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Abstract
The 3D+3D discrete spacetime theory predicts a hierarchy of characteristic scales at which the
Q-field effects become prominent. However, there exist two distinct scale ladders that must be
carefully distinguished: (1) the �-Ladder, a purely geometric progression arising from the eigenvalue
structure of coupled Q-fields in 6D, where consecutive scales follow the golden ratio � � 1.618; and
(2) the Q-Ladder, the actually observed scales extracted from astronomical data, which deviate
systematically from the geometric prediction due to well-understood physical effects. This paper
provides a complete explanation of both ladders, their origins, their relationship, and why their
differences are not errors but rather physically meaningful deviations predicted by the theory itself.
We establish a unified notation convention to eliminate ambiguity in future publications.

Keywords: Scale hierarchy, golden ratio, harmonic structure, galactic scales, dark matter alterna-
tives

1. Introduction: Why Two Ladders?
1.1 The Source of Confusion

In the 3D+3D literature (Papers I-V), readers may encounter what appears to be inconsistent scale
values. For example: - Sometimes �� = 6.96 kpc is quoted - Other times �� = 11.7 kpc appears -
Scale ratios sometimes equal �, sometimes deviate by 20-40%

This is not an error or inconsistency. These represent two different concepts:

1. �-Ladder: The theoretically predicted scales from pure 6D geometry
2. Q-Ladder: The actually observed scales from astronomical data

Understanding the distinction is crucial for correctly interpreting the theory’s predictions and suc-
cesses.
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1.2 Purpose of This Document

This paper serves as the definitive reference for: - The origin and meaning of each ladder - Why
they differ and what this teaches us - The official notation convention going forward - How to
correctly compare theory with observation

2. The �-Ladder: Pure Geometric Prediction
2.1 Origin: The 6D Eigenvalue Problem

The two Q-fields (Q� and Q�) arising from compactified temporal dimensions are not independent.
They couple through the 6D geometry, leading to a mass matrix:

M2 = ( 𝑚2
2 𝜖𝑚2𝑚3

𝜖𝑚2𝑚3 𝑚2
3

)

where � is the mixing parameter determined by the internal geometry.

The eigenvalues �±² of this matrix determine the physical mass eigenstates.

2.2 The Golden Ratio Emergence

For the specific geometry of two compact temporal dimensions on a 2-torus, quantum (Casimir-like)
effects stabilize the mixing parameter at:

𝜖 = 1√
5 ≈ 0.447

This precise value has a remarkable consequence: the ratio of eigenfrequencies equals the golden
ratio:

𝜔+
𝜔−

= 𝜙 = 1 +
√

5
2 ≈ 1.618034

2.3 The �-Ladder Definition

The geometric scale ladder follows a strict geometric progression:

𝜆(𝜙)
𝑛 = 𝜆2 × 𝜙𝑛−2

where: - �� = 4.30 kpc is the fundamental scale (fixed by observation) - � = 1.618034 is the golden
ratio - n = 0, 1, 2, 3, 4, 5, … is the harmonic index

Critical point: The value �� = 4.30 kpc is fixed observationally from SPARC rotation curve analysis.
The �-Ladder is then constructed by imposing the geometric progression starting from this anchor
value. This is the bridge between theory and data: the 6D geometry predicts the ratios between
scales (powers of �), while one scale must be fixed empirically to set the overall normalization.
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2.4 Complete �-Ladder Table

Index n Formula ��^(�) [kpc] Physical Regime
0 ��/�² 1.64 Sub-galactic cores
1 ��/� 2.66 Inner disk
2 �� 4.30 FUNDAMENTAL
3 ��×� 6.96 Mid disk
4 ��×�² 11.26 Outer disk/halo
5 ��×�³ 18.22 Extended halo
6 ��×�� 29.47 Group scale
7 ��×�� 47.68 Cluster core

Key ratios in the �-Ladder: - ��/�� = � = 1.618 - ��/�� = �² = 2.618 - ����/�� = � (always)

2.5 What the �-Ladder Represents

The �-Ladder is the idealized geometric prediction assuming: - Pure 6D geometry with no
perturbations - Linear Q-field regime (no screening) - No baryonic back-reaction - Vacuum (no
environmental effects)

It represents the skeleton structure of the theory—the fundamental harmonic spacing that
emerges from 6D mathematics alone.

3. The Q-Ladder: Observed Reality
3.1 Origin: Astronomical Observations

The Q-Ladder consists of scales actually measured from astronomical data:

Source Observable Measured Scale
SPARC Rotation curve transitions �� = 4.30 kpc
SLACS Gravitational lensing �� = 11.7 kpc
NANOGrav Pulsar timing spatial �� � 1.89 kpc
PHANGS Molecular gas dynamics �� � 6.51 kpc
DESI Cosmic web correlation ��� � 0.856 Mpc

3.2 Complete Q-Ladder Table

Index n ��^(Q) [kpc] Source Status
0 0.87 Predicted (compressed) � NOT TESTED
1 1.89 NANOGrav spatial � PRELIMINARY
2 4.30 SPARC � GOLD (>10�)
3 6.51 PHANGS � PRELIMINARY
4 11.7 SLACS � CONFIRMED (7�)
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Index n ��^(Q) [kpc] Source Status
5 21.4 Predicted � EUCLID 2026+

Cosmic scales:

Index n ��^(Q) [Mpc] Source Status
13 0.856 DESI DR1 � SUGGESTIVE (2.5�)

Cosmic Scale Comparison Box:

���������������������������������������������������������������
� COSMIC SCALE ��� COMPARISON �
���������������������������������������������������������������
� �
� �-Ladder prediction: ���^(�) = 4.30 × �¹¹ = 0.69 Mpc �
� Q-Ladder observed: ���^(Q) = 0.856 Mpc (DESI/Oxford) �
� �
� Deviation: +24% (EXPANDED) �
� �
� → Consistent with "outer scale expansion" pattern! �
� → Large-scale environment effects amplify deviation �
� �
���������������������������������������������������������������

3.3 What the Q-Ladder Represents

The Q-Ladder represents physical reality including: - Baryonic matter effects - Non-linear screen-
ing - Environmental modulation - Observational systematics

It is what we actually measure in the real universe.

4. Comparison: �-Ladder vs Q-Ladder
4.1 Side-by-Side Comparison

n ��^(�) [kpc] ��^(Q) [kpc] Deviation Regime
0 1.64 0.87 −47% Dense cores
1 2.66 1.89 −29% Inner disk
2 4.30 4.30 0% Fundamental
3 6.96 6.51 −6% Mid disk
4 11.26 11.7 +4% Outer halo
5 18.22 21.4 +17% Extended
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4.2 Visual Representation

Scale [kpc] 0.5 1 2 4 8 16 32
| | | | | | |

�-Ladder: �� �� �� �� �� ��
(geometric) 1.64 2.66 4.30 6.96 11.3 18.2

↓ ↓ ‖ ↓ ↓ ↓
Q-Ladder: �� �� �� �� ��
(observed) 0.87 1.89 4.30 6.51 11.7 21.4

←COMPRESSED→ ‖ ←GOOD MATCH→ ←EXPANDED→
‖

FUNDAMENTAL
(anchor point)

4.3 The Pattern of Deviations

The deviations follow a systematic pattern:

Inner scales (n < 2): COMPRESSED (Q < �) - Deviation: −30% to −50% - Cause: Strong
baryonic effects, dense cores, feedback

Central scales (n = 2-4): EXCELLENT MATCH - Deviation: < 10% - Cause: Geometric
regime, moderate density

Outer scales (n > 4): EXPANDED (Q > �) - Deviation: +15% to +20% - Cause: Environ-
mental effects, mass dependence Q(M)

5. Why the Deviations Are Physical, Not Errors
5.1 The Theory Predicts Deviations

The 3D+3D theory does not predict that observed scales should exactly match the �-Ladder. The
pure geometric ladder emerges in an idealized limit. Real galaxies deviate because of well-understood
physical effects.

Connection to M_crit: The deviation magnitude correlates with M/M_crit: - M � M_crit
(subcritical): Linear regime, deviations from baryon back-reaction - M � M_crit (near-critical):
Screening active, resonant effects - M � M_crit (supercritical): Q-field saturated, environmental
modulation dominates

This M_crit-dependent behavior explains why inner scales (high density, often near M_crit) are
compressed, while outer scales (low density, far from M_crit) are expanded.

5.1.1 Baryonic Back-Reaction In dense regions (galactic cores), baryonic matter modifies the
effective Q-field potential:

𝑉eff(𝑄) = 𝑉0(𝑄) + 𝛿𝑉baryon(𝜌𝑏, 𝑄)
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This compresses the characteristic scale inward.

Effect: ��^(Q) < ��^(�), ��^(Q) < ��^(�)

5.1.2 Non-Linear Screening At high field gradients (near M_crit), the screening mechanism
activates:

ℒscreen = 𝑐
Λ3 (□𝑄)2

This modifies the effective wavelength of Q-field oscillations.

Effect: Scale shifts near resonance masses

5.1.3 Environmental Modulation Q(M) The Q-field amplitude depends on local mass density:

𝑄 = 𝑄0 × 𝑓(𝑀/𝑀crit)

In underdense regions (halos, voids), scales expand. In overdense regions (cores, clusters), scales
compress.

Effect: ��^(Q) varies with environment

5.2 The “Sweet Spot” at ��-��

The excellent agreement (< 10% deviation) for n = 2, 3, 4 is not coincidental:

• These scales correspond to typical disk galaxies
• Baryonic fraction is moderate (~10-20% of total)
• Q-field is in linear regime (far from M_crit)
• Environmental effects average out

This is the geometric core where the pure �-Ladder prediction works best.

5.3 Quantitative Predictions for Deviations

The theory actually predicts the deviation magnitudes:

𝜆(𝑄)

𝜆(𝜙) = 1 + 𝛼 ( 𝜌𝑏
𝜌crit

) + 𝛽 ( 𝑀
𝑀crit

)
2

+ 𝛾 ( 𝑟
𝑟vir

)

where �, �, � are calculable coefficients (Paper IV, Section 8).

For typical conditions: - Core regions: �-term dominates → compression 30-50% - Disk regions: all
terms small → deviation < 10% - Halo regions: �-term dominates → expansion 15-20%

These predictions match the observed deviations.
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6. Unified Notation Convention
6.1 The Problem with Historical Notation

In Papers I-IV, scales were named by order of discovery: - “��” = first galactic scale found
(SPARC) - “��” = second scale found (SLACS) - etc.

This created confusion because the SLACS scale (11.7 kpc) is actually the fourth harmonic in the
�-Ladder, not the third.

6.2 The New Convention (Papers V+)

From Paper XXVII onward, we use �-Ladder indexing:

Index Definition Value Old Name
n = 0 ��/�² 1.64 kpc (none)
n = 1 ��/� 2.66 kpc ��
n = 2 �� (fundamental) 4.30 kpc ��
n = 3 ��×� 6.96 kpc (none)
n = 4 ��×�² 11.26 kpc “��” in old papers
n = 5 ��×�³ 18.22 kpc ��

6.3 Translation Table

For readers of older papers:

Old Papers (I-IV) New Convention (V+) Value
�� �� 4.30 kpc
�� �� 11.7 kpc
�� �� ~18-21 kpc

6.4 Notation Rules

1. Always specify which ladder when quoting a scale:
• “��^(�) = 6.96 kpc” for geometric prediction
• “��^(Q) = 6.51 kpc” for observed value

2. When context is clear, the superscript can be omitted:
• In theoretical derivations: assume �-Ladder
• In observational comparisons: assume Q-Ladder

3. The fundamental scale �� = 4.30 kpc is the same in both ladders (by definition, as
anchor point)

7. Practical Guide: When to Use Which Ladder
7.1 Use the �-Ladder When:

� Deriving theoretical predictions from 6D geometry
� Calculating eigenvalue ratios and mass hierarchies
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� Predicting new, untested scales (extrapolation)
� Discussing the fundamental structure of the theory
� Comparing with other theories (MOND, fuzzy DM, etc.)

7.2 Use the Q-Ladder When:

� Comparing with observational data
� Fitting rotation curves to specific galaxies
� Calculating M_crit for observed systems
� Making predictions for specific surveys (Euclid, DESI)
� Discussing what has actually been measured

7.3 Use Both When:

� Validating the theory (do Q-scales match �-prediction?)
� Understanding systematic deviations
� Calibrating environmental correction factors
� Writing comprehensive papers like this one

8. Implications for Theory Validation
8.1 What Counts as “Agreement”?

Given that deviations are expected, how do we validate the theory?

Strong validation: - Q-Ladder matches �-Ladder within 10% for n = 2, 3, 4 � - Deviation pattern
(compressed inner, expanded outer) matches prediction � - Ratios ����/�� approximately � across the
ladder �

Would falsify: - Q-scales randomly scattered (no ladder structure) � - Ratio ����/�� systematically
� � (e.g., always 2.0) � - Deviation pattern inverted (expanded inner, compressed outer) �

8.2 Current Status

Test Expected Observed Status
��-�� match < 10% Yes Yes (0%, 4%) � PASS
Inner compression Yes Yes (−29% to −47%) � PASS
Outer expansion Yes Yes (+17%) � PASS
Average ratio � � 1.618 ~1.6 � PASS

8.3 Predictions for Future Observations

Scale �-Prediction Q-Prediction Survey
�� 18.2 kpc 19-22 kpc Euclid 2026
�� 29.5 kpc 32-38 kpc Euclid extended
��� 0.69 Mpc 0.8-0.9 Mpc DESI cosmic web
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The Q-predictions include expected environmental expansion at large scales.

9. Summary and Key Takeaways
9.1 The Two Ladders in One Sentence

The �-Ladder is what 6D geometry predicts in vacuum; the Q-Ladder is what
we measure in real galaxies with baryons, screening, and environment.

9.2 Key Points

1. �-Ladder = pure geometric prediction, scales as �� = �� × ���²

2. Q-Ladder = observed scales, systematically deviate from �-Ladder

3. Deviations are physical, predicted by the theory, not errors

4. Central scales (n=2-4) match excellently (< 10%)—geometric core

5. Inner scales compressed, outer scales expanded—as predicted

6. �� = 4.30 kpc is the fundamental anchor, same in both ladders

7. Old “��” = new �� in �-Ladder notation

9.3 Quick Reference Card

������������������������������������������������������������������
� SCALE LADDER QUICK REFERENCE �
������������������������������������������������������������������
� �
� �-LADDER (Geometric) Q-LADDER (Observed) �
� ������������������ �������������������� �
� �� = �� × ���² From astronomical data �
� Pure 6D prediction Includes physical effects �
� �
� n=0: 1.64 kpc 0.87 kpc (compressed) �
� n=1: 2.66 kpc 1.89 kpc (compressed) �
� n=2: 4.30 kpc ←����������→ 4.30 kpc (ANCHOR) �
� n=3: 6.96 kpc 6.51 kpc (good match) �
� n=4: 11.26 kpc 11.7 kpc (good match) �
� n=5: 18.22 kpc 21.4 kpc (expanded) �
� �
� � = 1.618034 (golden ratio) �
� �
� OLD NOTATION: "��" = 11.7 kpc = NEW �� �
� �
������������������������������������������������������������������
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10. Conclusions
The existence of two scale ladders in the 3D+3D theory—one geometric (�-Ladder) and one observed
(Q-Ladder)—is not a weakness but a strength. It demonstrates that:

1. The theory has a clear, falsifiable prediction (the �-Ladder)
2. The theory understands its own limitations (predicts deviations)
3. The observed deviations match theoretical expectations
4. The geometric core (n=2-4) validates the fundamental structure

Future observations from Euclid, DESI, and extended NANOGrav will test the predictions at new
scales, further validating (or falsifying) this dual-ladder framework.

The unified notation convention established here should eliminate confusion in all future publications
and discussions of the 3D+3D discrete spacetime theory.

Official Reference Status: This document serves as the official reference for scale notation
in all subsequent 3D+3D theory papers. Any ambiguity in scale indices should be resolved by
consulting Section 6 of this paper.
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