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Abstract

The Standard Model flavor sector contains fermion mass hierarchies, quark and lepton
mixing matrices, and CP-violating phases whose numerical structures are empirically well
established but not derived from a unique first-principles flavor law. This note proposes a
calibrated effective readout architecture, motivated by the HIPM–AWM–MSL sequence, in
which these ingredients are separated into three modular layers: mass endpoints are read
as eigenvalue or mass-square endpoint diagnostics, CKM and PMNS structures are read
as relative eigenbasis-overlap diagnostics, and CP-like effects are represented as complex
loop-phase or overlap-phase residues. The central Mass-Square Ladder (MSL) endpoint
variable is

Ef =
s
(f)
(1) + s

(f)
(2)

s
(f)
(3)

=
Tr(QfSfQf )

s
(f)
(3)

,

where Sf is an effective sector mass-square readout operator. A calibrated endpoint law,

Ef ' Eu8
kf exp(Hf ),

leads to the charged-sector neutrino endpoint relation

Epred
ν = 4E`

(
Ed

Eu

)1/3

.

For reference and PDG-style charged inputs this gives a near-minimal normal-ordering neu-
trino endpoint; for representative common-mZ running inputs it gives a small positive light-
est mass, remaining in a low-mass normal-ordering branch. CKM robustness tests support
an O(0.4) non-adjacent overlap-suppression diagnostic,

|Vub| ' σCKM|Vus||Vcb|, σCKM ∼ 0.4,

while PMNS/NBLC targets remain best classified as a moderate frozen endpoint diagnostic
near the normal-ordering lower-octant region. The proposal is not a first-principles deriva-
tion of the full Yukawa sector, CKM matrix, PMNS matrix, or CP phases; it is a modular
effective readout framework designed to organize these structures without conflating eigen-
value, eigenbasis, and phase information.
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1 Introduction
The Standard Model successfully describes quark and charged-lepton masses, quark mixing
through the CKM matrix, lepton mixing through the PMNS matrix, and CP violation through
complex phases in the flavor sector. Historically, quark flavor mixing originates from the Cabibbo
angle and its three-generation CKM extension [1,2], while lepton flavor mixing is associated with
the Pontecorvo–Maki–Nakagawa–Sakata framework [3,4]. CP violation in the quark sector can
be characterized by rephasing-invariant quantities such as the Jarlskog invariant [5]. Precision
CKM information is summarized in the Particle Data Group review and in global-fit programs
such as CKMfitter and UTfit [6,8,9]. Neutrino oscillation data and PMNS parameters are simi-
larly constrained by global analyses such as NuFIT [7]. These references establish the empirical
flavor data against which the present effective readout framework is compared.

Despite this empirical success, the numerical pattern of Yukawa couplings and flavor mix-
ing remains largely input rather than output. The hierarchy between fermion masses, the near-
diagonal structure of the CKM matrix, the comparatively large PMNS mixing angles, and the
smallness of neutrino masses motivate effective attempts to reorganize flavor data into a smaller
number of structural readouts. Recent model-building and review literature continues to explore
possible origins of flavor hierarchies and neutrino-mass structure [10–12]. The present work
should be read in this context: it is not a replacement of the Standard Model flavor sector, but
an effective organization of selected endpoint and overlap observables.

The present note does not claim to derive the Standard Model flavor sector from first prin-
ciples. Its goal is more limited: to provide a modular effective architecture in which mass end-
points, mixing matrices, and CP-like phases are separated into distinct readout layers. This
separation is useful because mass eigenvalues and mixing matrices contain different mathe-
matical information. Eigenvalues determine mass ratios or endpoint ratios, whereas CKM and
PMNS matrices depend on relative eigenbases. CP-violating quantities require additional com-
plex phase information. Treating all three as a single target can easily lead to overfitting or
overclaiming; treating them as separate readout modules gives a clearer claim boundary.

The framework developed here follows the HIPM–AWM–MSL line of interpretation. The
AWM component supplies a sector-dependent effective flavor operator, while the MSL compo-
nent supplies a compact mass-square endpoint law. CKM and PMNS structures are then attached
as independent eigenbasis-overlap diagnostics, and CP is kept as a complex residue layer. The
modular chain is

K
(f)
AWM → Sf ' Feff

(
K

(f)
AWM

)
→ (s

(f)
i , Uf ) →


Ef , mass endpoint,
U †
fUg, mixing overlap,

arg(U †
fUg), CP residue.

Here Feff is an effective readout map, not a derived dynamical map.
The key novelty is therefore not a claimed full replacement of the Yukawa sector, but a role-

separated effective readout architecture. Within this architecture, the MSL endpoint law gives
a compact relation between charged-sector endpoint data and a low-mass normal-ordering neu-
trino branch, while CKM and PMNS/NBLC structures are treated as overlap-layer diagnostics
rather than consequences of the MSL endpoint law alone.

3



Sector operator
K

(f)
AWM

Effective readout
Sf ' Feff(Kf )

Spectrum and basis
(s

(f)
i , Uf )

Mass endpoint
Ef

Mixing overlap
U †
fUg

CP residue
arg(U †

fUg)

Figure 1: Modular effective flavor-readout chain. The MSL endpoint uses eigenvalue infor-
mation, CKM/PMNS use relative eigenbasis information, and CP-like structure is placed in a
complex residue layer.

2 Notation and modular readout chain
For each fermion sector f , introduce an effective AWM sector operator

K
(f)
AWM = Lch + C†W

(f)
θ C + V

(f)
Hm

. (1)

The current framework assumes an associated effective mass-square readout operator

Sf ' Feff

(
K

(f)
AWM

)
, (2)

with spectral decomposition

Sfv
(f)
i = s

(f)
i v

(f)
i , s

(f)
i = (m

(f)
i )2. (3)

The eigenvalues s(f)i define mass-square endpoint diagnostics, while the eigenvectors define the
sector bases entering CKM or PMNS overlaps. This split is essential: the MSL law below
constrains an eigenvalue endpoint ratio, not the full eigenbasis.

Let s(f)(1) ≤ s
(f)
(2) ≤ s

(f)
(3) denote ordered sector mass-square eigenvalues, and let

Qf =
∑
i=1,2

∣∣∣v(f)i

〉〈
v
(f)
i

∣∣∣ (4)

project onto the two light modes. The MSL endpoint variable is

Ef =
Tr(QfSfQf )

s
(f)
(3)

=
s
(f)
(1) + s

(f)
(2)

s
(f)
(3)

. (5)

This is the central mass-side object used in the present note.

3 MSL endpoint law
The calibrated MSL endpoint law is

Ef ' Eu 8
kf exp(Hf ). (6)
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The sector exponents are
(ku, kd, k`, kν) = (0, 1, 2, 3), (7)

and the factor 8 is written as

8 = 2β1(K4), β1(K4) = 3. (8)

This use of 8 is part of the calibrated effective endpoint law; it is not yet a first-principles deriva-
tion of the full flavor hierarchy.

The endpoint correction is encoded by depth vectors

b(u) = (0, 0, 0), b(d) = (1, 0, 0), b(`) = (1, 1, 0), b(ν) = (1, 1, 1), (9)

and response components

(h1, h2, h3) =

(
a,−b,

1

3
a

)
. (10)

Thus

Hf =
3∑

j=1

b
(f)
j hj, (11)

and hence
H = (0, a, a− b, 4a/3− b). (12)

The charged-sector parameters are

a = log
(

Ed

8Eu

)
, b = a− log

(
E`

64Eu

)
. (13)

For the reference endpoint values

Eu = 5.408468681108471× 10−5, (14)

Ed = 4.962574631991027× 10−4, (15)

E` = 3.535994613027294× 10−3, (16)

one obtains
a = 0.13710223701490518, b = 0.1157865124690534, (17)

and
Hν = 4a/3− b = 0.06701647021748684. (18)

4 Neutrino endpoint branch
The charged-only neutrino endpoint prediction is

Epred
ν = Eu8

3 exp
(
4

3
a− b

)
. (19)

Using Eq. (13), this reduces to the compact form

Epred
ν = 4E`

(
Ed

Eu

)1/3

. (20)
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For the reference inputs above,

Epred
ν = 0.029610733346540106. (21)

The minimal normal-ordering endpoint is

Eν,NO(0) =
∆m2

21

∆m2
31

. (22)

Using the representative values

∆m2
21 = 7.49× 10−5 eV2, ∆m2

31 = 2.529× 10−3 eV2, (23)

one finds
Eν,NO(0) = 0.029616449189402927, (24)

and the relative offset is

Epred
ν

Eν,NO(0)
− 1 = −1.9299554873× 10−4. (25)

The logarithmic form of Eq. (20) is

logEpred
ν = log 4 + logE` +

1

3
logEd −

1

3
logEu. (26)

Thus
∂ logEpred

ν

∂ logE`

= 1,
∂ logEpred

ν

∂ logEd

=
1

3
,

∂ logEpred
ν

∂ logEu

= −1

3
. (27)

The lepton endpoint is therefore the dominant input, while the quark endpoint ratio enters through
a cube root.

The safe interpretation is that the endpoint law points to a low-mass normal-ordering branch.
Reference and PDG-style charged inputs give a near-minimal NO endpoint, while representative
common-mZ running inputs give a small positive lightest mass, approximately

m0 ∼ 4meV, Σν ∼ 0.064 eV. (28)

Thus exact minimal-boundary matching is scheme-dependent. The framework should not claim
a scheme-independent exact prediction m0 = 0, nor an external-data theorem excluding inverted
ordering. The internal statement is instead that the tested MSL endpoint branch is compatible
with low-mass normal ordering and does not supply a physical inverted-ordering solution within
the tested branch.

5 CKM overlap module
The CKM matrix is treated as a relative eigenbasis overlap. If

Su = UuDuU
†
u, Sd = UdDdU

†
d , (29)

then
VCKM = U †

uUd. (30)

This is basis information, not an endpoint eigenvalue ratio.
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The current effective CKM overlap diagnostic is

|Vub| ' σCKM|Vus||Vcb|. (31)

With representative magnitudes

|Vus| = 0.2243, |Vcb| = 0.0410, |Vub| = 0.00382, (32)

this gives
σCKM = 0.415384448093. (33)

Robustness tests over representative input sets found approximately

0.3927 . σCKM . 0.4565, 〈σCKM〉 ' 0.4120. (34)

The robust statement is therefore

Vub behaves as a non-adjacent composite overlap with O(0.4) suppression. (35)

Exact identifications such as 2/5, 5/12, or
√
2− 1 should be treated only as descriptive compar-

isons unless independently derived.

6 PMNS/NBLC overlap module
The PMNS matrix is likewise treated as a relative eigenbasis overlap. If

S` = U`D`U
†
` , Sν = UνDνU

†
ν , (36)

then
UPMNS = U †

`Uν . (37)

This depends on eigenbasis information and is not determined by the MSL endpoint ratio alone.
The current PMNS/NBLC targets are

x12 =
21

68
= 0.3088235294117647, (38)

x13 =
9

400
= 0.0225, (39)

x23 = 0.47656113485091567, (40)

rν =
107

3600
= 0.029722222222222223. (41)

Compared with a representative normal-ordering lower-octant reference,

sin2 θ12 ' 0.308, sin2 θ13 ' 0.02215, (42)

sin2 θ23 ' 0.470, rν ' 0.0298, (43)

the relative differences are approximately

x12 : 0.267%, x13 : 1.58%, x23 : 1.40%, rν : −0.261%. (44)
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For x23, the lower-octant distance to 0.470 is

|x23 − 0.470| = 0.00656113485, (45)

whereas the distance to an upper-octant reference 0.560 is

|x23 − 0.560| = 0.08343886515. (46)

The upper-octant distance is about 12.7 times larger. Hence the current PMNS/NBLC module
is best classified as

a moderate frozen endpoint diagnostic near the NO lower-octant region. (47)

It is not a first-principles derivation of PMNS angles, neutrino ordering, or δCP.

7 CP residue layer
The CP layer is represented as a complex loop-phase or overlap-phase residue. Such phases may
appear in

W
(f)
θ (48)

or in residual phases of
U †
fUg. (49)

The safe claim is

CP can be represented as a complex loop-phase or overlap-phase residue. (50)

The framework does not yet derive

δCKM, δCP, JCKM, JPMNS. (51)

8 Novelty and claim boundary
The novelty of the present note is not a claimed first-principles derivation of the Standard Model
flavor sector. Rather, it proposes a modular effective readout architecture in which fermion mass
endpoints, mixing matrices, and CP phases are separated into eigenvalue, eigenbasis-overlap,
and complex-residue layers, respectively.

Within this architecture, the MSL endpoint law supplies a compact charged-sector extrap-
olation to a low-mass normal-ordering neutrino branch. CKM and PMNS structures are then
attached as independent overlap-geometry diagnostics. This prevents the mass endpoint law
from being overinterpreted as a full source of mixing or CP information.

The supported claims are:

1. MSL provides an eigenvalue or mass-square endpoint diagnostic.

2. The calibrated MSL endpoint law yields a compact neutrino endpoint relation, Eq. (20).

3. Reference and PDG-style inputs give a near-minimal normal-ordering neutrino endpoint,
while representative running-scheme inputs remain in a low-mass normal-ordering branch.

4. CKM is robust as an O(0.4) non-adjacent overlap-suppression diagnostic.
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5. PMNS/NBLC is a moderate frozen endpoint diagnostic near the normal-ordering lower-
octant region.

6. CP is represented as a complex residue layer.

The unsupported claims are:

1. full Yukawa replacement;

2. first-principles derivation of Feff;

3. first-principles derivation of the 4/3 endpoint correction;

4. first-principles derivation of σCKM;

5. CKM derivation from MSL alone;

6. PMNS derivation from MSL alone;

7. prediction of δCKM, δCP, JCKM, or JPMNS;

8. scheme-independent exact prediction m0 = 0;

9. external-data theorem excluding inverted ordering.

9 Relation to the flavor problem
The proposal should be viewed as a calibrated effective organization of flavor data. The Standard
Model expresses fermion masses and mixing through Yukawa matrices. The present framework
does not replace those matrices at the Lagrangian level. Instead, it identifies a mass-square
endpoint diagnostic that compresses charged-sector information into a neutrino endpoint branch,
while explicitly keeping mixing and CP in separate modules.

This distinction is important. A mass-ratio law may capture meaningful eigenvalue regu-
larities without determining eigenvectors. Conversely, CKM and PMNS patterns may reflect
geometry in the relative eigenbases, even if the eigenvalue law is already fixed. The proposed
architecture therefore aims to reduce conceptual conflation rather than to claim completion of
the flavor problem.

10 Conclusion
We have presented a modular effective flavor-readout framework in which mass endpoints, mix-
ing overlaps, and CP residues are separated but organized under a common AWM–MSL lan-
guage. The MSL endpoint variable

Ef =
s
(f)
(1) + s

(f)
(2)

s
(f)
(3)

leads, through a calibrated charged-sector law, to the compact neutrino endpoint relation

Epred
ν = 4E`

(
Ed

Eu

)1/3

.
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This relation supports a low-mass normal-ordering neutrino branch, with exact minimal-boundary
matching dependent on the charged-mass input scheme.

The CKM module is robust as an O(0.4) non-adjacent overlap-suppression diagnostic, while
the PMNS/NBLC module is a moderate frozen endpoint diagnostic near the normal-ordering
lower-octant region. CP remains a representation layer, not a phase-prediction mechanism. The
overall result is therefore ready as a modular effective flavor-readout proposal, provided that its
calibrated and non-first-principles status is preserved.
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