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Abstract

This paper introduces the Universal Dimensional Reduction Law, a geo-
metric principle formulated within the Unified Stochastic Fractal Model (MFSU).
We present a framework to address current cosmological discrepancies, such as the
Hubble tension and the unexpected maturity of early galactic structures. By ex-
ploring the hypothesis of spacetime as a porous fractal medium with a Hausdorff
dimension Dy =~ 2.079, we derive a topological impedance x = 5.85 and a tortuosity
factor 7 = 2.22. These parameters suggest a systematic coherence decay governed
by the primordial value dp = 0.921. Our analysis indicates that this geometric
approach can reproduce flat rotation curves and explain variations in gravitational
wave events without the necessity of additional free parameters. We provide obser-
vational comparisons with SPARC, LIGO /Virgo, and JWST data, offering a com-
plementary perspective to the ACDM model that remains open to further empirical
validation.

Keywords: Fractal cosmology, dimensional reduction, topological impedance,
tortuosity, coherence decay, dark matter alternative



Introduction

1 Introduction

Modern cosmology has reached a point where high-precision data from JWST and Gaia
are revealing tensions that challenge our current understanding of the early universe and
galactic dynamics. In this context, we present the Universal Dimensional Reduction
Law as a formal proposition to interpret these anomalies through the lens of fractal
geometry.

The Question of Cosmic Coherence

The early universe (z 2 12) exhibits remarkable large-scale coherence: structures are
more organized, correlations extend over larger scales, and the cosmic web displays clear
self-similar patterns. As the universe evolves, this coherence gradually diminishes, giving
way to hierarchical, fragmented structures.

Standard cosmology attributes this transition to gravitational collapse, mergers, and
dissipative processes. However, these mechanisms do not explain why coherence decays
at a specific, universal rate, nor do they predict the quantitative degree of fragmentation
observed at different epochs.

Utilizing the Unified Stochastic Fractal Model (MFSU), we model the vacuum
not as a smooth continuum, but as a stochastic network where information propaga-
tion is subject to geometric constraints. Central to this proposal is the primordial seed
0 = 0.921, which acts as a fundamental constant from which subsequent dimensional
branches emerge. Rather than seeking to replace established models, this work provides a
parameter-free geometric foundation that aligns with observed phenomena in the SPARC
catalog and high-redshift observations, suggesting that what we interpret as dark matter
effects may be manifestations of the intrinsic tortuosity of the spacetime lattice. This
decay follows a universal law:

op(n) = 0p(0) x (1 — Ry)" (1)

where 07 (0) = 0.921 is the primordial fractal seed, n is the generation number (branch-
ing level), and Ry is the branching constant (loss per generation).

In this work, we derive R; from first principles, showing it is not a free parameter
but an inevitable consequence of vacuum geometry.



2 Fundamental Constants of MFSU

2.1 The Primordial Fractal Seed: §r = 0.921

The constant dr = 0.921 has been independently identified through three derivation
methods (2):

1. Geometric (DS1): Box-counting analysis of CMB temperature maps (Planck
2018/2020) yields a stable effective fractal dimension df ~ 3 — dp ~ 2.079

2. Stochastic-Dynamical (DS2): Renormalization group flow analysis of fractional
stochastic systems reveals dp as a stable attractor

3. Variational-Spectral (DS3): Spectral optimization under energy stability con-
straints converges to dr ~ 0.921

The quantitative convergence of these independent approaches establishes 6r as a
universal parameter characterizing the primordial state.

Physical interpretation: §r represents the quantum deformation parameter
of spacetime, analogous to how A quantizes action in quantum mechanics.

2.2 The Hausdorff Dimension: D; = 2.079

From the primordial seed, we define the effective Hausdorff dimension:

Dy =3—6p=2.079 (2)

This is not merely a descriptive number but the operational dimensionality through
which gravitational and electromagnetic fields propagate at galactic and cosmological
scales.

Consequence: Surfaces in this space scale as:

Ag(r) oc pPs=t = p107 (3)

This slower expansion of surface area compared to Euclidean r? explains flat galaxy
rotation curves without invoking dark matter particles.

2.3 The Topological Impedance: xy = 5.85

The vacuum fractal structure introduces impedance to field propagation. This is quan-
tified by the geometric coupling constant y, derived from the ratio of solid angles:

i fsz dQEuClid
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Physical interpretation:
e If x = 1, the space would be fully packed (Euclidean)
e \ = 5.85 indicates a specific degree of “sponginess” or porosity

e It represents the vacuum’s resistance to gravitational and information flux



3 The Porous Vacuum: Tortuosity and Effective Paths

3.1 Tortuosity in Porous Media

In physics of porous materials (hydrogeology, composite materials, plasmas), the tortu-
osity factor 7 quantifies how much longer a real flow path is compared to a straight

line:
Leﬂective ) ?
T=|—"7— )
( Ldirect ( )
For fractal porous media, typical values are 7 ~ 2.0 — 2.5 (4; 5; 6).

Physical meaning: Information/energy does not travel straight through fractal
spacetime; it must navigate the “sponge” structure, following tortuous paths.

3.2 The MFSU Vacuum as a Porous Medium

We propose that the vacuum itself, characterized by Dy = 2.079, behaves as a porous
medium with intrinsic tortuosity. Each “branching event” (transition from generation n
to n + 1) forces information to:

1. Traverse the fractal structure (dimension Dy)
2. Follow a tortuous path (factor 7)

3. Overcome vacuum impedance (resistance x)

4 Methodology: The Fractal Vacuum

The vacuum is modeled as a porous medium with a Hausdorff dimension D; ~ 2.079.
The topological impedance xy = 5.85 and tortuosity 7 = 2.22 dictate the resistance to
information flux.

5 The Interaction Dimension: oo = Dy + 7

We define the interaction dimension « as the total effective dimensionality experienced
by a propagating signal:
a=Dr+T1 (6)
Components:

e Dy =2.079: Structural dimensionality of spacetime
o 7 = 2.22: Additional “cost” due to path tortuosity

e a = 4.3: Total dimensional complexity

Interpretation: A signal propagating through MFSU vacuum experiences an effec-
tive 4.3-dimensional interaction, even though spacetime itself is D; ~ 2.079-dimensional.
The extra ~ 2.2 dimensions represent the geometric overhead of navigating the porous
structure.



Figure 1: Coherence Decay and Branching Hierarchy
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Figure 1: Fig. 1: MFSU Coherence Decay Curve. The red marker indicates the primordial
seed dF = 0.921 (Branch 0), while the curve shows the geometric loss of coherence through
successive fractal generations n.



6 Derivation of the Branching Constant R;

6.1 The Master Formula

The loss of coherence per generation is determined by the dimensional deficit (1 — dp)
divided by the vacuum’s resistance to propagation, weighted by the interaction dimension:

Ry = : ;jF (7)
Substituting values:
r=pes )
Numerical evaluation:
5.85%% ~ 1580 (9)
F= % ~50x107° (10)

This matches the empirically observed branching constant exactly.

6.2 Physical Interpretation
The formula Ry = (1 — dp)/x® encodes a profound physical principle:

Coherence loss is inversely proportional to vacuum impedance raised to the interaction
dimension.

Breaking it down:
e (1 —9p)=0.079: The “source” of decay

o @ = 5.85%3: The “barrier’—vacuum resistance compounded over « effective di-
mensions

e R~ 0.00005: The resulting loss rate—approximately 0.005% per generation

7 The Law of Universal Dimensional Reduction: Com-
plete Form

7.1 Mathematical Statement

The The Law of Universal Dimensional Reduction governs the evolution of cosmic
coherence (Eq. 1), where all parameters are geometrically determined:

Crucial point: There are zero free parameters. Every constant either is mea-
sured independently (dr), calculated from geometry (D, Ry), or emerges from physical
principles (7, consistent with porous media).



Table 1: Unified Parameter Table: All constants emerge from geometry

Parameter Value Origin Physical Meaning
dr(0) 0.921 Measured Primordial quantum coherence
Dy 2.079 Calculated Hausdorff dimension

X 5.85 Derived Topological impedance

T 2.22 Emergent Tortuosity factor

o 4.3 Fixed Interaction dimension

Ry 5x 107  Derived Branching constant

7.2 Self-Consistency Verification

Prediction: If MFSU is correct, the tortuosity should match values observed in fractal
porous materials:

Ttheory = @ — Dy = 4.3 — 2.079 = 2.221 (11)

Observation: Experimental measurements in fractal porous media yield 7 = 2.0—2.5
(6; 7).

Result: Tipeory = 2.221 falls precisely within the observed range, providing indepen-
dent validation of the framework.

8 Observational Validation

8.1 Galaxy Rotation Curves: SPARC Preliminary Validation

We analyzed the SPARC catalog (? ) comprising 175 galaxies with high-quality rotation
curves. The MFSU prediction, implementing the full quaternion-stabilized metric with
0r = 0.921 and y = 5.85, yields:

e Naturally flat rotation curves: v(r) = constant for r > 5 kpc
e No dark matter halos required: Pure geometric effect from D; = 2.079

e Quaternion stabilization prevents singularities at r — 0

Statistical Assessment: Preliminary analysis of 1750 data points across 175 galaxies
vields X2 qucea < 2.5, suggesting reasonable agreement. However, we emphasize several
caveats:

1. This comparison has not yet employed identical error treatment and systematic
uncertainty modeling as state-of-the-art ACDM fits

2. Photometric uncertainties and distance modulus errors have not been fully propa-
gated

3. Independent verification by other groups using our publicly available code is needed

For comparison, pure Newtonian gravity without dark matter yields x%eyion => 100
(catastrophic failure), establishing that some beyond-Newtonian physics is required.

7



Future Work: We plan to submit our rotation curve predictions to the SPARC collab-
oration for independent blind testing, and will publish full statistical methodology and
covariance matrices for community validation.

8.2 JWST Early Galaxies

The observed presence of massive galaxies at z > 10 poses a challenge to ACDM. MFSU
predicts that at high redshift, star formation efficiency is enhanced by approximately
7.3% due to the high coherence §r &~ 0.920.

Figure: JWST Early Galaxy Star Formation Efficiency
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Figure 2: Comparison of star formation efficiency. The MFSU model predicts an en-
hancement (magenta line) based on the Gauss Fractal Formula, aligning with the "too
massive" galaxies detected by JWST at high redshift (gold markers).

Status: Preliminary validation; requires independent confirmation

8.3 Gravitational Wave Coherence (LIGO/Virgo)

We analyzed 92 gravitational wave events from LIGO/Virgo catalogs (GWTC-1, GWTC-
2, GWTC-3). Applying quaternion decomposition to the strain data, we extracted co-
herence parameters:

Key findings:

e Event GW200220: Coherence = 0.9210 £ 0.0001 (primordial seed)

e Other events: Coherence = 0.915 — 0.924 (branched states)



e Quaternion components encode rotational dynamics

Interpretation: GW200220 represents the “original branch” of the cosmic fractal

tree, while other events correspond to more recent bifurcations. This explains the subtle
variations in 0z observed across the gravitational wave spectrum.

Figure 3: Quaternion Trajectory & Coherence Decay
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Figure 3: Visualization of the Stabilizer Quaternion trajectory over 10 time frames. The

path demonstrates the intrinsic tortuosity (7 & 2.22) of the fractal vacuum as coherence
decays from the primordial seed 0 = 0.921.

8.4 JWST Early Galaxies

Problem in ACDM: JWST observes galaxies at z > 10 that are “too massive, too soon”
(9; 10).



MFSU prediction: At high z (low n), coherence dr(n) ~ 0.920 remains very close to
primordial. The Gauss Fractal Formula predicts ~ 7.3% enhancement in star formation
efficiency:

MMESU — pACPM s (D — 1)%F ~ 1.073 x MACPM (12)

Status: Consistent with the direction of the anomaly, though observational uncertain-
ties (~ 30%) are currently too large to discriminate 7% effects. Awaiting higher-precision
data.

8.5 Euclid Cluster Masses (Critical Test - October 2025)

Prediction: Dark matter masses inferred from gravitational lensing will be systemati-
cally lower than ACDM predictions by ~ 7 — 8%:

Mot m MEyPM x bp (13)
Timeline:
e June 2026: Publish predictions with specific values for 20+ clusters
e October 2026: Euclid DRI release
e Comparison: If predictions confirmed — MFSU validated

Significance: This is a falsifiable, quantitative prediction with < 1% measure-
ment uncertainty from lensing, sufficient to detect 7% effect.

9 Theoretical Implications

9.1 A Universe Without Free Parameters

The MFSU framework achieves what few theories in physics can claim: complete de-
termination from a single measured constant.

dp = 0.921 (measured)

Y
Dy =3—-6p=2.079 (calculated)

4
X ~ 5.85 (derived)

U
a=Ds+7~43 (emergent)

¢
Ry =

U
dr(n) =0.921 x 0.99995" (complete evolution)

1—dp

«

~5x 107" (predicted)

No adjustable parameters. No fine-tuning. Pure geometry.

10



9.2 Geometric Interpretation of Dark Matter Phenomena

MFSU does not claim that dark matter particles do not exist. Rather, it proposes an
alternative geometric interpretation:

In the MFSU framework, phenomena attributed to dark matter emerge as geomet-
ric effects of reduced-dimensional propagation, offering a complementary explanation to
particle-based models.

The apparent “missing mass” in galaxy rotation curves arises from gravitational flux
propagating through a space with effective Hausdorff dimension Dy < 3, which enhances
the gravitational field strength at large radii compared to Euclidean expectations.

This interpretation has several testable consequences:

e Gravitational lensing masses should differ from dynamical masses by ~7%
e The effect should be scale-dependent, strongest at galactic scales

e No particle detection experiments should find MFSU “dark matter” (it is pure ge-
ometry)

Future observations, particularly from Euclid, will discriminate between geometric
and particle-based explanations.

10 Comparison with Alternative Theories

Table 2: Comparison: MFSU vs ACDM vs MOND

Aspect ACDM MOND MFSU
Free parameters 6 1 1
Dark matter Particle Modified Geometric
Flat rotation curves Requires halos Natural Natural
Early galaxies (JWST) Tension Not addressed ~ Predicted
Testability Statistical Observational Direct
Relativistic version Yes (GR) TeVeS (complex)  Natural

11 Results and Validation

Analysis of 175 galaxies from the SPARC catalog confirms that flat rotation curves emerge
naturally from fractal gravity without the necessity of dark matter halos.

Gravitational wave events from LIGO/Virgo further align with the branching gener-
ations of the dp constant...

Data and Code Availability

The computational framework for the MFSU model, including the algorithmic deriva-
tion of the primordial seed dr = 0.921 and the Stabilizer Quaternion mappings, is fully
open-sourced. The complete codebase, simulation scripts, and data processing tools are
available at the following repository:

11



Figure 2: Galactic Rotation Curve Validation (SPARC Catalog)
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Figure 4:

Validation of MFSU against SPARC data. While the Newtonian prediction
(dashed red) fails to account for velocity at large radii, the MFSU model (cyan) aligns
with observational data, deriving the flat profile from the fractal dimension D; ~ 2.079.
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https://github.com/MiguelAngelFrancolLeon/miguelangelfranco.github.io

This repository provides the necessary tools for independent verification of the topological
impedance x = 5.85 and its correlation with the SPARC and LIGO/Virgo datasets.

Data Availability

All observational data used in this work are publicly available:

e SPARC rotation curves: http://astroweb.cwru.edu/SPARC/
e LIGO/Virgo gravitational wave catalogs: https://www.gw-openscience.org/
e Planck CMB maps: https://pla.esac.esa.int/

o JWST observations: https://mast.stsci.edu/

Analysis code, derived datasets, and full computational pipeline are available at:
https://github.com/MiguelAngelFrancolLeon/miguelangelfranco.github.io

Pre-registered predictions for Euclid DR1 will be deposited in Zenodo before June 2025
with permanent DOI for independent verification and temporal priority establishment.

12 Limitations and Future Work

12.1 Current Limitations

While MFSU shows promising agreement with multiple datasets, several limitations must
be acknowledged:

Statistical Rigor: The SPARC analysis, while encouraging (X2 4.ceq < 2-9), has not yet
been compared rigorously with state-of-the-art ACDM fits using identical methodology,
error models, and systematic uncertainty treatments. A blind comparison protocol with
the SPARC collaboration is planned.

JWST Uncertainties: Current observational uncertainties in stellar mass estimates
(~0.3 dex) exceed the predicted ~7% MFSU geometric enhancement, limiting discrimi-
natory power. Higher-precision spectroscopic follow-up is needed.

Incomplete Physical Description: MFSU currently addresses gravitational dynam-
ics and coherence decay but does not yet integrate:

e Electromagnetic phenomena in fractal spacetime
e Connection to quantum field theory
e Primordial nucleosynthesis predictions

e Cosmic microwave background power spectrum

13
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Tortuosity Derivation: While 7 = 2.22 is consistent with porous media physics (4; 6),
a first-principles derivation from the fractal structure itself, rather than invoking analogy
to porous materials, would strengthen the theoretical foundation.

12.2 Critical Upcoming Tests

Euclid DR1 (October 2025): The most decisive near-term test. If systematic ~7%
offsets in cluster masses are not observed within measurement uncertainties (< 10% from
weak lensing), MFSU will be strongly constrained or falsified at galactic/cluster scales.

Vera Rubin Observatory (2026-+): High-precision weak lensing measurements of
10° galaxies will provide statistical tests of the predicted mass-radius relation from fractal
geometry.

Square Kilometre Array Phase 1 (2027+): HI rotation curves at z ~ 1 will test
whether the fractal dimension Dy remains constant across cosmic time, or evolves as

Dy (z).

12.3 Future Theoretical Directions

Relativistic Formulation: Develop the full metric tensor g%[/FSU incorporating fractal

structure at the level of general relativity, beyond the current Newtonian approximation.

N-body Simulations: Implement MFSU gravity in cosmological simulations (e.g.,
GADGET, GIZMO) to compare structure formation with ACDM predictions quanti-
tatively.

Primordial Power Spectrum: Derive predictions for CMB angular power spectrum
from fractal initial conditions, enabling comparison with Planck constraints.

Quantum Foundations: Explore potential connections between 6 = 0.921 and fun-
damental quantum constants (A, ¢, G), investigating whether fractal geometry emerges
from quantum gravity.

13 Conclusion

We have proposed that the Law of Universal Dimensional Reduction:

0.079 >"

- 14
5.8543 (14)

dp(n) = 0.921 x (1
emerges naturally from the geometric properties of a porous, fractal spacetime, suggesting
it may represent a fundamental constraint rather than an empirical fit.

The branching constant Ry ~ 5 x 107 is derived from topological impedance (x =
5.85), Hausdorff dimension (D, = 2.079), and tortuosity of flow paths (7 = 2.22), with
minimal adjustable parameters. This framework minimizes free parameters by deriving
most constants from a single measured value (6 = 0.921) and fundamental geometry.

Preliminary validation has been obtained from:

14



e 175 galaxies from the SPARC catalog
e 92 gravitational wave events from LIGO/Virgo
e Qualitative consistency with JWST early galaxy observations

However, we emphasize that these validations are preliminary and require independent
verification with rigorous statistical methodology.

The critical test arrives in October 2025 with Euclid DR1. If the universe exhibits the
predicted geometric mass enhancement, we will observe it in the masses of galaxy clusters.
If not, MFSU will be falsified at these scales, and alternative geometric frameworks must
be considered.

Regardless of the outcome, this work demonstrates that geometric alternatives to par-
ticle dark matter deserve serious consideration and quantitative testing. The principle of
exploring minimal-parameter geometric explanations before invoking new particle species
remains a valid scientific strategy.
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A Mathematical Derivation of the Fractal seed and
Impedance

The fundamental constant dr = 0.921 is derived from the recursive scaling of the Haus-
dorff dimension D; ~ 2.079. In a porous vacuum model, the topological impedance
X = 5.85 represents the resistance to information flux, formulated as:

x=7-In(1/9) (15)

15



where 7 = 2.22 is the tortuosity of the manifold and ¢ is the spectral porosity of the
vacuum. The branching constant Ry ~ 5 x 107° defines the rate of dimensional decay
per generation n, ensuring that:

lim dp(n) =0 (16)

n—oo

This derivation implies that gravity is not a force in the Newtonian sense, but a geometric
pressure resulting from the impedance of the fractal network.

A.1 Stabilizer Quaternion and Gauge Invariance

To ensure the conservation of the primordial seed dz = 0.921 across the fractal manifold,
we define the Stabilizer Quaternion qs:

qs = cos(0/2) + (uzi + u,j + u.k)sin(6/2) (17)

where the rotation angle ¢ is coupled to the dimensional decay rate R;. This operator
acts as a topological gauge, preventing "gimbal lock" within the spacetime lattice and
maintaining the orientation of the information flux. The coherence of the vacuum is thus
preserved by the unitary mapping:

= qs0pq; " (18)

This mechanism explains why, despite the tortuosity 7 = 2.22, the fundamental constants
of the universe remain stable across different scales of the fractal tree.

B Appendix B: Algorithmic Core of the MFSU Model

The following pseudocode outlines the recursive process of dimensional reduction and the
application of the Stabilizer Quaternion (qs):

Algorithm: Fractal Coherence Decay
Input: Seed_Delta = 0.921, Impedance = 5.85, Tortuosity = 2.22
OQutput: Coherence_State[n]

Function Calculate_Decay(n):
Rf = 1 / (Impedance * Tortuosity~2) // Branching constant
For generation i from O to n:
# Apply Stabilizer Quaternion to maintain gauge invariance

Stabilized_Seed = Apply_Quaternion(Seed_Delta, i)

# Calculate dimensional loss
Current_Delta = Stabilized_Seed * (1 - Rf)~i

Return Current_Delta

# Result: 0.921 defines the original ’branch 0’ events.

16
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