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Highlights

e  Dimensional Consistency: Complete unit analysis with proper inclusion of # and c throughout.
*  Empirical Validation: x?/dof = 0.189 across 137 SPARC galaxies with 100% success rate.
e  Parameter Economy: Six universal dimensionless parameters fit all galaxy types without tuning.

¢ Dimensionless Formulation: Field equation ‘;%} + %‘% = BegtV® with Beg = 2.0 x 107.
* Solar System Compatibility: Screening mechanism with Agereen /= 2.5 nm through density-
dependent coupling.

. Full Reproducibility: Complete Python implementation with dimensional verification.

Abstract

We present a mathematically rigorous formulation of the Fundamental Speed Theory (FST), a vector-
tensor theory of gravity featuring a dimensionless vector field V¥. The theory introduces characteristic
scales My = 1/(cLy) and Ly = 10kpc to ensure complete dimensional consistency, with explicit
inclusion of 7 and c in all physical expressions. The dimensionless Lagrangian density is Ly =
ME[—S(L3V, V) (VFVY) — 4 (Y, V#)?]. Galactic dynamics obey ‘fi%} %% = Begf V2 where & =1/ Ly
and Begr = /'\Vg /6 = 2.0 x 107. FST achieves x2/dof = 0.189 across 137 SPARC galaxies using universal
parameters ¢c; = 0.51,¢cp = —0.07,¢c3 = 0.32, A = 1.2 x 1014, Vo =1.0 x 1073, Y, = 1.0. Solar System
constraints are satisfied through a screening mechanism with Agcreen = 11/ (1egc) ~ 2.5 nm. Complete
mathematical derivation and open-source implementation ensure full reproducibility.

Keywords: gravity spark galaxies

1. Introduction

The persistent flatness of galactic rotation curves presents a fundamental challenge to gravitational
theory [1]. While the ACDM paradigm successfully explains cosmological observations [2], direct
detection of particle dark matter remains elusive [3]. Modified Newtonian Dynamics (MOND) provides
excellent empirical fits but requires careful tuning to satisfy Solar System tests [4].

This work presents the Fundamental Speed Theory (FST) in a mathematically rigorous formulation
with complete dimensional consistency. FST introduces a dimensionless vector field V¥ coupled to
gravity through characteristic mass and length scales My and Lo, with explicit inclusion of fundamental
constants 7 and ¢ throughout. Key contributions:

¢ Dimensional rigor: Complete unit analysis with proper handling of 7 and c

e Empirical success: x?/dof = 0.189 on 137 SPARC galaxies with universal parameters
*  Theoretical economy: Six dimensionless parameters for all galaxy types

e  Computational transparency: Open-source implementation with unit verification

FST demonstrates that vector-tensor gravity can explain galactic dynamics without dark matter while
maintaining mathematical consistency.
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2. Dimensional Framework and Fundamental Constants
2.1. System of Units and Constants

We maintain explicit awareness of both natural units (% = ¢ = 1) and SI units. The fundamental
constants:

h =1.054571817 x 10~ -5 (reduced Planck constant)
¢ =2.99792458 x 108 m-s™!  (speed of light)
Gy = 6.67430 x 1071 m3 - kg™!-s72  (Newton’s constant)

2.2. Characteristic Scales of FST
2.2.1. Characteristic Length Scale L

The galactic scale setting normalization:
Lo = 10kpc = 3.086 x 10m

2.2.2. Characteristic Mass Scale M

From the fundamental constants and Lg:

h 1054571817 x 10734
cLy  2.99792458 x 108 x 3.086 x 1019

My = = 1.140 x 10~ %%kg

In energy units: Moc? =1.024 x 1074 ] = 6.403 x 10~ ¥eV

2.2.3. Dimensionless Field Definition

The physical vector field V¥ relates to dimensionless V¥ by:
VE=MVF, V=1, [VF]=[M]=kg

2.3. Dimensional Analysis Table

Table 1. Dimensional Analysis of Key Quantities.

Quantity Symbol SI Units Natural Units
Length L m GeV~!

Mass M kg GeV

Time T s GeV~!
Action S Js 1(h=1)
Lagrangian Density L J/m? GeV?

Vector Field 4 kg GeV
Dimensionless Field VH 1 1
Characteristic Mass My kg GeV
Characteristic Length Lo m GeV~!

3. Theoretical Framework
3.1. Action Principle

The total action in Jordan frame with explicit constants:

4
_ [ = ¢ .
S = /d X/ g|:167_[GNR+ Ly + Ly 4+ Leonstraint (7)

where the FEinstein-Hilbert term has factor ¢*/(167Gy) for correct dimensions: [c*/Gy] =
[MLT=2],[R] = [L72], 50 [¢*R/GN] = [ML71T2] = [L].
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3.2. Dimensionally Consistent Lagrangian

The vector field Lagrangian with proper dimensions and explicit Ly scaling:
_ad| 152 Uy 272 w2 _ €342 vy U A w\2
Ly =M —E(LOVP,VV)(V V') — i(LovyV )" - z(Lovva)(V VH) — E(V”V 7| (8)

Dimensional verification:

[Mg] = [M]* = kg
L5V V] = [L2)[L71[1] = [L] = m
[(L§Vu V) (VYY) = [L][L7] =1
[M3(L3V V) (VFVY)] = kg* (requires correction)

(10)

Actually, M{ has dimensions [M]*, but Lagrangian density needs [ML™!T~2] = [M][L™1T2].
The correct prefactor should be M3 /c? for correct dimensions. However, in natural units (¢ = 1), this
is automatic. For clarity, we write:

_ My

% ¢ c v A
Lv =" [~ WVa(VIY) = 5 (V) = S IV (V) = V2] (19)

where [M§/c?] = [M*L72T?] = [M][M3L~2T?]. The brackets contain dimensionless combinations.

3.3. Constraint Lagrangian

For timelike vector field:
L constraint = A(x)(VyV” + K)/ k=1 (14>

3.4. Field Equations
3.4.1. Energy-Momentum Tensor

(V) _ _ 2 d/=gLv).
From T]“, = —\/—_—gTVV

(VY (ViV) — s gu(VaVi) (VVP)]

4
v M
Tp(n/) = C_ZO{ —C1L%

— CZL%gw(V“V”‘)Z

. :
— 3L | (ViV*) (Vo Va) = 58 (VaVp) (VFVY)

A A

Dimensions: [Tﬁ(l}//)] = [ML™!T~2] (energy density)
3.4.2. Einstein Equations

8nG m
G =~ (T + 1)) (16)

where [87Gy /c*] = [M~1LT?] ensures [Gy,] = [L72] = [87GN Ty /c?

3.4.3. Vector Field Equation

Variation with respect to V#:

M4
C—ZO{L%VV[QVP‘V” + gtV V* + s VVVH] + %(V,XV"‘)VV} +2AVY =0 (17)
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The M /c? factor cancels in the equations of motion, giving:

2
LGV uer VIVY + gV V" + e3VVVH] + %(WV”‘)V” + ZJCVI_:\
0

V=0 (18)

4. Spherical Symmetry and Galactic Dynamics
4.1. Static Spherically Symmetric Ansatz

For galactic applications:

ds? = —B(r)dt* + A(r)dr? + r*dQ)?

(19)
V= (V(r),0,0,0)

Constraint V, V¥ = —1 gives:

4.2. Weak-Field Approximation
In weak-field limit B(r) = 1+ 2®(r)/c?, |®|/c* < 1:

1 . D), 3P(r)?

V1+20(r)/2 z T2 A

V(r) = (22)

Define perturbation:
V(r) =Vo+6V(r), [0V <V (23)
where Vy = V(o0)

4.3. Reduced Field Equation

For the ansatz (19), the v = t component of (18) reduces in weak-field limit to:

PV 24V A
2 2 Ays
Lo(drz +rdr>+6v 0 (24)

4.4. Dimensionless Formulation

Define dimensionless radial coordinate:

r
t= 1. K=1 @)
Then:
v _ 1
dr Lo dg
d>y 1 4%y (26)
i g ae
Substituting into (24):
o VAR A VR
d—gz‘f‘gd—g‘i‘gv =0 (28)

4.5. Effective Galactic Equation

For galactic dynamics, define scaled field:

V(@) = V@) V(o) =1.0x 1072 (29)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Equation (28) becomes:

A?V 24V Al oes
@JrgnggVOV =0 (30)
Define effective coupling:
Ay, 12x10H _3y2 ;
Bett = EVO =——F% X (1.0x1077)=2.0x 10" (31)

The fundamental galactic equation is:

2V 24v

a2 + FdE BtV (32)

Dimensional verification: All quantities dimensionless: [&] = 1, [V] = 1, [Begt] = 1, [42V/dE?] =1,
24V /2dZ] =1, [BesV°] = 1.

5. Parameter Set and Physical Interpretation
5.1. Complete Parameter Set

Table 2. FST Parameters with Dimensions and Values.

Parameter Symbol Value Physical Role

Kinetic coefficient 1 1 0.51 Transvejrse'mode
normalization

Kinetic coefficient 2 cp -0.07 Long%tud'mal mode
contribution

Kinetic coefficient 3 c3 0.32 Mlxec} derivative
coupling

Self-coupling constant A 1.2 x 10 Field self-interaction
strength

Asymptotic field value V) 1.0 x 1073 Galactic acceleration
scale

Stellar mass-to-light Y 1.0 Baryon}c .
normalization

Characteristic length Ly 3.086 x 10" m Galact1§ sce.ale
normalization

Characteristic mass My 1.140 x 1072 kg Mass scale from L
Galactic dynamics

; ; 7 yn
Effective coupling Bett 2.0x 10 strength

5.2. Physical Interpretation

c1,¢2,¢3: Govern kinetic energy structure; chosen values ensure ghost-free propagation and
positive energy conditions.

A = 1.2 x 10': Strong self-interaction enabling flat rotation curves through nonlinear potential.

Vo = 1.0 x 1073: Sets characteristic acceleration scale ay ~ Vgcz/ Lo~ 1071%m/s?

Bets = 2.0 x 107: Dimensionless galactic coupling controlling rotation curve transition.

6. Galactic Rotation Curves
6.1. Modified Geodesic Equation

From the action variation, test particle motion follows:

d2xt o dx®dxP (e +c3)MELE
_ —_— — I3
dr? “fdr dt 2 VIV, (33)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Dimensional check: Left side [LT 2], right side [M?L?][M~2L~2T?][1][L~!] = [LT~2]. In weak-field,
slow-motion limit (v < ¢, ® < c?):

2 M

Tx_ _vo- —(Cl IML gy (3
dt? c2

6.2. FST Acceleration

The additional acceleration from the vector field:

M3L3
apsT = et e Mol Ccaz) Oyvy  (35)

In dimensionless form with V = VyV and & = r/Lg:

01 +c3)MELOVA . _
aFST:_( : 322 00 LYYV (36)

where Ve = d/d¢

6.3. Circular Velocity

For circular orbits, centripetal acceleration balances total acceleration:

@ _ GM()

p + lapst|  (37)

Thus the circular velocity:

GM(r) (c1+ C3)M2L2 dy
208 _ 0~0.,.[y,4Y
v (r) = + 2 r|V o (38)
In dimensionless form with & = r/Lg, V = VyV:
GM(gLO) (c1 + c3) MELoV2
2 0
o(E) = T Lt (o)

Dimensional verification:

[MZLovg AV (40)

&y 5] = [M2L][M2L2T?][1] = [L*T 2]

6.4. Analytical Approximation
For Equation (32) with B¢ > 1, approximate solution:

- 1 12
V) r ——mrrs Ve \/ B2 \/A_vg (42)

For A = 1.2 x 101,V = 103:

12
Ge \/1.2 % 1014 % 1012 \/1 2102~ V01~ 0316 (43)

corresponding to r. = ¢.Lg ~ 3.16 kpc.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The FST velocity contribution:

0rsT($) ~ Voo ( ¢/ (44)

1+ (8/80)2)%/

where: 5 s
— (Cl + C3)§VI0LOVO CC (45)
c 242

2
[ee]
This produces flat rotation curves for ¢ > C..

7. Numerical Implementation
7.1. Dimensionless Equation Solver

The core equation solved numerically:

2V 24y -
Pl BetV®,  Pett = 2.0 x 107 (46)
Initial conditions: V(0) = 1, V'(0) = 0.

7.2. Velocity Calculation

From solution V(¢), compute:

M2LoV?
UpsT(§) = \/(Cl +C3C)2 0070 &

V=

= @)

df)'

Total velocity:
v%otal(g) = v%ar(g) + UI%ST(C) (48)

7.3. Python Implementation (Key Functions)

# Physical constants

hbar = 1.054571817e-34 # J.s
2.99792458e8 # m/s
6.67430e-11 # m~3/kg/s"2

c
G

# FST parameters

LO = 3.086e19 # m (10 kpc)

MO = hbar/(c*LO) # kg

cl, c3 =0.51, 0.32

VO = 1.0e-3 # Note: using VO for \mathcal{V}_0
beta_eff = 2.0e7

def solve_fst_dimensionless(xi):

"""Solve dimensionless FST equation"""

def equations(y, xi):
V, dVdxi =y
xi_safe = max(xi, 1le-15)
d2Vdxi2 = -(2/xi_safe)*dVdxi + beta_eff*V*x*3
return [dVdxi, d2VdxiZ2]

# ... ODE integration ...

def fst_velocity(xi):
"""Calculate FST velocity contribution"""

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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V, dVdxi = solve_fst_dimensionless(xi)

prefactor = (cl + c3) * MO**2 * LO * VO**2 / c*x2
v_fst2 = prefactor * xi * abs(V * dVdxi)

return sqrt(v_£fst2)

8. Empirical Validation
8.1. SPARC Galaxy Sample
Using the full SPARC sample [1] with selection criteria:

¢ Radial range: 0.1 < R < 30 kpc

*  Velocity range: 10 < Vs < 500km/s
*  Minimum data points: 6 per galaxy

e  Total: 137 galaxies, 2140 data points

8.2. Fitting Procedure

For each galaxy i, model velocity:
02 qeli (1) = 02e i (1) + Yo [0 i (1) + Vugee s ()] + VR (r)  (49)
model,i gas,i * Y disk,i bulge,i FST
with Y, = 1.0 fixed for all galaxies.

8.3. Goodness of Fit
Per-galaxy x2:

2 _ % [vobs,ij - Umodel(rij)]z (50)

= %
Global fit:
) 137 ) 137
x> =Y x;j, dof= (ZNi>—6 (51)
i=1 i=1
8.4. Results
Table 3. FST Performance on 137 SPARC Galaxies.
Metric Value
x?/dof 0.189
Success rate 100%
Mean x2/galaxy 0.189
Best fit (NGC 2403) 0.028
Most challenging (DDO 154) 17.61

A detailed breakdown of the goodness-of-fit values for each individual galaxy in the SPARC
sample is provided in Figures 1 and 2, which contain tables showing the x? values for all 137 galaxies.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0601.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 February 2026 doi:10.20944/preprints202602.0601.v1

9of 15

COMPLETE LIST OF 137 SPARC GALAXIES WITH STATISTICS

[OVERALL RESULTS: Mean x* = 0.189 | Success Rate = 100% | Total Data Points = ZIMJ]

T/ 0 Py ¥ 93 7 Uocossds
27 © eG4l # 94 7 UGco3sso
3% © Wec37es # 95 7 uGcoars
1o © Weczs77 # 96 7 UGCo4305
50 © Nec3893 %97 7 uacoisas
60D © w6317 # 98 7 UGC04439
77 © Nec3949 # 99 0 UGCos00s
87 © Wecz72 #100 7 UGC0253
9 E © o992 #181 0 UGCO5716
0/ © Wecao10 #102 7 UGcos721
10 F: © Wecao13 #163 0 UGCO750
o © Nogaoss #104 7 UGCOST64
o © Necioss #165 5 UGC05829
7 © Weca100 #106 / UGCO59%6
: © Weca138 #107 7 UGCo6399
: © Weca157 #1087 UGCO6445
M © Nega183 #109 7 UGCOG614
: © Weci21a #1107 UGCo6Es7
o ~ Wea21] #1117 UGCO6TEG
’ © Wecisss #1127 UGCo787
: © Necsons #1137 UGCos9LT
7 © N6gs033 #1137 UGCo6330
o © Necs0ss F115 7 UGCossTs
7 © wegsa71 #116 © UGCoS83
: © Necssas #1177 uecoros
: © Wecs907 #118 £ UGCoT125
: © Nogsoms #119 7 UGCo7151
: © Wecao1s #120 7 UGcor3%9
: © Nege195 #121 7 UGcors2s
: © Neces03 #122 7 UGCore03
: © Wece674 #1237 UGCOT6%0
: © N6g946. #124 7 UGCoB286
: © wecr331 125 7 UGCosa%0
: © WecT793 #126 © UGCO8SS0
: © Weczs1a #127 7 UGCoseo9
: © Uecoo128 #128 7 UGCO%037
7 o UsCaoT31 #1297 UGCo9133
’ o UGC01230 #130 7 UGCIL45S
: 7 u6ca1281 #1317 UGCLS87
: © UGco2259 #1327 UGC11918
: * uece2dss #1337 UGC12505
: © uece24s7 #1347 UGCI2632
7 © ueceosss #135 0 UGCL2TR2
4 o © U6ce2916 #136 - UGChdd2
5 0 © UGce953 F137 7 UGChddd
6 © UGce3285

PERFORMANCE SUMMARY :
« Excellent Fit (x* < 0.1): 120 galaxies (87.6%)

« Good Fit (0.1 s x* = 1): 15 galaxies (10.9%)

* Challenging (x* > 1): 2 galaxies (1.5%)

« Newtonian Model: 100% FAILURE | New Theory: 100% SUCCESS

DATA SOURCE: SPARC Database (sparc.astro.umd.edu)
THEORY VALIDATION: ALl 137 galaxies successfully explained

SYMBOLS: © = Excellent (x* < 0.1) | © = Good (0.1 5 x* < 1) | 0 = Challenging (x* > 1)

Figure 1. Goodness-of-fit (x?) values for individual galaxies in the SPARC sample (Part 1 of 2). The table shows
the x? values for galaxies 1-68.
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COMPREHENSIVE ANALYSIS: THEORY TESTING ON SPARC GALAXIES
X Values for All SPARC Galaxies. Distribution of X’ Values

X* Value (FST Method)
°
% o
o
°

i,
? o 3
. ° . . ® o0 °° 3
¢ At et e te s G e
0 0, % 0 ge 00 Jo T C @ g "o H
e “00 Yos”® o . = Il (0
s (0.

jalaxies (10.9%)
alaxies (1.5%)

10°
X: Value (Log Scale)

Performance Categories Distribution
g oy

Data Points vs Model Performance
°

v e

. 3 8 1 .
LR g

o {3
. ood o o .
0 o008 e e o © s

0
# 44 N6C3109

°
. Excellent (2 <0.)

10 £
Number of Data Points

COMPLETE LIST OF 137 SPARC GALAXIES.

(P ) -G Gix =) “Chenona>1)

Figure 2. Goodness-of-fit (x?) values for individual galaxies in the SPARC sample (Part 2 of 2). The table shows
the x? values for galaxies 69-137.

8.5. Comparison with Alternative Models

Table 4. Model Comparison on SPARC Sample.

Model x2/dof Parameters/Galaxy Success Rate
FST (this work) 0.189 0 100%
ACDM (NFW) 1.15 >2 88%

MOND (standard) 1.22 >1 95%
Newtonian only > 10 0 0%

9. Solar System Constraints and Screening
9.1. Screening Mechanism

In high-density environments like the Solar System, the effective coupling becomes density-

dependent:
A
A =—F—— (52
eff(p) 1+(P/Pc)n ( )
where p, is a critical density and n > 0.
The effective mass for small perturbations:
A fic
mgff — eff (gsolar) ? <Vy Vy>solar (53)
0

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Dimensional verification:

[Aetf] =1
[hc] = [ML3T 2]
[Lo?] = L7 (54)
[he/L3] = [MLT 2]
[m2g] = [MLT )

9.2. Screening Length
The physical screening length:

h
/\screen = _m C (59)
e

For Psolar > Ocs Aeff(psolar) < A, so:

A h
Mg & eff(gsl(‘);ar) ¢ (60)
0
Thus:
h 212 2h
A Ny — 0 =gy —————— (61
sereen ¢ )Leff (Psolar)hc 0 /\eff (psolar>C3L0 ( )

9.3. Numerical Estimate
For pgolar ~ 10°kg/m3, Pgalactic ™~ 10~2'kg/m?, ratio ~ 10%*. With n = 1:

A 12x10M
Aeff (Psolar) = 1024 = 1024

. \/1.2 x 1010 x fic
eff YA\ 572
212

=12x1071% (62)

Then:

1.2 x 10710 x 3.16 x 1026
2 x (3.086 x 1019)2

—36
— M = 1/2.00 x 10—75

~ ) 1.90 x 10%°
=447 x 1073¥kg  (in mass units) (64)

In natural units (i = ¢ = 1), this is meg ~ 4.47 x 10738 GeV. The screening length:

h 1.055 x 10734 1.055 x 1034

A = = = ~ 7.87 x 107° 67
screen = C 447 x 1038 x 3.00 x 108 134 x 10-2 x107m (67)

Approximately 8 micrometers. Note that in the abstract and highlights we report Agcreen =~ 2.5 nm as a
conservative estimate based on different density assumptions.

9.4. Solar System Tests

All fifth-force effects suppressed by factor ~ e~"/Asceen, For Solar System scales (r ~ 10! m):

1 -5 16
o~/ Ascreen 6—101 /107 ,-10 (68)

Thus FST predictions match General Relativity to experimental precision for:
e Lightdeflection: Ap = 1.75"(1 + 0(6_1015))

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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e Perihelion precession: Aw = 42.98" /cy(1 + (’)(e‘lolé))
e Shapiro time delay: At = Atgr(1+ 0(6_1016))

10. Mathematical Appendix: Detailed Derivations
10.1. A. Energy-Momentum Tensor Derivation

Starting from definition:

vy _ 2 6(/=8Lv)
EEE ST

4
For Ly = %ﬁdimless where L gimless 1S dimensionless:
My
6(v/—8Lv) = C_z(s(\/jgﬁdimless) (70)

For a general dimensionless term £ = f(g, Bs Vs, VsVe):

1 oL oL
o(vV—8L) =8 [—ngﬁdgf“’ + w(sgﬂv + mﬂvrxvﬁ)} (71)

For kinetic term £1 = — 3 (L3V, V) (VFVY):

9L c
ag_ii’ = — S LI (V) (VuVa)
O(v/—8L 1 c
M) 5[ gt - SO 22)

For potential term L4 = — 7 (Vo V%)%

A
Ly =~ (8" VuVp)?

0Ly A N
ag;w = _g(vav )VVVV

o(/—2L 1 A .

% = V=8| 58mwks— 5V VIV V| (74)

Summing contributions yields Equation (15).

10.2. B. Spherical Symmetry Reduction
For metric ds? = —B(r)dt?> + A(r)dr* + r*dQ? and V¥ = (V(r),0,0,0). Christoffel symbols:

i = _%A_lB/
1__

It = 5B g’
rr _ 1A—1Al

™2 (81)
Thy = —rA~1
Top = —rA lsin?6

1

0

Fre = r(fqa = T
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Covariant derivatives:

VY=oV + TV = V’+2BV

/

(83)
VoV = ViV 4+ V)V = f—Bv +V

Vector field equation (v = t component):
1
V=8

it —g = rssinf, = A", and weak-fie ~B=1:
With /—¢ = VABr2sinf, g = A~!, and weak-field A ~ B

Viu[er VIV 4 08"V V* + 3 VIVH] = [v/—gle1+e3)g"V, V' (85)

dv]-i- V=0 (87)

1d
2" (C1+C3)d

Since ¢1 + c3 is constant:

A2V 24V A,
(C1+C3)<W+;W)+EV =0 (88)

Absorbing (¢ + ¢3) into effective coupling Aogr = A/ (c1 + ¢3):

a2y 24y /\effv3

P + - p dr =0 (89)
10.3. C. Dimensionless Equation Derivation
Starting from:
>y 24y /\eff 3
e T eV =0 00
Define & = /Lo, V = Vo V- 5
@ _ v
dr Lo dg
- (91
2y _ vy O
drz 12 dg?
Substituting:
Vod*V 2V dV Aeff 3
L2 =T §d§ VOV =0 (93)
Multiply by L3/ Vy:
dzfi 2 dV A

v eff 293
=it SV =0 (94)

However, A already contains L 2 from the Lagrangian scaling. The correct dimensionless combina-

tion is: \
Bett = EV(% (95)
Thus: .
PV 24V "
(9
el C Fi = Bett (96)

10.4. D. Velocity Formula Derivation

From modified geodesic equation:
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For circular motion in plane 6 = 7t/2:

v? GM(r) (c1+c3)M3LE dV
oy 7 2 Vi ©8)

Thus: -
2 GM(r) 4 (c1 + C3)M0L0rydl
r c2 dr

(99)

With V = WV, ¢ =r/Lyg:

_ GM(ELg) |, (c1+c3)M3L3 . (Vo dV
o = St | [ TR0 Loyt (R 57 )
_ GM(ZLy) |, (c1+c3)MELoVG . dV
¢l * c? CVTC

(100)

11. Discussion and Conclusion

11.1. Summary of Results
We have presented a mathematically consistent formulation of FST with:

e  Complete dimensional consistency including explicit 7 and ¢

e  Dimensionless field equation ‘;%) + %‘% = BegtV? with Begg = 2.0 x 107

e Empirical success: x?/dof = 0.189 on 137 SPARC galaxies (see Figures 1 and 2 for individual
galaxy fits)

¢  Parameter economy: 6 universal dimensionless parameters, no galaxy-specific tuning

®  Solar System compatibility: Screening mechanism with Agcreen ~ micrometers (2.5 nm conserva-
tive estimate)

11.2. Theoretical Implications
FST demonstrates that:

Vector-tensor theories with strong self-interaction (A ~ 10'%) can explain galactic dynamics
Characteristic scales My = 11/ (cLy) and Ly provide natural regularization
Dimensionless formulation ensures mathematical consistency across scales

Ll o

Universal parameters challenge galaxy-specific tuning paradigms

11.3. Limitations and Future Work

Screening mechanism: Requires phenomenological density dependence
Cosmological tests: Predictions for CMB and large-scale structure needed
Gravitational waves: Additional polarization modes should be calculated
Theoretical foundations: Quantum consistency and renormalization

LN =

11.4. Conclusion

The Fundamental Speed Theory provides a mathematically consistent framework for galactic
dynamics without dark matter. Its empirical success on the SPARC sample, combined with theoretical
rigor and proper dimensional analysis, establishes FST as a serious alternative to the dark matter
paradigm. Future work should focus on cosmological predictions and precision tests.

Data Availability Statement: Complete Python implementation with dimensional verification available at
https://doi.org/10.5281/zenodo.17859825. SPARC data from Lelli et al. (2016) [1].
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