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Abstract

Papers I-VI developed a QMU-first theory of temporal-torque memory, residual cosmic
birefringence, chronotorsional holonomy, filamentary cosmic organization, and effective chrono-
geometric evolution. The present paper converts that dynamical framework into a numerical
simulation program. Temporal-torque density £2; and chronotorsional holonomy 7; are evolved on
a physically discrete chronogeometric lattice whose fundamental interval is the Compton length
Ac and whose fundamental update rate is the quantum frequency F,. The numerical cells used
in computation represent coarse-grained QMU coherence domains rather than arbitrary mathe-
matical mesh elements. The sweep coefficients governing evolution are constrained by the QMU
transport unit swep ~ L?/T, with the Compton sweep limit swep = Fq)\CQ. The framework
generates synthetic chronogeometric domains, filament-memory maps, node-connectivity statis-
tics, coarsening curves, and residual birefringence observables §3(f1). The resulting algorithmic
program provides falsifiable comparison templates for large-scale structure and CMB polarization
data, while preserving the methodological rule that no equation, coefficient, initial condition, or
scaling law enters the simulation until its participating QMU units have been identified.

Keywords: Quantum Measurement Units; Aether Physics Model; temporal torque; chronotorsional
holonomy; discrete chronogeometry; filament memory; synthetic cosmic birefringence; numerical
simulation; QMU sweep coefficient

1 Introduction

The first six papers of this series developed a sequence of increasingly quantitative claims about
organized chronogeometric structure. Paper I introduced temporal-torque memory as a residual
ordering mechanism for cosmic birefringence. Paper II formulated Aether tomography as an inverse
problem for reconstructing organized five-dimensional chronogeometry from residual birefringence
fields. Paper III defined candidate temporal-torque density operators and QMU closure rules. Paper
IV introduced numerical reconstruction of organized domains. Paper V connected chronogeometric
order to filamentary cosmic organization. Paper VI formulated effective dynamics for temporal-torque
density, chronotorsional holonomy, filament transport, memory persistence, and redshift-dependent
observables.

The present work is Paper VII. Its purpose is to turn the effective dynamics of Paper VI into a
reproducible numerical simulation program. The conceptual progression is therefore

Memory — Tomography — Quantification — Reconstruction — Cosmic Organization — Chronogeometric Evolut

The paper uses a QMU-first computational rule:
QMU Inventory — APM Mechanism — Numerical Rule — Synthetic Observable — Falsifiable Prediction.

No simulation coefficient is admitted as a free numerical decoration. Each coefficient must be
identified as a QMU relation, a dimensionless control ratio, or an explicitly declared phenomenological
placeholder awaiting calibration.

A central refinement of the present paper is the interpretation of numerical stepping. In this
framework, the finite lattice and temporal update intervals are not merely computational conveniences.
They are effective representations of physically discrete chronogeometric evolution. Space is
represented by coherence cells ultimately grounded in the Compton length A¢, while temporal
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updates are grounded in the quantum frequency Fj. Coarse-grained simulations use larger cells for
feasibility, but the physical interpretation remains discrete.

Unlike a conventional numerical mesh chosen purely for computational convenience, each lattice
cell here represents an effective aggregate of N, coherently organized Compton intervals. The cell
is therefore not an arbitrary discretization but a coarse-grained chronogeometric domain whose
internal structure is ultimately governed by Aether-unit participation and curl organization. This
interpretation makes the Compton length function as a natural ultraviolet cutoff for temporal-
memory organization and allows the persistence of filamentary structures and handedness to be
visualized directly as properties of these coherence domains rather than as emergent features of a
continuous field.
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Discrete QMU lattice: Compton intervals aggregate into coarse-grained chronogeometric coherence cells.

Figure 1: Schematic representation of the discrete chronogeometric lattice used by the Paper
VII simulation framework. Each coarse cell has length A\, = N.A¢ and represents an organized
QMU coherence domain composed of Compton-scale intervals. Temporal updates occur in grouped
chronovibrational steps At = N;/F;. Filament-memory corridors emerge as connected regions of
persistent temporal-torque density 2; and chronotorsional holonomy 7.

This point is especially important for future experimental interpretation. Laboratory timing has
already reached zeptosecond domains in ultrafast photoionization measurements, where birth-
time delays across molecular orbitals have been resolved at the scale of photon transit through
molecular hydrogen [Grundmann et al., 2020]. Such measurements do not yet measure the QMU
chronovibrational interval, but they demonstrate the continuing movement of experimental physics
toward direct timing of increasingly discrete light—matter processes.

The observational motivation remains cosmic birefringence. The QADI derivation of a topolog-
ical birefringence angle 3y = 1/(167%) provides the fixed-background component of the theory
[Thomson IIT and Bourassa, 2025]. Paper VII concerns the residual field 63, generated by evolving
chronogeometric domains. CMB polarization analyses have reported nonzero birefringence estimates
and have developed methods for separating cosmic rotation from instrumental polarization-angle
miscalibration [Minami and Komatsu, 2020, Diego-Palazuelos et al., 2022]. Those works make
synthetic residual-birefringence maps a natural output of the present simulation program.
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2 QMU Inventory for Numerical Simulation

The simulation begins with the QMU inventory. The participating quantities are

Ay, curl,  eemax’ F,, Ac, swep, mflx, indc, perm, magr, potn.

The core ledger identity remains
A, curl = qu o2,

This identity is used as a dimensional sanity check for any field rule that attempts to connect
Aether rotation, curl, propagation, or transverse organization. Since FyA¢ is the Aether propagation
product, Ledger One may also be read as the closure between rotational Aether structure and
propagation strength.

The minimum QMU inventory for the present simulation is summarized in Table 1. The purpose
of the table is not to provide a final exhaustive dictionary of QMU. Its purpose is to establish the
admissible units for Paper VII’s computational rules.

Table 1: QMU inventory used by the Paper VII simulation framework.

Symbol Role Simulation use
Ay Aether unit Rotational closure scale; reference for Aether self-
identity.
curl Curl unit Torsional geometry unit entering Ledger One and
temporal-torque source rules.
Comax Electron maximum Charge bifurcation scale for magnetic-charge orga-
magnetic square-charge nization.
F, Quantum frequency Fundamental chronovibrational update rate.
Ao Compton length Fundamental spatial interval and ultraviolet cutoff.
swep Sweep coefficient Transport unit L2/7 for chronogeometric domain
propagation.
mflx Magnetic flux Magnetic memory channel and filament flux book-
keeping.
indc Inductance Storage channel for organized magnetic response.
perm Permeability-like QMU Distributed-response channel for field coupling.
relation
magr Magnetic region / Orientation and corridor-memory marker.
magnetic response
potn Potential Source-gradient bookkeeping for organized trans-
port.

The sweep coeflicient is the principal transport unit:

L2
swep ~ T

The sweep coefficient can be visualized as the rate at which organized chronogeometric memory
propagates from one coherence domain to adjacent ones. At the fundamental Compton scale this
propagation is bounded by the Aether propagation product, so temporal organization cannot spread
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faster than the underlying chronovibrational processes permit. This gives the transport term a
direct physical picture as the spreading of memory across Aether structure rather than as generic
diffusion.

At the Compton limit,
swepo = Fq)\CQ. (1)

Since the Aether propagation product is
FyAc = velc,
Equation (1) may also be written
swepo = velc A¢.

Thus the fastest chronogeometric sweep across adjacent Compton intervals is fixed by QMU rather
than chosen as an adjustable diffusion parameter.

3 Discrete Chronogeometric Lattice

The chronogeometric domain is represented as a finite lattice of coherence cells. The coarse-grained
cell length is
Ae = N g, (2)

where N, is a positive integer. The Compton length is the physical base interval; the numerical cell
is a coherent aggregate of IV, Compton intervals.

The lattice sites are
T; = NjAe, n; € Z,
and the fundamental temporal update interval is

1
Atq — F
q

A coarse-grained update interval is

Ny
, 3

n 3)

where N; is a positive integer. In a physical interpretation, Ny does not create time; it groups
fundamental chronovibrational updates into a resolvable computational cycle.

At = NiAt, =

For a five-dimensional chronogeometric state

(1"7y) Z7T’U7Tt)7

the simulation evolves the scalar temporal-torque density €;(x,t) and the chronotorsional holonomy
field 7¢(x,t) on the three-dimensional spatial projection while retaining their temporal geometric
interpretation.
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4 QMU-Constrained Evolution Equations

The effective equations inherited from Paper VI are

o0N

—; = DaVQ + 50 + No + Car. (4)
8Tt 2
E :DTV Tt+ST+NT+C7-Q. (5)

Here So and S are source terms, Ng and N, are nonlinear self-organization terms, and Cq, and
Crq are coupling terms.

The coefficients D and D, are not arbitrary diffusion constants. They are QMU sweep coefficients:

Dq = naswepg, D, = n;swepg, (6)
where 7nq and 7, are dimensionless coherence efficiencies.

The sweep coeflicient differs from an ordinary diffusion coefficient. Diffusion normally describes
stochastic spreading of material, energy, or probability distributions. The QMU sweep coefficient
instead characterizes the propagation of chronogeometric organization across discrete coherence
domains. It is therefore interpreted as an ordering-transfer coefficient rather than as a purely
dissipative smoothing parameter.

The QMU limit requires
0<mno=<1, 0<n-<1

for sub-Compton sweep evolution. Values exceeding unity may be used only as diagnostic stress
tests and must not be interpreted as physical propagation.

The source and coupling terms must similarly be written as QMU-admissible constructions. A
minimal dimensionless implementation uses

Sq = aq Sa(x,t), (7)
S, = a; S;(x,1), (8)
Ng = —bo€3, (9)
N, = b, 7>, (10)
Caor = 9orTt, (11)
Cra = grafl, (12)

where each a, b, and g coefficient is dimensionless after the fields have been normalized to their
QMU reference amplitudes. The first public version of the code uses this parameter-reduced form
to keep the simulation reproducible and transparent.

The present work treats the source and nonlinear operators as effective closures representing
unresolved chronogeometric interactions. Their explicit forms remain subjects of future derivation
from more fundamental QMU relations and are therefore used here as placeholders constrained by
dimensional closure, QMU admissibility, numerical reproducibility, and observational consistency.
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5 Dimensionless QMU Variables

For computation, define

x ~ t ~ Qt Tt
{i‘:—7 tzi, in, 7’::7,
Ae At Q. T
where 2, and 7, are QMU reference amplitudes for the modeled domain. The dimensionless
transport parameters become

DAt DAt
C —_ —— C pu— . 13
At the fundamental Compton limit,
1 2
At = —, Ae = Ao, D = F,\c*,
Fy
so that
c=1 (14)

This result is central. The Compton lattice is not introduced as a numerically convenient mesh. It
is a natural transport boundary of the QMU system. Coarse-grained simulations must preserve this
interpretation by tracking the dimensionless sweep ratios induced by N, and N;.

6 Update Rule

Let " (i, 4, k) and 7, (i, j, k) denote the fields at lattice site (i, j, k) after n coarse-grained updates.
The discrete Laplacian is

1
Vifijk =2 (fiJrl,j,k + fici gk + fij+16 + fij—1k (15)
C

+ fijk+1 + fijr—1 — Gfi,j,k)- (16)

The explicit QMU update rule is

Quitl = Qg+ At (DaVEQUT, 4+ S+ N§ +C5. ), (17)
th;:’i = Tt;j T At (DTV%Z]-,,{ +SY+ NP+ ;LQ) : (18)

The present algorithm also supports a spectral implementation in which
V2 — —k*f(K),

but the finite-difference rule is retained as the clearest physical representation of discrete adjacent-cell
sweep.
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7 Filament Extraction

The filament-driving field is defined by
F = —VQt + ’YVTt. (19)

The first term drives motion down temporal-torque gradients. The second term allows chronotorsional
holonomy to bias the path of organized corridors. The coupling 7y is dimensionless once the amplitudes
of €; and 74 are normalized.

Synthetic filament paths satisfy

dx

— =F(x). 20

X F(x) (20)
Nodes are identified by convergent flow regions,

V-F <0, (21)

with local maxima of convergence giving candidate node centers. Reconnection events are indicated
by changes in the topology of the extracted skeleton. A local diagnostic for topology-change
candidates is

det(aiFj) =0. (22)

The filament handedness is computed from
hy =t (VxF), (23)

where t is the local tangent direction of the extracted filament. The distribution of h ¢ is a primary
falsifiable observable because random scalar fields should not produce the same redshift-persistent
handedness memory as organized chronogeometric domains.

8 Memory Diagnostics

The temporal-torque memory functional is

Mq(t) = / Q2 av, (24)
and the chronotorsional memory functional is
M, () = / 72 av. (25)
Their normalized persistence functions are
MQ (t) MT (t)
Pq(t) = , (T 26
D= 30y 07 340 20)
The two-point temporal-torque correlation function is
Ca(r) = (4 (x)x(x +1)). (27)
The corresponding memory correlation length is
JrCq(r)dr
e LAY iy 28
M=) dr (28)

The redshift evolution £37(2) is one of the principal outputs of the simulation because it quantifies
the growth, merger, or decay of organized domains.
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9 Synthetic Birefringence Forward Operator

The simulation maps three-dimensional chronogeometric structure into a sky-projected residual
birefringence field by the forward operator

58(h) = / W(2) Q(x(z,0), 2) dz. (29)

Here W (z) is an observational weighting function. In the simplest synthetic maps, W(z) is chosen to
isolate redshift shells. In CMB-facing maps, W (z) is chosen to represent the integrated line-of-sight
sensitivity to polarization rotation.

The total birefringence field may be written

B(n) = By + 64(n), (30)
where the topological background is
1
= . 1
bo = 1o (81

The role of Paper VII is not to rederive Equation (31); it is to simulate the residual field generated
by evolving temporal-torque domains.

The required output observables are

hy, 00, corr(hy, 003)(z), corr(f', VéB)(z), Ae(2), (kn(2)).

The node-connectivity statistic (ky(z)) is the mean number of filament branches attached to a node
at redshift z.

10 Algorithmic Implementation

A publishable Python supplement accompanies this paper. It is organized into small modules so
that each physical step remains inspectable. The module structure is shown in Table 2.

The high-level pseudocode is:

Listing 1: QMU-constrained chronogeometric simulation loop.

load QMU inventory

set lambda_c = N_c * lambda_C

set delta_t = N_t / F_q

set swep_C = F_q * lambda_Cx**2

set D_Omega = eta_Omega * swep_C

set D_tau = eta_tau * swep_C

construct lattice

initialize Omega_t and tau_t

for each physical update:
compute discrete Laplacians
compute (MU-admissible sources
compute nonlinear memory terms
compute Omega-tau coupling
update Omega_t and tau_t
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Table 2: Python supplement structure for the Paper VII simulation program.

Module Purpose

gmu_constants.py Defines QMU constants, QMU sweep limit, and dimensionless
coherence factors.

lattice.py Constructs discrete coherence grids and coordinate arrays.

evolution.py Evolves ; and 7 with QMU-constrained sweep coefficients.

filaments.py Computes F, convergence fields, node candidates, and handedness
proxies.

diagnostics.py Computes memory functionals, persistence ratios, and correlation-
length estimates.

observables.py Generates synthetic birefringence projections and correlation statis-
tics.

run_demo.py Runs a minimal reproducible demonstration and writes a CSV

observable table.

compute filament-driving field

extract nodes and handedness

compute memory diagnostics
project Omega_t into synthetic delta_beta map
write observables for comparison

The first public algorithm is intentionally conservative. It does not claim production-level cosmo-
logical resolution. Its purpose is to establish the QMU-constrained numerical rules, demonstrate
reproducibility, and provide a foundation for larger parameter studies.

11 Falsifiable Numerical Predictions

The simulation framework moves beyond qualitative correlation claims by requiring explicit numerical
outputs. The principal predictions are as follows.

First, evolved domains should produce synthetic residual birefringence maps containing corridor-like
structures rather than purely isotropic noise. These corridors arise from persistent temporal-torque
gradients projected through Equation (29).

Second, filament-handedness distributions should exhibit redshift-persistent asymmetries when
initialized from organized chronotorsional domains. The measurable quantity is the distribution of
hy and its correlation with 64.

Third, the memory correlation length £3/(z) should grow during domain coarsening, plateau during
corridor persistence, and change sharply during reconnection-dominated epochs.

Fourth, node-connectivity statistics should retain memory of prior domain mergers. This is measured
through (k,(2)) and through the persistence of high-connectivity nodes across time slices.

Fifth, the birefringence-gradient alignment statistic
corr(f, V5)(z) (32)

should distinguish chronogeometric filament memory from randomly oriented large-scale structure.
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These predictions are intended for comparison with galaxy and filament catalogs from SDSS, DESI,
and Euclid, and with CMB polarization data from Planck, ACT, LiteBIRD, CMB-S4, and related
experiments. The comparison is not a single scalar fit. It is a set of templates: maps, handedness
distributions, coarsening curves, node-memory curves, and redshift-dependent correlation statistics.

12 Relation to Conventional Cosmic-Web Simulations

Conventional large-scale structure simulations generally evolve gravitationally interacting matter
fields and infer filamentary organization from density contrasts, tidal fields, or halo distributions.
The present framework evolves temporal-torque density €2; and chronotorsional holonomy 7 directly.
Filamentary organization is then extracted from the chronogeometric driving field

F = —VQt + ’}/VTt.

Thus, in the present framework, filament memory is not treated solely as a consequence of matter
clustering. It is modeled as a persistent organization of discrete chronogeometric domains whose
projected effects may correlate with both large-scale structure and residual birefringence.

This distinction creates a direct falsification path. If the QMU sweep model produces the same
statistics as ordinary reaction—diffusion or phase-ordering models, then its claimed chronogeometric
specificity is weakened. If, however, it produces persistent handedness—birefringence correlations,
node-memory curves, or coherence-length evolution not reproduced by conventional gravitational
and tidal-torque models, then the sweep interpretation becomes observationally testable.

13 Computational Status

The current status of the simulation program is formal-algorithmic. The Python supplement imple-
ments the QMU inventory, lattice construction, sweep-constrained field evolution, filament-driving
field, basic memory diagnostics, and synthetic birefringence projection. Production cosmological
runs require additional work: survey masks, realistic redshift kernels, observed filament catalogs,
CMB polarization noise models, and systematic-null tests.

This status is appropriate for Paper VII because the paper’s purpose is to define the simulation rules.
The first requirement is methodological closure: no hidden numerical coefficient should be allowed to
enter the model without QMU identification. High-resolution survey confrontation belongs naturally
to the next phase of the program.

14 Discussion

The primary conceptual result of this work is that a discrete spatial-temporal simulation can be built
directly from QMU. A central advantage of the present approach is that the discrete lattice and sweep
interpretation make filament persistence, handedness memory, and domain coarsening more visually
immediate as properties of an organized chronogeometric “fabric” rather than as purely emergent
features of continuous fields. The Compton length supplies the base spatial interval, quantum
frequency supplies the base temporal update rate, and the sweep unit supplies the natural transport
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coefficient. The resulting simulation is not merely a numerical approximation to a continuous field
theory. It is a coarse-grained representation of discrete chronogeometric evolution.

This interpretation changes how numerical stability should be read. In ordinary computational
modeling, a Courant parameter is often only a numerical constraint. In the present framework, the
fundamental value C = 1 at the Compton limit expresses a physical boundary: one fundamental
sweep across one fundamental interval during one fundamental update.

The framework also clarifies the relation between cosmic birefringence and large-scale structure.
The uniform component Sy belongs to the topological background. The residual component §3
belongs to organized temporal-torque domains. Paper VII therefore provides a forward operator
from domain evolution to observable birefringence maps.

The most important future step is observational confrontation. The same simulation that evolves
Q and 73 can generate synthetic maps and catalog-level statistics. These outputs can be compared
against CMB polarization rotation estimates and filament catalogs without requiring the entire APM
framework to be accepted in advance. The falsification path is straightforward: if the predicted
correlations, memory curves, and handedness statistics fail against data, the model must be revised.

15 Conclusion

Paper VII converts QMU-constrained chronogeometric dynamics into a numerical prediction program.
The framework evolves temporal-torque density and chronotorsional holonomy on a physically discrete
lattice, constrains transport through the Compton sweep coefficient, extracts filament memory
structures, and projects residual temporal-torque organization into synthetic birefringence maps.

The resulting program completes the transition from theoretical dynamics to computational predic-
tion:
Chronogeometric Evolution — Numerical Prediction.

It also prepares the next phase of the series:

Numerical Prediction — Observational Confrontation.

A QMU-to-SI Bridge Values

The main text is QMU-first. The numerical bridge values in this appendix are supplied only for
comparison with standard experimental and computational units. The speed of light, electron mass,
Compton wavelength, and fine-structure constant are taken from the CODATA recommended values
[Tiesinga et al., 2023].

vele = Fyhc, (
swepo = Fq)\o2 = velc \¢, (
h = meFy A2 (

w W W
(& TN
PN N
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The zeptosecond timing measurements cited in the introduction are not presented as measurements
of 1/F;,. They are cited as evidence that ultrafast laboratory physics is approaching increasingly
fine temporal resolution in light—matter processes [Grundmann et al., 2020].

B Reference Implementation Notes

The accompanying code is designed to be archived with the paper as a computational supplement.
The demonstration script writes a table of observables rather than claiming production survey
results. The intended reproducibility path is:

run python run_demo.py;
inspect the generated observable table;
modify only dimensionless QMU-admissible control parameters;

W=

repeat with larger grids and survey-specific projection kernels.
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