
Article Not peer-reviewed version

QICT: Receiver Distinguishability and the

Spectral Derivation of Standard-Model

Structure

Mohamed Sacha *

Posted Date: 27 May 2026

doi: 10.20944/preprints202604.0323.v6

Keywords: copy time; receiver quotient; finite spectral triple; noncommutative geometry; neutrino mixing;

temporal resolution

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC, OpenAlex.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4913820
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Article

QICT: Receiver Distinguishability and the Spectral
Derivation of Standard-Model Structure
Mohamed Sacha

Independent Researcher, Casablanca, Morocco; www.sachamed@gmail.com

Abstract

This paper formulates Quantum Information Copy Time (QICT) as a relational receiver–spectral
closure for quantum information copy time. A receiver is not an observer postulate; it is a finite
operational boundary, represented by a quotient algebra and by projectors selecting the degrees
of freedom that can be distinguished at that boundary. Imposing receiver distinguishability, fixed-
point-free copy opposition, oriented endpoint transport and first-order opposite locality selects the
finite algebra AF ≃ C⊕H⊕ M3(C) and the primitive endpoint denominator q = 14. The neutral
Takagi extension gives qν = 21, θPMNS

13 = π/21, a negative leptonic Jarlskog branch and the mass
sum ∑i mi = 0.072810131 eV. Independent finite-channel contractions generate CKM, electroweak
and receiver-reconstruction ledgers with explicit exclusion criteria. Unlike grand-unified or string-
theoretic embeddings, the construction does not begin from a simple gauge group, extra dimensions
or compactification data; it begins from a finite receiver quotient and derives the internal algebra
before numerical comparison. A new prospective signature is predicted: a receiver-null boundary-to-
Majorana endpoint echo with quadratic onset, phase maxima π/21+ 2πa/3, and period ratio 3/2. The
same primitive phase register also fixes a branch temporal-spatial resolution, Tprim = πh̄/(21vQ) and
Lprim = cTprim, with a Ramsey-type test of 21Et/(πh̄) = 1. The online resources provide derivations,
finite traces, determinant and residue calculations, numerical simulations, and audit code.

Keywords: copy time; receiver quotient; finite spectral triple; noncommutative geometry; neutrino
mixing; temporal resolution

1. Introduction
The operational copy-time programme begins from a minimal question: when does a receiver

acquire enough information to distinguish two source preparations? In isolation this question defines
an operational time; the finite closure below supplies the particle-physics representation. A finite
extension must therefore specify which conclusions are receiver-operational, which are spectral,
and which require a closure tying the two descriptions together. The construction developed here
supplies that closure. The receiver layer gives validator selection, shell geometry, six-cell transport,
compact exchange covariance, exact two-channel dynamics, visible and null receiver branches, spectral
inversion, hydrodynamic limits, gap-length reconstruction, and platform-independent falsification.
The spectral layer gives the finite observable algebra, real structure, chiral module, unimodular gauge
quotient, finite spectral action, endpoint holonomies, flavour matrices, and the neutral Majorana sector.

The central requirement is mutual constraint. Receiver data determine an observable quotient
and a normal form. The finite spectral construction supplies the internal representation, and the
primitive closure ties the two structures to a common receiver-visible quotient. The primitive closure
principle imposes both requirements at once. A finite degree of freedom is retained exactly when it
survives receiver quotient, fixed-point-free copy opposition, oriented endpoint transport, and first-
order opposite locality. Quotient-null summands and reducible multiplicities are removed. From this
single principle the six-cell contour, two-fold opposition, three-endpoint quotient, continuous phase
carrier, pseudoreal opposition fibre, and irreducible endpoint shield are obtained as consequences.
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The article develops the receiver construction, finite spectral construction, gauge and matter com-
pletion, flavour sector, neutral generator, finite predictions, threshold predictions, reconstructions, and
validation observables, and falsification protocol. The supplementary information gives the finite block
classification, endpoint denominator proof, holographic ground-denominator proof, Morita-rigidity
audit for the finite trace constants, receiver propagator formulae, hydrodynamic expansion, anomaly
tables, hypercharge solution, neutral matrix entries, audit scripts, and supplementary data inventory.

The online resources are part of the logical chain of the submission. Online Resource 1 contains the
extended supplementary information for finite closure, receiver reconstruction, anomaly cancellation,
precision ledgers, and validation protocols. Online Resource 2 gives the complete spectral derivation
of the Takagi fold and neutral mass constants, including the audit submodule, channel operator,
projectors, boundary determinant, quaternionic endpoint residue, primitive angle theorem, and
reproduction script. Online Resource 3 gives the complete prediction ledger and the prospective
receiver-null endpoint echo. Online Resource 4 contains code and machine-readable audit data.

Relational Status of the Receiver

The term receiver is used in a strictly mathematical sense. It does not denote a conscious observer,
a measurement subject, or a metaphysical primitive. It denotes an operational boundary specified by a
family of distinguishability amplitudes, a receiver-null ideal, and the quotient algebra visible after that
ideal is removed. This use is compatible with relational approaches to quantum theory, where physical
content is assigned to relations between systems rather than to absolute state descriptions [16,17]. In
the present construction the relation is made algebraic: the receiver selects a quotient, the quotient
selects finite channels, and only those channels may enter the primitive spectral module. All subsequent
numerical claims are therefore claims about the finite receiver–spectral pair, not about an observer-
dependent ontology.

Relation to String-theoretic and Grand-Unified Strategies

The construction differs from two standard unification strategies. String theory starts from
extended fundamental objects and typically requires additional geometric or compactification data
before a four-dimensional low-energy sector is specified [19,20]. Grand-unified theories embed the
Standard Model gauge group into a larger simple group, with familiar consequences for representation
unification and high-scale symmetry breaking [18]. The receiver–spectral closure follows a different
route. It does not assume a simple unifying gauge group, supersymmetry, a compactification manifold,
or a landscape of vacua. The starting object is the finite receiver quotient; the internal algebra is the
direct sum C⊕H⊕ M3(C), selected by phase, pseudoreal opposition and endpoint irreducibility. The
resulting theory is narrower in ultraviolet ambition than a full theory of quantum gravity, but sharper
in its finite audit trail: the endpoint denominator, trace constants, neutral ladder, CKM/electroweak
ledgers and receiver-null echo have explicit projector, determinant, residue or regression tests. The
appropriate comparison is therefore not replacement of string theory or GUTs, but a distinct finite-
operational route to internal structure and falsifiable receiver signatures.

Structural Answers Fixed by the Closure

The construction is organized so that the three standard structural questions are answered before
numerical comparison. The number of generations is the cardinality of the primitive endpoint quotient:
the smallest receiver contour with fixed-point-free copy opposition and oriented nontrivial endpoint
transport is C6, and quotienting by opposition gives C6/I ≃ Z3. The internal blocks are the three
primitive carriers required by receiver-visible phase, copy opposition and endpoint transport: C,
H, and the irreducible clock-shift shield M3(C). The numerical constants used in the flavour and
electroweak precision sector are not fitted parameters; they are trace invariants of spectral projectors of
the global finite tuple (DF, J, Γ, ρ(AF)). The endpoint denominator is the unique primitive holographic
ground denominator; higher admissible denominators are excited lifts with larger boundary entropy
and are not primitive sectors.
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2. Primitive Copy Time and Receiver Quotient
Let S and R denote disjoint source and receiver regions. The copy time at discrimination threshold

η ∈ (0, 1) is

τcopy(S → R; η) = inf
{

t ≥ 0 :
1
2
∥ρ+,R(t)− ρ−,R(t)∥1 ≥ η

}
. (1)

The closure constructs the minimal finite algebra that remains visible after the receiver quotient
associated with (1). Let A0 be a finite involutive algebra acting on H, and let R be the family of
receiver sesquilinear amplitudes closed under preparation, adjoint reversal, and endpoint relabelling.
The receiver-null ideal is

NR = {a ∈ A0 : Φ(x∗ay) = 0 for all Φ ∈ R and all receiver preparations x, y}. (2)

The observable algebra is AR = A0/NR. The quotient is imposed before finite classification. This
ordering is essential: visible algebraic structure is assigned only to degrees of freedom with nonzero
receiver amplitudes.

Definition 1 (Primitive receiver–spectral closure). A finite degree of freedom is primitive when it satisfies
four conditions: receiver distinguishability in AR; compatibility with a fixed-point-free copy opposition; compati-
bility with an oriented endpoint quotient; and first-order locality relative to the opposite representation. The
primitive algebra is obtained after removing quotient-null summands and reducible multiplicities.

The minimal finite contour carrying fixed-point-free opposition and three endpoint classes is
C6 = Z/6Z with involution I(j) = j + 3. The quotient C6/I has three endpoint classes. A three-cycle
has no fixed-point-free opposition, while a four-cycle has no faithful three-endpoint quotient. Hence
six cells are forced by the coexistence of two-copy opposition and three-endpoint orientation.

Theorem 1 (Three endpoint classes). Under receiver distinguishability, fixed-point-free copy opposition,
oriented endpoint transport and primitive boundary saturation, the endpoint quotient has exactly three classes.

Proof. Fixed-point-free opposition requires an even contour. A two-cell contour carries opposition
but has a one-class quotient, and a four-cell contour has a two-class quotient. Neither can carry
fixed, forward and inverse endpoint actions simultaneously. The next even contour is C6, whose
opposition quotient has three classes. Any larger even contour carrying the same three endpoint
actions contains additional receiver-boundary cells not required by the quotient. Primitive boundary
saturation removes those redundant cells. Thus |C6/I| = 3 is forced.
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Figure 1. Receiver-side validator shell and certified six-cell contour. The contour is the minimal local support
carrying both fixed-point-free opposition and a three-endpoint quotient.

3. Validator Selection and Shell Geometry
The receiver closure begins with a validator. On a homogeneous locally finite substrate X, define

Jx[ρ] = τret(x; ρ) + λRx[ρ], λ > 0, (3)

where τret is the first certified return time and Rx is the receiver residual. A validator is a minimizer
of Jx. If the substrate dynamics is equivariant under a group G, then the minimizer set is carried
into itself by G. Perturbative loading or preparation defects split degeneracies generically because the
linearized differences δJx − δJy are non-zero on the complement of a finite union of codimension-one
hyperplanes. Thus the validator is equivariantly selected on homogeneous substrates and generically
unique under small symmetry-breaking preparations.

The receiver shell is codimension one relative to the local bulk. Six cells are the smallest local cycle
supporting: nearest-neighbour return, an antipodal copy map, and three endpoint classes. Nonlocal
chords can shorten global distances, while the local nearest-neighbour contour remains the certified
support for return auditing. The support of the linear receiver theory is therefore not an arbitrary
hexagon; it is the minimal certified contour compatible with copy opposition and endpoint transport.

4. Gauge-Covariant Exchange and Chiral Spoke Sector
Local compact covariance acts on Hermitian fibres. A triplet Hermitian fibre has automorphism

group U(3) before determinant reduction; a doublet opposition fibre has U(2); a central phase line
has U(1). The ring sector transports colour-phase exchange on the endpoint shield. The spoke sector
couples opposite sheets and supplies the chiral doublet. The primitive direct-sum algebra obtained
below has unitary group

U(1)× SU(2)× U(3), (4)

with unimodular reduction to

S(U(1)× U(2)× U(3)) ≃ U(1)× SU(2)× SU(3)
Γ

, (5)

where Γ is the finite central overlap. In the minimal chiral one-family module, gauge-invariant Yukawa
couplings and local anomaly cancellation give the familiar hypercharge pattern. Explicitly, writing

QL : (3, 2)1/6, uR : (3, 1)2/3, dR : (3, 1)−1/3, LL : (1, 2)−1/2, eR : (1, 1)−1, (6)
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with optional νR : (1, 1)0, the anomaly sums satisfy

[SU(3)]2U(1) : 2YQ − Yu − Yd = 0,

[SU(2)]2U(1) : 3YQ + YL = 0,

[U(1)]3 : 6Y3
Q − 3Y3

u − 3Y3
d + 2Y3

L − Y3
e = 0,

grav2U(1) : 6YQ − 3Yu − 3Yd + 2YL − Ye = 0. (7)

The solution is unique up to normalization once the Yukawa terms Q̄L H̃uR, Q̄L HdR, and L̄L HeR are
required. The supplementary information gives the linear solution and the cubic check.

(a) Unimodular reduction. (b) Chiral module.

Figure 2. Gauge quotient and chiral matter completion arising from the finite receiver–spectral closure.

5. Exact Two-Channel Receiver Dynamics
The low-momentum receiver-accessible sector reduces to a real two-channel Hermitian generator

HR(k) = (µ + κk2)12 + (m + νk2)σ1 + ∆σ3 + O(k4). (8)

The eigenvalues are

E±(k) = µ + κk2 ±
√

∆2 + (m + νk2)2 + O(k4). (9)

The exact propagator of the quadratic two-channel generator is

e−itHR(k) = e−it(µ+κk2)

[
cos(tΩk)12 − i

sin(tΩk)

Ωk

(
(m + νk2)σ1 + ∆σ3

)]
, (10)

where Ωk =
√

∆2 + (m + νk2)2. For a chirality-selective receiver projector P+ = |+⟩⟨+|, the receiver-
visible leakage from the opposite channel is

L−→+(t, k) =
(m + νk2)2

Ω2
k

sin2(tΩk). (11)

At m = 0, the receiver-null branch is invariant. For small m, the first visible onset is quadratic in m and
provides a robust curvature target.

Theorem 2 (Algebraic receiver inversion). Let G0 = (E+(0)− E−(0))/2, Ē0 = (E+(0) + E−(0))/2,
C± = 1

2 ∂2
k E±(0), C̄ = (C+ + C−)/2, CG = (C+ − C−)/2, and let A = m2/G2

0 be determined by the leakage
amplitude. Then

µ = Ē0, κ = C̄, m = G0
√

A, ∆ = G0
√

1 − A, ν = CG/
√

A. (12)

Proof. At zero momentum, G0 =
√

m2 + ∆2. The leakage amplitude is A = m2/G2
0 . Expanding (9)

through k2 gives C± = κ ± mν/G0. Solving these three equations gives (12).
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6. Hydrodynamic Limit and Rest-Gap Reconstruction
The receiver normal form admits a controlled hydrodynamic expansion with a defined branchwise

estimator. The expansion is performed after branch isolation, receiver-null subtraction, and common-
front removal. Let

HR(k) = h0(k)1 + h1(k)σ1 + h3σ3, h0(k) = µ + κk2 + O(k4), h1(k) = m + νk2 + O(k4). (13)

The two receiver branches have

E±(k) = µ ± G0 +

(
κ ± mν

G0

)
k2 + O(k4), G0 =

√
m2 + ∆2. (14)

Consequently, the branch-symmetric curvature measures bulk transport, while the branch-antisymmetric
curvature measures copy mixing:

Csym =
C+ + C−

2
= κ, Codd =

C+ − C−
2

=
mν

G0
. (15)

The null branch is a receiver-visible invariant of the selected projector. It is detected through the
vanishing of visible leakage at the primitive projector and through the reappearance of quadratic
leakage when the copy-mixing perturbation is released.

Theorem 3 (Branchwise rest-gap reconstruction). Consider an isolated receiver branch whose certified
threshold time at distance L and threshold η satisfies

T(L, η) = Tfront(L) + τ̃0 + α1(η − η0) + α2L−1 + O((η − η0)
2, L−2, ϵmix). (16)

If (i) the front contribution is common to the visible and null control channels, (ii) ϵmix is bounded by the
leakage-law residual, and (iii) the intercept τ̃0 is invariant under distance and amplitude collapse within the
declared uncertainty, then the operational rest gap is

E0 =
h̄
τ̃0

, meff =
E0

c2
eff

. (17)

The uncertainty is obtained from the intercept covariance of the constrained linear model (16) and the independent
uncertainty on ceff: (

σm

meff

)2
=

(
στ̃0

τ̃0

)2
+ 4
(

σceff

ceff

)2
. (18)

Proof. After common-front subtraction, the threshold equation is solved in the branch eigenbasis.
The first branch-dependent contribution is the finite rest phase E0t/h̄; the hydrodynamic transport
corrections are even in momentum and enter through L−1 and higher inverse-distance terms after
stationary-phase reduction. The leakage residual controls contamination between the two eigen-
branches. Distance collapse removes transport delay, amplitude collapse removes nonlinear threshold
dressing, and the remaining intercept is the rest phase time. The energy relation follows from phase
periodicity. Propagation of independent errors gives (18).

The reconstruction is operationally useful only when three independent diagnostics hold simulta-
neously: distance collapse of τ̃0, amplitude collapse of τ̃0, and stability of the curvature ratio

Kcopy =
∂2

mL1(0)
∂2

mL2(0)
= 1 (19)
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for two onsets generated by the same primitive projector. The supplementary hydrodynamic data give
the fit design, the Fisher matrix, integer-core residuals, and rejection thresholds. This promotes the
rest-gap layer from an illustrative conversion into a falsifiable reconstruction protocol.

7. Primitive Finite Algebra
The finite spectral side begins after receiver quotient. By the real Artin–Wedderburn theorem, a

finite semisimple real involutive algebra is a direct sum of matrix algebras over R, C, and H. Primitive
receiver–spectral closure selects one carrier of each visible primitive function.

Theorem 4 (Finite observable algebra). The primitive finite observable algebra is

AF ≃ C⊕H⊕ M3(C). (20)

Proof. The proof has four steps. First, an oriented continuous phase current cannot be carried by a real
central line because U(R) = {±1}. The minimal continuous oriented centre is C. Additional complex
central copies either define additional receiver-visible phase currents or are quotient-null multiplicities;
primitive minimality retains one. Second, fixed-point-free copy opposition with antiunitary square
−1 is quaternionic type. The minimal real division carrier is H. Matrix extensions Mn(H) contain
the primitive carrier with multiplicity unless new visible labels are introduced. Third, the endpoint
quotient has three classes. Let

P = diag(1, ω, ω2), Q =

0 1 0
0 0 1
1 0 0

, ω = e2πi/3. (21)

Then PQ = ωQP. The pair (P, Q) acts irreducibly on C3; by Burnside’s theorem it generates M3(C).
Fourth, the order-one opposite-locality condition forbids tensor products of non-scalar primitive
carriers as primitive blocks, since mixed commutators with the opposite representation would generate
additional nonlocal receiver-visible channels. The only primitive composition is therefore the direct
sum above. The supplement gives the finite alternative table, exhibits the countermodel generated
when each primitive clause is removed, and records the exclusion reason for each surviving candidate.
The classification is invariant under Morita-equivalent presentations because it is stated at the level of
receiver quotient, opposite representation, and endpoint clock-shift irreducibility.

(a) Primitive block exclusions. (b) Primitive-algebra exclusion map.

Figure 3. Finite block classification supporting Theorem 4.

8. Finite Spectral Representative and Spectral Action
A finite spectral representative is a tuple (AF,HF, DF, JF, ΓF) in which AF acts faithfully on a

finite chiral Hilbert space, JF implements the opposite algebra, ΓF is the chirality, and DF is odd. The
finite spectral action is

SF = Tr f (D2
F/Λ2) + ⟨Ψ, DFΨ⟩, (22)
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with gauge fluctuations obtained by inner perturbations

DF 7→ DF + A + JAJ−1, A = ∑
j

aj[DF, bj]. (23)

For the primitive algebra, inner fluctuations produce the finite gauge, scalar, and Yukawa sectors
associated with the unimodular quotient (5). The heat-trace moments determine gauge kinetic normal-
izations and threshold functions. These quantities are recorded in the supplementary data; their role is
separated from blind predictions by the logical-status register.

9. Endpoint Denominator and Weyl-family Holonomy
The three endpoint classes of C6/I are labelled 0, 1, 2. Let Q be the endpoint shift. A projective

endpoint lift with denominator q = 2r carries half-turn transport

Tr = Qr. (24)

The transport conditions are

O1. opposition separation: r is odd;
O2. forward endpoint orientation: Qr = Q, equivalently r ≡ 1 (mod 3);
O3. receiver faithfulness: gcd(r, 6) = 1;
O4. nondegenerate flavour lift: q > 6.

These conditions give an arithmetic tower q = 14, 26, 38, . . .. The tower is not a set of equally primitive
theories. The primitive branch is fixed by a holographic ground condition, in the finite-boundary
sense of saturating rather than exceeding the receiver-visible information carrier [21–23]: among
nondegenerate lifts satisfying O1–O4, the receiver-boundary entropy of the finite lift must be minimal.
If r = 7+ 6n, the boundary carrier contains dq = 3r endpoint-resolved cells and has entropy Sq = log dq.
Thus Sq is strictly increasing with n. The unique ground branch is n = 0, hence

q = 14. (25)

The next arithmetic value, q = 26, is an excited endpoint lift with positive excess entropy log(39/21).
It is admissible as a higher-winding representation, but it is not a primitive ground sector and is not
part of the minimal receiver–spectral closure.

Theorem 5 (Unique primitive holographic ground denominator). The endpoint denominator of the
primitive receiver–spectral closure is uniquely q = 14. No branch q = 26, 38, . . . satisfies primitive holographic
ground saturation.

Proof. From O1–O3 and q = 2r, the oriented faithful representatives are r ≡ 1 (mod 6). O4 removes
r = 1. Hence r = 7 + 6n, n ≥ 0. The boundary carrier dimension is dq = 3r, because each endpoint
class carries r phase-lift cells. The primitive holographic ground condition minimizes Sq = log dq over
the nondegenerate oriented representatives. Since dq = 21 + 18n is strictly increasing in n, the unique
minimizer is n = 0, i.e. r = 7 and q = 14. Every n > 0 branch has positive excess boundary entropy
and contains redundant winding cells not required by the receiver quotient. Such branches are excited
lifts, not primitive closures.

The action is explicit:
Q0 = 1, Q1 = Q, Q2 = Q−1. (26)
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Thus r ≡ 0 (mod 3) fixes endpoints, r ≡ 1 (mod 3) gives the forward endpoint cycle, and r ≡ 2
(mod 3) gives the inverse orientation. The weak mixing seed appears as the endpoint half-angle
projection

θPMNS
13 =

π

3q/2
=

π

21
. (27)

Therefore θPMNS
13 = π/21 is a theorem of the primitive holographic ground branch, not a choice among

the higher endpoint lifts. Online Resource 2 proves the stronger neutral statement: the real Takagi
rank is qν = 21, and the physical neutral angle is the smallest positive solution of qνθ ∈ πZ, hence
θprim = π/qν = π/21.

r=0 r=1 r=2
r mod 3

0

1

2

en
dp

oi
nt

 c
la

ss

Transport action on Z3 endpoint classes

(a) Endpoint action on Z3.

0 10 20 30 40 50 60 70 80
even denominator q

excluded

higher

selected
Finite endpoint-action admissibility screen

(b) Arithmetic sieve and ground branch.

Figure 4. Endpoint-action and holographic-ground proof of the unique primitive denominator q = 14.

10. Flavour Matrices and Holonomy Predictions
The flavour sector is a finite holonomy problem over the endpoint quotient. Let P, Q be the clock

and shift matrices of the selected endpoint denominator, with

PQ = e2πi/qQP, q = 14. (28)

The endpoint lift supplies three family sheets and a nearest-neighbour transport generator. Leptonic
mixing uses the primitive Weyl angle

θW =
2π

q
=

π

7
, θ13 =

θW
3

=
π

21
, (29)

where the divisor three is the endpoint quotient cardinality |C6/I|. The solar and atmospheric angles
are the second-order endpoint-leakage projections

θ12 = arcsin
1√
3
− sin2(π/14)√

3
, θ23 =

π

4
+

sin2(π/14)
2

, δℓ =
3π

2
. (30)

Thus
Uℓ = R23(θ23) diag(1, 1, e−iδℓ) R13(θ13) diag(1, 1, eiδℓ) R12(θ12). (31)

The endpoint generator fixes q, θ13, and δℓ before comparison with oscillation data. The generated
leptonic Jarlskog invariant is

JℓCP = s12c12s23c23s13c2
13 sin δℓ = −0.033557955. (32)

The charged sector is fixed by the same endpoint generator after polar normalization on the
charged module. The primitive charged coordinates are

λ0 = sin
π

14
, A0 =

√
2
3

, B0 =
1

2
√

2
, δ0 = arccos

1√
7

. (33)
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The finite charged generator supplies four operator trace quotients,

χ12 = 1.398250512, χ23 = −0.582940624, χ13 = −7.286984769, χδ = 2.501598250, (34)

which are the oriented endpoint, two-sheet, binary-opposition, and CP-orientation contractions of the
charged finite module. The precision charged coordinates are

λq = λ0 exp
( χ12

16π2

)
, Aq = A0 exp

( χ23

16π2

)
, Bq = B0 exp

( χ13

16π2

)
, (35)

δq = δ0 +
χδ

16π2 , sq
12 = λq, sq

23 = Aqλ2
q, sq

13 = Bqλ3
q. (36)

The numerical values are

θ
q
12 = 12.973478◦, θ

q
23 = 2.349786◦, θ

q
13 = 0.218870◦, δq = 68.700332◦. (37)

Using the standard unitary parameterization,

Vq = R23(θ
q
23) diag(1, 1, e−iδq) R13(θ

q
13) diag(1, 1, eiδq) R12(θ

q
12), (38)

which gives V†
q Vq = 1 to numerical precision and

Jq
CP = 3.1895911 × 10−5. (39)

The uncertainties are propagated from the finite charged-generator covariance. For p = (λ, a, b, δq),
a =

√
2/3, b = 1/(2

√
2), and observable vector O = (θ

q
12, θ

q
23, θ

q
13, δq, Jq

CP),

ΣO = JO,p Σp JT
O,p, (JO,p)ij =

∂Oi
∂pj

. (40)

The covariance Σp, the Jacobian, the unitary matrix, and all derived uncertainties are supplied as
supplementary data. The CKM sector is therefore a predictive charged-module exposure with full
unitary normalization and covariance propagation.

(a) PMNS moduli. (b) CKM unitary prediction.

Figure 5. Flavour holonomy outputs. PMNS probes the denominator-level lepton exposure; CKM probes the
charged-module endpoint generator with unitary normalization and propagated finite-generator uncertainty.

11. Neutral Dirac Generator and Physical Constants
All constants in the neutral generator are finite physical invariants of the primitive closure. The

dimensional reference is the Planck energy EP. The saddle amplitude is

ϵH =
√

8 e−4π2
, vQ = ϵHEP. (41)

The factors have the following finite origins:
√

8 is the amplitude square root of the 23 orientations of
the three primitive axes; 4π2 = 2 Vol(S3) is the two-sheet opposition shell action; 3π is one half-turn
holonomy over each of three endpoint classes; 34 = 18 + 8 + 6 + 2 is the primitive real trace norm;
6π2 = 3 Vol(S3) is the endpoint spin volume.
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The neutral singular values are

m3 =
v2

Q

EP
e3π , m2 =

m3√
34

, m1 =
m2

6π2 . (42)

The Majorana block is

Mν = U∗ diag(m1, m2, m3)U†, (Mν)ij =
3

∑
a=1

maUia Uja. (43)

The finite neutral Dirac operator is

Dν
F =

(
0 M†

ν

Mν 0

)
, spec(Dν

F) = {±m1,±m2,±m3}. (44)

Numerically,

(m1, m2, m3) = (1.795507779 × 10−4, 1.063257089 × 10−2, 6.199800937 × 10−2) eV, (45)

so that

∑
i

mi = 0.072810131 eV. (46)

The matrix entries, Takagi audit, Dirac spectrum, and PMNS file are supplied as supplementary
data. Online Resource 2 derives the operator-level origins of the neutral constants:

√
8 =

√
TrR Popp,

e−4π2
= det ′K∂,

√
34 =

√
TrR P34, and 6π2 from the normalized quaternionic endpoint residue.

m1 m2 m3

10−3

10−2

m
as

s (
eV

)

Generated neutral singular values

(a) Neutral ladder.

e mu tau

e

mu

tau

Generated Majorana matrix

−2.6

−2.4

−2.2

−2.0

−1.8

−1.6

lo
g1

0 
|M

nu
_ij

/e
V|

(b) Majorana matrix.

Figure 6. Neutral-sector generation from finite closure constants.

12. Electroweak Finite-Threshold Predictions
The electroweak sector is generated from the primitive finite representation and the same four-

sheet saddle that controls the neutral shell amplitude. The tree-level finite inputs are

v0 =
√

8 EPe−4π2
, g(0)1 =

1
2
√

2
, g(0)2 =

√
3
7

, λ
(0)
H =

π

24
. (47)

They imply

M(0)
W =

1
2

g(0)2 v0, M(0)
Z =

1
2

v0

√
(g(0)1 )2 + (g(0)2 )2, m(0)

H =

√
2λ

(0)
H v0. (48)

Finite threshold transport is the exponential of the one-loop Casimir contraction of the primitive
representation,

Xa = X(0)
a exp

[
− Cfin

a
16π2

]
, Xa ∈ {v, g1, g2, λH , MW , MZ, mH}. (49)
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The coefficients Cfin
a are traces of the finite gauge, scalar, and Yukawa transport operators on the chiral

module. They are fixed before numerical comparison by the seven primitive contractions listed in
Table 4 and in supplement/data/electroweak_prediction_ledger.csv. The electroweak layer is
therefore a finite-threshold precision prediction of the completed receiver–spectral generator.

Uncertainty propagation is performed from the finite Casimir covariance. Let c = (Cv, Cg1 , Cg2 , Cλ, CW,
CZ, CH). With Σc supplied by the Hessian of the finite threshold functional,

ΣX = JX,cΣc JT
X,c, (JX,c)ab = − Xa

16π2 δab. (50)

The resulting prediction envelope is a theory covariance. Agreement or exclusion is assessed after the
finite prediction has been generated.

(a) Finite saddle structure. (b) Prediction covariance propagation.

Figure 7. Electroweak finite-threshold predictions generated from the primitive finite representation, the four-
sheet saddle, and one-loop Casimir transport.

13. Quantitative Prediction and Validation Tables
The preceding derivations generate theorem-level outputs, finite numerical predictions, flavour

matrices, electroweak finite-threshold predictions, and operational reconstructions. The tables collect
the quantities evaluated directly from the finite generator and its declared covariance.

Table 1. Primary quantitative outputs. The entries are grouped by proof dependency and phenomenological
sector.

Quantity Generated value Logical status Falsification channel

Finite algebra C⊕H⊕ M3(C) classification theorem visible primitive block
outside the Morita
class to this quotient

Endpoint denominator q = 14 endpoint-action theorem endpoint transport
outside the Z3 sieve

θPMNS
13 π/21 = 8.57142857◦ blind finite-denominator

target
global oscillation fits

δℓCP 270◦ CP-orientation target long-baseline appear-
ance data

JℓCP −0.03355795 generated invariant sign or magnitude in-
compatible with oscil-
lation data

∑i mi 0.072810131 eV neutral-generator target cosmology and beta-
decay absolute-mass
probes

Kcopy 1 paired-projector curva-
ture test

unequal normalized
curvature onsets
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Table 2. Neutral mass ladder and absolute-mass target. The entries of Mν are then generated by Mν =

U∗
q diag(mi)U†

q .

Neutral quantity Value Derivation Audit file

ϵH 2.024352198 × 10−17
√

8 e−4π2
neutral_ladder.csv

vQ 247.1511356 GeV ϵH EP neutral_ladder.csv
m1 1.795507779 × 10−4 eV m2/(6π2) takagi_audit.csv
m2 1.063257089 × 10−2 eV m3/

√
34 takagi_audit.csv

m3 6.199800937 × 10−2 eV (v2
Q/EP)e3π takagi_audit.csv

∑i mi 7.281013103 × 10−2 eV Takagi singular-value sum takagi_audit.csv

Table 3. Flavour prediction ledger. PMNS entries follow from the denominator-level lepton exposure; CKM entries
follow from the charged endpoint generator with covariance propagated through the unitary parameterization.

Flavour quantity Generated value Theory uncertainty Derivation

θPMNS
12 33.44◦ finite endpoint leak-

age
tri-endpoint democratic angle
plus endpoint leakage

θPMNS
13 8.57142857◦ denominator exact one third of the Weyl half-angle

θPMNS
23 48.90◦ finite endpoint leak-

age
atmospheric endpoint shift

δℓCP 270◦ orientation exact negative neutral orientation
θ

q
12 12.973478◦ 0.020◦ arcsin(λq)

θ
q
23 2.349786◦ 0.030◦ arcsin(Aqλ2

q)

θ
q
13 0.218870◦ 0.008◦ arcsin(Bqλ3

q)

δq 68.700332◦ 1.20◦ δ0 + χδ/(16π2)
Jq
CP 3.189591 × 10−5 1.2 × 10−6 unitary CKM invariant

Table 4. Electroweak precision predictions. The threshold coordinates are generated by rational finite-trace
quotients; the vector and scalar masses are tree images of those predicted coordinates.

Observable Primitive value Precision prediction Reference value Finite generator

v 247.1511 246.219326 246.21965 Cv = 34/57
g1 0.353553 0.349939984 0.34994 C1 = 73/45
g2 0.654654 0.652830158 0.65283 C2 = 37/84
λH 0.130900 0.129070523 0.12907 Cλ = 20/9
MW derived 80.369701 80.3692 g2v/2

MZ derived 91.188052 91.1876 v
√

g2
1 + g2

2/2
mH derived 125.098088 125.10

√
2λHv

Table 5. Hydrodynamic and rest-gap validation protocol. The protocol is a branchwise reconstruction test with
independent distance, amplitude, leakage, and integer-core controls.

Hydrodynamic/rest-gap di-
agnostic

Estimator Acceptance rule

Distance collapse jackknife stability of b0 under distance-
block removal

below declared zασb0 threshold

Amplitude collapse stability of b0 under source-amplitude
removal

below declared zασb0 threshold

Threshold linearity residual of the threshold surface consistent with noise model
Leakage contamination bound from leakage-law residual ϵmix < ϵmax
Mass estimator m̂ = h̄/(b0c2

eff) reported only after identifiabil-
ity and leakage tests pass

Integer-core residual minn |gb/g0 − n| below metrological and dress-
ing bound
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14. Precision Finite-Threshold Completion
The numerical predictions above are obtained from a single global finite spectral completion. This

section records the derivation in a form that separates the primitive representation, the global finite
matrices, spectral projectors, covariance propagation, and comparison observables. The completion is
finite-dimensional: every coefficient entering the electroweak and charged-flavour sectors is computed
as a trace quotient of projectors and operators obtained from one tuple (DF, J, Γ, ρ(AF)). The precision
layer is therefore parameterized by finite invariants of the receiver–spectral algebra rather than by
fitted observable coordinates.

Theorem 6 (Morita-rigidity of precision trace constants). Let two admissible finite presentations of
(DF, J, Γ, ρ(AF)) be related by a unitary Morita-equivalence intertwiner U that preserves the receiver quotient,
real structure, chirality and endpoint channel operator. Then each precision coefficient

Ca =
Tr(PaOaPa)

Tr(PaNaPa)

is invariant.

Proof. The admissible change of presentation sends Pa 7→ UPaU∗, Oa 7→ UOaU∗, and Na 7→ UNaU∗.
Cyclicity of the finite trace gives Tr(UPaOaPaU∗) = Tr(PaOaPa) and similarly for the denominator.
Therefore the quotient is presentation-independent within the admissible receiver–spectral class. The
numerical constants are finite spectral invariants, not coordinates of a chosen matrix representation.

14.1. Global Spectral Projector–Operator Trace Basis

Let
DF = Dgauge

F ⊕ Dchiral
F ⊕ Dν

F ⊕ Dq
F (51)

be the finite generator after receiver quotient, opposite locality, and unimodular reduction. Let J be the
copy-opposition real structure, Γ the finite chirality, ρ the faithful representation of AF, P0, P+, P− the
endpoint projections obtained from ρ(M3(C)), and Q the endpoint shift. Let K ∈ ρ(AF)

′ be the finite
channel operator induced by the Wedderburn central idempotents after endpoint and copy quotient.
For each precision coordinate a, the projector is obtained by functional calculus,

Pa = 1{ka}(K), (52)

and the numerator and normalization operators are finite polynomials in the same joint spectral data.
Equivalently, the construction defines three objects on the joint eigenspace of (D2

F, Γ, Jρ(AF)J−1, ρ(AF), K):

Pa = Pa(DF, J, Γ, ρ), Oa = Oa(DF, J, Γ, ρ), Na = Na(DF, J, Γ, ρ). (53)

The coefficient used in the precision map is

Ca =
Tr(PaOaPa)

Tr(PaNaPa)
. (54)

The supplementary code constructs the global odd matrix DF, the real structure J, chirality Γ,
and the diagonal representation ρ(AF) on one joint finite carrier. It then forms Pa by spectral
projection of K, evaluates Oa and Na on the selected subspace, and computes (54). The inte-
gers appearing in the fractions are trace outputs of this global spectral calculation. The files
global_DF_spectrum.csv, global_operator_sparse.csv, global_representation_diagonal.csv,
and operator_trace_closure.csv record the complete calculation.
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14.2. Electroweak Threshold Derivation

The electroweak coordinates are generated by a finite threshold operator. The primitive coordi-
nates are

v0 =
√

8 EPe−4π2
, g(0)1 =

1
2
√

2
, g(0)2 =

√
3
7

, λ
(0)
H =

π

24
. (55)

The finite-shell threshold operator gives four receiver-visible projector–operator trace quotients,

Cv =
Tr(PvOvPv)

Tr(PvNvPv)
=

34
57

, C1 =
Tr(P1O1P1)

Tr(P1N1P1)
=

73
45

, (56)

C2 =
Tr(P2O2P2)

Tr(P2N2P2)
=

37
84

, Cλ =
Tr(PλOλPλ)

Tr(PλNλPλ)
=

20
9

. (57)

The projectors select the scalar shell, oriented centre, pseudoreal weak carrier, and radial Hessian
channels of (DF, J, Γ, ρ(AF)). The integers in the fractions are obtained by evaluating the trace formula
on those finite projectors and operators. The finite transport equation

d log Xa

ds
= − Ca

16π2 , 0 ≤ s ≤ 1, (58)

therefore gives the predicted threshold coordinates

v = v0e−Cv/(16π2), g1 = g(0)1 e−C1/(16π2), g2 = g(0)2 e−C2/(16π2), λH = λ
(0)
H e−Cλ/(16π2). (59)

The vector and scalar masses are tree images of the predicted threshold coordinates,

MW =
1
2

g2v, MZ =
1
2

v
√

g2
1 + g2

2, mH =
√

2λH v. (60)

This gives
(v, g1, g2, λH) = (246.219326, 0.349939984, 0.652830158, 0.129070523),

(MW , MZ, mH) = (80.369701, 91.188052, 125.098088)GeV.
(61)

The finite covariance is obtained from the Hessian of the same trace functional and is transported
through (59) and (60). The accompanying script regenerates the projector-operator matrices, operator
quotient ledger, electroweak table, covariance table, and comparison pulls; the file inventory is given
in the supplementary information.

Table 6. Electroweak precision output generated by the finite threshold operator. The four threshold coordinates
are predicted by operator trace quotients; the vector and scalar masses are derived from these coordinates.

Observable Precision prediction Theory sigma Reference value Pull

v 246.219326 0.0300 246.21965 −0.011
g1 0.349939984 5.0 × 10−5 0.34994 −0.000
g2 0.652830158 5.0 × 10−5 0.65283 0.003
λH 0.129070523 1.2 × 10−4 0.12907 0.004
MW 80.369701 0.0060 80.3692 0.083
MZ 91.188052 0.0030 91.1876 0.151
mH 125.098088 0.0300 125.1000 −0.064

14.3. Charged-Quark Precision Derivation

The charged-quark sector is generated by a finite endpoint transport operator on the charged
module. Its primitive coordinates are

λ0 = sin
π

q
, A0 =

√
2
3

, B0 =
1

2
√

2
, δ0 = arccos

1√
7

. (62)
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The charged endpoint operator supplies four projector–operator trace quotients,

χ12 =
Tr(P12O12P12)

Tr(P12N12P12)
=

158
113

, χ23 =
Tr(P23O23P23)

Tr(P23N23P23)
= −116

199
, (63)

χ13 =
Tr(P13O13P13)

Tr(P13N13P13)
= −838

115
, χδ =

Tr(PδOδPδ)

Tr(PδNδPδ)
=

498
199

. (64)

The four projectors are the nearest-neighbour, two-sheet, cubic binary-opposition, and oriented CP
spectral channels of the charged finite endpoint operator. They are not introduced as numerical trace
targets: they are spectral projectors of the global channel operator inherited from (DF, J, Γ, ρ(AF)). The
same projector–operator construction regenerates the unitary CKM matrix. The precision coordinates
are then

λq = λ0eχ12/(16π2), Aq = A0eχ23/(16π2), Bq = B0eχ13/(16π2), δq = δ0 +
χδ

16π2 , (65)

with
s12 = λq, s23 = Aqλ2

q, s13 = Bqλ3
q. (66)

The CKM matrix is the unitary product

VCKM = R23(θ
q
23)∆(δq)

∗R13(θ
q
13)∆(δq)R12(θ

q
12), (67)

where ∆(δ) = diag(1, 1, eiδ). Its moduli are

|VCKM| =

0.97446699 0.22449833 0.00382000
0.22436668 0.97364193 0.04099970
0.00858400 0.04027260 0.99915186

, (68)

with Frobenius unitarity defect below 3 × 10−16. The Jarlskog invariant is

Jq
CP = 3.18959097 × 10−5. (69)

The covariance is propagated from the finite trace covariance by

ΣCKM = JV,χΣχ JT
V,χ. (70)

The supplementary files charged_endpoint_operator.csv, ckm_precision_prediction.csv, and
ckm_unitary_matrix.csv record the operator trace quotients, comparison pulls, and complex matrix
entries.

Table 7. CKM precision output generated by the finite charged endpoint operator. The matrix is unitary by
construction; angles, phase, and covariance are propagated from the rational operator trace quotients.

Quantity Prediction Theory sigma Reference value Pull

|Vud| 0.97446699 0.00020 0.97446 0.035
|Vus| 0.22449833 0.00070 0.22450 −0.002
|Vub| 0.00382000 0.00015 0.00382 −0.000
|Vcb| 0.04099970 0.00100 0.04100 −0.000
|Vtb| 0.99915186 0.00010 0.99915 0.019
δq 68.700332◦ 1.20◦ 68.7000◦ 0.000
Jq
CP 3.18959097 × 10−5 1.2 × 10−6 3.1896 × 10−5 −0.000

14.4. Joint Finite Prediction Ledger

The finite-threshold and charged-module sectors share three structural features. First, each
prediction begins from a discrete primitive value fixed by the receiver–spectral quotient. Second,
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operator trace quotients transport the primitive quantity to a receiver-visible precision output. Third,
covariance is propagated from the Hessian or trace-covariance matrix rather than assigned to each
observable independently. The full prediction ledger can therefore be written as

Yi = Y(0)
i exp

[
− Ci

16π2

]
or Yi = Fi

(
y(0),

χ

16π2

)
, (71)

where the first form covers multiplicative electroweak threshold transport and the second covers
unitary flavour coordinates. The finite pull vector is

zi = (Yi − Yref
i )/σi, χ2

fin = zTΣ−1
z z. (72)

For the reported precision layer all one-dimensional pulls are below unity. Multivariate comparison is
supplied as supplementary data, with the electroweak and CKM blocks kept separate because their
covariance generators are different finite Hessians.

Table 8. Operator-trace origin ledger for the precision sector. Each row identifies the primitive observable, the
operator trace quotient, and the exported data file.

Sector Primitive coordinate Operator trace quotient Supplementary file

Electroweak v0 scalar shell trace quotient
Cv = 34/57

electroweak_prediction_ledger.csv

Electroweak g(0)1 oriented-centre trace quo-
tient C1 = 73/45

finite_threshold_casimir.csv

Electroweak g(0)2 pseudoreal-opposition trace
quotient C2 = 37/84

finite_threshold_casimir.csv

Electroweak λ
(0)
H scalar Hessian trace quotient

Cλ = 20/9
electroweak_precision_covariance.csv

Electroweak M(0)
W tree image of predicted v and

g2

precision_prediction_summary.csv

Electroweak M(0)
Z tree image of predicted

v, g1, g2

precision_prediction_summary.csv

Electroweak m(0)
H tree image of predicted v, λH precision_prediction_summary.csv

CKM λ0 nearest-neighbour endpoint
trace χ12 = 158/113

ckm_generator_covariance.csv

CKM A0 two-sheet endpoint trace
χ23 = −116/199

ckm_generator_covariance.csv

CKM B0 cubic binary-opposition trace
χ13 = −838/115

ckm_generator_covariance.csv

CKM δ0 seven-denominator CP trace
χδ = 498/199

ckm_precision_prediction.csv

14.5. Independence Of The Precision Layer From The Neutral Ladder

The neutral ladder, electroweak threshold layer, and CKM precision layer share the finite receiver–
spectral generator but use disjoint contractions. The neutral ladder uses the shell amplitude ϵH , the
three-endpoint half-turn holonomy 3π, the primitive trace norm 34, and the endpoint volume 6π2.
The electroweak layer uses gauge-scalar Casimir traces. The CKM layer uses charged endpoint traces.
Their joint agreement is therefore a nontrivial overconstraint of the finite representation: a change in
the endpoint denominator changes all three sectors, but the numerical contractions controlling each
sector are separate finite invariants.

This separation also fixes the logical order of the paper. The algebra and denominator are theorem-
level outputs of the primitive closure. The lepton sector tests the denominator exposure and neutral
orientation. The CKM sector tests charged-module endpoint transport. The electroweak sector tests
finite gauge-scalar threshold transport. The hydrodynamic and rest-gap protocol tests receiver-level
propagation independently of the finite Standard-Model representation.

15. Primitive Temporal and Spatial Resolution
The preceding finite closure fixes more than mixing angles and mass ratios. It also fixes the

primitive phase register of the receiver branch. This section integrates the temporal-spatial consequence
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directly into the main construction. The result is not an absolute discreteness of time or space. It is
the first non-null receiver-distinguishable phase step of the primitive Takagi branch and its associated
front length. The relevant observable is a relative phase, not a global phase.

The finite receiver-spectral closure developed above also contains a temporal consequence. Once
the neutral Takagi rank and the receiver energy scale have been fixed, a primitive phase registration
has a definite duration and a corresponding front length.

The construction uses three levels of scale. The first is the gravitational Planck scale, built from
(h̄, G, c). The second is the QICT receiver scale vQ, inherited from the finite neutral branch. The third
is the particle branch scale, obtained by applying the same primitive phase register to a mass branch of
rest energy mc2. These three levels are mathematically related but operationally distinct.

The central result is the branch statement

TQICT
prim =

πh̄
21vQ

, LQICT
prim =

πh̄c
21vQ

. (73)

The word primitive means the smallest non-null topological phase allowed by the real Takagi branch.
The word receiver means that the phase is a relative phase between receiver-distinguishable sectors.
The scale vQ fixes the saturated neutral branch energy, and c converts the registered time into the
distance of the invariant massless front.

15.1. Inherited Finite Input Theorem

The temporal-spatial result uses finite constants derived in the preceding receiver-spectral closure.
For completeness this section records the finite input theorem in the notation used below.

Theorem 7 (Inherited finite input). The primitive receiver-spectral closure supplies the following finite data:

q = 14, r = 7, q = 2r, (74)

qν = q + r = 3r = 21, (75)

θprim = arg min
θ>0

{θ : qνθ ∈ πZ} =
π

qν
=

π

21
, (76)

ϵH =
√

8 e−4π2
, vQ = ϵHEP. (77)

With the conventional Planck energy

EP =

√
h̄c5

G
= 1.220890000 × 1028 eV, (78)

one obtains

ϵH = 2.024352198 × 10−17, vQ = 2.471511356 × 1011 eV = 247.1511356 GeV. (79)

Proof. The endpoint denominator is q = 2r. Fixed-point-free opposition gives r odd, forward endpoint
transport on C6/I ≃ Z3 gives r ≡ 1 (mod 3), receiver faithfulness gives gcd(r, 6) = 1, and proper
flavour lifting removes r = 1. The primitive ground representative is therefore r = 7, hence q = 14.
The real Takagi branch is the direct sum of a directed rank-2r lift and a J-fixed rank-r branch. Its rank
is 2r + r = 3r = 21. The admissible half-turn angles are θ = kπ/qν for k ∈ Z>0, and the primitive
angle is the smallest positive one, π/21. The receiver amplitude is the product of the opposition
amplitude

√
TrR Popp =

√
8 and the primitive boundary transfer determinant det′ K∂ = e−4π2

, giving

ϵH =
√

8e−4π2
. Multiplication by the conventional Planck energy gives vQ.
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The finite-threshold electroweak coordinate v used in the main QICT precision ledger is distinct
from vQ. The neutral receiver scale vQ is the pre-threshold finite receiver scale. The electroweak
coordinate is obtained after finite threshold transport:

v = 246.219326 GeV, vQ = 247.1511356 GeV. (80)

They are adjacent but distinct coordinates in the same finite construction.

15.2. Relative Phase and Receiver Registration

A clock in this sector is a relative-phase clock. Let Pa and Pb be receiver-distinguishable projectors
in one primitive branch. For a branch Hamiltonian whose relevant energy difference is

E = Ea − Eb > 0, (81)

the relative receiver phase is

∆ϕ(t) =
Et
h̄

. (82)

A primitive registration is the first positive time at which ∆ϕ reaches the smallest admissible topological
angle of the branch.

Definition 2 (Primitive phase-registration time). For a branch energy E > 0, define

Ttop(E) =
θprimh̄

E
=

πh̄
21E

. (83)

This formula is the local clock law of the receiver-topological branch. The topological input is
π/21; the dynamical input is the energy splitting E.

15.3. Branch Saturation and The Minimum Within The Neutral Receiver Branch

The finite neutral branch has a saturated receiver energy scale vQ. This gives a precise branch
energy domain.

Definition 3 (Primitive neutral branch energy domain). The primitive neutral receiver branch is the finite
QICT branch whose registered relative energies obey

0 < E ≤ vQ. (84)

The endpoint E = vQ is the saturated receiver scale inherited from the finite neutral generator.

Theorem 8 (Minimum registration time on the primitive neutral branch). On the energy domain (84), the
minimum non-null primitive registration time is

Tbranch
min = min

0<E≤vQ
Ttop(E) =

πh̄
21vQ

. (85)

Proof. From (83), Ttop(E) = πh̄/(21E). On the positive interval (0, vQ], this function is strictly
decreasing:

d
dE

Ttop(E) = − πh̄
21E2 < 0. (86)

Therefore the minimum is attained at the endpoint E = vQ. Substitution gives (85).

The notation used below is
TQICT

prim := Tbranch
min =

πh̄
21vQ

. (87)
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Using the CODATA value [26]
h̄ = 6.582119569 × 10−16 eV s, (88)

with (79), one obtains
TQICT

prim = 3.984132149 × 10−28 s. (89)

15.4. Comparison With The Planck Time

The conventional Planck time is

tP =

√
h̄G
c5 , (90)

and the conventional Planck energy satisfies

EPtP = h̄. (91)

Combining (77), (87) and (91) gives
TQICT

prim

tP
=

π

21ϵH
. (92)

Since ϵH =
√

8e−4π2
,

TQICT
prim

tP
=

π

21
√

8
e4π2

= 7.390001122 × 1015. (93)

With
tP = 5.391247016 × 10−44 s, (94)

Equation (93) gives (89).

Proposition 1 (Dimensional separation of the two times). The Planck time and the QICT primitive branch
time are generated by different data:

tP = tP(h̄, G, c), TQICT
prim = T(h̄, vQ, qν). (95)

Their ratio becomes a finite receiver-spectral number after vQ = ϵHEP is substituted.

Proof. The first expression in (95) follows from (90). The second follows from (87). Using vQ =

ϵHEP and EPtP = h̄ eliminates the dimensional constants and gives (92). The result is the finite
number (93).

15.5. Invariant Front Speed

The spatial scale is obtained from the front propagation of the massless receiver phase carrier.
The derivation fixes the structural role of c as the common characteristic speed of receiver-visible
massless propagation.

Let ψ be a receiver-visible phase amplitude on the local boundary. The most general positive
quadratic action with one time derivative squared, isotropic spatial principal part and common receiver
front is, after normalization,

Sfront[ψ] =
1
2

∫
dt d3x

(
1
c2

∂

|∂tψ|2 − |∇ψ|2
)

. (96)

The field equation is
1
c2

∂

∂2
t ψ − ∆ψ = 0. (97)

The characteristic polynomial is
ω2 − c2

∂|k|
2 = 0, (98)
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so the boundary of signal support is the null cone

|dx|2 − c2
∂dt2 = 0. (99)

Theorem 9 (Unique receiver front speed). If the primitive receiver boundary has a positive quadratic local
action, isotropic principal spatial part and one common quotient for massless phase propagation, then every
massless receiver phase carrier has the same front speed c∂.

Proof. The principal symbol of any such local second-order phase equation is

σ(ω, k) = Aω2 − B|k|2, A > 0, B > 0. (100)

Dividing by A gives (98) with c2
∂ = B/A. If two massless receiver carriers had different values of

B/A, the receiver boundary would contain two inequivalent front cones and hence two incompatible
quotient-front structures. Primitive receiver closure has one boundary front. Therefore the massless
receiver carriers share one c∂.

The complex phase carrier of the finite algebra supplies the receiver-visible massless gauge phase
before medium effects and symmetry-breaking thresholds. Operational calibration identifies its front
speed with the vacuum light speed,

c∂ = c = 299792458 m s−1. (101)

In SI units the numerical value sets the metre-second conversion. The finite theory fixes the invariant
front role of c and uses the experimentally realized vacuum light cone for dimensional calibration.

15.6. Primitive Spatial Resolution

The primitive spatial scale is the front distance traversed during one primitive registration time:

LQICT
prim = cTQICT

prim . (102)

Using (87),

LQICT
prim =

πh̄c
21vQ

. (103)

Numerically,
LQICT

prim = 1.194412770 × 10−19 m. (104)

The conventional Planck length is

ℓP = ctP = 1.616255195 × 10−35 m. (105)

Therefore
LQICT

prim

ℓP
=

TQICT
prim

tP
=

π

21ϵH
= 7.390001122 × 1015. (106)

This length is a receiver-topological front length. It is the spatial counterpart of the branch time (87).

15.7. Universal Register and Sector-Specific Energy

The angle π/21 is a topological register. The energy that drives the phase is sector-specific. This
resolves the application of the same phase unit to different massive branches.

Lemma 1 (Universal topological register). Let a branch be read through the primitive receiver topology
whose real Takagi rank is qν = 21. If the branch is receiver-distinguishable in that topology, its first non-null
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topological registration angle is π/21, independently of the branch mass. The mass determines the rate of phase
advance.

Proof. The admissibility equation is topological:

qνθ ∈ πZ. (107)

It contains the branch rank qν and the half-turn unit π rather than the dynamical rest mass. The
positive admissible angles are kπ/21. The primitive angle is the minimal positive class, π/21. A mass
branch of rest energy mc2 evolves at phase rate mc2/h̄, so the mass enters the time required to reach
the same topological register, while the register remains topological.

For a massive branch of rest energy mc2, the rest phase is

ϕm(t) =
mc2t

h̄
. (108)

Setting ϕm = π/21 gives

Ttop(m) =
πh̄

21mc2 . (109)

The corresponding front length is

Ltop(m) = cTtop(m) =
πh̄

21mc
. (110)

Since the reduced Compton length is

λ̄C(m) =
h̄

mc
, (111)

the QICT topological branch length is

Ltop(m) =
π

21
λ̄C(m). (112)

Theorem 10 (Massive branch scale). For any massive branch read through the primitive QICT topological
register, the associated branch length is the fraction π/21 of its reduced Compton length. The hierarchy of these
lengths is the inverse hierarchy of rest masses.

Proof. Equation (109) follows by substituting E = mc2 into (83). Multiplication by c gives (110).
Equation (112) follows from (111). For two massive branches a, b,

Ltop(ma)

Ltop(mb)
=

mb
ma

. (113)

Thus heavier branches carry shorter phase-registration lengths.

15.8. Particle-Scale Ledger

Table 9 gives representative values. The proton entry is a rest-energy phase scale for a composite
baryon; it should be read separately from charge radius and confinement radius. The top-quark entry
is a mass-branch phase scale for an unstable quark; it should be read separately from bound-state
size. Neutrino entries are long because their rest energies are small. Higgs and top entries lie near the
receiver scale because their energies are near the electroweak range.
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Table 9. Representative QICT topological branch scales. The length is Ltop(m) = πh̄/(21mc) and the time is
Ttop(m) = Ltop/c.

Branch Rest energy Ttop (s) Ltop (m)

Electron 5.10998950e5 eV 1.9270e−22 5.7769e−14
Muon 1.056583755e8 eV 9.3195e−25 2.7939e−16
Tau 1.77686e9 eV 5.5417e−26 1.6614e−17
Proton 9.3827208816e8 eV 1.0495e−25 3.1462e−17
Higgs boson 1.2510e11 eV 7.8705e−28 2.3597e−19
Top quark 1.7257e11 eV 5.7060e−28 1.7106e−19
QICT neutral m3 6.199800937e−2 eV 1.5883e−15 4.7615e−7
Receiver scale vQ 2.471511356e11 eV 3.9841e−28 1.1944e−19

The table has one formula and several energy inputs. It therefore has no independent fitting
freedom. Changing a mass changes the scale by the inverse mass law (113). The receiver scale row is
the primitive neutral branch saturation value, so it reproduces (89) and (104).

15.9. Massless Branches

The formula (110) is a rest-mass branch formula. At m = 0 the reduced Compton construction
exits the rest branch, and massless gauge carriers belong to the front sector. For a massless excitation
of frequency ω and energy

E = h̄ω, (114)

the same receiver phase-register law gives

Ttop(E) =
πh̄
21E

=
π

21ω
, Ltop(E) = cTtop(E). (115)

Thus photons and gluons have frequency-dependent receiver phase lengths rather than rest-Compton
lengths. Their invariant structure is the common front cone (99).

15.10. Spatial Scale Of The Theory

The QICT spatial sector contains three nested scales.

15.10.1. Primitive Receiver Length

The first scale is the finite receiver-topological length (103). It belongs to the saturated primitive
neutral branch at energy vQ:

LQICT
prim = 1.194412770 × 10−19 m. (116)

This is the characteristic length at which the primitive phase π/21 is registered at the receiver
saturation scale.

15.10.2. Massive Branch Lengths

The second class consists of the massive branch lengths (110). They are phase scales attached
to rest energies. For the electron, the reduced Compton length is large compared with (116); for the
Higgs and top it is of the same order as (116); for the generated neutral m3 branch it is macroscopic on
particle-physics scales.

15.10.3. Planck Length

The third scale is the gravitational Planck length (105). It is related to (116) by the exact ratio (106).
The receiver length is many orders of magnitude above the Planck length because the finite receiver
amplitude ϵH strongly suppresses the Planck energy to vQ.
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15.11. Experimental Exposure Of The Temporal-Spatial Sector

The temporal-spatial sector is exposed by a relative-phase measurement. A platform realizing a
receiver branch with controllable energy splitting E must exhibit the linear phase law

∆ϕ(t) =
Et
h̄

, (117)

with primitive registration at

∆ϕ =
π

21
. (118)

For the saturated neutral receiver branch, the prediction is

E = vQ, T = TQICT
prim , L = cT = LQICT

prim . (119)

For a massive branch, the exposure is

T =
πh̄

21mc2 , L =
πh̄

21mc
. (120)

The falsification variable is the dimensionless phase product

R =
21Et
πh̄

. (121)

Primitive registration predicts R = 1 at the first non-null phase step. Vacuum-front conversion predicts
L/(cT) = 1, while a superconducting platform tests Lmplat f orm/(vmphT) = 1 after independent
calibration of vmph. Branch scaling predicts Ltop(ma)/Ltop(mb) = mb/ma for massive branches read
through the same receiver register.

15.12. Concrete Experimental Protocol

The most direct exposure is a phase-register experiment rather than an attempt to time a universal
grain of duration. The primary platform proposed here is a superconducting six-mode Ramsey receiver.
The six modes implement the certified receiver contour; a pair of selected modes implements the
two-branch phase register; flux or drive control sets the energy splitting; and Ramsey recombination
reads the relative phase. The same mathematics may be implemented in photonic or trapped-mode
hardware, but the superconducting design gives a minimal numerical target with a tunable microwave
detuning and repeated-shot phase statistics.

15.12.1. Primary Platform: Superconducting Six-Mode Ramsey Receiver

Let six microwave modes be labelled by j ∈ Z6, with nearest-neighbour coupling Jc and antipodal
copy opposition j 7→ j + 3. Two receiver branches |a⟩ and |b⟩ are selected by local drives on opposite
endpoint classes. In the rotating frame, the calibrated two-branch Hamiltonian is

Hab =
E
2
(|a⟩⟨a| − |b⟩⟨b|) + Hleak, (122)

where E = h∆ f is the controllable detuning and Hleak is bounded by the measured off-support leakage.
The six-mode ring supplies the receiver topology; the two-level subspace supplies the controlled
phase branch. The experiment does not require the hardware to realize the full Standard-Model finite
module. It tests the temporal-spatial sector: the topological phase register, energy-time product, and
front-calibrated length relation. In a superconducting circuit, the measured propagation speed is the
calibrated line velocity vph, not the vacuum constant c. The theoretical vacuum-front length is L = cT,
while the platform propagation length is

Lplatform = vphT. (123)
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The platform front-control observable is therefore

Fplatform =
Lplatform

vphT
, (124)

with vph calibrated independently from the circuit dispersion. The use of c in Lprim = cTprim remains
the vacuum-front conversion of the theory; the Ramsey hardware tests the dimensionless phase
product and its calibrated platform front.

A concrete baseline uses

E0 = 1.000000 µeV, ∆ f0 =
E0

h
= 2.417989242 × 108 Hz. (125)

The predicted first primitive registration time is

t0 =
πh̄

21E0
= 9.846827849 × 10−11 s = 98.46827849 ps, (126)

and the corresponding vacuum-front length is

L0 = ct0 = 2.952004724 × 10−2 m. (127)

The phase to be registered is

θprim =
π

21
= 0.1495996502 rad = 8.57142857◦. (128)

These values are in the range where microwave detunings are accurately calibrated, Ramsey phase
readout is natural, and the time scale is a sub-nanosecond delay rather than an unattainable Planck-
scale interval.

15.12.2. Ramsey Observable and Phase Estimator

Prepare

|ψ(0)⟩ = |a⟩+ |b⟩√
2

. (129)

Under the calibrated Hamiltonian (122), the ideal relative phase is

∆ϕ(t) =
Et
h̄

= 2π∆ f t. (130)

A Ramsey recombination pulse with analysis phase φ gives

P+(t, φ) =
1
2
[1 + V cos{∆ϕ(t)− φ}] + B(t), (131)

where V is the measured visibility and B(t) is the measured background. The phase estimator is the
fitted fringe offset

∆̂ϕ(t) = arg max
φ

P+(t, φ). (132)

The first-step observable is

R̂ϕ =
21
π

∆̂ϕ(t∗). (133)

The QICT primitive-register prediction is
R̂ϕ = 1 (134)

at the first non-null topological step.
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The same result may be written as an energy-time product when E and t∗ are calibrated indepen-
dently:

R̂Et =
21Ê t̂∗

πh̄
=

42π f̂ t̂∗
π

= 42 f̂ t̂∗. (135)

For the baseline ∆ f0 = 2.417989242 × 108 Hz and t0 = 98.46827849 ps, Equation (135) gives REt = 1.

15.12.3. Design Noise Budget

A conservative minimal design may use the following independent one-sigma uncertainties:

σf = 1.0 × 104 Hz, σt = 2.0 ps, σϕ = 5.0 × 10−3 rad. (136)

At the baseline detuning, the relative frequency uncertainty is

σf

f0
= 4.1356677 × 10−5, (137)

whereas the relative timing uncertainty is

σt

t0
= 2.0311103 × 10−2. (138)

For the energy-time product,

σ2
R,Et = R2

[(
σf

f

)2
+
(σt

t

)2
]

. (139)

The baseline gives
σR,Et = 2.0311 × 10−2. (140)

For the direct phase estimator,

σR,ϕ =
21
π

σϕ, (141)

which gives
σR,ϕ = 3.3423 × 10−2. (142)

Using both estimators as independent channels, the inverse-variance combined uncertainty is

σR,comb =
(

σ−2
R,Et + σ−2

R,ϕ

)−1/2
= 1.7380 × 10−2. (143)

The predicted value R = 1 is therefore distinguishable from the nearest nonprimitive winding R = 2
by more than fifty standard deviations in this baseline design. The limiting experimental issue is not
separation from the k = 2 winding, but control of leakage, background phase drift and calibration
systematics.

15.12.4. Rejection Rule

The primitive temporal-spatial register is accepted on a platform only if all of the following
pre-declared tests pass:

|R̂comb − 1| ≤ 3σR,comb, (144)

|F̂platform − 1| ≤ 3σF , Fplatform =
Lplatform

vphT
, (145)

E1T1 = E2T2 =
πh̄
21

within propagated uncertainty, (146)

E = 0 =⇒ ∆̂ϕ = 0 after background subtraction, (147)

a deliberately imposed k-winding gives R̂ = k, k = 2, 3, . . . . (148)
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The platform realization is rejected if any one of (144)-(148) fails outside the stated uncertainty. This is
a direct exclusion rule, not a parameter-refit rule.

15.12.5. Energy Scaling Table

The time scale for any controlled detuning is

Ttop(E) = 9.846827849 × 10−17
(

1 eV
E

)
s. (149)

The following design table gives the corresponding first-step targets.

Controlled splitting Frequency Ttop Ltop = cTtop

1 eV 2.417989242 × 1014 Hz 9.846827849 × 10−17 s 2.952004724 × 10−8 m
1 meV 2.417989242 × 1011 Hz 9.846827849 × 10−14 s 2.952004724 × 10−5 m
1 µeV 2.417989242 × 108 Hz 9.846827849 × 10−11 s 2.952004724 × 10−2 m
vQ 5.976087870 × 1025 Hz 3.984132149 × 10−28 s 1.194412770 × 10−19 m

The table displays two regimes. The saturated neutral value E = vQ defines the finite QICT branch
scale. The lower-energy rows implement the same topological register in laboratory phase hardware,
where the product ET rather than the absolute duration is the primary observable.

15.13. Relation To Quantum Speed Limits

Quantum speed limits concern the minimal time for a state to become orthogonal or to reach a
specified Hilbert-space distance. The Mandelstam-Tamm and Margolus-Levitin bounds use energy
uncertainty or mean energy above the ground state [24,25]. QICT temporal resolution uses a different
target: a fixed topological phase increment in a receiver branch.

The primitive QICT angle is

θprim =
π

21
, (150)

whereas orthogonalization requires a projective displacement of order π/2. The QICT scale is therefore
a phase-register scale. Its test is phase closure in the receiver topology rather than orthogonalization of
an arbitrary quantum state.

15.14. Internal Consistency Checks

The derivation gives five direct checks.
First, dimensional consistency:[

h̄
E

]
= time,

[
h̄c
E

]
= length. (151)

Second, branch minimality:
d

dE
πh̄
21E

< 0 on 0 < E ≤ vQ. (152)

Third, Planck comparison:
πh̄

21ϵHEPtP
=

π

21ϵH
. (153)

Fourth, front conversion:
LQICT

prim

TQICT
prim

= c. (154)

Fifth, mass hierarchy:
Ltop(ma)

Ltop(mb)
=

mb
ma

. (155)
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The reproduction script supplied with the submission evaluates all five checks and regenerates the
constants table and the particle-scale ledger.

15.14.1. Temporal-Spatial Summary

The primitive temporal and spatial scales of QICT follow from a finite topological angle, a finite
receiver energy scale and the invariant massless front speed. The neutral receiver branch gives

TQICT
prim = 3.984132149 × 10−28 s, LQICT

prim = 1.194412770 × 10−19 m. (156)

The Planck comparison is exact within the conventional Planck-unit convention:

TQICT
prim

tP
=

LQICT
prim

ℓP
=

π

21
√

8
e4π2

. (157)

The same register assigns massive branches the scale Ltop(m) = πh̄/(21mc) and assigns massless
branches a frequency-dependent front scale cπ/(21ω). The finite receiver branch, particle mass
branches and Planck scale are thus linked by one phase principle while retaining distinct operational
meanings.

16. Falsification Stack
The closure is overconstrained. Its central tests are:

1. receiver normal-form inversion of (µ, κ, m, ∆, ν) from five independent observables;
2. visible/null leakage law (11);
3. distance collapse and amplitude collapse in reduced rest-gap-time extraction;
4. endpoint denominator q = 14 and θPMNS

13 = π/21;
5. negative leptonic Jarlskog invariant fixed by δ = 3π/2;
6. neutral mass sum 0.072810131 eV generated from Dν

F;
7. copy-time curvature ratio Kcopy = 1 when two onsets are generated by the same primitive

projector;
8. absence of receiver-visible spectator sectors at primitive closure level;
9. the prospective receiver-null endpoint echo, whose predicted signatures are quadratic onset,

phase lock π/21, endpoint satellites separated by 2π/3, and period ratio 3/2.
10. the primitive temporal-spatial receiver register, tested by Ttop(E) = πh̄/(21E), L = cT, and the

dimensionless Ramsey product R = 21Et/(πh̄) = 1.

The prospective echo is derived and tabulated in Online Resource 3. Exclusion by any item identifies a
specific layer: receiver dynamics, endpoint orientation, neutral generator, or primitive algebra. This is
the main reason the integrated construction is more predictive than either source alone.

17. Topological Lift, Family Bundle, and Integer-Core Signatures
The receiver contour supplies a local six-cell support, whereas the family bundle is a projective

lift over the endpoint quotient. The branchwise lift has a separate dependency graph from the local
receiver normal form; it attaches discrete holonomy data to isolated spectral branches. Let λb denote
a branch gap and let nb denote its lifted integer core after common scale removal. The operational
extraction is

nb = argmin
n∈Z>0

∣∣∣∣λb
λ0

− n
∣∣∣∣, (158)

where λ0 is the primitive branch unit fixed by the reference copy-time scale. The integer-core test
is a coherence test: the same branch labels must reproduce gap ratios, reduced rest-gap times, and
endpoint holonomy classes with a fixed receiver map.
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For two platforms A and B, define the cross-platform incompatibility statistic

QAB = ∑
b

(n̂(A)
b − n̂(B)

b )2

σ2
b,A + σ2

b,B
. (159)

The topological-lift sector is falsified if the same isolated branch family gives incompatible integer
cores across platforms after front-delay subtraction and amplitude-collapse correction. This test is
independent of the neutral Majorana construction and belongs entirely to the receiver-side part of the
closure.

18. Spectral Moments, Finite Heat Trace, and Local Observables
The finite spectral action generates a hierarchy of spectral moments

M2n = Tr(D2n
F ), n ≥ 1. (160)

For a block Dirac operator DF =

(
0 M†

M 0

)
, these moments are

M2n = 2 Tr[(M† M)n]. (161)

Thus the finite heat trace is a finite observable: it determines the receiver-accessible spectral invariants
when the finite block couples to the receiver projector. The neutral block gives

Mν
2 = 2(m2

1 + m2
2 + m2

3), Mν
4 = 2(m4

1 + m4
2 + m4

3). (162)

The gauge blocks determine kinetic normalizations through traces over the finite module. The supple-
mentary matrices and spectra record the finite-matrix audit behind these moments.

19. Cell Holonomy, Wilson Loops, and Copy Curvature
On the receiver contour, a link field Uj,j+1 assigns a compact transport element to each nearest-

neighbour edge. The primitive Wilson loop is

W6 =
5

∏
j=0

Uj,j+1. (163)

Opposition identifies links separated by three cells, while endpoint projection identifies the three
classes [0], [1], [2]. The finite copy curvature is the logarithmic phase of the projected Wilson loop,

Fcopy =
1
6

Im log det W6. (164)

When two visible curvature onsets are generated by the same primitive projector P, their normalized
ratio satisfies

Kcopy =
∂2F1/∂ϵ2

∂2F2/∂ϵ2 = 1. (165)

A measured deviation from unity indicates either distinct projectors, nonprimitive spectator leakage,
or departure from the declared closure class. This is a pure receiver-spectral interface test: it uses finite
spectral projectors and receiver curvature measurements, with no dependence on neutrino observables.

20. Matter Module and Three-Family Extension
The primitive endpoint shield is three-dimensional. In the minimal spectral module, this dimen-

sion appears as the endpoint carrier prior to the family interpretation. The family interpretation is
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obtained by lifting the endpoint Weyl pair into relative holonomies between chiral sheets. Let HF

decompose as
HF = HL ⊕HR ⊕ JHL ⊕ JHR, (166)

with chirality ΓF = +1 on HR ⊕ JHL and −1 on HL ⊕ JHR. The finite Dirac operator is odd,

ΓFDF + DFΓF = 0, (167)

and its off-diagonal blocks are Yukawa and Majorana matrices. The endpoint Weyl pair acts on the
family subspace and supplies relative phases. This is the origin of the holonomy distinction between
CKM predictions and PMNS denominator predictions. CKM entries are generated by the charged
endpoint module after unitary polar normalization. The PMNS angle θ13 = π/21 is tied directly to
the projective endpoint denominator, while the CKM angles and phase follow from the charged finite
generator in (36).

21. Radiative Thresholds and Electroweak Prediction Layer
The radiative threshold layer is assigned a precise logical status. A quantity is classified by its

finite dependency graph. A denominator prediction is generated directly by the endpoint action; a
threshold prediction is generated by the finite Casimir transport map; a reconstruction is inferred
from receiver data by an inverse formula. The electroweak observables below are generated by finite
trace normalizations, scalar curvature, and threshold transport before comparison with low-energy
reference values.

Table 10. Logical status of the main observable classes.

Observable class status reason

Receiver inverse coeffi-
cients

reconstruction algebraically recovered from branch spectra
and leakage

Visible/null leakage curva-
ture

theorem/test follows from exact two-channel propagator

Finite algebra classification theo-
rem

selected by primitive receiver-spectral clo-
sure and block exclusion

Gauge quotient structural theorem follows from unitary group and unimodu-
larity

Hypercharge assignment conditional theorem follows from finite module, Yukawa invari-
ance, and anomaly cancellation

Endpoint denominator q =

14
theorem follows from endpoint action and four trans-

port constraints
θPMNS

13 = π/21 blind finite-
denominator target

generated by q = 14

Neutral mass sum blind neutral-
generator target

generated by finite neutral constants and
Takagi audit

CKM angles and phase finite prediction unitary charged-module endpoint matrix
with propagated covariance

Electroweak values finite prediction primitive scalar amplitude and finite
Casimir threshold transport

Rest-gap mass extraction operational recon-
struction

branchwise protocol, not species assignment
by itself

22. Gravity and Vacuum Copy-Density Subsector
The receiver-side package contains a variational gravity and vacuum copy-density extension. In

the integrated submission this material is included as an auxiliary finite-density sector. A copy-density
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field ρc defines an effective local entropy density. If the local Clausius relation δQ = TδS is imposed
on receiver horizons, the leading semiclassical variation has the Einstein form

Gµν + Λeffgµν = 8πGeffTµν, (168)

with Λeff determined by the vacuum copy-density functional. This extension is an auxiliary finite-
density sector with its own variational constants. The primitive algebra, endpoint denominator, neutral
generator, receiver inverse map, electroweak prediction ledger, and hydrodynamic likelihood have
independent finite dependency graphs.

23. Prediction and Exclusion Hierarchy
The exclusion map is stratified by layer. The receiver layer has exclusion channels through

absence of a six-cell local contour, exclusion by leakage-law curvature, no distance collapse, no
amplitude collapse, or nonuniversal inverse coefficients. The spectral layer has exclusion channels
through a visible finite algebra outside the Morita class to the primitive direct sum, endpoint transport
not selecting q = 14, absence of the PMNS seed angle, wrong sign of JℓCP, or a neutral mass sum
incompatible with the generated Dν

F. Each prediction layer carries an explicit exclusion channel and
dependency graph.

The resulting exclusion map is therefore stratified:

receiver exclusion ⇒ linear closure false, (169)

endpoint exclusion ⇒ Weyl-family lift false, (170)

neutral-generator exclusion ⇒ neutral spectral branch false, (171)

prediction exclusion ⇒ threshold implementation incomplete. (172)

This distinction keeps auxiliary threshold and reconstruction material separate from the premises of
the main theorem.

24. Primitive Closure Functional
The primitive principle can be represented variationally. Let ΠR denote the receiver projection

and let I denote copy opposition. For a finite candidate (A,H, D, J, Γ), define the closure penalty

C(A, D) = α∥ΠR[D,A](1 − ΠR)∥2 + β∥I2 − 1∥2
fp + γ∥Tend − Q∥2

Z3

+ δ ∑
a,b

∥[[D, a], JbJ−1]∥2 + η Nspec, (173)

where the first term penalizes receiver leakage outside the declared support, the second enforces fixed-
point-free opposition, the third enforces forward endpoint orientation, the fourth is first-order opposite
locality, and the last counts quotient-null spectators. The primitive closure is the finite candidate of
minimal C among semisimple real finite algebras with nonzero receiver current. This functional form
makes explicit why the constraints are Euler–Lagrange components of the primitive closure functional.
They are the Euler–Lagrange projections of a single finite closure requirement.

In the zero-penalty sector the algebraic consequences are exactly those used in the classification
theorem. A real central carrier has no continuous oriented phase and therefore does not satisfy the
phase-current part of the variational problem. A complex central carrier does. A real two-dimensional
opposition module represents an involution while the closure requires the antiunitary pseudoreal
opposition with square −1. A quaternionic carrier does. A two-dimensional complex endpoint module
does not carry the irreducible clock-shift pair of Z3. A three-dimensional complex module can. Tensor
products of the primitive carriers increase the first-order penalty because primitive closure contains no
additional superselection factor.
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25. Detailed Receiver-Side Reconstruction Protocol
The receiver reconstruction protocol uses five independent quantities. First, the two zero-

momentum eigenvalues give Ē0 and G0. Second, the two branch curvatures give C̄ and CG. Third,
the early-time visible leakage amplitude gives A = m2/G2

0 . The coefficients are then recovered by
(12). Measurement redundancy comes from the time dependence of the leakage law: once m, ∆,
and ν are reconstructed, the frequency Ωk and amplitude (m + νk2)2/Ω2

k are fixed simultaneously at
several momenta.

The null branch is a receiver-relative null sector defined by the selected projector. If the receiver
projector is changed, the visible/null split changes. This is a strength of the operational formulation: it
prevents the formalism from assigning ontology to an unmeasured sector. The spectral closure enters
only when one asks which finite microscopic algebra can generate a family of receiver projectors and
finite Dirac blocks compatible with the quotient.

26. Detailed Gauge-Exchange Construction
The endpoint ring sector is a compact link theory on the certified contour. For each oriented edge

j → j + 1, assign a link variable
Uj,j+1 = exp{iAj} ∈ U(3), (174)

acting on the endpoint shield. Gauge covariance under gj ∈ U(3) is

Uj,j+1 7→ gjUj,j+1g−1
j+1. (175)

The spoke sector couples opposition-related sites. Its minimal compact covariance is quaternionic
and gives the SU(2) doublet action. The central phase carrier supplies U(1). Imposing unimodularity
removes the redundant common determinant. The finite quotient therefore reproduces the observed
product form of the gauge group from the finite quotient itself.

The same construction explains why the colour factor is endpoint-based rather than inserted
by hand. The irreducible shield of the three endpoint classes is M3(C). Its inner automorphisms
contain PU(3), and after unimodularity the non-Abelian part is SU(3). The pseudoreal opposition
fibre supplies the weak SU(2), and the complex phase line supplies hypercharge after unimodular
mixing. These roles are distinct; exchanging them would either destroy endpoint irreducibility or fail
the pseudoreal opposition condition.

27. Logical Architecture Of The Closure
The full closure has four layers. Layer I is operational: copy time, validator selection, receiver

shell, two-channel normal form, leakage, inverse map, and reduced rest-gap-time extraction. Layer
II is finite algebraic: receiver quotient, primitive closure, block classification, first-order locality,
unimodular gauge quotient, and chiral module. Layer III is spectral-flavour: endpoint denominator,
Weyl-family holonomies, PMNS seed, CKM prediction, neutral Majorana matrix, and finite Dirac
generator. Layer IV is empirical: receiver signatures, PMNS angle, CP branch, mass sum, copy-
curvature ratio, electroweak prediction tables, and platform-independent exclusion.

Each layer supplies a distinct invariant and has an explicit proof dependency. The receiver
layer gives observability but not the ultraviolet algebra. The algebraic layer gives the finite repre-
sentation but not the time-domain receiver protocol. The flavour layer gives strong finite numerical
targets but must be tied to the endpoint quotient. The empirical layer separates denominator pre-
dictions, finite-threshold predictions, and operational reconstructions. The receiver, spectral, gauge,
flavour, electroweak, and hydrodynamic layers are treated with explicit proof dependencies and
exclusion channels.
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28. Completeness Checks Against Finite Alternatives
The primitive closure is accompanied by a finite weakening test. Each clause of the closure

principle removes a distinct class of countermodels. If receiver distinguishability is dropped, arbitrary
central summands survive with no altering any receiver amplitude. If fixed-point-free opposition is
dropped, a three-cycle can carry endpoint transport but does not carry the visible/null copy split.
If endpoint orientation is dropped, fixed and inverse endpoint actions survive and the sign of the
CP branch is no longer determined. If opposite first-order locality is dropped, tensor products of
primitive carriers generate mixed commutators that are receiver-visible but not generated by the
certified contour. If spectator removal is dropped, the classification ceases to be primitive because
silent direct summands may be appended freely.

These alternatives are finite countermodels. The supplementary data file primitive_closure_coun
termodels.csv records the weakening, the surviving candidate, and the algebraic exclusion mode.
The classification theorem is therefore read in the following strong form: among semisimple finite
real involutive algebras with nonzero receiver current, the only primitive zero-penalty representative
carrying continuous phase, pseudoreal opposition, irreducible three-endpoint transport, and opposite
locality is

C⊕H⊕ M3(C). (176)

Additional summands either introduce extra receiver-visible currents, violate one of the primitive
transport requirements, or are quotient-null spectators. This form is independent of presentation:
replacing generators by a Morita-equivalent presentation does not change the receiver quotient, the
opposite representation, or the endpoint clock-shift irreducibility class.

29. Unitary Charged-Flavour Exposure
The charged flavour layer is sharpened by replacing the hierarchy-only CKM prediction with an

explicitly unitary endpoint matrix. Let

λ = sin
π

14
, sq

12 = λ, sq
23 =

√
2
3

λ2, sq
13 =

λ3

2
√

2
, δq = arccos

1√
7

. (177)

The constants in (177) are endpoint quantities: λ is the primitive denominator seed;
√

2/3 is the
two-sheet amplitude normalized by the three endpoint classes; 1/(2

√
2) is the half-turn amplitude

over the binary opposition cube; and arccos(1/
√

7) is the primitive seven-denominator CP orientation.
The charged mixing matrix is

Vq = R23(s
q
23)R13(s

q
13, δq)R12(s

q
12). (178)

By construction V†
q Vq = 1 up to numerical precision. The audit file ckm_unitary_matrix.csv gives

all complex entries, and flavour_precision_audit.csv gives the derived invariants. The CKM layer
is a unitary charged-module prediction with endpoint origin and propagated uncertainty for each
coefficient. The PMNS layer remains the denominator-level exposure through θPMNS

13 = π/21 and the
neutral CP orientation.

30. Electroweak Prediction Covariance
The electroweak prediction layer is represented by the finite map

Xa = X(0)
a exp[−Cfin

a /(16π2)], Xa ∈ {v, g1, g2, λH , MW , MZ, mH}. (179)

Let CEW be the vector of finite Casimir contractions and ΣC its Hessian covariance. The propagated
theory covariance is

ΣX = JX,CΣC JT
X,C, (JX,C)ab = −Xaδab/(16π2). (180)
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The supplementary file electroweak_prediction_ledger.csv records primitive values, finite Casimir
contractions, finite-threshold predictions, theory covariance, reference values, and normalized residu-
als. The electroweak sector is therefore evaluated as a predictive finite-threshold layer of the completed
receiver–spectral generator.

31. Hydrodynamic Likelihood and Rest-Gap Identifiability
The rest-gap protocol is written as an identifiable likelihood rather than as a curve-reading

prescription. For distances Li, thresholds ηj, and measured times Tij, use

Tij =
Li

ceff
+ b0 + bη(ηj − η0) +

bL
Li

+ ϵij, ϵ ∼ N(0, ΣT). (181)

The identifiable rest parameter is the profiled intercept b0, and the extracted mass is

meff =
h̄

b0c2
eff

. (182)

The protocol requires distance collapse, amplitude collapse, leakage-contamination control, pos-
itive Fisher information for b0, and stability of meff under front subtraction. The audit file
hydrodynamic_likelihood_audit.csv records these conditions. The hydrodynamic/rest-gap layer
is therefore a falsifiable reconstruction scheme with explicit covariance, Fisher identifiability, and
leakage-bias control.

32. Extended Derivations Of The Precision Closure
This section records the derivational chain in a form that can be read independently of the

supplementary files. The finite closure is not introduced as a numerical ansatz. It is a sequence of
constraints, quotients, transports, and finite traces. The order of operations is part of the construction:
receiver quotient precedes finite block selection; finite block selection precedes endpoint lifting;
endpoint lifting precedes flavour and threshold transport.

32.1. From Primitive Closure To Finite Blocks

Let A be a finite involutive real algebra acting faithfully on HF before receiver quotient. Write the
Wedderburn decomposition as

A ≃
⊕

α

Mnα(Kα), Kα ∈ {R,C,H}. (183)

The primitive closure tests each simple summand against four receiver-visible conditions. First, an
oriented phase carrier must distinguish endpoint phases after quotient; this excludes purely real
central blocks. Second, the opposition carrier must implement a fixed-point-free antilinear operation;
this selects the pseudoreal quaternionic block. Third, endpoint shielding must act irreducibly on three
quotient classes; this selects M3(C). Fourth, primitive locality excludes tensor products of these three
carriers as new primitive summands.

Proposition 2 (Finite block uniqueness). The smallest receiver-visible algebra satisfying oriented phase
distinction, fixed-point-free opposition, irreducible three-endpoint shielding, and first-order opposite locality is

AF ≃ C⊕H⊕ M3(C). (184)

Proof. The complex block is the minimal finite algebra with a nontrivial oriented centre. The real block
R has no oriented complex phase, and a higher complex matrix block contains a reducible phase carrier
once quotient-null multiplicities are removed. The opposition block must carry a pseudoreal two-
dimensional complex representation, hence its minimal real algebra is H. A complex two-dimensional
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block cannot support the required antilinear square without an additional conjugate copy, which is
quotient-null under receiver opposition. The endpoint block must act irreducibly on three classes.
The minimal complex algebra acting irreducibly on a three-dimensional complex endpoint space is
M3(C). Direct sums are allowed because the receiver distinguishes phase, opposition, and endpoint
sectors; tensor products are excluded by first-order opposite locality because they introduce mixed
commutators visible to the receiver quotient. The quotient by null spectators removes duplicate
summands. The stated direct sum is therefore minimal and unique in the primitive class.

32.2. Endpoint Denominator As An Explicit Action

Let C6 = Z/6Z and let I(j) = j + 3. The endpoint classes are [0], [1], [2] in C6/I ≃ Z3. The
half-turn lift with denominator q = 2r acts by

Tr[j] = [j + r] on Z3. (185)

The three possible congruence classes are

r ≡ 0 (mod 3) : [j] 7→ [j], r ≡ 1 (mod 3) : [j] 7→ [j + 1], r ≡ 2 (mod 3) : [j] 7→ [j − 1].
(186)

The primitive orientation selects the forward generator, hence r ≡ 1 (mod 3). Opposition separation
requires r odd, receiver faithfulness requires gcd(r, 6) = 1, and proper flavour lifting requires q > 6.
The first integer satisfying these conditions is r = 7, so q = 14.

Table 11. Endpoint-denominator sieve in the first nontrivial range.

r q = 2r r odd r ≡ 1 (mod 3) gcd(r, 6) = 1 admissible

1 2 yes yes yes no, below proper lift
3 6 yes no no no
5 10 yes no yes no
7 14 yes yes yes yes
9 18 yes no no no

11 22 yes no yes no
13 26 yes yes yes later branch

32.3. Ckm Matrix Entry Formulae

With sij = sin θij and cij = cos θij, the generated CKM matrix is

V =

 c12c13 s12c13 s13e−iδ

−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13

s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13

. (187)

Substituting the finite charged coordinates gives the matrix in (68). The Jarlskog invariant is

J = c12c23c2
13s12s23s13 sin δ. (188)

The derivatives needed for covariance propagation are

∂s12

∂χ12
=

s12

16π2 ,
∂s23

∂χ12
=

2s23

16π2 ,
∂s13

∂χ12
=

3s13

16π2 , (189)

∂s23

∂χ23
=

s23

16π2 ,
∂s13

∂χ13
=

s13

16π2 ,
∂δ

∂χδ
=

1
16π2 . (190)

The derivatives of cij are obtained from ∂cij = −(sij/cij)∂sij. Combining these formulae gives the
Jacobian used in the CKM covariance file.
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32.4. Electroweak Threshold Algebra

The electroweak finite-threshold layer is a diagonal transport on the vector

X = (v, g1, g2, λH , MW , MZ, mH). (191)

For C = (Cv, Cg1 , Cg2 , Cλ, CW , CZ, CH),

log X = log X(0) − C
16π2 . (192)

Thus
∂Xa

∂Cb
= − Xa

16π2 δab,
∂ log Xa

∂Cb
= − 1

16π2 δab. (193)

The finite Hessian covariance is transported by this Jacobian. The table below records the dimensionless
contractions and relative prediction widths.

Table 12. Electroweak precision covariance obtained from finite threshold transport.

Observable Casimir Prediction Absolute sigma Relative sigma

v 0.596491 246.2201 0.0300 1.22 × 10−4

g1 1.622222 0.349939984 5.0 × 10−5 1.43 × 10−4

g2 0.440476 0.652830158 5.0 × 10−5 7.66 × 10−5

λH 2.222222 0.129070523 1.2 × 10−4 9.30 × 10−4

MW derived 80.369701 0.0060 7.47 × 10−5

MZ derived 91.188052 0.0030 3.29 × 10−5

mH derived 125.098088 0.0300 2.40 × 10−4

32.5. Neutral Matrix Entries

The neutral Majorana matrix is symmetric by construction. Its entries are generated by

(Mν)ij = m1Ui1Uj1 + m2Ui2Uj2 + m3Ui3Uj3. (194)

The six independent entries determine the Takagi spectrum. The supplementary file neutral_Mnu_gen
erated_eV.csv lists all entries, while takagi_audit.csv verifies that the singular values coincide
with the ladder in (42). The finite Dirac block Dν

F doubles the spectrum with signs, hence its nonzero
eigenvalues are ±mi.

32.6. Hydrodynamic Likelihood

Let ti be receiver threshold times recorded at distances Li and source amplitudes Ai. The branch-
wise hydrodynamic model is

ti = αLi + b0 + Aiβ + εi, εi ∼ N(0, σ2
i ), (195)

with leakage-corrected covariance W = diag(σ−2
i ) + Wleak. The intercept estimator is

b̂0 = (eT
0 XTWX)−1eT

0 XTWt, (196)

where X = (L, 1, A) and e0 selects the intercept coordinate. The receiver mass estimator is

m̂ =
h̄

b̂0c2
eff

, σm =
h̄

c2
effb̂

2
0

σb0 . (197)

Branch stability is assessed by deleting distance and amplitude blocks and recomputing b̂0.
The reconstruction is accepted when all resampled intercepts remain inside the declared finite
covariance envelope.
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33. Integrated Precision Architecture
The construction now contains four mutually constraining numerical layers. The first is algebraic:

the finite algebra, unimodular quotient, and anomaly-free chiral module are fixed by primitive closure.
The second is endpoint-arithmetic: the denominator q = 14 follows from explicit transport on the
three endpoint classes and the primitive holographic ground condition. The third is finite-dynamical:
neutral, CKM, and electroweak precision outputs are generated by operator trace quotients of the finite
generator. The fourth is receiver-operational: hydrodynamic rest-gap reconstruction tests whether the
receiver propagation law is visible in distance- and amplitude-resolved data.

The main advantage of this organization is that no single numerical layer is allowed to redefine the
finite algebra. Algebra comes first, then denominator, then finite generator, then observable transport.
Conversely, every observable layer can exclude the construction. If the endpoint denominator is not
fourteen, the PMNS target and charged endpoint traces change. If the finite operator trace quotients
do not reproduce the electroweak precision ledger, the finite gauge-scalar transport is excluded. If the
CKM matrix is not unitary under the generated angles and phase, the charged endpoint construction
is excluded. If the receiver rest-gap intercept is not stable under distance and amplitude resampling,
the receiver propagation layer is excluded.

33.1. Observable Hierarchy

The quantities in the manuscript are organized into four classes. Class I contains theorem-level
structures: the quotient contour, finite algebra, unimodular gauge quotient, chiral matter module, and
endpoint denominator. Class II contains finite precision predictions: PMNS, CKM, neutral masses, and
electroweak threshold outputs. Class III contains receiver reconstructions: hydrodynamic intercepts,
rest-gap mass estimators, leakage controls, and integer-core residuals. Class IV contains exclusion
diagnostics: alternative finite blocks, endpoint-denominator candidates, covariance-inconsistent elec-
troweak contractions, and unstable rest-gap reconstructions. The supplementary data are arranged in
the same order.

33.2. Precision Reproducibility

All numerical claims in Class II are generated by the reproducibility scripts contained in
supplement/code/. The script build_precision_predictions.py regenerates the CKM precision
matrix, electroweak threshold ledger, operator trace quotients, covariance files, and summary pulls.
The neutral matrices and receiver reconstruction ledgers are supplied as data files and are directly
inspected by the audit script. A clean run produces the files listed in the supplementary data index
without requiring external data downloads.

33.3. Acceptance and Exclusion Criteria

The finite closure is assessed by sector-specific criteria. Algebraic closure requires absence of a
receiver-visible finite block outside C⊕H⊕ M3(C) under the primitive closure principle. Endpoint
closure requires the primitive holographic ground denominator to remain uniquely q = 14. PMNS
closure requires θPMNS

13 = π/21 and the negative sign of the leptonic Jarlskog invariant. CKM
closure requires a unitary matrix with the reported angle and phase covariance. Electroweak closure
requires the seven finite-threshold pulls to remain within the propagated finite-theory covariance.
Hydrodynamic closure requires stable branchwise rest-gap reconstruction under distance, amplitude,
leakage, and threshold resampling.

33.4. Data-Package Structure

The submission package contains the manuscript, the supplementary information, source files,
figures, and a single supplement directory. The directory supplement/data/ contains the finite
matrices and ledgers. The directory supplement/code/ contains the reproducibility scripts. The
directory figures/ contains vector and high-resolution raster figures used by the manuscript. This
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organization is intended to make the derivation auditable without inserting source-management
material into the article itself.

34. Sector-By-Sector Reproducibility Formulae
The finite closure is reproducible because each numerical sector is governed by a closed map from

a small set of primitive quantities. This section records those maps in a compact form.

34.1. Receiver Sector

For the two-channel receiver Hamiltonian

HR = µ1 + νσy + mσz + κσx + ∆1null, (198)

the receiver-visible splitting is
Ω =

√
m2 + κ2 + ν2. (199)

The transition probability in the visible two-level sector is

P1→2(t) =
κ2 + ν2

Ω2 sin2(Ωt), (200)

and the receiver-null leakage channel contributes only through the quotient-visible leakage invariant

ΛR(t) = ∥PRe−itH PN∥2. (201)

The inverse reconstruction uses the measured oscillation frequency, visibility contrast, phase shift,
diagonal imbalance, and null leakage amplitude to recover (µ, κ, m, ∆, ν). The supplementary file
receiver_inverse_example.csv gives a numerical instance.

34.2. Gauge and Anomaly Sector

The unimodular reduction of C⊕H⊕ M3(C) gives

U(1)× SU(2)× U(3)
U(1)unimodular

≃ U(1)Y × SU(2)× SU(3)
Z6

. (202)

For one generation the hypercharges satisfy

6YQ + 2YL = 0, 3(2YQ − Yu − Yd) + (2YL − Ye) = 0, (203)

with solution
YQ =

1
6

, Yu =
2
3

, Yd = −1
3

, YL = −1
2

, Ye = −1. (204)

The cubic and mixed anomaly sums vanish:

∑
left

Y3 − ∑
right

Y3 = 0, ∑
doublets

Y = 0, ∑
triplets

Y = 0. (205)

These identities are representation-level consistency equations of the finite closure.

34.3. Flavour Sector

The lepton and quark matrices are both generated by endpoint holonomies, but they expose
different finite modules. The lepton matrix uses the denominator-level angle π/21, while the quark
matrix uses finite trace-corrected charged coordinates. The common origin is visible in the pair

θPMNS
13 =

1
3

2π

14
, λq = sin

π

14
exp

( χ12

16π2

)
. (206)
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Thus the lepton exposure is denominator-exact and the quark exposure is denominator-plus-trace. The
two sectors test the same endpoint arithmetic at different levels of the finite module.

34.4. Electroweak Sector

The electroweak primitive quantities can be written in a single vector equation,

X(0) =

(
√

8EPe−4π2
,

1
2
√

2
,

√
3
7

,
π

24
,

1
2

g(0)2 v0,
1
2

v0

√
(g(0)1 )2 + (g(0)2 )2,

√
2λ

(0)
H v0

)
. (207)

Threshold transport is the diagonal exponential map

X = exp
[
− 1

16π2 diag(Cv, Cg1 , Cg2 , Cλ, CW , CZ, CH)

]
X(0). (208)

The precision comparison is therefore reproducible from X(0), the finite Casimir vector, and the
covariance file.

34.5. Neutral Sector

The neutral sector combines the Planck scale, the four-sheet saddle, endpoint holonomy, trace
compression, and endpoint volume. The three scales are

m3 = EP(
√

8e−4π2
)2e3π , m2 =

m3√
34

, m1 =
m2

6π2 . (209)

The Majorana matrix is obtained from the generated PMNS matrix; its Takagi factorization returns
precisely the ladder. This closes the neutral chain from finite constants to matrix entries to singular
values.

35. Detailed Observable Tables

Table 13. End-to-end observable ledger in the main manuscript.

Sector Observable Generated value Generator map Data file

Algebra AF C⊕H⊕ M3(C) primitive closure block classifi-
cation

Endpoint q 14 r ≡ 1 (mod 3), q =

2r
q admissibil-
ity

PMNS θ13 8.57142857◦ π/21 pmns compar-
ison

PMNS JℓCP −0.03355795 unitary invariant flavour audit
Neutral ∑ mi 0.072810131 eV Takagi spectrum takagi audit
CKM θ

q
12 12.973478◦ finite trace coordi-

nate
CKM preci-
sion

CKM δq 68.7000◦ CP trace coordinate CKM preci-
sion

CKM Jq
CP 3.189591 × 10−5 unitary invariant CKM preci-

sion
EW v 246.2201 GeV threshold transport electroweak

ledger
EW g1 0.349939984 threshold transport electroweak

ledger
EW g2 0.652830158 threshold transport electroweak

ledger
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Sector Observable Generated value Generator map Data file

EW λH 0.129070523 threshold transport electroweak
ledger

EW MW 80.369701 GeV threshold transport electroweak
ledger

EW MZ 91.188052 GeV threshold transport electroweak
ledger

EW mH 125.098088 GeV threshold transport electroweak
ledger

Receiver rest-gap inter-
cept

branch depen-
dent

hydrodynamic like-
lihood

rest-gap audit

Receiver Kcopy 1 paired curvature on-
set

curvature au-
dit

Endpoint
echo

phase max-
ima

π/21 + 2πa/3 receiver-null bound-
ary channel

Online Re-
source 3

Endpoint
echo

period ratio 3/2 qν/q = 21/14 Online Re-
source 3

Endpoint
echo

onset quadratic in ε odd boundary-to-
Majorana perturba-
tion

Online Re-
source 3

36. Experimental Exposure
The model has several independent exposure channels. The denominator exposure is controlled

by lepton mixing; the neutral exposure is controlled by absolute mass probes; the charged exposure
is controlled by CKM unitarity and CP violation; the electroweak exposure is controlled by finite-
threshold precision; and the receiver exposure is controlled by distance- and amplitude-resolved
copy-time data. These channels are mathematically connected but statistically independent in their
measurement procedures.

36.1. Lepton and Neutral Exposure

The lepton sector is exposed through θPMNS
13 , the sign and magnitude of JℓCP, and the absolute mass

sum. Improved long-baseline data test the CP-orientation sign, while cosmological and beta-decay
channels test the absolute-mass branch. The finite construction specifies a normal ordering and a mass
sum below current cosmological upper bounds.

36.2. Charged-Quark Exposure

The charged sector is exposed through a unitary matrix rather than through isolated matrix
elements. The natural comparison object is the vector

(|Vud|, |Vus|, |Vub|, |Vcb|, |Vtb|, δq, Jq
CP). (210)

The covariance supplied with the manuscript propagates finite-generator uncertainty to this vector.

36.3. Electroweak Exposure

The electroweak sector is exposed through a seven-dimensional finite-threshold vector. Since the
transport is multiplicative, the appropriate comparison is logarithmic:

∆a = log Xa − log Xref
a . (211)

The covariance in ∆a is obtained by dividing the absolute covariance by the predicted values. This
formulation is stable under units and avoids assigning special status to dimensional coordinates.
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36.4. Receiver Exposure

Receiver exposure is platform-independent. A receiver experiment probes the operational layer
without requiring a full finite Standard-Model realization. It tests the operational layer: copy-time
thresholding, leakage separation, distance collapse, amplitude collapse, and rest-gap intercept stability.
Positive receiver tests support the quotient structure; negative receiver tests exclude the operational
premise independently of the particle-sector precision predictions.

36.5. Prospective Receiver-Null Endpoint Echo

Beyond comparison with oscillation, CKM, electroweak and absolute-mass data, the model
predicts a receiver-null boundary-to-Majorana endpoint echo. The signal is generated when the
primitive boundary atom is coupled to the real Takagi branch by a controlled perturbation supported
on P∂ ⊕ PM. The leading echo intensity obeys

E∂→M(t, ε) = ε2F(t; µ∂, µM) + O(ε4), (212)

with no zeroth-order signal and no linear intensity term. Its phase maxima are predicted at

Θa =
π

21
+

2πa
3

, a = 0, 1, 2, (213)

and the neutral-to-oriented-lift period ratio is

Tν

Tq
=

21
14

=
3
2

. (214)

These quantities are not extracted from NuFIT global fits, DUNE design sensitivities, CKM fits, or
electroweak reference values. They are prospective receiver signatures of the finite channel support.
Online Resource 3 gives the derivation, exclusion controls, prediction ledger and a dimensionless
numerical simulation used only to visualize the phase-satellite and quadratic-onset tests.

36.6. Endpoint-Echo Experimental Protocol

The endpoint echo is intended as a receiver experiment rather than as an additional oscillation-
fit parameter. A minimal implementation requires four operational capabilities: preparation of the
primitive boundary atom, controlled opening of the boundary-to-Majorana support, endpoint phase
scanning, and receiver-front subtraction. Denote the measured echo power by Y(t, φ, ε), where φ is the
controllable endpoint phase and ε is the strength of the boundary-to-Majorana channel. The primary
regression model is

Y(t, φ, ε) = Y0(t) + ε2F(t)[1 + κ cos{3(φ − π/21)}] + R(t, φ, ε), (215)

with R = O(ε4) + O(δleak). The platform-dependent quantities are the envelope F(t), the visibility κ,
and the leakage residual δleak. The phase offset π/21, the threefold satellite spacing, the quadratic
onset, and the ratio Tν/Tq = 3/2 are not platform parameters.

A minimal laboratory realization may be sought in a six-mode photonic ring or in an equivalent
superconducting-mode network. The six modes implement the certified boundary contour, the
antipodal coupling implements the copy opposition, three independently addressable phase shifters
implement the endpoint quotient, and an auxiliary detunable mode implements the real fixed branch
used for support removal. In such a platform ε is the calibrated boundary-to-auxiliary coupling, φ is
the controlled endpoint phase, and Y is the integrated receiver power after subtraction of the front
response. The theory does not identify the auxiliary mode with a new elementary particle; it predicts
the receiver-null support signature that any admissible realization must display.
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The null controls are fixed by support. With the channel closed, ε = 0, the background-subtracted
echo vanishes:

Y(t, φ, 0)− Y0(t) = 0. (216)

With the Majorana fixed branch removed or detuned away from the support of PMV∂MP∂, the same
background-subtracted echo is absent to the declared leakage order:

Yoff(t, φ, ε)− Y0(t) = O(δleak). (217)

A positive test therefore requires all four conditions

∂εY|ε=0 = 0, ∂2
ε Y|ε=0 > 0, φmax =

π

21
+

2πa
3

,
Tν

Tq
=

3
2

, (218)

within the independently reported phase, timing and leakage uncertainties. Failure of any one of
the four conditions gives a layer-specific exclusion rather than a fit adjustment. This protocol turns
the endpoint echo into a falsifiable receiver signature with an explicit null model and a fixed phase
register.

37. Internal Consistency Checks
The final closure contains several algebraic consistency checks that do not depend on external

numerical comparison. The first check is quotient stability: replacing the prequotient presentation of
the finite algebra by a Morita-equivalent presentation leaves the receiver-visible algebra unchanged.
The second check is opposite locality: the commutator [[DF, a], JbJ−1] vanishes for primitive algebra
elements after quotient-null summands are removed. The third check is unitary stability: the CKM
and PMNS matrices generated from the endpoint coordinates obey exact unitarity before numerical
rounding. The fourth check is Takagi stability: the singular values of Mν are invariant under rephasing
of the Majorana convention.

These checks are structural and are evaluated before electroweak or CKM reference comparison.
They test whether the internal construction is well-defined before phenomenological comparison. The
supplementary data include the finite matrices used in these checks, and the reproduction scripts
verify the numerical invariants generated from them.

Table 14. Internal consistency checks used before phenomenological comparison.

Consistency check Mathematical condition Consequence

Quotient stability A0/NR is invariant under presenta-
tion change

observable algebra is presentation
independent

Opposite locality [[DF, a], JbJ−1] = 0 primitive tensor products are ex-
cluded

Unimodularity trace of total finite gauge potential van-
ishes

hypercharge quotient is fixed

CKM unitarity V†
CKMVCKM = 1 charged mixing is a genuine uni-

tary exposure
PMNS unitarity U†

ℓ Uℓ = 1 neutral Majorana matrix has a sta-
ble Takagi spectrum

Takagi stability UT
T MνUT = diag(mi) singular values equal the neutral

ladder
Hydrodynamic identifiabil-
ity

Fisher matrix for (α, b0, β) is nonsingu-
lar

rest-gap mass estimator is defined

38. Methods and Data Availability
The submission contains four online resources. Online Resource 1 is the extended supplemen-

tary information for primitive closure, finite-block classification, receiver reconstruction, anomaly
cancellation, precision ledgers, and validation protocols. Online Resource 2 is the complete Takagi and
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neutral-constant derivation, with explicit projectors, trace calculations, determinant, endpoint residue,
primitive angle theorem, and reproduction formulas. Online Resource 3 is the complete prediction
ledger and prospective receiver-null endpoint-echo derivation. Online Resource 4 contains code and
machine-readable audit data. The code regenerates the CKM precision files, electroweak threshold
files, endpoint-denominator tables, block-classification tables, Majorana matrices, neutral Dirac block,
Takagi audit, receiver prediction files, comparison files, logical-status registers, and temporal-spatial
resolution tables including the superconducting six-mode Ramsey design budget.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org.
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