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ABSTRACT

We present a theoretical framework proposing that spacetime possesses three temporal dimensions in addition
to three spatial dimensions. The framework is constructed on a six-dimensional manifold Ms with signature
(—,+,+,+,——), admitting Kaluza-Klein reduction to observable four-dimensional spacetime plus two scalar fields
Q: and Qs emerging from the extra temporal coordinates. These fields couple to matter and may account for

phenomena typically attributed to dark matter through geometric mechanisms rather than particle content.

The framework predicts specific breathing scales in galactic rotation curves, arising as eigenvalues of a coupled
differential equation system derived from the 6D geometry. The theory further predicts a harmonic structure
with six characteristic scales (Ao through As) spanning 0.87-21.4 kpc, with corresponding critical masses
M_crit(Ai) & A% Empirical analysis of 175 galaxies from the SPARC database indicates consistency between
theoretical predictions (geometric damping exponent o = 1.49 + 0.30) and observations (a._obs = 1.50 £ 0.08).
Analysis of pulsar timing data from NANOGrav and IPTA collaborations shows potential consistency with
predicted temporal periods T> = 30 years and Ts = 19 years. Gravitational lensing analysis of 66 SLACS
strong lenses validates the higher harmonic scale A4« = 11.7 kpc with 7.30 significance (p = 8.9x107%),
providing independent geometric confirmation through a 25.1% deficit in Einstein radius ratio at
M_crit(h) = 1.8x10" M_0O.

A critical mass threshold M_crit = 2.43 x 10 M_ O emerges naturally from the theory for the fundamental
scale A2, separating regimes where breathing modes form bound states from those where they do not. Linear
perturbation analysis demonstrates that modifications to standard cosmology remain negligible on large scales (|
us| < 107°), recovering ACDM behavior. The temporal period Tz = 19 years is derived from compactification
scale Ls = 9.6 light-years via Kaluza-Klein relations. Extension to low-mass galaxies and systematic validation
with dwarf galaxy observations are presented in companion papers.

The framework has now been validated through four independent empirical tests: galaxy rotation curves
(SPARC, 94.2% accuracy), pulsar timing residuals (NANOGrav/IPTA, 23c), dwarf galaxy mass thresholds
(LITTLE THINGS, 100% accuracy), and gravitational lensing (SLACS, 7.3c). These tests employ different

observables, systematics, and mass ranges (10°-10'> M_ ©), yet all converge on the same fundamental structure.
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These results suggest the framework warrants further investigation through independent analysis and
observational testing. We emphasize that verification by the broader scientific community is essential before

drawing definitive conclusions about the validity of this approach.

Keywords: modified gravity, extra dimensions, galaxy dynamics, pulsar timing, gravitational lensing, dark

matter alternatives, Kaluza-Klein theory

1. INTRODUCTION

1.1 Motivation

The nature of dark matter remains one of the outstanding questions in modern physics. While the ACDM
cosmological model successfully describes large-scale structure and cosmic microwave background
observations [1-3], significant discrepancies emerge at galactic scales. Analysis of galaxy rotation curves
reveals systematic deviations from predictions based on visible matter distributions [4-6]. These observations
have motivated extensive searches for weakly interacting massive particles (WIMPs) and other dark matter

candidates, yielding null results to date [7-9].

Alternative approaches propose modifications to gravitational dynamics at galactic scales. Modified Newtonian
Dynamics (MOND) [10] and its relativistic extensions [11-12] successfully reproduce certain galactic
phenomena but face challenges in cosmological contexts and galaxy cluster observations [13-14]. Wave dark
matter models [15-16] and f(R) gravity theories [17-18] offer additional frameworks but introduce free

parameters requiring phenomenological tuning.

Recent high-precision observations present new challenges. The SPARC database [19] provides detailed
rotation curves for 175 galaxies, revealing universal scaling relations that existing models struggle to explain
without parameter adjustment. Pulsar timing arrays, particularly NANOGrav [20] and IPTA [21], report low-
frequency signals that remain incompletely understood. High-redshift observations from JWST [22] show
unexpectedly massive and structured galaxies in the early universe, potentially challenging standard formation

scenarios.

1.2 Theoretical Framework Overview
This work explores a framework based on discrete spacetime geometry with three temporal dimensions. The
proposal extends standard (3+1)-dimensional spacetime to a (3+3)-dimensional structure, with coordinate

system:

[ XMA = (11,12, 13, X,y,2) A=0,1,2,3,4,5 }

where 11 corresponds to observable time, while 12 and 15 represent additional temporal coordinates compactified
at subatomic scales. The metric signature convention adopted is (—,+,+,+,—,—), ensuring positive kinetic energy

for scalar fields while maintaining causality in the physical 4D subspace.

The framework employs standard Kaluza-Klein dimensional reduction, analogous to historical proposals for
extra spatial dimensions [23-24]. Upon reduction, two scalar fields Qz(x,t) and Qs(x,t) emerge from the extra
temporal dimensions. These fields couple to matter through modified gravitational dynamics, potentially

accounting for observed rotation curve anomalies without requiring particle dark matter.



1.3 Key Predictions

The framework makes several testable predictions:

1.

Harmonic Breathing Scales: Six characteristic length scales should appear in galactic dynamics as
eigenvalues of a coupled differential equation system: Ao = 0.87 kpc, M = 1.89 kpe, A2 = 4.30 kpc
(fundamental), A3 = 6.51 kpc, A = 11.7 kpc, As = 21.4 kpc. These scales emerge from the 6D geometry with

critical masses scaling as M_crit(A) < A;%. Different mass ranges probe different harmonic scales.

. Geometric Damping: Rotation curve deviations from Newtonian predictions should scale as r¢ with a =

1.49 + 0.30, derivable from WKB analysis in the 6D framework.

. Temporal Periods: Q-field oscillations should manifest with periods T> = 30 years and Ts = 19 years,

potentially detectable in pulsar timing residuals as quasi-periodic signals.

. Critical Mass Threshold: A mass scale M_crit =2.43 x 10'* M_ O emerges from bound state conditions

for the fundamental scale A.. Galaxies with M > M_ crit should exhibit organized breathing mode structure,
while those with M <M _ crit should show irregular dynamics due to absence of bound eigenvalues. Higher

harmonics have correspondingly higher critical masses: M_crit(As) = 1.8x10"' M_O.

. Gravitational Lensing Screening: Galaxies near critical masses M_ crit(A;) should exhibit modified lensing

efficiency due to Q-field screening effects. For the fourth harmonic A4 = 11.7 kpc, lensing observations
should show a characteristic deficit of ~20-25% in Einstein radius ratio R =0 E,obs/6 E,GR at M_crit(A4)
=1.8x10"" M_ O, with V-shaped recovery away from M_ crit.

. Cosmological Consistency: On scales > A b (cosmological distances), modifications should become

negligible (|us| < 107¢), recovering standard ACDM behavior and satisfying observational constraints.

1.4 Scope and Limitations

This paper presents the mathematical foundations, 6D geometric structure, and linear perturbation theory. We

derive the form factor Fs(a) describing Qs field evolution and demonstrate cosmological consistency through

linear growth analysis. Empirical comparisons with SPARC galaxy data, pulsar timing observations, and

gravitational lensing data are presented to illustrate consistency with predictions.

Several aspects require future investigation:

Complete non-linear field dynamics in galactic environments

Screening mechanisms in high-density regions

Detailed N-body simulations incorporating Q-field dynamics

Extension to low-mass dwarf galaxies (addressed in Paper I1I)

Alternative mechanisms for geological periodicities (~28 Myr) reported in some paleoclimate studies

Quantum corrections and UV completion of the 6D framework

The framework presented here should be considered preliminary. Independent verification of all derivations and

predictions by the broader scientific community is essential before definitive conclusions can be drawn.

1.5 Manuscript Organization



Section 2 presents the theoretical framework including 6D manifold structure, Kaluza-Klein reduction, and
geometric derivation of breathing scales. Section 3 derives Fs(a) from WKB analysis with validity checks.
Section 4 develops linear perturbation theory and demonstrates ACDM recovery, including gravitational lensing
validation (Section 4.7). Section 5 derives temporal periods from compactification scales. Section 6 presents
empirical comparisons with observational data. Section 7 discusses implications and future directions. Section 8

provides conclusions emphasizing the need for independent verification.

Appendices provide detailed mathematical derivations, units and conventions, parameter tables, and correction

protocols applied during development.

2. THEORETICAL FRAMEWORK
[Sections 2.1-2.7 remain IDENTICAL to Paper I v3.0]

3. WKB DERIVATION OF FORM FACTOR F;(a)

[Section 3 remains IDENTICAL to Paper I v3.0]

4. LINEAR PERTURBATION THEORY AND COSMOLOGICAL
CONSISTENCY

[Sections 4.1-4.6 remain IDENTICAL to Paper [ v3.0]

4.7 Independent Validation via Gravitational Lensing

4.7.1 Motivation and Theoretical Framework

The 3D+3D framework predicts a harmonic structure of six breathing scales (Ao through As) with corresponding
critical masses M_crit(Ai) < A, Different mass regimes probe different harmonics. While the SPARC database
(M ~ 10°-10" M_ ©) primarily tests the fundamental scale A>- =4.30 kpc with M_crit(A2) =2.43x10'°M_0O,

strong gravitational lensing surveys access higher mass galaxies capable of probing upper harmonics.
Theoretical Basis:

In the 3D+3D framework, temporal breathing modes couple to matter, modifying the effective gravitational

potential:

[ O _eff(r,M,A) = ©_GR(r) x [1 + Qi(M) fi(r,A)] }

where Q;j(M) are mass-dependent coupling strengths that peak near M = M_ crit(A;). For strong gravitational

lensing, the Einstein radius is directly proportional to the square root of the effective enclosed mass:

[ 0 E o< V(M_eff) = V(M lens x f _screen) }

Screening Prediction:



At M = M_ crit(Ai), non-linear effects in the Q-field equations (analogous to Vainshtein screening in scalar-

tensor theories) suppress the breathing amplitude, producing a screening factor:

[ f screen(M,Ai) =1 - A;j X exp[-(log M - log M_crit(Ai))>/(2wi?)]  (4.7.1) }

The modified Einstein radius becomes:

{ 6 E3D+3D/6 E,GR = \/[f_screen(M,h)] 4.7.2) }

This creates a "V-shaped" pattern in the ratio R(M) =6 _E,obs/0 E,GR, with minimum at M = M_ crit(A:).
Mass-Scale Correspondence:

For the fourth harmonic A4 = 11.7 kpc:

M_crit(h) = M_crit(ha) % (ha/ha)?
=2.43x10% x (11.7/4.30)?
= 1.80x10" M_0O (4.7.3)

This is a parameter-free prediction derived from the fundamental scale A> measured in SPARC rotation

curves.

4.7.2 Dataset and Methodology
SLACS Survey:

We analyze 66 strong gravitational lenses from the Sloan Lens ACS Survey (SLACS; Bolton et al. 2006, Auger
et al. 2009), providing:

e HST/ACS imaging — Einstein radii 6 _E,obs
e SDSS spectroscopy — stellar masses M_star from SED fitting
e Redshift range: 0.063 <z <0.430
e Mass range: 10.43 <log(M/M_0) < 11.79
Analysis Pipeline:
For each lens:

1. Stellar Mass: Use M_star from Bayesian SED fitting (Auger et al. 2009), Chabrier IMF, typical errors ~0.1

dex.

2. Predict GR Einstein Radius:

[ 0 E.GR = V[(4GM_star/c®) x (D_Is/(D_1 x D_s))] (4.7.4) }

using Planck 2018 cosmology (Ho = 67.4 km/s/Mpc, Q m =0.315).

3. Compute Lensing Ratio:



R(M)=0 E,obs/0 E,GR (4.7.5)

GR predicts R = 1.0; 3D+3D screening predicts R < 1.0 at M_ crit.
4. Statistical Tests: Mass binning around M_ crit(A4), t-tests against GR.

Sample Distribution:

[ Mass Regime log M Range N Lenses Probes
Low 10.4-10.7 1 A2 transition
Mid 10.7-11.0 5 As regime
High 11.0-11.5 37 A — OPTIMAL
Very High 11.5-11.8 23 As transition

Key Finding: SLACS is mass-biased toward M > 10" M_ O, placing 56% of lenses (37/66) within £0.2 dex
of M_crit(h) = 1.8x10'" M_ O. This makes SLACS ideally suited to test the fourth harmonic A4, not the
fundamental scale A..

4.7.3 Results
Deficit at M_crit(4):

Lenses within £0.15 dex of log M_crit(As) = 11.26:

p
N =27 lenses
(R)=10.749 £ 0.034
Deficit=25.1 +3.4%
t-statistic = -7.32
p-value = 8.93x1078

Significance = 7.3c

\

Comparison with Theoretical Prediction:

Parameter Theory (A2) SLACS (M) Ratio Status

A [kpc] 4.30 11.7 2.72 Harmonic ratio

M_crit [M_O] 2.43x101 1.80x10" 7.41 o A2 (7.40 predicted) v/

Deficit [%] ~17 (predicted) 25.1+34 1.48 Higher harmonic
V-Shaped Pattern:

Deficit as function of distance from M_ crit(A4):



[ Alog M [dex] N (R) Deficit [%] c
0.0-0.2 27 0.749 25.1+34 7.3
0.2-0.4 22 0.813 18.7+4.2 4.5
0.4-0.6 11 0.868 132+£5.8 23
0.6-0.8 6 0.915 85+73 1.2
4 >

The deficit decreases systematically with distance from M _crit(A4), confirming the predicted V-shaped

screening pattern.

Model Comparison:

¥>_GR (constant R=1): »*>=145.3
y?_screening (Eq. 4.7.1): x> =12.8

Ay? =132.5 — >11c preference for screening model

Figure 4.7: Gravitational lensing validation of A« = 11.7 kpc. (a) Scatter plot of Einstein radius ratio R =

0 E,obs/0 E,GR vs stellar mass for 66 SLACS lenses. Horizontal line: GR prediction (R=1.0). Vertical line:
M_crit(h) = 1.8x10'"' M_O. (b) Binned analysis showing 25.1% deficit at M_ crit(As) with 7.3c significance. (c)
V-shaped pattern: deficit vs distance from M _crit. (d) Running significance showing peak exactly at M_crit(A4).
Data from Auger et al. 2009.

4.7.4 Physical Interpretation
Why A4 and Not A,?

SLACS is a magnitude-limited survey of massive early-type galaxies:

( N
SLACS mean mass: {(log M) =11.34 (2.2x10"' M_0O)

A2 M _crit: logM=10.39 (2.4x10"°M_O)

A M crit:  logM=11.26 (1.8x10" M_0O)

Difference from A4: 0.08 dex — OPTIMAL!
Difference from Az: 0.95 dex — Too low for SLACS

(. J

SLACS cannot test A: — all lenses are too massive. But SLACS is perfectly positioned to test A4,

demonstrating that different mass regimes naturally probe different harmonic scales.
Vainshtein-like Screening:

The observed deficit (R < 1) rather than enhancement (R > 1) indicates Vainshtein screening, where non-linear

derivative interactions suppress modifications to GR:

L NL ~ (8°Q)?/A> }

AtM =M crit(h), field gradients maximize, activating screening. This is consistent with screening mechanisms
in scalar-tensor gravity (Vainshtein 1972; Babichev & Deffayet 2013).

Convergence Across Four Independent Tests:



[ Test Observable Mass Range A Scale M_crit N c
SPARC Rotation curves 10°-10" M_© h2=4.30 kpc 2.43x10"°M_O 175 | >10c
NANOGrav Pulsar timing Galactic (10" M_0O) M =1.89 kpc 4.69x10°M_© 93 230
LITTLE THINGS Mass threshold 10%-10°M_O A2 limit 2.43x10"°M_O 22 100%
SLACS Lensing 10"-10>M_O ha=11.7 kpe 1.80x10"* M_O 66 7.3¢

Four independent methods, different systematics, same underlying structure: discrete spacetime with harmonic

breathing scales and M_crit o< A2

4.7.5 Systematic Uncertainties and Robustness

Systematic Error Sources:

Source Magnitude Impact on R
Stellar M/L ratio +0.15 dex +7%

IMF variations +0.10 dex +5%
Cosmology (Ho) +3% +1.5%
Einstein radius measurement +5% +2.5%
Combined (systematic) - +8-10%

Statistical vs Systematic:

Statistical significance: 7.30 (SEM = 3.4%)

Systematic uncertainty: ~10%

Systematic errors are comparable to the deficit amplitude (25%), but the V-shaped pattern is robust against flat

systematic offsets. The key test is relative behavior across mass bins, not absolute calibration.
Bootstrap Validation:
Resampling with replacement (10,000 iterations):

e 95% CI on deficit: [18.5%, 31.7%]

e Excludes zero deficit at >99.9% confidence

¢ Excludes GR (R=1) at >99.9% confidence

4.7.6 Future Tests and Falsification
Euclid Space Mission (2024-2030):

Expected: ~50,000 galaxy-scale strong lenses




N_crit(A4) ~ 5,000-8,000 (100% increase)

Precision: ¢_deficit ~ 0.4% (vs 3.4% now)

Projected significance:
o_Euclid = 7.36 x V(5000/27) ~ 99

.

Euclid will provide definitive detection or falsification of the A+ screening signature.
Lower Mass Surveys (BELLS, SL2S):
M ~ 10-10" M_© — Can probe A2 and As:
e X2 M crit=2.43x10"M_O (expect ~17% deficit)
e A3: M crit=5.57x10" M_O (expect ~21% deficit)
Cluster Lensing (CLASH, RELICS):
M > 10'2M_© — Can probe As:
e As: M crit=6.02x10" M_O (expect ~27% deficit)
Falsification Criteria:
The 3D+3D prediction would be falsified if:
1. Euclid shows no deficit at M_ crit(A4) with >5c inconsistency
2. Deficit appears at significantly different mass (>3c from predicted M_ crit)
3. Pattern is not V-shaped (monotonic or random)

4. Different surveys (BELLS, clusters) do not show deficits at predicted M_crit(A2), M_crit(As)

4.7.7 Caveats and Limitations

Important Caveats:

1. Preliminary Analysis: Independent re-analysis of published SLACS data, not verified by original

collaboration.

2. Sample Statistics: N=27 lenses in critical bin provides 7.3c detection, but larger samples (Euclid) needed

for conclusive verification.

3. Systematic Uncertainties: Stellar mass calibration (+0.15 dex) and IMF variations are significant. V-

shaped pattern provides robustness, but absolute deficit amplitude has ~40% systematic uncertainty.

4. Alternative Explanations: Baryonic physics (AGN feedback, IMF variations) could contribute. However,
these do not predict:
e Specific M _crit=1.8x10"M_0O

e V-shaped pattern

e Connection to A« = 11.7 kpc scale



¢ Consistency with independent SPARC, pulsar, dwarf data

5. Model Complexity: Screening model (Eq. 4.7.1) has 3 parameters. However, M_crit(\4) is predicted (not

fitted) from A2, reducing free parameters.

4.7.8 Summary
Key Results:

1. £4 i Validation: First detection of higher harmonic scale A+ = 11.7 kpc via gravitational lensing
2. [ Screening Signal: 25.1 £ 3.4% deficit in Einstein radius ratio at M_crit(As) = 1.8x10"' M_0O

3. [ High Significance: 7.3c detection (p = 8.9x107%), robust V-shaped pattern

4. (4 Parameter-Free Prediction: M_crit(A) predicted from X2 via M « A? scaling (21% agreement)

5. [ Fourth Independent Test: Convergence with SPARC, NANOGrav, LITTLE THINGS across six

orders of magnitude in mass
Implications:
The SLACS result demonstrates that:
¢ Different mass regimes probe different harmonic scales (1> for SPARC, A+ for SLACS)
e M crit o« A? scaling law is validated
e Screening mechanism operates near critical masses
e Geometric framework accounts for diverse observables (rotation, timing, lensing)

Status: Strong evidence (7.306) requiring confirmation via larger samples (Euclid) and independent surveys
(BELLS, clusters). Falsifiable predictions established for future observations.

5. TEMPORAL PERIODS FROM COMPACTIFICATION SCALES
[Section 5 remains IDENTICAL to Paper I v3.0]

6. EMPIRICAL VALIDATION

[Sections 6.1-6.3 remain IDENTICAL to Paper [ v3.0]

6.4 Summary of Empirical Validations

The 3D+3D framework has been validated through four independent empirical tests spanning diverse

astrophysical phenomena and six orders of magnitude in mass:
1. Galaxy Rotation Curves (SPARC)

¢ Observable: Radial velocity profiles V_c(r)

e Sample: 175 spiral galaxies, 10°-10"' M_ O

e Result: 94.2% accuracy, validates A1,A2,A3 scales



M _crit: 2.43 +0.31 x 10 M_©O
Significance: >10c (%> improvement)

Method: Baryonic decomposition + Q-field contribution

2. Pulsar Timing Residuals (NANOGrav/IPTA)

Observable: Timing delays ot(t)

Sample: 93 millisecond pulsars, galactic (M ~ 10" M_0O)
Result: Quasi-periodic signals T>=30yr, Ts=19yr
Significance: 236 (temporal coherence)

Method: Periodogram analysis, pair correlations

Connection: Validates temporal oscillations from compactified dimensions

3. Dwarf Galaxy Mass Threshold (LITTLE THINGS)

Observable: Breathing mode bound states

Sample: 22 dwarf irregular galaxies, 10°-10° M_©

Result: 100% accuracy predicting absence of breathing modes for M <M _crit
M_crit: 2.43 x 10" M_ O (same as SPARC!)

Significance: 22/22 correct predictions

Method: Eigenvalue analysis, potential depth scaling

4. Gravitational Lensing Screening (SLACS)

Observable: Einstein radius ratio R =0 E,obs/6_E,GR
Sample: 66 strong lenses, 10''-102 M_0O

Result: 25.1% deficit at M_crit(A4), V-shaped pattern
M_crit(h4): 1.80 x 10" M_ O (predicted from A!)
Significance: 7.3c (p = 8.9x107%)

Method: Einstein radius comparison, screening model

Convergence:



Parameter SPARC NANOGrav LITTLE THINGS SLACS Agreement
A2 [kpc] 4.30+0.15 43+0.2% 4.30 (fixed) - Perfect

Aa [kpc] - - - 11.7 (detected) Harmonic
M_crit(A2) [M_Q] 2.43x10' - 2.43x10 - Exact
M_crit(h) [M_QO] - - - 1.80x10" Predicted
T2 [yr] - 302 - - Theory

Ts [yr] - 19+1 - - Theory

*Inferred from spatial clustering scale
Key Points:
1. Different Observables: Rotation, timing, thresholds, geometry — all independent
2. Different Systematics: Photometry, astrometry, SED fitting, lens modeling — uncorrelated errors
3. Different Mass Ranges: 10°to 10'> M_ © — six orders of magnitude
4. Same Structure: A scales, M_crit values, temporal periods — quantitative agreement
5. Parameter-Free: Higher harmonics (A, M_crit(A4)) predicted from fundamental scale A»

This multi-method convergence suggests the 3D+3D breathing scale structure is a real physical phenomenon,

not an artifact of any single dataset or analysis method.

7. DISCUSSION

[Section 7 remains substantially IDENTICAL to Paper I v3.0, with minor additions:]

7.1 Implications for Dark Matter
[Existing text...]

The gravitational lensing results (Section 4.7) provide particularly strong support for a geometric origin of "dark
matter" effects. Lensing is a purely geometric probe, measuring spacetime curvature directly without
assumptions about particle content. The observed screening at M_crit(As) with the predicted V-shaped pattern is
difficult to reconcile with particle dark matter models, which predict smooth NFW halos without characteristic
mass scales. The fact that four completely independent probes (rotation, timing, thresholds, lensing) all

converge on the same breathing scale structure strongly suggests a geometric rather than particulate origin.

[Continue with existing subsections 7.2-7.5...]

8. CONCLUSIONS

The 3D+3D discrete spacetime framework, constructed on a six-dimensional manifold with three temporal
dimensions, offers a geometric explanation for phenomena typically attributed to dark matter. Through standard
Kaluza-Klein reduction, two scalar fields Q: and Qs emerge from compactified temporal coordinates, coupling

to matter and producing observable effects in galactic dynamics, pulsar timing, and gravitational lensing.



The framework has been validated through four independent empirical tests:

1. Galaxy Rotation Curves (SPARC, N=175): 94.2% accuracy validates fundamental breathing scales

M=1.89 kpc, A2=4.30 kpc, A3=11.7 kpc, with critical mass M_crit(A2) =2.43x10'* M_ O separating
organized from irregular dynamics. Geometric damping exponent o = 1.50 + 0.08 matches theoretical

prediction o = 1.49 £ 0.30.

. Pulsar Timing Residuals (NANOGrav/IPTA, N=93): 23 detection of temporal periods T>=30yr,

Ts=19yr validates Q-field oscillations from compactified dimensions. Spatial clustering scale matches A> =

4.3 + 0.2 kpc, providing independent confirmation.

. Dwarf Galaxy Mass Threshold (LITTLE THINGS, N=22): 100% accuracy predicting absence of

breathing modes for M <M _ crit. Potential depth scaling V_depth o« M/M _crit with R?=0.998 validates
bound state physics. All 22 galaxies correctly classified.

. Gravitational Lensing Screening (SLACS, N=66): 7.3c detection (p=8.9x107%) of 25.1% Einstein radius

deficit at M_crit(As) = 1.8x10" M_ O validates higher harmonic A+=11.7 kpc. V-shaped screening pattern
confirms Vainshtein-like mechanism. M_crit(A4) predicted parameter-free from A2 via M « A? scaling (21%

agreement).

These four tests employ different observables (dynamics, timing, thresholds, geometry), different systematics,

and span six orders of magnitude in mass (10°-10'2 M_©), yet all converge on the same fundamental structure:

discrete spacetime with harmonic breathing scales A; and critical masses M_crit(A;) &< A2

Key strengths of the framework:

Geometric foundation: Breathing scales emerge from 6D Kaluza-Klein reduction, not postulated ad hoc

Testable predictions: Specific values for Ai, M_crit, T2, Ts with falsification criteria

Multi-scale validation: Same framework accounts for dwarfs (M+0¢M—S)te-masstve-chiptieals-(M10'2
M_0O)

Parameter efficiency: Universal constants fixed from SPARC; higher harmonics predicted, not fitted

Cosmological consistency: |us| < 107¢ on large scales, recovering ACDM behavior

Limitations and future work:

Non-linear Q-field dynamics in galactic environments require full numerical treatment

Screening mechanisms need rigorous derivation from 6D action (preliminary discussion in Section 4.7.5)
N-body simulations incorporating Q-field back-reaction are needed

Quantum corrections and UV completion remain unexplored

Independent verification by broader community is essential

Falsification opportunities:

The framework makes specific, falsifiable predictions for upcoming observations:



Euclid (2026-2030): Expected 99¢ detection or <5c falsification of A4 lensing signal

BELLS survey: Should show deficit at M_crit(As) = 5.57x10"° M_ O

Cluster lensing: Should show deficit at M_crit(As) = 6.02x10" M_©

JWST high-z: Breathing scales should appear at z~6-10 if framework is correct
Assessment:

The convergence of four independent tests, each with >99.9% statistical confidence, suggests the 3D+3D
breathing scale structure warrants serious consideration as an alternative to particle dark matter. However, the

framework remains preliminary. The following are essential before definitive conclusions:
¢ Independent reproduction of all analyses by the broader scientific community
¢ Verification of mathematical derivations by specialists in differential geometry and cosmology
¢ Confirmation of lensing results with larger samples (Euclid)
¢ Development of complete non-linear theory and N-body simulations
o Testing against additional datasets (X-ray clusters, cosmic shear, etc.)

We emphasize that this work represents a hypothesis requiring extensive additional testing. The preliminary
nature of the framework cannot be overstated. Only through sustained effort by the broader scientific

community can the validity of this approach be properly assessed.
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