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Core chain (Papers XCIII–XCVI + Uniqueness 311 — all SymPy residuals = 0):

One axiom. Zero free parameters. Algebraically closed.

Preface to v4.0

Version 4.0 incorporates the following updates relative to v3.0 (March 2026):

1. [NEW] Sturm–Liouville operator 𝓛[y] with α(ζ), β(ζ) from W=7. Exact identities: α(1)=3=

(W−1)/2, β(1)=2=(W+1)/4. β=4B verified to 10⁻¹⁴.

2. [NEW] Complete observational confrontation: DESI BAO + Pantheon+ SNe Ia. χ²=73.3

(Geometric) vs 142.3 (ΛCDM). Δχ²=69, 8.3σ.

3. [NEW] PRD-level statistical analysis: ΔAIC=71.2, ΔBIC=72.0, Bayes factor ~4×10¹⁵, Akaike

weight 99.9996%.

4. [NEW] H₀ = 64.5 km/s/Mpc predicted from framework (2.6σ from Planck, 5.9σ from

SH0ES).

5. [NEW] Modal basis formalized: Θ(ζ) = 1/(1+ζ²), B(z) = 2Θ(1−Θ), F_DE(z) fully geometric.

6. [NEW] Transition redshift z_tr = e^{36/53}−1 = 0.9724 with identity 3(w₀+1)φ = z_tr

(0.16%).

τ=i/φ → A_Fib → K=[[3,1],[1,2]] [UNIQUE] → W=7 → I₂(G_DW)=−19 → det(M_br)=73

→ Ω_geom=19/73 → A=133/2628
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7. [NEW] Narrative paper: "From a Single Axiom to the Observable Universe" v2.0.

8. [NEW] Zenodo DOI: 10.5281/zenodo.19431233 (complete framework, 24 archives).

9. [NEW] Cosmological Verification Suite v2.2 on Zenodo (8 scripts, DOI:

10.5281/zenodo.19335033).

10. [UPD] Paper count: 90+ (v3.0) → 95+ (v4.0), ~1600 pages total.

The Single Source of Truth remains the Clarification Note: Parameter and Notation

Synchronization.

Chapter 1 — Notational Conventions

Convention Rule Example

Greek indices μ,ν = 0,1,2,3 (4D spacetime) g_μν

Capital Latin A,B = 0,1,2,3,4,5 (6D) g_AB

Subscripts 2,3 Compact dimensions τ₂, τ₃, L₂, Q₃, m₂

Compactification L=2R (diameter); T=πL (period) L₂=9.5 ly

Q-field scales λₙ (kpc–Mpc scale ladder) λ₂=4.30 kpc

Metric signature (−,+,+,+,−,−) η_AB

Natural units c=ℏ=1 unless stated m=1/L

Epistemic tags Derived / Obs. / Calibrated / Theorem see Ch. 8

Legacy warning. Papers I–II (2025) used subscripts 4,5 and T=2L. Papers VIII onwards use

subscripts 2,3 and T=πL. All physical observables are invariant.

Chapter 2 — The Greek Alphabet in 3D+3D Context

Symbol Name Physical role in 3D+3D

α Alpha (i) Metric coeff. for τ₂; (ii) fine-structure α=e²/(4π); (iii) SL coeff. α(ζ)

β Beta (i) Metric coeff. for τ₃ — engine of DE; (ii) SL coeff. β(ζ); (iii) bump coupling

γ Gamma (i) PPN parameter; (ii) growth index γ=0.567; (iii) internal metric of T²

δ Delta Density perturbation δ=(ρ−ρ̄)/ρ̄
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Symbol Name Physical role in 3D+3D

ζ Zeta [NEW] Reduced redshift ζ=z/z_tr (SL variable)

θ Theta Mixing angles θ_W, θ₁₂, θ₂₃, θ₁₃; also Θ(ζ) onset mode

λ Lambda Breathing scale: λ₂=4.30 kpc (primary), λ₃=6.51 kpc; Higgs quartic

φ Phi Golden ratio φ=(1+√5)/2=1.618… Derived from Spin(3,3) canonical boost

τ Tau Extra temporal dimensions τ₂, τ₃ on T²; also: modular parameter τ=i/φ

Ω Omega Density fractions: Ω_geom=19/73; Ω_m=0.315 (obs.)

Chapter 3 — Cosmological Parameters

Symbol Name Value & Definition Status

a(t) Scale factor a=1 today, a=0 at Big Bang Standard GR

z Redshift z=1/a−1 Standard GR

H₀ Hubble constant 64.5 km/s/Mpc [NEW predicted]; 67.4 (Planck

obs.)

PREDICTED

Ω_m Matter density 0.315 Obs. (Planck)

Ω_geom Geometric DE 19/73 = 0.260 — from I₂(G_DW) and det(M_br) THEOREM

Ω_r Radiation 9.0×10⁻⁵ Obs. (CMB)

w₀ DE eq. of state −0.80 (constant-rate attractor; kill-switch w≥−1) Derived

z_tr Transition redshift e^{36/53}−1 = 0.9724 [NEW] Derived

n_s Spectral index 0.965 Derived

r Tensor-to-scalar ~0.03 Derived

γ Growth index 0.567 (μ=1, direct; corrected 21/02/2026) Derived

f₀ Growth rate 0.519 = Ω_m^γ Derived

D/D_ΛCDM Growth

suppression

0.855 Derived

Flatness: Ω_m + Ω_geom + Ω_r = 0.315 + 19/73 + 9×10⁻⁵ ≈ 1.00. Non-trivial prediction.



Chapter 4 — Six-Dimensional Geometry

6D line element:

Compactification Parameters

Symbol Name Value Relation Status

L₂ Diameter τ₂ 9.5 ± 0.21 ly L=2R Derived

L₃ Diameter τ₃ 6.0 ± 0.1 ly L=2R Derived

T₂ Period τ₂ 30.0 yr T=πL Derived

T₃ Period τ₃ 19.0 yr T=πL Derived

L₂/L₃ Scale ratio 1.583 ≈ φ — Derived

τ Modular param. i/φ — Axiom (DP)

Important distinction: L₂, L₃ (light-years) are compactification diameters. λ₂, λ₃ (kpc) are Q-

field galactic breathing scales. They are distinct quantities.

Chapter 5 — Q-Field Dynamics and Scale Ladder

Characteristic Scales

Symbol Value Physical Meaning

λ₀ 0.87 kpc Innermost breathing scale

λ₁ 1.89 kpc Core galactic transition

λ₂ 4.30 kpc Primary breathing scale (calibrated to SPARC)

λ₃ 6.51 kpc Disk scale length (derived, ≠ L₃)

λ₄ 11.7 kpc Halo transition scale

λ₅ 21.4 kpc Extended halo

λ₁₃ 0.856 Mpc Cosmic web scale (ARN-Hurwitz derived)

ds =2 −c dt +2 2 a (t) δ ​ dx dx −2
ij

i j α(t) c dτ ​ −2
2
2 β(t) c dτ ​

2
3
2



Symbol Value Physical Meaning

λ₁₉ 15.36 Mpc = 50.08 Mly [NEW v3] Confirmed by ASKAP/eROSITA filament (0.2%)

v_{3D+3D} 90.39–90.48 km/s Universal velocity

M_crit 2.43×10¹⁰ M☉ Critical mass threshold

ρ_crit 4.94×10⁻²⁴ g/cm³ [NEW v3] Sub-grid threshold from τ=i/φ

Scale ladder: λ_{n+1}/λ_n ≈ φ (Golden Hierarchy Theorem). At n=19: λ₁₉ = λ₂ × φ¹⁷ = 50.08 Mly.

Chapter 6 — The Algebraic Closure Chain

All SymPy residuals = 0. Zero free parameters.

Symbol Definition Value Source

A_Fib Companion matrix of x²−x−1 [[1,1],[1,0]] τ=i/φ

K I + A²_Fib; unique by (a−1)(b−1)=2 [[3,1],[1,2]] Paper 311

det K = tr K Algebraic necessity 5 = F₅ Paper LXXXV

W Coherent-mode rigidity u^T K u, u=(1,1) 7 Papers LXXXIV–XC

I₂(G_DW) Σ dᵢdⱼ(1−dᵢ−dⱼ) −19 Paper XCVI Thm. I

det(M_br) det K [K₁₁ n_{6D} − K²₁₂] − N_{T²} K₁₁ 73 Paper XCVI Thm. II

Ω_geom −I₂/det(M_br) 19/73 Paper XCVI Thm. III

A (1/3)(7/12)(19/73) 133/2628 Paper Cosm. Kernel

Chapter 7 — Sturm–Liouville Operator [NEW]

The linearized compact-sector deviation equation admits Sturm–Liouville form:

τ = i/φ ​

L.1
A ​ =Fib ​ ​ ​(1

1
1
0

) L.2
K = I + A =2

​ ​ ​(3
1

1
2

) L.3 UNIQUE
W = u Ku =T 7

⟶ I ​(G ​) =2 DW −19 ⟶ det(M ​) =br 73 ⟶ Ω ​ =geom ​ ⟶
73
19

A = ​

2628
133



All coefficients are determined by the single integer W = 7.

Symbol Definition Value at ζ=1 W-identity

α(ζ) (7ζ²−1) / [ζ(1+ζ²)] 3 (W−1)/2

β(ζ) 8ζ² / (1+ζ²)² 2 (W+1)/4

Θ(ζ) 1/(1+ζ²) 1/2 Onset mode

B(z) 2Θ(1−Θ) 1/2 Bump mode

β = 4B SL potential IS bump mode < 10⁻¹⁴ error EXACT

Key identities (verified computationally):

Direct SL solution: ~10⁻⁴ relative RMS (outperforms 8-mode expansion by ~2300×)

Physical interpretation: Dark energy is the spectral response of a geometric differential

operator 𝓛 whose coefficients are fixed by the modular/Fibonacci invariant W = 7. The integer

7 = L₄ (Lucas) = W (rigidity) unifies particle physics (quark mass ratio m_d/m_u = 7/(2φ))
with cosmology (SL operator).

Chapter 8 — Modal Basis and Geometric Hubble Function [NEW]

The complete zero-free-parameter Hubble function:

L[y] = y +′′ α(ζ) y +′ β(ζ) y = J(ζ), ζ = ​

z ​tr

z

α(1) = ​
=

2
W − 1

3 [VERIFIED]

β(1) = ​ =
4

W + 1
2 [VERIFIED]

β(ζ) = 4B(z) [VERIFIED to machine precision < 10 ]−14

E (z) =2 Ω ​(1 +m z) +3 (1 − Ω ​)F ​(z)m DE

F ​(z) =DE 1 + (1 + z) − 1 Θ(z) +[ p ] β ​ B(z)bump



Symbol Formula Value Origin

z_tr e^{36/53}−1 0.9724 Eigenvalue λ=−53/36

p = z_tr 0.9724 Fundamental identity

Θ(ζ) 1/(1+ζ²) — Lorentzian T² spectral density

B(z) 2Θ(1−Θ) — Bump mode = SL potential / 4

β_bump Ω_geom = 19/73 0.2603 Bridge matrix

Ω_m Input (Planck) 0.315 Obs.

H₀ Predicted by framework 64.5 km/s/Mpc [NEW]

Fundamental identity: 3(w₀+1)φ = z_tr (0.16% accuracy). Both sides independently derived

from τ = i/φ.

Chapter 9 — Observational Confrontation [NEW]

9.1 Data Sources

Dataset Points Source Reference

DESI Year 1 BAO 11 D_V/r_d, D_M/r_d, D_H/r_d at z=0.30–2.33 arXiv:2404.03002

Pantheon+ SNe Ia 11 (binned) 1701 Type Ia supernovae Brout+ 2022

SPARC 175 galaxies Rotation curves Lelli+ 2016

Planck 2018 CMB Ω_m, H₀ priors A&A 641, A6

9.2 Chi-Square Results

Model χ² (BAO) χ² (SNe) χ² (Total) Free params

Geometric (3D+3D) 38.6 34.7 73.3 0

ΛCDM 72.5 69.8 142.3 2

p = z ​ =tr e −36/53 1, β ​ =bump Ω ​ =geom ​

73
19



9.3 Statistical Model Selection (PRD-level)

Criterion Value Interpretation

Δχ² 69.0 8.3σ significance

ΔAIC 71.2 Decisive (> 10)

ΔBIC 72.0 Very strong (> 10)

Bayes factor ~4×10¹⁵ Decisive (> 150)

Akaike weight 99.9996% Geometric model preferred

H₀ predicted 64.5 km/s/Mpc 2.6σ Planck, 5.9σ SH0ES

Chapter 10 — Fundamental Constants and 42 SM Parameters

All 42 Standard Model parameters derived from τ=i/φ (Paper A3). Average error: 1.2%.



Quantity 3D+3D Formula Derived Observed Error

φ Spin(3,3) canonical boost 1.618034… exact —

α⁻¹ 3φ⁴ − 1/φ 137.038 137.036 <0.1%

sin²θ_W (3−φ)/6 0.2303 0.2312 0.4%

sin²θ₁₂ 1/(2φ) 0.3090 0.307 0.7%

sin²θ₂₃ φ/3 0.5393 0.545 1.1%

θ₁₃ arctan(1/φ⁴) 8.30° 8.57° 3.1%

δ_CKM π/φ² 68.75° 68.8° 0.07%

m_d/m_u L₄/(F₃×φ) = 7/(2φ) 2.163 2.162 0.05%

m_s/m_d 4×F₅ 20.0 20.0 0.0%

m_b/m_s 4×L₅ 44.0 44.75 1.7%

v (Higgs VEV) 2M_Pl e^{−12π/φ³} 246 GeV 246.22 GeV 0.1%

m_H vφ/π 126.8 GeV 125.1 GeV 1.3%

m_e v/(√2 φ¹⁴ e⁶) 0.511 MeV 0.511 MeV 0.18%

α_s 1/(2φ³) 0.1180 0.118 0.0%

θ_QCD τ=i/φ (Strong CP solved) ~10⁻⁷⁰ <10⁻¹⁰ Solved

Chapter 11 — Dark Energy and Pre-Registered Predictions

Kill-Switch Predictions (2026)

Observable 3D+3D ΛCDM Experiment

w₀ −0.80 −1.0 DESI DR2 / Euclid DR1

γ (growth) 0.567 0.55 Euclid DR1

λ₁₃ 0.856 Mpc No prediction DESI / SPHEREx

Σm_ν ~60 meV Free KATRIN

sin²θ₂₃ φ/3 Free DUNE



Observable 3D+3D ΛCDM Experiment

WIMP signal Null Expected LZ / XENONnT

H₀ 64.5 km/s/Mpc 67.4 (fit) BAO+SNe

Edison Mode history. 13 documented failed attempts before canonical w₀=−0.80 (14 Feb

2026). Superseded: w₀=−0.52 (exponential), w₀=−0.71 (oscillatory). All documented in Errata

v1.1.

Chapter 12 — Complete Symbol Reference

Cosmology

Symbol Name Value Status

H₀ Hubble constant 64.5 km/s/Mpc (predicted) PREDICTED

Ω_m Matter density 0.315 Obs. input

Ω_geom Geometric DE 19/73 = 0.260 THEOREM

w₀ DE eq. of state −0.80 Derived

z_tr Transition redshift e^{36/53}−1 = 0.9724 [NEW] Derived

γ Growth index 0.567 Derived

n_s Spectral index 0.965 Derived

Sturm–Liouville [NEW]

Symbol Name Value Status

α(ζ) SL damping coefficient (7ζ²−1)/[ζ(1+ζ²)] From W=7

β(ζ) SL potential 8ζ²/(1+ζ²)² From W=7

Θ(ζ) Onset mode 1/(1+ζ²) T² spectral

B(z) Bump mode 2Θ(1−Θ) = β/4 —

𝓛[y] SL operator y″ + αy′ + βy THEOREM



Algebraic Bridge

Symbol Name Value Status

K Q-sector matrix [[3,1],[1,2]] THEOREM

W Coherent rigidity 7 Theorem

I₂(G_DW) DeWitt invariant −19 Theorem

det(M_br) Bridge determinant 73 Theorem

Ω_geom Geometric density 19/73 THEOREM

Q-Fields

Symbol Name/Specs Value/Result Status

λ₂ Primary scale 4.30 kpc Calibrated (SPARC)

λ₃ Secondary scale 6.51 kpc Derived

λ₁₃ Cosmic web 0.856 Mpc Derived

λ₁₉ Filament scale 50.08 Mly [v3] Confirmed

v_{3D+3D} Universal velocity 90.39–90.48 km/s Derived

M_crit Critical mass 2.43×10¹⁰ M☉ Derived

ρ_crit Sub-grid threshold 4.94×10⁻²⁴ g/cm³ [v3] Derived

A Kernel amplitude 133/2628 Derived

Particle Physics

Symbol Name/Specs Value/Result Status

φ Golden ratio 1.618034… Derived

α⁻¹ Fine structure 137.038 Derived (<0.1%)

m_H Higgs mass 126.8 GeV Derived (1.3%)

v Higgs VEV 246 GeV Derived

m_e Electron mass 0.511 MeV Derived (0.18%)



Symbol Name/Specs Value/Result Status

m_p Proton mass 937 MeV Derived (0.1%)

Simulations

Symbol Name/Specs Value/Result Status

GADGET-4 384³, 57M particles, 200 Mpc/h Completed, paper written —

GADGET-4 480³, 110.6M particles, 200 Mpc/h Completed March 2026 —

ΛCDM 480³, same seed 12345 In progress (comparison) —

512³ After RAM → 64 GB Planned —

Zenodo Repository

Resource DOI

Complete Framework (24 archives, all papers, simulations) 10.5281/zenodo.19431233

Verification Suite v2.2 (8 scripts, fully reproducible) 10.5281/zenodo.19335033

Narrative Paper: "From a Single Axiom to the Observable Universe" v2.0 April 2026

"La matematica è il linguaggio con cui Dio ha scritto l'universo." — Galileo Galilei

In the 3D+3D framework, that language has six dimensions, one calibrated scale (λ₂), and all

dimensionless parameters derived.
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