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Abstract

We report a toy-level structural completion chain connecting a p17/p29 finite-field packet
endpoint to a minimal operator-level readout. The p17 backbone defines a diagonal transi-
tion spectrum H = diag(h1, h2, h3), whose lowest transition gap is verified to be the (23)
channel. We then impose a minimal nontrivial lifting condition: the first nonzero centered
deformation must leave one transition channel exactly neutral. Within this exact-neutral
one-vs-two deformation class, relative spectral-disturbance minimization selects the defor-
mation preserving the lowest p17 gap. For the current endpoint this gives

D ∝ diag(−2, 1, 1), c̃ ∝
(
−1,

1

2
,
1

2

)
.

The selected p29 axis supports two readout-dependent toy completions: a mass-side lin-
ear residual completion through δnear

d , and a boson-side quadratic rank-one neutral block
through ρ

(0)
B . The result should be interpreted as a structural toy completion principle, not

as a derivation of physical fermion masses, CKM/PMNS mixing, gauge bosons, gauge cou-
plings, the Higgs sector, or the Standard Model Lagrangian.

Keywords
finite-field packet geometry, minimal nontrivial lifting, exact-neutral deformation, relative
spectral disturbance, spectral-stable projection, flavor hierarchy, rank-one neutral block,

AWM/HIPM toy model, reproducibility.
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1 Introduction and Scope
The Standard Model organizes the observed elementary-particle spectrum through local gauge
symmetries, electroweak symmetry breaking, Yukawa couplings, and flavor mixing matrices
[1–12]. In that framework, charged-fermion masses and quark mixing are encoded through
Yukawa matrices and their diagonalization. Neutrino oscillation data similarly involve a mis-
match between propagation and interaction bases, summarized by the PMNS matrix in phe-
nomenological analyses [10–12].

The present manuscript does not propose a replacement of the Standard Model and does not
derive Standard Model observables. Instead, it records a restricted structural endpoint obtained
from a finite-field packet construction. The endpoint provides two numerical packet-derived ob-
jects: a p17 backbone vector h and a p29 centered deformation vector c̃. The aim is to formulate
a reproducible toy-level operator rule that explains why the p29 deformation axis has the form

c̃ ∝
(
−1,

1

2
,
1

2

)
relative to the p17 backbone.

The central result is conditional. Relative spectral-disturbance minimization alone does not
select the p29 axis over the full centered plane. A direct unrestricted centered-vector test gives
a nearby oblique minimizer. The exact p29 axis is recovered only after imposing a minimal
nontrivial lifting condition: the first nonzero centered deformation must preserve one transi-
tion channel exactly. Within this exact-neutral class, relative spectral-disturbance minimization
selects the deformation that preserves the lowest p17 transition gap.

2 Novelty Relative to Existing Theory
The construction should be read as a structural toy model rather than as a conventional quan-
tum field theory. Its novelty is not the introduction of gauge symmetry, spontaneous sym-
metry breaking, CKM/PMNS mixing, finite fields, perturbation theory, or low-rank approxi-
mation as isolated mathematical ideas. Those are all established in their respective contexts
[1, 3, 6, 9, 11, 14–17]. The new element claimed here is the following restricted combination:

1. a p17 finite-field packet endpoint is read as a diagonal transition backbone H = diag(hi);

2. a first centered deformation is required to be a minimal nontrivial lifting, i.e. it preserves
one transition kernel exactly;

3. relative spectral-disturbance minimization selects which exact-neutral transition is pre-
served;

4. the selected axis coincides with the p29 centered deformation c̃ ∝ (−1, 1/2, 1/2);

5. the same selected axis supports both a mass-side linear residual readout and a boson-side
rank-one neutral-block readout at the toy level.

This differs from the Standard Model in both direction and claim strength. The Standard
Model starts from gauge fields, representations, symmetry breaking, and Yukawa couplings,
and then computes or parametrizes physical observables. The present work starts from a discrete
packet endpoint and asks whether a compact structural selection rule can recover an observed
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internal deformation axis. It does not identify the resulting transition modes with physical W±,
Z, γ, gluons, or any measured particle without additional assumptions.

It also differs from ordinary finite-field model building. The finite-field packet data are not
used here as a lattice discretization of spacetime or as a direct finite-field formulation of a gauge
theory. They serve only as a discrete structural source for a small real operator problem.

Finally, it differs from generic spectral perturbation theory. Standard perturbation theory
studies how spectra change under perturbations [14,15]. Here the key condition is a deliberately
non-generic one: the first deformation is required to have a transition kernel. Relative spectral
disturbance then selects the preserved channel within that constrained class.

3 Fixed Endpoint Data
The p17 backbone vector used in the present endpoint is

h = (−0.4197164403402258, −0.3701205437729066, −0.3373753594837423). (1)

The p29 centered deformation vector is

c̃ = (−0.031877313333333324, 0.015938656666666717, 0.015938656666666717), (2)

with
‖c̃‖ = 0.03904157601874276. (3)

Thus
c̃ ∝

(
−1,

1

2
,
1

2

)
. (4)

The auxiliary constants used in the readout diagnostics are

B = 117.9166, η0 = 0.2669737332, (5)

and the down-sector residual vector is

r(d) = (1.9230706389270402, −0.9336684367704611, −0.9894022021565863). (6)

These quantities are treated as fixed numerical inputs for the toy endpoint. Their upstream deriva-
tion is outside the scope of the present manuscript.

4 Backbone Operator and Transition Spectrum
Define the p17 backbone operator

H = diag(h1, h2, h3). (7)

For transition operators
Eij = |i〉〈j|, (8)

one has
[H,Eij] = (hi − hj)Eij. (9)

The squared transition gaps are therefore

Dij := |hi − hj|2. (10)
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For the present endpoint,

D12 = 0.0024597529563162262, (11)
D13 = 0.006780053596613955, (12)
D23 = 0.0010722470941313315. (13)

Hence
D23 < D12 < D13. (14)

The lowest p17 transition gap is therefore the (23) channel.

5 Minimal Nontrivial Lifting Principle
Let the first centered deformation be

Dv = diag(v1, v2, v3), v1 + v2 + v3 = 0. (15)

Its transition action is
[Dv, Eij] = (vi − vj)Eij. (16)

There are three natural levels of lifting.

Level 0: zero lifting. If Dv = 0, then all transitions remain neutral and no nontrivial defor-
mation is produced.

Level 1: minimal nontrivial lifting. If Dv 6= 0, trDv = 0, and exactly two diagonal entries
coincide, then one transition remains neutral while the other two are lifted. This is the minimal
nonzero deformation class that preserves a nontrivial transition kernel.

Level 2: generic lifting. If all vi are distinct, all three transitions are lifted. This is a generic
centered deformation, but it leaves no exact residual transition channel.

The working structural hypothesis is therefore

Dv 6= 0, trDv = 0, ∃(i, j) : [Dv, Eij] = 0. (17)

Equivalently, the first deformation preserves one transition channel exactly.
The Level 1 condition yields three centered one-vs-two directions:

v23 ∝
(
−1,

1

2
,
1

2

)
, (18)

v13 ∝
(
1

2
,−1,

1

2

)
, (19)

v12 ∝
(
1

2
,
1

2
,−1

)
. (20)

They preserve, respectively, (23), (13), and (12).
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6 Relative Spectral-Disturbance Selection
For a centered deformation vector v, define

Crel(v) =
∑
i<j

(vi − vj)
2

(hi − hj)2
. (21)

This cost measures the transition splitting produced by the deformation, weighted by the in-
verse squared p17 transition gap. Splitting a low-gap transition therefore carries a larger relative
penalty.

Lemma 1 (minimal-lifting selection). Assume

D23 < D12 < D13. (22)

Within the minimal nontrivial lifting class

Vmin−lift = {v23, v13, v12}, (23)

the relative spectral-disturbance cost is minimized by

v23 ∝
(
−1,

1

2
,
1

2

)
. (24)

Proof. Each minimal-lifting direction preserves one transition and splits the other two. Up to a
common positive normalization factor,

Crel(v23) ∝
1

D12

+
1

D13

, (25)

Crel(v13) ∝
1

D12

+
1

D23

, (26)

Crel(v12) ∝
1

D13

+
1

D23

. (27)

Since D23 < D12 < D13, one has

1

D23

>
1

D12

>
1

D13

. (28)

Thus any direction that splits the (23) transition pays the largest relative penalty. The only
minimal-lifting direction avoiding that penalty is v23. Therefore v23 minimizes Crel withinVmin−lift.

For the present endpoint, after normalizing all three candidate directions to ‖v‖ = ‖c̃‖, the
verified costs are

Crel(v23) = 1.266730423563, (29)
Crel(v12) = 2.469533134391, (30)
Crel(v13) = 3.061824350518. (31)

Therefore
Crel(v23) < Crel(v12) < Crel(v13). (32)
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7 Boundary: Unrestricted Centered Plane
The minimal-lifting condition is essential. If Crel is minimized over the full centered plane

v1 + v2 + v3 = 0, ‖v‖ = ‖c̃‖, (33)

the minimizer is not exactly v23, but rather the nearby oblique direction

vmin = (−0.0314451293, 0.0111920887, 0.0202530406), (34)

with
Crel(vmin) = 1.209840614667. (35)

Its alignment with v23 is high,

| cos(vmin, v23)| = 0.986442268789, (36)

corresponding to an angle of approximately

9.445458◦. (37)

However, vmin does not preserve any transition exactly. In particular,

ε23(vmin) =
|v2 − v3|

‖v‖
= 0.2320846843. (38)

Thus the correct conclusion is not that relative spectral-disturbance minimization alone selects
the p29 axis. The correct conclusion is

minimal nontrivial lifting + relative spectral-disturbance minimization ⇒ v23. (39)

8 Main Structural Result
Proposition 1 (minimal-lifting p17/p29 completion). For the present p17/p29 endpoint, assume
that the first nonzero centered deformation is a minimal nontrivial lifting and that the preserved
transition is selected by minimizing Crel within that class. Then the selected deformation is

D∗ ∝ diag(−2, 1, 1), (40)

and therefore
[D∗, E23] = 0, (41)

while
[D∗, E12] 6= 0, [D∗, E13] 6= 0. (42)

The selected direction is parallel to the p29 centered deformation,

c̃ ‖
(
−1,

1

2
,
1

2

)
. (43)

Proof. The p17 gaps satisfy D23 < D12 < D13. By the minimal-lifting selection lemma, the
relative spectral-disturbance cost is minimized by the exact-neutral direction preserving (23).
Hence v2 = v3. Together with the centered condition v1+v2+v3 = 0, this gives v ∝ (−2, 1, 1),
or equivalently v ∝ (−1, 1/2, 1/2). This is parallel to the supplied p29 centered deformation
c̃.
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9 Projection Scalar
Define

u1|23 =

(
1,−1

2
,−1

2

)
, n23 = (0, 1,−1). (44)

Let
ĥ = h− h̄1. (45)

Then
ĥ = ahu1|23 +

d23
2
n23, (46)

where

ah =
ĥ · u1|23

u1|23 · u1|23
=

2

3

(
h1 −

h2 + h3

2

)
, (47)

and
d23 = h2 − h3. (48)

For the current endpoint,

ah = −0.04397899247460091, (49)
d23 = −0.032745184289164286. (50)

The decomposition error is at roundoff level in double precision.
Since

c̃ ‖ −u1|23, (51)

the scalar ah is the p17 projection coefficient associated with the selected minimal-lifting 1|(23)
axis.

10 Mass-Side Readout
The diagonal or hierarchy readout uses the selected p29 axis as a linear residual direction. The
near-derived down-channel strength is

δnear
d = −

√
3Bη0

|ah|
‖c̃‖

. (52)

For the current endpoint,
δnear
d = −61.4217300645. (53)

The direct residual projection is

δproj
d =

〈r(d), c̃〉
‖c̃‖2

= −60.3272496279. (54)

The alignment is
cos

(
r(d), c̃

)
= −0.9998600400. (55)

The relative difference between δnear
d and δproj

d is approximately

1.814%. (56)

This supports a mass-side linear minimum-residual completion at the toy endpoint.
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11 Boson-Side Readout
The transition readout uses the adjoint action of the selected deformation. Since

[D∗, E23] = 0, (57)

the (23) transition is deformation-neutral, while

[D∗, E12] 6= 0, [D∗, E13] 6= 0. (58)

Thus, at the toy level, (23) is the neutral-like residual transition and (12), (13) are deformation-
sensitive transitions.

Define the neutral block

Mneu =

(
d223 a2h
a2h a2h + ρB‖c̃‖2

)
. (59)

The rank-one condition
detMneu = 0 (60)

gives

ρ
(0)
B =

a4h
d223

− a2h

‖c̃‖2
. (61)

For the current endpoint,
ρ
(0)
B = 1.0200001446. (62)

The neutral block has eigenvalues approximately

(1.0842× 10−19, 0.004561128644846), (63)

so it is rank-one up to numerical precision.
This supports a boson-side quadratic rank-one completion at the toy endpoint. It does not

identify this neutral-like mode with the physical photon or any electroweak gauge boson.

12 Minimal Operator Embedding
The toy completion chain can be embedded in the minimal operator block

Ktoy = H + εD + φJ. (64)

Here
H = diag(h1, h2, h3) (65)

is the p17 backbone,
D ∝ diag(−2, 1, 1) (66)

is the minimal-lifting p29 deformation, and J is a reserved orientation or phase seed. The present
paper uses only the H + εD part for the mass-side and boson-side toy readouts. The term φJ is
not yet a derived physical CP operator.

The readout dictionary is

Readout Operator part Toy output

Diagonal readout diag(H + εD) mass-side linear residual completion
Transition readout [H + εD,Eij] exact-neutral transition split and rank-one block
Orientation readout J reserved mixing/CP-like layer
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13 Reproducibility Checklist
The numerical claims in this manuscript are reproducible from the fixed inputs in Section 3 by
the following checks:

1. compute D12, D13, D23 and verify D23 < D12 < D13;

2. normalize v23, v13, v12 to ‖c̃‖ and compute Crel;

3. minimize Crel over the full centered plane to confirm the oblique unrestricted minimizer;

4. verify c̃ ‖ v23;

5. compute ah, d23 and the decomposition of ĥ;

6. compute δnear
d , δproj

d , and cos
(
r(d), c̃

)
;

7. compute ρ(0)B , detMneu, and the eigenvalues of Mneu.

The crucial negative check is equally important: unrestricted relative spectral-disturbance
minimization alone does not select v23 exactly. This is why the minimal nontrivial lifting con-
dition is part of the stated result.

14 Discussion and Limitations
The main structural point is that the p29 axis is not introduced as an arbitrary fit direction in
the present formulation. It is recovered from the p17 transition spectrum once two conditions
are imposed: minimal nontrivial lifting and relative spectral-disturbance minimization. The first
condition forms the allowed first-deformation class; the second selects the preserved channel.

The main limitation is that the minimal nontrivial lifting principle itself is not derived from
a deeper AWM/HIPM operator. It is a structural hypothesis motivated by the desire to make the
first deformation nonzero while preserving one residual transition channel. A future derivation
would need to show why the first coarse-grained deformation should have a nontrivial transition
kernel.

A second limitation is physical interpretation. The mass-side and boson-side readouts are
toy-level completions. They are not physical derivations of fermion masses, CKM or PMNS
mixing, gauge bosons, gauge couplings, the photon, the Higgs sector, or the Standard Model
Lagrangian.

15 Conclusion
The present analysis supports the following limited structural claim:

within the minimal nontrivial lifting class,
relative spectral-disturbance minimization selects the p29 1|(23) axis.

(67)

For the current endpoint, this gives

D ∝ diag(−2, 1, 1), c̃ ∝
(
−1,

1

2
,
1

2

)
, (68)
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with (23) preserved as the lowest-gap residual transition.
The same selected axis supports a mass-side linear residual completion through δnear

d and a
boson-side rank-one neutral completion through ρ

(0)
B . The result is a toy-level p17/p29 structural

completion chain. It is not a derivation of Standard Model observables.

Short Claim Statement
The current endpoint supports the following limited claim:

The p17/p29 packet endpoint admits a minimal-lifting structural completion:
within the exact-neutral first-deformation class,

relative spectral-disturbance minimization selects the p29 1|(23) axis.
(69)

This selected axis then supports both a mass-side linear completion and a boson-side rank-one
completion at the toy-structure level.

Non-Claim Statement
The result does not claim that:

1. the minimal nontrivial lifting condition is derived from first principles;

2. relative spectral-disturbance minimization alone selects the p29 axis;

3. physical fermion masses are derived;

4. CKM or PMNS mixing is derived;

5. physical gauge bosons or gauge couplings are derived;

6. the photon is derived;

7. the Higgs sector is replaced;

8. the Standard Model Lagrangian is derived or replaced.
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