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Abstract

A local mechanical model of cosmological expansion is developed within the Aether Physics
Model (APM) and Quantum Measurement Units (QMU). Expansion is defined locally by
the fractional growth of an Aether-realized volume rather than by a global average over the
observable Universe. The model distinguishes accumulated matter density from matter-formation-
induced Aether activation and shows that source-free outward transport from a compact source
cannot sustain positive volumetric expansion in a fixed-packing exterior. A causal activation
disturbance is therefore introduced. Under a stated Spatial Tensor Representation Principle, the
five-dimensional dynamical closure state at fixed electrostatic temporal polarity is represented
by a traceless symmetric spatial tensor, while its positive quadratic norm supplies activation
intensity. The exposed Aether boundary measure fixes the normalized spatial trace at 8π. An
Activation Extensivity Principle yields the dimensionless source strength JA = ˙Mact/(maFq)
and, for spherical causal propagation, the conditional local law

H2
A(r, t) = 2

3
λC

2

r2 Fq

˙Mact(t − r/c)
ma

= 2G

3cr2
˙Mact(t − r/c).

For a statistically homogeneous source population in the static-background limit, integration over
the past light cone cancels the point-source 1/r2 dilution against spherical shell area. Extending
the same causal kernel to a kinematically expanding, spatially Euclidean Aether geometry
and imposing minimal wavefront-area conservation gives a kernel-weighted activation measure
ρK =

∫︁
[a(t′)/a(t)]2sA(t′)dt′, with IA = ρK/ρA and H2

A = (8πG/3)ρK . The corresponding
conditional dynamics are ρ̇K + 2HAρK = sA and ä/a = (4πG/3HA)sA. These results are
not a derivation of full Friedmann–Lemaître–Robertson–Walker dynamics: the exponent 2
follows from a newly stated minimal APM wavefront-area transport principle, not from the
existing QMU algebra. Matching the continuum intensity to the previously proposed canonical
closure intensity requires, but does not independently derive, ρK/ρA = α

8/5
a . Finite formation

episodes produce outward response shells; incoherent source populations add in intensity. A
spherical shell of formation sources generates a finite, nearly uniform central void response with
a parameter-free normalized H2 profile, and a tensor generalization predicts correlations between
directional expansion and the retarded geometry of surrounding galaxies, walls, and filaments.
The microscopic interpretation of ˙Mact and sA remains an open physical question. In the present
equations they provide an effective activation-source normalization expressed in mass-rate units;
no derivation yet equates that normalization with a literal baryonic creation rate or fixes the
number of Aether units generated per microscopic creation event. Ordinary star-formation rate,
accretion, and merger rate are therefore treated only as possible observational proxies. The
strongest predictions are conditional shape, retardation, and orientation tests in which an overall
source calibration can cancel.

Keywords: Aether Physics Model; Quantum Measurement Units; local expansion; galaxy formation;
cosmic voids; Aether activation; five-dimensional closure; causal cosmology

1 Introduction

The usual observational Hubble parameter is inferred from large ensembles of distance and recession
measurements, while standard relativistic cosmology describes homogeneous expansion through
Friedmann–Lemaître dynamics and its modern observational calibrations Friedmann [1922], Planck
Collaboration [2020], Tully et al. [2023]. The present work asks a different question: if expansion is
a physical process in the APM, what local mechanical quantity is actually changing, what produces
that change, and where should it be measurable?
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The central hypothesis is that cosmological expansion is not fundamentally a universal scalar
assigned uniformly to all space. Instead, matter-forming processes excite Aether closure structure,
the disturbance propagates causally, and surrounding space undergoes local Aether activation and
volume dilation. The smooth large-scale Hubble relation would then be an emergent limit of many
local responses rather than the defining microscopic law.

This paper deliberately separates established QMU identities from new constitutive principles and
observational hypotheses. The purpose is not to fit a cosmological data set. It is to obtain the most
constrained local response law allowed by the existing APM/QMU structure and to identify where
additional physics or measurement is still required. QADI institutional attribution and archival
conventions follow the community reference Thomson III [2025a].

1.1 Epistemic status used in this paper

Status Meaning

QMU identity Previously adopted dimensional or algebraic relation used as input.
Geometric result Consequence of the adopted Aether geometry and stated symmetry assump-

tions.
Theorem / no-go Mathematical consequence of explicitly stated assumptions.
Principle New physical constitutive statement proposed here and exposed to falsifica-

tion.
Hypothesis Physical interpretation requiring independent observational or experimental

test.
SI bridge Translation of a native QMU relation into conventional units; not a new

QMU primitive.
Conditional predic-
tion

Algebraic or geometric consequence that follows only after the stated APM
principles and propagation assumptions are adopted.

Closure consistency
condition

Equality required if two independently constructed APM descriptions are to
represent the same state; not an independent prediction unless the equality
is derived separately.

Table 1: Epistemic categories used to prevent identities, assumptions, and predictions from being
conflated.

2 QMU Foundation and Homogeneous Closure Scale

The derivation remains QMU-first. The propagation and Ledger One identities follow the prior
mass–energy ledger formulation Thomson III [2025b]. The gravitational boundary and mass–charge
proportionality are inherited from the APM force construction Thomson III [2024]. The propagation
identity is

c = λCFq, (1)

and Ledger One is
Au curl = Fq

2 λC
2. (2)

The Aether gravitational boundary relations used later are

Gforce = maλCFq
2, G = λC

3Fq
2

ma
, (3)
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where the second expression is used as an SI/mainstream bridge when numerical comparison is
desired.

The Aether fine-structure boundary satisfies

ma

me
= ea

2

eemax2 = α

αa
. (4)

Closure-Measure Conservation supplies the rank-four to rank-five realization law Thomson III
[2026a], conditional on its stated physical conservation principle. Applied to the Aether relation
space, it gives

ΞF = α4/5
a , ΞR = Ξ2

F = α8/5
a . (5)

The temporal–charge factorization supplies the full 16π2 geometry and its temporal/spatial fac-
torization Thomson III [2026b]. In the present spatial projection, the exposed Aether boundary
measure is obtained by removing the internal forward/backward temporal circulation from the full
16π2 geometry,

Ω∂A = 16π2

2π
= 8π. (6)

Definition 2.1 (Boundary-to-Spatial Trace Principle). The total exposed Aether boundary measure
is preserved under normalized spatial realization as the sum of the three principal spatial-response
eigenvalues:

tr ˆ︁C = 8π. (7)

Homogeneous isotropy then requires ˆ︁C(0)
ij = 8π

3 δij . (8)

The canonical homogeneous closure rate is therefore

Hcl = Fqα4/5
a

√︃
8π

3 . (9)

Equation (9) is interpreted here as a characteristic homogeneous Aether closure rate, not as a
premise that every physical region must possess the same local expansion rate. The exponent 4/5
is imported from the previously developed relation-space closure construction rather than derived
anew in this paper. Appendix B states the Compton convention and numerical inputs used below.
Consequently, numerical proximity of Eq. (9) to an observed Hubble scale is a closure-consistency
observation, not an independent prediction of H0.

3 Local Mechanical Definition of Expansion

Let a locally realized Aether volume be written

VA(x, t) = VA0 exp[3ζ(x, t)], (10)

where ζ is a dimensionless dilation coordinate.

Definition 3.1 (Local Aether expansion). The local isotropic expansion rate is

HA(x, t) = ζ̇ = 1
3VA

dVA

dt
. (11)
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In native dimensionless coordinates

τ = Fqt, X = x

λC
, (12)

this becomes
HA = Fq ∂τ ζ. (13)

Thus the fundamental object is a local field HA(x, t), or more generally a directional deformation
field, rather than a single cosmological average.

4 Activation Balance and a Transport No-Go Result

Let nA be the local density of active Aether realizations, uA their effective realization velocity, and
σA the rate of new local Aether activation per physical volume. A local balance equation is

∂nA

∂t
+ ∇ · (nAuA) = σA. (14)

Expanding the material derivative gives

DnA

Dt
+ nA∇ · uA = σA. (15)

With 3HA = ∇ · uA,

3HA = σA

nA
− D ln nA

Dt
. (16)

This separates activation from packing-density change. In the fixed-packing limit nA ≃ λC
−3,

HA ≃ λC
3

3 σA. (17)

Theorem 4.1 (Fixed-Packing Compact-Source Transport No-Go). Suppose a compact source
produces outward transport of already realized Aether volume. In an exterior region with nA > 0,
impose both no secondary activation and materially constant packing:

σA = 0,
DnA

Dt
= 0. (18)

Then HA = 0 there; positive local volumetric expansion cannot be sustained solely by transport under
these conditions.

Proof. Outside the source σA = 0. For materially constant packing, Eq. (16) gives ∇ · uA = 0 and
therefore HA = 0. A spherical outward flux may have uA ∝ r−2 while remaining divergence-free
outside the source. It transports realized volume but does not create local volume there.

The fixed-packing hypothesis is essential. A source-free compressible transport field can have HA > 0
when DnA/Dt < 0, through a decrease in packing density. That kinematic dilation is distinct
from the fixed-packing activation branch studied here. Within this branch, expansion away from
matter-forming sources requires secondary local Aether realization, which must be distinguished
from the outward signal itself.
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5 Causal Propagation Without a New Macroscopic Scale

With only λC and Fq supplying the characteristic microscopic length and frequency, the scale-free
causal operator in native coordinates is(︂

∂2
τ − ∇2

X

)︂
ΨA = Sform. (19)

Its three-dimensional retarded Green function is the standard light-cone Green function for the
massless wave operator Jackson [1999],

Gret(R, ∆τ) = Θ(∆τ)
4πR

δ(∆τ − R). (20)

Consequently the causal condition is

|x − x′| = c(t − t′). (21)

Ordinary diffusion constructed from the native scales has DA ∼ cλC = λC
2Fq, which remains

microscopic on astronomical times unless a new macroscopic parameter is introduced. A screened
response similarly requires a new large screening length if it is to survive on galactic scales. The
scale-free causal branch is therefore the minimal long-range candidate. This is a model-selection
result under the stated no-new-scale restriction, not a proof that all other APM dynamics are
impossible.

6 Five-Dimensional Closure and Positive Activation Intensity

Here five-dimensional dynamical closure space means the three spatial plus two dynamic temporal de-
grees at fixed static electrostatic temporal polarity. The full APM ontology remains six-dimensional
chronogeometry, with three spatial and three temporal dimensions. The static one-spin electro-
static/bifurcation dimension remains the polarity anchor; fixing it does not remove it from the
ontology.

Definition 6.1 (Spatial Tensor Representation Principle). The five closure coordinates are assigned
the traceless rank-two representation of spatial rotations: for O ∈ SO(3), their spatial tensor
representative transforms as Q ↦→ OQOT. The identification is an isometric representation choice
for the spatial response, not a consequence of matching vector-space dimensions alone. In the
directional-source application below, the response tensor is additionally assumed to share the
principal axes of the nonnegative retarded source second moment.

Under this principle, the five independent closure coordinates are represented as

qA ∈ R5 ∼= Sym2
0(R3). (22)

Let Qij be the corresponding symmetric traceless tensor,

Qij = Qji, Qi
i = 0, (23)

normalized so that
qA · qA = tr(Q2). (24)
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The lowest nonzero rotationally invariant positive scalar is therefore

IA ≡ ∥qA∥2 = tr(Q2). (25)

At canonical closure,
∥qA∥ = α4/5

a , IA = α8/5
a . (26)

The normalized spatial realization tensor is separated from the activation magnitude:

ˆ︁Cij = 8π

3 δij + ˆ︁Sij , tr ˆ︁S = 0. (27)

Admissible response tensors satisfy

ˆ︁C = ˆ︁CT, tr ˆ︁C = 8π, ˆ︁C ⪰ 0. (28)

Thus the eigenvalues of ˆ︁S must be at least −8π/3; trace preservation alone is insufficient. These
conditions ensure a real directional response for every unit vector n. The directional expansion law
is

H2
A(x, n, t) = Fq

2IA(x, t) ni ˆ︁Cij(x, t)nj . (29)

Because a squared rate does not determine the sign of deformation, this paper selects the nonnegative
expansion branch,

HA(x, n, t) = +Fq

√︂
IA ni ˆ︁Cijnj . (30)

A contraction branch would require a separate signed dynamical prescription. For isotropic realiza-
tion,

H2
A,iso = 8π

3 Fq
2IA. (31)

Equation (9) follows immediately from Eq. (26).

7 Why Cosmological Sources Add in Intensity

The four exposed Aether states generate six unordered relational phases. After removal of the
common scalar coordinate, the six relational states may be represented by the vertices va of a
regular 5-simplex,

6∑︂
a=1

va = 0, va · vb = −1
5 (a ̸= b). (32)

An equally populated coherent vector sum would therefore vanish. A maximally symmetric activated
state can nevertheless possess positive scalar response. The appropriate object is its second moment,

MAB =
∑︂

k

qkAqkB, IA = tr M =
∑︂

k

∥qk∥2. (33)

For an isotropic population,

MAB = IA

5 δAB, ⟨q⟩ = 0, IA > 0. (34)
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Corollary 7.1 (Incoherent intensity addition). For mutually orthogonal or statistically uncorrelated
closure disturbances, the ensemble activation intensity is additive:

⟨IA⟩ =
∑︂

k

∥qk∥2. (35)

Coherent cross terms are not forbidden in principle, but they constitute an additional physical
correlation that must be demonstrated rather than assumed.

8 Matter-to-Aether Source Interface

For a newly realized matter species x, the existing APM boundary ratios provide the dimensionless
weight

fx ≡ mx

ma
= e2

x max
ea

2 = αa

αx
. (36)

Let Ṅx count genuine new matter/Aether realizations rather than redistribution of existing particles.
Define

˙Mact ≡
∑︂

x

mxṄx. (37)

The dimensionless activation produced per quantum interval is then

JA =
∑︂

x

Ṅx

Fq
fx =

˙Mact
maFq

. (38)

Definition 8.1 (Activation Extensivity Principle). Genuine new matter/Aether realizations con-
tribute their Aether-boundary fractions additively to the emitted closure intensity. Thus the emitted
activation intensity per quantum interval is IA,emitted = JA.

This principle is the principal new constitutive assumption of the paper. It is not a consequence of
Ledger One alone. Its advantage is that it introduces no fitted coupling constant and distinguishes
creation/activation from ordinary advection, accretion, or rearrangement.

9 Local Spherical Source Law

For a compact source on the local/static propagation branch, let each closure amplitude q
(a)
A be a

linearly normalized mode of the causal disturbance ΨA in Eq. (19). Equivalently, apply the same
retarded wave operator componentwise to the five closure modes. Outside the source, the isotropic
outgoing part of Eq. (20) has the form

q
(a)
A (R, τ) = Aa(τ − R)

R
, a = 1, . . . , 5. (39)

Consequently Eq. (25) gives

IA(R, τ) = 1
R2

5∑︂
a=1

|Aa(τ − R)|2. (40)
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For real modes the modulus square is the ordinary square; for incoherent sources it denotes the
corresponding ensemble quadratic measure. The Green function fixes the 1/R amplitude scaling and
hence the 1/R2 intensity scaling. It does not fix the amplitude emitted per physical creation event.

Under lossless isotropic transport, normalize the integrated intensity through a causal sphere to the
emitted intensity JA:

4π
5∑︂

a=1
|Aa(τ − R)|2 = JA(τ − R). (41)

The Activation Extensivity Principle fixes this emitted-intensity normalization through Eq. (38).
Thus conservation through a sphere in dimensionless radius R = r/λC gives

4πR2IA(R, τ) = JA(τ − R). (42)

Therefore

IA(r, t) = λC
2

4πr2

˙Mact(t − r/c)
maFq

. (43)

Combining Eqs. (31) and (43) gives the principal native-QMU result:

H2
A(r, t) = 2

3
λC

2

r2 Fq

˙Mact(t − r/c)
ma

. (44)

Thus
HA ∝ r−1, H2

A ∝ r−2. (45)
The conserved shell quantity is 4πr2H2

A, not 4πr2HA.

Using Eq. (3) only as an SI/mainstream bridge,

H2
A(r, t) = 2G

3cr2
˙Mact(t − r/c). (46)

Equivalently,

r2H2
A = 2G

3c
˙Mact(t − r/c). (47)

Equation (47) predicts that a radial expansion profile is a retarded record of the source activation
history if the source assumptions hold.

10 Single-Source Amplitude Sanity Check

Equation (46) can be inverted to determine the activation rate required for one isolated source to
generate a specified local expansion scale,

˙Mact = 3cr2H2
A

2G
. (48)

For the illustrative benchmark HA = 70 km s−1 Mpc−1, Eq. (48) gives

˙Mact(1 Mpc) ≃ 5.24 × 105 M⊙ yr−1, (49)
˙Mact(10 Mpc) ≃ 5.24 × 107 M⊙ yr−1. (50)
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These values are far larger than ordinary star-formation rates of typical individual galaxies; ob-
served cosmic star-formation histories likewise distinguish star-formation rate density from total
accumulated stellar mass density Madau and Dickinson [2014]. Therefore the present theory does
not justify identifying ˙Mact with conventional star-formation rate. The isolated-source result instead
implies that a Hubble-scale field, if this mechanism is correct, must be intrinsically collective, must
involve an activation channel very different from ordinary star formation, or must require revision
of the Activation Extensivity Principle. This is a falsification constraint rather than a fitted rescue
parameter.

11 Homogeneous Many-Source Continuum Limit

11.1 Static-background limit

The point-source kernel has a nontrivial homogeneous limit. Let

ρ̇act(t) ≡ dṀact
dV

(51)

be the physical activation-rate density in the static-background approximation. A spherical shell of
radius r and thickness dr contains

dV = 4πr2dr. (52)

Applying Eq. (43) differentially to the shell gives

dIA = λC
2

4πr2
ρ̇act(t − r/c) 4πr2dr

maFq
(53)

= λC
2

maFq
ρ̇act(t − r/c) dr. (54)

Thus the 1/r2 intensity dilution of each source is cancelled exactly by the 4πr2 growth of source-
bearing shell area. Integrating over the causal source history,

IA(t) = λC
2

maFq

∫︂ Rmax

0
ρ̇act(t − r/c) dr. (55)

With t′ = t − r/c and c = λCFq,

IA(t) = λC
3

ma

∫︂ t

tmin
ρ̇act(t′) dt′. (56)

It is useful to define the static-limit cumulative source measure

ρ
(0)
act(t) ≡

∫︂ t

tmin
ρ̇act(t′) dt′ (57)

and the Aether density scale
ρA ≡ ma

λC
3 . (58)
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Then

IA = ρ
(0)
act

ρA
, H2

A = 8πG

3 ρ
(0)
act. (59)

The superscript (0) is important: ρ
(0)
act is a retarded cumulative activation-source measure in the

non-expanding limit, not an independently established advected material density. Therefore a
conventional 3Hρ dilution law must not be imposed on it by analogy.

11.2 Expanding-Aether causal kernel

The largest dynamical limitation of the static calculation can be addressed without importing a
Friedmann matter-continuity equation. Introduce only a homogeneous isotropic kinematic scale
factor a(t) satisfying

HA = ȧ

a
. (60)

Assume homogeneous, isotropic, spatially Euclidean Aether slices and a dimensionless scale factor
a(t) > 0. For source time t′ and reception time t, define the comoving radial separation by

χ(t′, t) =
∫︂ t

t′

c dt′′

a(t′′) ,
∂χ

∂t′ = − c

a(t′) . (61)

Thus dχ = −c dt′/a(t′) along the incoming past light cone at fixed reception time. A positive
outward shell measure is |dχ| = c |dt′|/a(t′). The dimensional radial coordinate χ is distinct from
the local dimensionless dilation coordinate ζ of Eq. (10). No Einstein field equation is assumed in
Eqs. (60)–(61). Spatial flatness is a stated geometry assumption; no Einstein curvature evolution
equation is introduced.

Definition 11.1 (Minimal Wavefront-Area Transport Principle). The dimensionless closure intensity
carried by an incoherent causal disturbance is conserved apart from geometrical spreading over the
physical two-dimensional wavefront area. Thus a source at comoving separation χ contributes at
reception time t with dilution area

Awf(t, χ) = 4πa2(t)χ2. (62)

No additional redshift, lifetime, attenuation, or macroscopic scale is inserted.

This principle is a new constitutive transport statement, not a consequence of the five-generator
QMU algebra. Let

sA(t′) ≡ dṀact
dVphys

(t′) (63)

be the homogeneous effective activation-rate density at source time t′, expressed in mass-rate units
through the Activation Extensivity normalization. This notation does not establish that sA is a
literal baryonic mass-creation rate; the microscopic conversion from physical creation events or
newly realized Aether units to sA remains to be derived. A proper source shell has

dV ′ = 4πa3(t′)χ2|dχ|. (64)
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The differential received intensity is therefore

dIA = λC
2

4πa2(t)χ2
sA(t′) dV ′

maFq
(65)

= λC
2

maFq

a3(t′)
a2(t) sA(t′) |dχ|. (66)

Using the positive shell measure from Eq. (61), reversing the source-time limits from (t, tmin) to
(tmin, t), and using c = λCFq gives

IA(t) = λC
3

ma

∫︂ t

tmin

[︃
a(t′)
a(t)

]︃2
sA(t′) dt′. (67)

Define the kernel-weighted activation measure

ρK(t) ≡
∫︂ t

tmin

[︃
a(t′)
a(t)

]︃2
sA(t′) dt′. (68)

Then

IA = ρK

ρA
, H2

A = 8πG

3 ρK . (69)

The same 8πG/3 coefficient therefore survives the minimal expanding-Aether kernel, but the source
measure changes from the unweighted static quantity ρ

(0)
act to the retarded, scale-factor-weighted

quantity ρK .

Differentiating Eq. (68) yields
ρ̇K + 2HAρK = sA. (70)

Here tmin is a fixed onset or a convergent past limit, and sA ≥ 0. The coefficient 2 is not material
three-volume dilution. It follows from physical wavefront-area dilution under the Minimal Wavefront-
Area Transport Principle. Combining Eqs. (69) and (70) gives

ḢA = 4πG

3HA
sA − H2

A, (71)

on the strictly positive branch HA > 0, and therefore

ä

a
= 4πG

3HA
sA. (72)

At HA = 0, the nonsingular starting relations are Eqs. (69) and (70); the equations divided by
HA apply only after a positive field is present. These are conditional dynamical consequences of
the activation source law, incoherent intensity addition, scale-free causal propagation, and the new
wavefront-area transport principle.

11.3 Source-free coasting and constant-source fixed point

If activation ceases, sA = 0, Eq. (71) reduces to

ḢA = −H2
A, (73)
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so
HA(t) = Hi

1 + Hi(t − ti)
,

a(t)
a(ti)

= 1 + Hi(t − ti), ä = 0. (74)

Here Hi = HA(ti) > 0 when activation ceases. Thus a residual activation-memory field produces
coasting rather than continuing acceleration under the minimal transport law. If the source and the
field are both absent, ρK = HA = 0 instead gives a static solution.

For constant positive sA, a fixed point satisfies

H3
∗ = 4πG

3 sA, sA = 2H∗ρK . (75)

Linearizing Eq. (71) about H∗ gives f ′(H∗) = −3H∗ < 0, so the positive fixed point is stable
within this conditional model. Constant positive activation-rate density can therefore approach a
constant-H state without appending an independent cosmological-constant term.

The kinematic deceleration parameter

qdec,A ≡ − ä

aH2
A

(76)

obeys

qdec,A = − 4πG

3H3
A

sA = − sA

s
(∗)
A

, s
(∗)
A ≡ 3H3

A

4πG
. (77)

Equation (77) is a direct observational bridge of the conditional dynamics: measurements of HA

and qdec,A specify the activation-rate density required by this model, while an independently derived
microscopic sA would predict qdec,A.

11.4 Amplitude audit of the constant-H branch

For H∗ = 70 km s−1 Mpc−1, Eq. (75) requires

s
(∗)
A ≃ 4.18 × 10−44 kg m−3 s−1 ≃ 19.5 M⊙ yr−1 Mpc−3. (78)

At the inherited closure scale Hcl = 77.55 km s−1 Mpc−1,

s
(∗)
A ≃ 5.68 × 10−44 kg m−3 s−1 ≃ 26.5 M⊙ yr−1 Mpc−3. (79)

The corresponding fixed-point replacement times are (2H∗)−1 ≃ 6.98 Gyr and 6.30 Gyr, respectively.

The numerical values in Eqs. (78)–(79) are best read as mass-equivalent activation-source normal-
izations. They are not, by themselves, predictions that the same number of solar masses of baryonic
matter must literally be created per unit volume and time. A microscopic APM derivation must
still determine the activation yield of a physical creation event, for example the number of newly
realized Aether units associated with that event, and thereby establish the map to sA.

As an order-of-magnitude source-discrimination check, a representative present-day cosmic star-
formation-rate density is approximately 1.5 × 10−2 M⊙ yr−1 Mpc−3 in standard observational com-
pilations Madau and Dickinson [2014]. Directly identifying the mass-equivalent sA with ordinary
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present-day stellar mass formation would therefore undersupply the constant-H requirement by
roughly 1.3 × 103 at 70 km s−1 Mpc−1 and 1.8 × 103 at 77.55 km s−1 Mpc−1. This is retained as a
no-go constraint against that direct identification rather than repaired by a fitted efficiency factor.
It does not rule out a microscopic activation mechanism whose Aether-unit yield is not proportional
to conventional stellar mass formation.

11.5 Relation to the canonical closure intensity

The relation-space closure construction supplies

IA,cl = α8/5
a . (80)

For the expanding homogeneous kernel, Eq. (69) supplies IA = ρK/ρA. If both descriptions refer to
the same homogeneous Aether state, consistency requires

ρK

ρA

closure= α8/5
a . (81)

Equation (81) remains a closure consistency condition, not a derivation. The present paper does not
prove that the retarded activation source history produces exactly this weighted fraction. Under
Eq. (81), Eq. (69) reduces algebraically to Eq. (9); that reduction is not an independent prediction
of H0.

11.6 Finite-history and transport-law requirements

In the static-background limit, an eternal homogeneous nonzero activation rate with an unscreened
1/r2 kernel gives IA ∝

∫︁ ∞
0 dr and diverges. In the expanding kernel, the factor [a(t′)/a(t)]2 can

suppress sufficiently early contributions, but convergence depends on both the source history and
the scale-factor history. A finite onset is therefore no longer mathematically mandatory in every
expanding solution, although the past integral must remain convergent.

More generally, geometry alone does not prove that closure intensity has no additional cosmological
scaling. If a deeper APM propagation law supplied an extra scaling, the kernel could take the form

ρ
(ν)
K =

∫︂ (︃
a′

a

)︃ν

sA(t′)dt′, ρ̇
(ν)
K + νHAρ

(ν)
K = sA. (82)

The present paper selects ν = 2 only as the minimal wavefront-area branch for a dimensionless
closure intensity. Values ν ̸= 2 define alternative transport physics and must be derived rather than
fitted.

11.7 Local/static-limit scope of the following profiles

The shell, void, and directional-response constructions in Sections 12–14 retain the local/static
retarded form r ≃ c∆t. They are therefore leading-order limits of the expanding-background kernel,
not exact cosmological-scale solutions. A convenient control parameter is

ϵH(r) ≡ HAr

c
. (83)
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When ϵH ≪ 1, the scale factor changes little across the signal lookback interval, a(t′) ≃ a(t), and
Eqs. (61)–(68) reduce locally to r ≃ c∆t and the static 1/r2 kernel. For structures approaching
a significant fraction of the Hubble length, the full past-light-cone relation in Eq. (61), physical
wavefront area 4πa2(t)χ2, and scale-factor weighting in Eq. (68) must replace the following static
profiles. Thus the local shell, void, and tensor results are conditional leading-order predictions
within their stated HAr/c ≪ 1 domain.

12 Finite Galaxy-Formation Episodes

Consider a formation episode active during tf ≤ t ≤ tf + ∆tf . After the episode has ended, at
observation time t0 ≥ tf + ∆tf , the causal response occupies

c(t0 − tf − ∆tf ) ≤ r ≤ c(t0 − tf ). (84)

Hence
rout − rin = c∆tf . (85)

A short episode therefore produces an outward-moving response shell, while prolonged formation
produces a broad radial response. Multiple separated episodes produce nested shells. The radial
coordinate samples source lookback time through

tlookback = r

c
. (86)

The model therefore predicts a formation-state dependence at fixed accumulated mass. A young
or actively forming system may produce a larger current nearby activation response than an old
quiescent system of similar mass, while ancient formation episodes appear at much greater causal
radii.

13 Spherical Void Response

Consider a low-density spherical region of radius R surrounded by a thin, statistically uniform shell
of incoherent formation sources. Standard gravitational cosmology also predicts distinctive void
density and velocity structures, including environment-dependent void evolution Sheth and van de
Weygaert [2004], Hamaus et al. [2014]; the APM test proposed here is therefore not merely whether
voids expand, but whether the response follows the specific retarded activation profile derived below.
For quasi-steady source activity, the activation intensity at an interior radius r is proportional to

I(r) =
∫︂

SR

dA

s2 , s2 = R2 + r2 − 2Rr cos θ. (87)

The exact integral is

I(r) = 2πR

r
ln

(︃
R + r

R − r

)︃
. (88)

At the center, I(0) = 4π. Defining x = r/R, the parameter-free normalized intensity profile is

H2
A(r)

H2
A(0)

= 1
2x

ln
(︃1 + x

1 − x

)︃
. (89)
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Therefore the physical expansion-rate profile is

HA(r)
HA(0) =

[︃ 1
2x

ln
(︃1 + x

1 − x

)︃]︃1/2
. (90)

Near the center,
H2

A(r)
H2

A(0)
= 1 + x2

3 + x4

5 + O(x6), (91)

and
HA(r)
HA(0) = 1 + x2

6 + 31x4

360 + O(x6). (92)

There is no linear radial term at the center. A substantial central region can therefore appear nearly
homogeneous even though the physical sources lie at its boundary.

The thin-shell divergence as r → R− is an artifact of idealizing both the source layer and point-source
kernel. Finite wall thickness, discrete source separation, and finite source dimensions regularize the
boundary. The robust prediction is a finite central response, a comparatively flat central profile,
and increasing response toward an active boundary.

Restoring retardation gives an especially simple central relation because all shell points are at
distance R:

H2
A(0, t) ∝ JR

(︃
t − R

c

)︃
. (93)

Thus the present response at a spherical void center samples the past formation state of its wall at
a definite delay R/c.

14 Tensor Generalization: Walls, Filaments, and Directional Ex-
pansion

Real voids are neither spherical nor continuously bounded. Let

s = x − x′, s = |s|, ŝ = s

s
. (94)

Let JA ≥ 0 denote emitted intensity per source volume and wg ≥ 0 the corresponding discrete
weights. A source-weighted spatial second moment may be constructed as

Tij(x, t) =
∫︂

JA(x′, t − s/c)
s2 ŝiŝj d3x′. (95)

For discrete galaxies,
Tij =

∑︂
g

wg(t − sg/c)
s2

g

ŝg,iŝg,j . (96)

Decompose
Tij = 1

3(tr T )δij + T TF
ij . (97)

The trace measures scalar source intensity; the traceless part determines preferred spatial axes. A
normalized anisotropy tensor can be defined without the absolute source normalization,

Σij =
T TF

ij

tr T
. (98)
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For nonnegative source weights, T is symmetric positive semidefinite. The normalization requires
tr T > 0; with no source intensity, Σ and its orientation are undefined. Under the source-axis clause
of the Spatial Tensor Representation Principle, the eigenvectors provide a conditional orientation
prediction once the relative retarded source weights are specified. Degenerate eigenvalues determine
an eigenspace rather than a unique axis.

For the normalized spatial response tensor ˆ︁Cij , let

ˆ︁Cijej
(a) = λae(a)i, λ1 + λ2 + λ3 = 8π, λa ≥ 0. (99)

Then
H2

a = Fq
2IAλa, Ha = +Fq

√︁
IAλa. (100)

An isotropic source distribution gives equal source-moment eigenvalues. Source directions concen-
trated in a plane can give two dominant source-moment axes; source directions concentrated along a
line can give one. These statements concern the retarded angular distribution seen at the observation
point, which must be calculated rather than inferred from a wall or filament label alone. The trace,
positivity, and axis-sharing conditions do not fix the full constitutive map from T to the response
eigenvalues λa. The predicted principal expansion axes should correlate with the eigenvectors of the
retarded formation-source tensor rather than merely with the instantaneous mass-density field.

15 Distinguishing Gravity from Expansion

The APM gravitational sector has previously been represented as a space-density/packing gradient.
In the notation used here,

gA = −c2∇ξA. (101)

Expansion instead follows activation and local volume dilation, Eq. (16). The two effects can
therefore peak in different places even if they belong to one Aether system:

∇ξA −→ gravitational acceleration, IA, σA −→ expansion response. (102)

Matter-rich structures may generate strong packing gradients while surrounding lower-density
regions receive propagated activation. In this interpretation a void is not an expansion source
merely because it is empty; it is potentially a response domain for matter-induced Aether activation
originating elsewhere.

16 Falsifiable Predictions

The framework yields tests that do not require treating one fitted H0 as the fundamental prediction.
Observationally, such tests must contend with peculiar velocities and distance-indicator systematics;
modern peculiar-velocity compilations such as Cosmicflows-4 illustrate both the available scale of
the data and the complexity of reconstructing local flows Tully et al. [2023].

1. Formation-state test. At comparable accumulated mass and environment, actively forming
or recently formed systems should exhibit different surrounding expansion profiles from old
quiescent systems if ˙Mact tracks formation activity.
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2. Radial archaeology test. For an approximately isolated spherical source,

r2H2
A(r, t0) ∝ ˙Mact

(︃
t0 − r

c

)︃
. (103)

Reconstructed source history and radial response should correspond under the retarded
mapping.

3. Finite-shell test. In the local/static regime HAr/c ≪ 1, a finite formation episode predicts
inner and outer response radii given by Eq. (84), with width c∆tf .

4. Void-profile test. In the local/static regime, a sufficiently spherical, quasi-steady source wall
predicts the normalized profile in Eqs. (89)–(90), including a vanishing first radial derivative
at the center.

5. Void age-delay test. Within the local/static approximation, central void response should
correlate with wall formation activity at retarded epoch t−R/c rather than solely with present
wall mass; larger structures require the expanding retarded relation of Eq. (61).

6. Directional test. Within the local/static approximation, the principal axes of local ex-
pansion anisotropy should correlate with the eigenvectors of the retarded source tensor T TF

ij ;
cosmological-scale applications require the expanding kernel.

7. Source-discrimination test. If ordinary accretion or mergers redistribute already activated
matter without producing new Aether realization, their predictive power should be weaker
than observables that track the actual ˙Mact process.

8. Homogeneous-kernel test. For a sufficiently homogeneous incoherent source population,
the collective field should approach Eq. (69) with ρK reconstructed from an independently
identified physical activation channel and the retarded scale-factor weighting in Eq. (68).
Failure would falsify the proposed source normalization or minimal wavefront-area propagation
law.

9. Expansion-history test. Equation (77) requires

sA = −3qdec,AH3
A

4πG
. (104)

An independently derived activation history must reproduce the observed kinematic HA(t)
and qdec,A(t) without fitting an arbitrary efficiency or attenuation timescale.

Several of these are shape or orientation tests in which an unknown absolute observational calibration
cancels. They should therefore be investigated before attempting a global amplitude fit.

17 Open Physical Questions and Limits

The largest unresolved issue is the operational meaning of

˙Mact. (105)

The present derivation does not justify equating it with conventional star-formation rate or with a
literal baryonic mass-creation rate. In the current equations, ˙Mact and sA are effective activation-
source normalizations written in mass-rate units because the Activation Extensivity Principle uses
the Aether mass boundary ma. A microscopic theory must instead identify the physical creation
event, determine its newly realized Aether-unit yield ∆NA, and derive the mapping from event-rate
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density to sA. Possible empirical proxies include star formation, gas conversion, nuclear processing,
merger-triggered activity, or other signatures of matter organization, but none is identified with the
source by assumption.

A second open issue is coherence. The cosmological derivation adopts intensity addition for
orthogonal or statistically uncorrelated five-mode disturbances. Long-range phase correlations would
add cross terms and modify the source superposition law.

A third issue is propagation. Scale-free causal propagation is selected here by the no-new-macroscopic-
scale criterion. A deeper APM law could produce dispersive, refractive, or otherwise structured
propagation without arbitrary fitting. Such a result would modify the simple local/static retarded
radius r = c∆t; even under the present nondispersive branch, cosmological-scale applications require
the expanding relation in Eq. (61).

A fourth issue is the microscopic transport law for closure intensity. Section 11 derives the minimal
expanding-Aether branch by conserving dimensionless intensity over physical wavefront area, which
fixes the scale-factor exponent at ν = 2. This is more constrained than the static treatment but
remains a new principle rather than a QMU theorem. A deeper APM propagation law could confirm
ν = 2 or derive additional scaling. The formal resemblance of Eq. (69) to the flat Friedmann
coefficient is therefore a result to explain and test, not permission to import pressure, curvature, or
the Einstein field equations without derivation.

Finally, the idealized point-source and thin-shell formulas are not intended to describe the immediate
interior of galaxies or singular boundaries. Finite source dimensions and finite activation zones must
be retained in applications.

18 Discussion

The principal conceptual shift is from a globally assigned expansion constant to a local mechanical
field. The model distinguishes source, propagation, activation intensity, and spatial realization:

matter formation → Aether closure excitation → causal propagation
→ IA → ˆ︁Cij → local expansion and shear

(106)

This separation prevents accumulated matter density from being identified automatically with expan-
sion and explains how low-density space can possess significant response generated by surrounding
matter-rich structures.

The five-dimensional closure construction plays two distinct roles. Its orientation is naturally
represented by a traceless symmetric three-dimensional tensor, while its norm supplies a positive
scalar intensity. The 8π exposed boundary trace supplies the normalized isotropic spatial realization
independently of that magnitude. This avoids forcing a traceless tensor to manufacture its own
scalar trace.

The resulting single-source law, Eq. (44), is especially useful because it contains no fitted radial
exponent and no new macroscopic length. Under the Activation Extensivity Principle, its amplitude
is fixed by existing QMU boundary quantities and the physical source rate ˙Mact. The remaining
source uncertainty has therefore been isolated to a physical question rather than hidden in a
free kernel coefficient. In particular, the mass-rate notation is an effective normalization until a
microscopic creation-event-to-Aether-unit mapping is derived.
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The homogeneous calculation shows that the same kernel possesses a collective regime. In the
static limit, individual-source r−2 dilution cancels the r2 growth of source-bearing shell area. In
an expanding Aether geometry, the Minimal Wavefront-Area Transport Principle replaces the
unweighted cumulative source measure by ρK =

∫︁
(a′/a)2sAdt′. The theory therefore need not

append Hcl as an independent background term by hand. Local anisotropic responses and the
homogeneous continuum can be treated as two regimes of one proposed activation mechanism,
provided the still-unproved closure condition in Eq. (81) is eventually established.

The expanding-kernel dynamics add a stronger conditional result: ρ̇K + 2HAρK = sA, so positive
activation produces ä/a = (4πG/3HA)sA, source-free evolution coasts, and constant positive sA

admits a stable constant-H fixed point. The factor 2 is specifically the consequence of wavefront-
area dilution and must not be confused with the 3Hρ term of an advected material density. The
appearance of 8πG/3 in Eq. (69) should still be interpreted conservatively. Friedmann’s relativistic
density law has a different derivational basis Friedmann [1922]; the present result reproduces the
coefficient under different assumptions and does not import the remaining FLRW dynamics.

19 Conclusion

A local matter-formation-induced expansion model has been constructed in native QMU form.
Expansion is defined as local Aether volume dilation. In a source-free, materially fixed-packing
exterior, pure outward transport cannot create local expansion; surrounding expansion in this branch
requires secondary Aether activation. Scale-free causal propagation carries the source disturbance
to distant regions. Five-dimensional closure geometry supplies a positive quadratic intensity, while
the exposed 8π boundary fixes normalized spatial realization.

With the Activation Extensivity Principle, the model predicts

H2
A(r, t) = 2

3
λC

2

r2 Fq

˙Mact(t − r/c)
ma

, (107)

with the bridge form
H2

A = 2G

3cr2
˙Mact(t − r/c). (108)

Finite formation histories generate causal response shells; spherical source walls generate finite,
nearly homogeneous central void responses; and asymmetric source distributions predict directional
expansion tensors correlated with surrounding formation geometry. In the statistically homogeneous
expanding-Aether limit, the minimal wavefront-area kernel gives

IA = ρK

ρA
, H2

A = 8πG

3 ρK , ρ̇K + 2HAρK = sA. (109)

The density coefficient has the flat-Friedmann algebraic form, but the source measure and evolution
law are derived here from a different conditional mechanism. Equating this collective intensity with
the canonical closure intensity α

8/5
a requires the unresolved closure condition ρK/ρA = α

8/5
a .

The new dynamical branch predicts source-free coasting, positive acceleration for sA > 0, a
stable constant-H fixed point for constant positive sA, and the observational bridge qdec,A =
−4πGsA/(3H3

A). The amplitude audit shows that directly identifying the required present fixed-
point mass-equivalent activation normalization with ordinary cosmic star-formation-rate density
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fails by roughly three orders of magnitude. This is a no-go against that identification, not against
microscopic Aether activation generally, because the activation yield per physical creation event has
not yet been derived. No fitted efficiency is introduced to remove the discrepancy.

The theory is therefore not closed by a global average or by a numerical match to H0. Its strongest
present outputs are conditional shape, retardation, source-discrimination, orientation, and expansion-
history predictions. Its next theoretical task remains specific: identify the microscopic APM process
represented by ˙Mact and sA, derive the Aether-unit yield of a physical creation event and its mapping
to the effective source normalization, and independently derive or confirm the transport law now
represented by the minimal ν = 2 branch.

A QMU-to-SI Bridge Check

The main derivation is QMU-first. For dimensional comparison, Eq. (3) and c = λCFq convert
Eq. (44) as follows:

H2
A = 2

3
λC

2

r2 Fq

˙Mact
ma

, (110)

= 2
3r2

λC
3Fq

2

ma

˙Mact
λCFq

, (111)

= 2G

3cr2
˙Mact. (112)

The conventional dimensions close as[︄
GṀ

cr2

]︄
= (L3M−1T −2)(MT −1)

(LT −1)L2 = T −2 = [H2]. (113)

No reduced Planck constant is used as a QMU physical unit in this derivation.

B Numerical Constants and Reproduction

The calculations use the 2022 CODATA central values Mohr et al. [2025], National Institute of
Standards and Technology. In this appendix only, the conventional Planck constant h fixes the SI
bridge for the ordinary, unreduced electron Compton wavelength:

λC = h

mec
, Fq = c

λC
, ma = λC

3Fq
2

G
, αa = α

me
ma

. (114)

Neither h nor a reduced Planck constant is introduced as a native QMU primitive. The inherited
boundary identity fixes αa from these inputs; it is not adjusted to obtain a Hubble rate.

The astronomical conversion factors adopted for the amplitude checks are

1 Mpc = 3.0856775814913673 × 1022 m, (115)
1 yr = 31 557 600 s (Julian year), (116)

1 M⊙ ≃ 1.98847 × 1030 kg. (117)
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Quantity Central value or derived bridge value

c 299 792 458 m s−1 (exact)
h 6.62607015 × 10−34 J s (exact)
me 9.1093837139 × 10−31 kg
α 7.2973525643 × 10−3

G 6.67430 × 10−11 m3 kg−1 s−2

λC 2.42631023538 × 10−12 m
Fq 1.23558996549 × 1020 s−1

ma 3.26724733571 × 1015 kg
αa 2.03456848453 × 10−48

ρA = ma/λC
3 2.28740476577 × 1050 kg m−3

Hcl 2.51311015759 × 10−18 s−1

Hcl (astronomical bridge) 77.54647673 km s−1 Mpc−1

Table 2: Inputs and derived central values. Displayed digits aid reproduction and do not denote
measurement precision.

The solar-mass factor is an adopted rounded conversion, not an exact fundamental constant. Using
the rounded illustrative rates 70 and 77.55 km s−1 Mpc−1 gives, respectively,

s
(∗)
A = 4.17588136 × 10−44 and 5.67805295 × 10−44 kg m−3 s−1, (118)

s
(∗)
A = 19.4708410 and 26.4750017 M⊙ yr−1 Mpc−3, (119)

(2H∗)−1 = 6.98423015 and 6.30426964 Gyr. (120)

These reproduce the rounded values quoted in the main text. The package includes reproduce_
numerics.py, a standard-library Python script that prints these calculations and the isolated-source
audit. Since αa is derived using G, the canonical closure rate inherits its calibration uncertainty:
with other bridge inputs held fixed, Hcl ∝ G4/5. The roughly 2.2×10−5 relative standard uncertainty
of G dominates these derived constants; the extra printed digits are computational, not independent
empirical precision.

C Normalized Spherical-Void Integral

Starting from

I(r) = 2πR2
∫︂ 1

−1

du

R2 + r2 − 2Rru
, (121)

one obtains
I(r) = 2πR

r
ln

(︃
R + r

R − r

)︃
. (122)

With x = r/R and I(0) = 4π,
I(r)
I(0) = 1

2x
ln

(︃1 + x

1 − x

)︃
. (123)

Because incoherent activation intensities add and H2 ∝ IA, this ratio is the normalized H2 profile,
not the normalized H profile.
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D Compact Statement of Assumptions

For clarity, the principal assumptions newly introduced or selected in this paper are:

1. local expansion is physical Aether volume dilation;
2. the transport no-go applies to a source-free exterior with materially constant packing; sur-

rounding expansion in that branch requires secondary local Aether activation;
3. long-range activation uses the scale-free causal branch, applied componentwise to linearly

normalized closure amplitudes, in the absence of a new macroscopic scale; lossless isotropic
amplitude scaling is normalized to the emitted quadratic intensity;

4. cosmological source populations add primarily through closure intensity when their five-mode
states are incoherent or orthogonal;

5. the Spatial Tensor Representation Principle assigns the five closure coordinates the traceless
rank-two spatial rotation representation, and directional response is assumed to share the axes
of the nonnegative retarded source moment;

6. admissible spatial response tensors are symmetric positive semidefinite, have trace 8π, and
use the nonnegative expansion branch;

7. the Boundary-to-Spatial Trace Principle preserves the exposed 8π measure as normalized
spatial trace;

8. the Activation Extensivity Principle identifies emitted intensity per quantum interval with
˙Mact/(maFq); the resulting mass-rate notation is an effective activation normalization until a

microscopic event-to-Aether-unit mapping is independently derived;
9. the homogeneous causal integral is convergent over the physically realized source and expansion

history;
10. the Minimal Wavefront-Area Transport Principle conserves dimensionless closure intensity

apart from spreading over physical two-dimensional wavefront area, selecting the ν = 2 branch
without an added redshift or lifetime factor;

11. the expanding-Aether calculation assumes homogeneous, isotropic, spatially Euclidean slices
and is kinematic and self-consistent with HA = ȧ/a; it does not import the Einstein field
equations, pressure law, curvature evolution dynamics, or full FLRW system;

12. the finite-shell, spherical-void, and directional-response profiles use the controlled local/static
limit HAr/c ≪ 1; cosmological-scale applications must use the full expanding retarded kernel.

Relaxing any of these assumptions defines a specific alternative model rather than an ambiguity in
the equations above.
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