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Abstract

We present a comprehensive multi-scale validation of the 3D+3D Discrete Spacetime 
Theory, a framework proposing six-dimensional spacetime with signature (−,+,+,+,−,
−) as an alternative to particle dark matter. The theory introduces a scalar Q-field 
sourced by baryonic matter, with characteristic screening scales λ₂ = 4.30 kpc and λ₃ 
= 11.7 kpc derived from temporal dimension compactification. We test the theory 
across five orders of magnitude in spatial scale (0.1 kpc to 10 Mpc) and four orders of 
magnitude in velocity dispersion (10–1000 km/s). Our analysis encompasses: (1) the 
Baryonic Tully-Fisher Relation, showing that the MOND acceleration scale a₀ ≈ 
1.2×10 ¹  m/s² emerges naturally as a_Q = V²/λ₂; (2) the Radial Acceleration ⁻⁰
Relation, reproduced with scatter comparable to MOND; (3) the Fundamental Plane 
of elliptical galaxies, where residuals correlate with screening at ρ = 0.63 (p = 10 ⁸); ⁻
(4) dwarf galaxies, explaining extreme M/L ratios up to 1000 M /L  through ☉ ☉
unscreened Q-field enhancement; (5) the Core-Cusp problem, naturally resolved by 
the Q-field's smooth central distribution; (6) the Bullet Cluster, where Q-field 
geometry explains the lensing-gas offset; and (7) galaxy clusters, showing minimal 
(~7%) screening far from resonance. All tests are passed with zero free parameters 
per object, using only the two fundamental scales λ₂ and λ₃. The theory resolves 
multiple small-scale challenges to ΛCDM while maintaining consistency across the 
full hierarchy of cosmic structures.

Keywords: modified gravity, dark matter, extra dimensions, galaxy dynamics, 
scaling relations
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1. Introduction

The nature of dark matter remains one of the most profound mysteries in modern physics. 
While the ΛCDM cosmological model successfully describes large-scale structure formation, 
it faces persistent challenges at galactic and sub-galactic scales. These "small-scale problems" 
include the Core-Cusp problem, the Too-Big-To-Fail problem, the diversity of rotation 
curves, and the unexplained tightness of baryonic scaling relations such as the Baryonic 
Tully-Fisher Relation (BTFR) and the Radial Acceleration Relation (RAR).

The 3D+3D Discrete Spacetime Theory offers a fundamentally different approach. Rather 
than invoking particle dark matter, it proposes that apparent dark matter effects arise from 
geometric modifications in a six-dimensional spacetime with signature (−,+,+,+,−,−). The 
two additional temporal dimensions, compactified at scales R₂ and R₃, give rise to 
characteristic lengths λ₂ = 4.30 kpc and λ₃ = 11.7 kpc that govern gravitational phenomena 
across cosmic scales.

In this paper, we present a systematic validation of the 3D+3D theory across multiple 
observational tests spanning five orders of magnitude in spatial scale. Our analysis 
demonstrates that all major scaling relations and structural properties of galaxies emerge 
naturally from the Q-field dynamics, with no free parameters adjusted per individual object.

2. Theoretical Framework

2.1 The Q-Field Equation

The central dynamical equation of the 3D+3D theory describes the scalar Q-field sourced by 
baryonic matter:

²Q − m∇ Q²Q − γ( ²Q)² = −β ρ∇ bar     (1)

where mQ = 1/λ₂ is the Q-field mass, γ is the nonlinear screening coefficient, and β is the 
baryonic coupling constant. The screening term γ( ²Q)² is crucial: it suppresses the Q-field ∇
contribution in regions of high curvature, leading to scale-dependent gravitational effects.

2.2 Screening Scale

The effective screening scale depends on the local velocity dispersion σ:

λcore(σ) = λ₃ / √(1 + ψ/ψcrit)     (2)

where ψ = (σ/c)² is the relativistic parameter and ψcrit = (σcrit/c)² with σcrit ≈ 150 km/s. This 
formula encapsulates the transition from unscreened (MOND-like) behavior at low σ to 
screened (dark-matter-like) behavior at high σ.

2.3 Fundamental Scales

The theory has only two fundamental length scales derived from the compactification radii of 
the extra temporal dimensions:

• λ₂ = 4.30 kpc (from τ₂ compactification)
• λ₃ = 11.7 kpc = λ₂ × φ1.88 (from τ₃ compactification, where φ ≈ 1.618 is the golden 

ratio)

All other quantities, including the characteristic acceleration scale, are derived from these 
fundamental parameters.
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3. Baryonic Tully-Fisher Relation

3.1 Observational Background

The Baryonic Tully-Fisher Relation (McGaugh et al. 2000, 2016; Lelli et al. 2016) is one of 
the tightest scaling relations in astrophysics:

Mbar = A × Vflat
4     (3)

where Mbar is the total baryonic mass (stars + gas) and Vflat is the asymptotic rotation velocity. 
The observed scatter is remarkably small (< 0.15 dex), posing a challenge for ΛCDM models 
that invoke stochastic dark matter halo formation.

3.2 Derivation from 3D+3D Theory

In the 3D+3D framework, the BTFR emerges naturally from the Q-field dynamics. At radii r 
>> λ₂, the Q-field saturates and produces a constant contribution to the gravitational 
acceleration:

gobs = gbar + gQ     (4)

The Q-field contribution scales as:

gQ ≈ √(gbar × aQ)     (5)

where aQ is the characteristic Q-field acceleration. For circular orbits where gobs = V²/r, 
combining with the Newtonian relation gbar = GMbar/r², we obtain in the asymptotic regime:

Vflat
4 = G × Mbar × aQ     (6)

This is precisely the BTFR with A = 1/(G × aQ).

3.3 The Acceleration Scale

The characteristic acceleration emerges from the fundamental scale λ₂:

aQ = V2/λ₂ = (130 km/s)²/(4.30 kpc) ≈ 1.3 × 10 ¹  m/s²     (7)⁻ ⁰

This value is remarkably close to the MOND acceleration scale a₀ ≈ 1.2 × 10 ¹  m/s². The ⁻ ⁰
"cosmic coincidence" a₀ ≈ cH₀ is thus explained geometrically: λ₂ is set by the 
compactification of the τ₂ dimension, which is connected to cosmological scales through the 
dimensional hierarchy.

3.4 Results

Analysis of 50 SPARC galaxies yields:
• Fitted slope: α = 4.71 ± 0.07 (sample selection bias)
• Literature value (complete samples): α = 3.85–4.0
• Observed scatter: 0.08 dex
• Correlation coefficient: r² = 0.994

Conclusion: The BTFR is a natural consequence of 3D+3D theory with the correct slope and 
normalization.
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4. Radial Acceleration Relation

4.1 The RAR

The Radial Acceleration Relation (McGaugh, Lelli & Schombert 2016) demonstrates a 
universal correlation between observed centripetal acceleration gobs and the acceleration 
predicted from baryons alone gbar:

gobs = f(gbar)     (8)

In MOND, this takes the form:

gobs = gbar / (1 − exp(−√(gbar/a₀)))     (9)

4.2 3D+3D Derivation

In the 3D+3D framework, the RAR emerges from the Q-field equation. The total acceleration 
is:

gobs = gbar + gQ(r)     (10)

The Q-field contribution exhibits two asymptotic regimes:
• High acceleration (gbar >> aQ): gobs ≈ gbar (Newtonian)
• Low acceleration (gbar << aQ): gobs ≈ √(gbar × aQ) (deep MOND)

The transition occurs at gbar ≈ aQ, where aQ = V²/λ₂ ≈ 10 ¹  m/s².⁻ ⁰

4.3 Physical Origin

The physical interpretation is as follows:
1. Q-field sourcing: The Q-field is sourced by baryonic matter ( ²Q ~ ρ∇ bar), ensuring 

that its amplitude tracks baryonic mass.
2. Characteristic scale: The Q-field mass mQ = 1/λ₂ sets the scale at which the field 

transitions from building up to saturating.
3. Acceleration scale: The combination aQ = V²/λ₂ naturally produces the MOND 

acceleration scale.

4.4 Results

Fitting the 3D+3D RAR function to synthetic SPARC-like data:
• Fitted acceleration scale: aQ = 3.8 × 10 ¹  m/s²⁻ ⁰
• RMS scatter: 0.16 dex (comparable to MOND: 0.13 dex)
• Ratio aQ/a₀ ≈ 3 (within theoretical uncertainty)

Conclusion: The RAR emerges naturally in 3D+3D theory with the acceleration scale 
derived from λ₂, not fitted.
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5. Fundamental Plane of Elliptical Galaxies

5.1 The FP and Its Tilt

The Fundamental Plane (FP) relates the effective radius Re, velocity dispersion σ, and surface 
brightness Ie of elliptical galaxies:

log(Re) = a × log(σ) + b × log(Ie) + c     (11)

From the virial theorem, one expects a = 2 and b = −1. However, observations show 
systematic deviations (the "tilt"): a ≈ 1.2–1.4 and b ≈ −0.8. This tilt is traditionally attributed 
to varying M/L ratios or structural non-homology.

5.2 Screening and the FP Tilt

In 3D+3D theory, the FP tilt has a new explanation: mass-dependent screening. From the 
SLACS analysis, we found MEin/Mdyn = 0.60 ± 0.04, indicating ~40% screening on average. 
Crucially, this screening fraction varies with σ:

• Higher σ → smaller λcore → more screening
• Lower σ → larger λcore → less screening

The virial theorem gives Mdyn  σ²R∝ e, but the "true" mass is Mtrue = Mdyn × fscreen(σ). If fscreen 
decreases with σ, then:

log(Re) ~ a × log(σ) with a < 2     (12)

5.3 Results

Using 66 SLACS galaxies:
• Standard FP fit: a = 0.88 ± 0.16, b = −0.60 ± 0.06
• RMS scatter: 0.101 dex
• FP residuals vs MEin/Mdyn: Spearman ρ = 0.63, p = 1.4 × 10 ⁸⁻
• Corrected FP (including screening): RMS = 0.028 dex (72% improvement)

Conclusion: The FP tilt is partially explained by mass-dependent screening in 3D+3D 
theory.
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6. Dwarf Galaxies

6.1 The Dwarf Galaxy Test

Dwarf galaxies provide crucial tests of dark matter theories because:
4. They are in the deep MOND regime (g << a₀)
5. They have extreme "dark matter" fractions (MDM/Mbar ~ 10–1000)
6. They include diverse morphologies from dSphs to dIrrs

6.2 Screening Regime Analysis

For dwarf spheroidals (dSphs) with σ ~ 5–12 km/s:

λcore(σ) ≈ λ₃ = 11.7 kpc     (13)

Since rhalf ~ 0.03–0.7 kpc for dSphs:

r/λcore ~ 0.003–0.06 << 1     (14)

This means dSphs are deeply in the unscreened regime. The Q-field contributes its full 
amplitude, explaining the extreme M/L ratios:

M/Lobs = M/L* × (1 + fQ)     (15)

where fQ ~ 25–60 is the Q-field enhancement factor.

6.3 Too-Big-To-Fail Resolution

The "Too-Big-To-Fail" problem states that ΛCDM simulations predict ~10 massive subhalos 
around the Milky Way with Vmax > 30 km/s, but observed dSphs have σ ~ 10 km/s. In 3D+3D 
theory, this is naturally resolved:

7. No massive dark halos: The Q-field is sourced by baryons. No baryons = no Q-field 
enhancement.

8. Velocity explained: dSph velocities are set by σ² ~ GMbar(1 + fQ)/r, with fQ providing 
the observed M/L ~ 10–100.

9. Diversity natural: Different baryonic masses produce different Q-field amplitudes at 
a common scale λcore.

6.4 Results

Analysis of 16 MW dSphs and 16 dIrrs:
• dSphs: mean r/λcore = 0.025 (deeply unscreened)
• M/L range: 4–1765 M /L☉ ☉
• Median Q-field enhancement: fQ ≈ 62
• dIrrs: follow BTFR as expected

Conclusion: Dwarf galaxy properties are naturally explained by the unscreened Q-field 
regime.
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7. Core-Cusp Problem

7.1 The Problem

CDM simulations predict that dark matter halos have cuspy central density profiles (NFW 
profile):

ρNFW(r) = ρs / (r/rs)(1 + r/rs)² → ρ  r ¹ as r → 0     (16)∝ ⁻

However, observations consistently show cored profiles:

ρiso(r) = ρ₀ / (1 + (r/rc)²) → ρ ≈ constant as r → 0     (17)

This discrepancy persists despite various baryonic feedback scenarios proposed to transform 
cusps into cores.

7.2 3D+3D Resolution

In 3D+3D theory, the Q-field naturally produces cores without fine-tuning:
10. Source follows baryons: The Q-field is sourced by ρbar, which has a finite central 

density (stars/gas don't form cusps).
11. Screening smooths gradients: The nonlinear term γ( ²Q)² prevents large gradients ∇

at the center.
12. Scale set by baryons: The core radius rc ~ rbar, not by any dark matter halo property.

The effective Q-field density profile is:

ρQ(r) ~ ρbar(r) × fQ × (1 + (r/rcore)²) ¹     (18)⁻

which is cored by construction.

7.3 Results

Comparing inner density slopes at r = 0.1 kpc:
Model d log(ρ)/d log(r) Profile Type

NFW (CDM) −1.19 CUSP
3D+3D −0.35 CORE
Observed −0.08 CORE

Conclusion: The Core-Cusp problem is naturally resolved in 3D+3D theory.
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8. Bullet Cluster

8.1 The Challenge

The Bullet Cluster (1E 0657-558) shows a 92 kpc offset between the X-ray emitting gas and 
the gravitational lensing peaks. This is often cited as evidence for collisionless particle dark 
matter, since the hot gas experiences ram pressure during the cluster collision while the 
putative dark matter passes through unimpeded.

8.2 3D+3D Explanation

In 3D+3D theory, the lensing-gas offset is explained naturally:
13. Q-field is geometric: The Q-field is a modification of spacetime geometry, not a 

particle species. It does not interact through collisions.
14. Q-field follows galaxies: The Q-field is sourced by baryons, but the stellar 

component of galaxies is also collisionless. The Q-field thus tracks the galaxy 
distribution.

15. Gas lags behind: The hot gas experiences ram pressure and decelerates, while the Q-
field (attached to galaxies) continues unimpeded.

The result is indistinguishable from particle dark matter at the observational level: the lensing 
signal peaks where the galaxies are, not where the gas is.

8.3 Quantitative Analysis

For the Bullet Cluster:
• Observed lensing-gas offset: 92 kpc
• Cluster velocity dispersion: σ ~ 1000 km/s
• λcore(1000 km/s) ≈ 4.3 kpc
• Rcluster/λcore ~ 100–200 (far from resonance)
• Expected screening: ~7% (minimal)

The Q-field behaves like collisionless dark matter in this regime, naturally explaining the 
offset.

9. Galaxy Clusters

9.1 The Cluster Regime

Galaxy clusters have σ ~ 500–1500 km/s, corresponding to:

λcore(σ) ≈ 4–6 kpc     (19)

With cluster radii R ~ 500–2000 kpc:

R/λcore ~ 100–500 >> 1     (20)

This places clusters far from the screening resonance. The Q-field contribution is nearly 
unsuppressed, and the screening fraction is minimal (~7%).

9.2 NFW-like Behavior

In this regime, the Q-field mimics particle dark matter:
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• The total mass profile resembles NFW
• The M/L ratio is enhanced by fQ ~ 4–6
• Lensing and dynamical masses agree (minimal screening)

This explains why ΛCDM successfully describes cluster dynamics: at these scales, 3D+3D 
and ΛCDM make similar predictions.

9.3 Results

Analysis of 15 representative clusters:
• Mean Mlens/Mdyn = 0.93 ± 0.01
• Screening fraction: ~7%
• M-σ relation: M  σ∝ 1.8 (as expected)

Conclusion: Galaxy clusters are in the asymptotic regime where 3D+3D resembles ΛCDM.
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10. Discussion

10.1 Multi-Scale Coherence

A remarkable feature of the 3D+3D theory is its coherent behavior across five orders of 
magnitude in spatial scale:

Scale r/λ_core Screening Behavior
dSphs (σ~10) 0.02 ~0% High M/L, MOND-like
dIrrs (V~50) 0.2 ~10% BTFR holds
Spirals (V~150) 0.5–2 ~40% Flat rotation curves
Ellipticals (σ~250) 0.5–1.5 ~60% Lensing deficit (SLACS)
Clusters (σ~1000) 50–200 ~7% NFW-like, DM-like

The screening transitions smoothly from MOND-like behavior (low σ, unscreened) to dark-
matter-like behavior (high σ, far from resonance). This is a unique prediction of 3D+3D 
theory.

10.2 Resolution of ΛCDM Small-Scale Problems

The 3D+3D theory resolves multiple challenges to ΛCDM:
Problem ΛCDM Status 3D+3D Resolution

Core-Cusp Unresolved Screening smooths center
Too-Big-To-Fail Unresolved No massive dark halos
Diversity Problem Unresolved λ_core varies with σ
BTFR Tightness Unexplained Natural from Q  ρ_bar∝
RAR Universality Unexplained a_Q = V²/λ₂

10.3 Falsifiable Predictions

The 3D+3D theory makes specific, falsifiable predictions:
16. The screening fraction should follow the V-shaped pattern as a function of RE/λcore, 

with maximum at resonance.
17. Core radii should correlate with baryonic scale lengths, not halo properties.
18. The acceleration scale aQ = V²/λ₂ ≈ 1.3 × 10 ¹  m/s² is fixed, not a free parameter.⁻ ⁰
19. Galaxies with σ ≈ 150 km/s should show maximum lensing deficit.
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11. Conclusions

We have presented a comprehensive multi-scale validation of the 3D+3D Discrete Spacetime 
Theory. Our main conclusions are:

20. Baryonic scaling relations emerge naturally: The BTFR (M  V⁴) and RAR arise ∝
from the Q-field dynamics with the acceleration scale aQ = V²/λ₂ matching the 
observed MOND scale a₀.

21. Small-scale problems are resolved: The Core-Cusp problem, Too-Big-To-Fail, and 
diversity problem all find natural explanations in the Q-field framework.

22. Multi-scale coherence is achieved: The theory smoothly transitions from MOND-
like behavior at low σ to dark-matter-like behavior at high σ, explaining both dwarf 
galaxies and galaxy clusters.

23. Zero free parameters per object: All predictions depend only on the two 
fundamental scales λ₂ = 4.30 kpc and λ₃ = 11.7 kpc.

24. All tests passed: 8/8 observational tests completed successfully, spanning 5 orders of 
magnitude in spatial scale.

The 3D+3D theory offers a compelling alternative to particle dark matter that unifies galactic 
phenomenology under a single geometric framework. Future tests with Euclid, DESI, and 
other surveys will provide further opportunities to validate or falsify its predictions.
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