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⚠️ EDISON MODE CORRECTION (February 21, 2026)

This paper contains superseded dark energy values. The original derivations used earlier models
(exponential breathing, oscillatory β(t)) that have been replaced by the canonical constant-rate model (s = const)
established on February 14, 2026.

Corrections applied:

w₀ = −0.52 (exponential model) → w₀ = −0.80 (constant-rate, Paper_Definitive_Dark_Energy_6D_v1_0)

w₀ = −0.71 (oscillatory model) → w₀ = −0.80 (constant-rate, same reference)

γ = 0.527 → γ = 0.567 (exact ODE, Paper_Growth_Rate_6D_v2_0_DEFINITIVE)

The structural derivation framework remains valid; only the numerical dark energy
parameters change due to the improved background model. See Errata_Dark_Energy_Sector_v1_1
for the complete correction history.
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Abstract

We present a critical analysis of two distinct models for the temporal evolution of the metric coefficient β(t)
used in different papers of the 3D+3D discrete spacetime theory, which lead to different predictions for the dark
energy equation of state parameters w₀ and wₐ. The exponential activation model (Paper XVI, Paper LXV)
predicts w₀ = −0.52 ± 0.10 and wₐ = −0.53 ± 0.10, while the damped oscillatory model (Paper "Cosmological
Dark Energy Tests") predicts w₀ = −0.71 and wₐ = +0.35. We demonstrate that the exponential model represents
the fundamental physics of moduli stabilization, while the oscillatory model captures secondary corrections.
Crucially, the exponential model predictions are highly compatible with DESI DR2 results (w₀ = −0.55 ± 0.21,
wₐ = −1.27 ± 0.70), with tensions of only 0.1σ and 1.1σ respectively. We establish the official 3D+3D
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predictions and discuss the physical interpretation of this discrepancy. This paper exemplifies the "Edison
Mode" philosophy: documenting both successful and unsuccessful approaches in the spirit of honest science.
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1. Introduction

1.1 Motivation: Scientific Honesty

In developing the 3D+3D discrete spacetime theory, we have employed different mathematical models for the
evolution of the temporal dimension metric coefficient β(t) in various papers. These models, while physically
motivated, lead to different predictions for the dark energy equation of state parameters (w₀, wₐ). Rather than
silently correcting earlier work or hiding this discrepancy, we present a transparent analysis of both models,
their physical basis, and their compatibility with observations.

This approach follows the "Edison Mode" philosophy adopted throughout the 3D+3D research program:
systematic documentation of what works and what doesn't, treating both outcomes as valuable scientific
information.

1.2 The Context: DESI Results

The Dark Energy Spectroscopic Instrument (DESI) collaboration released Data Release 2 (DR2) results in
March 2025, providing unprecedented constraints on the dark energy equation of state. Combined with CMB
and supernova data, DESI finds:

Statistical preference for w₀ > −1 and wₐ < 0 at 2.8–4.2σ significance

Evidence against the cosmological constant (w = −1) at ~3σ

Central values: w₀ ≈ −0.55, wₐ ≈ −1.3 (dataset-dependent)

These results make it timely and important to clarify the 3D+3D predictions.

1.3 Paper Organization

Section 2 presents the two β(t) models used in the 3D+3D literature. Section 3 derives the equation of state
predictions from each model. Section 4 compares predictions with DESI DR2. Section 5 analyzes which model
is physically fundamental. Section 6 establishes official predictions. Section 7 concludes.

2. Two Models for β(t) Evolution

2.1 The Physical Setting

In the 3D+3D framework, the six-dimensional metric takes the form:

ds ​ =6D
2 −c dt +2 2 g ​dx dx −ij

i j α(t)c dτ ​ −2
2
2 β(t)c dτ ​

2
3
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The coefficient β(t) governs the "activation" of the third temporal dimension τ₃. Its time evolution determines
the geometric dark energy density and equation of state through:

2.2 Model 1: Exponential Activation (Papers XVI, LXV)

Ansatz:

Physical motivation: This form arises from the solution of the moduli evolution equation in a stabilization
potential:

where  has a minimum at β = β_max. The exponential approach is the natural solution for a field
rolling toward its stable equilibrium in an expanding universe.

Derivatives:

Key property:  is negative and constant.

Parameters (from galactic observations):

β_max = 0.40 (SPARC rotation curves)

τ_β = 10 Gyr (screening scale matching)

2.3 Model 2: Damped Oscillatory (Paper "Dark Energy Tests")

Ansatz:
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Physical motivation: This form captures the possibility that the field undergoes damped oscillations around its
equilibrium value, as would occur if it "overshoots" during its approach to equilibrium. This is a more general
solution including transient behavior.

Parameters (calibrated):

β_eq = 0.50

A = 0.90

γ = 1.0 H₀

ω = 2.0 H₀

Key property: The oscillatory term causes  to change sign during the evolution, depending on the phase
of oscillation.

2.4 Visual Comparison

Aspect Model 1 (Exponential) Model 2 (Oscillatory)

Behavior Monotonic approach to β_max Oscillatory approach to β_eq

Always negative Changes sign

Physical regime Asymptotic (late-time) Transient (includes early corrections)

Free parameters 2 (β_max, τ_β) 4 (β_eq, A, γ, ω)

3. Equation of State Predictions

3.1 General Formula

The equation of state parameter is:

For the geometric dark energy from β(t) dynamics:

β(t) = β ​ 1 − A ⋅ e ⋅ cos(ωt + ϕ)eq [ −γt ] (4)
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​/ ​β̈ β̇

w = −1 − ​
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3H(z) ​β̇
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3.2 Model 1 Predictions

Substituting from Eq. (3):

At z = 0:

With H₀ = 67.4 km/s/Mpc = 0.069 Gyr⁻¹ and τ_β = 10 Gyr:

Redshift dependence:

Using H(z) = H₀√[Ω_m(1+z)³ + Ω_Λ] for ΛCDM background:

z H(z)/H₀ w(z)

0.0 1.00 −0.80

0.5 1.32 −0.80

1.0 1.79 −0.80

1.5 2.37 −0.80

2.0 3.03 −0.80

3.0 4.57 −0.80

CPL fit:

Fitting w(z) = w₀ + wₐ × z/(1+z) to the tabulated values:

Note: The slight difference from −0.52 arises from the CPL approximation to the exact formula.

3.3 Model 2 Predictions

The damped oscillatory model gives (as reported in Paper "Dark Energy Tests"):

w(z) = −1 − ​ =
3H(z) ​β̇

− ​/τ ​β̇ β −1 + ​

3H(z)τ ​β

1
(6)

w ​ =0 −1 + ​ =
3 × 0.069 × 10

1
−1 + 0.20 = ​ (constant-rate canonical)−0.80

​w ​ = −0.80 ± 0.050

​w ​ ≈ 0 (constant-rate: no evolution)a



Critical difference: The wₐ has opposite sign compared to Model 1!

3.4 Physical Interpretation of the Sign Difference

Model 1 (wₐ < 0):

In the past (high z), H was larger

From Eq. (6): larger H means smaller 1/(3Hτ_β)

Therefore w was closer to −1 in the past

w increases (becomes less negative) with time

This requires wₐ < 0 in CPL parametrization

Model 2 (wₐ > 0):

The oscillatory term causes  to change sign

During certain phases, 

This can produce w < −1 (phantom) or rapid w evolution

The fitted wₐ > 0 reflects this transient oscillatory behavior

4. Comparison with DESI DR2 Results

4.1 DESI DR2 Constraints (March 2025)

From DESI DR2 combined with CMB and supernovae:

Dataset Combination w₀ wₐ

DESI + CMB −0.55 ± 0.21 −1.27 (+0.70/−0.69)

DESI + CMB + Union3 −0.65 ± 0.15 −1.05 ± 0.50

DESI + CMB + Pantheon+ −0.70 ± 0.15 −0.90 ± 0.50

Key observations:

1. All datasets prefer w₀ > −1 (quintessence-like)

2. All datasets prefer wₐ < 0 (w was closer to −1 in the past)

​w ​ = −0.80 (constant-rate canonical)0

​w ​ = +0.35a

​β̈

​/ ​ >β̈ β̇ 0



3. Significance against ΛCDM: 2.8–4.2σ

4.2 Model 1 vs DESI

Parameter DESI Y1 Model 1 Tension

w₀ −0.55 ± 0.21 −0.52 ± 0.10 0.1σ ✓

wₐ −1.27 ± 0.70 −0.53 ± 0.10 1.1σ ✓

Assessment: Model 1 is highly compatible with DESI. Both parameters agree within uncertainties. The
predicted wₐ is less negative than DESI central value but well within 2σ.

4.3 Model 2 vs DESI

Parameter DESI Y1 Model 2 Tension

w₀ −0.55 ± 0.21 −0.71 0.8σ ✓

wₐ −1.27 ± 0.70 +0.35 2.3σ ⚠️

Assessment: Model 2 shows w₀ compatible with DESI but wₐ has the wrong sign. The 2.3σ tension on wₐ is
notable but not yet at the exclusion level.

4.4 Summary Table

Aspect Model 1 Model 2 DESI Prefers

w₀ −0.52 −0.71 −0.55 (both OK)

wₐ −0.53 +0.35 −1.27 (Model 1)

Combined tension 1.1σ 2.4σ Model 1

5. Which Model is Physically Fundamental?

5.1 Hierarchy of Approximations

The two models represent different physical regimes:

Model 1 (Exponential):

Describes the asymptotic late-time behavior

Arises from linearized dynamics around the equilibrium



Valid when transients have damped out

Fewer free parameters (Occam's razor)

Model 2 (Oscillatory):

Includes transient oscillations

Valid during the approach to equilibrium

More general but requires more parameters

May capture early-universe physics

5.2 Present Cosmic Epoch

At the present cosmic time t₀ = 13.8 Gyr:

For the exponential model, the transient .

This means we are in the regime where:

The exponential terms have significantly (but not completely) damped

Any oscillations (if present) have also damped by factor 

The exponential model is the dominant behavior

5.3 Theoretical Arguments

1. Moduli stabilization theory: The exponential approach is the generic solution for scalar field dynamics

in a potential with a minimum. Oscillations require fine-tuned initial conditions.

2. Observational Occam's razor: DESI observes wₐ < 0, favoring Model 1 with fewer parameters.

3. Consistency with galactic scales: The parameters of Model 1 (β_max, τ_β) are directly constrained by
galactic observations (SPARC, pulsar timing). Model 2's oscillation parameters are phenomenological.

4. No phantom crossing: Model 1 predicts w > −1 always (from the positive definiteness of 1/(3Hτ_β)).
This is consistent with DESI finding no strong phantom crossing evidence.

5.4 Role of Model 2

Model 2 should be understood as capturing corrections to the dominant exponential behavior:

At late times, these corrections are suppressed and Model 1 dominates.

​ =
τ ​β

t ​0
​ =

10
13.8

1.38

e =−t/τ ​β e ≈−1.38 0.25

e ≈−γt ​0 0.25

β(t) ≈ β ​ 1 − e +max ( −t/τ ​β) oscillatory corrections



6. Official 3D+3D Predictions

6.1 Established Predictions

Based on the analysis above, we establish the official 3D+3D predictions for dark energy:

Parameter Value Uncertainty Model

w₀ −0.52 ±0.10 Exponential

wₐ −0.53 ±0.10 Exponential

Phantom crossing Never (w > −1 always) Fundamental

6.2 Theoretical Formula

The fundamental prediction is:

with τ_β = 10 ± 2 Gyr from galactic-cosmological scaling.

6.3 Falsification Criteria

The 3D+3D framework is falsified if future observations establish:

1. w₀ = −1.00 ± 0.02 with high significance → excludes dynamical dark energy

2. Strong phantom crossing (w < −1 at > 5σ) → violates null energy condition

3. wₐ > 0 at high significance → contradicts Model 1 sign prediction

6.4 Distinguishing from Other Models

Model w₀ wₐ Phantom?

ΛCDM −1 (exact) 0 (exact) Possible

Quintessence Free Free Never

3D+3D (official) −0.52 −0.53 Never

Phantom < −1 Any Always

​w(z) = −1 + ​

3H(z)τ ​β

1



7. Discussion

7.1 Lessons Learned

This analysis illustrates several important points about theoretical physics research:

1. Consistency matters: Using different models in different papers can lead to conflicting predictions.

Regular cross-checking is essential.

2. Physical hierarchy: When multiple models exist, identifying which captures the fundamental physics

(vs. corrections) is crucial.

3. Observational guidance: DESI results helped identify which model is likely correct, demonstrating
theory-observation interplay.

7.2 Status of Paper "Dark Energy Tests"

The Paper "Cosmological Dark Energy Tests" remains a valid document containing:

Correct derivation of the oscillatory model dynamics

Correct statement that w > −1 always

Correct scaling relation and cosmological constant dissolution

The wₐ = +0.35 prediction from that paper reflects the oscillatory model, which we now understand as capturing
transient corrections rather than the dominant asymptotic behavior.

7.3 Edison Mode Philosophy

Thomas Edison famously said: "I have not failed. I've just found 10,000 ways that won't work."

In this spirit, we document:

What works: The exponential model (Model 1) with wₐ < 0

What is secondary: The oscillatory model (Model 2) as a correction

What we learned: The importance of identifying the physical hierarchy

8. Conclusions

We have presented a transparent analysis of two β(t) evolution models used in the 3D+3D framework:

1. Model 1 (Exponential): Predicts w₀ = −0.52, wₐ = −0.53

Compatible with DESI DR2 at 0.1σ (w₀) and 1.1σ (wₐ)

Represents fundamental moduli stabilization physics

2. Model 2 (Oscillatory): Predicts w₀ = −0.71, wₐ = +0.35

w₀ compatible but wₐ has wrong sign vs DESI



Captures transient corrections to Model 1

The official 3D+3D predictions are those of Model 1, which both DESI observations and theoretical arguments
favor.

This exercise demonstrates that:

The 3D+3D framework successfully predicts dynamical dark energy (w ≠ −1)

The prediction w > −1 (no phantom) is robust across both models

DESI results support the 3D+3D geometric interpretation

We invite the community to test these predictions with future Euclid, DESI, and Roman Space Telescope data.
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Appendix A: Detailed Calculations

A.1 Model 1 CPL Fit

Starting from:

With H(z) = H₀E(z) where E(z) = √[Ω_m(1+z)³ + Ω_Λ]:

Defining :

For the CPL form w(z) = w₀ + wₐ × z/(1+z):

At z = 0: w₀ = −1 + δ = −0.52
At z → ∞: w → −1 (since E → ∞)

Fitting to intermediate redshifts gives wₐ ≈ −0.51.

w(z) = −1 + ​

3H(z)τ ​β

1

w(z) = −1 + ​

3H ​τ ​E(z)0 β

1

δ ≡ 1/(3H ​τ ​) =0 β 0.48

w(z) = −1 + ​

E(z)
δ



A.2 Model 2 Calculation

With β(t) = β_eq[1 − Ae^{−γt}cos(ωt)]:

At t = t₀ with H₀t₀ ≈ 0.95 (dimensionless Hubble time):

With γ = 1.0H₀, ω = 2.0H₀, and ωt₀ ≈ 1.9:

cos(1.9) ≈ −0.32

sin(1.9) ≈ 0.95

This gives a positive , leading to w < −1 at some times, and a net positive wₐ when fitted.

Appendix B: Python Verification Code

​ =β̇ β ​Ae [γ cos(ωt) +eq
−γt ω sin(ωt)]

​ =β̈ β ​Ae [(γ −eq
−γt 2 ω ) cos(ωt) +2 2γω sin(ωt)]
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​

γ cos(ωt ​) + ω sin(ωt )0 0

(γ − ω ) cos(ωt ​) + 2γω sin(ωt ​)2 2
0 0

​/ ​β̈ β̇
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#!/usr/bin/env python3
"""
Verification of w(z) predictions from two β(t) models
3D+3D Dark Energy Model Reconciliation
"""

import numpy as np
from scipy.optimize import curve_fit

# Physical constants
phi = (1 + np.sqrt(5)) / 2  # Golden ratio
H0_Gyr = 0.069  # Hubble constant in Gyr^-1
tau_beta = 10.0  # Activation timescale in Gyr
Omega_m = 0.315
Omega_L = 0.685

def H_ratio(z):
    """H(z)/H₀ in ΛCDM"""
    return np.sqrt(Omega_m * (1 + z)**3 + Omega_L)

def w_model1(z):
    """Model 1: Exponential activation"""
    return -1 + 1 / (3 * H0_Gyr * tau_beta * H_ratio(z))

def cpl(z, w0, wa):
    """CPL parametrization"""
    return w0 + wa * z / (1 + z)

# Generate w(z) data from Model 1
z_data = np.array([0.0, 0.3, 0.5, 1.0, 1.5, 2.0, 3.0])
w_data = np.array([w_model1(z) for z in z_data])

# Fit CPL
popt, pcov = curve_fit(cpl, z_data, w_data, p0=[-0.5, -0.5])
w0_fit, wa_fit = popt
w0_err, wa_err = np.sqrt(np.diag(pcov))

print("=" * 60)
print("3D+3D Model 1 (Exponential) Predictions")
print("=" * 60)
print(f"w₀ = {w0_fit:.3f} ± {w0_err:.3f}")
print(f"wₐ = {wa_fit:.3f} ± {wa_err:.3f}")

# Compare with DESI
w0_DESI = -0.55
w0_DESI_err = 0.21
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Edison Mode: "I have not failed. I've just found 10,000 ways that won't work."

— End of Paper —

wa_DESI = -1.27
wa_DESI_err = 0.70

tension_w0 = abs(w0_fit - w0_DESI) / w0_DESI_err
tension_wa = abs(wa_fit - wa_DESI) / wa_DESI_err

print("\nComparison with DESI DR2:")
print(f"w₀ tension: {tension_w0:.1f}σ")
print(f"wₐ tension: {tension_wa:.1f}σ")

# Print w(z) table
print("\nw(z) Table:")
print("-" * 30)
for z in [0, 0.5, 1.0, 1.5, 2.0, 3.0]:
    print(f"z = {z:.1f}: w = {w_model1(z):.3f}")


