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Abstract

The previous papers in this series developed temporal-torque memory, chronogeometric
tomography, quantitative reconstruction, and the interpretation of cosmic filaments as organized
structures of five-dimensional temporal memory. The present paper extends that framework
into a dynamical theory of chronogeometric evolution. Temporal-torque density, Ωt(x, t), and
chronotorsional holonomy, τt(x, t), are treated as coupled time-dependent order parameters
that diffuse, accumulate, self-organize, reconnect, and relax across cosmic history. A coupled
evolution system is developed for Ωt and τt, with the apparent diffusion coefficients interpreted
as QMU sweep-rate coefficients swep ∼ L2/T , and the corresponding filament transport equation
is derived from the composite filament-driving field F = −∇Ωt + γ∇τt. The theory yields
conservation laws, relaxation times, phase-ordering criteria, domain-coarsening behavior, and
observational predictions involving filament handedness, residual cosmic birefringence, galaxy-
spin alignment, node connectivity, and redshift-dependent chronogeometric coherence length.
Paper VI therefore elevates temporal-torque memory from predictive morphology into predictive
dynamical cosmology.

Keywords: temporal torque; chronogeometry; cosmic filaments; cosmic web; holonomy; birefrin-
gence; filament handedness; domain evolution; phase ordering; Aether Physics Model; QADI

1 Introduction

The earlier papers in this series established a sequence of increasingly structured claims about orga-
nized temporal memory. Paper I introduced temporal memory as a physical principle Thomson III
[2026e]. Paper II developed chronogeometric tomography Thomson III [2026a]. Paper III established
quantitative definitions of temporal-torque density and chronotorsional holonomy Thomson III
[2026d]. Paper IV developed numerical reconstruction methods Thomson III [2026c]. Paper V
interpreted cosmic filaments as organized structures of temporal memory and chronotorsional
holonomy Thomson III [2026b].

The purpose of Paper VI is to move beyond static organization. Cosmic filaments are not fixed
geometric objects. They grow, merge, twist, reconnect, and relax Zel’dovich [1970], Forero-Romero
et al. [2009], Sousbie [2011], Sousbie et al. [2011]. They also persist across long intervals of cosmic
time. If Paper V identifies filaments as organized structures of temporal memory, then Paper VI
must explain how those structures evolve.

The progression of the series is

Memory → Tomography → Quantification → Reconstruction → Cosmic Organization → Chronogeometric Evolution.

The central dynamical claim of this paper is that organized cosmic-web structure arises from
the coupled evolution of temporal-torque density and chronotorsional holonomy. The continuum
evolution equations are constructed to be consistent with QMU relations; their specific functional
forms remain effective at this stage and are subject to future derivation from Aether-unit dynamics.

Temporal-torque density is denoted

Ωt(x, t),
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and chronotorsional holonomy is denoted

τt(x, t).

These quantities are treated as dynamical order parameters of five-dimensional chronogeometric
organization. Their gradients determine filamentary organization, while their nonlinear couplings
determine persistence, handedness, merger behavior, and memory retention.

2 QMU Inventory and APM First-Principles Foundation

The development of Paper VI follows the methodological rule adopted in the present series:

QMU Inventory → Physical Mechanism → Governing Equations → Predictions → Observations.

No equation is introduced until its participating Quantum Measurement Units (QMU) have been
identified.

2.1 Foundational Closure Relations

The principal APM closure relation is Ledger One,

Au · curl = Fq
2λC

2.

Additional foundational relations are

curl = eemax
2

meλC
,

FqλC = c,

and

e2 = 8πα eemax
2.

Temporal organization, Magnetic-Charge participation, chronovibrational propagation, and Aether-
unit structure are therefore treated as manifestations of a unified QMU framework.

2.2 QMU Inventory of Temporal-Torque Density

Temporal-torque density is represented by
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Ωt(x, t).

Its participating QMU units are

Au, curl, eemax
2, Fq, λC .

Accordingly, temporal-torque density is interpreted as organized Aether-unit participation weighted
by curl organization and Magnetic-Charge structure,

Ωt = Ωt

(
Au, curl, eemax

2, Fq, λC

)
.

2.3 QMU Inventory of Chronotorsional Holonomy

Chronotorsional holonomy is represented by

τt(x, t).

Its principal participating units are

Au, curl, Fq, λC .

Chronotorsional holonomy is therefore interpreted as accumulated curl organization along closed
trajectories of Aether-unit participation Thomson III [2026d,b],

τt(Γ) = κτ

∮
Γ

curl ds.

Holonomy is therefore a memory of organized curl structure rather than an independent scalar field.

2.4 Additional QMU Candidates for Chronogeometric Evolution

Several lesser-used QMU relations suggest new physical mechanisms:

mflx · curl = velc,

The QMU unit swep carries the continuum transport signature

swep ∼ L2

T
.

At the Compton interval, the natural sweep scale is

swepC = velc · leng = cλC .
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Thus, coefficients that appear as diffusion coefficients in the continuum equations are interpreted in
QMU as sweep-rate measures of organized Aether-unit participation.

indc · curl = leng,

magr · curl = freq,

potn · curl = accl,

perm · curl = 1.

These relations suggest that filament transport, coherence length, chronovibrational evolution,
acceleration, and memory persistence may emerge naturally from QMU relationships and need not
be introduced solely as phenomenological parameters.

2.5 QMU Interpretation of Evolution Coefficients

The coefficient DΩ has the continuum dimensional character L2/T . In QMU this corresponds to
the sweep unit,

DΩ ∼ swepΩ.

It is therefore interpreted as the effective sweep rate of organized Aether-unit curl memory rather
than as an arbitrary diffusion constant.

Similarly,

Dτ ∼ swepτ ,

where swepτ is the effective sweep rate of holonomic closure through organized Aether-unit structure.

At the Compton-scale limit,

swepC = velc · leng = cλC = FqλC
2.

This gives a QMU-native scale for the lowest-order transport of chronogeometric organization.

The chronogeometric coherence length is represented by

λc = NcλC ,

where Nc denotes the number of coherently organized Compton intervals.

The propagation of temporal organization is constrained by the chronovibrational relation
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vΩ ≤ FqλC = c.

Consequently, the dynamical equations developed in the following sections are interpreted as contin-
uum descriptions of underlying QMU sweep, curl, Magnetic-Charge, and Aether-unit organization
rather than as purely phenomenological field equations.

3 Toward a First-Principles Derivation

The QMU inventory allows several terms in the coupled evolution equations to be interpreted as
constrained effective quantities rather than freely chosen parameters. The apparent diffusion terms
correspond to QMU sweep:

DΩ∇2Ωt −→ swepΩ∇2Ωt,

and

Dτ ∇2τt −→ swepτ ∇2τt.

Because swep ∼ L2/T , the diffusion-like terms are interpreted as large-domain sweep approximations
to the propagation of organized Aether-unit participation.

The Compton-scale sweep limit is

swepC = cλC = FqλC
2.

The nonlinear saturation terms are interpreted as finite-participation effects. Aether-unit participa-
tion, curl organization, and Magnetic-Charge structure cannot increase without bound. Therefore,
a saturation term such as

−bΩΩ3
t

is interpreted as the continuum signature of finite Aether-unit capacity.

The coupling terms CΩτ and CτΩ are interpreted as closure terms. They express the tendency of
temporal-torque memory and chronotorsional holonomy to maintain consistency with Ledger One,

Au · curl = Fq
2λC

2.

Thus, the present equations are not unconstrained phenomenological equations. They are partially
constrained effective equations whose coefficients are expected to reduce, in future work, to relation-
ships among swep, curl, Magnetic Charge, Aether-unit participation, permeability-curl reciprocity,
inductive-curl length, and chronovibrational propagation.
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4 QMU-Derived Evolution of Temporal-Torque Density

Let Ωt(x, t) represent temporal-torque density. In the present framework, Ωt is not merely a local
scalar label; it is an evolving order parameter describing the degree of organized temporal memory
in a given region of cosmic structure.

A minimal evolution equation for Ωt is

∂Ωt

∂t
= DΩ∇2Ωt + SΩ + NΩ + CΩτ .

Here DΩ ∼ swepΩ is a QMU sweep coefficient for organized curl memory, SΩ is an organization
source, NΩ is a nonlinear self-organization term, and CΩτ represents coupling from chronotorsional
holonomy.

The source term may be expanded as

SΩ = Sρ + SΦ + Snode + Sboundary,

where Sρ represents matter-density sourcing, SΦ represents gravitational-potential sourcing, Snode
represents cosmic-web node reinforcement, and Sboundary represents boundary input from adjacent
chronogeometric domains.

A useful nonlinear self-organization term is

NΩ = aΩΩt − bΩΩ3
t − vΩ · ∇Ωt.

The first term promotes growth of organized temporal memory. The second term saturates the
growth. The third term transports temporal memory along a chronogeometric flow direction vΩ
Allen and Cahn [1979], Bray [1994].

The simplest holonomy coupling may be written as

CΩτ = ηΩτ τt + χΩτ Ωtτ
2
t .

The coefficient ηΩτ represents linear reinforcement of temporal memory by holonomy. The coefficient
χΩτ represents nonlinear reinforcement when temporal memory and holonomy are already mutually
organized.

Combining these terms gives

∂Ωt

∂t
= DΩ∇2Ωt + Sρ + SΦ + Snode + Sboundary + aΩΩt − bΩΩ3

t − vΩ · ∇Ωt + ηΩτ τt + χΩτ Ωtτ
2
t .

This equation supports four regimes: diffusion, sourcing, nonlinear phase ordering, and topological
memory reinforcement.
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5 Chronotorsional Holonomy as a Dynamical Field

Chronotorsional holonomy is denoted

τt(x, t).

It measures accumulated rotational closure in the temporal-torque structure. In the static theory, τt

marks organized holonomy around filamentary structures. In the dynamical theory, τt may diffuse,
propagate, reconnect, annihilate, or persist as a topologically protected memory signature.

A phenomenological continuum representation consistent with the QMU inventory is

∂τt

∂t
= Dτ ∇2τt + Sτ + Nτ + CτΩ.

The holonomy source may be decomposed as

Sτ = Scurl + Sfil + Snode + Sloop,

where Scurl represents curl-driven holonomy, Sfil represents filament-sourced holonomy, Snode repre-
sents node-sourced holonomy, and Sloop represents closed-loop or circulation-based holonomy.

A nonlinear holonomy term may be written as

Nτ = aτ τt − bτ τ3
t − vτ · ∇τt.

The coupling from temporal-torque density may be modeled as

CτΩ = ητΩΩt + χτΩτtΩ2
t .

Thus,

∂τt

∂t
= Dτ ∇2τt + Scurl + Sfil + Snode + Sloop + aτ τt − bτ τ3

t − vτ · ∇τt + ητΩΩt + χτΩτtΩ2
t .

This equation predicts that holonomy defects may nucleate, propagate, reconnect, annihilate, or
remain frozen into the cosmic-web memory field.

6 The Coupled Chronogeometric Evolution System

The coupled dynamical system is therefore

∂Ωt

∂t
= DΩ∇2Ωt + SΩ + NΩ + CΩτ

and
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∂τt

∂t
= Dτ ∇2τt + Sτ + Nτ + CτΩ.

This pair of equations defines the basic chronogeometric growth model. Depending on the relative
size of the terms, the system may behave as a reaction-diffusion system, a phase-ordering system, a
nonlinear transport system, or a topological memory field.

The reaction-diffusion limit is obtained when transport and topological protection are small:

vΩ ≈ 0, vτ ≈ 0, CΩτ , CτΩ small.

The phase-ordering limit is obtained when the cubic saturation terms dominate:

aΩΩt − bΩΩ3
t and aτ τt − bτ τ3

t .

The nonlinear transport limit is obtained when advective terms dominate:

vΩ · ∇Ωt and vτ · ∇τt.

The topological memory limit is obtained when holonomy coupling and boundary closure dominate:

CΩτ + CτΩ + Sloop + Sboundary.

The cosmic web may contain all four regimes simultaneously, with nodes behaving as source-
dominated regions, filaments behaving as transport-and-memory corridors, void boundaries behaving
as diffusion fronts, and closed loops behaving as topologically protected memory structures.

7 Filament Field and Transport Equation

Paper V introduced filamentary organization through a field of the form

F = −∇Ωt + γ∇τt.

The term −∇Ωt directs filament formation along temporal-memory gradients. The term γ∇τt

modifies the filament direction according to holonomy gradients. The coefficient γ converts holonomy-
gradient contribution into filament-driving strength.

Taking the time derivative gives

∂F
∂t

= −∇
(

∂Ωt

∂t

)
+ γ∇

(
∂τt

∂t

)
.

Substituting the coupled evolution equations yields
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∂F
∂t

= −∇
(
DΩ∇2Ωt + SΩ + NΩ + CΩτ

)
+ γ∇

(
Dτ ∇2τt + Sτ + Nτ + CτΩ

)
.

Thus,

∂F
∂t

= −DΩ∇∇2Ωt − ∇SΩ − ∇NΩ − ∇CΩτ + γDτ ∇∇2τt + γ∇Sτ + γ∇Nτ + γ∇CτΩ.

This is the filament transport equation of the theory. It predicts filament advection, stretching,
twisting, reconnection, merger, and relaxation.

7.1 Filament Stretching

Filament stretching occurs when gradients of F reinforce longitudinal organization along the filament
axis f̂ . A local stretching scalar may be defined as

σf = f̂ · [∇F] · f̂ .

If

σf > 0,

the filament locally stretches. If

σf < 0,

the filament locally contracts or relaxes.

7.2 Filament Twisting

A local twisting measure is

ωf = f̂ · (∇ × F) .

Using

F = −∇Ωt + γ∇τt,

the ideal gradient form gives zero curl in smooth simply connected regions. Therefore, nonzero
filament twisting requires singularities, defects, multivalued holonomy, boundary discontinuities, or
nontrivial topology:

ωf ̸= 0 ⇒ defect, loop, boundary, or topological memory contribution.
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This is a key result. Filament twisting is not merely a local gradient effect. It is evidence of
nontrivial chronogeometric closure.

7.3 Filament Reconnection

Filament reconnection occurs when two or more filament-driving fields satisfy a matching or crossing
condition. For two filaments i and j, reconnection is favored when

Fi · Fj < 0

and

∣∣∣∇τt
(i) − ∇τt

(j)
∣∣∣ < ϵτ ,

where ϵτ is a holonomy mismatch threshold. This says that opposing filament flows may reconnect
when their holonomy gradients are sufficiently compatible.

8 Chronogeometric Conservation Laws

Define the total temporal-torque memory in a volume V as

QΩ =
∫

V
Ωt dV.

Then

dQΩ
dt

=
∫

V

∂Ωt

∂t
dV.

Substitution gives

dQΩ
dt

= DΩ

∫
V

∇2Ωt dV +
∫

V
SΩ dV +

∫
V

NΩ dV +
∫

V
CΩτ dV.

Using Gauss’s theorem,

∫
V

∇2Ωt dV =
∮

∂V
∇Ωt · dA.

Therefore,

dQΩ
dt

= DΩ

∮
∂V

∇Ωt · dA +
∫

V
SΩ dV +

∫
V

NΩ dV +
∫

V
CΩτ dV.

Similarly, define total holonomy as
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Qτ =
∫

V
τt dV.

Then

dQτ

dt
= Dτ

∮
∂V

∇τt · dA +
∫

V
Sτ dV +

∫
V

Nτ dV +
∫

V
CτΩ dV.

These quantities are exactly conserved only if the boundary flux terms, source terms, nonlinear
production terms, and coupling integrals vanish. They are approximately conserved when those
contributions are small over the domain. They are slowly dissipative when diffusion dominates
but source and coupling terms replenish the field. They are topologically protected when closed
holonomy loops prevent complete relaxation.

9 Memory Persistence and Relaxation Times

A characteristic temporal-memory persistence time follows from diffusion over a domain of scale L:

TΩ ∼ L2

DΩ
.

Similarly,

Tτ ∼ L2

Dτ
.

If the chronogeometric domain is topologically protected, the effective diffusion coefficients are
reduced:

DΩ,eff = DΩ (1 − ΠΩ) ,

Dτ,eff = Dτ (1 − Πτ ) ,

where 0 ≤ ΠΩ < 1 and 0 ≤ Πτ < 1 represent memory-protection factors.

Thus,

TΩ,eff ∼ L2

DΩ(1 − ΠΩ) ,

and

Tτ,eff ∼ L2

Dτ (1 − Πτ ) .
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As ΠΩ → 1 or Πτ → 1, the relaxation time becomes very long. This predicts long-lived cosmic-web
memory.

A chronogeometric domain is metastable when

TΩ,eff > TG

or

Tτ,eff > TG,

where TG is the characteristic gravitational structure-formation timescale.

10 Phase Ordering and Domain Growth

The nonlinear term

NΩ = aΩΩt − bΩΩ3
t

has equilibrium solutions satisfying

aΩΩt − bΩΩ3
t = 0.

Thus,

Ωt = 0

or

Ω2
t = aΩ

bΩ
.

For aΩ > 0 and bΩ > 0, the nonzero equilibrium amplitude is

Ω∗
t =

√
aΩ
bΩ

.

Similarly,

τ∗
t =

√
aτ

bτ
.

The transition occurs when

aΩ = 0
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or

aτ = 0.

For aΩ < 0, temporal-torque organization decays. For aΩ > 0, temporal-torque organization grows
and saturates. Therefore, aΩ = 0 defines a chronogeometric ordering threshold.

The ordered phase is characterized by

Ωt ̸= 0

and/or

τt ̸= 0.

The disordered phase is characterized by

Ωt ≈ 0, τt ≈ 0.

This provides a direct mathematical basis for treating cosmic filaments as ordered chronogeometric
domains.

11 Coherence Length and Domain Coarsening

The chronogeometric coherence length λc is not introduced first as a continuum diffusion length. In
the QMU-first interpretation, it is a count of coherently organized Compton intervals:

λc = NcλC ,

where Nc is the number of Compton-length intervals participating coherently in the organized
temporal-memory domain. The Compton length therefore acts as the minimum chronogeometric
interval and supplies a natural ultraviolet cutoff for temporal-memory organization.

For sufficiently large domains, the continuum limit Allen and Cahn [1979], Bray [1994] may be
approximated by

NcλC ∼
√

DΩ,efft.

Thus, the diffusion form is not fundamental. It is the large-domain approximation to an underlying
QMU coherence count.

If holonomy protection slows diffusion, then

NcλC ∼ [DΩ(1 − ΠΩ)t]1/2 .
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In redshift form, using cosmic time t(z),

Nc(z)λC ∼ [DΩ(1 − ΠΩ)t(z)]1/2 .

A more organized holonomy network may preserve coherence over larger scales:

λc(z) = Nc(z)λC = λ(0)
c

[
1 + κτ |τt(z)|2

]
,

where κτ measures holonomy-driven extension of coherence.

This predicts that regions with strong birefringence residuals should show larger QMU coherence
counts, stronger filament-handedness persistence, and more coherent galaxy-spin alignment.

12 Observable Predictions

The theory predicts that filament handedness Peebles [1969], White [1984], Codis et al. [2018a],
Wang et al. [2021] evolves with redshift:

⟨hf (z)⟩ = HΩ⟨Ωt(z)⟩ + Hτ ⟨τt(z)⟩.

Here HΩ and Hτ are response coefficients mapping temporal-torque and holonomy organization
into observable filament handedness.

Residual birefringence is predicted to correlate with filament handedness:

corr (hf , δβ) (z) ̸= 0.

A directional test is

corr
(
f̂ , ∇δβ

)
(z) ̸= 0,

where f̂ is the filament direction and ∇δβ is the gradient of residual cosmic birefringence Minami
and Komatsu [2020], Diego-Palazuelos et al. [2022].

The theory also predicts node-connectivity evolution Codis et al. [2018b]. Let kn(z) represent the
number of filaments connected to a node at redshift z. Then the node-memory relation may be
written as

⟨kn(z)⟩ = k0 + kΩ⟨Ωt(z)⟩ + kτ ⟨|τt(z)|⟩.

A persistent chronogeometric domain should therefore appear as an unusually coherent region of
node connectivity, filament orientation, filament handedness, and birefringence residual.
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13 Observational Testing Program

The observational program is straightforward. Filament catalogues provide f̂ , hf , node connectivity,
and coherence length. Polarization maps provide residual birefringence δβ Codis et al. [2018a],
Wang et al. [2021], Minami and Komatsu [2020], Diego-Palazuelos et al. [2022]. The theory predicts
cross-correlations between these quantities.

The primary observational quantities are

⟨hf (z)⟩,

corr (hf , δβ) (z),

λc(z),

and

corr
(
f̂ , ∇δβ

)
(z).

A practical test sequence is:

1. Construct or adopt filament catalogues from galaxy redshift surveys.
2. Assign each filament an orientation vector f̂ .
3. Define a filament handedness estimator hf .
4. Construct residual birefringence maps δβ.
5. Compute corr(hf , δβ)(z).
6. Compute corr(f̂ , ∇δβ)(z).
7. Measure λc(z) from filament orientation and handedness correlations.
8. Compare redshift bins for evidence of domain growth, coarsening, merger, or relaxation.

Relevant data sources include SDSS filament catalogues, DESI large-scale-structure products, Euclid
survey releases, and CMB polarization maps from current and future experiments. DESI is especially
important for large-scale redshift structure. Euclid is especially important for wide-field weak-lensing
and galaxy clustering maps. LiteBIRD remains important for future all-sky CMB polarization tests.
CMB-S4 design products and archived simulations may remain useful even though the project is
no longer proceeding as originally planned LiteBIRD Collaboration [2023], Collaboration [2021],
Abazajian et al. [2016], European Space Agency [2026], JAXA Institute of Space and Astronautical
Science [2026].

14 Status of the Dynamical Equations

The coupled evolution equations introduced in this paper should presently be regarded as effective
continuum descriptions of underlying QMU organization. The equations are constrained by Ledger
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One,

Au · curl = Fq
2λC

2,

together with the participating QMU relations identified above. A major objective of future
work is the derivation of these continuum equations directly from Aether-unit organization, curl
participation, Magnetic-Charge structure, QMU sweep, permeability-curl reciprocity, inductive-curl
length formation, and chronovibrational propagation.

In this interpretation, the parameters DΩ, Dτ , γ, ΠΩ, and Πτ are not assumed to be arbitrary
constants of nature. They are effective coefficients whose deeper values may be expressible through
QMU relationships. The present paper therefore uses them as temporary continuum placeholders
while identifying the QMU structure from which they should ultimately be derived. In particular,
DΩ and Dτ are interpreted as sweep coefficients, DΩ ∼ swepΩ and Dτ ∼ swepτ , rather than
unconstrained diffusion constants.

15 Summary of Predictions

Paper VI yields the following major predictions:

1. Cosmic filaments evolve as trajectories of organized temporal memory.
2. Temporal-torque density and chronotorsional holonomy obey coupled nonlinear evolution equa-

tions.
3. Filament transport follows from F = −∇Ωt + γ∇τt.
4. Filament twisting requires defects, boundaries, singularities, or nontrivial holonomy.
5. Temporal memory and holonomy are generally not exactly conserved, but may be approximately

conserved or topologically protected.
6. Relaxation times increase when memory-protection factors approach unity.
7. Cosmic filaments represent an ordered chronogeometric phase when Ωt ̸= 0 or τt ̸= 0.
8. Filament handedness should correlate with residual birefringence.
9. Filament directions should correlate with birefringence gradients.

10. Chronogeometric coherence length should evolve with redshift.
11. Node connectivity should preserve memory signatures in strongly organized domains.

16 Conclusion

This paper extends temporal-torque memory into a dynamical cosmological framework. Temporal-
torque density Ωt(x, t) and chronotorsional holonomy τt(x, t) are treated as coupled order parameters
governing the growth, transport, reconnection, relaxation, and persistence of filamentary chronogeo-
metric domains.

The central coupled system is

∂Ωt

∂t
= DΩ∇2Ωt + SΩ + NΩ + CΩτ ,
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∂τt

∂t
= Dτ ∇2τt + Sτ + Nτ + CτΩ.

The central filament transport equation is

∂F
∂t

= −∇
(
DΩ∇2Ωt + SΩ + NΩ + CΩτ

)
+ γ∇

(
Dτ ∇2τt + Sτ + Nτ + CτΩ

)
.

This elevates cosmic filaments from static structures into evolving memory-bearing chronogeometric
domains. The theory predicts filament handedness, birefringence corridors, spin-alignment evolution,
node-connectivity memory, coherence-length growth, phase ordering, metastable domains, and
long-lived cosmic-web memory.
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