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Abstract

Paper 1 Thomson III [2026b] established temporal torque memory as an organizing principle
of cosmic birefringence and introduced a five-dimensional chronogeometric manifold. Paper 2
Thomson III [2026a] developed Aether tomography as an inverse observational framework capable
of reconstructing organized temporal-torque domains from residual birefringence maps. The
present paper derives temporal-torque density from first principles within the Aether Physics
Model (APM) and Quantum Measurement Units (QMU).

A QMU-native expression for temporal-torque density is developed from curl participation,
quantum volume, and Ledger One closure relations. Chronotorsional holonomy is formulated as
accumulated temporal orientation along a propagation path and is shown to possess a natural
scaling determined by Aether capacity, chronovibrational frequency, and quantum length. The
resulting framework predicts hierarchical temporal-torque organization, persistent handedness
asymmetry, and measurable correlations between reconstructed temporal-torque fields and
residual cosmic birefringence maps.

1 Introduction

Paper 1 Thomson III [2026b] established temporal torque memory as an organizing principle of
cosmic birefringence and proposed the five-dimensional chronogeometric manifold

(x, y, z, τv, τt),

where τv denotes forward-backward chronovibrational oscillation and τt denotes left-right chronotor-
sional orientation.
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Figure 1: Five-dimensional chronogeometry in APM. The three length dimensions are joined with
chronovibration τv and chronotorsion τt.

Paper 2 Thomson III [2026a] established Aether tomography as an inverse observational framework,

δβ(θ, ϕ) −→ Ωt(x),

in which residual birefringence maps are interpreted as projections of organized temporal-torque
domains.
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The present paper seeks a first-principles derivation of temporal-torque density,

Ωt,

within the Aether Physics Model and Quantum Measurement Units.

The central questions are:

1. What quantity does temporal-torque density measure?
2. Can temporal-torque density be expressed entirely in QMU?
3. Does temporal torque emerge naturally from curl participation and chronotorsional holonomy?
4. Does a unique QMU expression exist?
5. What observational consequences follow from the resulting definition?

Recent CMB polarization analyses provide observational motivation for treating cosmic birefringence
as a measurable polarization-rotation phenomenon Minami and Komatsu [2020], Diego-Palazuelos
et al. [2022].

2 Chronogeometric Interpretation of Temporal Torque

Chronotorsion is interpreted as organized left-right temporal orientation embedded within the
five-dimensional manifold.

Definition 2.1. Temporal-torque density, denoted by Ωt, is defined as the amount of organized
left-right temporal orientation distributed throughout a quantum volume.

Within APM, temporal orientation is associated with rotational participation and distributed
magnetic-charge organization. Since curl quantifies rotational participation and volm quantifies
quantum volume, temporal-torque density is naturally identified with curl participation per quantum
volume.

3 QMU Derivation of Temporal-Torque Density

The most direct QMU candidate is

Ωt = η
curl
volm ,

where η is a dimensionless proportionality coefficient.

Using

curl = eemax
2

meλC
,

and
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volm = λC
3,

gives

Ωt = η
eemax

2

meλC
4 .

Temporal-torque density is therefore interpreted as distributed magnetic-charge participation per
quantum volume.

This expression constitutes the first QMU-native definition of temporal-torque density.

4 Ledger-One Derivation

Ledger One may be written as

Au · curl = Fq
2λC

2.

Substituting

curl = Ωt volm
η

,

gives

Au Ωt volm = ηFq
2λC

2.

Using

volm = λC
3,

yields

Ωt = η
Fq

2

AuλC
.

Temporal-torque density therefore emerges directly from the closure relation connecting Aether
capacity, chronovibrational frequency, and quantum length.

Ωt = η
Fq

2

AuλC
(1)
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Theorem 4.1 (Equivalent Forms of Temporal-Torque Density). The following expressions are
equivalent:

Ωt = η
curl
volm = η

eemax
2

meλC
4 = η

Fq
2

AuλC
.

Proof. The first equality follows directly from the QMU definitions of curl and volm. The second
follows from substitution into Ledger One,

Au curl = Fq
2λC

2,

and division by quantum volume,

volm = λC
3.

Therefore all three expressions represent the same temporal-torque density.

Ledger One
Au · curl = Fq

2λC
2

Curl participation
curl

Quantum volume
volm = λC

3

Temporal-torque density
Ωt = η curl/volm

Chronovibrational closure
Ωt = ηFq

2/(AuλC)

Figure 2: Ledger One derivation of temporal-torque density. Curl participation divided by quantum
volume yields Ωt, while Ledger One converts the same expression into its chronovibrational closure
form.
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5 Uniqueness of the QMU Expression

The derivation of temporal-torque density proceeded through two independent routes.

The first route began with the identification of temporal-torque density as rotational participation
per quantum volume,

Ωt = η
curl
volm .

Substitution of the QMU definitions,

curl = eemax
2

meλC

and

volm = λC
3,

yielded

Ωt = η
eemax

2

meλC
4 .

The second route began from Ledger One,

Au · curl = Fq
2λC

2,

which produced

Ωt = η
Fq

2

AuλC
.

Therefore,

Ωt = η
curl
volm = η

eemax
2

meλC
4 = η

Fq
2

AuλC

All three expressions are algebraically equivalent and represent the same temporal-torque density.

The convergence of independent derivational pathways suggests that the QMU definition of temporal-
torque density is not arbitrary. Rather, it emerges naturally from the closure relations of APM and
therefore constitutes the preferred canonical expression for organized temporal orientation.
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Table 1: Equivalent expressions for temporal-torque density.
Expression Interpretation

η curl/volm Rotational participation per quantum volume
η eemax

2/(meλC
4) Distributed magnetic-charge participation

η Fq
2/(AuλC) Chronovibrational closure form

γ dH/ds Accumulated chronotorsional orientation

6 Chronotorsional Holonomy

Let

H

denote accumulated chronotorsional holonomy.

Chronotorsional holonomy is interpreted as the accumulated temporal twist experienced along a
propagation path. In geometric terms, it measures the net left-right temporal orientation acquired
by a trajectory embedded within the five-dimensional manifold.

A phenomenological representation is

H =
∫

τ t · dl,

where

τ t

represents the local chronotorsional orientation field and

dl

is an infinitesimal path element.

Temporal-torque density therefore measures the rate at which chronotorsional holonomy accumulates
along a trajectory.

Temporal-torque density may then be written as

Ωt = γ
dH
ds

,

where γ is a dimensionless proportionality coefficient.

Combining with Equation (1) gives



7 HIERARCHICAL ORGANIZATION OF TEMPORAL-TORQUE DOMAINS 7

dH
ds

= η

γ

Fq
2

AuλC
.

The accumulated temporal orientation therefore possesses a natural chronovibrational scaling
determined by Aether capacity and quantum length.

Substitution into the Paper 2 residual birefringence relation Thomson III [2026a],

δβ(θ, ϕ) = κ

∫
LOS

Ωt(x) ds,

gives

δβ(θ, ϕ) = κη

∫
LOS

Fq
2

AuλC
ds.

The present paper therefore provides the first QMU-native expression for the quantity recon-
structed in Aether tomography. Residual birefringence maps may consequently be interpreted as
measurements of accumulated chronotorsional organization.

This use of holonomy is structurally analogous to geometric phase accumulation, where path-
dependent orientation produces an observable phase effect Berry [1984].

photon path s

H =
∫

τ t · dl

Ωt = γ dH/ds

accumulated
chronotorsional

orientation

Figure 3: Chronotorsional holonomy accumulated along a photon path. The local chronotorsional
orientation field, τ t, accumulates as path-dependent temporal twist and contributes to temporal-
torque density.

7 Hierarchical Organization of Temporal-Torque Domains

The QMU expression predicts that temporal-torque organization is inherently hierarchical.

Local domains satisfy

Ωt ∝ curl
volm ,
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while larger domains emerge through collective chronotorsional organization and accumulated
holonomy. Temporal-torque density is expected to exhibit scale-dependent organization extending
from local quantum domains to galactic and filamentary structures.

Consequently, reconstructed birefringence maps are expected to exhibit:

1. low-order dipole organization,
2. quadrupole organization,
3. spiral harmonics,
4. filamentary corridors,
5. persistent handedness asymmetry.

8 Experimental Interpretation

Temporal-torque density cannot presently be measured directly. Instead, it is inferred through
residual birefringence observations and tomographic reconstruction procedures.

The observational chain becomes

Ωt(x) −→ δβ(θ, ϕ) −→ aℓm −→ Ωt(x).

Equation (1) therefore provides the physical interpretation of the quantity reconstructed in Aether
tomography.

Consequently, Aether tomography reconstructs organized temporal-torque density rather than
merely measuring polarization rotation.

9 Predictions and Falsification Criteria

The QMU definition predicts:

1. a universal temporal-torque scale,

Ωt = η
Fq

2

AuλC
,

2. hierarchical temporal-torque domains,
3. persistent handedness asymmetry in residual birefringence maps,
4. spiral and filamentary organization arising naturally from chronotorsional gradients,
5. measurable correlations between reconstructed Ωt(x) fields and cosmic polarization measure-

ments.

The framework is falsified if residual birefringence reconstructions remain statistically isotropic and
exhibit no persistent correlations with predicted chronotorsional organization.
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10 Discussion and Future Directions

Paper 1 Thomson III [2026b] established temporal torque memory.

Paper 2 Thomson III [2026a] established Aether tomography.

The present paper derives temporal-torque density from QMU closure relations and chronotorsional
holonomy.

Paper 4 will develop numerical reconstruction pipelines and simulated residual sky maps.

Paper 5 will investigate filamentary chronogeometry and large-scale Aether organization.

Paper 6 will examine experimental detection strategies for organized Aether domains through future
polarization surveys and laboratory analog systems.
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