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Abstract

A one-dimensional mass string must generate the two-dimensional quantum-area presentation
of an occupied subatomic particle within one quantum moment, while free phtn transport
must carry the same scanning structure through materially unoccupied Aether Units without
duplicating phtn content. This paper derives a QMU-closed scan-and-capture construction. The
electron mass string S, = meAc produces angm = S.c, phtn = angme, and ligt; = phtnfr,. A
two-parameter scanning worldsheet gives the physical quantum area Ac? when a complete string
support and complete temporal-transfer path each register to A\¢. An expanding cardioid front
is represented by normalized participation over n? Aether Units, so the front grows without
multiplying phtn.

The unloaded Stage 11D chronogeometry supplies a complete 47 temporal history consisting
of a visible outer 27 trace and a newly generated hidden inward 27 return. Six equal registrations
therefore advance by 27/3, and antipodal pairing reduces the six-register shift to the real
representation 1 @ Ro(27/3). An authoritative electron—proton audit then yields the occupied
species law sjox = qrnr: electron and positron have sjox = —1, while proton and antiproton have
S1ox = +1. The reciprocal radii satisfy R,/R. = r./r, = m,/m. = 67° and g, — ¢. = In(67°)
while preserving 4n2R,r, = A2

Single-channel occupancy alone reduces the free state count from twelve to six but leaves the
antipodal free coin unchanged; it does not recover the locked operator. The exact remaining
physical statement is a chirality-matching seat law, bn, = qgnr, equating transported scan
chirality with occupied Ligamen chirality. Its spectral projector has rank six and, together
with the inherited tangential registration action, recovers the locked operator Vi D~! and the
established ¢/+/3 branch. The projector algebra and QMU gap work are exact; chirality matching
is stated explicitly as a composition axiom rather than hidden in a fitted interpolation coefficient.
Independent symbolic and numerical packages validate the cumulative derivation.

Keywords: Aether Unit; mass string; phtn; ligt; chronovibration; Ligamen Circulatus; six-port
geometry; occupied channel; species chirality; rank-six projector; compatibility gate; QMU; APM

1 Introduction

The preceding Aether-fabric papers established six-port relational geometry, an exact free phtn
operator with propagation rate ¢, nonlinear Gforce contact work, and a conditional no-go result for
a smooth free-to-locked bifurcation [Thomson III, 2026i,f,e,d]. The free state carries an independent
two-state temporal fiber over six directed ports,

Hiree = (Cgort ® C%? (1)

whereas the frame-locked transport law acts on a six-dimensional representation. Smooth reciprocal
strain, frame mismatch, packing participation, positive inertia, and damping do not by themselves
convert the first factorization into the second. A projection, quotient, gap-opening field, or explicit
constraint-strength law is required.

That result left two connected physical questions. First, how does a one-dimensional mass string
present the two-dimensional quantum area associated with an occupied particle? Second, how is
the corresponding scanning structure carried by phtn through Aether Units that have no captured
Ligamen Circulatus? These questions cannot be answered by treating phtn as a localized particle or
enrg pellet. In the present construction, phtn is transported scan content and ligt is its throughput.
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The investigation proceeds from the mass-string ledger to a scanning worldsheet, from that worldsheet
to normalized front transport, and then from the complete 47 Stage 11D scan to a six-register
temporal quotient. The final step audits the published electron and proton chronogeometries
and determines which part of the occupied rank-locking law is derived and which part remains a
composition axiom.

2 Epistemic and Ontological Ledger

The primitive Aether Unit contains two complementary electrostatic charge-sector surfaces and four
forward-time loxodromic participation channels,

L, LY, R, R'. (2)
The occupied species map is
L™ —e, Lt —p™, Rt — et R~ —p. (3)

The electron and proton are left-temporal-torque channels; the positron and antiproton are right-
temporal-torque channels. The two electrostatic spheres are charge-sector surfaces, the loxodromes
are magnetic-charge geometry, and the Ligamen Circulatus is mass geometry. Only one Ligamen
channel is materially occupied at an exposed moment.

Three distinctions are essential. The electrostatic sphere sign qg, occupied Ligamen torque 77, and
free-phtn temporal handedness 7, are not interchangeable labels. Likewise, material occupation is
distinct from transit participation. A passing phtn may engage the scanning capacity of an Aether
Unit without creating a persistent captured Ligamen.

The principal epistemic classifications are summarized in Table 1.

Table 1: Status ledger for the scan-and-capture construction.

Status Content

Inherited QMU base scales; six-port parity decomposition; two-state free
temporal fiber; locked operator; reciprocal species radii; Stage 11D
47 history.

Derived here Mass-string factorization; normalized transit occupation; six-

register quotient; electron—proton reciprocal correlations; four-
channel chirality law; projector compatibility no-go; spectral cap-
ture projector conditional on chirality matching.

Composition axiom Transported scan chirality equals occupied-seat chirality at suc-
cessful capture.
Open Microscopic receiver process enforcing the chirality match; absolute

capture kinetics; experimental map from the temporal fiber to a
specified analyzer.

3 Mass String, Scanning Worldsheet, and QMU Factorization
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3.1 Maximum and species mass strings

The maximum one-dimensional mass content associated with an Aether Unit is

So = mgAc. (4)
For a species of mass m,
Sm=mAc = L8, (5)
Mg

This expression fixes mass-string content but does not require fragmentation. The minimal ontology
is one connected oriented string whose geometric presentation may be wrapped, projected, or
scanned. Fragmentation would introduce endpoints, joining laws, and additional phases not present
in the one-Ligamen closure.

For the electron,

Se = meAc. (6)
Using ¢ = A\¢F}, the QMU factorization is
angm = Sec = me)\C2Fq, (7)
phtn = angme = Sec? = MM F,2, (8)
ligt; = phtnfr. (9)

The first factor of ¢ describes internal string scanning; the second describes inter-Unit transport of
the completed scan state. Source freq fr, determines throughput and common phase advance rather
than changing the invariant phtn content.

An equivalent closure is

phtn = S, A\c? rson, rson = F,%. (10)

Thus phtn combines one-dimensional mass-string content, quantum area, and resonance.

MeAc angm phtn ligt,
electron mass string internal scan closure inter-unit scan transport transport throughput

Figure 1: QMU factorization from the electron mass string through angm and phtn to ligt. The two
factors of ¢ have distinct internal-scan and inter-Unit transport roles.

3.2 Time-integrated quantum area

Let u € [0,1] parameterize the mass string and let 7 € [0,¢,], with ¢, = F},”!, parameterize one
complete quantum moment. The scanning worldsheet is

X 1 [0,1] x [0,2,] — S4. (11)
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Its swept area is
ty 1
Ascan = [ [ 102X 70X dudr. (12)
o Jo

A sufficient orthogonal-ribbon closure is obtained when the physical string support and complete
temporal-transfer path both register to A¢:

Lgtr = Ao, Lr= cty = AC. (13)

(19

The mass string remains one-dimensional at every instantaneous slice. The physical area is its
complete time-integrated exposure over one quantum moment, consistent with the Aether Unit mono-
graph’s distinction between instantaneous line geometry and observable swept support [Thomson II1,
2026a).

Then

Equation (14) is a physically registered worldsheet closure, not the area of a rendered tube. Visual
sphere and tube radii in the chronovibration programs are not promoted to QMU constants.

4 Mirrored phtn Transport and Transit Occupation

4.1 Handoff operator

Let ¥, denote the complete scan state presented by Aether Unit j. Free transfer to a compatible
neighbor is represented by
Ut +tg) = MV, (t), (15)

where M preserves phtn content while transporting direction, temporal phase, angm closure, and
loxodromic scan order. The original material string is not carried as a particle from node to node.
What propagates is its mirrored scan presentation.

The source freq contributes a common phase increment per quantum handoff,

ligt
5L:27Tf—L:27r l,gL.
F, ligt,

(16)

The Aether transfer occurs at the quantum rate Fy; fr specifies the phase ordering of successive
presentations.

4.2 Expanding front without duplication

For a cardioid front whose nth shell contains
N,, = n? (17)
Aether-unit presentations, a normalized uniform state has local amplitudes

id)n,k
U= ——, k=1, n% (18)
n
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Therefore ,
Z lan i |* = 1. (19)
k=1

The number of participating Units increases, but phtn is not multiplied. Each local Unit presents
the full scan pattern with reduced participation amplitude; the front is one globally normalized
transport state.

Normalized expansion of an n”~2-element phtn front

100 4 —— participation per front element
amplitude per front element
101 4
(2]
2
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Figure 2: Quadratic front growth and normalized local participation. The expanding front increases
the number of Aether-unit presentations while preserving total phtn content.

4.3 Three Aether-unit states

The transport analysis requires two independent variables: a transit participation p; > 0 and a
Ligamen capture variable 1cap ; € {0,1}. This gives

Aether-unit state Pj Neap,j
Resting unoccupied 0 0
Transit-participating >0 0

Materially occupied  persistent/localized 1

A Unit traversed by phtn is materially unoccupied but dynamically active. It presents the mirrored
scan state for the transfer interval without acquiring localized mass or a persistent Ligamen
Circulatus.
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5 The Complete 47 Scan and Six Temporal Registers

The Stage 11D source constructs two distinct branches. For 0 < 7 < 1/2, the visible outer sphere
and loxodromic traces develop from the Singularity to the antipodes. At 7 = 1/2, those traces are
complete and leave the visible projection. For 1/2 < 7 < 1, newly generated hidden inward traces
return from the antipodes to the Singularity. The inward branch is not the outer branch played
backward.

The continuous temporal phase is
O(7) = 4rnT. (20)

Sampling at six equal intervals,

szg, (I)jzi, j:(),...,ﬁ. (21)
Thus one complete temporal history contains three visible outer registrations and three hidden
inward registrations.

Exact six-sample registration of the 4pi history

closiire / class 0
4.0 A

Stage 11D phase / pi
= = N N w w
=) U =) 5 o 5

o
o
!

e
o
!

0 1 2 3 4 5 6
six-register index j

Figure 3: Six equal registrations of the complete Stage 11D 4 history. The branch transition occurs
at j = 3, where the visible outer 27 trace closes and the hidden inward return begins.

Let Sglj) = |j + 1 (mod 6)) and let
B=S} (22)

exchange outer and inward presentations of the same temporal registration. On the antipodally

paired states
|m) + |m + 3)

gm) = Ta

the induced shift is the three-cycle S3, whose real representation is

m=0,1,2, (23)

| S5~ 1@ Ry(27/3). | (24)
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The 27 /3 locked temporal rotation therefore follows from the complete 47 scan quotient, not from a
fitted angle.

6 Authoritative Electron and Proton Reciprocal Geometry

6.1 Current reciprocal-radius ledger

For species z,

A A
pp=2C% g AC  4n2e R— A2 (25)
2 2Ty,
The reciprocal coordinate is
1
=In(l— ). 26
o g (ax) ( )
With
1 My, = 2 — 5 — Qe 97
pe—ﬁe—”v Qp M.’ (27)
one obtains
R, 1. 5
P _ M. =6 28
Re rp pe T, ( )
dp — 4e = 111(671’5), (29)
and the new invariant correlations
R R
MpTp = MeTe, ‘ Hp = He (30)
D e

The proton is therefore a more extreme reciprocal deformation of the same quantum-area closure.
The current radius ledger does not support replacing these equations with a simple major/minor
radius reversal [Thomson III, 2026h].

6.2 Occupied path signs

The published occupied particle-path implementation assigns the electrostatic sphere sign

—1, negative sphere,
qE = N (31)
+1, positive sphere,
and the occupied temporal-torque sign
+1, left torque,
nL = ) (32)
—1, right torque.
Independent reconstruction of its forward curves reproduces
I; e = I p = 0.705388364948, (33)

I, = —0.210954021875, I, = +0.210954021875. (34)
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Electron-proton reciprocal-radius scaling
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Figure 4: Electron—proton reciprocal-radius scaling in units of A¢. The major radius grows and the
minor radius contracts by the same mass-ratio factor while the product remains fixed.

The complete four-channel result is

(o = 57| )

Se = Set+ = —1, sp =S5 = +1. ‘ (36)

Consequently,

Charge conjugation reverses both gr and 77, and therefore preserves sjox. Sphere exchange or torque
reversal alone flips it. This sign law is consistent with the general QMU chirality ledger, in which the
sign of geometric torsion supplies the loxodromic handedness pseudoscalar [Thomson III, 2026g,c].

The integrated Frenet torsion of the published forward centerline is
Or, =4l , = £2.650926421475. (37)

This is not £27/3. The occupied centerline supplies the orientation sign; the Stage 11D quotient
supplies the exact registration-angle magnitude.

7 Projector Audit: Occupancy Is Not Yet Locking

7.1 Two distinct binary fibers

Let n, label the occupied Ligamen torque and let 7, label the two free-phtn temporal-handed
eigenstates. The authoritative sources do not identify them as one coordinate. If the occupied
torque were imposed directly on the free fiber, the rank-six projector would be

Iy +npos

> (38)

Py = Iy
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Authoritative four-channel law Siox = qQene
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Figure 5: Four-channel occupied chirality ledger. The reconstructed path signs satisfy sjox = L

for electron, proton, positron, and antiproton.

The Stage-33 correlated projector is instead

1
P, = 5 (112 +SB®0'37,Y) .

Both have rank six, but they are different constraints. They commute and satisfy

rank (P;)LCCPS> =3.

Thus silently using 1y, = 1, while imposing both projectors would overconstrain the state.

7.2 Rank-six occupancy with the wrong dynamics

The free coin has the factorized form
Ciree = B® e X
Compression to one temporal-handed line gives

Jgﬂ,cfreejnﬂ/ =B eii(‘SXJ”?“/W)_

(39)

(40)

(41)

(42)

The operator remains an antipodal straight-through coin with a scalar phase. It does not generate

the locked port-temporal rotation. Therefore:

Occupancy no-go. Binary selection of one occupied temporal-torque channel can
account for a six-state count, but it cannot by itself recover the six-dimensional locked

operator.
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Occupied centerline torsion is not the locked registration angle

1504 ---- +2n/3

—~ 100 A
n
(]
(9]
o
o
Q
Z 50
c
k=l
)
—_
=}
- 0 1
[
c
o
[
e
© —50 A
P
©
=
[o)]
9]
o
£

—100 +

—150 4

electron proton positron antiproton

Figure 6: The integrated occupied centerline torsion differs from +27/3. The locked temporal
rotation must not be identified with the Frenet torsion of the visual particle path.

This result prevents the one-channel occupancy postulate from being used as an unexamined
substitute for the rank-locking mechanism [Thomson III, 2026b].

8 Chirality-Matched Capture

8.1 Transported and occupied chirality

The six-register phtn scan supplies the transported sign

Sy = by, (43)

where b = £1 is the eigenvalue of the antipodal branch-parity operator B. The occupied particle
geometry supplies

Slox = qETL- (44)

A successful receiver conversion is postulated to preserve loxodromic chirality across the transit-to-

occupied boundary:
()

Equivalently,

bny = qEnL- (46)

Equation (46) is the sole composition axiom introduced in this paper. It is explicit and sign-
discriminating. It is not a fitted transition coefficient.
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8.2 Spectral capture projector

In operator form, the seat law is

(B X 0'377)\11 = (qET]L)\I/.

Its spectral projector is

1
Pogn, = 9 12 + (¢enL)B ® 03] .

Let
Q52112_P52P—s~

Then
P2 = P, Pl = P, rank P, = 6,
P, + P_ = I, P,P_=0.
For a normalized transit state W, define

C.(W) = (¥, P,V).

Then

C++C7:1, C+—C,:<B®O'3ﬁ>\p.

For a parity—handedness eigenstate,

1+ sbny

Cs 5

Exact parity-handedness capture selection

b=-1

n=+1 n=-1

1.0

0.2

0.0

capture score C4

11

Figure 7: Binary capture compatibility for one orientation. The complementary projector accepts

the two rejected parity—handedness combinations.
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8.3 QMU mismatch work

The occupied mass fraction supplies the exact material boundary-work scale

WAE = mAc2F? = mc?. (55)

a

The minimal positive occupied mismatch work is

Egap.s[¥] = mc* (¥, Qs T). (56)
For normalized W,
Egap,s
= =1—Cs. 57
02 S ( )

This is localized material enrg at the receiver boundary. It is not enrg transported as phtn. No rson
is inferred from Equation (56) without an independently derived occupied inertia.

9 Exact Locked Operator After Capture

Let Pg, Py, and Er denote the inherited spatial, constant, and temporal-registration projectors.
The six-register quotient supplies the tangential occupied coin

m:&+%+m&@?)@. (58)
The species orientation is
s = qEnL. (59)
Thus
Ve =Ver = Vo3, Vp = Vs = Vions. (60)
The locked Bloch operator is
Uiocked,s = VaD ™' (61)

It retains the inherited long-wave branch

C
Vlocked = ﬁ . (62)

The rank-six projector supplies the normal capture constraint, while V; supplies the tangential
registration dynamics. Neither component can replace the other.

The derivation is therefore conditional in one precise sense: the projector and locked dynamics follow
exactly once the receiver enforces Equation (45). The source geometry fixes the species sign, and
the Stage 11D quotient fixes the angle. No smooth interpolation between ¢ and ¢/+/3 is introduced.

10 Independent Diagnostics and Predictions

The combined construction yields several coefficient-free diagnostics.
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10.1 Species projector assignment

The four occupied channels split into two capture orientations:

P,=P+=P., P,=P,=P,. (63)

A sphere exchange or torque reversal alone must reverse the capture asymmetry, while charge
conjugation must preserve it.

10.2 Reciprocal species displacement

The electron—proton reciprocal displacement is

Agpe = In(67°). (64)

This ratio also appears directly in the major and minor radii through Equation (28).

10.3 Capture asymmetry

For any normalized transit state,

Ci —C_ = (B®os,). (65)

The two receiver orientations form an exact partition rather than independent efficiencies.

10.4 Mismatch work

The rejected fraction of a normalized state has the exact material-work ratio

Coaws _ 4 _ ¢ (66)

mc2

This relation can be used in numerical receiver models without selecting a kinetic coefficient.

10.5 Torsion-versus-registration discriminator

The occupied centerline torsion and locked temporal rotation are distinct:

2
0,] — ?ﬂ = 0.556531319081 . . .. (67)

Any future occupied chronogeometry that identifies them must modify or supersede the present
visual centerline rather than silently equate the two.
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11 Validation

The derivation was developed in cumulative Stages 29-40. Stage 29-31 validates the QMU factoriza-
tion, front normalization, transit occupation, and torsion-path bridge. Stage 32 validates the exact
Stage 11D centerlines and six-register quotient. Stage 33-35 validates the rank-six projector, locked
compression, and receiver coherence kernel. Stages 36—40 independently reconstruct the published
four particle paths, verify the reciprocal radius ledger, and audit the occupied and phtn projectors.

The final occupied-chronogeometry program passes 42/42 checks with maximum numerical error
below 3.0 x 10713, The preceding capture package passes 53/53 algebraic checks. Machine-readable
claims ledgers, CSV tables, figures, source programs, validation JSON, and SHA-256 manifests
accompany the manuscript.

12 Discussion

The principal advance is not merely another rank-six projector. The source audit separates three
structures that had been in danger of conflation. Binary occupied-channel selection acts on the
Ligamen species map. The free phtn temporal fiber arises from complexification of the inherited
temporal plane. Antipodal branch parity belongs to the six-register scan. Each is necessary, but no
two are automatically identical.

The authoritative electron and proton paths supply a new exact sign organization. Electron and
proton share left temporal torque but have opposite loxodromic chirality; positron and antiproton
share right temporal torque but also have opposite chirality. The complete relation is the product
of sphere polarity and occupied torque. This determines the orientation of the capture projector
and shows that the sign cannot be assigned from temporal torque alone.

The result also clarifies the status of empty space during light transport. An Aether Unit can be
materially unoccupied yet transiently participate in the phtn scanning state. Persistent material
occupation occurs only when a receiver seat captures a compatible scan and closes one Ligamen
channel. Transit participation preserves the twelve-dimensional free factorization; chirality-matched
capture selects a six-dimensional occupied representation.

The remaining composition axiom is narrow. Equation (45) states that the receiver accepts only
a transported scan whose chirality matches the occupied seat. This is the natural geometric
counterpart of a receiver compatibility gate, but its microscopic enforcement has not yet been
derived. A future occupied dynamical model should produce the same spectral constraint from a
local action or boundary equation and should determine the capture interval without fitting.

The current result therefore closes the algebraic and species-geometric parts of occupied locking
while keeping its physical boundary assumption visible. This is preferable to hiding the transition
in a continuously adjustable packing threshold or damping coefficient.

13 Conclusion

A one-dimensional mass string can present a two-dimensional particle area through complete
time-integrated scanning over one quantum moment. The corresponding phtn is the transported
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mirrored scan content, not a particle, and ligt is its throughput. An expanding wavefront distributes
one normalized phtn state over increasing numbers of transit-participating Aether Units without
duplicating content.

The complete Stage 11D 47 history produces six registrations separated by 27 /3. Its antipodally
paired quotient generates the temporal rotation appearing in the locked operator. The occupied
electron and proton geometries then fix the species chirality law

Slox = 4ETL, (68)
with electron and positron selecting the negative orientation and proton and antiproton the positive

orientation. Their reciprocal radii preserve Ac? while scaling exactly with 67°.

Single-channel occupancy alone does not recover locked transport. The missing receiver statement
is chirality matching,

bry = qEnL- (69)

Its spectral projector has rank six, its mismatch work is mc?(1 — Cs), and its tangential registration
action recovers the exact locked operator and c¢/v/3 branch. The projector algebra is derived;
chirality matching remains an explicit composition axiom awaiting microscopic closure.

A Published Occupied Path Reconstruction

The occupied sign audit reconstructs the published cardioid-like normalized path

x(t) = Rs [1 — cost + €] cost cosd, (70)
y(t) = Rs[1 — cost + €] sint cos  Sspin, (71)
z(t) = Rssintd, (72)

followed by radial normalization to the sphere and translation to its charge-sector center. Here
d = +1, sepin = £1, and § € {0, 7} select the four paths. The visual scale Ry and tube thickness are
not used as physical constants. Curvature and torsion are evaluated after arclength resampling of
the forward Singularity-to-antipode segment.

B Electron—Proton Numerical Ledger

Using a_ ! = 137.035999084 in the source reconstruction,

o = 3.97433723607464 x 1079,

ge = 4.92024365834741,

qp = 12.4356525568225,
In(67°) = 7.51540889847506.

73
74
75

(
(
(
(76

~ — ~— —

These numerical values are validation aids. The main results are the exact QMU relations in
Equations (28)—(30).
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