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CONTENTS 1

Abstract

This paper completes the contact geometry of the primitive, unoccupied Aether fabric by
joining the Singularity ledgers, the temporal metric of one Aether Unit, the six-port external
relation, the four forward-time loxodromic channels, and the Gforce normalization. The corrected
dark-matter/Gforce unity relation is

1 = maλCFq
2

Gforce ,

and the complementary charge relation is

1 = e2

8πaea
2 .

They generate the common force-area invariant

SG = GforceλC
2 = Gma

2 = 16π2kCea
2 = Auea

2,

so gravity, electrostatic force, and magnetic force share the geometric kernel λC
2/r2 while

retaining distinct sector participation. The temporal metric and an independent Gforce-saturation
argument both give the nearest-neighbor spacing dA = λC , from which the shared-port area and
the QMU volume follow as relational corollaries.

The two electrostatic spheres crossed with left and right temporal torque produce the four
forward-time channels L−, L+, R−, and R+. Their coherent rigid overlap is

R4 =
√

CECT ,

which supplies the exact nonlinear completion of the earlier affine score 1 − Φ/4 and recovers its
1:2:1 local interface Hessian. Reciprocal-cycle mismatch and finite loxodromic profile mismatch
are then incorporated into the registered packing functional

Π(α)
jk = Π0 sech2

(
∆q

2

) ∣∣∣∣∣14 ∑
σ,τ

ei(σδE+τδT )e−D(α)
jk,σ,τ

/2

∣∣∣∣∣ .
The functional is bounded, reciprocal, six-port normalized, and coefficient-free once its three
composition axioms are stated. Its profile expansion yields C2 = 3.256033146312710, C4 =
2.965847150120771, and C6 = 5.526339844977451, together with the first explicit phase-carrier
quartic coupling. The corrected nonlinear work is Epack = WAΓ0(1−P), where WA = GforceλC =
mac2. The paper thereby closes the local nonlinear contact and stiffness problem while leaving
the dynamical free/locked bifurcation and the actual trajectory of the unoccupied reciprocal
geometry as explicit open questions.

Keywords: Aether Unit; Gforce; quantum area; four forward-time loxodromes; electrostatic spheres;
temporal torque; registered packing; nonlinear interface stiffness; QMU; APM
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1 Introduction

The Aether Physics Model (APM) assigns physical priority to structured space. The primitive
Aether Unit is a non-material rmfd chronogeometry that organizes the dimensions produced by
the Singularity bifurcation and supplies the local compatibility structure within which visible
matter may later be organized. The Aether Unit does not create matter. Matter appears when a
Ligamen Circulatus is captured and expressed through one permitted channel of the existing Aether
geometry [Thomson III, 2026e,c].

The preceding papers in the Aether-fabric series established two complementary levels. The relational
paper derived a six-port external compatibility geometry from six equal phase components and
separated the five nonconstant phase dimensions into three odd spatial dimensions and two even
temporal dimensions [Thomson III, 2026d]. The dynamical paper transported that local frame and
recovered an exact free phtn branch with propagation rate c, while retaining the shared-interface
rule that reverses the spatial normal and preserves the temporal registration [Thomson, 2026]. The
remaining foundational problem was contact: what physical measure registers two neighboring
Units, what fixes the absolute interface scale, and how does the local quadratic stiffness extend into
a nonlinear packing law?

The present paper answers those questions by joining four previously separated structures. First, the
Singularity ledgers supply Gforce, the Aether maximum mass, electrostatic charge, magnetic charge,
and the quantum area before the completed Aether Unit is constructed. Second, the balanced
temporal metric fixes one complete orientation-transfer length and area. Third, the two electrostatic
spheres and four forward-time loxodromic channels supply the correct coherent registration space.
Fourth, the finite loxodromic profile and reciprocal-cycle chart supply the nonlinear deformation
variables.

The central result is not a hard intersection volume of material tubes. The primitive Aether Unit is
unoccupied and its loxodromes are temporal magnetic-charge channels, not material cylinders. The
relevant contact measure is a chronogeometric state correlation. That distinction resolves the cusp
and twist-blindness found when one circular tube was studied in isolation and replaces it with a
coherent four-state packing functional.

Institutional attribution follows the QADI citation identity [Thomson III, 2025a]. The main text
remains QMU-first. No SI numerical constants are required for the derivation.

1.1 Scope and claim discipline

The manuscript uses four epistemic categories.

The paper claims a closed local nonlinear contact theory under explicit composition axioms. It does
not claim that the actual unoccupied Aether geometry remains at one fixed reciprocal radius, that
the Aether limiting radii are its literal instantaneous dimensions, or that the continuous packing
loss alone supplies a discontinuous propagation transition.

2 Singularity Ledgers and the Common Force-Area Invariant
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Table 1: Epistemic categories used in this paper.

Status Meaning Principal examples

Derived Follows from inherited QMU identi-
ties, the stated geometry, and exact
algebra or numerical quadrature.

Master Gforce-area closure; dA =
λC ; four-state overlap; higher-order
profile coefficients; local stiffness ra-
tio.

Derived under stated
composition axioms

Unique result after explicit minimal
composition rules are imposed.

Exponential profile kernel;
reciprocal-cycle AM–GM fac-
tor; multiplicative combination
of reciprocal and coherent state
registration.

Inherited Established in archived APM/QMU
work and used without complete
rederivation.

Balanced temporal metric; six ports;
four loxodromic channels; ΠA; first
deformation mode; exact frame mis-
match.

Open Requires a further dynamical deriva-
tion or independent observation.

Actual trajectory qA(t); additional
deformation modes; free/locked bi-
furcation; observable higher-order
contact coefficient.

2.1 Corrected mass–Gforce closure

The dark-matter/Gforce unity relation is

1 = maλCFq
2

Gforce (1)

so that
Gforce = maλCFq

2. (2)

The transposed quantity maλC
2Fq has angm dimensions and is not Gforce. Equation (2) fixes the

dimensional ordering needed throughout this paper.

The complementary electrostatic–magnetic-charge closure is

1 = e2

8πaea
2 (3)

or
e2 = 8πaea

2. (4)
Here a denotes the Aether fine-structure parameter. It is not a Euclidean carrier-sphere radius.
The quantity ea

2 is the maximum Aether magnetic square-charge boundary and is distinct from
particle-sector magnetic square-charges.

2.2 One force-area numerator

Define
SG := GforceλC

2. (5)
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Using Equation (2),
SG = maλC

3Fq
2. (6)

The three force constants are projections of this one numerator:

G = SG

ma
2 = GforceλC

2

ma
2 , (7)

kC = SG

16π2ea
2 = GforceλC

2

16π2ea
2 , (8)

and

Au = SG

ea
2 = GforceλC

2

ea
2 . (9)

The last two equations reproduce the established relation Au = 16π2kC [Thomson III, 2025b, 2026b].
Together they give the master closure

Gma
2 = 16π2kCea

2 = Auea
2 = GforceλC

2. (10)

2.3 Universal quantum-area force kernel

Define the dimensionless geometric kernel

KA(r) = λC
2

r2 . (11)

The three primitive force representations become

FG(r) = Gforce KA(r)m1m2
ma

2 , (12)

FE(r) = Gforce KA(r) q2
E

16π2ea
2 , (13)

and
FM (r) = Gforce KA(r)q2

M

ea
2 . (14)

For the elementary electrostatic square-charge, Equation (4) gives

F
(e)
E (r) = GforceλC

2

r2
a

2π
. (15)

For maximum Aether mass or maximum Aether magnetic charge,

F
(a)
G (r) = F

(a)
M (r) = GforceλC

2

r2 . (16)

Gravity and magnetic force are therefore different sector projections of the same maximum Gforce-
area envelope, not identical interactions.
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Singularity bifurcation

1 =maλCF2
q/Gforce

Mass--Gforce closure
1 = e2/(8παAe2

a)
Charge-sector closure

SG = Gforceλ2
C

common force--area invariant

G= SG/m2
a

gravity projection
kC = SG/(16π2e2

a)
electrostatic projection

Au = SG/e2
a

magnetic projection

FX(r) = Gforce (λ2
C/r2)ηX

universal quantum-area force kernel

Singularity-ledger projection into the three force constants

Figure 1: The two Singularity unity ledgers generate one force-area invariant, which projects into G,
kC , and Au. The three force laws retain different sector participation even though their geometric
numerator is common.

3 Exact Neighbor Spacing and Shared-Port Geometry

3.1 Temporal-metric derivation

The inherited balanced temporal metric of one primitive Aether orientation state is [Thomson III,
2026a]

GA = λC
2

8π2 I2. (17)

A complete orientation transfer winds once in both temporal dimensions:

∆ΠσT ,σS = 2π

(
σT

σS

)
, σT , σS ∈ {±1}. (18)

Its metric length is
ℓ2

joint = ∆ΠT GA∆Π
= λC

2,
(19)

so
ℓjoint = λC . (20)
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A one-coordinate winding has length λC/
√

2 and is incomplete because it omits one temporal
dimension of the orientation transfer.

Let one six-port graph update carry one complete temporal orientation state. If the external step is

∆xj,α = dAnj,α, ∥nj,α∥ = 1, (21)

local metric registration gives
∥∆xj,α∥2 = ℓ2

joint, (22)

and therefore
dA = λC . (23)

This conclusion uses the inherited physical identification of one graph update with one complete
joint temporal transfer.

3.2 Independent Gforce-saturation derivation

At the primitive nearest-neighbor separation,

F
(a)
M (dA) = GforceλC

2

d2
A

. (24)

A complete maximum-boundary action has magnitude Gforce. Hence

F
(a)
M (dA) = Gforce =⇒ λC

2

d2
A

= 1. (25)

Positivity gives
dA = λC . (26)

The same result follows from Gma
2/d2

A = Gforce. The temporal metric and Gforce saturation are
independent closure routes:

complete temporal-transfer length = Gforce saturation length = neighbor spacing = λC . (27)

3.3 Exact shared-face map

Let n be the outward normal of Unit j toward Unit k, and let (b, c) complete the local port triad.
Adjacent centers obey

xk = xj + λCn. (28)

Parameterize the shared relational face of Unit j by

Xj(s, t) = xj + λC

2 n + sb + tc. (29)

The unique proper half-turn across the interface sends

nk = −n, bk = −b, ck = c. (30)

Consequently,
Xk(−s, t) = Xj(s, t). (31)
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The odd face coordinate reverses and the even temporal-lift coordinate remains continuous. The
external compatibility face is not the literal internal shape of the Unit; it is the relational presentation
of one complete orientation state to one neighbor.

The spacing immediately gives
Aface = d2

A = λC
2 = AA, (32)

and
Vcell = d3

A = λC
3 = volm. (33)

These are corollaries, not assumptions used to force the spacing. The six faces are six portwise
presentations of one orientation-state area, not six independent internal Aether surfaces.

The octahedral port normals satisfy the tight-frame identity

5∑
α=0

nαnT
α = 2I3, (34)

so the equal-weight displacement covariance is

MS = 1
6

5∑
α=0

∆xα∆xT
α = λC

2

3 I3. (35)

Its trace independently recovers AA = λC
2.

4 Four Forward-Time Loxodromic Channels

4.1 Two electrostatic spheres and two temporal-torque handednesses

The complete primitive forward-time channel set is

{L−, L+, R−, R+}. (36)

The superscript labels the electrostatic sphere and the letter labels temporal torque. The occupied-
particle correspondence is

L− −→ e−, L+ −→ p+, (37)

R− −→ p̄, R+ −→ e+. (38)

Thus the electron and antiproton share the negative electrostatic sphere, while the proton and
positron share the positive electrostatic sphere. The electron and proton are the two left-temporal-
torque channels; the positron and antiproton are the two right-temporal-torque channels. The
left–right distinction is contained within the four loxodromes and is not an additional set of
structures.

The two spheres are complementary electrostatic-sector carriers of the unoccupied Unit, not material
particles. The four loxodromes are distributed magnetic-charge and temporal-torque channels. A
circular mass string is an occupied-state addition and is not inserted into the primitive overlap.
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Four forward-time loxodromic channels
Left temporal torque Right temporal torque

Negative
electrostatic

sphere

Positive
electrostatic

sphere

L−
Electron channel e−

R−

Antiproton channel p̄

L+

Proton channel p+
R+

Positron channel e+

Electrostatic polarity belongs to the sphere; temporal torque belongs to the loxodromic channel.

Figure 2: The four forward-time loxodromic channels. The particle labels identify the occupied
geometries associated with the four latent channels; an unoccupied Aether Unit does not contain
four occupied particles.

4.2 Reciprocal-cycle chart and limiting radii

Define
ℓq = λC

2π
. (39)

The reciprocal area-preserving chart is

R(q) = ℓqeq, r(q) = ℓqe−q. (40)

For all q,
4π2R(q)r(q) = λC

2. (41)

The Aether fine structure fixes the extreme permitted coordinate

qa = ln
(1

a

)
. (42)

At q = +qa,
R(qa) = λC

2πa
=: ra0, r(qa) = λCa

2π
=: ra. (43)

At q = −qa the two radii exchange roles. The quantities ra0 and ra are extreme Aether-allowed
limits. They are not the fixed actual radii of the unoccupied Unit.
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A dynamic unoccupied geometry may be represented by

qA(t) ∈ [−qa, qa]. (44)

The exchange-symmetric point qA = 0 gives R = r = ℓq, but this is a balanced reference rather than
a claim that the Aether remains fixed there.

Reciprocal-cycle chart and Aether limits

−qa 0 +qa

qA(t) ∈ [−qa, qa],  qa = ln(1/a)

R= r= ℓq

R= ra0

r= raR= ra

r= ra0

4π2R(q)r(q) = λ2
C

The endpoint radii are extreme allowed limits, not the fixed geometry of the unoccupied Unit.

R(q) = ℓqeq

r(q) = ℓqe−q

Figure 3: The reciprocal-cycle chart. The product of the conjugate cycles is invariant. The endpoint
radii are limiting capacities, while the actual unoccupied geometry remains a dynamical open
question.

Occupied geometries use their own fine structures. For example,

Re = λC

2παe
, re = λCαe

2π
, (45)

which reproduce the Bohr major radius and classical electron minor radius in the established
construction, while a proton-scale parameter p gives

Rp = λC

2πp
, rp = λCp

2π
. (46)

These occupied radii are not substituted for the primitive unoccupied trajectory in the contact
functional.

5 Exact Four-State Rigid Overlap

5.1 Coherent phase basis

Let
σ ∈ {−1, +1} (47)
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label the negative and positive electrostatic spheres, and let

τ ∈ {−1, +1} (48)

label left and right temporal torque. Let δE and δT be the half-phase mismatches of the electrostatic-
sphere and temporal-torque channels. The normalized relative state is

|Ψ(δE , δT )⟩ = 1
2
∑

σ=±1

∑
τ=±1

ei(σδE+τδT )|σ, τ⟩. (49)

Relative to the perfectly registered state,

R4 = |⟨Ψ(0, 0)|Ψ(δE , δT )⟩|

=
∣∣∣∣∣14 ∑σ,τ

ei(σδE+τδT )
∣∣∣∣∣

= | cos δE cos δT | .

(50)

The factorization follows because all four combinations of electrostatic polarity and temporal torque
participate in the complete forward-time closure.

5.2 Coordinate-free compatibility channels

Across a compatible shared interface, the spatial normal reverses and the even temporal axis remains
continuous. Define

CE = 1 − nj · nk

2 (51)

and
CT = 1 + cj · ck

2 . (52)

Both lie in [0, 1]. With
CE = cos2 δE , CT = cos2 δT , (53)

Equation (50) becomes
R4 =

√
CECT . (54)

The inherited rigid mismatch can be written

Φ = 2 + nj · nk − cj · ck. (55)

The earlier affine score is
Raff = 1 − Φ

4 = CE + CT

2 . (56)

Thus the affine score is the arithmetic mean of the two channel compatibilities, while the exact
four-state overlap is their geometric mean.

Let
∆ET = CE − CT . (57)
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Then

R4 =

√(
1 − Φ

4

)2
− ∆2

ET

4 . (58)

By the arithmetic–geometric mean inequality,

0 ≤ R4 ≤ Raff ≤ 1. (59)

The affine expression is exact on the balanced-mismatch subspace CE = CT and otherwise is an
upper bound.

0.0 0.2 0.4 0.6 0.8 1.0
Electrostatic-sphere compatibility CE

0.0

0.2

0.4

0.6

0.8
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Nonlinear correction: (CE +CT)/2 − √CECT

CE =CT
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s

Figure 4: Difference between the affine arithmetic mean and the exact four-state geometric mean.
The two expressions agree on the balanced-mismatch diagonal and through quadratic order around
perfect registration.

5.3 Local expansion and interface Hessian

Write
CE = 1 − x, CT = 1 − y. (60)

Then
R4 = 1 − x + y

2 − (x − y)2

8 + O(6), (61)

where the final order counts the underlying small rotation variables. Since Φ = 2(x + y),

R4 = 1 − Φ
4 + O(|ω|4). (62)
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The inherited exact small-rotation mismatch is

Φ = 1
2
(
ω2

n + 2ω2
b + ω2

c

)
+ O(|ω|4). (63)

Therefore
1 − R4 = 1

8
(
ω2

n + 2ω2
b + ω2

c

)
+ O(|ω|4). (64)

The coherent four-state geometry therefore recovers the 1:2:1 local anisotropy without treating the
affine coefficient as an independent constitutive input.

6 Higher-Order Registered Packing Functional

6.1 Finite loxodromic profile and invariant measure

The inherited first finite-loxodrome deformation is [Thomson III, 2026d]

ϕτ,η(θ) = τ [2θ + η sin 2θ] , |η| < 1, (65)

with arc density

gη(θ) =
√

1 + 4 sin2 θ [1 + η cos 2θ]2. (66)

The normalized undeformed measure is

dµ0(θ) = g0(θ) dθ

2E(−4) ,

∫ π

0
dµ0 = 1. (67)

For Unit j, port α, and state (σ, τ), define the logarithmic profile

uj,σ,τ (θ) = ln
gηj,σ,τ (θ)

g0(θ) . (68)

After transporting Unit k through the exact interface map, the squared profile distance is

D(α)
jk,σ,τ =

∫ π

0

[
uj,σ,τ (θ) − u

k,T (α)
jk

(σ,τ)(θ)
]2

dµ0. (69)

It is nonnegative, reciprocal, and invariant under a common multiplicative stretch of the two
compared profiles.

6.2 Minimal composition axioms

Three composition rules are stated explicitly.

(i) The two reciprocal temporal cycles register independently.
(ii) Additive squared logarithmic profile distance composes multiplicatively.
(iii) The four forward-time channels combine coherently before the packing magnitude is taken.
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Let K(D) be the profile-registration factor. The conditions

K(0) = 1, K(D1 + D2) = K(D1)K(D2), (70)

continuity, and the inherited local normalization

1 − K(D) = D
2 + O(D2) (71)

uniquely give

K(D) = exp
(

−D
2

)
. (72)

This is the Gaussian positive-definite kernel on the Hilbert profile space [Schoenberg, 1938]; the
coefficient 1/2 is fixed by the inherited quadratic profile work.

For two positive scalar cycle radii, define the scale-free geometric-to-arithmetic registration

H(xj , xk) =
2√

xjxk

xj + xk
. (73)

For the reciprocal pair in Equation (40),

HR = Hr = sech
(∆q

2

)
, ∆q = qj − qk. (74)

Independent registration of both cycles gives

Pq(∆q) = sech2
(∆q

2

)
. (75)

6.3 Complete port functional

The coherent profile-weighted state amplitude is

A(α)
jk = 1

4
∑

σ=±1

∑
τ=±1

ei(σδE+τδT )e−D(α)
jk,σ,τ

/2. (76)

The normalized packing factor is

P(α)
jk = Pq(∆q)

∣∣∣A(α)
jk

∣∣∣ . (77)

With the inherited primitive packing invariant

ΠA = 6π3

16 , Π0 = ΠA

6 = π3

16 , Γ0 = 1
6 , (78)

the registered port measures are

Π(α)
jk = Π0P(α)

jk , Γ(α)
jk = Γ0P(α)

jk . (79)
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Higher-order registered packing functional

Reciprocal cycles
Pq = sech2 (Δq/2)

Four-state phases
ei(σδE + τδT)

Loxodromic profiles
e−Dστ/2

A(α)
jk = 1

4 ∑σ, τ
ei(σδE + τδT)e−Dστ/2

P(α)
jk = Pq |A(α)

jk |

Π(α)
jk = Π0P(α)

jk Epack =WAΓ0(1 − P)

0 ≤ P≤ 1, reciprocity, rigid limit, and six-port normalization

Figure 5: Architecture of the higher-order registered packing functional. Reciprocal-cycle registration
multiplies the magnitude of the coherent four-state profile amplitude.

The functional obeys
0 ≤ Π(α)

jk ≤ Π0, (80)

Π(α)
jk = Π(ᾱ)

kj , (81)
and reaches Π0 at exact phase, profile, and reciprocal-cycle registration. In the undeformed six-port
fabric,

5∑
α=0

Π(α)
jj = 6Π0 = ΠA. (82)

If ∆q = 0 and all profile distances vanish, Equation (77) reduces exactly to

Π(α)
jk

Π0
= | cos δE cos δT | =

√
CECT . (83)

6.4 Symmetric logarithmic reduction

When all four transported profile distances equal a common Dε, the functional factorizes:

P = sech2
(∆q

2

)
| cos δE cos δT | exp

(
−Dε

2

)
. (84)
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On the positive compatibility branch, define

Λ := − ln P. (85)

Then

Λ = − ln cos δE − ln cos δT + 2 ln cosh
(∆q

2

)
+ Dε

2 . (86)

The sectors are additive in logarithmic packing space even though their raw deficit contains mixed
terms.

7 Higher-Order Coefficients and Carrier Coupling

7.1 Exact first-mode profile series

The additive Ledger strain of the first mode is

ε(η) = ln
[∫ π

0 gη(θ) dθ

2E(−4)

]
. (87)

For a symmetric mismatch (+∆ε/2, −∆ε/2), exact quadrature and series reversion give

Dε = C2(∆ε)2 + C4(∆ε)4 + C6(∆ε)6 + O((∆ε)8), (88)

with
C2 = 3.256033146312710, (89)

C4 = 2.965847150120771, (90)

and
C6 = 5.526339844977451. (91)

The quadratic coefficient reproduces the inherited Cε; the fourth- and sixth-order coefficients are
new.

Write
Λ = Λ2 + Λ4 + Λ6 + O(8). (92)

The homogeneous terms are

Λ2 = δ2
E + δ2

T

2 + (∆q)2

4 + C2
2 (∆ε)2, (93)

Λ4 = δ4
E + δ4

T

12 − (∆q)4

96 + C4
2 (∆ε)4, (94)

and

Λ6 = δ6
E + δ6

T

45 + (∆q)6

1440 + C6
2 (∆ε)6. (95)
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The raw packing deficit through sixth order is compactly

1 − P = Λ2 +
(

Λ4 − 1
2Λ2

2

)
+
(

Λ6 − Λ2Λ4 + 1
6Λ3

2

)
+ O(8).

(96)

This expression contains every mixed term through sixth order while preserving the additive sector
interpretation of Λ.

7.2 Four-character profile decomposition

The four transported profile-strain differences admit the character expansion inherited from the
relational paper [Thomson III, 2026d]:

∆εσ,τ = M + σE + στB + τH. (97)

Define
S2 = M2 + E2 + B2 + H2. (98)

The fourth-order character invariant is

Q4 = M4 + E4 + B4 + H4

+ 6
(
M2E2 + M2B2 + M2H2 + E2B2 + E2H2 + B2H2

)
+ 24MEBH.

(99)

Before multiplying by the reciprocal-cycle factor, the packing factor through fourth order is

P4χ = 1 − 1
2
(
δ2

E + δ2
T + C2S2

)
+ δ4

E + 6δ2
Eδ2

T + δ4
T

24

+ C2
4 S2(δ2

E + δ2
T )

+ C2δEδT (BM + EH)

+
(

C2
2

8 − C4
2

)
Q4 + O(6).

(100)

The first explicit phase–carrier coupling is therefore

C2δEδT (BM + EH). (101)

It vanishes when all four channels carry the same scalar profile mismatch, but it survives when the
mass, electrostatic, magnetic, and handedness characters deform differently. Reciprocal mismatch
adds

(∆q)4

24 + (∆q)2

8
(
δ2

E + δ2
T + C2S2

)
(102)

through fourth order.
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Table 2: Principal higher-order coefficients of the registered packing functional.

Structure Coefficient Meaning

(∆ε)2 in Dε C2 =
3.256033146312710

Inherited first-mode profile stiffness coeffi-
cient.

(∆ε)4 in Dε C4 =
2.965847150120771

First nonlinear correction to the profile dis-
tance.

(∆ε)6 in Dε C6 =
5.526339844977451

Sixth-order profile correction.

Phase–carrier coupling C2 Multiplies δEδT (BM + EH).
Profile quartic character in-
variant

C2
2/8 − C4/2 Multiplies Q4.

Reciprocal cross term 1/8 Multiplies (∆q)2(δ2
E + δ2

T + C2S2).

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Symmetric logarithmic profile mismatch

0.75

0.80

0.85

0.90

0.95

1.00

Pa
ck

in
g 

fa
ct

or

First loxodromic deformation mode
Exact profile factor
Sixth-order series

(a) Exact first-mode profile registration and its sixth-
order series.

0 1 2 3 4 5 6
Reciprocal-cycle mismatch Delta q

0.0

0.2

0.4

0.6

0.8

1.0

Pa
ck

in
g 

fa
ct

or

Reciprocal-cycle registration

(b) Reciprocal-cycle registration sech2(∆q/2).

Figure 6: The two non-rigid factors of the symmetric packing functional. The first loxodromic
profile mode remains above one-half registration over its complete allowed domain, while reciprocal
mismatch can pass through one half at a finite exact value.

8 Nonlinear Gforce Work and Absolute Interface Stiffness

8.1 Aether boundary work scale

The work associated with one complete Gforce action through one quantum length is

WA := GforceλC . (103)

Using Equation (2) and c = λCFq,

WA = maλC
2Fq

2 = mac2. (104)

This is an Aether boundary work scale. It is not a localized particle-like enrg packet.
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The Aether boundary curl is

curla = ea
2

maλC
. (105)

Equations (9) and (105) give
Aucurla = c2, (106)

and therefore maAucurla = WA.

8.2 Correct reference-participation work

Since
Γ(α)

jk = Γ0P(α)
jk , (107)

the missing participation relative to the undeformed port is

∆Γ(α)
jk = Γ0

(
1 − P(α)

jk

)
. (108)

The exact primitive packing work is therefore

E(α)
pack,jk = WAΓ0

(
1 − P(α)

jk

)
. (109)

This supersedes higher-order expressions that multiply the deficit by the already reduced current
participation Γjk. The two normalizations agree through quadratic order, but Equation (109)
measures the full missing area relative to the reference port.

In the rigid small-rotation limit, Equations (64) and (109) give

E(2)
pack = WAΓ0

8
(
ω2

n + 2ω2
b + ω2

c

)
. (110)

Writing this as
1
2
(
κnω2

n + κbω
2
b + κcω

2
c

)
(111)

gives

κn = κc = WAΓ0
4 , κb = WAΓ0

2 . (112)

With Γ0 = 1/6,

κn,0 = κc,0 = WA

24 , κb,0 = WA

12 . (113)

The absolute scale comes from Gforce and the quantum length; the 1:2:1 anisotropy comes from the
interface geometry.

For the first profile mode,
1 − Pε = C2

2 (∆ε)2 + O((∆ε)4), (114)

so

E(2)
ε = 1

2κε(∆ε)2, κε = WAΓ0C2 = WACε

6 . (115)
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9 Defect Behavior, Propagation Consequences, and Predictions

9.1 Exact loss of coherent registration

The symmetric functional in Equation (84) is positive for finite reciprocal mismatch and finite profile
distance. Exact loss of registration occurs when one phase channel reaches orthogonality,

cos δE = 0 or cos δT = 0, (116)

or, in the character-resolved case, when the weighted coherent sum vanishes:∑
σ,τ

Kσ,τ ei(σδE+τδT ) = 0. (117)

The smooth packing functional therefore does not by itself produce a discontinuous free/locked
transition. Such a transition requires a bifurcation criterion in the dynamical propagation operator.

9.2 Reciprocal-cycle diagnostics

The one-half reciprocal registration point is exact:

Pq = 1
2 =⇒ |∆q| = 2 arcosh

√
2 = 1.762747174039086. (118)

For opposite Aether limits q = ±qa, the mismatch is ∆q = 2qa, so

Pq,min = sech2(qa) = 4a2

(1 + a2)2 . (119)

This is a limit-to-limit diagnostic, not a claim that adjacent Units normally occupy opposite
extremes.

9.3 First-mode profile bound

Over the complete allowed domain |η| < 1, the Ledger strain reaches

ε(−1) = 0.251114964713484, ε(+1) = −0.195081894043927. (120)

The maximum first-mode profile distance is

Dmax
ε = 0.734484471687250, (121)

and therefore

Pmin
ε = exp

(
−Dmax

ε

2

)
= 0.692641842040325. (122)

The inherited first loxodromic deformation mode alone cannot reduce profile registration to one
half. Large compatibility loss must involve phase mismatch, reciprocal-cycle mismatch, additional
deformation modes, or their coupling.
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9.4 Free phtn propagation

The dynamical paper derives the aligned free propagation rate

vfree = dA

tq
. (123)

With the independently closed spacing dA = λC and tq = Fq
−1,

vfree = λCFq = c. (124)

The contact derivation therefore removes the remaining metric conditionality from the exact free
branch. Other assumptions of the aligned, unloaded operator remain those stated in the dynamical
paper [Thomson, 2026].

9.5 Model consequences available for testing

The completed local contact theory gives five independent consequences.

1. The maximum force-area closure obeys Equation (10); any independently extracted Aether
boundary constants must satisfy the same common numerator.

2. The infinitesimal frame stiffness has the fixed ratio

κn : κb : κc = 1 : 2 : 1.

3. The exact nonlinear rigid overlap is the geometric mean
√

CECT , not the arithmetic mean, except
on the balanced-mismatch subspace.

4. The first phase–carrier quartic coupling is proportional to δEδT (BM + EH), including its sign
under sphere and torque reversal.

5. The first inherited profile mode cannot by itself lower registration below 0.692641842040325.

A measurement program must first identify an observable that resolves electrostatic-sphere mismatch,
temporal-torque mismatch, or carrier-character deformation separately. The present paper supplies
the functional relations to be tested but does not assert that such a metrology has already been
realized.

10 Discussion

10.1 What the contact geometry closes

The contact construction joins the pre-Aether ledgers to the completed local fabric without reversing
their ontology. The Singularity bifurcation supplies real non-material dimensions and limiting
relations. Gforce acting through the quantum area relative to magnetic charge constructs the
rmfd Aether Unit. The completed Unit then presents that same quantum area relationally at each
compatibility port. The equality

pre-Aether quantum area = intrinsic temporal area = shared-port area = λC
2 (125)
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is therefore a closure of roles, not an assertion that the internal Unit is a Euclidean cube.

The six-port cell is external and relational. Each face is a complete portwise presentation of the
same orientation-state area. Equal undeformed participation gives one-sixth of the complete packing
invariant per port, but this does not divide the existence of the Unit into six pieces. It divides
relational participation among six simultaneous neighbor directions.

10.2 Why hard material-tube intersection is not the primitive measure

A sharp solid circular tube has a valid geometric intersection law, but the overlap develops a |δ|
cusp under infinitesimal transverse displacement and is invariant under pure rotation of its circular
cross-section. That calculation describes a material set intersection. It omits the second electrostatic
sphere, the two left and two right temporal-torque channels, and the coherent phase relation. It
therefore cannot serve as the primitive registration measure of an unoccupied Aether Unit.

The four-state correlation resolves both problems. It is differentiable at exact registration, detects
the two compatibility channels, and reproduces the inherited frame Hessian. The hard-tube result
remains useful as a diagnostic: it prevents the unoccupied temporal geometry from being silently
replaced by a material cylinder.

10.3 Role of the composition axioms

The complete functional is not presented as topology alone. The profile exponential follows uniquely
from continuity, multiplicative composition of additive squared-log distance, and the inherited
local normalization. The reciprocal factor follows from independent AM–GM registration of the
conjugate cycles. Multiplication of that factor by the coherent amplitude states that reciprocal-cycle
registration and four-state registration are independent primitive contributions.

These assumptions are minimal and coefficient-free, but they remain physical composition axioms.
A future derivation from a deeper dynamical equation could confirm them or replace them. The
paper therefore separates exact consequences of the axioms from the axioms themselves.

10.4 Remaining dynamical problem

The smooth packing functional produces continuous compatibility loss. It does not select a free/locked
transition threshold. The principal remaining problem is to derive the operator bifurcation by
which a continuously changing local contact measure changes the rank, branch, or admissible state
of the propagation operator. The actual reciprocal trajectory qA(t) and higher finite-loxodrome
deformation modes belong to the same next stage.

11 Conclusion

The contact geometry of the primitive Aether fabric now closes at three levels.

First, the Singularity ledgers generate the common force-area invariant

Gma
2 = 16π2kCea

2 = Auea
2 = GforceλC

2. (126)
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This gives one quantum-area kernel for gravity, electrostatic force, and magnetic force while retaining
their distinct sector participations.

Second, the balanced temporal metric and Gforce saturation independently give

dA = λC . (127)

The shared-port area, QMU volume, and exact face map follow as relational corollaries.

Third, the two electrostatic spheres and four forward-time loxodromic channels give the exact rigid
overlap

R4 =
√

CECT . (128)

Reciprocal-cycle and finite-profile mismatch extend this to the higher-order registered packing
functional

Π(α)
jk = Π0 sech2

(∆q

2

) ∣∣∣∣∣14 ∑σ,τ

ei(σδE+τδT )e−D(α)
jk,σ,τ

/2
∣∣∣∣∣ . (129)

The resulting work
Epack = WAΓ0(1 − P) (130)

recovers the absolute 1:2:1 frame stiffness and the profile stiffness while supplying all mixed terms
through sixth order.

The local nonlinear contact problem is therefore sufficiently complete for a foundational paper. The
free/locked bifurcation, the actual trajectory of the unoccupied reciprocal geometry, and additional
deformation modes remain explicit next problems rather than hidden parameters in the present
functional.

A Compact Derivation of the Four-State Nonlinear Completion

The coherent sum is

1
4
∑
σ,τ

ei(σδE+τδT ) = 1
4
(
eiδE + e−iδE

) (
eiδT + e−iδT

)
= cos δE cos δT .

(131)

With CE = cos2 δE and CT = cos2 δT ,

R4 =
√

CECT . (132)

Let
A = CE + CT

2 = 1 − Φ
4 , ∆ = CE − CT . (133)

Then
CE = A + ∆

2 , CT = A − ∆
2 , (134)

so

R4 =

√
A2 − ∆2

4 =

√(
1 − Φ

4

)2
− ∆2

4 . (135)
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B Sixth-Order Symmetric Expansion

The component expansions used in Section 7 are

− ln cos x = x2

2 + x4

12 + x6

45 + O(x8), (136)

2 ln cosh
(

x

2

)
= x2

4 − x4

96 + x6

1440 + O(x8), (137)

and Equation (88). Since P = e−Λ,

1 − P = Λ − Λ2

2 + Λ3

6 + O(8), (138)

which yields Equation (96) after collecting homogeneous orders.

C Principal Symbol Ledger

Table 3: Principal symbols used in the manuscript.

Symbol Meaning

Gforce Pre-Aether force dimension in the dark-matter/Gforce Singularity sector.
ma Maximum Aether mass boundary.
ea

2 Maximum Aether magnetic square-charge boundary.
a Aether fine-structure parameter; not a Euclidean carrier radius.
SG Common force-area invariant GforceλC

2.
WA Aether boundary work scale GforceλC .
dA Nearest-neighbor Aether center spacing.
AA One physically expressed Aether orientation-state area, λC

2.
ΠA Complete six-component relational packing invariant, 6π3/16.
Π0 Primitive undeformed port share, ΠA/6 = π3/16.
Γ0 Primitive normalized port participation, 1/6.
CE Electrostatic-sphere compatibility.
CT Temporal-torque compatibility.
R4 Exact coherent four-state rigid overlap

√
CECT .

q Reciprocal-cycle deformation coordinate.
qa Aether limiting coordinate ln(1/a).
D(α)

jk,σ,τ Transported squared-logarithmic loxodromic profile distance.
P(α)

jk Complete normalized registered packing factor.
M, E, B, H Four character-resolved profile-strain differences.

D Validation and Reproducibility

The manuscript was developed through four audited derivation packages. The temporal-metric and
face-map package passed 13 grouped checks. The Gforce closure package passed 31 checks. The
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corrected four-state overlap package passed 14 checks. The higher-order packing package passed 14
checks. The source archive accompanying this manuscript contains the validation reports, claims
ledgers, derivation memoranda, figure-generation script, and a SHA-256 manifest.

The higher-order numerical calculations use high-order Gauss–Legendre quadrature for the finite
loxodromic arc measure, exact symbolic series for the profile geometry, series reversion from η to
the additive Ledger strain ε, and direct comparison of the sixth-order profile factor with the exact
quadrature result. Over symmetric profile mismatches through 0.08, the archived maximum absolute
series error is below 10−8.
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