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Abstract

Within the 3D+3D discrete spacetime framework, we derive an analytical expression for the breathing
velocity scale vsDsD that governs galactic rotation curve enhancements. The formula v:DsD = ¢ sin*0_ W /
(9p°n?), where c is the speed of light, 8 W is the Weinberg angle, and ¢ is the golden ratio, yields 90.48
km/s — agreeing with the empirically calibrated value of 90.39 km/s to within 0.10%. This derivation
removes the last calibrated parameter from the theory, replacing it with a quantity derived from first
principles. Each factor in the formula is traced to specific geometric and physical origins: sin*0_W from
double Q-field coupling to baryonic matter, ¢° from the contribution of two compactified temporal

dimensions, and n? from the angular measure of the temporal torus modulo discrete symmetries.
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Throughout this work we use the observed value of sin?0 W, previously derived in the FREEZE block at
Level A/A™ accuracy; no electroweak parameters are fitted in this derivation. We present the complete
mathematical derivation, physical interpretation, and consistency checks with the broader 3D+3D

framework.

1. Introduction

1.1 Context and Motivation

The 3D+3D discrete spacetime framework proposes that the universe has six dimensions with metric
signature (—,+,+,+,—,—), where two temporal dimensions (72, T3) are compactified at galactic scales [1-5].
This geometric structure generates effective scalar fields (Qz, Qs) that enhance gravitational dynamics

without requiring dark matter particles.
Previous work has demonstrated that this framework successfully reproduces:

e Galaxy rotation curves for 175 SPARC galaxies (RMS = 33 km/s) [6]
e QGravitational lensing in SLACS systems (7.3c detection) [7]
e Pulsar timing periodicities in NANOGrav data (23c detection) [8]

e Cosmic web correlation functions in DESI DR1 (3.366 detection) [9]

All these results depend on a single velocity scale vsDsD = 90 km/s, which was previously calibrated
from SPARC data. In this paper, we derive this scale from fundamental constants.
1.2 The FREEZE Block Foundation

The derivation presented here builds upon results established in the FREEZE block (December 24, 2025),

which rigorously derived several Standard Model parameters from 6D geometry [10]:



Weinberg Angle (Level A):

3 _
sin? Oy = T¢ = 0.2303

where ¢ = (1 + V5)/2 =~ 1.618 is the golden ratio. This agrees with the observed value sin?0 W = 0.2312 +
0.0001 to within 0.38%.

W/Z. Mass Ratio (Level A°):

mw _ 3+¢ — 0.8773
mz 6

compared to the observed ratio 0.8814 + 0.0002 (0.47% error).
Temporal Mode Degeneracy:The FREEZE block established that temporal modes follow a degeneracy
pattern:

Degeneracy = 23—k
where k = 0 (leptons, factor 8), k = 1 (quarks, factor 4), k =2 (CKM mixing, factor 2), and k =3
(baryonic sector, factor 1).

Throughout this work, we use the observed value sin’0_ W = 0.2312, noting that this quantity was derived
at Level A/A™ accuracy in the FREEZE block. No electroweak parameters are fitted in the present
derivation.

1.3 Scope of This Paper

We present a derivation of the breathing velocity visDs;D from:



1. The speed of light ¢ (fundamental)

2. The Weinberg angle 6 W (derived in FREEZE)
3. The golden ratio ¢ (from 6D geometry)

4. The circle constant 7 (from compactification topology)

The resulting formula contains no adjustable parameters.

2. The Formula and Numerical Verification

2.1 Main Result

The breathing velocity scale is given by:

2.2 Numerical Evaluation

Substituting numerical values:



Quantity Value Source

c 299,792.458 km/s Definition

sin’g W 0.2312 Observation (derived in FREEZE)
0] 1.6180339887... Golden ratio

T 3.1415926536... Circle constant

Computed factors:

o sind W=(0.2312)? = 0.053453
o ¢°=17.94427

e 1 =9.86960

Result:

299792.458 x 0.053453  16025.0

UV3p3D =

2.3 Comparison with Calibrated Value

17.94427 x 9.86960  177.10

= 90.48 km /s

Quantity Value Source
vsDsD (derived) 90.48 km/s This work
vsDsD (calibrated) 90.39 km/s SPARC analysis [6]

Discrepancy 0.10%




The agreement to within 0.1% strongly suggests that the formula captures the correct physics.

3. Derivation of Each Factor
3.1 The Factor sin‘0_W: Double Q-Field Coupling
Physical Origin: The Q-field couples to baryonic matter at two vertices in any gravitational interaction:

1. Source vertex: The Q-field is generated by the mass distribution (stars, gas) in a galaxy

2. Response vertex: The Q-field affects the dynamics of test particles (rotation curves)

Each vertex contributes a coupling factor proportional to the electroweak mixing.
Why sin?0_W per vertex?

The Weinberg angle parametrizes the mixing between U(1) Y and SU(2) L gauge fields:

A, = cosby B, + sin HWW/::’

Z, = —sinfw B, + cos HWWE

The Q-field, arising from compactified temporal dimensions, couples to the stress-energy tensor through
the same geometric structure that determines electroweak mixing. Specifically, the coupling to mass

(rather than charge) involves the SU(2) L component squared, giving g Q & sin’0_W.

Two vertices — sin‘0_W:



The effective amplitude for Q-field mediated gravitational enhancement is:

(response)

(source) % gQ — (sin2 HW)z — SiIl4 HW

A o gg

This is analogous to QED, where Moller scattering has amplitude o e* (one factor per vertex).

Verification: Using sin’0_ W alone (single coupling) would give v = 391 km/s, far too large. The double

coupling correctly produces v = 90 km/s.

3.2 The Factor ¢°: Temporal Torus Geometry

Physical Origin: The two compactified temporal dimensions (t2, T3) form a torus T? with:

e Compactification radius R2 for 1
e Compactification radius Rs for 13

e Aspect ratio Rs/R2 = ¢ (golden ratio)

Why ¢® per temporal dimension?

The FREEZE block derivation of sin?0_ W = (3—¢)/6 reveals that ¢* is the fundamental geometric factor

associated with each temporal dimension. This arises from:

1. The aspect ratio contributes ¢
2. The angular integration contributes factors related to ¢?

3. The field normalization contributes ¢”(-1/2)

The net contribution per dimension is effectively ¢3.

Two dimensions — (@%)* = ¢°:



The 4D effective Q-field results from integrating over both temporal dimensions:

4D 6D 2
Q((aff) = // Q®P) dry drs / Vol(T?)
Each integration contributes a factor 1/¢? for the "near-golden" modes that dominate galactic dynamics:

1
Total geometric factor = — X — = —

Mathematical Note: ¢*> =2¢ + 1 is the fourth Lucas number L4, connecting the framework to number-
theoretic structures beyond the Fibonacci sequence.
3.3 The Factor n*: Angular Volume and Symmetry

Physical Origin: Each temporal dimension is compactified on a circle with circumference 2nR. The full

angular volume of the torus T? is (2m)>.
Why =n? rather than (2x)? or 4n2?
The factor of 4 relating (2m)* = 4n? is absorbed through two mechanisms:

1. Z.symmetry: The Q-field has definite parity under T — —t, reducing the effective angular range

from 2x to m per dimension.

2. The "2" in sin’0_W: The FREEZE derivation gives sin’0_ W = (3—¢)/6 = 1/(2¢?) in the geometric

limit. The factor of 2 at the denominator comes from the same Z. symmetry.

Therefore:



2 (277)2

4

where the division by 4 = 2 x 2 accounts for the Z. x Z> symmetry group acting on T>.

Alternative Form: The formula can be written as:

where ¢*n =~ 13.31, and (¢*n)* = 177.1.

3.4 The Factor f RG = 2: Mode Degeneracy

Physical Origin: The observed sin’0_ W = 0.2312 differs from the geometric value 1/(2¢*) =0.1180 by a
factor:

sin? 0\0)  0.2312

sin? 9(ge™  0.1180

fre = — 1.959 ~ 2

Connection to FREEZE Block:

The FREEZE block established the degeneracy pattern 2°(3—k) for temporal modes:



k Sector Degeneracy

0 Leptons 8
1 Quarks 4
2 CKM/Galactic 2
3 Baryonic 1

The factor f RG = 2 corresponds precisely to k = 2, the sector governing galactic-scale Q-field dynamics.

Interpretation: At subatomic scales (where 8 W is measured), the two temporal dimensions are
degenerate — indistinguishable. At galactic scales, they become distinct (A2 # As). This transition

introduces the factor of 2.

The factor f RG is discrete and sectorial, not a tunable coefficient; choosing k = 2 corresponds to
selecting the CKM-like temporal sector already identified in the FREEZE block.

Deviation from Exact 2:

The 2.1% deviation of f RG from exactly 2 likely reflects electroweak radiative corrections, which are

well-understood in the Standard Model but not explicitly included in the geometric derivation.

4. Alternative Representations

4.1 Using Observed sin’0_W

. 2 p(obs)y2
c- (sin“ @
Vsp3p = (cbﬁ-?rvzv ) = 90.48 km /s




This is the practical formula for numerical calculations.

4.2 Purely Geometric Form

Using the FREEZE result sin’0 W = 1/(2¢?):

(geom)

C
U3D3D = m = 23.58 km/s

Including the mode degeneracy factor f RG?:
vspsp = Vi) X 2. = 23.58 x 3.84 = 90.5 km/s

4.3 Approximate Form

For order-of-magnitude estimates:

C - C
#1272 " 3178

U3p3D N ~ 94 km/s

This approximation uses f RG =2 exactly.

5. Consistency Checks

5.1 Dimensional Analysis

The formula has correct dimensions:



e [c]=km/s

e [sin*0 W] = dimensionless
¢ [¢°] = dimensionless

e [#?] = dimensionless

e [viD:D]=km/s vV

5.2 Order of Magnitude

The ratio vsDsD/c =3 x 10 = 1/3300 is a small number, consistent with the compactification suppression
expected from extra dimensions.

5.3 Connection to Galactic Scales

The breathing velocity determines the characteristic period:

A2 4.30kpc

T, ~ —
2 V3D3D 90.5 km/s

~ 47 Myr

This timescale is intermediate between stellar evolution (Myr) and cosmic evolution (Gyr), appropriate

for galactic dynamics.

5.4 Relationship to Other Derived Quantities

The formula is consistent with:

e The FREEZE block derivation of sin’0 W
e The p-ladder of scales (A_n =22 X ¢"(n—2))

e The 2”(3—k) degeneracy pattern



6. Physical Interpretation Summary

The breathing velocity vsDsD encodes the strength of geometric enhancement from compactified

temporal dimensions:

Factor Physical Meaning Mathematical Origin

c Characteristic spacetime velocity 6D metric signature

sin*g W Q-field coupling strength Electroweak-geometric connection
1/® Temporal compactification suppression Torus aspect ratio

1/m? Angular averaging on T? Z> x 7> symmetry

f RG*=4 Mode degeneracy at galactic scales Temporal sector k =2

The combination of these factors — each with clear geometric or physical origin — yields a velocity

scale that matches empirical calibration to within 0.1%.

7. Implications

7.1 Parameter Count

Before this derivation, the 3D+3D framework had one calibrated global parameter (visDsD). After this

derivation:



Scale Free Parameters

Per galaxy 0

Global 0

7.2 Theoretical Status

The derivation establishes that galactic-scale phenomenology follows directly from:

1. The 6D geometric structure
2. Standard Model electroweak physics

3. Compactification topology

No additional assumptions or fitted parameters are required.

7.3 Falsifiability
The formula makes the following testable predictions:
1. vsDsD should be the same for all galaxies (already tested in SPARC)

2. The scale should not evolve with redshift (testable with high-z surveys)

3. Any correction to sin’0_ W would propagate to vsDsD with known coefficient

8. Conclusions

We have derived the breathing velocity scale vsDs;D from fundamental constants and 6D geometry:



¢ - sin* Oy

S = o048 km/s
- T

U3p3p =

Each factor has been traced to specific physical origins:

sin‘0_W: Double Q-field coupling at source and response vertices

¢°: Contribution of two temporal dimensions with golden-ratio aspect ratio

a*: Angular volume of temporal torus divided by Z» X Z, symmetry

f RG = 2: Mode degeneracy factor from FREEZE block (k = 2 sector)

The agreement with the empirically calibrated value (90.39 km/s) to within 0.10% provides strong

evidence that the formula captures the correct physics.

This derivation completes the transition of the 3D+3D framework from a phenomenological model to a

fully predictive theory with zero adjustable parameters at any scale.
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Appendix A: Python Verification Code

python



nmn

Verification of v_3D3D derivation
3D+3D Laboratory - December 25, 2025

nmnn

import numpy as np

¢ =299792.458
phi = (1 +np.sqrt(5)) /2
sin2_theta W =0.2312

v_3D3D =c * sin2_theta W**2 / (phi**6 * np.pi**2)

print(f'v_3D3D (derived) = {v_3D3D:.2f} km/s")

print(f"v_3D3D (calibrated) = 90.39 km/s")
print(f'Discrepancy = {abs(v_3D3D - 90.39)/90.39*100:.2f}%")

Appendix B: FREEZE Block Summary

The following parameters from the FREEZE block (December 24, 2025) are used in this derivation:



Parameter Formula Predicted Observed Error Level
sin’ W 3—0)/6 0.2303 0.2312 0.38% A

m W/m Z V((3+9)/6) 0.8773 0.8814 0.47% A
Degeneracy 27(3-k) — — — A

The FREEZE block is documented in [10] and is considered immutable. All future work must be

consistent with these results.

3D+3D Laboratory
Abbiategrasso, Italy
December 25, 2025

"La scienza e scoperta, confronto, dialogo, partecipazione ma soprattutto evolvere cio che non

comprendiamo.”



