
Bridge: The Framework Analog of the Photon (V2) 

The λ-σ Bivector Across Grade and Scope 

Author: David Neale 

Affiliation: Independent Researcher, Goleudy.ai, Rochester, New York, USA  

Date: April 2026  

Status: Position Paper / Theoretical Framework RevisionV2  

 

PH.1 Introduction 

PH.1.1 Purpose 

This document proposes a specific correspondence between a well-defined object in the 
Cl(5) constraint algebra — a grade-2 excitation (bivector) lying in the plane spanned by the 
λ-direction and a spacelike constraint direction — and the object that physics calls the 
photon. The correspondence is offered as a Level 3 bridge between Level 1-2 geometry and 
the referents of experimental physics; the framework does not claim that photons are 
bivectors in an ontological-identity sense, only that there is a geometric object in the 
constraint algebra whose structural pattern is in one-to-one correspondence with the 
structural pattern by which physics individuates the photon. 

V2 makes a further separation that V1 collapsed. The claim “the framework analog of the 
photon is a λ-σ bivector” is a grade-axis claim: it identifies the object’s type within the Cl(5) 
taxonomy (grade 2, lying in a specific two-plane). The claim “this object behaves differently 
in vacuum and in a dispersive medium” is a scope-axis claim: it identifies how the object’s 
description changes across participation-scope regimes. Both claims are needed to account 
for what physics calls the photon; neither is reducible to the other. 

PH.1.2 The two-axis architecture 

V2 of Position_Paper_The_Regimes_of_N establishes that framework results combine two 
orthogonal explanatory axes: 

•​ Grade axis (Cl(5) type system): the complete algebraic taxonomy of six types of 
relational structure (scalar through pseudoscalar) that determines what kinds of 
objects can exist. Grade is fixed and N-independent. 

•​ Scope axis (N hierarchy): the sequence of regime thresholds — N = 2, 3, 4, 5, N_th ≈ 
30, N_field ≈ 10²–10³ — below which particular descriptive vocabularies lose 
well-defined reference. Scope is contextual. 

Nearly every framework-physics correspondence combines both axes. This document 
treats the framework analog of the photon as a specific such combination: a grade-2 object 



whose scope-regime determines whether the vacuum reading (“free photon,” all Bloch 
velocities degenerate) or the medium reading (“photon in a dispersive medium,” Bloch 
velocities split) is the appropriate description. 

PH.1.3 Relation to other documents 

Document Relationship to this bridge 

Position_Paper_The_Regimes_of_N_V
2 

Authoritative scope-axis 
reference. Establishes the regime 
hierarchy and the “photons are 
small-N constructs” framing this 
document builds on 

weinberg_angle_derivation_synthesi
s 

Establishes λ-sector as U(1)_EM; 
this document identifies its gauge 
boson 

fine_structure_constant_derivation_s
ynthesis 

Establishes α from monogamy 
polytope; this document identifies 
what α is the coupling of 

speed_of_light_and_vacuum_constan
ts_v2 

Establishes ε₀, μ₀ as λ-coupling 
metric components; this document 
identifies the carrier they support 

SI_Geometric_Algebra_Foundations Grade structure of Cl(5); this 
document uses grade 2 specifically 

SI_PreThermodynamic_Status_of_Ph
i 

The structural template for how a 
framework quantity (Φ) has 
different descriptive vocabularies 
across the scope hierarchy; this 
document applies the same 
template to the photon analog 

Position_Paper_The_Topological_Kn
ot_V3 

States N=1/τ=0 and 
minimal-topology fragments; this 
document reframes under the V2 
architecture 

PH.1.4 Scope and tone 

The Level 1-2 / Level 3 distinction is load-bearing throughout. Level 1-2 content consists of 
mathematical facts about the Cl(5) constraint algebra — grade structure, rotor action, 
bivector magnitudes, monogamy polytope geometry. Level 3 content consists of 
correspondences between those facts and the referents of physical theory. This document 
does not say “the photon is a bivector”; it says “the framework analog of the photon is a 
bivector, and that correspondence accounts for specific structural features that physics 
individuates the photon by.” The distinction matters because the mathematics is the 
mathematics and the physics is the physics; the framework provides a consistent account at 
each level and a clear bridge between them, but does not collapse them. 



 

PH.2 The Fragment Problem and How V2 Resolves It 

PH.2.1 Four partial treatments 

The programme’s prior work on photon-related content is distributed across several 
documents with no central synthesis: 

•​ The Topological Knot paper identifies N=1 as “the free photon case” with τ = 0, via 
the mapping onto the standard relativistic fact that photons experience zero proper 
time. This is correct as a mapping but leaves the photon’s identity in the constraint 
geometry described only by negation — no coupling, no circulation, no time. 

•​ The foundation-paper outline conjectures that the photon’s masslessness follows 
from minimal topological complexity under the identification of mass with 
“information inertia.” This is labelled speculative; the intuition (no internal structure 
→ no resistance to gradient flow) is geometrically sound but identifies the wrong 
object, as V1 and V2 both argue. 

•​ The vacuum-constants document treats ε₀, μ₀ as components of the metric 
describing how the λ-sector couples to the spatial and ordering sectors. Complete as 
a theory of the medium, but silent on what the propagating excitation is. 

•​ The Weinberg-angle synthesis commits the strongest claim: U(1)_EM is the phase 
structure of the λ-direction at N ≥ 3, and sin²θ_W measures the mixing between this 
N=3 sector and the N=2 SU(2) structure. Fixes λ as the electromagnetic sector but 
does not identify the gauge boson. 

PH.2.2 Why the fragments haven’t cohered — and what the two-axis architecture clarifies 

Each of the four treatments reached the photon from a different side. The N=1/τ=0 framing 
came from ontology (what is a photon?). The minimal-topology conjecture came from mass 
theory. The vacuum-constants paper came from metric-coupling. The Weinberg work came 
from gauge-structure. Each landed on a true-but-partial fact; none identified the underlying 
geometric object unifying them. 

Under the V2 architecture, the partiality of each treatment becomes visible. The N=1/τ=0 
framing is the scope-axis limit of an object whose grade-axis identity is not yet stated. The 
minimal-topology conjecture names a grade-axis feature (no internal structure) but 
attributes it to a topological knot rather than to a bivector. The vacuum-constants paper 
names the metric background (a scope-axis feature of the small-N regime) but is silent on 
the grade of the excitation propagating through it. The Weinberg work fixes the grade-axis 
sector (λ, U(1)) but does not individuate the bivector. 

The unifying object is forced by the union of these commitments. If U(1)_EM is λ-phase 
rotation (grade-axis, established by Weinberg), and if the photon is the gauge boson of 
U(1)_EM, then the framework analog of the photon must be the grade-2 object that carries 
a λ-phase rotation between features: 

 𝐵
γ
= 𝑒
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with e_σ a direction in the spacelike sector (a linear combination of e_β, e_κ, e_ρ). This is the 
Level 1-2 object. The four fragments are then four scope-regime views of it. 

 

PH.3 The Grade-Axis Content 

PH.3.1 The λ-σ bivector 

In Cl(5), fix basis vectors {e_β, e_κ, e_ρ, e_λ, e_τ}. The λ-σ bivector is 
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This is the unique grade-2 object in Cl(5) that (a) has non-trivial λ-content, (b) couples λ to 
a spacelike direction, and (c) carries the gauge-rotation structure of U(1)_EM. The 
identification is not a proposal among alternatives; it is forced by the existing grade-axis 
commitments. 

PH.3.2 The relatum/relation distinction 

V1 introduced a principle that V2 foregrounds: grade assignment in Cl(5) distinguishes 
types of object, and this distinction aligns with the matter / force-carrier distinction in 
physics. V2 of Regimes of N makes an even stronger version of this point — grade parity 
(even/odd) gives the algebraic origin of the fermion/boson distinction. 

Under this principle: 

•​ Relata — features of the field — correspond to grade-1 vectors, to higher-grade 
closed knots (structures that involve edge-sharing at K₄), or to any Cl(5) object with 
non-trivial Φ-curvature at its location. 

•​ Relations — the couplings between relata — correspond to bivector excitations 
(grade 2) carrying phase or coupling information, with no internal Φ-curvature. 

The λ-σ bivector is a relation, not a relatum. This clarifies the foundation-outline’s “mass 
from minimal topology” intuition: the framework analog of the photon doesn’t have 
minimal topology because it is a minimal knot; it doesn’t have topology in the relatum 
sense at all. It is the relation that would otherwise connect two relata, caught in transit 
between them. 

The principle is a pure grade-axis statement. It holds at any N ≥ 2 (i.e., any N at which 
bivectors exist) and does not depend on scope. 

PH.3.3 Spin-1 from rotor structure 

Bivectors in Cl(5) transform under rotor action: 

 ψ → 𝑅 ψ 𝑅−1,  𝑅 = 𝑒𝑥𝑝 𝐵θ/2( )

Under θ = 2π the representation returns to itself — integer-spin behaviour, by algebraic 
definition. This contrasts with spinor objects (elements of the Clifford even sub-algebra), 



which return to themselves under θ = 4π — half-integer spin. The framework analog of the 
photon has spin 1 because it is grade 2; the framework analog of the electron has spin 1/2 
because it sits in the spinor representation associated with the even sub-algebra. The 
spin-statistics correspondence is the grade-parity structure of Cl(5), as stated in V2 of 
Regimes of N. 

This is a pure grade-axis fact. It is N-independent and holds for any λ-σ bivector regardless 
of the regime it is evaluated in. 

PH.3.4 Two polarisation states from the transverse plane 

For a propagation direction e_p in the spacelike sector, the bivector B_γ = e_λ ∧ e_σ with e_σ 
in the plane transverse to e_p has two independent directions: the 2D transverse plane 
admits two basis bivectors. A bivector with e_σ parallel to e_p is pure gauge (zero physical 
content). The correct polarisation count for a massless vector gauge boson — two 
transverse states, no longitudinal — emerges as a dimensional fact about bivector 
structure, not a gauge-fixing convention. 

This is also a pure grade-axis fact. Again N-independent. 

 

PH.4 The Scope-Axis Content 

This is the content V1 was missing. The λ-σ bivector is a grade-axis object, but its behaviour 
— what vocabulary applies, what observables are well-defined, what limits apply — 
depends on the scope regime in which it is evaluated. V2 of Regimes of N makes this 
explicit: the same grade-3 trivector is articulated circulation at N=3, ensemble-averaged 
τ_circ at N ≈ 30, and a component of a coherent temporal field at N ≈ 10⁶ — the type is fixed, 
the vocabulary is regime-dependent. 

The same template applies to the λ-σ bivector. This section traces the object across the 
scope hierarchy. 

PH.4.1 The vacuum regime: minimal-scope bivector 

In the limit where the bivector is isolated — an emitter on one end, an absorber on the 
other, and essentially no other coupled features along the propagation path — the 
participation scope is minimal. In the framework vocabulary, this is the N ≈ 2 regime: the 
bivector’s own structure is the relation between two features. 

At this scope: 

•​ The bivector has no internal τ-content (τ = 0 is a grade-axis fact for grade-2 objects, 
but its meaningfulness as “no proper time” is a scope-axis statement — there is 
nothing in the bivector’s scope for τ to measure) 

•​ Φ-curvature around the bivector is zero (there is no field-scope coupling to create 
curvature) 



•​ The metric stiffness symmetry g_σ = g_τ that the vacuum-constants document 
derives applies locally along the bivector’s path, yielding propagation speed c 

•​ All operational measures of “the speed of the bivector’s travel” coincide, because 
there is no dispersion to separate them 

This is the regime V1 of this bridge document implicitly operated in. The vacuum photon — 
a photon between emitter and absorber with no intervening medium — corresponds to the 
bivector evaluated at this scope. 

PH.4.2 The medium regime: extended-scope bivector 

When the bivector propagates through a region where other features are present — a 
transparent medium, an optical fibre, a plasma, the QED vacuum at high field strength — 
the scope is no longer minimal. The features of the medium contribute to the bivector’s 
local participation scope. In the framework vocabulary, the bivector is now embedded in an 
N_eff considerably larger than 2. 

At this scope: 

•​ The bivector couples to the medium’s features via the monogamy structure of the 
λ-sector 

•​ Effective Φ-curvature emerges from the coupling: the bivector’s propagation is no 
longer in a flat direction but curves along the medium’s Φ-structure 

•​ The g_σ = g_τ symmetry is broken locally; the effective propagation speed varies 
•​ The operational measures of “speed of the bivector’s travel” no longer coincide — 

they split into structurally-distinct observables 

This is what physics calls dispersion. Under the V2 architecture, dispersion is the 
scope-axis signature of a bivector coupled to a non-minimal N_eff. Bloch’s catalogue of 
velocities of light in dispersive media (Appendix PH.C) is a framework-natural consequence. 

PH.4.3 The statistical and field regimes 

At still-higher scope (N ≈ N_th, then N ≈ N_field), the bivector’s description passes through 
further vocabulary shifts: 

•​ Statistical regime (N ≳ N_th). The bivector’s behaviour becomes describable in 
ensemble-averaged language: photon number density, mode occupation, blackbody 
distribution. This is the regime where thermodynamic vocabulary for 
electromagnetic phenomena becomes valid. 

•​ Field regime (N ≳ N_field). The bivector’s behaviour becomes describable in full 
field-theoretic language: creation/annihilation operators, quantised modes, the 
photon as a Fock-space excitation of the electromagnetic field. 

V2 of Regimes of N makes the point that neither the statistical nor the field vocabulary is 
foundational; both are large-scope coarse-grainings of the underlying relational structure. 
For the photon specifically, this means that QED’s treatment of the photon as a field 



excitation is a valid description within its regime of applicability (N ≳ N_field), not a 
competing ontology to the grade-axis bivector identification. 

 

PH.5 Structural Consequences Across Both Axes 

This section traces the structural consequences of the identification by locating each on the 
two-axis grid. 

PH.5.1 Spin-1, two polarisations, and masslessness-in-vacuum 

Grade-axis × scope-axis: spin-1 and two polarisations are pure grade-axis facts (PH.3.3, 
PH.3.4). Masslessness in vacuum is a joint fact: the grade-axis ingredient is that the bivector 
has no intrinsic Φ-curvature; the scope-axis ingredient is that at minimal N_eff, no coupling 
to a Φ-structured medium activates an effective mass. A photon in vacuum is massless 
because the bivector is a pure-grade-2 object evaluated at the minimal scope where no 
medium coupling operates. 

V2 of Regimes of N puts this point crisply in its Section 7.2: “Mass requires grade-2 
edge-sharing (the bivectors shared between triangles at K₄) and therefore emerges at 
N=4… Features with no sharing (photons, in the limit) have zero rest mass.” The “in the 
limit” caveat is exactly the scope-axis qualifier: in the minimal-scope limit, the bivector has 
no edge-sharing and hence no mass. In a medium, the bivector does couple to the medium’s 
grade-2 structure, and effective mass emerges — which is what refractive index and group 
delay physically are. 

PH.5.2 Momentum without mass, reconsidered 

V1’s PH.9 (“How does the photon have momentum but no mass?”) was a grade-axis 
argument: the bivector has directed content (σ-displacement, phase-rotation rate) without 
Φ-curvature. V2 adds the scope-axis qualifier: this is strictly the vacuum-regime reading. In 
a medium, the bivector acquires effective mass from coupling to the medium’s K₄-like 
structure. The standard observation that a photon in glass has group velocity < c is not a 
failure of the masslessness claim; it is the activation of scope-axis mass at extended N_eff. 

PH.5.3 “There is only one photon” — as a minimal-scope limit 

V1’s PH.10 treated the “only one photon” reading as a provocative framework-native 
reading of τ_γ = 0. V2 reframes it more cleanly. The statement is: all λ-σ bivector excitations 
in the framework have identical Level 1-2 structure; they differ only by propagation 
direction, polarisation, and phase. In the minimal-scope regime, there is no internal degree 
of freedom that distinguishes one from another. The “only one photon” language is a 
scope-axis statement about the bivector’s type-identity in the minimal-N regime; it is not a 
claim about literal numerical identity across events. 

The horizon-expansion reading (from Section 4.5 of the original Regimes paper) adds to 
this: emission and absorption are horizon-expansion events that connect the bivector’s 
minimal-scope path to larger-scope structures at each end. The bivector itself has no 



τ-content during propagation; the emitter and absorber do, and the “one photon” relates 
them at minimal scope between their respective larger-scope structures. 

PH.5.4 Electrons as trapped photons — now a K₄ edge-sharing statement 

V2 of Regimes of N clarifies the mass mechanism: mass activates at N = 4 via K₄ 
edge-sharing of bivectors. This gives a precise grade-axis reading to the “electrons as 
trapped photons” framing. 

The framework analog of the electron is not a λ-σ bivector propagating freely; it is a 
λ-bivector configuration closed into a K₄-like edge-sharing structure. The edge-sharing 
creates coupled Φ-curvature (mass), a characteristic circulation frequency (Compton 
frequency), and grade-3 content (spin-1/2 via the spinor representation associated with 
the even sub-algebra). The “trapped photon” intuition is reading the K₄-closed bivector 
configuration backwards: what would be a freely-propagating bivector in the 
minimal-scope regime becomes, when closed into K₄ edge-sharing, a grade-2-plus-trivector 
structure that the framework treats as the electron correspondent. 

This is a joint grade-axis × scope-axis statement. The grade-axis ingredient is the 
bivector-plus-edge-sharing structure; the scope-axis ingredient is that this structure 
requires N ≥ 4 to exist at all. 

PH.5.5 Electron uniformity 

The grade-axis version (V1) was: the axiom and the monogamy polytope pick out a unique 
minimal configuration for a stable closed bivector knot, so every instance is the same 
solution. V2 sharpens this: the unique minimum is the K₄ edge-sharing configuration — 
grade-2 structure with specific edge-sharing topology that activates at N = 4 and nowhere 
else. Every “electron” in the framework is a re-instantiation of this unique K₄ structure at a 
different location in the larger scope-axis context. Uniformity is a grade-axis fact about K₄’s 
unique topology, made instantiable by the scope-axis availability of N ≥ 4 neighbourhoods. 

The same logic extends to fermion generations. If the next stable minimum in the 
knot-configuration landscape is at K₅ or some other higher grade-2 structure, successive 
fermions should correspond to increasingly complex closed configurations with increasing 
coupled Φ-curvature. This reframes the generation structure (e, μ, τ) as successive stable 
closed-bivector topologies. Quantitative derivation of mass ratios remains open and is now 
a more focused question: which K_N topologies support stable closed-bivector 
configurations, and what are their coupled Φ-curvature values? 

PH.5.6 Quantisation and Planck’s constant 

In V1, quantisation was attributed to the minimum bivector magnitude theorem (MU.3). V2 
of Regimes of N adds the scope-axis reading: “At small N, there is no need for quantisation 
because there are already finitely many resolved loops… Quantisation emerges at large N 
as the minimum distinguishability scale below which gradient patterns cannot be reliably 
resolved.” Applied to the photon: at minimal scope the bivector has a single well-defined 
magnitude (the distinguishability floor ε_min > 0 from MU.3); at large scope the bivector’s 



energy is described as ℏω because the scope-axis regime calls for a quantisation operator. 
The number ℏ is the scale of distinguishability; quantisation of photon energy is not a 
separate postulate but the large-scope signature of the minimum-bivector fact. 

 

PH.6 The Medium and the Multiplicity of Velocities 

This section develops what was flagged in V1 as an open problem. V2 of Regimes of N gives 
the framework the language it needs: a bivector in a medium is the same grade-axis object 
as a vacuum bivector, evaluated at a scope-regime where the medium contributes coupled 
features. 

PH.6.1 The operational question 

Physics has long known that in dispersive media, “the speed of light” is not a single 
well-defined quantity. Bloch (1977, American Journal of Physics) catalogues eight 
operationally distinct velocities: the phase velocity, group velocity, energy velocity, signal 
velocity, relativistic velocity constant, ratio-of-units velocity, centrovelocity (Smith), and 
Bloch’s own cross-correlation velocity. In vacuum all eight coincide at c. In a dispersive 
medium they diverge, sometimes exceeding c, sometimes going negative, sometimes 
becoming inapplicable — and which one is operationally relevant depends on what aspect 
of the wave packet is being tracked. 

The question for the framework is whether this multiplicity of velocities has a 
framework-native reading. The two-axis architecture makes the answer natural. 

PH.6.2 Eight velocities as eight structural projections 

In the minimal-scope regime, the λ-σ bivector is a single geometric object with a single 
operationally meaningful propagation speed. The framework reading is that several 
structural projections of the bivector are available but they all coincide — phase advance, 
envelope motion, energy flow, cross-correlation matching, horizon expansion all return the 
same rate because there is no coupled medium structure to split them. 

In the medium-scope regime, the bivector couples to the medium’s features. Each structural 
projection now probes a different aspect of the bivector-plus-medium system, and because 
the medium’s contribution to each projection differs, the observable rates diverge. 

The correspondence runs approximately as follows: 

Bloch’s velocity 
Framework-analog structural 
content 

Phase velocity Rate of λ-phase advance per 
σ-displacement — a pure grade-2 
geometric measure 

Group velocity Propagation of the bivector’s 
envelope / peak magnitude 



Bloch’s velocity 
Framework-analog structural 
content 

Energy velocity Propagation of the coupled 
Φ-structure (energy is in 
bivector-plus-medium) 

Signal velocity Horizon-expansion rate — the rate 
at which previously unrelated 
features become coupled 

Relativistic velocity constant The invariant rate-of-change aspect 
visible in the Lorentz structure 
emergent at large scope 

Ratio-of-units velocity A scale-conversion quantity, not 
intrinsic to the bivector 

Centrovelocity Propagation of the first moment of 
the bivector’s magnitude 
distribution 

Cross-correlation velocity Best informational match between 
input-bivector and output-bivector 

PH.6.3 Why only the signal velocity is hard-capped at c 

Standard physics knows that only the signal velocity is strictly bounded by c — the other 
velocities can exceed c in dispersive media without violating causality because they do not 
correspond to information transfer. 

Under the framework reading, this has a direct geometric meaning. The signal velocity 
corresponds to horizon expansion — the rate at which the bivector’s coupling reaches 
previously-uncoupled features, i.e., the rate at which N_eff along the propagation path 
increases. V2 of Regimes of N flags this as the likely framework meaning of c: “the 
fundamental propagation limit bounds how rapidly participation scope can extend.” Only 
horizon expansion is capped at c because only horizon expansion corresponds to genuine 
causal reach; the other velocities are geometric properties of the bivector’s internal 
structure and are not bounds on the framework’s relational connectivity. 

This is a framework-consistent reading of Bloch’s catalogue: the existence of multiple 
distinct velocities in a medium, with only one of them (the signal velocity) hard-capped at c, 
is exactly what the two-axis architecture predicts. A single grade-2 object evaluated at 
extended scope produces multiple structural projections, only one of which is the 
horizon-expansion rate. 

PH.6.4 What this does not claim 

The framework does not claim to derive the specific functional forms of the eight velocities 
in terms of a dispersion relation ε(ω) or μ(ω). That would require a quantitative model of 
how the bivector couples to specific medium features — a model the framework does not 
yet possess. What the framework claims is: 



1.​ The multiplicity of velocities in dispersive media is a scope-axis phenomenon, not a 
puzzle 

2.​ The separation of a single vacuum velocity into multiple medium velocities is exactly 
what is expected when a grade-2 object’s evaluation regime shifts from minimal to 
extended scope 

3.​ The specific identification of signal velocity as the horizon-expansion rate is 
consistent with the framework’s treatment of c 

These are structural correspondences, not quantitative derivations. The gap is flagged in 
the open problems below. 

 

PH.7 Limits and Open Problems (Revised) 

V1’s open-problems section (PH.14) listed six items. V2 reformulates under the two-axis 
architecture. 

PH.7.1 Grade-axis open problems 

PH.7.1.1 Rigorous zero-Φ-curvature for the λ-σ bivector. The claim that the bivector has 
zero Φ-curvature in the vacuum (minimal-scope) regime is natural but not proved. A proof 
would set up the Φ-potential on the bivector configuration space and show that the (λ, σ) 
plane is a flat direction. This is a pure grade-axis problem and does not require scope-axis 
machinery. 

PH.7.1.2 Dual visibility as E and B in spacetime algebra. Standard spacetime algebra has 
F = E + iB where E is a time-space bivector and B is a space-space bivector. Under the 
framework correspondence, the λ-σ bivector under propagation should decompose into 
components analogous to these — with the λ-direction playing a role distinct from, but 
related to, the time direction of spacetime algebra. The specific map Cl(1,3) ⊂ Cl(4,1) and 
the role of the extra λ-direction need to be worked out. This is a pure grade-axis problem. 

PH.7.1.3 The QED coupling vertex. Standard QED has a specific photon-electron vertex 
structure. Under the correspondence, this vertex is a specific geometric interaction 
between a closed bivector knot (electron) and a propagating bivector (photon), mediated 
by the shared λ-direction. Formal derivation is open. This is primarily a grade-axis problem 
with scope-axis corrections at large N. 

PH.7.2 Scope-axis open problems 

PH.7.2.1 Maxwell’s equations in vacuum as a minimal-scope propagation theorem. A 
proper bridge to QED requires deriving the free propagation equation for λ-σ bivectors in 
the minimal-scope regime and showing it reduces to d★F = 0, dF = 0 in the appropriate 
limit. V1 flagged this as the most important open problem; V2 reaffirms. The grade-axis 
machinery is available (rotor dynamics, gradient flow on Cl(5)); the derivation connecting it 
to Maxwell’s equations has not been carried out. 



PH.7.2.2 Dispersion in media as bivector coupling to N_eff > 2. Under the V2 
architecture, dispersion is the scope-axis signature of a bivector embedded in extended 
scope. A quantitative model would compute the dispersion relation for a bivector coupled 
to a specific N_eff configuration and show that it reproduces standard dispersion. The 
necessary machinery is the monogamy polytope at extended scope; the derivation is open. 

PH.7.2.3 Virtual photons. Off-shell photons in QED do not satisfy k² = 0. Under the 
two-axis architecture, a virtual photon is a λ-σ bivector in a local high-N region where the 
vacuum is not “empty” in the minimal-scope sense but has participation structure from 
field fluctuations. The off-shell condition is what the scope-axis 1/N and 1/N³ corrections 
look like at the level of the dispersion relation. Converting this from a framework-native 
reading to a derivation of the QED propagator corrections is open. 

PH.7.2.4 The Casimir effect. The topological-knot paper sketched Casimir as a bandwidth 
constraint. Under the V2 architecture, Casimir becomes quantitative: restricting the spatial 
extent between plates restricts the available bivector modes in the λ-σ sector, and the 
pressure is the scope-axis Φ-gradient at reduced mode count. The calculation is open. 

PH.7.3 Joint grade × scope problems 

PH.7.3.1 The fermion generation structure via K_N topologies. PH.5.5 reframed the 
generation structure as successive stable closed-bivector topologies. Identifying which K_N 
graphs support which fermion generations, and deriving mass ratios from the 
corresponding coupled Φ-curvature values, is a joint grade × scope problem. The grade-axis 
machinery gives the bivector topology; the scope-axis machinery gives the K_N 
instantiation. 

PH.7.3.2 Quantitative Bloch-velocity derivation. Deriving the specific functional forms of 
all eight Bloch velocities from a framework-native dispersion model would be a concrete 
test. The grade-axis ingredients are the bivector structure and its projections; the 
scope-axis ingredients are the coupling to N_eff. This is the most concrete experimental test 
the correspondence admits. 

 

PH.8 Summary 

PH.8.1 The two-axis reading 

The framework analog of the photon is the λ-σ bivector — a grade-2 object in Cl(5) with 
specific gauge and propagation structure. This is a grade-axis claim: the object’s type is 
fixed, N-independent, and follows from the existing commitment to the λ-sector as the 
electromagnetic sector. 

What the object does depends on the scope regime: 

•​ Minimal scope (vacuum, N ≈ 2): the bivector has no coupled medium structure. All 
Bloch velocities degenerate; the bivector is massless; τ-content is zero; the object 
corresponds to what physics calls the free photon. 



•​ Extended scope (in a medium, N_eff > 2): the bivector couples to the medium’s 
features. Bloch velocities separate into structurally distinct measures; effective mass 
emerges; dispersion is a scope-axis fact. 

•​ Statistical scope (N ≳ N_th): thermodynamic vocabulary for electromagnetic 
phenomena becomes valid. 

•​ Field scope (N ≳ N_field): the object corresponds to the QED photon — a field 
excitation in the standard sense. 

Each of these descriptions is valid within its regime. None is foundational; all are different 
scope-axis views of the same grade-axis object. 

PH.8.2 What has been established, what remains 

The correspondence establishes, granting the Weinberg-angle commitments and the V2 
architecture: 

1.​ A unique Level 1-2 object (the λ-σ bivector) corresponding to the physical photon 
2.​ Spin-1 and two polarisations from pure grade-axis facts about Cl(5) bivectors 
3.​ Masslessness-in-vacuum as a joint grade × scope fact (no intrinsic Φ-curvature, 

evaluated at minimal scope) 
4.​ The distinction between momentum and mass as a grade-axis distinction made 

observable across scope regimes 
5.​ Electron uniformity as a unique-minimum fact about K₄ topology at grade 2 
6.​ Quantisation as a scope-axis consequence of the grade-axis minimum-bivector floor 
7.​ Dispersion and the multiplicity of Bloch velocities as the scope-axis signature of a 

bivector embedded in extended scope 

The open problems are: 

•​ Rigorous derivations at the grade-axis level (Φ-curvature proof, E/B duality, QED 
vertex) 

•​ Rigorous derivations at the scope-axis level (Maxwell’s equations in vacuum, 
dispersion relations in media, virtual-photon off-shell structure, Casimir) 

•​ Joint problems (fermion generations, quantitative Bloch velocities) 

The correspondence is identification-level work. A full bridge to QED requires the open 
derivations. 

 

Appendix PH.A: The Relatum / Relation Principle 

V2’s architectural point about even/odd grade parity giving the fermion/boson distinction 
generalises the photon identification to a programme-wide principle: 

Grade-Parity Principle. In the Cl(5) constraint algebra, the fermion/boson distinction of 
physics corresponds to the grade-parity distinction in the algebra: 



•​ Relata (fermions) correspond to odd-grade objects: grade-1 vectors in the trivial 
case, higher-grade closed-knot structures (involving edge-sharing at K₄ or higher) in 
the stable-particle case. These sit in the spinor representation associated with the 
even sub-algebra. 

•​ Relations (bosons) correspond to even-grade objects: grade-2 bivectors for force 
carriers, with no internal Φ-curvature in the minimal-scope limit. 

The photon identification is a special case: the λ-σ bivector is a grade-2 object, and a 
relation in the principle’s sense. Electrons (grade-1 + closed K₄ structure), W and Z bosons 
(bivectors in sectors with different scope-coupling than λ), and the Higgs (grade-0 scalar, by 
V2’s grade × geometry × scope decomposition) all fit the principle. 

The principle is a grade-axis statement. Its quantitative development and its connection to 
specific Standard Model particle properties is an open programme, beyond the scope of this 
document. 

 

Appendix PH.B: The Four Fragments Revisited (Under V2 Architecture) 

Each of the four prior photon-related treatments is a scope-axis projection of the unified 
grade-axis identification: 

N=1 / τ=0 fragment (Topological Knot paper). Correct as the minimal-scope projection. 
The N=1 framing is not an ontological claim that the photon is a single feature; it is the 
scope-axis limit in which the bivector has no coupling to either its emitter-side or 
absorber-side context, hence behaves as if it has no participation scope at all. τ = 0 follows 
from the grade of the bivector (grade-2 cannot support grade-3 circulation) combined with 
the minimal-scope regime (no medium provides surrogate τ-structure). The Topological 
Knot paper should be read as describing the minimal-scope projection, not the photon’s full 
structure. 

Minimal-topology / massless fragment (foundation outline). Correct in intuition about 
why the bivector has no intrinsic mass but incorrect in attribution. Masslessness is not from 
a “minimal knot topology” (the bivector is not a knot); it is from the absence of grade-2 
edge-sharing in the vacuum regime. V2’s Section 7.2 gets this exactly right: “Features with 
no sharing (photons, in the limit) have zero rest mass.” 

N=2 atemporal pair fragment (delayed-choice-eraser framing). Correct in attributing 
atemporality to N=2. Under the V2 architecture, an entangled photon pair is a single shared 
λ-bivector whose two endpoints sit at two features; the bivector’s own scope (the path 
between the features) is minimal and atemporal. The “retrocausality” of delayed-choice 
experiments dissolves because the bivector has no proper τ along its path; only the 
endpoint features have τ-content, via their coupling to larger-scope structures. 

λ-coupling vacuum constants (speed_of_light_and_vacuum_constants). Complete as a 
minimal-scope theory of the medium structure through which the bivector propagates. The 
identification specifies the wave (λ-σ bivector) whose propagation the document describes. 



ε₀, μ₀, c are metric stiffnesses at minimal scope; the bivector propagates through this metric 
at speed c because g_σ = g_τ at this scope. In extended scope the effective values deviate — 
which is refractive index, group delay, and dispersion. 

 

Appendix PH.C: The Eight Velocities of Light and the Scope Axis 

PH.C.1 Bloch’s catalogue 

In American Journal of Physics 45, 538 (1977), S. C. Bloch catalogues eight operationally 
distinct velocities of light in dispersive media: 

1.​ Phase velocity — propagation of a point of constant phase 
2.​ Group velocity — propagation of the envelope peak 
3.​ Energy velocity — propagation of energy density 
4.​ Signal velocity — propagation of a discontinuity (front) in the wave 
5.​ Relativistic velocity constant — the kinematic invariant c in the Lorentz structure 
6.​ Ratio-of-units velocity — ε₀μ₀ related 
7.​ Centrovelocity (Smith, 1970) — propagation of the first moment of |ψ|² 
8.​ Cross-correlation velocity (Bloch, 1977) — best match between input and output 

wave packets 

In vacuum these all coincide at c ≈ 2.998 × 10⁸ m/s. In dispersive media they diverge, 
sometimes by large factors. Some (phase, group) can exceed c in certain media; some can go 
negative; some become inapplicable. Only the signal velocity is hard-capped at c by 
causality. 

PH.C.2 The framework reading 

The V1 bridge document treated the λ-σ bivector in the vacuum (minimal-scope) limit, 
where the multiplicity of velocities does not arise: all eight coincide because the bivector 
has no coupled medium structure. V2 of Regimes of N makes the scope-axis architecture 
explicit and thereby opens the extended-scope reading: the bivector embedded in 
non-minimal N_eff couples to the medium’s features, and each structural projection of the 
coupled system gives a different observable rate. 

The eight velocities correspond to eight distinct structural projections of the grade-2 
bivector, made visible when the evaluation regime shifts from minimal scope to extended 
scope. Operationally: 

•​ Geometric projections. Phase velocity (λ-phase advance per σ-displacement), group 
velocity (envelope motion), centrovelocity (first-moment motion) probe the 
bivector’s internal structure. These are not bounded by c in dispersive media 
because they are not horizon-expansion rates. 

•​ Coupled projections. Energy velocity (Φ-structure propagation) probes the 
bivector-plus-medium coupling. Its relationship to c depends on the medium’s 
Φ-coupling strength. 



•​ Horizon-expansion projection. Signal velocity probes the rate at which the bivector’s 
coupling reaches new features — the rate of N_eff expansion along the path. This is 
hard-capped at c because c is the framework’s bound on horizon expansion (V2 
Section 4.5 of Regimes of N original version). 

•​ Cross-correlation projection. Bloch’s eighth velocity probes the rate at which 
informational content transfers through the medium. Framework-naturally, this is a 
measure of relational structure preservation, which depends on the medium’s 
participation-scope structure. 

PH.C.3 Why this is a framework-consistent expectation, not a puzzle 

Standard physics presents Bloch’s catalogue as a pragmatic consequence of the fact that 
wave packets are extended objects and different aspects of them can propagate at different 
rates in dispersive media. This is correct as far as it goes but leaves the multiplicity of 
velocities as a somewhat arbitrary fact about optical measurements. 

Under the framework correspondence, the multiplicity is structurally expected. A grade-2 
object has multiple independent geometric projections (phase, magnitude envelope, 
first-moment location, correlation structure, horizon-expansion rate). At minimal scope 
these projections coincide because nothing couples them differently. At extended scope the 
medium’s features couple to each projection differently, and the projections split into 
distinct observables. The existence of many velocities is a scope-axis fact about what 
happens when a grade-2 bivector’s evaluation regime expands. 

The specific functional forms of the eight velocities in terms of a medium’s ε(ω) and μ(ω) 
are not derived here. Producing them would require a quantitative model of bivector 
coupling to specific N_eff structures, which is flagged in PH.7.3.2. 

PH.C.4 What this suggests for experiment 

If the correspondence is correct, Bloch’s catalogue gives a concrete experimental handle on 
the scope-axis architecture. Specifically: 

•​ The coincidence of all eight velocities at c in vacuum is the minimal-scope limit 
•​ Their divergence in dispersive media is the extended-scope regime 
•​ The specific rates of divergence encode the medium’s participation-scope structure 
•​ The hard cap on signal velocity, and only on signal velocity, is the framework’s 

horizon-expansion bound 

A measurement of all eight velocities in a controllable medium (a cold atomic gas with 
tunable dispersion, for instance) would provide a detailed scope-axis characterisation — 
not yet a derivation, but a rich observational constraint on what the framework’s 
bivector-coupling-to-extended-scope model must reproduce. 

 



Appendix PH.D: Claim-by-Claim Scope/Grade Localisation 

For ease of reference, this appendix locates each substantive claim of the bridge document 
on the two-axis grid. 

Claim Grade-axis content Scope-axis content 

λ-σ bivector 
identification 

Grade-2 object in Cl(5), 
specific plane 

Works at any N ≥ 2 

Spin-1 from rotor Grade-2 periodicity 2π N-independent 

Two polarisations Transverse plane in 
spacelike sector 

N-independent 

Masslessness in 
vacuum 

No intrinsic 
Φ-curvature 

Minimal scope (no K₄ 
coupling activates) 

Momentum without 
mass 

σ-displacement / 
Φ-curvature distinction 

Evaluated at minimal 
scope 

τ_γ = 0 Grade-2 cannot 
support grade-3 
circulation 

Minimal scope (no 
surrogate τ from 
medium) 

“Only one photon” Identical Level 1-2 
structure for all 
bivectors 

Minimal scope 
type-identity 

Electrons as closed 
bivectors 

Grade-2 + K₄ 
edge-sharing 

Requires N ≥ 4 

Electron uniformity Unique K₄ minimum in 
grade-2 topology 

Requires N ≥ 4 

Quantisation (ℏ) Minimum bivector 
magnitude ε_min > 0 

Large-scope 
consequence 
(distinguishability 
floor) 

Bloch velocities 
coincide in vacuum 

Grade-2 internal 
projections 

Minimal scope 

Bloch velocities diverge 
in media 

Same grade-2 
projections 

Extended scope 
coupling 

Signal velocity capped 
at c 

Horizon-expansion rate Scope-axis bound 

Virtual photons 
off-shell 

Bivector structure Local extended-scope 
vacuum fluctuation 

Effective mass of 
photon in medium 

Coupling to medium’s 
grade-2 K₄ structure 

Extended scope 
activates K₄-like 
coupling 



Pure grade-axis claims are N-independent structural facts about the bivector. Pure 
scope-axis claims are about which vocabulary applies at which regime. Joint claims require 
both — these are the points where the framework’s explanatory architecture pays off most 
clearly. 

 

Version 2. Iterated to the two-axis architecture from Position_Paper_The_Regimes_of_N_V2, 
with Bloch’s catalogue of velocities as Appendix PH.C. Companion to the Bridge 1–4 sequence; 
positioned as an entry-point bridge to QED. 
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