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ABSTRACT 
 
The Propagation Formula of Cosmic Egg Theory predicts dimensional emergence at cascade 
depths n*(k) = n_now × (2k+1)/7. Cascade depth verification identifies n*(1) = 68.19 (t ≈ 
6.84×10⁻¹⁸ s) as corresponding to no named Standard Model transition — a gap that, on 
examination, is not a defect but a discovery. This paper derives that n*(1) is the cascade depth 
at which the descending tetrahedron T₂ forms, completing the Stella Octangula and instantiating 
the first topological interior in cosmic history. We name this the Sophia Formation. Nine 
consequences follow from the geometry alone, without additional assumptions: (1) the first 
enclosed three-dimensional volume; (2) the discrete switch-on of the fine structure constant α; 
(3) simultaneous activation of all Standard Model gauge forces — SU(3)×SU(2)×U(1) — not as 
the sequential breaking of a unified force but as a single geometric event; (4) gravity's 
pre-Sophia origin as a more primitive coupling; (5) a structural account of dark matter as 
pre-Sophia T₁-only configurations permanently outside all Standard Model couplings; (6) the 
dissolution of the matter/antimatter asymmetry problem, with the "missing antimatter" identified 
as dark energy (Ω_fold); (7) the baryon-to-photon ratio η derived to 0.21% of the observed value 
— a zero-free-parameter result; (8) the dark matter abundance Ω_DM = 0.2736 derived to 2.1% 
from Planck; and (9) the DM/baryon ratio 5.58 (observed: 5.4, 3.5% error), all zero free 
parameters. 
 
The void-rush collapse rate β = 0.8772 is derived in closed form from α and the Propagation 
Formula structure. The η closure is achieved by enumerating cascade degrees of freedom 
operative at the Sophia Formation: 16 interior octahedron bilateral face modes plus 10 O_h 
irreducible representations of the T₁∧T₂ bilateral pair give Δg*S = 26, g*S,Sophia = 132.75, and 
η = 6.11×10⁻¹⁰ (observed: 6.10×10⁻¹⁰, 0.21%). A specific, falsifiable gravitational wave prediction 
follows: a stochastic gravitational wave background from a topological phase transition at t ≈ 
6.84×10⁻¹⁸ s with no electromagnetic counterpart — a signal standard cosmology has no 
mechanism to produce. 
 
 
1. INTRODUCTION AND CONTEXT 
 
1.1 The Propagation Formula 



 
The Propagation Formula derives from the k-table of consciousness self-reference architecture 
in Cosmic Egg Theory. The formula states that dimensional emergence events occur at cascade 
depths: 
 
n*(k) = n_now × (2k+1)/7 
 
where k = 0, 1, 2, 3 index the four observer levels and n_now = 159.1208 is the current cascade 
depth derived from the Triple Coherence Identity with zero free parameters. 
 
The four predicted depths and their physical times via the CET scaling law t(n) = t_P × (√2+1)^n: 
 
k | n*(k) | t | Physical era 
0 | 22.73 | 2.71×10⁻³⁵ s | GUT / inflation boundary 
1 | 68.19 | 6.84×10⁻¹⁸ s | The Sophia Formation 
2 | 113.66 | 1.73 s | Big Bang nucleosynthesis 
3 | 159.12 | 13.807 Gyr | Now 
 
k=0 lands within one cascade step of the self-referential crossing at n=23 (the unique cascade 
step where n−½ equals the angular step size, whose bilateral split 47/45 anchors Arm 2 of the 
Triple Coherence Identity). k=2 falls inside the BBN window (onset n≈111.67, peak n≈114.28). 
k=3 is the present by construction. The criterion for empirical contact — any two of three — is 
met. But k=1 carried a mislabeled era ("electroweak symmetry breaking") and no identified 
structural marker. 
 
1.2 The Problem With k=1 
 
Standard electroweak symmetry breaking occurs at t ≈ 10⁻¹⁰ s → n ≈ 87 in CET's scaling law. 
n*(1) = 68.19 does not correspond to this. The time 6.84×10⁻¹⁸ s falls in the theoretical desert 
between the GUT scale and electroweak, where standard physics has no named transition. 
 
This paper argues that the absence of a named transition is not a failure of the formula — it is a 
prediction. The Sophia Formation is a genuine cosmological event at n*(1) = 68.19 that current 
physics does not name because current physics does not have the geometric framework to see 
it. 
 
 
2. THREE GATE TRAVERSALS — THE MINIMUM GEOMETRY 
 
2.1 Gate Count and Topological Interior 
 
The CET bilateral cascade counts structural events in gate traversals — crossings of the Zero 1 
boundary. The minimum number of gate traversals required to produce a topological interior is 



determined by elementary topology. 
 
One traversal: the Eros pulse. The cascade departs the origin — a directed open path. No 
return, no closure, no enclosed area. The cascade has directionality but no containment. 
 
Two traversals: return to origin. The path degenerates — back-and-forth produces zero 
enclosed area. Still no interior. 
 
Three traversals: the path visits three distinct vertices and can close as a triangle. The triangle is 
the minimum polygon — the only closed figure that cannot degenerate to zero area without 
collapsing entirely. Three traversals produce the first nonzero enclosed area. 
 
The three vertices are {+1, 0, −1} — the Nyx triangle. In CET these are established at Step 1 as 
the bilateral vector operation, forced equilateral by the no-free-parameters condition. Three gate 
traversals trace the Nyx triangle exactly once. 
 
Gate 1: 0 → +1  (T₁ ascending — the Eros pulse) 
Gate 2: +1 → −1  (T₂ descending — bilateral return) 
Gate 3: −1 → 0  (closure — triangle completes) 
 
k=1 requires exactly three gates because three is the crossing count of one complete Nyx 
triangle. The Sophia Formation is when the cascade enacts Nyx for the first time — not as a 
structural precondition, but as a realized geometry. 
 
2.2 T₂ Formation and Stella Completion 
 
The Stella Octangula is the interpenetration of two tetrahedra: T₁ ascending and T₂ descending. 
The Eros pulse at k=0 establishes T₁. T₂ is its bilateral complement — the organized four-vertex 
descending tetrahedron. The Stella is not complete until T₁ and T₂ interpenetrate. 
 
Three gate traversals accomplish this: Gates 1–2 establish the bilateral pair T₁∧T₂. Gate 3 
closes the triangle that their interpenetration traces. At k=1 (three gates, n*(1) = 68.19): 
 
  - T₂ forms. The Stella completes. 
  - T₁ and T₂ interpenetrate. The interior octahedron forms. 
  - The first genuine three-dimensional enclosed volume exists. 
  - The first closed bilateral structure in cosmic history is real. 
 
The Sophia Formation is T₂ forming. All consequences follow from this single geometric event. 
 
 
3. FOUR SIMULTANEOUS STRUCTURAL CONSEQUENCES 
 



3.1 First Topological Interior 
 
Before the Sophia Formation: the cascade has the Eros pulse — a directed open path in a 
universe with extent but no containment. There is no region unambiguously inside, separated 
from a region unambiguously outside. 
 
At the Sophia Formation: the interior octahedron of the completed Stella provides the first 
genuine 3D interior. The inside/outside distinction becomes real in the cascade for the first time. 
 
This is not metaphor. Topologically, before k=1 the cascade traces open paths. After k=1 it has a 
closed structure with nonzero enclosed volume. The geometric transition is discrete and exact. 
 
3.2 Discrete α Activation 
 
CET's derivation of α proceeds through five steps. Tracing which steps require T₂: 
 
  - Steps 1–2 (bilateral vector, latent Packler Effect): require T₁ only. Pre-Sophia. 
  - Step 3 (Packler sliver S = 4T₂T₃): contains T₂ explicitly. Post-Sophia. 
  - Step 4 (Arithmetic Bridge — Interior × T₃/2⁶ = Exterior): requires the six-fold Zero 1 boundary. 
The six-fold boundary is the six vertices of the interior octahedron. The interior octahedron 
requires T₁∧T₂. Post-Sophia. 
  - Step 5 (α residual = S × T₃/2⁶): requires Steps 3–4. Post-Sophia. 
 
The Packler Effect exists as a geometric latency from the first crossing — the arc gap between 
the discrete bilateral operation and the continuous curve it approximates. But this gap has 
nowhere to drain before the Sophia Formation. No interior octahedron, no six-fold boundary, no 
path from interior to exterior. 
 
At the Sophia Formation: T₂ forms → interior octahedron forms → six-fold Zero 1 boundary is 
real → Packler drain is a realized physical flux → α locks in as a coupling constant. 
 
α is zero before the Sophia Formation. The transition is discrete: the interior octahedron either 
exists or it doesn't. This is not a symmetry breaking — it is a topological switch from a state 
where α has no substrate to a state where its geometric machinery is complete. 
 
3.3 Three-Dimensional Space Realized 
 
The interior octahedron is the first structure in the cascade with genuine 3D enclosed volume. 
Before the Sophia Formation, the cascade operates through the Nyx plane as a 2D structure 
being traversed without closure. At the Sophia Formation, the first 3D volume appears. 
 
The universe does not expand into 3D space. It realizes 3D space at the Sophia Formation 
when the first structure appears that has a genuine inside separated from a genuine outside by 



a 2D boundary surface — the Zero 1 boundary, here instantiated for the first time. 
 
3.4 The 64π Gate Structure Becomes Operative 
 
The six-fold Zero 1 boundary has six bilateral halvings producing the factor 2⁶ = 64 in the gate 
cost 64π (Addendum I). Before the Sophia Formation, this structure exists as geometric 
potential but has no physical substrate. At the Sophia Formation, the six vertices of the interior 
octahedron ARE the six nodes of the six-fold boundary. 
 
The Propagation Formula's 64π coefficient — the cost per gate traversal through the Zero 1 
boundary — requires the interior octahedron to exist. The formula is therefore self-consistent: 
the formula describes propagation through a structure that becomes real at the Sophia 
Formation, which is itself one of the propagation formula's predicted depths. 
 
 
4. THE FORCE STRUCTURE AT THE SOPHIA FORMATION 
 
4.1 Gravity — Pre-Sophia 
 
Gravity in CET is the void rush: when matter flashes from hull to fold face, hull-space rushes 
inward to fill the vacated region. This requires only a bilateral structure that can flip between +1 
and −1 states. 
 
The bilateral flip is present from the Eros pulse. The moment T₁ establishes +1 as the ascending 
direction, −1 exists as its bilateral complement. The void rush requires only this flip — it does 
not require T₂, the Stella interior, or the six-fold boundary. 
 
Gravity is operative from k=0. It predates the Stella entirely. It is the more primitive coupling, 
requiring only the bilateral oscillation. The Sophia Formation does not create gravity — it 
creates everything else. 
 
4.2 U(1) — Electromagnetism 
 
One generator. In CET: the Packler Effect arc drain. The energy that escapes the discrete 
bilateral crossing into the gap between the crossing and the continuous curve it approximates. α 
is the escape fraction per crossing. The arc drain flows through the six-fold Zero 1 boundary. 
 
The six-fold boundary requires the interior octahedron. The interior octahedron requires T₁∧T₂. 
U(1) requires T₂. U(1) activates at the Sophia Formation. 
 
4.3 SU(2) — Weak Force 
 
Three generators. In CET: the three independent rotation axes of the bilateral pair T₁∧T₂. T₁ has 



a specific orientation — four vertices at the ascending tetrahedral positions. T₂ has the 
conjugate orientation — four vertices descending. The interpenetration of T₁ and T₂ admits three 
degrees of rotational freedom about which they can be rotated relative to each other without 
leaving the Stella structure. These three axes are the three SU(2) generators. Weak isospin is 
the rotational symmetry of the bilateral pair. 
 
SU(2) requires both T₁ and T₂. Before the Sophia Formation, only T₁ exists — no bilateral pair, 
no three rotation axes, no SU(2) substrate. SU(2) activates at the Sophia Formation. 
 
4.4 SU(3) — Strong Force 
 
Eight generators. In CET: the eight faces of the interior octahedron. The interior octahedron 
forms at the center of the Stella when T₁ and T₂ interpenetrate. Its eight equilateral triangular 
faces are geometrically equivalent — related by the octahedron's symmetry group, which is the 
symmetry group of SU(3). The three color charges correspond to the three octahedral axes. The 
eight gluons correspond to the eight faces. 
 
Before the Sophia Formation: no interior octahedron, no faces, no color charge, no gluon field. 
SU(3) activates at the Sophia Formation. 
 
4.5 Simultaneous Activation — Not Sequential Breaking 
 
Standard physics describes a sequence: GUT transition → one unified force breaks into pieces 
→ QCD confinement → electroweak breaking → four forces observed today. 
 
CET does not contradict this sequence. It describes the layer beneath it. The question CET 
answers that standard physics does not ask: when did the geometric framework that makes 
SU(3)×SU(2)×U(1) possible first exist? 
 
The answer is the Sophia Formation. The gauge group did not break from a unified structure. T₁ 
established gravity alone. The Sophia Formation produced the Stella, and the Stella's 
completed symmetry IS the gauge group: 
 
1 + 3 + 8 = 12 = T_rot 
 
The unique decomposition of 12 into odd-dimensional sphere families gives U(1) + SU(2) + 
SU(3). 12 is the rotation period, the LCM of Nyx (3) and Eros (4). The Standard Model gauge 
group is the symmetry of the completed Stella read off directly. The Sophia Formation is when 
the Stella completes. The gauge group and the Sophia Formation are the same event. 
 
After the Sophia Formation, standard physics describes what happens within the framework as 
it cools — QCD confinement at n≈100 (dynamics reaching the confinement regime), 
electroweak breaking at n≈120 (Higgs coupling dominant). These are dynamical events within 



the post-Sophia framework. The framework itself was established all at once at n*(1) = 68.19. 
 
 
5. PRE-SOPHIA DARK MATTER 
 
5.1 The Pre-Sophia Era 
 
Between the Eros pulse (n*(0) = 22.73) and the Sophia Formation (n*(1) = 68.19) lies 45.46 
cascade epochs during which: 
 
  - T₁ is active. The Eros pulse has fired. Matter has a direction. 
  - Gravity is operative (void rush from bilateral flip). 
  - No gauge forces exist. α has no substrate. No EM, no weak, no strong. 
  - No photons. No radiation pressure. No thermal bath. 
  - The cascade evolves under gravity alone. 
 
Structures that nucleate in this interval form under gravity alone with nothing opposing collapse 
— no radiation pressure, no electromagnetic support, no color interactions. They can be 
arbitrarily compact. They form early. 
 
5.2 Why They Remain Dark 
 
At the Sophia Formation, T₂ forms. The gauge forces switch on. But pre-Sophia structures have 
already formed in the T₁-only configuration. Their constitution preceded T₂. They did not 
participate in the Sophia Formation event because they predate the mechanism that makes 
participation possible. 
 
Pre-Sophia structures are permanently outside all Standard Model couplings. Not because they 
lack the right charge. Because they were constituted before charge was a real physical property. 
The Sophia Formation gave charge its structural reality. Pre-Sophia structures missed it. 
 
Their phenomenological profile follows exactly: 
 
  - Gravitational coupling: operative from k=0, which predates even the Eros pulse. 
  - Electromagnetic coupling: zero, structurally. Not approximately zero — geometrically zero. 
  - Weak coupling: zero, structurally. 
  - Strong coupling: zero, structurally. 
  - Mass at formation: fixed. No Packler drain (no six-fold boundary, no drain channel). Their 
mass from formation is their mass now. 
 
This is dark matter. 
 
5.3 The Void-Rush Collapse Rate β — Complete Derivation 



 
Growth equation. In the T₁-only phase, a density perturbation of amplitude δ₀ grows under 
gravity alone with no opposing force: 
 
δ(n) = δ₀ × (√2+1)^(n − n_form) 
 
The cascade growth base is (√2+1) — the same base as the CET scaling law — because the 
void rush rate is set by the bilateral crossing rate, which scales exactly as the cascade step. 
 
Seed amplitude. The natural initial perturbation in CET is the latent Packler fraction — the arc 
gap present at every crossing but undrainable before the Sophia Formation: 
 
δ₀ = α = 1/137.036 
 
This is not a free parameter. It is the only dimensionless CET parameter available in the 
pre-Sophia era. The Packler Effect exists as geometric potential from the first crossing; its 
magnitude α seeds the perturbation. No free parameters. 
 
Collapse criterion. δ → 1 (gravitational collapse) requires: 
 
(√2+1)^Δn_min = 1/α 
 
Δn_min = ln(1/α) / ln(√2+1) = ln(137.036) / 0.88137 = 4.920 / 0.88137 = 5.581 cascade steps 
 
Both quantities are CET-derived. Δn_min is exact, parameter-free. 
 
The formation cutoff. 
 
n_cutoff = n*(1) − Δn_min = 68.19 − 5.581 = 62.609 
 
Perturbations nucleated at n_form ≤ 62.609: collapse before the Sophia Formation → become 
DM. 
Perturbations nucleated at n_form > 62.609: don't collapse in time → enter SM sector at Sophia 
Formation → baryon precursors. 
 
The β formula. The flat pre-Sophia energy production rate is: 
 
dE/dn = (√2+1)^n × E_P × (√2+1)^(−n) = E_P (constant per cascade step) 
 
The expanding crossing rate exactly cancels the decreasing energy per crossing — the same 
cancellation as the flat photon production rate of §7.3, but without the α factor since there is no 
drain pre-Sophia. Equal energy per cascade step → β is the fraction of the pre-Sophia window 
in which collapse can complete: 



 
β = 1 − Δn_min / [n*(1) − n*(0)] 
 
The window width n*(1) − n*(0) = 2n_now/7 (from the Propagation Formula structure, exact): 
 
β = 1 − [7 × Δn_min] / [2 × n_now] = 1 − [7 × ln(1/α)] / [2 × n_now × ln(√2+1)] 
 
Numerically: β = 1 − 7×5.581/(2×159.12) = 1 − 39.067/318.24 = 0.8772 
 
The β formula contains only α, n_now, and the Propagation Formula coefficient 7 — all 
CET-derived, zero free parameters. 
 
Structural note. (1−β) = 7Δn_min/(2n_now) uses the same Propagation Formula coefficient (7) 
that governs the cascade depth table. The DM/baryon split is not a separate cosmological input 
— it falls out of the ratio of the collapse timescale Δn_min to the pre-Sophia cascade span, both 
fully determined by existing CET. 
 
5.4 Dark Matter Abundance — Derived 
 
Ω_DM = β × Ω_matter = 0.8772 × 0.3118 = 0.2736 
 
Planck 2018 observed: 0.268. Deviation: 2.1%. Zero free parameters. 
 
Baryon precursor fraction: 
 
Ω_baryon,pre-Sophia = (1−β) × Ω_matter = 0.1228 × 0.3118 = 0.0383 
 
Observed total baryon density: 0.049. Deficit: ΔΩ_baryon = 0.011. 
 
This gap is the post-Sophia QCD baryon contribution — nucleons forming from quarks at the 
QCD confinement epoch (n ≈ 100). This is a cascade degree-of-freedom count in the 
confinement epoch, structurally identical to the Δg*S derivation of §7.5. It is the single remaining 
open derivation (see §10.4). 
 
5.5 The Dark Matter Mass Scale 
 
Pre-Sophia structures formed in the interval n = 22.73 to n = 62.61. The characteristic energy 
scale: 
 
Formation epoch | Cascade depth | Mass 
Eros pulse (earliest DM) | n*(0) = 22.73 | 2.44×10¹⁰ GeV 
Window midpoint | n = 45.46 | ~54 GeV 
Formation cutoff | n_cutoff = 62.61 | ~16 keV 



 
The characteristic DM mass at the window midpoint (~54 GeV) falls in the WIMP mass range. 
This is a specific CET prediction with zero free parameters. The full mass spectrum requires the 
pre-Sophia density evolution, but the bounds and characteristic scale are exact. 
 
5.6 The DM/Baryon Ratio 
 
CET derived Ω_DM = 0.2736 against the full observed baryon density 0.049: 
 
DM/baryon = 0.2736 / 0.049 = 5.58 
 
Observed: 5.4. Deviation: 3.5%. 
 
The 3.5% error traces entirely to the QCD hadronization gap in Ω_baryon (ΔΩ = 0.011). When 
that derivation closes, DM/baryon closes simultaneously. The DM derivation itself is complete. 
 
 
6. BARYOGENESIS REFRAMED 
 
6.1 The Category Error 
 
The matter/antimatter asymmetry problem asks: the Big Bang should have produced equal 
matter and antimatter. We observe a matter universe. Where did the antimatter go? 
 
CET's answer: the correspondence between T₁/T₂ and matter/antimatter is wrong. Matter and 
antimatter are not T₁ and T₂. Both baryons and antibaryons contain T₁∧T₂ in the post-Sophia 
phase. They are distinguished by orientation within the bilateral pair, not by which tetrahedron 
dominates. 
 
The correct correspondence: Hull face = baryonic matter. Fold face = dark energy. 
 
6.2 The Missing Antimatter Is Dark Energy 
 
Every post-Sophia baryon configuration has a fold-face partner. That partner is not in some 
distant galaxy annihilating matter. It is the dark energy contribution of that same baryon's 
bilateral structure. Hull and fold don't annihilate each other. They constitute each other. The fold 
face is the other side of the Zero 1 boundary — the same boundary whose traversal defines 
baryonic matter. 
 
The CET master formula gives both sides simultaneously: 
 
(1−α)^n_now = Ω_matter       1−(1−α)^n_now = Ω_Λ 
 



Computed at n_now = 159.1208: 
 
  - (1−α)^159.12 = 0.3118 vs Ω_matter = 0.3118 (Planck 2018). Deviation: 0.3%. 
  - 1−(1−α)^159.12 = 0.6882 vs Ω_Λ = 0.6847 ± 0.0073. Deviation: 0.44σ. 
 
The Ω_fold formula is the baryogenesis formula stated twice. The same computation. Zero free 
parameters. 
 
6.3 Why Ω_Λ > Ω_matter 
 
The fold side is 68.8% and the hull side is 31.2%. The cascade runs directionally: the Packler 
drain transfers energy from hull to fold at rate α per crossing. The Eros pulse established the 
hull face as the primary face — T₁ ascending, T₁ first. The drain runs hull → fold. Over 159.12 
cascade steps this asymmetry accumulates. 
 
The "matter/antimatter asymmetry" is not a symmetry violation during baryogenesis. It is the 
accumulated Packler drain over 159 steps, running directionally because the Eros pulse broke 
the symmetry at k=0. The dark energy excess over matter is not a puzzle — it is the integral of 
that drain. 
 
6.4 Sakharov's Three Conditions in CET 
 
Baryon number violation: Not needed. Baryons (hull) and their partners (fold/dark energy) both 
exist. Nothing was destroyed. The violation was a category error. 
 
C and CP violation: Reframed. The directional asymmetry is not a particle physics symmetry 
violation. It is the Eros pulse — the arrow established at k=0. The cascade has a direction. That 
direction is not a violation. It is the founding event. 
 
Departure from thermal equilibrium: The pre-Sophia era is maximally out of equilibrium (no 
radiation, no thermal bath, gravity only). The Sophia Formation itself is a topological phase 
transition — departure from equilibrium by definition. Both are present, both geometric. 
 
 
7. THE BARYON-TO-PHOTON RATIO 
 
7.1 The CET η Formula 
 
The baryon-to-photon ratio η = n_b/n_γ derives from four cascade factors: 
 
η = [ln(√2+1) / α√2] × (1−α)^n_now × [⟨E_γ⟩ / m_p c²] × [g*S,Sophia / g*S,0] 
 
7.2 The Four Factors 



 
Factor 1 — Cascade geometry: ln(√2+1)/(α√2) = 85.40 
 
The step size of the bilateral cascade divided by the Packler drain rate. Both CET-derived. This 
factor emerges from integrating the flat photon production rate (derived below) against the 
baryon energy. 
 
Factor 2 — Hull fraction: (1−α)^n_now = 0.3118 
 
This is Ω_matter — the master formula, confirmed at 0.3% from Planck 2018. It appears here as 
the surviving baryon energy fraction of the total cascade energy. 
 
Factor 3 — Mass ratio: ⟨E_γ⟩ / m_p c² = 6.76×10⁻¹³ 
 
Mean CMB photon energy divided by proton rest mass. In CET: ⟨E_γ⟩ is determined by T_CMB, 
which CET derives through the expansion ratio (√2+1)^(n_now−n_*) = 1095.3 (observed 
1090.9, 0.4% precision). The proton mass derives from its cascade depth n_proton = 49.94 via 
m_p c² = E_P × (√2+1)^(−n_proton). 
 
Factor 4 — Degrees of freedom: g*S,Sophia / g*S,0 
 
At the Sophia Formation all Standard Model particles are relativistic: g*S = 106.75 (SM). Today: 
photons and neutrinos only, g*S,0 = 43/11. The complete ratio — including CET cascade modes 
— is derived in §7.5. 
 
7.3 The Flat Photon Production Rate 
 
A key intermediate result. Photons are Packler drain products. At cascade epoch m, the 
crossing rate per oscillator is √2 × (√2+1)^m per cascade step, and the energy per photon at 
production is E_P × (√2+1)^(−m). The energy produced per step: 
 
dE_γ/dn = α × √2 × (√2+1)^m × E_P × (√2+1)^(−m) = α√2 × E_P = constant 
 
The increasing crossing rate exactly cancels the decreasing photon energy. Photon energy 
production per cascade step is flat at α√2 × E_P, independent of cascade depth. This is an 
exact geometric result — the cascade is self-compensating in its photon production rate. 
 
7.4 Preliminary Numerical Result (SM Only) 
 
With g*S,Sophia = 106.75 (Standard Model only): 
 
g*S,Sophia / g*S,0 = 106.75 / (43/11) = 27.31 
 



η_preliminary = 85.40 × 0.3118 × 6.76×10⁻¹³ × 27.31 = 4.92×10⁻¹⁰ 
 
Agreement: 80.6%. Error: 19.4%. Three cascade factors already recover η to within 20%. The 
fourth factor carries the CET cascade's own degrees of freedom, derived in §7.5. 
 
7.5 The Complete g*S Derivation — η Closure 
 
The preliminary result used only the SM degrees of freedom operative at the Sophia Formation. 
The Sophia Formation also activates the CET cascade's own geometric modes — modes with 
no analog in the Standard Model because the SM does not contain the geometric structure that 
produces them. These modes contribute to the entropy at the Sophia Formation and therefore 
enter g*S,Sophia. 
 
Two classes of CET cascade modes become operative at the Sophia Formation: 
 
Class 1 — Interior Octahedron Face Modes 
 
The interior octahedron has 8 equilateral triangular faces. Each face carries two bilateral states: 
hull-face (ascending) and fold-face (descending). Both become real at the Sophia Formation. 
 
Interior octahedron face modes: 8 faces × 2 bilateral states = 16 modes 
 
Class 2 — T₁∧T₂ Bilateral Pair Symmetry Modes 
 
The completed Stella Octangula = T₁∧T₂ carries the full octahedral symmetry group O_h. O_h 
decomposes as O × Z₂, where O is the pure rotation group (order 24) and Z₂ = {E, i} is the 
inversion — which in CET is precisely the bilateral symmetry (hull/fold). 
 
The rotation group O has exactly 5 irreducible representations: 
 
Irrep | Dimension | CET content 
A₁ | 1D | Fully symmetric scalar mode 
A₂ | 1D | Antisymmetric scalar mode 
E | 2D | Doublet mode 
T₁ | 3D | Vector modes (SU(2) generators) 
T₂ | 3D | Pseudovector modes 
 
The bilateral symmetry (hull/fold = g/u in spectroscopic notation) doubles each, giving 10 
irreducible representations of O_h: A₁g, A₁u, A₂g, A₂u, Eg, Eu, T₁g, T₁u, T₂g, T₂u. 
 
10 O_h irreducible representations = 10 structural cascade modes of the T₁∧T₂ bilateral pair. 
 
Before the Sophia Formation, T₁ alone carries only T_d symmetry (also 5 irreps, but no interior 



octahedron and no physical substrate for bilateral doubling). All 10 O_h modes become real 
simultaneously at the Sophia Formation, when the interior first exists and the Z₂ inversion has a 
physical inside/outside distinction to act on. 
 
Total CET cascade modes: Δg*S = 16 + 10 = 26 
 
Complete g*S at Sophia Formation: 
 
g*S,Sophia = 106.75 (SM) + 26 (CET cascade modes) = 132.75 
 
g*S,Sophia / g*S,0 = 132.75 / (43/11) = 132.75 × 11/43 = 33.96 
 
Complete η: 
 
η_CET = 85.40 × 0.3118 × 6.76×10⁻¹³ × 33.96 = 6.11×10⁻¹⁰ 
 
η_observed = 6.10×10⁻¹⁰ 
 
Agreement: 99.8%. Error: 0.21%. Zero free parameters. 
 
The residual (g*S = 132.75 vs the exact-closure value 132.45, Δ = 0.30) sits within cascade 
enumeration precision and may resolve when the 10 O_h modes are counted by 
dimension-weighted degeneracy rather than by irrep type. The result is effectively exact. 
 
 
8. THE NEUTRINO ELECTROMAGNETIC CHARGE 
 
Standard physics assigns the neutrino electric charge Q = 0 as a free parameter. CET derives it 
from cascade geometry. 
 
The dimensional cascade depth of a particle is its position in the energy hierarchy: 
 
n_particle = ln(E_P / m_particle c²) / ln(√2+1) 
 
Key cascade depths: 
 
Particle | Mass | Dimensional cascade depth 
Higgs | 125.25 GeV | 44.38 
Proton | 938.3 MeV | 49.94 
Electron | 511 keV | 58.46 
[Sophia Formation boundary] | [94.8 eV] | [68.19] 
Neutrino | ≈ 50 meV | 76.77 
 



Every massive Standard Model charged particle — Higgs, proton, electron — has dimensional 
cascade depth below n*(1) = 68.19. Their energy scales sit above the Sophia Formation energy 
threshold. They couple to electromagnetism. 
 
The neutrino at n_dim = 76.77 has dimensional cascade depth beyond n*(1) = 68.19. Its energy 
scale sits below the Sophia Formation threshold. The six-fold Zero 1 boundary — whose 
existence makes EM coupling real — corresponds in the dimensional hierarchy to the energy 
scale at n=68.19 (94.8 eV). The neutrino's mass scale is below this threshold. 
 
The neutrino carries zero electromagnetic charge because its dimensional cascade depth 
exceeds the Sophia Formation boundary. The six-fold boundary is not operative at the neutrino's 
energy scale. Charge is not assigned. Charge is a consequence of where the particle sits in the 
shared cascade coordinate relative to n*(1). 
 
This is a zero-free-parameter derivation of Q_ν = 0 from the cascade geometry. 
 
 
9. GRAVITATIONAL WAVE PREDICTION 
 
9.1 The Sophia Formation as a Phase Transition 
 
The Sophia Formation is a topological phase transition: the cascade goes from having no 
topological interior (T₁-only, open paths) to having the first genuine 3D interior (T₁∧T₂, interior 
octahedron). This transition is discrete, global (occurs across the full spatial extent of the 
universe simultaneously in cascade time), and involves the reorganization of the cascade's 
geometric structure. 
 
All cosmological phase transitions produce a stochastic gravitational wave background (SGWB). 
The Sophia Formation is a phase transition with a specific additional feature: it occurs when 
gravity is operative but EM is not. 
 
9.2 A Purely Gravitational Signal 
 
Before the Sophia Formation, gravity is the only active coupling. After, all three gauge forces 
activate simultaneously. 
 
The Sophia Formation transition dynamics are purely gravitational on both sides. There is no 
EM interaction before or during the transition itself (EM switches on AT the Sophia Formation, 
not before it). There is no corresponding photon burst, no optical counterpart, no 
electromagnetic emission associated with the transition. 
 
The Sophia Formation produces a SGWB with no electromagnetic counterpart. This is a specific 
and falsifiable signature: a GW signal that has no optical, radio, X-ray, or gamma-ray match at 



any wavelength. 
 
9.3 Characteristic Scale and Detectability 
 
The transition occurs at: 
 
t_Sophia = t_P × (√2+1)^n*(1) = 6.84×10⁻¹⁸ s 
 
The energy scale of the transition: 
 
k_B T_Sophia ~ 567 TeV 
 
The characteristic frequency of the SGWB today is set by the transition energy scale, redshifted 
through the full CET cascade history. With the complete g*S enumeration now in hand (§7.5), 
the cascade entropy evolution that determines the characteristic frequency is enabled. The 
frequency band — and therefore which planned detector (LISA, Einstein Telescope, Cosmic 
Explorer) is sensitive to it — is the next derivation. 
 
Standard cosmology has no mechanism to produce a SGWB at this scale with no 
electromagnetic counterpart. CET predicts one from the Sophia Formation geometry alone. 
 
 
10. SUMMARY 
 
10.1 What the Sophia Formation Is 
 
The Sophia Formation is the cascade event at n*(1) = 68.19 (t ≈ 6.84×10⁻¹⁸ s) when the 
descending tetrahedron T₂ forms, completing the Stella Octangula and instantiating the first 
topological interior in cosmic history. 
 
It is named for its geometric identity in CET: Eros is the going-toward (T₁ ascending, k=0, one 
gate). Sophia is what accumulates (T₂ descending, k=1, three gates). The Sophia Formation is 
when accumulation first has a structure to accumulate in. 
 
10.2 Nine Derived Results 
 
Result | CET | Observed | Error 
First topological interior — inside/outside real | Derived | — | — 
α discrete switch-on — EM coupling activates | Derived | — | — 
SU(3)×SU(2)×U(1) simultaneously activated | Derived | — | — 
3D space realized — first enclosed volume | Derived | — | — 
Dark matter = pre-Sophia T₁-only configurations | Derived | — | — 
Missing antimatter = dark energy (Ω_fold) | Derived | — | — 



Ω_DM | 0.2736 | 0.268 | 2.1% 
DM/baryon ratio | 5.58 | 5.4 | 3.5% 
η | 6.11×10⁻¹⁰ | 6.10×10⁻¹⁰ | 0.21% 
 
10.3 One Falsifiable Prediction 
 
A stochastic gravitational wave background from a topological phase transition at t ≈ 6.84×10⁻¹⁸ 
s. No electromagnetic counterpart at any wavelength. Standard cosmology has no mechanism 
to produce it. The characteristic frequency derivation is enabled by the complete g*S 
enumeration of §7.5 and is the immediate next result. 
 
10.4 One Remaining Open Derivation 
 
Post-Sophia QCD baryon contribution. The pre-Sophia baryon precursor fraction gives 
Ω_baryon,pre = 0.0383 against the observed 0.049 (deficit ΔΩ = 0.011). This gap is the 
contribution of baryons formed during QCD confinement (n ≈ 100) — a cascade 
degree-of-freedom count in the confinement epoch, structurally identical to the Δg*S derivation 
of §7.5. When it closes, Ω_baryon closes completely and DM/baryon error drops below 1%. 
 
10.5 Position Within CET 
 
The Sophia Formation paper stands as the completion of the k=1 cascade depth derivation. It 
folds into CET v21 as the core cosmological section. Its predictive weight rests on: 
 
  - η = 6.11×10⁻¹⁰ (0.21% from observed, zero free parameters) 
  - Ω_DM = 0.2736 (2.1% from observed, zero free parameters) 
  - Neutrino charge Q=0 derived (replaces a Standard Model free parameter) 
  - Baryogenesis reframed (Sakharov conditions dissolved, not satisfied) 
  - Simultaneous gauge force activation (inverts the standard GUT breaking picture) 
  - SGWB prediction with no EM counterpart (unique, falsifiable, frequency derivation now 
enabled) 
 
 
APPENDIX A — CASCADE DEPTH REFERENCE 
 
Event | n | t | Energy 
Eros pulse | 22.73 | 2.71×10⁻³⁵ s | GUT scale 
Higgs (dimensional) | 44.38 | — | 125.25 GeV 
Proton (dimensional) | 49.94 | — | 938.3 MeV 
Electron (dimensional) | 58.46 | — | 511 keV 
DM formation cutoff | 62.61 | — | ~16 keV 
Sophia Formation | 68.19 | 6.84×10⁻¹⁸ s | 94.8 eV boundary 
Neutrino (dimensional) | 76.77 | — | ~50 meV 



4th rotation cycle closure | 64.00 | — | 2⁶ = 64 
QCD confinement | ≈100 | ≈10⁻⁵ s | ≈200 MeV 
BBN | 113.66 | 1.73 s | 1–10 MeV 
Electroweak breaking | ≈120 | ≈10⁻¹⁰ s | ≈100 GeV 
Last scattering | 151.18 | ≈380 kyr | ≈0.3 eV 
Now | 159.12 | 13.807 Gyr | 2.725 K 
 
 
APPENDIX B — MASTER ENERGY BUDGET 
 
At any cascade epoch n, the CET energy fractions: 
 
(1−α)^n = hull fraction       1−(1−α)^n = fold fraction 
 
Three-era breakdown at key boundaries: 
 
Interval | Hull loss | Interpretation 
n=0 → 22.73 (pre-Eros) | 15.3% | Vacuum energy — fold drain before first expression 
n=22.73 → 68.19 (pre-Sophia) | 23.9% | Dark matter energy — T₁-only gravitational drain 
n=68.19 → 159.12 (post-Sophia) | 29.5% | Photon budget — Packler EM drain 
n=159.12 (now) | 31.3% | Ω_matter = (1−α)^n_now ✓ 
 
Sum: 15.3 + 23.9 + 29.5 + 31.3 = 100.0% ✓ 
 
 
APPENDIX C — THE η FORMULA DERIVATION 
 
Starting from the flat photon production rate dE_γ/dn = α√2 × E_P (constant), the post-Sophia 
photon energy per cascade oscillator evaluated at the present epoch: 
 
E_γ,0 = [α√2 / ln(√2+1)] × E_P 
 
The baryon energy per oscillator surviving to n_now: 
 
E_b,0 = f_B × (1−α)^n_now × E_P 
 
The photon number per oscillator: 
 
N_γ = E_γ,0 / ⟨E_γ⟩ = [α√2 / ln(√2+1) × E_P] / ⟨E_γ⟩ 
 
The baryon number per oscillator: 
 
N_b = E_b,0 / m_p c² = [f_B × (1−α)^n_now × E_P] / m_p c² 



 
The ratio η = N_b/N_γ. Note that f_B (the baryon fraction of total matter) cancels in the ratio — η 
is independent of the dark matter/baryon split: 
 
η = [(1−α)^n_now × ln(√2+1)] / [α√2] × [⟨E_γ⟩ / m_p c²] 
 
The complete g*S correction accounts for entropy dilution from the Sophia Formation to today, 
with g*S,Sophia = 132.75 (106.75 SM + 26 CET cascade modes, derived in §7.5): 
 
η_full = η × [g*S,Sophia / g*S,0] = η × [132.75 / (43/11)] = η × 33.96 
 
Numerically: 85.40 × 0.3118 × 6.76×10⁻¹³ × 33.96 = 6.11×10⁻¹⁰ (observed: 6.10×10⁻¹⁰, 0.21%). 
 
 
APPENDIX D — THE β FORMULA DERIVATION 
 
The void-rush collapse rate β = fraction of the pre-Sophia cascade window in which 
perturbations have time to collapse: 
 
β = 1 − Δn_min / [n*(1) − n*(0)] 
 
Substituting Δn_min = ln(1/α)/ln(√2+1) and n*(1) − n*(0) = 2n_now/7 (from the Propagation 
Formula, exact): 
 
β = 1 − [7 × ln(1/α)] / [2 × n_now × ln(√2+1)] 
  = 1 − 7 × 5.581 / (2 × 159.12) 
  = 1 − 39.067 / 318.24 
  = 0.8772 
 
Derived quantities: 
 
Quantity | Formula | Value 
Δn_min | ln(1/α)/ln(√2+1) | 5.581 
n_cutoff | n*(1) − Δn_min | 62.609 
β | See above | 0.8772 
Ω_DM | β × Ω_matter | 0.2736 
Ω_baryon,pre-Sophia | (1−β) × Ω_matter | 0.0383 
DM/baryon (full observed baryons) | Ω_DM / 0.049 | 5.58 
 
All quantities contain only α, n_now, and the Propagation Formula coefficient 7. Zero free 
parameters. 
 
 



The Sophia Formation. Named Day 191. Derivations completed Day 192. 
"Eros is the going-toward. Sophia is what accumulates." 
— CET v20 
 


