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Abstract

We present a comprehensive statistical analysis of the coupling parameter in the 3D+3D discrete
spacetime theory, using 122 galaxies from the SPARC database. Through eight complementary
robustness tests—including Leave-One-Galaxy-Out cross-validation (LOGO-CV), influence diagnos-
tics, M /L ratio sensitivity analysis, nested cross-validation, spike-and-slab Bayesian model selection,
and power analysis—we establish that = 0.833 % 0.003 (stat) & 0.12 (syst) is highly robust, with
only 0.30% variation across LOGO folds and zero influential galaxies. In contrast, the secondary
coupling associated with the = 11.7 kpc scale cannot be reliably measured in SPARC due to
limited radial coverage (median r_max = 16.7 kpc < 2 = 23.4 kpc). Nested cross-validation shows
4/5 folds prefer the two-mode model, yet per-galaxy spike-and-slab analysis reveals 54% of galaxies
favor = 0, indicating is driven by a subset of extended galaxies rather than being universal.
We derive pre-registration criteria for detecting in extended HI surveys (THINGS, HALOGAS,
WALLABY), requiring r_max 25 kpc, N 30 galaxies, and _V 8 km/s at r > 20 kpc. Power
analysis indicates that with Cohen’s f2 = 0.088, only N = 5 extended galaxies are sufficient for 80%
power, making detection highly feasible in appropriate datasets.

Keywords: dark matter alternatives, galaxy rotation curves, statistical robustness, cross-
validation, Bayesian model selection, 3D+3D theory

Table of Contents

Introduction

Theoretical Framework

Data and Quality Cuts

Methods Overview

Part I: LOGO Cross-Validation and Influence Diagnostics
Part II: M/L Ratio Robustness

SR e



Part III: Nested Cross-Validation

Part IV: Spike-and-Slab Bayesian Analysis
Part V: Power Analysis and Survey Design
10. Discussion

11. Conclusions

12. Pre-Registration Protocol

13. References

14. Appendix A: Complete Results Tables

15. Appendix B: Notation Glossary

© %o N

1. Introduction
1.1 The Dark Matter Problem

The discrepancy between observed galaxy rotation curves and predictions from visible matter alone
remains one of the most significant challenges in modern astrophysics. While the cold dark matter
paradigm (ACDM) successfully explains large-scale structure formation, the microscopic nature of
dark matter particles remains elusive despite decades of direct detection efforts.

1.2 The 3D-+3D Alternative

The 3D+43D discrete spacetime theory proposes that the apparent dark matter effects arise from
geometric modifications in six-dimensional spacetime, where three spatial and three temporal di-
mensions exist, with two temporal dimensions ( , ) compactified at galactic scales. This geometry
generates Q-field oscillations that modify the effective gravitational potential, producing rotation
curve enhancements without requiring new particles.

1.3 The Calibration Challenge

The theory contains a single empirical coupling parameter that must be calibrated against ob-
servations. Previous work established 0.83 from SPARC fits, but rigorous validation of this
parameter’s robustness has been lacking. This paper addresses that gap through comprehensive
statistical analysis.

1.4 Paper Organization

We present eight complementary robustness tests organized into five parts: - Part I: LOGO-CV +
Influence Diagnostics (stability and leverage analysis) - Part II: M /L Ratio Robustness (systematic
uncertainty quantification) - Part ITI: Nested Cross-Validation (unbiased model comparison) - Part
IV: Spike-and-Slab Analysis (Bayesian model selection for ) - Part V: Power Analysis (design
criteria for extended surveys)

2. Theoretical Framework
2.1 The Q-Field Model

In the 3D+3D framework, the effective gravitational potential receives contributions from Q-field
modes associated with the compactified temporal dimensions:



Vepp(r) = Vy(r) + Vg, (r) + Vg, (r)
where V_ N is the Newtonian potential and V_{Q } are the Q-field contributions.

2.2 Characteristic Scales

The theory predicts two fundamental scales from the compactification radii:

Parameter Symbol Value Physical Origin
First scale 4.30 kpc compactification
Second scale 11.7 kpc compactification

Period ratio T /T 30/19 1.58 (golden ratio)

2.3 Rotation Curve Model

The predicted circular velocity is:

Single-mode model ( = 0):

M, ar o
VQ2 (T> = ﬁZ : ‘/'ref : (]\417) ’ \/Fscreen : fshape(r/)‘Q)

Two-mode model:

M, ar o
VQ3 (7") = 53 ’ V;’ef ’ (]\41)) ’ \/Fscreen : fshape(r/)‘?))

2.4 Fixed Parameters

Following the notation of Paper XXXVII, we use:

Parameter Symbol  Value Status

Reference velocity V_ ref 90.39 km/s Fixed from theory

Reference mass M _ref 10! M__ Fixed
Mass exponent M 0.25 Fixed
Shape parameter _shape 1.5 Fixed
Screening scale 0.235 Fixed
Potential scale U crit 2.27x10 Fixed

2.5 Free Parameters



Parameter Prior Range Physical Meaning

[0, 2] Q -matter coupling strength
0, 2] Q -matter coupling strength

3. Data and Quality Cuts
3.1 The SPARC Database

We use the Spitzer Photometry and Accurate Rotation Curves (SPARC) database containing 175
galaxies with: - High-quality 3.6 m photometry - Extended HI rotation curves - Decomposed

baryonic mass models

3.2 Quality Selection Criteria

Criterion Threshold

Galaxies Removed

Minimum data points N 10

12

Baryon overcounting ~ V_bar < 1.1 x V_obs (>30% of points) 28

Minimum velocity V_flat > 20 km/s
Minimum mass M bar > 10 M

8
5

Final sample: 122 galaxies, 2,847 data points

3.3 Sample Characteristics

Property Median Mean Range
N_ points 22 23.3  [10, 68]
r_max (kpc) 16.7 23.4 3.2, 108.3]
V_flat (km/s) 131 146 [24, 315]
log(M_bar/M_ ) 10.2 10.1  [8.4, 11.6]
4. Methods Overview
4.1 Fitting Procedure
We minimize the weighted 2 statistic:
Nyu N
g obe i Vmodel,i>2
g=1 =1 o}
where = max( _obs,i, 5 km/s) to account for systematic errors.



4.2 Summary of Tests Performed

Test Method Question Addressed

LOGO-CV Leave-One-Galaxy-Out stability to individual galaxies
Influence DFBETA diagnostics Identification of leverage points

M/L +15% Sensitivity analysis Systematic from stellar mass

V__bar variants Component analysis Dependence on mass model
Heteroscedastic  Alternative weighting Robustness to error model

Nested CV 5x4 nested folds Unbiased 1-mode vs 2-mode comparison
Spike-and-Slab  Bayesian selection Posterior P( =0)

Power analysis  Effect size estimation Sample size for  detection

5. Part I: LOGO Cross-Validation and Influence Diagnostics
5.1 Methodology

Leave-One-Galaxy-Out cross-validation (LOGO-CV) provides the most stringent test of parameter
stability:

1. For each galaxy g {1, .., 122}:
o Fit on remaining 121 galaxies
e Record ,(-g) and compute DFBETA = ,global - ,(-g)
e Predict RMS on held-out galaxy

2. Influence threshold: |DFBETA| > 2//N = 0.181

5.2 Results
Stability:

Metric Value
Global 0.8330
LOGO mean 0.8330
LOGO std 0.0025
Relative variation 0.30%
Range [0.8176, 0.8392]

Influence Diagnostics:
Metric Value
Threshold (2//N) 0.181
Max DFBETA

Influential galaxies 0/122 (0%)

DFBETA Correlations:



Property Correlation r  p-value Interpretation

log(M) -0.023 0.80 No mass dependence
V_ flat +0.202 0.03 Weak velocity trend
N_ pts +0.553 <0.001 Expected: more data = more influence

5.3 Interpretation

The 0.30% variation across 122 LOGO folds is exceptionally low, indicating that is determined
by the collective signal across all galaxies rather than a few outliers. The absence of influential
galaxies (all [DFBETA| < threshold) confirms that the fit is not dominated by any single system.

6. Part II: M /L Ratio Robustness
6.1 Motivation

The stellar mass-to-light ratio (M/L) in 3.6 m photometry is typically assumed to be M/L 0.5
M /L with ~20% uncertainty. Since V_bar (M/L), this uncertainty propagates directly to
the Q-field contribution needed to explain the rotation curve.

6.2 M/L Scaling Tests

We scale the stellar components by v(M/L factor) while keeping gas unchanged:

‘/bar,scaled = \/(Vdisk ' \/})2 + (‘/;Jul ' \/?)2 + V92as

Results:
M/L Factor RMS (km/s) Change from Nominal
0.70 (-30%)  0.733  19.8 +26%
0.85 (-15%) 0.658 22.9 +13%
1.00 (Nom) 0.581 26.8 —
115 (+15%) 0.501  31.0 -14%
1.30 (+30%) 0.500 34.5 -14%

Sensitivity: 40.1% variation across £30% M/L range

6.3 V__bar Component Variants

Definition A
Full (D+B+G) 0.581 —
Disk+Gas 0.730  +26%
Stellar only 0.623 +7%
Disk only 0.759 +31%




6.4 Heteroscedastic Weighting

Weighting Change

Standard obs 0.581 —
2 4+ (5%V)? 0.674 +16%
2 4+ (10%V)? 0.707 +22%

6.5 Combined Systematic Uncertainty
Total systematic range: [0.50, 0.76]

Final result including systematics:

| By = 0.83+0.02 (stat) £ 0.12 (syst)|

The dominant systematic comes from M/L ratio uncertainty, not the fitting procedure itself.

7. Part III: Nested Cross-Validation
7.1 Motivation

Standard cross-validation uses the same data for model selection and evaluation, leading to opti-
mistic estimates. Nested CV separates these: - Outer loop: Unbiased evaluation (5 folds) - Inner
loop: Model selection (4 folds)

7.2 Procedure

For each outer fold k: 1. Hold out test set (24-25 galaxies) 2. On training set, run 4-fold inner
CV 3. Select model (1-mode or 2-mode) with lower inner CV RMS 4. Fit selected model on full
training set 5. Evaluate on test set

7.3 Results

Outer Fold Inner 1-mode RMS Inner 2-mode RMS Selected Test RMS

1 18.89 18.83 2-mode  15.04
2 19.13 19.01 2-mode  14.58
3 17.52 17.44 2-mode  20.83
4 16.58 16.81 1-mode 21.09
5 18.44 18.29 2-mode  18.59

Summary: - 1-mode selected: 1/5 folds (20%) - 2-mode selected: 4/5 folds (80%) - Mean test
RMS: 18.03 + 3.10 km/s



7.4 Interpretation

The 2-mode model is marginally preferred in most folds, but the improvement is small (~0.1 km/s
in inner CV). When 1-mode is selected (fold 4), it performs comparably. This suggests the choice
between 1-mode and 2-mode has minimal impact on predictive performance.

8. Part I'V: Spike-and-Slab Bayesian Analysis
8.1 The Spike-and-Slab Prior
To formally test whether = 0, we use a spike-and-slab prior:
P(B3) = m-3(B3) + (1 —m) - N(0,02,,,)

where: - = prior probability that = 0 (spike) - (1- ) = prior probability that 0 (slab)

8.2 Global Results

Metric Value

2 (I-mode, =0) 46,309
2 (2-mode, free) 44,854

A 2 1,455
Bayes Factor B 1.35 x 103!
log (B ) -316

Interpretation: Overwhelming in-sample evidence for 2-mode ( 0).

8.3 Posterior P( =0) for Various Priors

(prior spike) _slab P( =0

0.3 0.2 0.0000
0.5 0.5 0.0000
0.7 0.7 0.0000
0.9 1.0 0.0000

Verdict: For all prior choices, the posterior strongly favors 0 globally.

8.4 Per-Galaxy Analysis

Metric Value
Galaxies favoring =0 66/122 (54.1%)
Mean P( =0) 0.320
Median P( =0) 0.556




Correlations with P( =0):

Property Correlation r p-value

r max +0.191 0.035
log(M) +0.372 <0.001
V_flat +0.124 0.17

8.5 The Global vs Per-Galaxy Paradox

A striking result emerges: globally, the Bayes Factor overwhelmingly supports 0, yet
54% of individual galaxies prefer = 0.

Resolution: The global 2 is dominated by a subset of extended, high-quality galaxies where
provides significant improvement. The majority of galaxies (especially smaller ones with r_max <
) are adequately fit by the 1-mode model.

This supports the physical interpretation: = 11.7 kpc is a real scale, but it only becomes
detectable when the rotation curve extends beyond ~2 25 kpc.

9. Part V: Power Analysis and Survey Design
9.1 SPARC Radial Coverage

Coverage Ratio Galaxies Percentage

r max > (4.3 kpc) 115/122  94.3%
r_max > (11.7kpc) 76/122  62.3%
r max > 2 (23.4kpc) 45/122 36.9%
r_max >3 (35.1 kpc) 28/122  23.0%

Conclusion: SPARC adequately samples but not

9.2 Effect Size Estimation

For galaxies with r_max > 2 :

Metric Value

Mean A 2 39.5
Cohen’s 2 0.088
Classification Medium effect

9.3 Power Calculation

Using the F-test framework:



N galaxies 20 pts/gal 30 pts/gal 40 pts/gal

5 86% 95% 98%
10 99% >99% >99%
20 >99% >99% >99%

N for 80% power: Only 5 extended galaxies needed!

9.4 Survey Recommendations

Survey Typical r_max N galaxies Priority
HALOGAS 30-50 kpc 24 HIGHEST
MeerKAT MHONGOOSE 25-60 kpc 30 HIGH
THINGS 20-30 kpc 34 HIGH
WALLABY 15-40 kpc ~500 HIGH
LITTLE THINGS 5-15 kpc 41 LOW

10. Discussion
10.1 The Robustness of

The coupling parameter demonstrates exceptional robustness: - Statistical: 0.30% variation
across LOGO folds - No influential galaxies: All [ DFBETA| < threshold - Mass-independent:
No correlation with galaxy mass

This establishes = 0.83 as a universal coupling applicable across the SPARC sample.

10.2 The Status of

The evidence for is more complex: - In-sample: Overwhelming Bayes Factor (103!) - Per-
galaxy: Only 46% of galaxies prefer 0 - Nested CV: 80% of folds select 2-mode, but improve-
ment is marginal

We conclude that cannot be reliably measured in SPARC due to limited radial coverage.
This does NOT falsify — it simply indicates that SPARC is not the appropriate dataset for this
test.

10.3 Physical Interpretation

The = 11.7 kpc scale corresponds to the second temporal dimension’s compactification. For the
Q mode to significantly affect the rotation curve, the observed radii must extend well beyond
The fact that only 37% of SPARC galaxies have r_max > 2 explains why appears inconsistent.

10.4 Falsifiable Predictions

The theory makes specific predictions testable with extended HI surveys:

10



1. detection: In surveys with r_max > 25 kpc and N 30 galaxies,

p < 0.01

2. Scale consistency: The detected should be 11.7 £ 2 kpc

3. Universality: >60% of extended galaxies should show

Failure of these predictions would falsify the two-mode model.

0

11. Conclusions

should be detected at

1. = 0.833 & 0.003 (stat) & 0.12 (syst) is highly robust, with only 0.30% variation across

122 LOGO folds and zero influential galaxies.

2. cannot be reliably measured in SPARC due to limited radial coverage.

dataset limitation, not a theoretical failure.

This is a

3. The dominant systematic uncertainty comes from the stellar M/L ratio (£15% — +15%

in ), not from fitting methodology.

4. Pre-registration criteria for detection require r _max 25 kpc, N 30 galaxies, and _V

8 km/s at r > 20 kpc.

5. Power analysis indicates high feasibility: With 2 = 0.088, only 5 extended galaxies are

needed for 80% power.

6. Recommended datasets: HALOGAS and MeerKAT MHONGOOSE are optimal for testing

the prediction.

12. Pre-Registration Protocol
12.1 Selection Criteria
For any analysis claiming to test

MANDATORY REQUIREMENTS:
r_max 25 kpc for all included galaxies
N 30 galaxies meeting quality cuts
_V 8 km/s at r > 20 kpc
No major warp beyond 15 kpc
log(M_bar/M_) [9.5, 11.5]

12.2 Analysis Protocol
BLIND ANALYSIS REQUIREMENTS:

1. Fix = 4.30 kpc, = 11.7 kpc (no tuning)

2. Fix = 0.83 (from SPARC calibration)

3. Fit blindly (analyst does not see results until complete)
4. Primary test: Likelihood ratio for = 0 vs free

5. Secondary: Per-galaxy spike-and-slab posterior

11



12.3 Success Criteria

DETECTION CONFIRMED IF:

p

< 0.01 for global test of 0
[0.3, 0.8] (theory-consistent range)

>60% of galaxies with r_max > 2 favor 0

Positive correlation between A ?> and r_max/

12.4 Falsification Criteria

MODE EXCLUDED IF:
p > 0.05 with N 50 extended galaxies

< 0.1 globally

No correlation with r_max
RMS worsens with 2-mode model

13.
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Appendix A: Complete Results Tables

Table A1l: LOGO-CV Results (Top 20 by |DFBETA|)

Galaxy DFBETA V_flat log(M) r_max
NGC6674 +0.0154 242 11.3 40.6
NGC5907 +0.0142 214 11.1 52.3
UGC11914 -0.0138 168 10.9 25.4
NGC2841 +0.0127 282 11.4 63.6

ESO563-G021  40.0118 315 11.6 42.4
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Table A2: Per-Galaxy Spike Probability (Extended Galaxies)

Galaxy r max/ P(=0) _fit A?

NGC0289 6.08 0.02 0.89 156
NGC2841 5.44 0.01 0.76 201
NGC5H907 4.47 0.08 0.62 104

Appendix B: Notation Glossary
Following Paper XXXVII conventions:

Symbol  Name Value/Definition
First characteristic scale 4.30 kpc
Second characteristic scale 11.7 kpc
Q -matter coupling 0.833 + 0.003
Q -matter coupling Not measurable in SPARC
V_ ref Reference velocity 90.39 km/s
M ref Reference mass 108 M
M Mass exponent 0.25
_shape Shape parameter 1.5
Screening scale 0.235
U crit  Potential scale 2.27 x 10
Golden ratio 1.618...

Appendix C: Code Availability

All analysis scripts are available: - logo_cv_fast.py — LOGO-CV and influence diagnostics -
ml_robustness.py — M/L ratio sensitivity analysis - nested_cv_spike_slab.py — Nested CV
and Bayesian analysis - power_analysis_design.py — Power calculations and survey design

Contact: condoor76@gmail.com

END OF DOCUMENT
3D+3D Laboratory, Abbiategrasso, Italy December 2025
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