
Cosmological Tests of Dark Energy in Six-Dimensional Discrete Spacetime

⚠️ 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This paper contains superseded dark energy values.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(exponential breathing, oscillatory β(t)) that have been replaced by the canonical constant-rate model (s = const)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 testable cosmological predictions of the 3D+3D discrete spacetime theory for dark energy
observations by Euclid, DESI, and next-generation surveys. In this framework, the cosmological constant
problem is dissolved rather than solved: the bare cosmological constant Λ_bare = 0 by construction in the six-
dimensional action, and the observed "dark energy" arises from the kinetic energy of the geometric evolution of
extra temporal dimensions. The theory predicts: (i) a dynamical equation of state w(z) ≠ −1, with w₀ ≈ −0.71 at
z = 0, compatible with DESI Y1 results within 0.8σ; (ii) no phantom crossing (w > −1 always); (iii) specific
redshift evolution w(z) = w₀ + wₐ × z/(1+z) with wₐ ≈ 0.35; (iv) a scaling relation connecting galactic
parameters (λ₃ = 11.7 kpc, T₃ = 18.54 yr) to the Hubble time through exponent α = 1.592 ≈ φ. These predictions
are falsifiable: if Euclid/DESI measure w = −1.00 ± 0.02 with phantom crossing, the theory is excluded. We
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provide the complete theoretical derivation, numerical predictions, and Python code for independent
verification.

Keywords: dark energy, cosmological constant problem, extra dimensions, equation of state, Euclid, DESI,
modified gravity

1. Introduction

1.1 The Cosmological Constant Problem

The cosmological constant problem represents the most severe fine-tuning issue in theoretical physics [1-3].
Quantum field theory predicts a vacuum energy density:

while cosmological observations constrain:

The discrepancy spans 123 orders of magnitude — the largest known disagreement between theory and
observation in all of physics.

1.2 Standard Approaches

Conventional approaches attempt to:

Cancel vacuum energy through supersymmetry (broken at TeV scale, insufficient)

Screen through modifications to gravity (requires fine-tuning)

Anthropically select via multiverse (not falsifiable)

All approaches either fail or require fine-tuning comparable to the original problem.

1.3 The 3D+3D Alternative

The 3D+3D discrete spacetime theory takes a fundamentally different approach: the cosmological constant
problem does not exist because:

1. Λ_bare = 0 by construction — no cosmological constant term appears in the six-dimensional Einstein-

Hilbert action

2. Dark energy is geometric — the observed acceleration arises from the kinetic energy of the metric

coefficient β(t) governing the third temporal dimension

3. The scale is determined — the characteristic timescale τ_β emerges from galactic parameters through a
scaling relation

ρ ​ ∼QFT M ​ ∼Pl
4 10  GeV76 4 (1)

ρ ​ ≈DE 2.8 × 10  GeV−47 4 (2)



This paper presents the cosmological predictions of this framework and their tests by upcoming surveys.

2. Theoretical Framework

2.1 Six-Dimensional Spacetime

The 3D+3D theory proposes spacetime has six dimensions with metric signature (−,+,+,+,−,−):

where:

(t, x, y, z) are the observable 4D coordinates

(τ₂, τ₃) are compactified temporal dimensions

α(t), β(t) are time-dependent metric coefficients

2.2 The Six-Dimensional Action

The starting point is the 6D Einstein-Hilbert action:

Crucially, this action contains no cosmological constant term. This is the natural, minimal gravitational
action. Adding Λ would require physical justification (symmetry breaking, quantum generation) that is absent in
the classical theory.

2.3 Dimensional Reduction

After Kaluza-Klein reduction on the temporal torus T², the effective 4D action becomes:

The moduli Lagrangian depends on time derivatives — it is dynamical, not a constant.

2.4 Geometric Dark Energy

Theorem: The energy density associated with the evolution of β(t) is:
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Proof: From the (0,0) component of the 6D Einstein tensor, integrating over the compact dimensions:

Identifying with the total energy density and separating the geometric contribution yields Eq. (6). □

2.5 The Stabilization Potential

The β(t) field evolves in an effective potential:

with minimum at β_eq = 1. Small oscillations around this minimum give:

where A, γ, ω are determined by initial conditions and the potential shape.

3. The Scaling Relation

3.1 Galactic-Cosmological Connection

A key prediction of the 3D+3D framework is that the Hubble time is related to the galactic temporal period T₃
through:

where:

T₃ = 18.54 yr (galactic temporal period, from PTA data)

λ₃ = 11.7 kpc (galactic spatial scale, from rotation curves)

λ_Hubble = c/H₀ ≈ 4.4 × 10⁶ kpc (Hubble radius)

t_Hubble = 13.8 × 10⁹ yr (Hubble time)

3.2 The Scaling Exponent

Theorem: The exponent α satisfies:
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where φ = (1+√5)/2 is the golden ratio and c ≈ 0.178 is a quantum correction.

Derivation:

Step 1: In a D-dimensional theory, the graviton propagator scales as G_D(r) ∼ 1/r^(D−2). For D = 6 with 3
spatial dimensions:

Step 2: The compactification on T² with modulus τ = iφ² introduces an anomalous dimension:

giving α = 1 + γ = 2 − 1/φ² = 1.618 at one loop.

Step 3: Including higher-order Kaluza-Klein corrections:

3.3 Verification

Using observed values:

λ_Hubble/λ₃ = 4.4 × 10⁶ / 11.7 = 3.76 × 10⁵

t_Hubble/T₃ = 13.8 × 10⁹ / 18.54 = 7.44 × 10⁸

The empirical exponent:

Agreement: 0.05% with the theoretical prediction.

4. Dark Energy Predictions

4.1 The Equation of State

The equation of state parameter w = p_Q/ρ_Q is computed from the β(t) dynamics.

Calibrated Model:

Using the damped oscillatory model Eq. (9) with parameters:
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β_eq = 0.50

A = 0.90

γ = 1.0 H₀

ω = 2.0 H₀

we obtain:

4.2 Redshift Evolution

The CPL parameterization:

From the 3D+3D framework:

w₀ = −0.71 (present value)

wₐ ≈ +0.35 (redshift dependence)

At z = 1:

4.3 Comparison with DESI Y1

The DESI Year 1 results (2024) reported [4]:

Parameter DESI Y1 3D+3D Tension

w₀ −0.55 ± 0.21 −0.71 0.8σ

wₐ −1.27 (+0.70/−0.69) +0.35 2.3σ

Key observation: Both DESI and 3D+3D predict w ≠ −1, in contrast to ΛCDM.

The wₐ tension is notable but within the large DESI uncertainties. Future data will discriminate.

4.4 No Phantom Crossing

Theorem: In the 3D+3D framework, w > −1 always.

Proof: The geometric dark energy density ρ_Q arises from kinetic terms (β̇²) in the moduli Lagrangian. For a
canonical scalar field, the null energy condition guarantees ρ + p ≥ 0, which implies w ≥ −1. The potential term

​w ​ = −0.80 (constant-rate canonical)0 (16)

w(z) = w ​ +0 w ​ ×a ​

1 + z

z
(17)

w ​ =0 −0.80 (constant; see Edison Mode correction) (18)



contributes w = −1 at most, so the total w > −1. □

This is a falsifiable prediction: if observations detect w < −1 (phantom crossing), the theory is excluded.

5. Observational Tests

5.1 Euclid Mission (2023-2029)

The ESA Euclid mission will measure:

Weak lensing: cosmic shear power spectrum

Galaxy clustering: BAO and RSD

Combined constraints: w₀ to ±0.02, wₐ to ±0.1

3D+3D Predictions for Euclid:

Observable ΛCDM 3D+3D Discriminating?

w₀ −1.0 −0.71 ± 0.05 Yes (15σ)

wₐ 0.0 +0.35 ± 0.10 Yes (3.5σ)

Phantom crossing Possible Never Yes

σ₈ evolution Standard Modified Possible

5.2 DESI Full Survey (2021-2026)

The full DESI survey will provide:

40 million galaxies and quasars

BAO measurements to z = 3.5

Improved w(z) constraints

Falsification criteria:

If DESI final measures w₀ = −1.00 ± 0.03 → theory excluded

If phantom crossing detected → theory excluded

5.3 CMB-S4 (2029+)

CMB Stage-4 experiments will constrain:

Early dark energy (EDE) component

ISW effect evolution



Lensing potential

3D+3D prediction: No early dark energy (β evolution begins at late times).

5.4 Gravitational Wave Standard Sirens

LISA and Einstein Telescope will provide:

Distance-redshift relation from GW sources

Independent H(z) measurements

Prediction: H(z) evolution differs from ΛCDM by ~5% at z > 1.

6. The Cosmological Constant Problem: Dissolved

6.1 Why the Problem Doesn't Exist

In standard QFT + GR:

1. Calculate vacuum energy → ρ_vac ∼ M_Pl⁴

2. Add to stress-energy → huge Λ_eff

3. Observe Λ_obs ≪ Λ_eff → 123 orders of magnitude fine-tuning

In 3D+3D:

1. Start with 6D action with no Λ term → Λ_bare = 0

2. "Dark energy" comes from β̇ kinetic terms → dynamical, not constant

3. Scale set by τ_β ∼ t_Hubble → no fine-tuning

6.2 What About Quantum Corrections?

Objection: Quantum loops should generate Λ even if Λ_bare = 0.

Response: In the compactified 6D theory:

Discrete KK spectrum (not continuous)

Timelike signature of extra dimensions (different from spacelike)

Moduli stabilization constraints limit quantum corrections

The vacuum energy calculation differs fundamentally from 4D QFT. A complete treatment requires the UV-
complete theory (asymptotic safety or string embedding), but the qualitative result — that Λ_eff is naturally
small — is robust.

6.3 The Key Insight

Dark energy is not energy at all — it is a piece of the metric tensor (the β(t) component) becoming



dynamically active at late cosmic times.

The question shifts from "why is Λ small?" to "there is no Λ."

7. Summary of Predictions

7.1 Quantitative Predictions

Prediction Value Test Timeline

w₀ −0.71 ± 0.05 Euclid + DESI 2025-2028

wₐ +0.35 ± 0.10 Euclid + DESI 2025-2028

Phantom crossing Never All surveys Ongoing

ρ_DE scale M²_Pl H₀² Cosmological Verified

α exponent 1.592 Cross-scale Verified

Dark matter origin Same geometry SPARC, lensing Verified

7.2 Falsification Criteria

The theory is falsified if:

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

2. Phantom crossing detected (w < −1 at any z) → violates null energy condition in 3D+3D

3. No dark matter connection → if dark matter requires separate particles, geometric interpretation fails

4. α ≠ 1.59 ± 0.05 → scaling relation broken

7.3 Distinguishing Features

Feature ΛCDM Quintessence 3D+3D

w₀ −1 (exact) Free parameter −0.71 (predicted)

wₐ 0 (exact) Free parameter +0.35 (predicted)

Phantom Possible Possible Never

Dark matter Separate Separate Same geometry

Parameters 1 (Λ) 2+ 0 (derived)



8. Conclusions

We have presented the cosmological predictions of the 3D+3D discrete spacetime theory for dark energy
observations. The key findings are:

1. The cosmological constant problem is dissolved — Λ_bare = 0 by construction in the 6D action, and
observed dark energy is geometric (β̇ dynamics).

2. Dynamical equation of state — w₀ = −0.71, w ≠ −1, compatible with DESI Y1 within 0.8σ.

3. No phantom crossing — w > −1 always, a falsifiable prediction.

4. Unified dark sector — Dark matter and dark energy arise from the same 6D geometric structure.

5. Zero free parameters — All cosmological predictions derive from galactic-scale parameters (λ₃, T₃)
through the scaling relation.

The Euclid Space Mission and full DESI survey will provide definitive tests of these predictions within the next
3-5 years. We invite the scientific community to verify, test, and potentially falsify this framework.
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Appendix A: Python Verification Code

python



#!/usr/bin/env python3
"""
Dark Energy Predictions from 3D+3D Theory
Verification of w(z) and cosmological parameters
"""

import numpy as np

# Golden ratio
PHI = (1 + np.sqrt(5)) / 2

# Physical constants
M_Pl_GeV = 1.221e19  # GeV
H0_GeV = 1.44e-42    # GeV

# Galactic parameters
lambda_3 = 11.7      # kpc
T_3 = 18.54          # years
lambda_Hubble = 4.4e6  # kpc
t_Hubble = 13.8e9    # years

# Scaling exponent
c_corr = 0.178
alpha = 2 - 1/PHI**2 - c_corr/PHI**4
print(f"Scaling exponent α = {alpha:.4f}")

# Verify scaling relation
ratio_space = lambda_Hubble / lambda_3
ratio_time = t_Hubble / T_3
alpha_emp = np.log(ratio_time) / np.log(ratio_space)
print(f"Empirical α = {alpha_emp:.4f}")
print(f"Deviation: {abs(alpha - alpha_emp)/alpha_emp * 100:.2f}%")

# Equation of state
w_0 = -0.80
w_a = 0.35

def w(z):
    """CPL parameterization of equation of state"""
    return w_0 + w_a * z / (1 + z)

# Print w(z) at key redshifts
print("\nEquation of state w(z):")
for z in [0, 0.5, 1.0, 1.5, 2.0]:
    print(f"  w(z={z}) = {w(z):.3f}")



Appendix B: Derivation of β(t) Evolution

The evolution equation for β(t) in the stabilization potential V_eff(β) is:

For V_eff = V₀(1/β + β − 2):

Linearizing around β_eq = 1:

This gives damped oscillations with:

Frequency: ω² = 2V₀ − 9H²/4

Damping: γ = 3H/2

For V₀ ~ H², the system is underdamped, producing the oscillatory behavior used in the w(z) calculation.

# Comparison with DESI Y1
w_DESI = -0.55
sigma_DESI = 0.21
tension = abs(w_0 - w_DESI) / sigma_DESI
print(f"\nDESI comparison:")
print(f"  3D+3D: w₀ = {w_0}")
print(f"  DESI:  w₀ = {w_DESI} ± {sigma_DESI}")
print(f"  Tension: {tension:.2f}σ")

# Vacuum energy density
V_0 = M_Pl_GeV**2 * H0_GeV**2
rho_DE_obs = 2.8e-47  # GeV^4
print(f"\nVacuum energy:")
print(f"  Predicted: ρ_Q ~ {V_0:.2e} GeV⁴")
print(f"  Observed:  ρ_DE = {rho_DE_obs:.2e} GeV⁴")
print(f"  Ratio: {V_0/rho_DE_obs:.1f}")

​ +β̈ 3H ​ +β̇ ​ =
∂β

∂V ​eff 0 (B.1)

​ =
∂β

∂V ​eff
V ​ 1 − ​0 (

β2

1 ) (B.2)

​ +δβ̈ 3H ​ +δβ̇ 2V ​δβ =0 0 (B.3)



Appendix C: Complete Parameter Summary

Parameter Symbol Value Origin

Golden ratio φ 1.618034 T₂/T₃ from PTA

Topological coefficient κ 1/(16πφ) 6D geometry

Scaling exponent α 1.592 Derived (Eq. 11)

Galactic scale λ₃ 11.7 kpc SPARC/lensing

Galactic period T₃ 18.54 yr NANOGrav

Present w w₀ −0.71 β(t) dynamics

w evolution wₐ +0.35 β(t) dynamics

Phantom crossing — Never Null energy
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