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1 INTRODUCTION AND SCOPE 1

Abstract

This paper constructs the primitive Aether unit from two orthogonal temporal dimensions
and two complementary electrostatic-charge-sector carriers, and then derives the matter-coupled
dynamics that explain why the geometry is physically operative. The temporal phases are
embedded in four dimensions, their complete period lattice is determined, and the balanced
induced metric is normalized to the QMU one-state area identity A4 = \o2. Four Zs x 7o
orientation states are available, each with area capacity Ac? and angular measure 472; their
formal potential area is 4\o? and their unsigned state-space closure is 1672, while only one state is
occupied and physically expressed at an exposed moment. The carrier spheres, finite pole-to-pole
magnetic loxodromic traces, exact elliptic arc length, curvature, torsion, Bishop-frame tube
metric, and exact quadratic cardioid registration of the four-dimensional projection are derived
explicitly.

For a mass-loaded Aether unit, the Ligamen Circulatus is proposed to scan one occupied
loxodromic channel during one quantum moment ¢, = 1/F;, = Ac/c. Because the internal
scan phase is not separately exposed in four dimensions, the observed particle is the complete
scan rather than a point localization on the path. Conservation of the scan area gives angm =
me)\CQFq = h and mflx = h/eemax >, thereby connecting the electron, Planck’s constant, magnetic
charge, and the QMU magnetic-flux unit. The exact SI bridge is ®¢/ccf = mflx/2; the possible
half-spin meaning of the one-half factor is retained as a structural interpretation rather than
assumed as an independent derivation.

The physical purpose of the construction is supplied by Ledger One, A, curl = temp, with
temp = ¢? the maximum allowable QMU temperature and curl = 1/(mchg/;) the matter-
coupled deformation variable. The undeformed channel is selected by uniform unoccupied
winding, doe o/df = 2¢, rather than by an arc-length extremum. Within an explicitly defined
symmetry-preserving Fourier class, the first nonzero even harmonic supplies the minimal one-
parameter monotonic elastic family. The local Ligamen length is defined operationally by
lr, = dAscan/dsa; a no-redistribution synchronization law then preserves the scan area while
producing reciprocal changes of A, and curl. The resulting dimensionless linear geometric
susceptibility is S, = (d1n D/dn)y = —0.255378263 . ... The deformed line element supplies the
local mechanism for the holonomy developed in the companion QADI papers: curl specifies
the local loading, whereas holonomy records the accumulated closed-path memory. The visible
branch closes at 27 in one exposed quantum moment; a provisional hidden return supplies the
complementary unsigned phase without an additional positive elapsed duration. A ligamen-
mediated inheritance map is introduced as the leading continuity hypothesis across that return.
MATLAB and Python implementations, symbolic checks, deformation validation, numerical
closure tables, and the Stage 11D animation accompany the manuscript.

Keywords: Aether unit; chronogeometry; QMU; APM; Ledger One; curl; arc-length deformation;
deformation susceptibility; uniform winding; quantum moment; mflx; holonomy; half-spin; 4
closure; 1672 state space; Ligamen Circulatus

1 Introduction and Scope

Creation belongs to the Singularity bifurcation. The Aether unit does not create the dimensions
produced by that bifurcation; it organizes them into the primitive geometry studied here. The two
dynamically generated carrier spheres represent the negative and positive electrostatic-charge sectors
of one Aether unit. They are complementary sectors, not independent particles, and the Aether
unit itself is a non-material organizing container for a possible Ligamen Circulatus occupation.

The construction uses two orthogonal temporal dimensions. The phase Ily represents forward and
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backward temporal cycling, while Ilg represents left and right temporal torque. Their normalized
combinations are

Hp —1Ilg Urp +1Ig
=5 = (1)
The induced QMU area generated from these phases belongs to one complete double-loxodrome
orientation state; it is not the Euclidean area of a plotted sphere. Four orientation states therefore
represent fourfold potential chronogeometric capacity, not four simultaneously realized material
surfaces. Likewise, the dimensionless measure 1672 counts the complete orientation state space and
is not a second expression for physical area.

o o,

The central question is not only whether this geometry can be drawn, but why it has physical
consequence. The answer proposed by the APM is Ledger One,

A, curl = temp = 2. (2)

The Aether-unit quantity A, = rmfd describes the organizing state that constructs the present
physical configuration. Curl describes how matter loads and deforms that state. Because temp is
the maximum allowable QMU temperature just as ¢ is the maximum allowable speed, the product
in Equation (2) is an invariant upper closure rather than a variable environmental temperature.
The Aether unit and curl therefore form a reciprocal constitutive pair: matter cannot change its
Aether neighborhood without a corresponding change of the organizing rmfd state.

For an occupied magnetic channel, the universal mass-to-magnetic-charge ratio supplies

1

l=———
ot mchg ¢’

(3)
where £, is the effective Ligamen Circulatus length presented to the loxodromic scan. The physical
area of the completed particle state remains A2, but the Aether arc length and Ligamen length are
not required to be rigid separately. Their synchronized deformation preserves the area and hence
preserves the completed particle invariants angm and mflx. The undeformed reference is selected
by uniform azimuthal progression with polar angle, not by minimization of an unspecified length
or energy. This paper selects the first nonzero symmetry-compatible harmonic as the minimal
deformation ansatz, derives its local and global arc-stretch factors, defines the Ligamen length as the
scan-area density with respect to Aether arc length, and obtains the linear geometric susceptibility
that converts a small mode amplitude into the fractional Ledger-One response.

The same matter-coupled continuation also clarifies the quantum-mechanical probability cloud. The
Ligamen Circulatus is proposed to scan one occupied loxodrome within one quantum moment. The
four-dimensional projection does not expose an independently resolvable internal phase point, so
the particle state is the complete scan within the loxodromic limits. The resulting identities

h
angm = me)\CQFq =h, mflx = ——| (4)
€emax
connect the completed electron scan to Planck’s constant and distributed magnetic charge. They
also give an independent QMU route to the quantum moment and an exact bridge from mflx/2 to
the paired-charge SI magnetic-flux quantum.

Arc deformation is local geometry; holonomy is the closed-path memory of that geometry. By
preserving the total lifted winding while changing the line element, the selected deformation remains
in the same topological particle sector but changes the continuous transport accumulated around
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the complete chronogeometric path. Ledger One identifies curl as the natural local loading variable.
The companion holonomy papers provide the accumulated observables; the present paper supplies
the underlying deformed path on which those observables are transported.

The scope therefore has two carefully separated layers. First, the primitive unoccupied carrier, phase
manifold, metric, finite-winding loxodrome, tube, and 47 closure are derived exactly from the stated
maps and QMU normalization. Second, a matter-coupled constitutive continuation develops the
quantum-moment scan, an area-preserving Aether—Ligamen synchronization law, the Ledger-One
closure, and its holonomy bridge. The minimal deformation mode and the local no-redistribution
response are stated constitutive selections, while their geometric and ledger consequences are derived.
The detailed interaction law that determines the deformation-mode amplitudes under magnetic,
gravity-related, or electrostatic loading is identified as the next force-law problem.

The loaded-particle continuation is connected to a sequence of technical QADI works: the four-
loxodrome magnetic-sector decomposition [Thomson IIT, 2025¢]; time-integrated Ligamen Circulatus
exposure and observable particle geometry [Thomson ITI, 2026a]; spherical-cardioid and cardioid—
toroidal constructions [Thomson ITI, 2025e,a]; and particle mass, fine-structure, holonomy, and
g-factor programs [Thomson III, 2025d,b, 2026b]. The present paper unites those directions at the
primitive Aether-unit level without importing their later particle-specific results as premises.

The possible survival of an occupied Ligamen Circulatus through the hidden return is retained
as a continuity hypothesis. It distinguishes recurrence of the organizing Aether geometry at the
Singularity from destruction of the material mass string. The hierarchy of exact identities, derived
geometry, constitutive continuation, and open dynamics is maintained throughout. The QADI
institutional reference is given by Thomson III [2025].

2 QMU Foundations

The derivation is QMU-first. The canonical Aether closure is

A, curl = temp |, (5)

and the propagation identity is
c= Ak (6)

The QMU temperature unit is
temp = ¢ = \¢*F,°. (7)

Temp is the maximum allowable QMU temperature, just as ¢ is the maximum allowable speed. A
realized physical temperature is represented by

Tphys = ﬂtempa 0<9<1, (8)

so Ledger One does not assert that every physical body is at the maximum thermodynamic
temperature. Local deformation redistributes the factors in Ledger One but does not change the
maximum unit itself. Throughout this paper, curl denotes the scalar QMU unit of matter—Aether
registration; it is not the vector-calculus operator V x.

The corresponding QMU time relation is

1 Ac
me Fq c ( )
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The independently established physical-area target and angular state-space target are
Aa= X%, Qa =167 (10)

The first has QMU dimensions of area and denotes the area expressed by one selected double-
loxodrome state. It is also the area presented by an occupied Aether configuration and its Ligamen
Circulatus particle. The second is a dimensionless coordinate measure over all four available
orientation states.

For the matter-coupled continuation, £;, denotes the effective Ligamen length conjugate to the local
Aether arc element. Section 14.2 defines it precisely as the local scan-area density dAgscan/dsa; it is
neither the Aether centerline element nor an independently assumed total contour length. Since
mchg is the absolute mass-to-magnetic-charge ratio, the magnetic-charge-to-mass registration is
1/mchg and curl is

1
|l= ———. 11
cut mchg /7, (11)
Substitution into Ledger One gives
A, = temp mchg ¢y,. (12)

Thus A, and the Ligamen length vary together, while curl varies reciprocally. This relation is
species-independent at the constitutive level because the particle mass is already contained in the
universal mchg registration.

For a completed scan area Agcan = )\02, the particle invariants are
angm = mAgcan Fy, mflx = mchg Agcan Fy- (13)

For the electron these reduce to

h

eemax

angm = me/\oqu = h, milx = (14)
These QMU identities are not derived from the Euclidean plotting radius. The sections below
first construct the primitive chronogeometry and then show how the matter-coupled scan and
deformation realize the identities while keeping physical area, angular state-space measure, and
embedding geometry distinct.

3 Dynamic Electrostatic-Charge-Sector Carriers

Let the normalized carrier radius be unity. To retain the scaling behavior of the Euclidean embedding,
write the radius as a > 0, with the canonical construction obtained by setting

a=1. (15)

The parameter a is therefore the unit radius of the carrier-sphere geometry and may be retained
symbolically as a uniform Euclidean scale factor. It is not identified with the QMU area A4 = A\o?
or with an independently measured spatial length. No QMU identity, ledger closure, or dimensionless
state-space result in this paper depends on the numerical choice of a; changing a only rescales
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Euclidean embedding lengths and their associated inverse curvature and torsion scales. Let o €
{+1, —1} denote the charge-sector sign. Define

asin 6 cos ¢
Xs(0,¢) = | asinfsing |, 0<f0<m 0<¢<2m. (16)
oa(l — cosf)
Writing X, = (z,y, z) gives
22 +y* = a®sin? 6, (17)
z—o0a = —oacosb. (18)

Squaring Equation (18) and adding it to Equation (17) yields
22+ 2+ (2 —0a)? = d* (19)
Thus each carrier is a sphere of radius a centered at
O, = (0,0,0a). (20)

The two carriers are tangent at the common Singularity

S =(0,0,0), (21)
and their antipodes are
A, =(0,0,20a). (22)
Their Euclidean areas are
Aemb,a = 4770427 Aemb,total = 87a’. (23)

These are embedding areas only. No choice of a in Equation (23) is used to define the physical Aether-
unit area. Changing a produces a homothetic Euclidean rendering of the normalized construction.
It does not alter A4, Q4, or any QMU closure.

A normalized construction coordinate s € [0, 1] gives
0(s) = ms, p(s) = asin(ms), 25(8) = ga[l — cos(ms)]. (24)

At s = 0 the surface begins at S; at s = 1/2 it reaches maximum radius a; and at s = 1 it closes at
A,. The parameter s is a construction parameter for visualizing one completed event. It is not
physical elapsed time.

4 Temporal Phase Manifold and Period Lattice

Define the four-dimensional phase embedding

cos®_
sin®_
cosdy
sin @

Y(HT7 HS) = El]
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(a) Charge-sector carriers and finite loxodromic traces (b) One directed time-axis projection
0.8 -

0.6

0.4 A

0.2 A

= realized & = +1 traversal

001 @ Singularity / antipode projection

y/a

—0.2 1

—0.4 4

—0.6

—0.8 1

-1.0 -08 -06 -04 -0.2 0.0 0.2
X/a

Figure 1: Python-generated carrier and magnetic-loxodrome geometry. (a) Two tangent electrostatic-
charge-sector carriers with the finite magnetic loxodromic traces. (b) Time-axis projection of one
realized directed trace from the Singularity to the sector antipode. Only one traversal arrow is
shown in 1(b), because a Ligamen Circulatus occupies one loxodromic channel at a time. The
opposite handedness produces the same projected point set with reversed traversal as an alternative
state, not as a simultaneous counterflow. The canonical normalized carrier radius is a = 1.

where £, > 0 is the primitive phase radius. Because both ®_ and ® are angular coordinates, a
displacement (Allp, Allg) is a period precisely when

Ally — Allg _9 Allp + Allg

5 ™™m, 5 = 27n, m,n € Z. (26)

Solving gives the complete period lattice
Ars ={2r(m+n,n—m) :m,n € Z} (27)
= ((2m, —2m), (27, 2m)), . (28)

The temporal phase manifold is therefore
T%s = R?/Ars. (29)

The coordinate area of a fundamental lattice cell is
2r 2| o o

]2 ] s »

For explicit integration, one may choose the rectangular representative cell
D = [0,4m) x [0, 27), (31)

with the boundary identifications generated by (47,0) € Apg and (27,27) € Apg. The coordinate
translation
Y(Ilp + 27, 1g) = =Y (I, Is) (32)
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acts as an antipodal symmetry within this representative cell. The full identified cell D is the single
integration domain for one complete double-loxodrome orientation state.

5 Induced Metric and Physical-Area Closure

Differentiating Equation (25) gives

[—sin®_
Ly | cosP_
OrY = 2 |—sin®, |’ (33)
| cos®
[+ sin ®_
Ly |—cosP_
OY =5 | _sina, (34)
| cos Dy
The induced metric G;; = 0;Y - 9;Y has expanded coefficients
2 2
Grr = Zq (sin2 d_ + cos? ®_ + sin® . + cos? <I>+> = Eq, (35)
2 72
Ggs = Zq (sin2 d_ +cos? ®_ +sin® &, + cos? <I>+) = Eq, (36)
52
Grs = Zq [— sin? ®_ — cos? ®_ + sin? &, + cos? <I>+} =0. (37)
Hence P / 2
10
G 5 [0 1], det G s Vdet G 5 (38)

The two temporal dimensions are orthogonal and isotropic for every point of T2TS in this balanced
embedding.

Before normalization, the physical area of the full temporal phase torus is

A(T%g) = /D Vdet G dlly dllg (39)
= ﬁ(87r2) = 47202 (40)
2 q

Requiring this derived metric area to realize the independent QMU target A4 = A2 fixes the phase
radius:

A
it =0 = = (41)

Substitution into Equation (38) gives the balanced metric

)\ 2
Grs =0, Grr = Ggg = 8% (42)
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The complete one-state physical-area closure is therefore

Aq = A(Thg) = Aa = A’ (43)

Equation (43) assigns the QMU area to the full identified temporal torus representing one complete
double-loxodrome orientation state. No coordinate subdivision is assigned an independent physical
area. The closure depends on the induced temporal metric and the period lattice, not on the
Euclidean sphere area in Equation (23).

6 Four Temporal Orientation Sectors and the 167> Measure

Let the two binary temporal orientations be
(O-Ta US) € {(+7 +)7 (+7 _)7 (_7 +)7 (_a _)} ~ Lo X La. (44)

These signs label orientations; they are not unbounded coordinate quadrants in (IIp,IIg). For each
sign pair, define the angular phase sector

Poros = (S X Shy Coros dONdD), o705 = 0105, (45)

Thus every sector has topology
Poros = Sy X S5 =Ti,, (46)

where 1 is local magnetic-channel circulation and ¢ is azimuthal sweep. Its unsigned coordinate
measure is

2T 27
Q, = / d [ dp = 4n®. (47)
0 0

Summing the four unsigned sectors gives

Q4 = 49, = 4(47?) = 1672, (48)

The oriented sum instead vanishes:

oriented
QA = Z €or,05 Q

or,08

=47? — 4n? —47? + 47 = 0. (49)

The unsigned sum measures state-space capacity; the signed cancellation expresses zero net primitive
handedness. The four sectors are four orientation states of one primitive geometry. They must
not be drawn or interpreted as four separate physical toroidal bodies. The full temporal torus in
Section 5 realizes the one-state QMU area Ac?; the orientation sectors in this section generate the
dimensionless angular count.

7 Finite Winding and Loxodromic Character

Let £ € {+1, —1} denote left/right temporal torque and loxodromic handedness. For normalized
construction coordinate s € [0, 1], define the lifted azimuthal phase

¢e(s) = dpo +2mENys, Ny € Z. (50)
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The integer phase-winding index is

1 Ldoe
Nw = ﬂ 0 Eds, (51)
with endpoint phase closure
be(1) — ¢e(0) = 2mEN,,. (52)

Because the spatial centerline is an open pole-to-pole path and azimuth is undefined at the poles,
N,, is not asserted to be a homotopy invariant of the open spatial curve. It is the integer closure
index of the lifted phase. The zero solution has no azimuthal winding. The minimal nonzero choice
is

\Nw =1, Ag¢e= 27r§.\ (53)

A classical non-meridional spherical loxodrome satisfies

?1ox(0) = ¢o + kIntan g, k # 0. (54)

As 8 — 0, the logarithm tends to —oo; as § — m, it tends to +00. The classical pole-to-pole
loxodrome therefore has divergent winding. It cannot represent a finite magnetic loxodromic channel
from the Singularity to an antipode. The present path is a regularized finite-winding tubular trace
with loxodromic character.

For Ny, =1 and ¢y = 0, the visible centerline is

sin(ms) cos(2mEs)
Coe(s) = a |sin(ms)sin(2ms) | . (55)
o[l — cos(7s)]

Using 0 = 7s gives

sin 6 cos(2£0)
Core(0) =a |sinfsin(260) |, 0<6 <. (56)
(1 — cos@)
For fixed o, the £ = +1 and £ = —1 centerlines coincide exactly at § = 0,7/2, 7 and are otherwise

distinct. All four visible centerlines share the Singularity. These prescribed intersections matter
when global tube injectivity is discussed in Section 9.

8 Expanded Differential Geometry of the Outer Loxodromic Chan-
nel

Since &2 = 1, direct differentiation of Equation (56) gives the fully expanded first derivative
cos B cos(2£0) — 2¢ sin 0 sin(2£0)
Coe(0) = a |cosOsin(260) + 2¢ sinf cos(2£0) | (57)

osin 6

the second derivative
—5sin 0 cos(2£0) — 4€ cos 6 sin(2£6)
Coe(0) = a | —5sinfsin(2£0) + 4€ cos 0 cos(2£0) | , (58)
ocosf
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and the third derivative

—13 cos 0 cos(2£0) + 14£ sin 6 sin(2£6)
Coe(0) = a | =13 cos Osin(2£0) — 14& sin § cos(2£0) | . (59)

—osinf
Their speed invariant is
||c2,’§(t9)||2 = a%(1 +4sin?9), ||c;£(9)|| = aV1+ 4sin? 4. (60)
Consequently, the exact pole-to-pole length is

Lg:a/ V1 + 4sin? 6 db
0

w/2

= 2a V1+4sin?0df = 2aE(—4), (61)
0

where E(m) is the complete elliptic integral of the second kind in the parameter convention

/2

E(m) = ; V1 —msin?u du. (62)

Numerically,

(L, = 5.270367163191260 a. | (63)

The cross-product invariant expands to

lche x chell? = a* (48sin* 0 + 60sin? 0 + 17) (64)
Therefore
48sin* 0 + 60sin? 0 + 17
() = VA0 GO0 (65)
a(1 + 4sin?9)3/2
The scalar triple product is
det(c’,c”,c"") = 120¢ a® sin 6(3 + 2sin? f), (66)
which gives
120¢ sin 0(3 + 2sin? 0)
0) = . 67
7oe(6) a(48sint 6 + 60sin? 0 + 17) (67)
The torsion changes sign under either ¢ — —o or £ — —£.
To fix the signed normal-curvature convention, first define the outward sphere normal
Coe — Oy
Nout,oc = L- (68)
a
Then choose the sector-oriented normal
—o sin 0 cos(2£0)
N, = —0Ngy o = | —osinfsin(260) | . (69)

cos 0
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Both sector normals point in the +z direction at the Singularity. The signed normal curvature is

¢ ‘n,
i = 22 =2 (70)
el a

. 2 _ 2 2 . . .
Using £~ = k5, + K gives the geodesic-curvature magnitude

4] cos|(1+ 2sin?0)
~ a(1+4sin?0)3/2

g (6)] (71)

Its sign is fixed by the selected surface orientation and traversal direction.

For the local tube bound, it is useful to verify the curvature maximum. Let v = sin? €@ € [0, 1]. Then

48u? + 60u + 17 d(ar)? 48(2u + 1)(2u + 3)

2

_ - : 2
(ar) 1+ 40 du @t 0 (72)

Thus the maximum occurs at the poles:

Rmax =

I
\]

Differential invariants of the uniform-winding reference channel

—— speed/a —— a |normal curvature|
41 —— acurvature —— a |geodesic curvature|
—— a |torsion|

0.0 0.2 0.4 0.6 0.8 1.0
o/

Figure 2: Python-generated differential invariants for the minimal finite-winding centerline. Curva-
ture is largest at the poles, the signed normal-curvature magnitude is constant, geodesic curvature
vanishes at the equator, and torsion reverses sign with either charge-sector or torque reversal.
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9 Finite-Radius Magnetic-Channel Tube and Parallel Transport

Let u denote arc length along one centerline, and let T = dc/du be the unit tangent. A Bishop, or
parallel-transport, frame {T, Ny, N2} obeys [Bishop, 1975]

T
(fTu = k1Ny + k2No, (74)
dN1
— 1T 75
du R1l, ( )
dNs
— — k5T 76
du koL, ( )
with k2 = k? + k2. The finite-radius tube is
‘Xtube(ua ¢) = C(u) + TL[COSle (u) + SianQ(u)]a 0< ¢ < 2m. (77)
Define
q(u, ) = K1(u) cosp + Kka(u) sinp. (78)
The parameter derivatives are
8uXtube = [1 - TLQ(“? Q;b)]T’ (79)
OypXiube = [~ sin ) Ny + cosyh N]. (80)
Therefore the tube metric coeflicients are
Etube = [1 - TLQ(uvw)Fa (81)
Ftube = 0, (82)
G’tube = 7’%, (83)

and the Euclidean area element is

dAube = |1 — rrg(u, ¥)| du di. (84)
For a locally regular tube with 1 — r;q > 0, integration around the circular cross-section gives

Atube = 2mrp Ly = dnrpaE(—4). (85)
This is a Euclidean tube area, not A4 = A\o>.

Since |q(u, )| < k(u), a necessary local regularity bound is

1 a
0 <rp <min—— = — =~ 0.242535625 a. 86
L<min s = U (86)
This bound prevents local focal degeneracy of an individual tube. Global injectivity is stricter and
requires

0 < r, < reach(c), (87)

where the reach is limited both by curvature and by nonlocal self-approach [Federer, 1959]. Moreover,
the complete four-centerline union has prescribed shared points: all four traces meet at the Singularity,
and each same-sector pair also meets at the equator and antipode. Therefore no positive radius can
make the entire union a single globally injective tube. The separate tubes in the visualization are
local neighborhoods joined at intentional junctions. The current choice r;, = 0.045a is a visualization
parameter only.
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10 Visible Forward Event, Hidden Return, and Signed Temporal
Closure

The visible forward phase is a completed four-dimensional event occurring in one quantum moment.
Its construction coordinate may be displayed sequentially, but the displayed sequence is not physical
elapsed time. To distinguish the chronovibrational phase path from the centerline azimuth ¢, let y
denote the unsigned phase parameter. The visible branch satisfies

AxE>s = o7 (88)

At this boundary, the completed outer geometry leaves the visible projection. The hidden return is
represented separately and does not unwind the visible outer traces.

Let C be an admissible configuration space and let
It : [0,27] = C, Iy : [2m,47] — C. (89)
For each charge sector, the endpoint conditions are
It (0) =8, [¢(2m) = Ao, (90)
Ip(27) = A, Iy(4m) =S. (91)
An admissible return class retaining only the presently necessary conditions is

B, = {T, : T}, € C°([27,4x],C) and is piecewise C?,

I'p(27) = A,, Ty(4m) =S} (92)

No current result selects a unique member of B,. In particular, no backward radial law, force law,
speed law, or uniquely determined material trajectory is asserted. The semi-transparent inward
spiral used in the animation is one representative placeholder.

The unsigned phase magnitudes satisfy

A2 = o, Axibs = o7, AP, = 4. (93)

cycle

The two branches have opposite orientation in the forward/backward temporal dimension. Their
signed temporal-phase accounting therefore gives

ATIZE = (H1) AN + (1) AXE™ = 27 — 27 = 0. (94)

Equation (94) is an orientation and closure identity. It is not a speed law for I'y, and does not assign
the hidden branch a second positive interval in observable forward time.

The complete path is the concatenation
I'= Ff * Fb. (95)

A 47 phase return is compatible with the double-cycle behavior of half-spin phase, including the
sign reversal after 27 observed in neutron interferometry [Werner et al., 1975]. This comparison
motivates the closure structure; it does not establish a unique backward-time path or derive particle
spin from the present primitive geometry.
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10.1 Ligamen-Mediated State Inheritance

The primitive derivation above concerns an unoccupied Aether unit. When the magnetic channel
is occupied by a Ligamen Circulatus, an additional continuity problem appears. A return of the
non-material Aether geometry to the Singularity cannot imply destruction of the material state
at the end of every chronovibration. The recurrent Singularity boundary of an Aether unit must
also be distinguished from the primordial Singularity bifurcation: the former is a geometric return,
whereas creation belongs only to the latter.

Let GZ*P denote the exposed Aether geometry during cycle n, and let £5P denote the state of an
occupied Ligamen Circulatus. The proposed matter-coupled continuation separates geometric return
from material-state erasure:

Gi? = Go, L o L35 A 0. (96)

Here Gy denotes the recurrent Singularity boundary of the Aether geometry. The operator Py, is a
presently unspecified inheritance map by which the Ligamen Circulatus may ride the geometric
collapse back to the Singularity and seed the next exposed state.

For an identity-defining invariant set Z, cycle-to-cycle material continuity requires

I(ci) = Z(67). (97)

Candidate inherited quantities include material mass content, distributed magnetic charge, the
universal mass-to-magnetic-charge registration mchg, chirality or winding identity, and established
compatibility relations. The exposed position, orientation, interaction state, and local phase may
nevertheless change from one forward state to the next.

In this hypothesis, the Ligamen Circulatus is the persistent material substrate, while the Aether
unit is the non-material organizing rmfd chronogeometry. A free dark-matter mass string may
vibrate without fixed registration in the dark-matter medium; magnetic charge provides the coupling
through which capture by an Aether unit entrains that string to the Aether chronovibration. The
universal mass-to-magnetic-charge ratio is therefore a candidate constitutive registration between
material mass and the organizing Aether geometry.

The hidden return need not carry the exposed four-dimensional matter state backward through its
observable history. Instead, the underlying mass string may remain material but unexposed while it
is transported through the return, preserving the information required for the next forward exposure.
In this sense, the Aether supplies recurrence and the Ligamen Circulatus supplies continuity.

This ligamen-mediated state-inheritance hypothesis is not used to derive the unoccupied carrier,
metric, area, or state-space results of the present paper. It is stated as the leading matter-coupled
interpretation of how geometric recurrence can coexist with material continuity.

11 Discrete Exposed Quantum Moments

Let n € Z index completed exposed configurations. Write

An = [Xo, €0, 0,6 € {+1,-1}. (98)
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Stage 11D Chronogeometry: Visible Outer 2n Magnetic Phase and Hidden Inward 2m Return

1. Singularity / phase 0 2. Visible outer generation 3. Approach to 2m closure

40

4. Forward projection empty 5. Hidden return begins 6. Hidden return approaches S

Figure 3: Stage 11D geometry regenerated from the same explicit equations. The visible outer
magnetic loxodromic traces complete the exposed 27 phase, followed by the separately rendered
hidden 27 return. The combined rendering represents an unsigned 47 phase closure, not two
successive positive intervals of observable time. At the 27 boundary the forward geometry leaves
the visible projection; the inward path remains a placeholder and does not unwind the outer traces.
In a mass-loaded continuation, an occupied Ligamen Circulatus may survive this hidden return
through the state-inheritance mechanism of Section 10.1.
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The animation coordinate s belongs only to the construction map:
t—t,

s€f01,  An=6G(s=Ln), s#— (99)
q
Physical moment indexing records successive exposed forward states:

by =nty,  tppl —tn = tg. (100)

Using Equation (6), the predicted quantum moment is

1 Ao
ty=— = —. 101
q Fq c ( )

The visible 27 event defines one exposed quantum moment. The complementary hidden return
completes the unsigned 47 phase closure but has opposite temporal orientation. It is therefore not
assigned a second positive elapsed interval:

igned
Axg;)gle = 47T7 An;iyecle = 0. (102)

No separate positive elapsed duration is defined for the complete phase closure. Observable physical
matter is represented by contiguous exposed forward states separated by t,, with no additional
visible interval inserted for the hidden return.

A matter-coupled test would require an observable demonstrated to sample successive exposed
primitive updates. The predicted condition is

Atmatter = Ntg, N € Z. (103)

The SI bridge and comparison with zeptosecond-scale experiments are confined to Appendix B.

12 Symmetry Operations

The carrier embedding has charge-sector reflection

C:(x,y,2,0,8) — (z,y,—2,—0,8), c?=1, (104)
and torque reversal
H:(r,y,2,0,8) — (x,—y, z,0,=&), HP=1. (105)
On the temporal phase torus, define the independent reflections
Ry« (I, Ig) = (—1l7, ILg), (106)
Rs: (IIp,Ilg) — (117, —I1g). (107)
They preserve Arg, obey
R2=R%4=1, RrRs=RsRr, (108)
and act on the normalized phases as
Rp: (P_,Py) = (—Py,—D_), (109)
Rs: (P, ®4) — (P4, D). (110)
Thus
(Rr,Rs) ~ Ly x Lo, (111)

which supplies the sign algebra of the four orientation sectors in Section 6.
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13 Time-Axis Projection Preview

Only a concise projection is needed here. Let
P.(z,y,2) = (z,y). (112)

Applying P, to Equation (55) gives

z(s) = asin(ws) cos(2mEs), (113)
y(s) = asin(ws) sin(27Es). (114)

In polar form,
r(s) = asin(ws), ¢(s) = 2m€s. (115)

Eliminating s gives

r(¢) = asin (;2) : (116)

with ¢ € [0, 2] for € = +1 and ¢ € [—2m,0] for £ = —1. The two torque signs traverse the same
projected point set in opposite directions.

13.1 Exact Cardioid Registration and the Particle-Geometry Continuation

Because 2 = 1, Equation (116) has the exact quadratic form

2
r2(¢) = a*sin® (;b) = % (1 —cos¢). (117)
Define the quadratic radial map ,
2
pcard((b) = Ta((z}) (118)
Then
Peard (@) = a (1 — cos @) . ‘ (119)

Under the phase translation ¢ — ¢ + 7, this becomes the standard cardioid convention a(1 4 cos ¢).
Thus the cardioid family used in the technical particle-geometry papers is registered exactly to
a defined quadratic radial map of the primitive finite-winding trace rather than entering as an
unrelated geometric ansatz. The quantity pcarq has dimensions of length. Its identification with a
particular time-integrated mass-exposure functional belongs to the companion particle construction
and is not assumed in deriving Equation (119).

The geometric ontology must remain separated at this bridge. The carrier spheres X, map the
complementary electrostatic-charge geometry. The finite-winding loxodromic tube about ¢, ¢ maps
the distributed magnetic-charge geometry. A mass-loaded occupation of that channel by the Ligamen
Circulatus maps the mass geometry of a subatomic particle. Accordingly, the centerline derived here
is the empty geometric seat of the later mass-bearing Ligamen Circulatus; the primitive unoccupied
tube itself is not assigned particle mass.

The technical continuation is already documented. Thomson IIT [2025¢] develops the four-loxodrome
magnetic-sector decomposition; Thomson III [2025e] constructs the spherical-cardioid lift; and
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Thomson IIT [2025a] develops the cardioid—toroidal radius and species-deformation ledger. The
time-integrated Ligamen Circulatus exposure and observable particle geometry are developed by
Thomson IIT [2026a]; particle-mass geometry by Thomson III [2025d]; species fine-structure defor-
mation by Thomson III [2025b]; and electron holonomy and g-factor closure by Thomson III [2026b],
Thomson IIT [2025]. The present section establishes the exact primitive-to-cardioid registration but
does not import the later mass-loaded conclusions as premises of the unoccupied-unit derivation.

(a) Projected coordinate r = asin(¢/2) (b) Exact cardioid map p =a(l — cos ¢)
0.8
06 | 10 -
0.4
0.5
0.2
o
© °
2 0.0 § 0071
>
—0.2 1
—0.5
_0.4 4
—0.6 —1.0 1
—0.8 -
-1.0 -0.8 -0.6 -04 -02 0.0 02 -2.0 -15 -1.0 -0.5 0.0
X/a Xcard/@

Figure 4: Python-generated time-axis and cardioid registration. (a) The primitive projected
coordinate and its exact quadratic radial map. (b) One realized directed cardioid traversal from the
Singularity to the sector antipode. A Ligamen Circulatus occupies only one loxodromic channel and
one direction at a time. Opposite handedness produces the same projected point set with reversed
traversal as an alternative state, not as a simultaneous counterflow. The canonical normalized radius
isa=1.

14 Matter-Coupled Quantum Scan, Ledger-One Deformation, and
Holonomy

14.1 Quantum-Moment Loxodrome Scanning and the Exposed Particle State

In the matter-coupled continuation, one directed magnetic loxodromic channel is occupied by a
Ligamen Circulatus at a time. The proposed particle state is not a point localization of the LC at
one separately exposed internal phase. Rather, the LC completes the occupied loxodromic scan
during one quantum moment, and the four-dimensional projection presents that complete scan as
one physical state.

Let x € [0, 27| denote the internal scan phase and define the occupied trajectory by

Loe(X) = coe (;) . (120)
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Its endpoints are

L,¢(0) =S, L,e(2m) = A, (121)
The opposite value of £ is an alternative traversal state, not a simultaneously occupied counter-
propagating LC.

The scan is completed at the quantum rate Fj, during ¢, = 1/F,. The identity ¢ = AcF} supplies
the quantum-length propagation scale, but the Euclidean centerline length need not remain equal
to A¢ under deformation. What remains invariant is the completed scan area.

Because the internal phase x is not independently resolved by the four-dimensional exposure, the
observable spatial distribution is the pushforward of the complete scan. A normalized scan density
may be written

prsnl3) = [ (0 6P x — PaLoe()] dx, / () dy = 1. (122)

where P4 denotes the exposed projection and w(x) is the scan weighting. The APM interpretation
of the quantum-mechanical probability cloud is that the LC has a definite internal progression,
while the exposed particle state contains the full loxodromic support because no sub-t, phase point
is separately accessible. Empirical correspondence with the Born distribution would require

Pscan(X) = W’(X)‘z (123)
Equation (123) is a correspondence target. The weighting law w(x) must still be derived from the
rmfd, curl, and mass-to-magnetic-charge dynamics.

Let Agcan denote the complete area swept by the mass string during one exposed quantum moment.

The particle-area closure is
21

The completed electron angular momentum is therefore

angm = meAscanty = me)\CQFq = h. (125)

In this interpretation, Planck’s constant is the full quantum-moment angm of the electron scan
rather than the value of one unresolved point on the path. The QMU magnetic flux is the completed
angular momentum per distributed magnetic charge:

angm  MeAgcant h
=° Scar; ! = mchg AscanFy =

mflx =

(126)

2
€emax €emax €emax

Thus mflx is the complete LC scan per magnetic-charge registration. The same closure gives a QMU
expression for the quantum moment:

t, = MeAgscan _ meA;can _ me/\C'2 _ i (127)
angm Cemax>milx h F,
The half-valued expression
mflx angm
= 128
2 2eemax2 ( )

bridges exactly to ®g/ccf Thomson [2025] in Appendix B. Within the APM, its relation to the
half-spin organization is a meaningful structural registration: a half-spin particle requires the
complete 47 chronogeometric closure while presenting one exposed directed scan at a time. The
present algebra establishes the one-half flux bridge; a derivation that uniquely assigns the factor to
spin, rather than to the paired-charge SI realization, remains a separate holonomy problem.
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14.2 Local Arc Stretch and Synchronized Ligamen Deformation

Ledger One supplies the constitutive reason for the geometry:

A, curl = temp = 2. (129)

The maximum temp is not changed by local loading. Instead, the Aether-unit rmfd state and curl
vary reciprocally while preserving the universal closure.

The carrier spheres retain their canonical normalized radius a = 1. Deformation is introduced by
redistributing azimuthal winding along the loxodromic channel. Write the admissible perturbation
as

e, r(0) = £[20 + f(0)], (130)

where f is smooth, vanishes at § = 0,7/2, 7w, and is antisymmetric about the equator, f(m — ) =
—f(0). These conditions preserve the Singularity, equatorial junction, antipode, total lifted winding,
and the north—south balance of the winding redistribution. They do not uniquely select one
deformation among all smooth maps. Restricting to the corresponding even-harmonic Fourier class,

f(0) = nnsin(2nd), (131)

n=1

the first nonzero harmonic gives the minimal one-parameter ansatz

(60(0) = €20 +nsin20),  |n| < 1.] (132)

Thus Equation (132) is selected by minimum harmonic order within the stated admissible class; it
is not uniquely derived from Ledger One alone. The reference value nn = 0 is selected by uniform
winding of the unoccupied channel,

doeo
=% (133)

which distributes azimuthal progression uniformly with polar progression. It is the symmetry-selected
unloaded reference and is not asserted to minimize arc length or an unspecified energy functional.
Its derivative is

dge

do

which does not change sign for || < 1. This interval is the monotonic elastic regime: the channel
retains one traversal direction and one winding class. At || = 1 the winding rate first reaches zero
at isolated points; beyond that boundary local reversal occurs and the deformation is no longer an
ordinary elastic redistribution of the reference channel. The lifted phase closure remains

=2 (14 ncos20), (134)

Ge(m) — dey(0) = 27E. (135)
The deformation therefore remains within the same winding and handedness sector.

For the canonical unit-radius carrier, define the normalized deformed centerline

sin 6 cos ¢¢ ,(0)
Coen(0) = |sinfsin e, (0) | . (136)
o(1—cos@)
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Its local arc density is

_ 860,5, . 2
9y(0) = ‘5’977 Z\/1+4S1n20(1+n00520) . (137)
The normalized pole-to-pole arc length is
Latn) = [ 9,(0) db. (138)
At n=0, R
L4 (0) =2FE(—4) = 5.270367163191260. . . (139)
and the small-deformation expansion is
EA(n) = 5.270367163 — 1.345937213 17 4 0.202622735 7% + O(1). (140)

Positive n shifts winding toward the poles and shortens the arc; negative n shifts winding toward
the equatorial region and lengthens it.

The local arc-stretch factor relative to the undeformed channel is

dy (0) = 9n(0). (141)

Let ds a0 be the physical Aether arc element in the undeformed state. Then
dsan = dy(0)dsayp. (142)

To make the area conservation geometrically explicit, define the local Ligamen length operationally
as the scan-area density with respect to the Aether arc measure:

(143)

It is the effective local mass-string extent conjugate to the Aether line element. It is not ds g4, itself,
not the Euclidean centerline arc length, and not an independently specified total LC contour length.
By construction the local area element and complete swept area are

dAscan = gL ((9, 77) dSA,na Ascan (77) = - eL (97 77) dSA,n- (144)
f,n

The global invariant Asean = Ac? does not by itself force a unique pointwise response. The general

area-preserving form may be written

EL(G, 0) + U(97 77)
dy(0)

where u permits nonlocal redistribution of effective Ligamen length while preserving the total scan
area. The minimal local no-redistribution closure is obtained by selecting u = 0:

EL(Hu 77) = ) /F U(G, 77) dSA,O = 07 (145)
£,0

£L(97 77) =

(146)
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This constitutive selection preserves each local area element,
gL(Q,n) dSAm IKL(H,O) dSA70, (147)

and therefore realizes

Ascan(n) = )\6’2 (148)

throughout the permitted deformation family. It is the simplest local expression of the proposed
synchronization: a tiny local increase of Aether arc length is accompanied by the reciprocal local
decrease of the effective mass-string length, and conversely. More general responses with u # 0
remain possible until the force-specific internal dynamics are derived.

For cycle-level quantities, define

La(n
D) = AW 1) = LagD(). (149)
L 4(0)
Its series is
D(n) =1 — 0.255378263 7 + 0.038445658 n* + O(n*). (150)
The dimensionless linear geometric deformation susceptibility is
dlnD 1 dLa
S, = = —=
dn lp—o  La(0) dn | _,
B 4 /7r sin2 6 cos 26
2B(—4) Jo 1+ 4sin26
=|—0.255378263343606 . . . | (151)

For a small change dn about the unloaded reference,

6Ly  dcurl  0lp 0Ay 2
Ly cuwrl 7, A, = S0+ O0"). 152

The parameter 7 is a dimensionless geometric response coordinate, not a force, field, or interaction
strength. The force-law continuation must derive 1 from the applied loading; Equation (152) then
converts that amplitude into the corresponding first-order Aether—matter response.

The cycle-averaged effective Ligamen length is

i Ascan zLO
lr(n) = = . 153
"= Latn) ~ DOy 1o
Using
1
1(n) = — , 154
curl(n) mche 7 (1) (154)
Ledger One gives the complete cycle-level closure
La(n) = LaoD(n),
(155)
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(a) Deformed channels (b) Local arc stretch (c) Cycle response and susceptibility
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Figure 5: Python-generated deformation geometry and linear response. (a) The unit-radius o = +1,
¢ = 41 channel for n = —0.6,0,+0.6; all three curves retain the Singularity, equatorial junction,
antipode, handedness, and total winding while redistributing arc length. (b) The local stretch
factor d,)(0), showing reciprocal equatorial and polar redistribution. (c) The exact cycle response
D(n) throughout the monotonic elastic regime, together with its tangent at n = 0 whose slope is
S, = —0.255378263.. . ..

It follows identically that
Ay (n)eurl(n) = Aygeurly = temp = 2. (156)

The logarithmic form is

dL, dcurl iy dA,
_— = = - = — . 157
La curl lr Ay (157)

Thus curl measures the fractional loxodromic arc deformation, while the Ligamen length and the
Aether-unit rmfd state respond reciprocally.

Because the completed area remains Ao, the internal deformation does not change

angm = mAc2F,, mflx = mchg A2 F,. (158)

The particle identity is therefore carried by the completed area, angm, mflx, winding, and handedness,
while the arc length, Ligamen length, curvature, and local progression law remain elastically
deformable.

The admissible Fourier class in Equation (131) permits higher modes and their superpositions.
Determining which amplitudes 7, and which redistribution field u(6,n) are generated by magnetic,
gravity-related, electrostatic, or engineered loading is the next force-law problem. Ledger One fixes
the reciprocal cycle-level closure after the geometry and local response are specified; the interaction
dynamics must determine the deformation spectrum and internal redistribution.

14.3 Arc Deformation as the Local Mechanism of Holonomy

Arc length is not itself holonomy. It supplies the deformed line element on which the temporal and
magnetic transport connection acts. Let

Iy =TenxTpy (159)
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be the complete closed chronogeometric path. The corresponding transport operator is

H(n) = Pexp (%F wTs(n)> ; (160)

where wrg is the relevant temporal-magnetic connection and P denotes path ordering. For an
effectively Abelian accumulated phase, write

©n(n) :fr Q4 (s,m) dsy. (161)

The selected deformation changes ds, while preserving the endpoints, total lifted winding, and
handedness. It therefore changes the continuous transport within one topological particle sector
rather than changing the sector itself.

The first variation separates the connection response from the path response:
50 — ]{ (69 dso + Qo ds) . (162)
o

Ledger-One deformation supplies the exact path term

sds _bewl _ oy _ oA
ds curl ¢, A,

(163)
Thus curl is the local matter-loading variable and holonomy is the accumulated memory of transport
through the resulting deformed Aether geometry.

The exact constitutive dependence of €2; on curl must be derived from the relevant QMU transport
law. The lowest-order candidate is

0y dcurl
- . 164
Q curl (164)
Under this conditional registration and a spatially uniform deformation,
©r(n) 2 3
=D +0 . 165
o) = D) + 00 (165)

Equation (165) is a testable constitutive candidate, not an identity assumed by the primitive
geometry. The exact result of this paper is the deformed line element and its Ledger-One relation
to curl; the connection law determines how strongly a particular holonomy observable responds.

This establishes the bridge to the companion holonomy program [Thomson III, 2026b]. Those
papers calculate accumulated particle consequences. The present construction identifies the local
mechanism: matter changes curl, curl changes the Aether arc and rmfd state, and closed transport
retains the integrated result. In engineering terms, Ledger One is the constitutive law and holonomy
is the state memory generated by operating that law around a complete cycle.

15 Structural Registration with A, = rmfd

The primitive state-space count is compared with the independent QMU identity

(166)
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and the factorization

A, = 167%kc. (167)

Equation (48) derives the unsigned angular state-space count 1672, Equation (167) is an indepen-
dently established QMU unit identity. Their common factor is therefore a structural registration,
not a derivation of one identity from the other. It identifies the complete four-sector orientation
capacity as the natural geometry associated with the Aether-unit rmfd quantity.

Ledger One makes that registration dynamical:

rmfd curl = A, curl = temp. (168)

The Aether unit is the organizing state of the present configuration, while curl records how matter
changes that state through the universal mchg and the Ligamen length. The deformation factor
D(n) gives an explicit geometric realization:

m =D(n)~", C:i(lg) = D(n). (169)

The invariant product remains the maximum temp. This is the physical purpose of the 1672
construction: the state space is not merely a static taxonomy, but the orientation capacity of a
deformable rmfd unit whose response is constrained by matter-dependent curl.

The same relation provides the bridge from mathematical physics to engineering. A controlled process
that changes the local curl loading must produce a reciprocal rmfd response. The present paper
derives the admissible arc deformation and constitutive closure; determining the load-to-mode map
{magnetic, gravitational, electrostatic, engineered input} — {n,} is the next quantitative design
problem.
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16 Invariant and Epistemic Hierarchy

Status

Quantities and statements

Independent QMU identities

Universal matter registration
Defined primitive structure

Selected one-state normalization
Derived primitive results
Potential and realized area
Phase and state-space closures

Normalized Euclidean geometry

Matter-coupled scan interpretation

Completed particle invariants

Reference state and elastic domain

Selected minimal deformation ansatz

Ligamen-length definition

Selected local synchronization closure

Derived consequences of those selections

Linear geometric susceptibility

Holonomy bridge

Matter continuity hypothesis
Falsifiable predictions and bridges
Open dynamics

c=AcF,, temp =%, Ay = A2, A, curl = temp, A, = rmfd,
Au = 167‘(2]{10

mchg is absolute and curl = 1/(mchg ¢;,)

&, = (IIr ¥ IIs)/2, phase embedding Y, carrier maps X,,
centerlines ¢, ¢

4, = Ao /(2m), fixed by requiring one complete temporal phase
torus to have area A»

Ars, Grs = 0, Grr = Gss = A\”/(872%), Aa = A\c?, Ly =
2aFE(—4), K, T, kn, |Kg|, and the Bishop-frame tube metric
Four states give Apotential = 4/\(;2; one occupied state gives
Arealized = AC2

N,, = 1, exposed unsigned 27, complete unsigned 4w, zero
signed temporal closure, 0, = 472, and Q4 = 1672

a = 1 is the canonical unit-radius construction; symbolic a > 0
records uniform Euclidean rescaling and does not define the
QMU area

One LC scans one directed loxodrome during t,; the four-
dimensional state presents the full scan support; the Born
weighting remains to be derived

Agean = A2, angm = me/\c2Fq = h, mflx = h/eemax>, and
ty = meAa?/h

n = 0 is selected by uniform unoccupied winding doe¢ o/df = 2¢;
In| < 1 is the monotonic elastic regime

Gen = £(20 + 1sin 20) is the first nonzero mode in the stated
even-harmonic Fourier class; it is not unique outside that class
Ly, = dAgscan/ds a is the local scan-area density conjugate to the
Aether arc element, not the Aether line element or a separately
assumed contour length

The global invariant is Agecan = Ac?; the pointwise no-
redistribution choice u = 0 gives ¢1,(6,n) = £1,(6,0)/d,(0)
Exact gy, L(n), local stretch d,, D(n), curl/curly = D, and
Ay/Ayy=D71

S, = (dInD/dn)y = —0.255378263343606 ... and the first-
order Ledger-One response in Equation (152)

The deformed line element enters H = P exp § wrg; the first
variation is exact, while Q; oc curl and the resulting D? re-
sponse remain constitutive candidates

LEXP &> L'ifﬁ({ # 0 with preserved identity invariants

ty =1/F, = Ac/c, Atmatter = Ntg, and @¢/ccf = mflx/2
Load-to-mode map interaction — 7,,; derivation of w(y); exact
Q¢ (curl) law; hidden-return and inheritance dynamics; multi-
unit force laws; and engineered field response

The primitive rows are independent of the matter-coupled continuation. The scan, deformation, and
holonomy rows state the additional assumptions and results needed to make the Aether geometry
physically operative. The companion four-loxodrome, spherical-cardioid, Ligamen Circulatus,
particle-mass, fine-structure, and holonomy programs are documented in [Thomson III, 2025¢,e,a,
2026a, 2025d,b, 2026b)].
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17 Reproducibility

The project contains independent MATLAB and Python computational routes. The MATLAB route
contains the Stage 7B, Stage 9, and Stage 11D programs, run wrappers, exported closure tables,
state tables, storyboard, phase audit, and MP4 animation. Stage 11D uses transported tube frames
and renders the hidden return only after the visible 27 geometry has left the projection. Stage 9 is
retained as a particle-mass geometry branch connected to the companion technical literature, but it
is not used to support the primitive conclusions of this paper.

The Python route reconstructs the carrier surfaces and outer magnetic loxodromic traces from the
explicit equations, uses a parallel-transport frame for the tubes, permits interactive camera control,
and can export an MP4. The symbolic validation program checks the phase metric, the first three
curve derivatives, speed, cross-product invariant, scalar triple product, curvature, torsion, signed
normal curvature, geodesic-curvature decomposition, curvature maximum, exact elliptic length, sign
symmetries, and prescribed intersections. The deformation validation program independently checks
the endpoint and winding closures of ¢¢ ,, the exact local speed, the numerical arc integral, the
small-n coefficients, the linear susceptibility S, positivity of the winding derivative throughout the
monotonic elastic regime |n| < 1, the selected pointwise no-redistribution scan-area closure, and
the Ledger-One product. A separate Python figure generator produces the mathematical figures,
including the three-panel deformation and susceptibility figure directly from the printed integrals.

The exact commands, requirements, validation outputs, and file inventory are supplied in the
reproducibility archive. No art-rendering or image-generation system is used for a mathematical
figure. The new deformation results are therefore reproducible from the same equations printed in
the manuscript rather than from digitized graphics or fitted curves.

18 Limitations and Discovery Frontier

The primitive construction establishes a consistent realization of the stated QMU assumptions, but
it does not derive every ledger identity from a deeper substrate. The one-state area Ay = A2,
Ledger One, mchg, and the A, = rmfd registration remain independent QMU foundations. The
phase metric, period lattice, carrier geometry, finite winding, differential invariants, tube metric,
and one-state normalization are derived from those inputs.

The four orientation states and their physical realization must remain separate. Each has area
capacity A2, while the formal four-state capacity is 4\c2. Only one occupied state is physically
expressed at an exposed moment. The dimensionless measures 472 and 1672 are angular state-space
quantities and are not physical areas.

The matter-coupled scan interpretation is more specific than the primitive geometry but still contains
an open correspondence problem. The complete scan support follows from the occupied loxodrome,
whereas the weighting w(x) in Equation (122) has not been derived. A full APM replacement
for the probability cloud must derive that weighting and recover or improve upon the observed
quantum-mechanical distributions rather than merely reproduce their allowed support.

The arc-deformation geometry is explicit once its admissible class is stated. The unloaded reference
1n = 0 is selected by uniform winding, not by an arc-length minimum or a derived energy principle.
Equation (132) is the first nonzero mode in the even-harmonic Fourier class of Equation (131); it
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is not claimed to be the unique smooth deformation allowed by Ledger One. The interval |n| < 1
retains monotonic traversal and defines the elastic regime considered here. The susceptibility S,
measures response to the geometric mode coordinate only; it is not yet a susceptibility to a specified
applied force or field. Equations (141)—(155) work out the local and cycle-level consequences of
that selected ansatz. The remaining dynamical problem is to determine which amplitudes 7, are
generated by a specified magnetic, gravity-related, electrostatic, or engineered loading.

The scan-area formula defines £7,(6,n) operationally as the Radon—Nikodym density dAscan/ds4,
or equivalently the effective local L.C length conjugate to the Aether arc measure. This removes
any identification with the centerline element or with an arbitrary product of two total lengths.
The invariant total Agean = A2 is required by the completed particle-area closure, but it does not
uniquely imply pointwise conservation. Equation (145) displays the general area-preserving freedom,
while Equation (146) selects the minimal local no-redistribution realization. A more complete tube
or string dynamics may generate u # 0 or replace the effective length by a nonuniform internal
metric, but it must recover the same total area and the same angm and mflx closures.

The holonomy bridge also has exact and conditional parts. The deformed line element, winding
preservation, and first-variation formula are exact within the defined geometry. The connection
response {);(curl) is not yet derived. In particular, the linear candidate 0€2;/; = dcurl/curl and
the resulting D? holonomy scaling must be tested against the established QMU transport relations
and the companion particle-holonomy calculations.

The hidden return remains the most sharply bounded open geometric element. Endpoint, unsigned-
phase, and signed-orientation closures are known, but its internal path and material dynamics are not.
The 47 phase closure does not supply an additional positive elapsed duration. Ligamen-mediated
state inheritance remains the leading continuity hypothesis, with the map P}, and its preserved
invariant set still to be derived.

The ST identity ®g/ccf = mflx/2 is exact. The interpretation of the factor one half as a half-spin
projection is structurally compatible with the 47 chronogeometry, but the algebra alone does not
separate that interpretation from the paired-charge origin of ®q in the SI realization. A decisive
derivation should connect the one-half factor to the particle holonomy or exposed/hidden branch
structure without importing it as a premise.

The experimental program has two distinct targets. A quantum-moment test must identify an
observable that samples successive exposed primitive updates with resolution substantially below
ty. A deformation or holonomy test must identify an observable whose response can be predicted
from curl, D(n), and the relevant connection law. Possible anchors include magnetic-flux closure,
magnetic-moment holonomy, polarization rotation, or a controlled material response in which the
load-to-mode relation can be independently calibrated. No present experiment is asserted to have
isolated the primitive update or the complete deformation law.

The engineering frontier follows directly. Ledger One predicts reciprocal rmfd response to controlled
curl loading, but a device design requires the spatial aggregation law for many Aether units, the
force-specific deformation spectrum, dissipation or hysteresis rules, and measurable input/output
variables. Those are now well-defined continuation problems rather than a reason to regard the
primitive geometry as physically unmotivated.
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19 Conclusion

The Aether unit has been constructed as one two-charge-sector, two-temporal-dimension chrono-
geometry originating at the Singularity. The phase embedding has period lattice

Ars = (27, —2m), (27, 27)), covol(Arg) = 82 (170)
Normalizing one complete temporal phase torus to A4 = A\c? fixes £, = A¢/(27) and gives

Ao

Grs =0 Grr =Ggs = —.
s =0, T 58 = 35

(171)
Four Zy X Z orientation states each have angular measure 472 and area capacity A2, producing the
unsigned 1672 state-space closure and formal potential area 4\o2. Only one state is occupied and
physically expressed at an exposed moment, so the realized Aether configuration and its half-spin
particle both present area Ac2.

The visible magnetic channel is the minimal nonzero finite winding. Its exact elliptic length,
derivatives, curvature, torsion, normal and geodesic curvatures, tube metric, and cardioid registration
have been derived. The visible branch closes at 27 during one exposed quantum moment. The
hidden return supplies the complementary unsigned phase, while opposite temporal orientation
cancels in signed accounting and introduces no additional positive elapsed duration. Successive
exposed states are separated by

1 Ao
t, = — ==, 172
q Fq c ( )

The matter-coupled continuation explains how the same geometry appears as a particle rather than
an empty channel. A Ligamen Circulatus scans one directed loxodrome during one quantum moment.
Because the four-dimensional exposure does not isolate the internal scan phase, the observed state
is the complete scan within the loxodromic limits. Conservation of its swept area yields

h

€emax

angm = m A2 F, = h, mflx = (173)

This identifies Planck’s constant with the completed electron angm and mflx with the same scan
per magnetic-charge registration. The exact SI bridge ®¢/ccf = mflx/2 makes the half-valued
flux relation experimentally legible while leaving its uniquely half-spin derivation to the holonomy
continuation.

Ledger One supplies the physical reason for the construction:

1
A, curl = temp = ¢, curl = mchg (7 (174)

Temp is the maximum allowable QMU temperature just as c is the maximum allowable speed. The
Aether unit is the organizing state that anchors the present physical configuration; curl records how
matter changes that state. The unloaded state is selected by uniform winding, de¢¢/df = 2£. The
explicit minimal Fourier ansatz ¢¢,, = £(20 4 7sin 20) then supplies the first symmetry-compatible
departure within the monotonic elastic regime |n| < 1. It preserves endpoints, equatorial registration,
handedness, and total winding while changing the loxodromic line element. The Ligamen length is
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defined precisely by ¢, = dAscan/dsa, and the selected local no-redistribution closure makes that
length change reciprocally with the local arc stretch while preserving the invariant scan area. At
the cycle level,

La curl _@_Au[)_

D(n), (175)

La  cwly 7, A,

while Agcan, angm, mflx, winding, and particle identity remain invariant. The first-order response is
fixed by S, = —0.255378263343606 . . ., which converts a small geometric mode amplitude into the
fractional changes of arc length, curl, Ligamen length, and rmfd. The geometry is therefore elastic
rather than arbitrary: matter loading, Aether arc length, Ligamen length, curl, and rmfd are one
constrained system, although the force law that determines 7 remains to be derived.

This deformation also connects the present paper directly to the holonomy program. The changed
line element enters the closed-path transport operator; curl supplies the local loading and holonomy
records the accumulated memory of the deformed Aether geometry. The exact connection law
remains to be completed, but the local geometric source of the previously derived holonomy
observables is now explicit.

Ligamen-mediated state inheritance remains the leading explanation for material continuity across
the hidden return. The Aether geometry may recur at the Singularity while the mass string preserves
the mchg, area, angm, mflx, chirality, and compatibility information needed to seed the next exposed
state. In this sense, the Aether unit is not a passive background or merely an illustrative shape.
It is the non-material rmfd organization of the present moment, and Ledger One determines how
matter participates in and deforms that organization.

The resulting framework unites mathematical physics with an engineering program. The 1672 state
space supplies the available orientation geometry; Ledger One supplies the constitutive response;
the LC scan supplies the particle invariants; and holonomy supplies the accumulated cycle memory.
The remaining task is to derive the force-specific map from magnetic, gravity-related, electrostatic,
and controlled engineered loading to the deformation amplitudes 7,. That map will convert the
present chronogeometry from an explicit single-unit constitutive model into a predictive multi-unit
dynamics.
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A Independent Symbolic and Deformation Checks

The accompanying program code/chronogeometry_symbolic_validation.py performs symbolic
simplification and dense-grid numerical checks. Its primitive required identities include

det(c’,c”,c"”) = 120€a>sin (3 + 2sin” 6),

/ﬁz—n%—ﬁZ:O.

(176)
(177)
|’ x ¢”||? = a*(48sin? 6 + 60sin? 6 4 17), (178)
(179)
(180)

The report gives
Le _

2F(—4) = 5.270367163191260184670657948889235736 . . . . (181)
a

It also verifies every o,& € {+1, —1} sign choice, the exact same-sector intersection set 6 € {0, 7/2, 7},
the one-state area audit, unsigned 47 closure, and zero signed temporal closure.

The additional program code/chronogeometry_deformation_validation.py evaluates the Ledger-
One deformation independently. It verifies

P¢ (0) =0, P () = 27, (182)
e n(m/2) = 7E, dﬁ% = 2¢(1 + 1 cos 20), (183)
g%(@) =1+ 4sin?0(1 + ncos 26)?, (184)

and confirms numerically that deg,/df retains the handedness sign for || < 1. The numerical
derivatives of the arc integral at n = 0 are

. 1~
L'4(0) = —1.345937213318949 . . ., 5L;@(o) = 0.202622735382616.. . . . (185)
The same calculation verifies the linear geometric susceptibility
L'4(0
n = AA( ) = —0.255378263343606 . . . . (186)
La(0)
Finally, the script checks pointwise
KL(Q,n)dSAm = EL(G,O)dSA,O (187)
and cycle-level
Ay (n)curl(n) = temp. (188)

B SI Bridge and Experimental Comparison

This appendix translates the native prediction Equation (101) into SI only for comparison. The
2022 CODATA adjustment, published in 2025, gives the electron Compton length [Mohr et al., 2025]

Ao = 2.42631023538 x 10712 m, (189)
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and the SI value of ¢ is exact:
¢ = 299792458 ms 1. (190)

Therefore

A
te =22 = 8.093299783 x 102" s ~ 8.0933 zs, (191)
C

This value is a model prediction obtained through the SI bridge, not a measured constant. No second
positive SI interval is assigned to the hidden return. The complete chronovibration is characterized
instead by '

Axiyae =4m, Al = 0. (192)
The first quantity is an unsigned phase closure; the second expresses cancellation of the complemen-
tary temporal orientations.

Grundmann et al. reported a molecular-hydrogen photoionization birth-time difference of approxi-
mately 247 zs and interpreted the dominant contribution as photon propagation between the two
emission centers across the average bond length [Grundmann et al., 2020]. The scale ratio is

247 zs

q
This ratio is not a closure test. The measured observable was not designed to sample successive
primitive Aether-unit updates, its quoted scale is much larger than one predicted moment, and no
8.0933 zs step was resolved. A reconstruction of the public 45 x 15 count histogram confirms the
sensitivity limitation: one raw cos o bin corresponds to approximately 50.56t,, while the median
fitted-center uncertainty is approximately 9.52¢,. The public data therefore cannot detect or exclude
an 8.0933 zs step and are retained only as an experimental scale benchmark.

~ 30.52. (193)

Molecular photoionization delays are composite observables. Theory separates propagation-like
contributions from scattering-phase or Wigner delay, interferometric probe contributions, and
continuum dynamics [Baykusheva and Woérner, 2017]. Recoil-frame measurements show that
molecular geometry, emission direction, and orientation selection alter measured delays [Ahmadi et al.,
2022]. X-ray measurements reveal multielectron scattering, interference, and channel-dependent
dynamics [Driver et al., 2024]. More recent experiments demonstrate that ionic coupling can add a
delay through photoion-photoelectron entanglement [Makos et al., 2025], and that entanglement
can suppress or control observable electronic coherence in molecular photoionization [Koll et al.,
2026]. Attosecond X-ray absorption measurements published in July 2026 further resolve correlated
electronic and later nuclear responses across multiple time scales after impulsive ionization [Driver
et al., 2026].

Accordingly, any test of temporal discreteness must control or independently model at least propa-
gation delay, Wigner delay, interferometric phase, continuum propagation, electron correlation, ionic
coupling, entanglement, molecular geometry, nuclear response, and orientation averaging. Existing
zeptosecond and attosecond measurements demonstrate experimental access to very short intervals;
they do not confirm that physical time or exposed material states advance in increments of t;.

A discriminating experiment should satisfy three conditions. First, the observable must be derived
to couple directly to the primitive update rather than to a composite photoionization delay. Second,
the total uncertainty should be substantially below one predicted moment,

or < 1y (194)

Third, the analysis must test the integer law in Equation (103) against continuous and apparatus-
specific alternatives without selecting integer multiples after examining the data.
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Magnetic-Flux Bridge
The QMU charge conversion factor Thomson [2025] for the electron sector is

2
cof = femax (195)

e

The paired-charge SI magnetic-flux quantum is

h
by = —. 196
07 2 (196)
Using angm = h and mflx = angm/eemax> gives
b h e
cef 2 Comax?
h mflx
= = . 197
2€emax’ 2 ( )
Equivalently,
2®,
flx = —-. 198
mflx cef (198)
The corresponding SI bridge for the quantum moment is
meAc?
ty = . 199
q 26@0 ( )
For comparison, the single-charge flux scale ®. = h/e satisfies
Q.
— = mflx. 200
ccf i (200)

Thus mflx/2 corresponds exactly to the paired-charge SI flux quantum, whereas the whole mflx
corresponds to the single-charge scale. The possible relation of the one-half projection to half-spin
is a structural registration: it is compatible with the 47 chronogeometry, but the SI algebra alone
does not independently derive spin.

C Reproducibility Commands and Archive Contents

From the project root, the principal MATLAB runs are

matlab -batch "run(fullfile(pwd,’code’,’run_aether_geometry_stage7b.m’))"
matlab -batch "run(fullfile(pwd,’code’,’run_aether_geometry_stage9.m’))"
matlab -batch "run(fullfile(pwd,’code’,’run_aether_geometry_stagelld.m’))"

The Stage 11D output includes the HD animation, storyboard, phase audit, state table, closure
table, and run summary. Stage 7B supplies the earlier metric and sector numerical package. Stage 9
is retained for provenance as a particle-mass geometry branch linked to the companion technical
program, but its outputs remain outside the inferential scope of this primitive paper.

The interactive Python viewer is run from its directory with
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python3 code/chronogeometry_viewer.py

and an MP4 can be exported with

python3 code/chronogeometry_viewer.py --save-mp4 Aether_Chronogeometry.mp4
The independent symbolic validation and mathematical figures are regenerated with

python3 code/chronogeometry_symbolic_validation.py \
--out-dir data/validation

python3 code/chronogeometry_deformation_validation.py \
--out-dir data/validation

python3 code/generate_chronogeometry_paper_figures.py \
--out-dir figures

The reproducibility archive contains the MATLAB and Python sources, package requirements, all
input and output CSV files, validation JSON and CSV reports, source figures, the animation, the
claims ledger, figure plan, and a manifest with cryptographic checksums. The public-histogram sen-
sitivity statement in Appendix B is supported separately by code/experimental/run_grundmann_
quantum_moment_corrected.m and its machine-readable summary in data/validation/.
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