matter-driven processes modify local effective closure balance by changing the local state of the
closure field Ψ Thomson [2026a]. Therefore, deviations in measured H0 may reflect variations in
closure-field transport rather than a failure of the underlying expansion relation.

This provides a natural framework for interpreting the Hubble tension. Measurements dominated
by local matter distribution may sample a different effective closure-field environment than mea-
surements inferred from large-scale background evolution. The commonly cited comparison is
between early-universe determinations such as the Planck 2018 cosmological-parameter result and
late-universe distance-ladder measurements such as SH0ES Planck Collaboration [2020], Riess et al.
[2022].

In this view, the Hubble tension is not merely a discrepancy between distance-ladder and early-
universe measurements. It may indicate that the effective closure field is not perfectly homogeneous
across all observational scales.

11 Discussion

The present work establishes a scaling relation linking the Aether fine-structure parameter αa to
the Hubble constant. The exponent

N = 8
5

is interpreted as the effective double-loxodromic transport dimension of closure imbalance.

This interpretation avoids treating N as an arbitrary parameter. The value follows from the geometry
of the Aether unit:

N = 8 directed loxodromic closure arcs
5 independent closure constraints .

The closure-field normalization factor is likewise not arbitrary. It follows from the isotropic projection
of the lowest non-cancelled closure eigenmode:

ΓH = 2
(4π

3

)
= 8π

3 .

Thus the complete QMU scaling is

H = Fqα4/5
a

√
8π

3 .

The important physical point is that cosmological expansion is governed by the root-mean-square
residual closure amplitude, not by the full closure imbalance. Since

Ωcl = α8/5
a ,

the expansion rate depends on √
Ωcl = α4/5

a .

Spatial variation in effective αa would produce correlated anisotropies in H0, providing an observa-
tional test of closure-field transport. Such a test may be compared against the observational spread
between early-universe and local measurements of the Hubble constant Planck Collaboration [2020],
Riess et al. [2022].
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A further dynamic treatment may derive the same result from a complete closure potential for Ψ,
but the present paper establishes the geometric and spectral closure sufficient to link αa directly to
H0.

12 Conclusion

A scaling relation has been established linking cosmological expansion to Aether closure asymmetry:

H = FqαN/2
a

√
ΓH , N = 8

5 .

The suppression exponent follows from the double-loxodromic transport geometry of the Aether
unit:

N = 8
5 .

The closure-field normalization factor follows from the isotropic double-oriented projection of the
scalar closure field Ψ:

ΓH = 8π

3 .

Therefore the final QMU expression for the Hubble parameter is

H = Fqα4/5
a

√
8π

3 .

In ledger form,
H

Fqα
4/5
a

=
√

8π

3 .

This demonstrates that cosmological expansion is a large-scale manifestation of closure asymmetry,
governed by the same variational principles that determine subatomic structure.

A SI Bridge Calculation for H0

The QMU expression derived in this paper is

H = Fqα4/5
a

√
8π

3 .

Using
Fq = c

λC
,

this becomes
H = c

λC
α4/5

a

√
8π

3 .
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The numerical inputs for c and λC are taken from the CODATA fundamental-constant values Mohr
et al. [2024, 2025]. The QMU conversion context is given in the QMU reference tables Thomson
[2025].

Quantity Value Role
c 299 792 458 m/s photon speed
λC 2.42631023538 × 10−12 m electron Compton wavelength
Fq = c/λC 1.23558996549 × 1020 s−1 QMU frequency
αa 2.0345684859 × 10−48 Aether fine-structure parameter
α

8/5
a 4.93805248108 × 10−77 closure imbalance√
8π/3 2.89440501823 closure-field projection

Therefore,

H =
(
1.23558996549 × 1020

) (
2.0345684859 × 10−48

)4/5
√

8π

3 .

This gives
H = 2.51311015894 × 10−18 s−1.

Converting to the conventional cosmological unit,

1 Mpc = 3.08567758149 × 1019 km,

so that
H0 = H

(
3.08567758149 × 1019

)
km s−1 Mpc−1.

Thus
H0 = 77.55 km s−1 Mpc−1.

This SI bridge shows that the QMU closure-asymmetry expression produces a Hubble-scale value
directly from

c, λC , αa,

with the geometric closure-field factor
ΓH = 8π

3 .

B Uncertainty and Sensitivity of H0 to αa

The Hubble parameter derived in this work is

H = Fqα4/5
a

√
8π

3 .

Taking the logarithmic differential gives the relative sensitivity:

δH

H
= 4

5
δαa

αa
.
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Thus the cosmological expansion rate depends sublinearly on the Aether fine-structure parameter.
A fractional variation in αa is suppressed by the factor 4/5 in its effect on H.

Equivalently, writing in logarithmic form,

d ln H

d ln αa
= 4

5 .

This confirms that the exponent appearing in the Hubble scaling,

H ∝ α4/5
a ,

directly governs the sensitivity of cosmological expansion to closure asymmetry.

Numerical Interpretation. If αa varies by a fractional amount δαa/αa, the corresponding
variation in the Hubble constant is

δH0 ≈ 4
5

(
δαa

αa

)
H0.

For example:
δαa

αa
= 1% =⇒ δH0

H0
≈ 0.8%.

Physical Implication. The sublinear response implies that cosmological expansion is relatively
insensitive to small variations in closure asymmetry. This stabilizing behavior is consistent with the
interpretation of H as a root-mean-square projection of the residual closure field:

H ∼ Fq

√
Ωcl, Ωcl = α8/5

a .

Since Ωcl enters under a square root, fluctuations in the underlying closure imbalance are naturally
moderated at the level of the observable expansion rate.
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