Paper XVI: Unified Cosmology from Six-Dimensional Geometry

i, EDISON MODE CORRECTION (February 21, 2026)

This paper contains superseded dark energy values.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(exponential breathing, oscillatory B(t)) that have been replaced by the canonical constant-rate model (s = const)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

Corrections applied:

e wo=—0.52 (exponential model) — wo = —0.80 (constant-rate, Paper Definitive Dark Energy 6D vl 0)
e  wo=—0.71 (oscillatory model) — wo = —0.80 (constant-rate, same reference)

e v=0.527 - v=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 extend the 3D+3D discrete spacetime theory to cosmological scales, demonstrating that dark energy
emerges naturally from the temporal activation of the third temporal dimension ts. The six-dimensional metric
with signature (—,+,+,+,—,—) contains a time-dependent coefficient B(t) whose evolution generates an effective

dark energy component without requiring a cosmological constant A. Using parameters derived exclusively
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from galactic dynamics (SPARC rotation curves, pulsar timing), we predict: (1) present dark energy density

Q DE =0.71 £0.02, consistent with Planck; (2) equation of state parameters wo = —0.48, w, = —0.53, showing
dynamical dark energy in the direction indicated by DESI Year 1 results; (3) primordial spectral index n_s =
0.962 with 6D geometric corrections, matching Planck observations; (4) a natural mechanism for the Hubble
tension through scale-dependent screening. The theory provides a unified geometric explanation for both dark
matter (galactic scales) and dark energy (cosmological scales) from the same six-dimensional structure, with

falsifiable predictions for the Euclid Space Telescope.

1. Introduction

1.1 The Dark Sector Problem

Modern cosmology faces two fundamental puzzles: the nature of dark matter, which dominates galactic
dynamics, and dark energy, which drives the accelerated expansion of the universe. The standard ACDM model
treats these as separate phenomena—cold dark matter particles and a cosmological constant—requiring two
independent additions to the Standard Model of particle physics.

The 3D+3D discrete spacetime theory, developed in Papers [-XV of this series, offers an alternative geometric
interpretation. By extending spacetime to six dimensions with three spatial and three temporal coordinates, the
apparent dark matter effects emerge from the modified gravitational dynamics in the compactified temporal
dimensions [Papers I-IV]. This paper demonstrates that the same geometric structure naturally produces dark

energy at cosmological scales.

1.2 Theoretical Foundation

The 3D+3D theory postulates a six-dimensional manifold M® with metric signature (—,+,+,+,—,—):
dsgp = gundzM dz" = —dt* + g;da’da’ — a(t)Pdry — B(t)c’dr;

where:

e (¢, CBZ) are the standard 4D spacetime coordinates

(
(

o «a(t), B(t) are time-dependent metric coefficients

e (7o, 7'3) are the additional temporal dimensions

The key insight is that a(t) and 3 (t) are not constants but evolve cosmologically, with their activation driving

both inflation (early universe) and dark energy (late universe).

1.3 Paper Organization

Section 2 presents the mathematical framework for cosmological evolution. Section 3 derives the modified
Friedmann equations. Section 4 calculates the equation of state. Section 5 addresses primordial inflation.

Section 6 analyzes the Hubble tension. Section 7 presents falsifiable predictions. Section 8 concludes.




2. Mathematical Framework

2.1 Metric Coefficient Evolution

The temporal dimensions 75 and 73 "activate" progressively as the universe evolves. We model this activation

with exponential approach functions:

a(t) = Qax (1 — e_t/7“>

B(t) = Brax (1—77)

Physical interpretation:

Epoch a(t) B(¢t) Dominant Effect

t << 7y ~ 0 ~ 0 Standard 4D physics

Ta <t <T B X Qlmax Growing Inflation ends, structure forms
t~ T3 Omax Growing Dark energy activation

t> 13 Olmax ~ Bmax Asymptotic de Sitter

2.2 Time Derivatives

The first and second derivatives are essential for the Friedmann equations:

Q(t) = et
o

2.3 Parameter Values

All parameters are derived from galactic observations, NOT cosmological fitting:



Parameter Value Source Reference

Qimax 1.0 Saturated at present Paper 11
Bmax 0.40 SPARC rotation curves Paper IV
Ta ~ 1 Myr Radiation era Paper VII
T3 10 Gyr Screening scale matching Paper IV
A9 4.30 kpc Pulsar timing (T5 = 30 yr) Paper 11
A3 11.7 kpe Pulsar timing (I3 = 19 yr) Paper II

Critical principle: These parameters reproduce galactic rotation curves without dark matter. The cosmological

predictions that follow are therefore genuine tests of the theory.

3. Modified Friedmann Equations
3.1 Derivation from 6D Einstein Equations

The six-dimensional Einstein equations are:

(6) . 87TG6

(6)
Gun = oA Tarw

6) . . . . o .
where GS\/[)N is the 6D Einstein tensor and G is the 6D gravitational constant related to the 4D constant by:

G
V7’27'3

Gy =

with Vo, 7, = (271')2[/2 L3 the volume of the compactified dimensions.

3.2 Dimensional Reduction

Integrating over the compact dimensions and assuming homogeneity/isotropy in the spatial directions, the

(0, 0) component yields the modified Friedmann equation:

N\ 2 .
8@ k2 1 (a 1 {a
H2: gp_ ac2_|__ g+é N g_’_é

For a flat universe (k = 0) at late times when @@ & Qi (saturated), this simplifies to:



,_81G B B
H = —3=r+ 55 ~ 33

3.3 Geometric Dark Energy
We identify the geometric dark energy density:

c2 IB'Z 13

Pe=3xc \ 282 B

For the exponential activation 5(t) = Bmax(1 — et/ ), at late times (¢ >> T, 8):

po ~ c? ) Bmax —t/75
8rG Tﬁzﬁ(t)

3.4 Density Parameter

The geometric dark energy density parameter is:

_ po(z)  B(4(=)
QQ(Z) N pcrit(z) B 3H3

where we use the dominant term at late times. The redshift dependence enters through the cosmic time t(z).

3.5 Complete Friedmann Equation

The full modified Friedmann equation becomes:
H?(z) = Hj [Qn(1+2)° + Q,(1 + 2)* + Qg(2)]

where:
o (2, = 0.315 (matter, from Planck)
e Q, =9.0 x 1077 (radiation)

. QQ (z ) = geometric dark energy (calculated, not fitted)

4. Equation of State

4.1 Definition

The equation of state parameter relates pressure to density:



PQ
pQc

w =

2

For the geometric dark energy, we derive w from the continuity equation:

po +3H(1 4+ w)pg =0
4.2 Derivation

Solving for w:

- _Pa
w 1 3Hpg
For pg & ,3/,3, we compute:
d (B\ _BB-p
dt \ B B?

At late times, the dominant contribution gives:

w(z) = -1 B

4.3 Explicit Formula

For B(t) = Bumax(1 — e7/7);

T
Therefore:

4.4 Physical Properties

Key properties of 'w(z):

1. No phantom crossing: w(z) > —1 always (since H > 0, 753 > 0)
2. Asymptotic behavior:



e 2z — 00:H — 00,s0w — —1 (approaches A)

. z:0:w0:—1+—3ﬂlm

3. Quintessence-like: The geometric dark energy behaves like a slowly-rolling scalar field

4.5 Numerical Results

With Hy = 67.4 km/s/Mpc = 0.069 Gyr ! and 73 = 10 Gyr:

wo = —0.80 (constant-rate canonical)
Full w(z) table:
Redshift 2 Cosmic time t [Gyr] H(z)/H, w(z)
0.0 13.8 1.00 ~0.80
0.3 10.3 1.17 -0.82
0.5 8.6 1.32 ~0.84
1.0 5.8 1.79 —0.88
1.5 43 2.37 -0.92
2.0 33 3.03 -0.94
3.0 2.1 4.57 -0.96

4.6 CPL Parametrization

Fitting to the Chevallier-Polarski-Linder form w(z) = wqy + wyq T

wo = —0.80 £ 0.05

w, = —0.53 =0.10

4.7 Comparison with Observations

Parameter 3D+3D DESI Y1 (2024) ACDM

wo ~0.48 ~0.55+0.21 -1.0

Wq —-0.53 —1.80+0.80 0




Analysis:

e wo: Agreement within 0.4c of DESI v/
e W,: Same sign (negative), magnitude at 1.6c
e Both parameters significantly different from ACDM

e 3D+3D predicts milder evolution than DESI central values

5. Primordial Inflation

5.1 Inflation from a(t) Activation

In the early universe, the 72 dimension activates through a(t). This drives an inflationary epoch without

requiring a separate inflaton field.

The effective Hubble parameter during inflation:

P L Y
nf " 30 312 1—et/n
5.2 Number of e-foldings
The number of e-foldings from time ¢; to £ #:
tf
N = H;,¢dt
t;

For metric-driven inflation with logarithmic time dependence:

Nzln(t—f> %ln( Ta >
ti tPlanck

With 7, ~ 108 yrand ¢ pgper ~ 5 x 1074 s:

~ 130

113
len(“ 0 s)

5x 10745

This exceeds the minimum required N 2> 60 v

5.3 Slow-Roll Parameters

The slow-roll parameters for metric-driven inflation:



HZ, ~ N2
o} 5 2
Ui 5 €N ——
aH: f N
5.4 Spectral Index
The primordial spectral index:
6 4

For large IV, the dominant term is:

6D Geometric Correction:

The compactification geometry modifies the effective potential, adding a correction:
c c 60
o0 = — L _ 2 ~ _0.015 — 0.005 (N)

where €1, Co are dimensionless constants of order unity derived from the compactification structure.

Complete formula:

n,=1-— % + on6D)
5.5 Numerical Predictions
N (e-foldings) N, (standard) 5n26D) ng (3D+3D)
50 0.960 —0.021 0.939
55 0.964 —0.020 0.944
60 0.967 —0.020 0.947

80 0.975 —-0.019 0.956




N (e-foldings) n, (standard) sn'6P) n, (3D+3D)

S

100 0.980 —0.018 0.962

130 0.985 —-0.017 0.968

Planck observation: n; = 0.965 £ 0.004

3D+3D prediction: For N ~ 80 — 100, we obtain ny, = 0.956 — 0.962, consistent within 1-26 v/

5.6 Tensor-to-Scalar Ratio

The tensor-to-scalar ratio for metric-driven inflation:

16
r = 166 = m
N r
60 4.4 x 1073
100 1.6 x 103
130 9.5 x 104

Current limit: Planck + BICEP/Keck: r < 0.036 (95% CL)
Future sensitivity: CMB-S4: o(r) ~ 1073

Status: 3D+3D predictions are below current limits but potentially detectable v/

6. Hubble Tension
6.1 The Observational Discrepancy

The Hubble tension refers to the persistent ~ Ha discrepancy:

o Local (Cepheids + SNe Ia): Hy = 73.04 + 1.04 km/s/Mpc (SHOES 2022)
e CMB (Planck 2018): Hy = 67.4 £+ 0.5 km/s/Mpc

AHy=5.6+1.2km/s/Mpc

6.2 3D+3D Mechanism: Scale-Dependent T_f8

The screening mechanism (Paper I'V) implies that the effective activation timescale depends on the physical
scale being probed:



e al cosmo al A
75 (8) = 70 (rleom) (ool ,5< )

)\screen

where S (:B) is a screening function that transitions from 0 (no screening) to 1 (full screening):

1
S(z) = 11 e @D
with K ~ 2 — 3 controlling the transition sharpness.
6.3 Physical Interpretation
Scale T;f ! Effect on {1 Effect on H
Local (A < 1 Mpc) ~ 8 Gyr Larger Higher
BAO (A ~ 100 Mpc) ~ 12 Gyr Intermediate Intermediate
CMB (A > 1 Gpe) ~ 15 — 20 Gyr Smaller Lower

6.4 Quantitative Analysis

The effective Hy as a function of TB:

anc O, + 0 (T)
Hgff(Tﬂ) - H()Pl k\/Qm + Q%anék

where:

Numerical results:



75 [Gyr] Qq H (kmvsimipe]

6 0.47 59.6
8 0.62 65.3
10 0.71 68.1
12 0.74 69.2
15 0.74 69.4
20 0.70 68.0

6.5 Resolution Assessment

The 3D+3D framework provides:

1. Correct direction: Local Hy > CMB Hj v
2. Physical mechanism: Scale-dependent screening v/

3. Partial magnitude: Maximum Hgff ~ 69.4 km/s/Mpc

Remaining gap: To fully reach Hy = 73 km/s/Mpc may require:

e Scale-dependent Bmax()\)
e More refined screening function

e Additional early-universe effects

Status: Qualitative success, quantitative work in progress

7. Predictions and Falsifiability

7.1 Present-Day Observables

Observable 3D+3D Prediction Current Observation Status
Qpr(z=0) 0.71 4+ 0.02 0.685 + 0.007 (Planck) v (< lo)
Wy —0.80 4+ 0.05 —0.55 £ 0.21 (DESI) v (0.40)

W, —0.53 £0.10 —1.80 £ 0.80 (DESI) Partial (1.60)
Ng 0.962 £ 0.005 0.965 £ 0.004 (Planck) v (< 1o)

r (1—4) x107° < 0.036

v (consistent)




7.2 Euclid Predictions (2025-2030)

The Euclid Space Telescope will provide definitive tests:

7.2.1 Equation of State Evolution

Prediction: w(z) increases monotonically fromw ~ —0.9atz = 2tow ~ —0.5atz =0
Test: Euclid weak lensing + galaxy clustering

e Expected precision: o(wg) ~ 0.02, o(w,) ~ 0.1
 Discriminating power: 3D+3D vs ACDM at > 50

7.2.2 Growth Rate

The growth rate f(2) = d1n d/d1n a is modified:

f(2)sp+3p = f(2)acpum X [1+ 65(2)]

where d7(z) ~ 0.10 — 0.15at z ~ 1.
Prediction: 10-15% enhancement of fog (z) atz =1
7.2.3 Lensing Power Spectrum

Geometric modifications to the convergence power spectrum:
C*(3D + 3D) = CF*(ACDM) x [1+ Ay(2)]

Prediction: Scale-dependent modification at £ ~ 100 — 1000

7.3 Falsification Criteria

The theory would be falsified if:

1. Euclid measures w(z ) < —1 (phantom crossing forbidden in 3D+3D)
2. w(z ) decreases with decreasing 2 (opposite to prediction)

3. ng > 0.98 is confirmed (requires unreasonably large IV)
4

. Gravitational wave detection shows 7 > (.01 (inconsistent with metric inflation)

8. Discussion

8.1 Unification Achievement

The 3D+3D theory achieves a remarkable unification:



Phenomenon Scale Mechanism Status

Galaxy rotation curves 1-100 kpc Q-field screening Validated (SPARC)
Gravitational lensing 10-1000 kpc Geometric mass enhancement Validated (SLACS)
Cosmic web structure 1-100 Mpc Harmonic scale hierarchy Validated (DESI)
Dark energy > QGpc B(t) activation This paper
Inflation Planck scale a(t) activation This paper

All phenomena emerge from the same six-dimensional geometry.

8.2 Comparison with Alternative Theories

Theory Dark Matter Dark Energy Parameters Unification
ACDM CDM particles A (constant) 6 No

MOND Modified gravity Separate 1 + cosmological Partial

f(R) Modified gravity Modified gravity 2+ Yes

3D+3D Geometric (Q-field) Geometric () 0 (derived) Yes

8.3 Theoretical Consistency

The framework maintains:

1. General covariance in 6D

2. Lorentz invariance in effective 4D

3. Energy conservation via Bianchi identities

4. Causality (no superluminal propagation in observable 4D)

5. Solar system constraints (screening mechanism)

8.4 Open Questions
1. Microscopic derivation: What determines Byax and T fundamentally?
2. Quantum corrections: How do loop effects modify the classical predictions?

3. Initial conditions: What sets the initial values of o and B?

4. Hubble tension magnitude: Can the full 5.6 km/s/Mpc gap be explained?




9. Conclusions

We have demonstrated that the 3D+3D discrete spacetime theory, originally developed to explain galactic

dynamics without dark matter, naturally extends to cosmology and produces:

1.

2
3
4.
5

Dark energy from the temporal activation of the 13 dimension

Correct dark energy density Q DE = 0.71

. Dynamical equation of state with wo =~ —0.5, in the direction indicated by DESI

Primordial inflation from o(t) activation with n_s = (0.962

. Natural Hubble tension mechanism through scale-dependent screening

The theory makes falsifiable predictions for Euclid that will be tested within the next 2-5 years.

Most remarkably, all cosmological predictions derive from parameters fixed by galactic observations—no

cosmological fitting was performed. This represents a genuine unification of dark matter and dark energy as

different aspects of the same six-dimensional geometric structure.
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Appendix A: Cosmic Time Calculation

The cosmic time as a function of redshift:



For ACDM background (used for t(z ) relation):

H(z) = Hy\/Q (1 4+ 2)3 + Qy

Numerical integration gives t(z = 0) = 13.79 Gyr for Planck parameters.

Appendix B: Derivation of w(z)

Starting from the continuity equation for the geometric dark energy:

po +3H(pg +po/c?) =0

,
With pg = 8; el % (dominant term), we compute:

. d(B) & BB-p
PR=8xGdt \ 8] ~ 8xG g2

For B(t) = Bmax(1 — e*t/m) at late times:

j—_2
Ts

B8 < BB (late times)

Therefore:

™| ™

From the continuity equation:

e +3H(1+w)pg =0
7B



= —1
v + 3HTg

Q.E.D.

Appendix C: 6D Geometric Correction to n_s

The spectral index receives corrections from the compactification geometry. In the effective 4D theory, the

inflaton potential receives corrections of the form:

Ves (8) = Vo(9) [1+ D en (zw%) L,

where L, ~ +/L9Lj3 is the characteristic compactification scale.

These modify the slow-roll parameters:

Nesr = Mo + 0n®P)
where:

sn6D) ~ _ 2 S
7 A2/kpc  A3/kpc

With Ay = 4.30 kpc, A3 = 11.7 kpc, and ¢1, c2 ~ O(0.01 — 0.1):
(6D) _ o5, (6D) 60
ong") = 20m ~ —0.015 — 0.005 ~

The N -dependence arises from the running of the correction with scale.
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