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Subject: Formal classification of neutrino identity, flavor, and antiparticle status under Kernel
access constraints.

Framework: History-Augmented Configuration Space X with Observer-Dependent Observable
Algebra O.

Abstract

We analyze neutrino identity, flavor evolution, and particle—antiparticle distinctions using the Ker-
nel Law framework. By classifying which distinctions lie within the Kernel of an observer’s ob-
servable algebra and which can be lifted by physically realizable access upgrades, we show that
neutrinos function as an ideal laboratory for Kernel-dominated quantum behavior. Flavor oscil-
lations and interference arise from large Kernel equivalence classes, while continuous monitoring
reduces the Kernel and produces classical trajectories. This provides a unified, observer-dependent

account of quantum coherence, decoherence, and measurement in the neutrino sector.

1. Kernel Classification Summary

All neutrino distinctions are classified using the Kernel Equivalence Principle:

r~ a2 <= Law(O|z) = Law(O|z’).



Distinction

Access Model

Status

Formal Justification

Permutation label k
Intermediate flavor
Intermediate flavor
Mass-path label ¢
Global phase ®

v vs v (Dirac)

v vs v (Majorana)

All

Endpoint only

Continuous

Endpoint only

All

Dirac

Majorana

Kernel-Gauge

Non-element

Physical

Kernel-Hidden

Kernel-Gauge

Physical

Kinematic

Weak observables commute with Sy
permutations.

Asserting definite flavor destroys co-
herence and alters statistics.
Projectors collapse coherence (Zeno
regime).

Observables depend on coherent
sums over 1.

Only phase differences affect oscilla-
tions.

Distinguished by conserved lepton
number.

Distinction reduces to chirality, sup-
pressed by (m/E)2.

2. Formal Setup

e History Space (X'): Admissible neutrino field histories over spacetime.

e Observable Algebra (O): Operators accessible to a given experimental configuration.

e Kernel (K): Equivalence classes induced by O.

3. Formal Lemmas

Lemma 1 — Neutrino Identity as Gauge

Permutation of identical neutrino labels leaves all weak-current observables invariant. The physical

phase space is X'/Sy.

Lemma 2 — Flavor Non-Invariance (Endpoint Access)

Asserting definite intermediate flavor alters detection statistics and is not a gauge choice.

Lemma 3 — Access Upgrade and Zeno Collapse

Continuous monitoring upgrades O and collapses coherence, making flavor trajectories physical.

Lemma 4 — Majorana Classification

For Majorana neutrinos, the v/v distinction is kinematic rather than ontological.




4. Remark — Kernel Law of Interference

Interference arises from Kernel-hidden path distinctions. Decoherence corresponds to Kernel re-
duction via access upgrades.

5. Conclusion

Neutrinos exemplify Kernel-dominated quantum systems. What appears as quantum indeterminacy
is the manifestation of a large Kernel, and classical certainty emerges when observer access reduces
it.



