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Abstract

The preceding one-spin phtn and topological-closure papers determine the free carrier geometry
and the conditions under which one identified receiver seat can become a persistent occupied
Ligamen Circulatus. They do not determine how one normalized phtn competes among many
admissible receiver seats, how the first completed occupation is distributed across successive
Aether moments, or what portion of the complete five-dimensional event can be registered by
four-dimensional occupied matter. This paper derives that missing event architecture.

At Aether moment n, the primitive one-phtn space is the orthogonal direct sum of the
surviving free carrier, the port-labeled occupied-seat alternatives, and an explicit remainder
sector. Overlapping receiver labels are reduced by their Gram matrix, so the number of
independent closure alternatives is Meff = rank G. The completed-occupation projector is
idempotent, N̂2

occ = N̂occ, and therefore one normalized direct event contains either no completed
occupation or one completed occupation. A coherent sum of receiver alternatives does not
multiply the transported phtnx = mxλ3

CF 2
q or angmx = mxλ2

CFq.
The most general primitive linear coupling from the one-dimensional free channel into the

orthogonal receiver closure space has one complex coordinate ϑy,n per admitted seat. Its anti-
Hermitian generator reduces exactly to a two-mode rotation between the free phtn and the
unique bright receiver mode

|Bn⟩ = Θ−1
n

∑
y

ϑy,n|LCy⟩, Θ2
n =

∑
y

|ϑy,n|2.

All receiver combinations orthogonal to |Bn⟩ are dark during that update. Beginning from the
free state, the coherent free and closure weights are cos2 Θn and sin2 Θn.

When completed records are orthogonal, absorbing, and fed by one unique surviving free
history, these one-moment weights compose into the exact first-occupation law

Sn+1 = Sn(1 − qn), Wn,y = Snqy,n,

with qn = sin2 Θn and qy,n = qn|ϑy,n|2/Θ2
n. The finite event ledger is normalized by SN+1 +∑N

n=0
∑

y Wn,y = 1, and the cumulative closure depth is DN = − ln SN .
The intrinsic temporal lift ζh(Φ) = exp(ihΦ/2) remains 4π periodic, while occupied half-spin

matter registers the quotient QT (ζh) = ζ2
h. A deck-pair model shows that durable material

observables are invariant under ζh 7→ −ζh and omit both deck-odd branch information and
coherence between mutually exclusive records. The resulting four-dimensional record restriction
preserves the first-occupation weights but does not, by linearity alone, select one realized record.
An additional Aether-internal registration principle remains necessary.

Finally, receiver attachment cancels the terminal free boundary without constructing a reverse
chain to the source. Every receiver-local trace-preserving operation leaves the unconditioned
source reduced state unchanged. Global five-dimensional event completion is therefore compatible
with local four-dimensional causality and cannot be used as a backward or faster-than-c material
communication channel. The accompanying packages report 744,970 automated checks with zero
failures. The maximum residual among exact identities is below 1.2 × 10−13.

Keywords: Aether fabric; phtn; one-spin phtn; first occupation; competing receiver seats; bright
state; dark state; receiver closure; Ligamen Circulatus; discrete survival; temporal double cover; four-
dimensional material quotient; material record; source-root termination; no backward notification;
QMU; APM

1 Introduction

The free one-spin phtn has already been derived as a normalized transit participation across two
opposite-sphere, same-temporal-torque half-spin loxodromes, with the intrinsic temporal state
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represented by a 4π half-angle lift and the observed cardioid obtained through a quadratic spatial
projection [Thomson III, 2026b]. The subsequent closure paper derives how one identified receiver
seat coequalizes the two free support cycles into one persistent occupied Ligamen Circulatus and
how complete capture terminates the active source-rooted front [Thomson III, 2026d]. Those results
answer what the carrier is and what complete closure does at one admitted receiver.

A different problem remains. The projected support of one phtn can geometrically overlap many
possible receivers. The carrier cannot contain one complete copy of itself for every possible receiver
because its phtn, angm, temporal degree, and source history are normalized once. A theory of
receiver competition must therefore answer five questions.

1. What is the event space of one phtn with many possible receiver seats?
2. Which combination of those seats couples to the one free input channel during one Aether

moment?
3. How do successive incomplete interactions compose into a first completed occupation?
4. Why does occupied half-spin matter register one four-dimensional record while the complete

event geometry remains five-dimensional?
5. Does receiver closure require a physical notification to propagate backward to the source?

These questions are closely related to familiar Hilbert-space, open-operation, and first-event math-
ematics [Nielsen and Chuang, 2010, Kraus, 1983, Ross, 2014], but the present construction is
constrained by the inherited APM topology and QMU ledgers. The receiver alternatives are port-
labeled Ligamen closure classes rather than arbitrary detector outcomes. The phtn and angm content
must remain complete. The temporal branch structure is tied to the Aether 4π cycle. Capture is a
topological boundary replacement, not an unexplained disappearance of a point particle.

The central result is a hierarchy. Topology determines which seats are admissible. Linear one-
moment coupling determines a unique bright receiver direction. Orthogonal absorbing records
determine the first-occupation measure. The temporal quotient determines what occupied matter
can record. Locality determines why complete closure cannot signal backward. Two constitutive
inputs remain open: the QMU law for the complex coupling vector and the Aether-internal rule
that realizes one extremal material record in an individual event.

2 Scope, Authority, and Event Class

2.1 Inherited results

The following results are treated as established inputs.

1. The natural Aether fabric is five-dimensional and advances by discrete Aether handoffs with
c = λCFq [Thomson III, 2026a].

2. One materially occupied primitive particle occupies one half-spin Ligamen Circulatus chan-
nel [Thomson III, 2025b, 2026c].

3. A free one-spin phtn has paired support

γ+ = e− ⊕ p, γ− = p̄ ⊕ e+,
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with one complete phtn and one complete angm normalized across the two support posi-
tions [Thomson III, 2026b].

4. The intrinsic temporal lift is
ζh(Φ) = eihΦ/2, ζh(2π) = −1, ζh(4π) = 1.

5. Direct complete closure requires a vacant admitted receiver seat, equal support routing,
endpoint-phase matching, compatible temporal torque, and complete ledgers with no remainder.
This result is inherited from the closure paper [Thomson III, 2026d].

6. Complete direct closure changes the active event ledger to one occupied receiver state and no
independently active continuation of the source-rooted front.

2.2 Primitive event class

The principal theorems are derived for the following event class:

One normalized free phtn; one species scale x; direct same-scale receiver alternatives; one
vacant seat per alternative; no multiphtn input; no daughter phtn; no scale conversion;
no receiver-to-remainder leakage during the primitive coupling step; and orthogonal
absorbing material records after completed closure.

The remainder space is retained explicitly so that later work can relax these restrictions without
silently violating conservation.

2.3 Epistemic discipline

This paper distinguishes:

• derived linear-algebraic and topological results;
• conditional first-occupation results requiring orthogonal absorbing records;
• constitutive QMU inputs not yet derived;
• observer-access interpretations of the temporal quotient;
• experimentally testable structural predictions;
• no-signaling consistency requirements shared with conventional local quantum theory.

No claim is made that every result is unique to the APM. The distinctive contribution is the
integration of these structures with the inherited phtn topology, Ligamen occupancy, Aether
temporal lift, and QMU conservation ledgers.

3 Port-Labeled Multi-Receiver Event Space

3.1 Receiver registry

At Aether moment n, let Yn be the finite set of locally accessible candidate seats. A complete
receiver label is

y = (Py, qE,y, ηL,y, by, ry, χy, xy, ny) , (1)
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where Py is the port address, qE,y is the receiver electrostatic-sector polarity, ηL,y is Ligamen
handedness, by is boundary parity, ry is the temporal registration class, χy is endpoint phase, xy is
the admitted species scale, and ny ∈ {0, 1} is the occupancy mark.

Only structurally admitted vacant seats enter the direct closure basis. The inherited gate includes

ny = 0, byh = qE,yηL,y, ry = rγ , xy = x. (2)

The equal-support and endpoint-phase conditions are applied when complete closure is evaluated.

3.2 Orthogonal material alternatives

Let |LCy⟩ denote the completed occupied state of seat y, and define

Py = |LCy⟩⟨LCy|. (3)

Two labels represent distinct primitive material outcomes only when

PyPz = 0 (y ̸= z). (4)

For normalized rank-one states this is equivalent to

⟨LCy|LCz⟩ = 0 (y ̸= z). (5)

A distinct name or coordinate label does not by itself create another physical outcome.

3.3 Gram reduction

For an arbitrary labeled family, define

Gyz = ⟨LCy|LCz⟩. (6)

If G has positive eigenvalues λa and corresponding eigenvectors Vya, then

|Ea⟩ = 1√
λa

∑
y

V ∗
ya|LCy⟩ (7)

is an orthonormal basis for the physical closure span.

Effective receiver-rank theorem. The number of independent receiver closure alternatives is

Meff = rank G. (8)

This rank, rather than the raw registry count, determines the dimension of the closure space.
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3.4 Primitive one-phtn event space

After Gram reduction, the event space is

H(1)
n = HF,n ⊕ HLC,n ⊕ HR,n. (9)

The projectors satisfy
PF +

∑
y

Py + PR = I, (10)

with all cross-sector products zero.

A normalized state is
|Ψn⟩ = an|Fn⟩ +

∑
y

by,n|LCy⟩ + |Rn⟩, (11)

where
|an|2 +

∑
y

|by,n|2 + ⟨Rn|Rn⟩ = 1. (12)

one normalized
free phtn

|LC_1>

|LC_2>

|LC_3>

|LC_r>

explicit
remainder

H_LC = direct sum of r independent occupied-seat alternatives
after Gram reduction

N_occ = sum(P_y),   N_occ^2 = N_occ
completed occupation number is 0 or 1

M_eff = rank(G)
not the raw label count

<phtn> = phtn_x
for every normalized direct closure sum

Figure 1: Primitive one-phtn event space. One normalized free input is associated with mutually
exclusive occupied-seat alternatives and an explicit remainder sector. The effective alternative count
is the rank of the receiver Gram matrix.

3.5 One-occupation and nonmultiplication theorems

Define
N̂occ =

∑
y

Py. (13)
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Orthogonality gives
N̂2

occ = N̂occ. (14)

Hence spec N̂occ ⊆ {0, 1}.

Primitive no-duplication theorem. A state in H(1)
n contains zero or one completed receiver

occupation. A coherent sum of receiver alternatives is not a state containing one complete phtn at
each seat.

For direct same-scale alternatives, define

p̂htn = phtnx

(
PF +

∑
y

Py

)
, ângm = angmx

(
PF +

∑
y

Py

)
, (15)

where
phtnx = mxλ3

CF 2
q , angmx = mxλ2

CFq. (16)

Every normalized direct closure superposition therefore carries

⟨p̂htn⟩ = phtnx, ⟨ângm⟩ = angmx. (17)

The candidate count changes the receiver decomposition, not the total QMU content.

4 Local Coupling and Bright-State Reduction

4.1 Complex one-moment coupling coordinates

Topology determines whether a seat is admitted but does not determine its coupling strength.
Introduce a complex dimensionless coordinate

ϑy,n = Πy,nξy,n, Πy,n ∈ {0, 1}, (18)

where Πy,n is the complete structural admission indicator and ξy,n is the constitutive coupling for
an admitted seat.

If a later QMU law supplies a rate-like coupling Ky,n with the unit freq, then the one-moment
coordinate is

ϑy,n = Ky,n

Fq
. (19)

This identifies the QMU signature without assigning a value.

4.2 Primitive generator

The most general direct linear generator coupling one free channel to the orthonormal receiver basis,
without seat-to-seat mixing, is

An =
∑

y

(
ϑy,n|LCy⟩⟨Fn| − ϑ∗

y,n|Fn⟩⟨LCy|
)

. (20)
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Because
A†

n = −An, (21)

the update
Un = eAn (22)

is unitary on the free-plus-closure sector [Nielsen and Chuang, 2010, Hall, 2015].

4.3 Unique bright receiver mode

Define

Θn =
(∑

y

|ϑy,n|2
)1/2

. (23)

When Θn ̸= 0, define

|Bn⟩ = 1
Θn

∑
y

ϑy,n|LCy⟩. (24)

The generator becomes
An = Θn (|Bn⟩⟨Fn| − |Fn⟩⟨Bn|) . (25)

Rank-one coupling theorem. For one free phtn input channel, the free-to-receiver coupling
map has rank one. Exactly one receiver combination couples directly during one primitive Aether
update.

4.4 Dark subspace

The dark receiver space is

HD,n = {|D⟩ ∈ HLC,n : ⟨Bn|D⟩ = 0} . (26)

Its projector is
PD,n = PLC,n − |Bn⟩⟨Bn|. (27)

For Mn independent receiver alternatives,

rank PD,n = Mn − 1. (28)

Every dark state obeys
An|D⟩ = 0, Un|D⟩ = |D⟩. (29)

A dark combination is not permanently forbidden. It is orthogonal to the current coupling vector; a
later change in local couplings can rotate the bright direction.
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free phtn
|F_n>

|LC_1>

|LC_2>

|LC_3>

|LC_4>

|LC_M>

bright mode
|B_n>

dark subspace
rank M - 1

exact rotation
angle Theta_n

orthogonal to the
coupling vector

One free input channel couples to one receiver combination

Theta_n = sqrt(sum |vartheta_y,n|^2); all direct same-scale QMU ledgers are preserved

Figure 2: Bright-state reduction. Many physical receiver seats combine into one coupled receiver
direction and an orthogonal dark subspace. The active update is a two-mode rotation between the
free phtn and the bright mode.

4.5 Exact two-mode rotation

On span{|Fn⟩, |Bn⟩},
A2

n = −Θ2
n (|Fn⟩⟨Fn| + |Bn⟩⟨Bn|) . (30)

Therefore
Un|Fn⟩ = cos Θn|Fn⟩ + sin Θn|Bn⟩, (31)

Un|Bn⟩ = cos Θn|Bn⟩ − sin Θn|Fn⟩. (32)

Beginning from the free state, the coherent sector weights are

wF,n = cos2 Θn, wLC,n = sin2 Θn. (33)

The normalized seat composition of the bright mode is

βy,n = ϑy,n

Θn
,

∑
y

|βy,n|2 = 1. (34)

4.6 QMU conservation

Let
PA,n = PF,n + PLC,n. (35)
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The direct same-scale ledgers are

p̂htn = phtnxPA,n, ângm = angmxPA,n, T̂ = hPA,n. (36)

Since An acts entirely within the active sector,

[Un, p̂htn] = [Un, ângm] = [Un, T̂ ] = 0. (37)

Receiver competition redistributes one complete phtn; it neither multiplies nor fractionates the
QMU ledger.

Constitutive incompleteness theorem. The inherited topology determines which entries of
ϑn vanish. It does not determine the nonzero magnitudes or relative phases. The complex coupling
vector remains the smallest missing QMU constitutive input.

5 Discrete Survival and the First-Occupation Theorem

5.1 Orthogonal absorbing records

Let |Cn,y⟩ denote the durable record that the first completed occupation occurred during moment n
at seat y. The first-event construction requires

⟨Cm,z|Cn,y⟩ = δmnδzy. (38)

The records are absorbing within the direct event class: after formation, they do not coherently
return to the surviving free channel.

Define
cn = cos Θn, sy,n = sin Θn βy,n. (39)

The one-moment isometry acts as

Vn|Fn⟩ = cn|Fn+1⟩ +
∑

y

sy,n|Cn,y⟩. (40)

5.2 History expansion

Define the surviving free amplitude

A0 = 1, An =
n−1∏
k=0

ck. (41)

After moments 0 through N ,

|ΨN+1⟩ = AN+1|FN+1⟩ +
N∑

n=0

∑
y

Ansy,n|Cn,y⟩. (42)

Every record has one unique history: survival through all earlier moments, followed by closure at
(n, y).
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5.3 Survival and first-occupation weights

Define
Sn = |An|2, (43)

qy,n = |sy,n|2, qn =
∑

y

qy,n. (44)

Then
qn = sin2 Θn, qy,n = sin2 Θn

|ϑy,n|2

Θ2
n

. (45)

The exact recurrence is
Sn+1 = Sn(1 − qn), S0 = 1. (46)

Thus

Sn =
n−1∏
k=0

(1 − qk) =
n−1∏
k=0

cos2 Θk. (47)

Seat-resolved first-occupation theorem. The joint weight for first completed occupation
during moment n at seat y is

Wn,y = Snqy,n. (48)

Equivalently,

Wn,y =
[

n−1∏
k=0

cos2 Θk

]
sin2 Θn

|ϑy,n|2

Θ2
n

. (49)

The total first-occupation weight at moment n is

Wn = Snqn. (50)

5.4 Finite and infinite normalization

Since
Sn − Sn+1 = Snqn = Wn, (51)

the finite event ledger is

SN+1 +
N∑

n=0

∑
y

Wn,y = 1. (52)

The asymptotic survival is

S∞ =
∞∏

n=0
(1 − qn), (53)

and the total completed-occupation weight is

Wcapture = 1 − S∞. (54)
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F_0
c_0

F_1
c_1

F_2
c_2

F_3
c_3

F_4

C_{0,y}

s_{y,0}

C_{1,y}

s_{y,1}

C_{2,y}

s_{y,2}

C_{3,y}

s_{y,3}

First occupation: survive every earlier moment, then close once

W_(n,y) = S_n q_(y,n)      S_(n+1) = S_n (1 - q_n)

Orthogonal absorbing records make the event weights additive and normalized

Figure 3: First-occupation history. The phtn survives every earlier Aether moment and then closes
once. Orthogonal absorbing records make the event weights additive and normalized.
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Define the cumulative closure depth

DN = −
N−1∑
n=0

ln(1 − qn). (55)

Then
SN = e−DN . (56)

Eventual occupation has total weight one precisely when DN → ∞.

For weak coupling,

DN =
N−1∑
n=0

Θ2
n + O

(∑
n

Θ4
n

)
. (57)

5.5 Conditional receiver composition

When qn > 0,

W (y | n) = Wn,y

Wn
= |ϑy,n|2∑

z |ϑz,n|2
. (58)

The preceding survival history cancels. This conversion of bright-mode composition into a conditional
event measure requires orthogonal absorbing records and one unique free history.

5.6 Stationary environment

For qn = q,
Sn = (1 − q)n, Wn = q(1 − q)n. (59)

The discrete hazard is
Wn

Sn
= q. (60)

The expected number of attempted Aether updates through and including closure is

⟨n + 1⟩ = 1
q

. (61)

This is an event-count result, not a material-specific lifetime, because the constitutive value of q
remains unknown.

5.7 No-go boundary

If records are nonorthogonal, cross terms survive in the event norm. If completed occupation can
coherently return to the free sector, multiple histories feed the same later record. In either case the
product law in Eq. (48) fails. Orthogonal absorbing records are therefore a mathematical condition
of the simple first-occupation theorem, not a stylistic choice.
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6 Five-Dimensional Temporal Registration

6.1 Temporal deck pair

The intrinsic lift is
ζh(Φ) = eihΦ/2, (62)

with
ζh(Φ + 2π) = −ζh(Φ), ζh(Φ + 4π) = ζh(Φ). (63)

The four-dimensional temporal quotient is

QT (ζh) = ζ2
h = eihΦ. (64)

Thus
QT (ζh) = QT (−ζh). (65)

The transformation τ : ζh 7→ −ζh is the nontrivial deck transformation of the double cover [Hall,
2015].

6.2 Event branch doublets

Let r denote a complete event alternative: indefinite free survival or first occupation at (n, y).
Associate with each event label the branch doublet

H(5)
r = span {|r, +⟩, |r, −⟩} . (66)

Define the deck involution
J |r, +⟩ = |r, −⟩, J |r, −⟩ = |r, +⟩, (67)

so that
J† = J, J2 = I. (68)

The labels + and − denote the two members of the intrinsic temporal orbit. They do not denote
backward-time material particles.

6.3 Material orbit projectors

Occupied half-spin matter records the event label but not the intrinsic branch sign. Define

P (4)
r = |r, +⟩⟨r, +| + |r, −⟩⟨r, −|. (69)

These projectors satisfy
P (4)

r P (4)
s = δrsP (4)

r ,
∑

r

P (4)
r = I, (70)

with
JP (4)

r J = P (4)
r . (71)

The four-dimensional record algebra is

A(4)
rec = span{P (4)

r }r. (72)

It is commutative.
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Deck-pair indistinguishability theorem. For every event state ρ and every material record
projector,

Tr(JρJP (4)
r ) = Tr(ρP (4)

r ). (73)

Occupied half-spin matter cannot distinguish the two intrinsic temporal branch members through a
durable observable in A(4)

rec.

6.4 Even and odd information

For any five-dimensional operator X, define

X+ = 1
2(X + JXJ), X− = 1

2(X − JXJ). (74)

Then
Tr(P (4)

r X−) = 0. (75)

Inter-record coherence is likewise absent from diagonal material record weights. The material
quotient omits deck-odd branch information and off-diagonal coherence between mutually exclusive
records.

|r_0,+> |r_0,->
J

|r_1,+> |r_1,->
J

|r_2,+> |r_2,->
J

|r_3,+> |r_3,->
J

five-dimensional
temporal branch doublets

P_0^(4)

P_1^(4)

P_2^(4)

P_3^(4)

branch-orbit projectors
P_r^(4)

chi_0

chi_1

chi_2

chi_3

four-dimensional
occupied record characters

The quotient preserves the event label but not the intrinsic deck sign.
A linear restriction gives the complete record measure; one realized record requires an additional Aether-internal rule.

Figure 4: Temporal material quotient. Each five-dimensional branch doublet maps to one deck-even
event projector and one four-dimensional occupied-record label. The event label survives; the
intrinsic branch sign does not.
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6.5 Material restriction map

Let {|r)} be an abstract orthonormal basis for four-dimensional material records. Define

R4(ρ) =
∑

r

Tr(ρP (4)
r )|r)(r|. (76)

The map is linear, positive, trace preserving, and deck invariant:

R4(JρJ) = R4(ρ). (77)

It is a quotient restriction, not a claim that omitted information has been destroyed.

Applied to the first-occupation event,

R4(ρevt) = S∞|F∞)(F∞| +
∑
n,y

Wn,y|n, y)(n, y|. (78)

The temporal double cover does not double the material event measure.

6.6 Pure occupied records and the selection boundary

A pure material record is an extremal character

χr(P (4)
s ) = δrs. (79)

The complete record functional is

ω4 = S∞χF∞ +
∑
n,y

Wn,yχn,y. (80)

One occupied material state is one extremal χr, whereas ω4 is the normalized measure over all
mutually exclusive records.

Linear unique-record selection no-go. No linear map that preserves distinct record basis
states can map every nontrivial coherent record superposition to one definite record basis state.
Linear evolution and linear restriction determine the record measure but do not by themselves select
one realized record.

The smallest compatible registration statement is therefore constitutive:

When one first-occupation event becomes physically complete, occupied half-spin matter
instantiates the corresponding extremal record character.

The present paper does not determine whether that character is fixed by a deeper deterministic
variable, a discrete Aether boundary rule, or another internal mechanism.
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6.7 Observer-access interpretation

The physical cutoff between complementary temporal orientations is algebraic and interactional. A
present occupied half-spin record has no durable material observable that resolves the deck-odd
coordinate. This is not ontological deletion of the hidden branch, and it is not a material particle
moving backward into macroscopic history.

Every physical detector belongs to the quotient algebra through which it measures. It cannot inspect
the complete free five-dimensional phtn from an external vantage point without coupling to the
carrier and changing the event sector.

7 Local Causality and Source-Root Termination

7.1 Boundary cancellation

Let v0, v1, . . . , vN be the ordered Aether handoff vertices. The transport chain is

Γ(N)
T =

N∑
k=1

ek, ∂ek = vk − vk−1. (81)

Hence
∂Γ(N)

T = vN − v0. (82)

Let receiver attachment satisfy
∂By = ℓy − vN . (83)

Then
∂(Γ(N)

T + By) = ℓy − v0. (84)

The terminal free boundary cancels. No reverse chain from receiver to source appears.

7.2 History-preserving active termination

Factor the pre-closure state as
|H0:N ⟩ ⊗ |FN ⟩ ⊗ |0y). (85)

Ideal closure acts as

|H0:N ⟩ ⊗ |FN ⟩ ⊗ |0y) 7−→ |H0:N ⟩ ⊗ |CN,y⟩ ⊗ |1y). (86)

The source-history register is unchanged. The active free state terminates and the receiver record
changes locally.

The origin remains the historical root of the completed event. It is not an active endpoint waiting
to be notified.
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7.3 Local accessibility

Let Nn be the receiver neighborhood locally accessible during moment n. The coupling support
condition is

ϑy,n = 0 for y /∈ Nn. (87)

Therefore
Θ2

n =
∑

y∈Nn

|ϑy,n|2. (88)

A broad projected support does not make every remote receiver part of the current local update.

origin
v_0 v_1 v_2 v_3 v_4 receiver

ell_y

occupied record
|1_y)

completed source history is preserved
active free boundary v_N is canceled locally

no receiver-to-origin material notification path

Global event completion does not require a backward physical signal

Receiver-local trace-preserving operations leave every unconditioned source-local material statistic unchanged.

Figure 5: Local causality and boundary replacement. The completed source history is retained, the
terminal free boundary is canceled at the receiver, and no receiver-to-origin material notification
path is introduced.

7.4 Receiver-local no-backward-notification theorem

Let ρSR be a source–receiver event state. A general receiver-local trace-preserving operation is

ΛR(X) =
∑

j

KjXK†
j ,

∑
j

K†
j Kj = IR. (89)

The global state becomes
ρ′

SR = (IS ⊗ ΛR)(ρSR). (90)

The source reduced state satisfies

ρ′
S = TrR ρ′

SR = TrR ρSR = ρS . (91)
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This standard local-operation identity [Kraus, 1983, Nielsen and Chuang, 2010] has a direct APM
interpretation: receiver closure cannot physically notify the origin.

For every source-local material observable AS ,

Tr[ρ′
SR(AS ⊗ IR)] = Tr[ρSR(AS ⊗ IR)]. (92)

7.5 Conditional correlations

A receiver instrument outcome j defines the unnormalized conditional source state

σ
(j)
S = TrR

[
(IS ⊗ Kj)ρSR(IS ⊗ K†

j )
]

. (93)

The conditional states may differ, but

∑
j

σ
(j)
S = ρS . (94)

A source-side change appears only after sorting by the receiver outcome label. That label must
itself arrive through an ordinary physical communication path.

7.6 Global event consistency and local causality

The complete event may be stated globally as a source-rooted free history becoming a receiver-closed
occupied history. This is a statement about one consistent boundary and conservation ledger. It is
not a physical influence propagating backward.

five-dimensional event consistency: one complete source-to-receiver history,

four-dimensional material causality: local records changed only by local operations.
(95)

The origin and projected nose are features of one active carrier before closure. The nose does not
return to the origin. It is canceled as the terminal active boundary by receiver attachment. The
origin remains provenance, not an active receiver of news.

No-superluminal-control theorem. Under local accessibility, receiver-local trace-preserving
operations, and source-local material observation, global event termination cannot be used as a
controllable backward or faster-than-c communication channel.

8 Predictions and Falsifiers

The strongest predictions fall into three levels. The classification matters because several results are
shared with conventional linear or local quantum theory.
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8.1 Level I: direct structural tests

Effective receiver rank. Receiver-response tomography must yield no more than

Meff = rank G (96)

independent primitive closure modes. More independent direct responses than the receiver-state
rank, without an added input or remainder degree, falsify the event space.

One bright direction. For one isolated free input,

rank KF →LC = 1. (97)

Two independent bright directions require an additional free input, conversion channel, or remainder
degree.

Dark-mode extinction. For a normalized receiver superposition |u⟩ = ∑
y uy|LCy⟩,

Au = ⟨u|An|Fn⟩ =
∑

y

u∗
yϑy,n. (98)

Therefore
u†ϑn = 0 =⇒ Au = 0. (99)

A residual at the reconstructed dark setting is meaningful only after preparation error, incoherent
background, and remainder channels are bounded.

No duplicate direct occupation. The ideal primitive direct coincidence weight is zero. Verified
simultaneous complete direct occupation of two seats by one isolated unchanged phtn would require
an explicit branching or conversion law and would falsify the primitive one-phtn event space.

8.2 Level II: conditional first-occupation tests

Conditional seat fractions. With identical local couplings during the selected closure window,
the normalized seat fractions are independent of prior survival history and obey Eq. (58).

Geometric hazard. Under stationary coupling, the first-occupation histogram is geometric and
the discrete hazard is constant. A nonconstant hazard falsifies the stationary memoryless event
model only after evolving occupancy, coherent memory, and remainder channels are excluded.

Additive closure depth. For sequential independent blocks A and B,

DA∪B = DA + DB. (100)

Persistent nonadditivity indicates memory, unmodeled coupling, or failure of the absorbing-record
assumptions.
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8.3 Level III: causality and temporal-quotient null tests

Local-accessibility null. A remote receiver setting cannot change the current local coupling
vector before an ordinary forward Aether handoff makes the receiver locally accessible.

No backward notification. Receiver choices cannot alter unconditioned source-local material
statistics before a forward communication path returns information. This is a consistency requirement
shared with conventional local quantum theory.

Temporal quotient invariance. An ordinary material record cannot distinguish ζh from −ζh

when the event label and all deck-even receiver data are unchanged. A test requires an independently
justified branch-control or deck-odd interaction; no such operator is derived here.

Level I
Structural

rank(G)

one bright mode

dark extinction

no duplication

Level II
First occupation

seat fractions

geometric hazard

closure depth

Level III
Causality / quotient

local-access null

no backward signal

deck-even record

open constitutive inputs
coupling law + unique-record rule

Stage 69 prediction architecture
Derived tests are separated from shared consistency requirements and unresolved APM-specific inputs

Figure 6: Prediction architecture. Direct structural tests, conditional first-occupation tests, and
causality or quotient null tests are separated from the open constitutive coupling law and the
unique-record registration problem.

8.4 Near-term experimental program

The most direct coefficient-free program is:

1. construct two or more coherent receiver channels;
2. reconstruct the receiver response matrix;
3. test whether one isolated free input has one nonzero receiver singular direction;
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4. prepare the inferred dark superposition and test extinction;
5. repeat the interaction in discrete windows and test the geometric first-occupation law;
6. vary receiver composition at fixed total coupling angle and test conditional seat fractions;
7. test closure-depth additivity across sequential weak blocks;
8. verify strict single-record anticoincidence.

This program tests the architecture without first requiring a formula for the absolute coupling
magnitude.

9 Open Constitutive Problems

9.1 QMU coupling law

The first unresolved object is
ϑn = (ϑ1,n, . . . , ϑMn,n). (101)

Topology fixes which entries vanish, but a complete dynamical theory must derive the remaining
magnitudes and relative phases from receiver geometry, local Aether state, occupancy, and the
appropriate QMU boundary-work quantities.

A valid law must preserve the phtn, angm, temporal, electrostatic, and topology ledgers. It must
reduce to the derived rank-one bright state and must identify any remainder channel explicitly.

9.2 Unique-record registration

The second unresolved object is the Aether-internal rule that turns the complete record measure ω4
into one realized extremal material record in an individual event. Linear restriction cannot do this
alone.

The paper does not hide this gap under the language of an external observer. The observer is built
from occupied half-spin records and belongs to the same material quotient. A later theory must
derive either:

• a deterministic hidden registration variable;
• a discrete boundary-completion rule;
• a nonlinear Aether-internal selection operation;
• or another exact mechanism consistent with the Stage 66 weights.

Any proposed mechanism must retain the no-backward-notification theorem and must not permit
duplicate direct occupation.

9.3 Remainder and conversion sectors

The primitive paper excludes multiphtn input, species conversion, daughter phtn, and material-
specific kinetics. These processes require an enlarged event space in which every additional output
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carries a complete QMU and topology ledger. They cannot be introduced by reinterpreting the
direct receiver superposition as several simultaneous copies of the original phtn.

10 Discussion

10.1 What the paper adds

The paper closes a conceptual gap between free propagation and receiver occupation. The free phtn
is not a localized object choosing among receivers after the fact, nor is it an expanding collection
of complete phtn copies. It is one normalized five-dimensional event support with one free input
channel. During one moment, the local receiver couplings define one bright combination. Across
moments, the surviving free history and orthogonal absorbing records define a first-occupation
measure.

This architecture explains why a phtn from a distant source can pass many possible receivers and
later be recorded on Earth. Arrival means that no earlier interaction completed direct closure.
Earlier scattering, phase alteration, polarization change, or material response must appear in the
transport or remainder history. A previous complete occupation would have terminated the original
free event.

10.2 Meaning of the four-dimensional quotient

The temporal quotient gives a precise mathematical form to the statement that occupied matter
does not observe the Aether from an external vantage point. The five-dimensional state distinguishes
the deck pair. The durable material algebra does not. The inability of matter to record deck-odd
information is a limitation of the material registration, not evidence that the complete branch
structure is absent.

This point must remain separate from unique-record realization. The quotient explains why the
intrinsic branch sign is inaccessible. It does not by itself explain why one receiver record is realized
in an individual event. The linear no-go result prevents those questions from being conflated.

10.3 Meaning of global closure

Complete capture is global only in the sense that the completed event has one consistent source-to-
receiver history, one boundary ledger, and one QMU ledger. It does not require a physical message
to run backward. The terminal free boundary is canceled at the receiver. The source root remains
historical provenance. Local source statistics remain invariant under receiver-local operations.

This resolves the apparent paradox of a broad source-rooted phtn support terminating at a remote
receiver. The event is completed, but no controllable receiver-to-source influence is created.

10.4 Relation to conventional mathematics

The rank-one bright state, Kraus-operation no-signaling identity, geometric first-event law, and
double-cover quotient each have conventional mathematical analogues. The paper does not claim oth-
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erwise. Its contribution is to show that these structures arise together as the minimal mathematical
completion of the APM phtn and Ligamen topology.

The experimentally distinctive content will depend on the future QMU coupling law, the physical
receiver preparation, and any derived deck-odd interaction. Until then, the present results establish
a rigorous architecture and sharp no-go boundaries.

11 Conclusion

One free one-spin phtn interacting with many admissible receivers is described by

H(1)
n = HF,n ⊕ HLC,n ⊕ HR,n. (102)

The number of independent receiver alternatives is rank G, and the completed-occupation projector
is idempotent. One normalized direct event therefore contains zero or one completed occupation.

The local coupling vector defines the unique bright state

|Bn⟩ = Θ−1
n

∑
y

ϑy,n|LCy⟩, (103)

while all orthogonal receiver combinations are dark during that update. The free and closure sectors
undergo an exact rotation, preserving one complete phtn and one complete angm.

With orthogonal absorbing records, the exact first-occupation law is

Wn,y =

∏
k<n

(1 − qk)

 qy,n. (104)

The temporal double cover is registered by occupied matter through QT (ζh) = ζ2
h, so the event

label survives while the intrinsic deck sign does not. Linear restriction supplies the complete record
measure but does not select one realized record.

Receiver attachment cancels the terminal free boundary and leaves the source history unchanged.
Receiver-local operations leave unconditioned source-local material statistics unchanged. The
origin is therefore not physically notified that capture occurred, and global five-dimensional event
completion does not become a backward or faster-than-c communication mechanism.

The paper establishes the first-occupation architecture. The next theoretical task is narrower and
more difficult: derive the QMU coupling vector and the Aether-internal unique-record registration
law without violating the topology, conservation, or causality results obtained here.

A Gram Reduction Proof

Let A : CM → HLC map the standard basis vector ey to |LCy⟩. Then

G = A†A. (105)
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The null spaces satisfy ker G = ker A because
⟨v, Gv⟩ = ⟨Av, Av⟩. (106)

Therefore
rank G = rank A = dim span{|LCy⟩}. (107)

For a positive eigenpair (λa, Va),
|Ea⟩ = λ−1/2

a AVa (108)
satisfies ⟨Ea|Eb⟩ = δab.

B Exponential of the Bright-State Generator

Let
Jn = |Bn⟩⟨Fn| − |Fn⟩⟨Bn|. (109)

On the active two-dimensional space,
J2

n = −I2, J3
n = −Jn. (110)

Hence
eΘnJn = I2 cos Θn + Jn sin Θn, (111)

which gives Eqs. (31) and (32). The dark projector annihilates Jn and is therefore fixed by the
exponential.

C First-Occupation Normalization Proof

From Eq. (46),
Sn − Sn+1 = Snqn = Wn. (112)

Summing from n = 0 through N gives
N∑

n=0
Wn = S0 − SN+1 = 1 − SN+1. (113)

Since Wn = ∑
y Wn,y, Eq. (52) follows.

D Receiver-Local Source Invariance Proof

Using Eq. (89),

ρ′
S = TrR

∑
j

(IS ⊗ Kj)ρSR(IS ⊗ K†
j ) (114)

= TrR

ρSR

IS ⊗
∑

j

K†
j Kj

 (115)

= TrR ρSR = ρS . (116)
The second equality uses cyclicity inside the partial trace on the receiver factor. The result concerns
unconditioned source statistics. Conditional subensembles require the receiver outcome label.
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E Validation Summary

The six derivation stages were validated independently. Their public result files are included in the
archival package.

Stage Checks Failures Principal validation target
64 28,856 0 Orthogonal event space, Gram rank, occupation idempotence, QMU

nonmultiplication
65 111,068 0 Anti-Hermitian generator, unitary exponential, bright and dark

reduction, QMU commutators
66 393,348 0 Survival products, first-occupation normalization, closure depth,

record-overlap no-go
67 33,835 0 Deck involution, orbit projectors, material restriction, linear selec-

tion no-go
68 72,000 0 Boundary cancellation, local operations, source invariance, condi-

tional correlations
69 105,863 0 Prediction identities, structural nulls, first-event laws, quotient

invariance
Total 744,970 0 Integrated formal and numerical consistency

The maximum residual among exact identities is below 1.2 × 10−13. Stage 66 separately validates a
weak-series coefficient approximation within its stated 2 × 10−4 tolerance. These checks establish
formal and computational consistency. They are not independent experimental confirmation.

F Epistemic Ledger

Statement Status Qualification
Multi-receiver direct-sum
event space

Derived Minimal primitive space with free, occupied,
and explicit remainder sectors.

Effective receiver count
rank G

Derived Exact linear-algebraic reduction of
overlapping receiver labels.

Occupation idempotence Derived Applies to the primitive one-phtn direct
event class.

QMU nonmultiplication Derived Applies to normalized direct same-scale
alternatives.

Complex coupling vector
ϑn

Constitutive input Topology determines allowed support but
not nonzero strengths.

Unique bright receiver
mode

Derived Exact for one free input channel and linear
primitive coupling.

Dark subspace invariance Derived Holds during a fixed one-moment coupling
vector.

First-occupation product
law

Conditional
theorem

Requires one unique survivor and orthogonal
absorbing records.
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Statement Status Qualification
First-occupation event
measure

Derived
conditionally

Norm measure on mutually orthogonal
first-event records.

Temporal double cover Inherited and
represented

Uses the established half-angle lift.

Four-dimensional record
quotient

Constructive
interpretation

Material orbit algebra is deck even and
omits inter-record coherence.

Deck-pair
indistinguishability

Derived in the
model

Applies to durable observables in the
material record algebra.

One realized extremal
record

Constitutive
principle

Not selected by linear restriction alone.

Terminal boundary
cancellation

Derived Receiver attachment cancels the terminal
free boundary.

No backward notification Derived under
locality

Receiver-local trace-preserving operations
leave source statistics invariant.

No-superluminal control Conditional
theorem

Requires local accessibility and no
post-selection at the source.

Prediction hierarchy Derived from
Stages 64–68

Includes shared consistency tests and
potential APM-specific null tests.

Experimental confirmation Open No experimental validation is claimed by the
computational checks.
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