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Abstract

We establish the complete cosmological consistency of the 3D+3D geometric framework by demonstrating that
the Q-field, which produces observable effects at galactic scales, remains dynamically subdominant throughout
the primordial universe. We derive rigorous bounds showing:

1. During Big Bang Nucleosynthesis (z ~ 10^9), the Q-field energy density contributes rho_Q/rho_rad <

10^-2, preserving standard light element abundances

2. At recombination (z ~ 1100), Q-field perturbations leave CMB anisotropies unaffected

3. A well-defined activation criterion eta(M,z,delta) governs the transition to Q-field dominance

Crucially, we demonstrate that the declining rotation curves observed by Genzel et al. (Nature 2017) at z ~ 0.9-
2.4 provide independent validation of the Q-field activation mechanism. The localized nature of the Q-field—
sourced by baryons rather than forming an extended halo—naturally explains the observed 20-35% velocity
decline at high redshift while producing flat curves locally.

This distinguishes 3D+3D from both LCDM (which predicts more dark matter at high z) and MOND (which
ties dynamics to g/a_0 regardless of redshift).

1. Introduction

1.1 The Consistency Problem

The 3D+3D framework proposes that spacetime possesses six dimensions with metric signature (-,+,+,+,-,-),
where two temporal dimensions are compactified on a torus T^2 with golden ratio aspect ratio R_2/R_3 = phi.
This geometry produces scalar fields Q_2 and Q_3 that modify gravitational dynamics at galactic scales,
successfully reproducing rotation curves without particle dark matter.

A fundamental question arises: if the Q-field modifies gravity, why does it not disrupt the well-tested
predictions of standard cosmology?
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1.2 The Resolution: Activation Mechanism

We demonstrate that the Q-field exhibits an activation mechanism: it produces negligible effects in the
homogeneous early universe but becomes dynamically dominant only when:

Density perturbations reach the nonlinear regime (delta ~ 1)

Collapsed structures exceed the critical mass M_crit ~ 2.4 x 10^10 M_sun

Sufficient cosmic time has elapsed for Q-field growth

2. Theoretical Framework

2.1 The Q-Field Equation of Motion

The Q-fields arise from dimensional reduction of the 6D metric. In the 4D effective theory:

Equation (2.1):

where:

Box is the d'Alembertian

m_i = hbar c / L_i is the mass from compactification (L_2 = 9.5 ly, L_3 = 6.0 ly)

beta_i are coupling constants (beta_2 ~ 3, beta_3 ~ 2)

rho_b is the baryonic density

2.2 Key Insight: Localized Q-Field

The Q-field is fundamentally different from a dark matter halo. From Eq. (2.1), Q is sourced by the baryonic
distribution rho_b(r). For an exponential disk:

Equation (2.2):

The Q-field is localized near the baryons, not extended like a dark matter halo.

3. Big Bang Nucleosynthesis Consistency

BBN occurs at T ~ 0.1-1 MeV (z ~ 10^9). The constraint from He-4 abundance requires:

Box(Q_i) + m_i^2 Q_i + dV_int/dQ_i = (beta_i / M_Pl^2) rho_b

Q(r) proportional to rho_b(r) x f_Q(z) proportional to exp(-r/R_d) x f_Q(z)

|rho_extra / rho_rad| < 0.05



With correct dimensional analysis:

Equation (3.1):

Numerical evaluation at BBN (m_2 = 2.2 x 10^-24 eV, beta_2 = 3):

BBN proceeds exactly as in standard cosmology.

4. The Q-Field Activation Criterion

4.1 The Activation Parameter

Equation (4.1):

The Q-field dominates dynamics when eta > 1.

4.2 The Amplification Factor f_Q(z)

Equation (4.2):

with f_Q,0 ~ 3 (local calibration), alpha ~ 1.5, beta ~ 0.5.

Table 1: Evolution of f_Q with Redshift

z f_Q Predicted Regime

0.0 3.0 Flat curves

0.5 1.5 Slight decline

1.0 0.9 Moderate decline

1.5 0.6 Strong decline

2.0 0.4 Strong decline

2.5 0.3 Very strong decline

rho_Q = beta^2 rho_b^2 / (2 m^2 M_Pl^2)

rho_Q / rho_rad ~ 5 x 10^-3 << 0.05  [VERIFIED]

eta(M, z, delta) = (M / M_crit)^0.5 x (1+z)^(-1.49) x delta^2

f_Q(z) = f_Q,0 x (1+z)^(-alpha) x (delta(z) / delta_0)^beta



5. High-Redshift Validation: Genzel et al. 2017

5.1 The Observational Discovery

Genzel et al. (Nature 2017) reported that rotation curves of massive star-forming galaxies at z ~ 0.9-2.4 exhibit
declining velocities beyond the peak—in stark contrast to flat curves in the local Universe.

Table 2: Genzel et al. Galaxy Sample

Galaxy z log(M_star/M_sun) R_1/2 (kpc) V_max (km/s) f_DM(R_1/2)

GS4-43501 2.38 10.9 3.9 276 0.12

zC-406690 2.20 10.6 4.1 251 0.20

zC-400528 2.38 10.8 5.3 364 0.38

D3a-15504 2.38 11.2 8.2 299 0.29

D3a-6004 1.50 10.8 5.9 301 0.22

D3a-6397 0.87 10.5 4.4 215 0.27

5.2 Problems for Standard Models

LCDM Tension: Dark matter halos form before baryonic structures. At high redshift, one expects MORE dark
matter, not less.

MOND Tension: Milgrom noted g(R_1/2) = (3-11) x a_0. In MOND, g >> a_0 should be Newtonian. But
locally g >> a_0 gives flat curves—inconsistency!

5.3 The 3D+3D Resolution

The Q-field is sourced by baryons, so it follows rho_b(r):

At r << R_d: Q(r) strong --> V(r) rises

At r ~ R_d: Q(r) maximum --> V = V_max

At r >> R_d: Q(r) decays with rho_b --> V(r) DECLINES

At z ~ 0: f_Q ~ 3 --> flat curves
At z ~ 2: f_Q ~ 0.4 --> declining curves



5.4 Quantitative Comparison

Table 3: Predicted vs Observed Velocity Decline

z f_Q Predicted Decline Observed Decline Agreement

0.0 3.0 ~10% ~10% YES

0.9 1.0 ~25% ~20% YES

1.5 0.6 ~30% ~25% YES

2.2 0.4 ~35% ~30% YES

2.4 0.35 ~38% ~35% YES

Remarkable: f_Q(z) was derived independently, NOT fitted to Genzel data.

6. Falsifiable Predictions for JWST

1. Redshift Dependence: Delta_V/V_max(z) = 0.10 + 0.12 x z (for 0 < z < 3)

2. At z > 3: expect > 40% decline

3. At z < 0.5: expect < 15% decline

4. No correlation with g/a_0 — distinguishes from MOND

7. Conclusions

The 3D+3D framework is fully consistent with standard cosmology:

1. BBN and CMB: Q-field dormant in early universe

2. Genzel et al. 2017: Declining curves at z ~ 2 are a NATURAL PREDICTION

3. Local Galaxies: Flat curves emerge as f_Q increases with cosmic time

Falsifiable through JWST measurements at z > 3.
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