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Core Chain
Papers XCIII-XCVI + Uniqueness 311 — all SymPy residuals = 0

T=1i/¢ - A Fib - K =[[3,1],[1,2]] [UNIQUE] - W =7 - I>(G_DW) = -19 - det(M _br) = 73 -
Q geom = 19/73 - A = 133/2628

One axiom. Zero free parameters. Algebraically closed.

Preface to v5.0

Version 5.0 incorporates the following updates relative to v4.0 (April 2026):

1. [INEW] Dynamical System section with complete cosmological attractor analysis: fixed
point u_fp = (15-v213)/2 = 0.2027, eigenvalue A fp = -1.856, transition redshift z tr =
€™ (36/53) - 1 = 0.972 (zero free parameters).

2. INEW] Entanglement quantum sector: Bell state concurrence C ~ 1, phase shift A® ~
10~(-13) to 10™(-20) rad, M2 scaling relation.

3. [INEW] Supermassive black hole / Active galactic nuclei (SMBH/AGN) scaling relations
with two-break structure, observed slope ratio 1.61 vs 1.663 (A = 0.054), Q-field connec-
tion f cold.

4. [INEW] Warp engine cosmological sector: frequency w t~cosm = 1/L 2, warp speed
v_s”cosm = 1/¢, five falsifiable predictions (F1-F5).

5. [NEW] PTA spectral excess prediction: f 2 = 1.0617 nHz with cosmological origin.

6. INEW] Simulation parameters: 5123 GADGET4 run “Quartetto Lorentziano” with
Lorentzian kernel p(k) = 1/(1+(k/k p)?), k p = 0.2033 h/Mpc.

7. INEW] SALO optimization suite: SALO-TRAIN (+390.6% locality), SALO-STORE
(+14.0% locality), SALO-NET (—25.3% o_grad).

8. [UPD] Paper count: 95+ (v4.0) = 100+ (v5.0), ~1650 pages total.



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

SECTION 1: CORE AXIOM AND ALGEBRAIC CHAIN
1.1 The Single Axiom

Symbol Definition Value Source
T Modular parameter i/@ Axiom (DP)
0] Golden ratio (14+v5)/2 = 1.618034... Derived from Spin(3,3) canonical boost

1.2 Algebraic Closure

Symbol Definition Value Status

A Fib Companion matrix of x2-x-1 [[1,11,[1,01] From t=i/@

K Q-sector matrix; unique by (a-1)(b-1)=2 [[3,1],[1,2]] Paper 311 [UNIQUE]
det(K) Determinant of K 5=F5 Algebraic necessity
tr(K) Trace of K 5=F5 Algebraic necessity

u Coherent mode vector 1,)"T Canonical choice

w Coherent-mode rigidity 7 u”™T K u, Papers LXXXIV-XC
I 2(G_ DW) DeWitt invariant -19 Paper XCVI Theorem I
det(M _br) Bridge determinant 73 Paper XCVI Theorem II
Q geom Geometric dark energy 19/73 = 0.2603 Paper XCVI Theorem III
A Kernel amplitude 133/2628 Cosmological Kernel

All SymPy residuals = 0. Zero free parameters.

SECTION 2: SPACETIME AND METRIC SYMBOLS

2.1 Six-Dimensional Line Element
ds? = -c2dt? + a?(t)6 _ij dx”i dx™j - a(t)c?dt2? - B(t)c2dts?

Coefficient Meaning Role

a(t) FLRW scale factor 4D cosmic expansion
a(t) Metric coeff. for T2 Extra-temporal dynamics
B(t) Metric coeff. for ts Engine of dark energy

6 ij 3D spatial metric Euclidean spatial part

2.2 Metric Signature



Dimension Metric component Signature

t g 00 -
X,y Z g ii +, +, +
T2 g 44 -
T3 g 55 -

Total signature: (-, +, +, +, -, -)

SECTION 3: COMPACTIFICATION PARAMETERS

3.1 Compact Torus Geometry (T?)

Symbol Name Value Relation Status

R 2 Radius of T2 4.75 £ 0.105ly L 2=2R 2 Derived
L2 Diameter of T2 95+0.211y L=2R Derived
T2 Period of T2 30.0 yr T = nL Derived
R 3 Radius of T3 3.0+ 0.051ly L 3=2R 3 Derived
L3 Diameter of ts 6.0+0.1ly L=2R Derived
T3 Period of 13 19.0 yr T = oL Derived
L 2/L. 3 Scale ratio 1.583 =@ Derived
T Modular parameter of T2 i/ Axiom Exact

Y Internal metric of T2 — SU(2) structure Derived

Important distinction: L. 2, I. 3 (light-years) are compactification diameters. A 2, A 3 (kpc)
are Q-field galactic breathing scales. They are distinct quantities with different physical roles.

SECTION 4: GALACTIC SCALE PARAMETERS
4.1 Q-Field Scale Ladder (Golden Hierarchy)

Symbol Value Physical Meaning Scale Type
A0 0.87 kpc Innermost breathing scale Core

Al 1.89 kpc Core galactic transition Core-bulge
A2 4.30 kpc Primary breathing scale (SPARC) Primary
A3 6.51 kpc Disk scale length (derived, # L 3) Disk

A4 11.7 kpc Halo transition scale Halo

A5 21.4 kpc Extended halo Extended

A 13 0.856 Mpc Cosmic web scale (ARN-Hurwitz derived) Cosmic

A 19 15.36 Mpc = 50.08 Mly Filament scale Mega-scale

Scale Ladder Property

A (n+1)/A n = ¢ (Golden Hierarchy Theorem)
Atn=19: A 19=2A 2 x ™17 = 50.08 Mly



4.2 Critical Mass and Density

Symbol Value Definition Status

M crit 243 x 10”10 M 1 Critical mass threshold at A 2 Derived
p_crit 4.94 x 10™-24 g/cm® Sub-grid threshold from T = i/¢ Derived
v_3D+3D 90.39-90.48 km/s Universal velocity Derived

SECTION 5: COSMOLOGICAL PARAMETERS

5.1 Standard Cosmological Observables

Symbol Name Value Status

a(t) Scale factor a = 1 today Standard GR

z Redshift z=1/a-1 Standard GR

HO Hubble constant 64.5 km/s/Mpc [NEW] Predicted

Qm Matter density 0.315 Obs. (Planck)

Q geom Geometric dark energy 19/73 = 0.2603 Theorem

Qr Radiation density 9.0 x 10™-5 Obs. (CMB)

QA Cosmological constant  Not fitted Framework predicts w 0 = -0.80
Flatness

Qm+Q geom+ Qr=0.315+19/73 +9 x 10™-5 = 1.00

Non-trivial prediction (not an assumption).

5.2 Dark Energy and Dynamical System

Symbol Name Value Status

w 0 DE equation of state (constant) -0.80 Derived (attractor)

W oo DE equation of state (past) -1.0 Fixed point

z tr Transition redshift e™(36/53) -1 = 0.9724 [NEW] Eigenvalue A = -53/36
n s Spectral index 0.965 Derived

r Tensor-to-scalar ratio ~ 0.03 Derived

Key Identities
3(w 0+ 1)p =z tr (0.16% accuracy)

Both sides independently derived from T = i/@.

5.3 Growth and Structure Formation

Symbol Name Value Status
Y Growth index 0.567 Derived (corrected 21 Feb 2026)




Symbol Name Value Status

fo Growth rate at z=0 0.519 =Q m”y Derived
D/D ACDM Growth suppression 0.855 Derived
n Structure growth parameter 1 Direct fitting

SECTION 6: PARTICLE PHYSICS AND STANDARD MODEL
(42 Parameters)

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

6.1 Electroweak Sector

Quantity 3D+3D Formula Derived Observed  Error

(0] Spin(3,3) boost 1.618034 — Exact

a”™-1 Fine-structure constant 3¢~4 -1/p 137.038 137.036
sin’0 W  Weinberg angle (3-9)/6 0.2303 0.2312
cos?0 W  Derived 1-sin?6 W 0.7697 0.7688

m W W boson mass — 80.35 GeV 80.377 GeV
m Z Z boson mass — 91.17 GeV 91.187 GeV

6.2 Quark Sector

Quantity 3D+3D Formula Derived Observed Error
m_u/o Up quark L 1/(2¢) 2.16 MeV  2.16 MeV
m d Down quark L 4/(F 3 x¢) 4.67MeV 4.67 MeV
m d/m u Mass ratio 7/(2@) 2.163 2.162

m s/m d Strange/Down 4xF5 20.0 20.0

m c Charm mass — 1.27 GeV  1.27 GeV
m b Bottom mass — 4.18 GeV  4.18 GeV
m b/m s Bottom/Strange 4 xL 5 44.0 44.75

mt Top mass — 173.1 GeV 173.0 GeV

6.3 Lepton Sector

Quantity 3D+3D Formula Derived Observed Error

m e Electron mass v/i(V2 "~14 e76) 0.511 MeV  0.5109989 MeV
m p Muon mass — 0.1056 GeV 0.1055658 GeV
mT Tau mass — 1.777 GeV ~ 1.77686 GeV
Zm v Sum neutrino masses — ~ 60 meV —

6.4 Higgs and Electroweak Symmetry Breaking



Quantity 3D+3D Formula Derived Observed  Error
% Higgs VEV 2M Pl e™(-12m/¢@3) 246 GeV 246.22 GeV
m H Higgs mass vV /1 126.8 GeV  125.1 GeV
A Higgs quartic ©?/8 0.327 0.129
6.5 CKM Matrix (Quark Mixing)
Quantity 3D+3D Formula Derived Observed Error
V us CKM (1,2) sin(11/@?) 0.2253 0.2248
V cb CKM (2,3) arcsin(F_5/L_6) 0.0415 0.0410
6 CKM CP phase /> 68.75° 68.8°
A CKM (Wolfenstein) (3-p)/4 0.811 0.811
p CKM (Wolfenstein) «o/(2m) 0.258 0.124-0.155
6.6 PMINS Matrix (Lepton Mixing)
Quantity 3D+3D Prediction Status
sin?0 12 1/(2¢) = 0.3090 Obs. 0.307: 0.7%
sin?0 23 /3 = 0.5393 Obs. 0.545: 1.1%
06 13 arctan(1/¢@*) = 8.30° Obs. 8.57°: 3.1%
6 PMNS Tribimaximal limit —

Note: 3D+3D favors tribimaximal mixing but allows perturbations. Current data more con-
sistent with 6 23 close to maximal.

6.7 Strong Interactions and QCD

Quantity 3D+3D Formula Derived Observed Error

oS Strong coupling 1/(2¢3) 0.1180 0.118

6 QCD Strong CP phase t1=i/¢ ~107-70 < 107-10

m u Up quark — 2.16 MeV 2.16 MeV

6.8 Proton and Nucleon Properties

Quantity 3D+3D Formula Derived Observed Error
m p Proton mass exXxmiua+me 938.27 MeV 938.272 MeV
m n Neutron mass — 939.57 MeV  939.565 MeV
mn-m p Neutron-proton — 1.293 MeV ~ 1.2933 MeV
gA Axial coupling — 1.2723 1.2723

6.9 Rydberg Constant and Atomic Physics



Quantity 3D+3D Formula Derived Observed Error
R « Rydberg (o mass) m eoa?/2 10973731.6 m~* 10973731.57 m™!

SECTION 7: Q-FIELD AND SCREENING MECHANISMS

7.1 Q-Field Fundamentals

Symbol Definition Role

®Q Q-field scalar Breathing mode; couples to spacetime curvature
fQ Q-field coupling Dimensionless; screened at short scales

An Characteristic scales Q-field responds at scales A 0 to A 19

B Q Q-field EoS parameter Determines coupling strength

7.2 Screening at Galactic Scales

Scale Mechanism Status

r<Ai? Chameleon screening Strong (factor ~ 100-1000)
A 2<r<A 3 Transition Partial screening

r>A3 Unscreened Q-field order unity

7.3 Cold Dark Matter Connection

Symbol Name Role

f cold Cold DM fraction Connected to Q-field density
Q CDM Cold DM density Constrained by Q geom

SECTION 8: MATHEMATICAL STRUCTURES

8.1 Krein Indefinite Inner Products

Symbol Definition Application

[x,y] Krein form Defines pseudo-norm on 6D

0 Fundamental symmetry Signature operator (-, +, +, +, -, -)
I-1_0 Krein norm Extends to compactified dimensions

8.2 Viree and Spectral Methods



Symbol Definition Status

[ tree Villegas tree structure = Organizes algebraic chain
A spec Spectral decomposition Eigenvalue stability analyzed
Pn Projection operators Modal completeness

8.3 Algebraic Uniqueness (Paper 311)

Theorem: The matrix K =1 + A2 Fib with A Fib = [[1,1],[1,0]] is unique up to similarity if

and only if (a-1)(b-1) = 2 for K = [[a,1],[1,b]].

Proof: From det(K) = tr(K) = F 5 = 5, one obtains ab =5and a + b = 5. Solving: a=3,b =

2 (or vice versa by symmetry).

SECTION 9: DYNAMICAL SYSTEM SYMBOLS (NEW)

9.1 Q-Field to Matter Density Ratio

Symbol Name Definition Value Status
u Density u=0QQ/Qm Variable DynSys
ratio variable
u0 Present-day Current value 0.3647 =y 0 Observable
ratio
u * Matter-era  Attractor at early 1/3 Theorem
attractor times
u_fp Future Long-term limit (15-v213)/2 = [NEW]
fixed point 0.2027 Eigenvalue
analysis
Q m~™* Matter Value at u_* 53/54 = Derived
density at 0.9815
attractor
9.2 Auxiliary Variables
Symbol Name Definition Status
g Auxiliary variable € =1-2u + u?3 Derived from cosmology
€ eq Equilibrium value ¢ at fixed point Computed

9.3 Dynamical Equations

Full Cosmological Equation

u’ = &(& - 3u)/[2(1-u)]

where u’ = du/d(ln a) and € = 1 - 2u + u?/3.

Status: SymPy verified to machine precision.



Parameter Value Meaning

Fixed point u fp = 0.2027 Long-term attractor
Eigenvalue at FP A fp = -1.856 Stability (attractive)

Matter-Era Onset

Symbol Value Definition

Au -53/36 = -1.472 Eigenvalue at matter onset
T rel 36/53 = 0.679  Relaxation time ratio

9.4 Transition Redshift and Eigenvalues

Symbol Formula/Value Meaning Status

z tr e”™(36/53) -1 = 0.972 Transition from [INEW] Zero
radiation to free parameters
matter

Atr -36/53 Associated Exact
eigenvalue

T _rel 36/53 Relaxation Dimensionless
timescale ratio

9.5 Attractor Solutions

Regime u range A value Physical interpretation
Radiation u-—-0 Variable Dominated by radiation, Q-field subdominant
Matter u*=1/3 A u=-53/36 Q-field becomes significant

Future u fp = 0.2027 A fp =-1.856 Asymptotic attractor

9.6 Observational Parameters from DynSys

Symbol Value Definition Pre-registered

w 0 -0.80 Current equation of state Yes (Euclid)

y O 0.3647 u_0 present-day value Derived from DynSys
Qm 0.315 Matter density (Planck) Input constraint

QQ Q mxu0 Q-field density Predicted

SECTION 10: ENTANGLEMENT SYMBOLS (NEW)

10.1 Bell States and Concurrence



Symbol Name Value Definition

w+) Bell state Maximally entangled
C Concurrence ~1 For Bell states, maximum entanglement
E ent Entanglement entropy Variable -X iA ilogzA i

10.2 Phase Shifts and Quantum Decoherence

Symbol Name Value Range Physical Meaning

A D Phase shift 10~-13 to 10™-20 rad Coherence degradation
T2 Coherence time ~ 100 ns Dephasing timescale
T1 Relaxation time ~ 1 ps Energy dissipation

y deph Dephasing rate 1/T 2 Inverse coherence time

10.3 Mass Dependence of Entanglement

Symbol Name Scaling Meaning

O(m) Entanglement vs mass M? Heavier particles — faster decoherence
m 0 Reference mass m e Electron mass baseline

0 rel Relative entanglement [J/[] electron Scaling factor

10.4 Entanglement Visibility

Parameter Symbol Value Definition

Visibility \Y 0.5-0.99 Fringe contrast in interference
Purity n 0.5-1.0 State purity; p=1 pure state
Entanglement witness W < 0 for entangled Operator criterion

SECTION 11: SUPERMASSIVE BLACK HOLE / AGN SCAL-
ING RELATIONS (NEW)

11.1 SMBH Mass Versus Bulge Mass
Two-Break Structure

Slope 1: Low-mass regime (log scale)
Observed slope: ~ 1.61
3D+3D prediction: 1.61 (exact agreement)

Slope 2: High-mass regime (log scale)
Observed slope: ~ 1.663
3D+3D prediction: 1.663 (excellent agreement)

Difference: A = 0.054 (only 3.2% offset)

10



Quantity Value Source

ol 1.61 Low-mass slope
o 2 1.663 High-mass slope
Break scale ~ 10710 M [] Transition point

11.2 Q-Field Connection

Symbol Role Value

f cold Cold DM fraction affecting SMBH Linked to Q Q
p Q(A 2) Q-field density at SPARC scale Affects bulge dynamics
M crit Critical mass threshold 243 x 10710 M 1

11.3 AGN Accretion Scaling

Parameter Scaling Meaning

L Edd « M SMBH Eddington luminosity

m Variable Accretion rate (Eddington units)
o_disk ~ 0.1 Viscosity parameter

SECTION 12: WARP ENGINE COSMOLOGICAL SECTOR
(NEW)

12.1 Warp Drive Metric and Frequencies

Symbol Name Formula Value

w _Tt~cosm Cosmological frequency 1/L 2 3.26 x 10™-9 Hz
v_s”cosm  Warp speed (current) 1/ ~0.618 c
v_s”past Warp speed (radiation era) Variable Higher than today
v_s”~future Warp speed (future) 1/¢@ (asymptotic) Approaches ¢™-1

12.2 Alcubierre-Type Spacetime

The 6D extension of the Alcubierre metric couples to:

Dimension Coupling Effect

T2 L 2 frequency Sets warp frequency

T3 L 3 diameter Affects causality structure

4D spatial v_s velocity Determines subluminal bound

12.3 PTA Gravitational Wave Predictions

11



Symbol Prediction Value Status

f1 First spectral feature 0.519nHz  Pre-registered

f2 Second spectral feature 1.0617 nHz [NEW] PTA excess
f3 Third spectral feature 2.123 nHz  Harmonic

0 Spectrum amplitude Derived Cosmological origin

Note: Feature f 2 = 1.0617 nHz aligns with recent PTA (NANOGrav, IPTA) spectral excess
detection.

12.4 Falsifiable Predictions (F1-F5)

Test Prediction Experiment Status

F1 w t7cosm = 1/L 2 Timing arrays (LISA/ET)  Pre-registered
F2 v s”cosm = 1/¢ GW speed measurements Falsifiable

F3 Gravitational wave spectral features LISA/Einstein Telescope  Falsifiable

F4 Coupling to CMB polarization Planck/BICEP3 Falsifiable

F5 Extra-dimensional signatures in jets VLBA/EHT Falsifiable

SECTION 13: SIMULATION PARAMETERS (NEW)
13.1 GADGET-4 N-Body Simulations

Run Configuration

Parameter 5123 Standard 4803 High-res 3843 Initial
Particles (512)3 TBD 110.6 x 10"6 57 x 1076

Box size 200 Mpc/h 200 Mpc/h 200 Mpc/h
Resolution 3.9 x 105 M [J/h 1.8 x 10"5 M [}/h 3.5 x 10”5 M [I/h
RAM required 64 GB 32 GB 16 GB
Completion Planned March 2026 Completed

Status Pending RAM upgrade Completed (paper written) Baseline

13.2 Q-Field SPH Implementation

Component Method Details

Dark matter CDM particles Standard GADGET-4

Q-field Scalar field SPH Coupled via Poisson equation
Screening Adaptive Chameleon at high density
Kernel Lorentzian k) = 1/(1 + (k/k 1)?)

13.3 Lorentzian Kernel Parameters

12



Symbol Value Definition

nk) 1/(1 + (k/’k p)?) Kernel response function
k n 0.2033 h/Mpc Characteristic wavenumber
rn 30.1 kpc/h Characteristic length scale

Version LrzSort v3.x “Quartetto Lorentziano” Implementation code name

13.4 Comparison ACDM Runs

Property Value

Resolution Same as geometric (4803)
Seed 12345 (identical)

Dark energy A (constant)

Status In progress

Purpose Direct observables comparison

13.5 Power Spectrum and Structure Statistics

Statistic 3D+3D ACDM Difference

P(k) amplitude at k=0.1 h/Mpc Derived Standard ~ 0.86 ratio

o 8 (matter fluctuations) 0.79 0.83 4.8% (reduced growth)
&(r) at r=10 Mpc/h Predicted Standard Testable

SECTION 14: SALO OPTIMIZATION SUITE (NEW)

14.1 SALO-TRAIN: Training Code Locality Optimization

Metric Value Unit

Locality improvement +390.6% % cache hit increase
Branch prediction Enhanced Memory prefetching
L3 cache efficiency Optimized Reduced misses
Wall-clock speedup ~ 3.9% Relative to baseline

Use case: GPU kernel compilation and Q-field solver training

14.2 SALO-STORE: Memory Storage Optimization

Metric Value Unit

Locality improvement +14.0% % layout optimization
Access pattern Improved NUMA-aware
Bandwidth utilization Enhanced Reduced stalls
Effective speedup 1.14x%x Relative to baseline

Use case: Large dataset /O, GADGET-4 snapshots

13



14.3 SALO-NET: Network Communication Optimization

Metric Value Unit

Gradient reduction -25.3% o_grad decrease
Communication overhead Reduced MPI latency
Synchronization Asynchronous Non-blocking
Scaling Near-linear Up to 128 nodes

Use case: Distributed cosmological simulations, gradient descent in parameter fitting

SECTION 15: PRECISION ACCOUNTING TABLE

15.1 Accuracy Tiers (Data-Sorted)

Tier 1: < 0.1% Error

Parameter 3D+3D Observed Error Precision
oa™-1 137.038 137.036 0.001% [Ultra]

6 CKM 68.75° 68.8° 0.07%  [Precision]
m W 80.35 GeV 80.377 GeV 0.05% [Precision]
m Z 91.17 GeV 91.187 GeV 0.02%  [Precision]
m p 937.27 MeV 938.272 MeV 0.1% [Precision]
md/mu 2.163 2.162 0.05%  [Precision]
ms/md 20.0 20.0 0.0% [Exact]

o s 0.1180 0.118 0.0% [Exact]

m e 0.511 MeV 0.5109989 MeV 0.18% [Precision]
R o 10973731.6 m~* 10973731.57 m~* 0.01%  [Ultra]

Tier 2: 0.1% - 1% Error

Parameter 3D+3D Observed Error Comment

sin?0 W 0.2303 0.2312 0.4%  Electroweak precision
sin?0 12 0.3090 0.307 0.7%  Solar neutrinos

sin?0 23 0.5393 0.545 1.1%  Atmospheric neutrinos
m p 0.1056 GeV  0.1055658 GeV  0.04% Precision muon

m T 1.777 GeV ~ 1.77686 GeV 0.06% Precision tau

Tier 3: 1% - 5% Error

Parameter 3D+3D Observed Error Status

m H 126.8 GeV  125.1 GeV 1.3% LHC Run 3 refinements expected
06 13 8.30° 8.57° 3.1% NOVA/T2K consistent

m t 173.1 GeV 173.0 GeV 0.1% Precision top

mb/ms 44.0 44.75 1.7% QCD uncertainties
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Tier 4: > 5% Error

Parameter 3D+3D Observed Error Note
PMNS Tribimaximal Close to maximal — Framework allows perturbations
p (CKM) 0.258 0.124-0.155 Large Unitarity triangle tension

15.2 Dynamical System Precision

Parameter Value Precision Source

u0 0.3647 Derived DynSys attractor

u * 0.3333 Exact (1/3) Theorem

u fp 0.2027 (15-v213)/2 Eigenvalue analysis
z tr 0.9724 e7(36/53) -1 Exact formula

Au -1.472  -53/36 Exact ratio

15.3 Observational Data: Fit Quality

Dataset Observations 2 (3D+3D) 2 (ACDM) Ay?

DESI BAO 11 38.6 72.5 33.9
Pantheon+ SNela 11 (binned) 34.7 69.8 35.1
Total 22 73.3 142.3 69.0

Statistical significance: Ay?/v2 = 48.8 o equivalent (8.30 direct)

SECTION 16: PRE-REGISTERED FALSIFICATION TESTS
16.1 Kill-Switch Predictions (2026-2027)

All predictions made on specific dates and pre-registered at OSF (Open Science Framework).

Test 1: Hubble Tension Resolution

Observable 3D+3D ACDM (fit) Experiment Sensitivity

HO 64.5 km/s/Mpc 67.4 (varies) DESI DR2 + Euclid DR1 Falsifiable at 1o
Tension w/ Planck 2.60 mismatch By design Planck 2018 —
Tension w/ SHOES 5.90 mismatch By design SHOES 2022 —

Prediction date: 21 February 2026
Falsification threshold: If H 0 > 70 km/s/Mpc from next-gen surveys, framework violated.

Test 2: Growth Rate and Structure Formation
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Observable 3D+3D Standard Experiment Pre-reg

Y 0.567 ~ 0.55 Euclid photometric+spectroscopic Yes (OSF)
fo 0.519 Q m~™y DESI LRG clustering Yes (OSF)
D/D ACDM 0.855 1.0 (by definition) Cross-survey analysis Yes (OSF)

Falsification: If Euclid DR1 measures y = 0.55 = 0.02, framework mildly disfavored.

Test 3: Cosmic Web Filament Scale

Observable 3D+3D Standard Experiment Status

A 13 0.856 Mpc No prediction SPHEREx/DESI [NEW] Pre-registered
Cosmic voids Predicted Variable — Testable

BAO scale Matched Standard DESI, Euclid —

Novelty: 3D+3D uniquely predicts filament scale without extra parameters.

Test 4: Neutrino Mass Sum

Observable 3D+3D Standard Experiment

Zm v ~ 60 meV Unconstrained KATRIN (2026-2028)
m B < 0.8 eV (direct) Limit KATRIN sensitivity
Sterile? None predicted  Open B-decay spectroscopy

Pre-registered: OSF Registries, planned KATRIN publication agreement.

Test 5: Neutrino Mixing (DUNE and Beyond)

Observable 3D+3D PDG Central Experiment Falsifiable

sin?0 23 @/3 = 0.5393 0.545 DUNE CP module = 0.01 precision
Octant Not fixed Measured DUNE Testable

6 CP Framework constraint Measured DUNE+NOvA —

Falsification threshold: If sin?6 23 < 0.52 or > 0.57 (20 from prediction), framework disfa-

vored.

Test 6: Dark Matter Direct Detection (LZ / XENONnNT)

Observable 3D+3D ACDM expectation Experiment
WIMP signal Null expected Several events/yr LZ (2026+)
Axion-like Possible (Q-field) Not standard CAST/IAXO

Charge-neutral Predicted

Variable Directional detectors

Falsification: Clear WIMP events (>50) would disfavor 3D+3D unless reinterpreted.
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Test 7: Gravitational Wave Spectrum (LISA/ET)

Observable 3D+3D Prediction Standard Experiment

f1 0.519 nHz Variable LISA (2034+)

f2 1.0617 nHz — LISA/Einstein Telescope
Spectrum shape Derived ACDM background Joint LISA+ET

Falsification: If PTA confirms excess atf 2 = 1.0617 nHz — strong support; null — disfavor.

Test 8: Fine-Structure Constant Evolution

Observable 3D+3D Standard Experiment
Ao/avs z Predicted to 0.1 ppm Constrained ESPRESSO (VLT)
Variation < 107-5 over cosmic time Various limits High-z quasar spectra

SECTION 17: NOTATIONAL CONVENTIONS AND RULES

17.1 Index Conventions

Convention Definition Example

Greek indices p,v =0,1,2,3 4D spacetime
Capital Latin A, B =0,1,2,3,4,5 6D full spacetime
Spatial Latin ,j=1,2,3 3D space only

Subscripts 2,3 Extra-temporaldims T 2,7t 3,L 2,L 3

17.2 Metric Signature Convention

The 6D metric tensor g AB has signature (-, +, +, +, -, -).

17.3 Subscript and Superscript Rules

Rule Example Meaning

Subscripts 2,3 L 2=9.51ly Compact dimension
Subscripts 0-5 A 0, ..., A 5 Scale ladder

Subscript geom Q geom Geometric dark energy
Superscript * u * Attractor value
Superscript fp u fp Fixed point

17.4 Natural Units and Conversions

Convention Assumption Exception

Planck units c=h=G =1 Explicitly stated in observational chapters
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Convention Assumption Exception

Mass-length m = 1/L Eg, m HeLH
Energy-inverse length E = 1/r Particle physics chapters
Temperature T=E CMB temperature (rarely used)

17.5 Epistemic Tags

Every parameter is tagged with its provenance:

Tag Meaning Example

Axiom Single fundamental assumption T = i/@

Theorem Proven from axiom W = 7 (Paper 311)
Derived Calculated from theorems Q geom = 19/73

Obs. Observational input Q m = 0.315 (Planck)
Calibrated Fit to data, zero free parameters A 2 = 4.30 kpc (SPARC)
Pre-registered Prediction made before data H 0 = 64.5 km/s/Mpc
Falsifiable Can be ruled out y = 0.567 (Euclid)

17.6 Numerical Precision Notation

Notation Meaning Example

Exact (infinite precision) Algebraic or rational @ = (1+V5)/2

n significant figures Decimal approximation ¢ =1.618034 (6 s.f.)
Error bar Uncertainty range L2=95x021ly
Percent error Relative uncertainty a™-1: <0.1% error
“Exact to 10™-14" Machine precision verified f = 4B verified in SymPy

17.7 Legacy Notation (Papers I-II vs VIII+)

Quantity Papers I-II Papers VIII+ Status

Extra temporal dims Subscripts 4,5 Subscripts 2,3 Use v4.0+ convention
Period formula T =2L T = L Physics invariant

Mass units Natural + G Planck See section 17.4

Warning: Old papers must be converted; all physics results are invariant.

APPENDIX A: COMPLETE ALPHABETICAL SYMBOL IN-
DEX

A.1 Greek Symbols (a - w)
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Symbol

Name

First mention

Section

a Alpha (metric/fine-structure) 6.1 Electroweak, Metric
a(Q) SL damping coefficient 7 (Ch. 7,v4.0) Sturm-Liouville
oS Strong coupling constant 6.7 QCD

B Beta (metric for Tt 3) 2.1 Metric

B(C) SL potential 7 (Ch. 7, v4.0) Sturm-Liouville
Y Gamma (PPN, growth index, T? metric) 5.3, 2.2 Growth, Metric
6 Density perturbation 2.2 Perturbations

C Reduced redshift 2.2 Cosmology

0 Theta (mixing angles, modes) 2.2 Mixing angles
A Lambda (scales, Higgs quartic) 4.1,6.4 Q-field, Higgs

p Rho (density, CKM Wolfenstein) 2.1,6.5 Metric, CKM
o8 Matter fluctuation amplitude 13.5 Simulations

T Tau (extra time, modular parameter) 1.1, 3.1 Core axiom

D Q Q-field scalar 7.1 Q-field

© Phi (golden ratio) 1.1 Core axiom

V& Chi-squared (fit quality) 15.3 Precision

Q Omega (density fractions) 5.1 Cosmology

A.2 Latin Symbols (A - Z)

Symbol Name First mention Section

a(t) Scale factor 2.1, 5.1 Metric, Cosmology
A Kernel amplitude 1.2 Algebraic chain
A Fib Companion matrix 1.2 Algebraic chain
C Concurrence 10.1 Entanglement

d Generic dimension — Various

E ent Entanglement entropy 10.1 Entanglement
fo Growth rate at z=0 5.3 Growth

f cold Cold DM fraction (Q-field) 11.2 SMBH/Q-field
K Q-sector matrix 1.2 Algebraic chain
kn Lorentzian kernel scale 13.3 Simulations
Ln Compactification diameters or Lucas 3.1, 1.2 Compactification, Algebra
m (with subscripts) Particle masses 6 Particle physics
M crit Critical mass threshold 4.2,11.2 Galactic, SMBH
n s Spectral index (scalar) 5.2 Cosmology

r Tensor-to-scalar ratio 5.2 Cosmology

u Density ratio (Q Q / Q m) 9.1 DynSys

\Y Higgs VEV 6.4 Higgs
v_s”cosm Warp speed (cosmological) 12.1 Warp engine

w Coherent-mode rigidity 1.2 Algebraic chain
w Equation of state 5.2 Dark energy

zZ Redshift 5.1 Cosmology

z tr Transition redshift 5.2 Dark energy

APPENDIX B: HISTORICAL RECORD AND EDITIONS
B.1 Symbol Book Version History
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Version Date Additions Retirements Pages

v1.0 Sept 2025 Initial (core axiom, — 3
metric)
v2.0 Oct 2025  SM parameters — 5
(first 20)
v3.0 March DESI/Pantheon+ Old redshift notation 10
2026 fit, SL operator
v4.0 April Modal basis, Ho — 12
2026 prediction, 42 SM
v5.0 April [NEW] DynSys, — 18+
2026 Entanglement,
SMBH/AGN,
Warp, SALO,
GADGET-4

B.2 Paper Cross-References

Symbol(s) First described in Current version
T=1i/@ Foundational axiom (Sept 2025) v1.0+
K=1[3,11,[1,2]] Paper 311 v2.0+

W=7 Papers LXXXIV-XC v2.0+

Q geom = 19/73 Paper XCVI v2.0+

z tr = e”(36/53) - 1 Paper CII (DynSys) v4.0+
Entanglement sector Paper CIV (Quantum) v5.0 [INEW]
SMBH/AGN scaling Paper CVII (Astro) v5.0 [INEW]
Warp engine Paper CVI (GR extension) v5.0 [NEW]

GADGET-4 LrzSort Simulation papers C, CI, CIII v5.0 [NEW]

SECTION 16 — ANTI-S-DUALITY TRILOGY & SUBLEADING
SERIES (NEW v5.1, April 26, 2026)

16.1 Anti-S-Duality Symbols (Paper a v1.4)

Symbol Definition Value Source

T _dual S-dual modular parameter 0] Paper o §2

A NP Boltzmann suppression of dual vacuum ~10-3> Paper a §5
L-chirality Empirical chirality of SM fermions left Empirical input
I phys Physical modular subgroup Io(2) Paper B v1.2

(o, B) Spin structure on T?(t=i/@)/Z 2 (1/2, 0) Paper p

The Anti-S-Duality Theorem states: among the modular orbit {t, St} = {i/p, i-@}, the L-
chirality of the Standard Model selects T = i/ uniquely. The S-dual vacuum is suppressed by
~10-35,
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16.2 Bridge Scale and Berry Holonomy (Paper y v2.2 + Paper € v1.2)

Symbol Definition Value Source

1B Bridge scale v-exp(—1/@?) = Paper y FCNC
74.16 GeV

6 CKM CP-violating CKM phase m/@? = 68.75° Paper ¢ §3.3

y UT Unitarity Triangle angle 6 CKM — A% + Paper e v1.2, T §3

Berry connection

A M~™Berry

Gauge potential on Tlocale

O(A%) = 65.95°

Oy + iMA M

Paper € §2

Berry holonomy mechanism: the CP phase 6 CKM = n/p? emerges as a topological holon-
omy when integrating around the boundary of the fundamental domain of I'°(2).

16.3 Subleading Series Universal Kernel (Paper ( v1.5)

Symbol Definition Value Source

1/@? Universal subleading kernel 0.382 Paper C §4, Lemma 4.4
A Wolfenstein parameter 3/(12+¢) = 0.220 Paper T §3

s ij Chirality-flip sign (=1)"N flip Paper C.3 Lemma B
c_ij Form-factor coefficient 1 (universal) Paper C.3 Lemma A

€ universal Two-insertion factor A?/(2m) Paper C.4 Theorem 5.1

LQSU Statement (Lepton-Quark Subleading Universality, Paper (.7): the universal
kernel 1/¢? applies to BOTH CKM (quark sector) and PMNS (lepton sector) subleading cor-
rections. Same Berry mechanism, same numerical value.

16.4 PMNS Subleading Predictions (Paper (.7)

Observable Prediction PDG 2024 Pull (o)
sin?0 12 0.315 0.307 = 0.013 +0.61
sin?0 23 0.535 0.546 = 0.021 —0.52
sin?0 13 0.0217 0.0220 + 0.0007 -—-0.43
6 CP (PMNS) 229.25° 230° + 25° —-0.03

All four predictions within 0.70. Kill-switch DUNE 2030: 6 CP ¢ [200°, 260°] at 50 — falsifies

the framework.

16.5 QFT Consistency Symbols (Paper (.5)

Symbol Definition Source
L 6D Six-dimensional Lagrangian Paper C.5 §2
D M Berry covariant derivative Opp + XA

V_2-insertion

1/(2m)

Two-insertion vertex
Berry-cycle measure (NOT 4D loop)
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Symbol Definition Source
1/(1612) 4D one-loop coefficient (distinct) Paper C.4 §3

16.6 KK Mode Suppression Symbols (Paper (.6 v1.1)

Symbol Definition Source

Z 2 (orbifold) Reflection symmetry on T?(t)/Z 2  Paper C.6 §2

N max KK mode cutoff (numerical) 100 (verified to 10-1%)

E 2(1) Eisenstein series weight 2 Paper .6 Theorem 6.2

E 2*(i/p) Modular completion at fixed point invoked from Iwaniec 2002

16.7 Direction D Status Table

Sub-direction Topic Status Closure

D.1 Berry higher-order AS [] partial instanton open

D.2 V_us via I'°(2) [J closed (Lemma 4.4

D.3 V_cb K-matrix 0 closed y Bridge Theorem
D.4 sign s ij + c=1 0 closed (.3 Lemma A+B

D.5 Loop coefficient A?/(21m) 0 closed (.4 Theorem 5.1

D.6 QFT consistency ] closed (.5 Theorem 5.1

D.7 UV completeness 0 strong progress (.6 Theorems 6.1+6.2
D.8 PMNS extension + LQSU [] closed C.7 Theorem 7.1

16.8 Master Logical Chain v3.0 — 24 Layers

Layer Topic Output Status
LO Single axiom T =i/ input
L1-L7 Foundational geometric numbers Q geom, n_geom, A, & []

L8 Cosmological kernel nk), k n 0
1.8.1-8.4 Lensing predictions AN/N, P(6_E) 0
19-L14  Particle physics leading (SM) 22+ parameters 0
L15 Anti-S-Duality T = i/ selected 0
Lle6 Berry holonomy 6 CKM = m/? 0
L17 Bridge scale p B =74.16 GeV 0
L18 Subleading kernel 1/@? universal 0
L19 KK suppression rigorous + invoked 0
L20 LQSU statement PMNS = CKM kernel []

Total observables derived: 43+ from O free parameters.
Total kill-switches pre-registered: 15.

APPENDIX C — UPDATED VERSION HISTORY (v5.1)
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Version Date Additions Pages
v5.0 April 13, 2026 DynSys, Entanglement, 18+
SMBH/AGN, Warp, SALO,
GADGET4
v3.1 April 26, [NEW] Anti-S-Duality 22+
2026 Trilogy (o, B, v, €),

Subleading Series (C +
(.3-7), LQSU statement,
Master Chain v3.0, 15

kill-switches

C.1 Cross-References for v5.1 NEW Symbols

Symbol(s) First described in Paper

T _dual = i@, A NP Anti-S-Duality theorem Paper avl.4
~10-35

I' phys = I°(2), spin Modular closure Paper p v1.2

(1/2, 0)

1B =74.16 GeV, FCNC
channels

6 CKM = n/¢? y UT
1/@? kernel, A =
3/(12+)

Lemma A (c=1), Lemma
B (s_ij)

& = 2?/(2m)

L 6D, D M Berry
covariant

Z 2 KK pair-cancellation
LQSU, 4 PMNS
predictions

24-layer DAG, 15
kill-switches

Bridge scale + 18-channel sweep

Berry holonomy + UT angle
Universal subleading

First-principles derivation

Two-insertion geometric
QFT-consistent Lagrangian

Symmetry-based suppression
Lepton extension

Consolidated chain

Paper y FCNC
v2.2

Paper € v1.2
Paper Cv1.5

Paper C.3 v1.1

Paper .4 v1.1
Paper C.5 v1.0

Paper C.6 v1.1
Paper C.7 v1.0

Master Chain
v3.0

CLOSING NOTE

The 3D+3D framework, grounded in a single axiom T = i/¢p, demonstrates that the structure
of six-dimensional spacetime with signature (-, +, +, +, -, -) encodes both quantum mechanics
(through entanglement) and classical cosmology (through dark energy). This Symbol Book

v5.1 provides the complete notational apparatus for navigating that unified description.

Zero free parameters. Algebraically closed. Empirically falsifiable.

In the tradition of Galileo: “La matematica é il linguaggio con cui Dio ha scritto I’'universo.”

In the 3D+3D framework, that language has six dimensions, one calibrated scale (A 2 = 4.30

kpc), and all dimensionless parameters derived from the golden ratio.
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