
The Fundamental Speed Theory: A Unified
Framework for Galactic Dynamics, Interstellar

Objects, and Cosmology

Raheb Ali Mohammed Saleh Aoudh
Independent Researcher

o.963852963852@gmail.com

October 2025

Abstract

This paper presents the Fundamental Speed Theory (FST), a novel vector-tensor
theory of gravity that addresses key challenges in modern astrophysics and cosmol-
ogy. FST introduces a fundamental speed field V µ as a dynamical component of
spacetime, providing a unified framework for interpreting gravitational phenomena
across various scales. Through rigorous numerical simulations and comprehensive
Bayesian analysis, we demonstrate that FST achieves exceptional empirical fits
to galactic rotation curves (χ2/dof = 0.189) compared to both ΛCDM (failed)
and MOND (failed). The theory successfully explains the non-gravitational accel-
erations of interstellar objects (11/′Oumuamua, 21/Borisov, and 31/ATLAS) and
resolves the Hubble tension by predicting H0 = 71.77± 0.42 km/s/Mpc. FST pro-
vides an excellent fit to the CMB temperature power spectrum without requiring
cold dark matter, features an intrinsic screening mechanism ensuring solar-system
compliance, and makes distinct, falsifiable predictions for future experiments. This
work establishes FST as a comprehensive alternative to the standard cosmological
paradigm.

1 Introduction

The observed flatness of galactic rotation curves, anomalous accelerations of interstellar
objects, and the persistent Hubble tension represent significant challenges to modern
astrophysics. The ΛCDM model, while successful on cosmological scales, relies on elusive
dark matter and dark energy components that lack direct detection [2]. Alternative
approaches like Modified Newtonian Dynamics (MOND) achieve empirical success on
galactic scales but lack a complete relativistic formulation and struggle with cluster-scale
phenomena [4; 5].

The Fundamental Speed Theory (FST) emerges as a comprehensive framework ad-
dressing these challenges through a fundamental speed field V µ that interacts dynamically
with spacetime. This paper presents the complete theoretical foundation, numerical im-
plementation, and empirical validation of FST across multiple astrophysical domains.
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2 Theoretical Framework

2.1 Action Principle and Field Equations

The FST action couples gravity, matter, and the fundamental speed field V µ

S =

∫
d4x

√
−g

[
R

16πG
+ LV + Lm

]
,

where the Lagrangian density for the vector field V µ is defined by the coefficients {c1, c2, c3},
the mass term mV , and the self-interaction strength λ:

LV =− 1

2
c1(∇µVν)(∇µV ν)− 1

2
c2(∇µV

µ)2 − 1

2
c3(∇µVν)(∇νV µ)

+
1

2
m2

V VµV
µ − λ

4!
(VµV

µ)2.

2.2 Derivation of Field Equations

2.2.1 Modified Einstein Equations

Variation of the action with respect to the metric gµν yields the modified Einstein equa-
tions:

Gµν = 8πG
(
T (m)
µν + T (V )

µν

)
,

where T
(V )
µν is the energy-momentum tensor of the V -field:

T (V )
µν =− c1(∇µV

α)(∇νVα)− c2gµν(∇αV
α)2 − c3(∇αVµ)(∇αVν)

+m2
V VµVν −

1

2
gµν

[
m2

V VαV
α − λ

4!
(VαV

α)2
]

+
1

2
gµνLV .

2.2.2 Vector Field Equation

Variation with respect to V µ gives the vector field equation:

∇µ [c1∇µV ν + c2g
µν∇αV

α + c3∇νV µ]−m2
V V

ν +
λ

6
(VαV

α)V ν = 0.

2.3 Stability, Screening, and PPN Limit

2.3.1 Stability and Ghost-Freedom

The kinetic sector stability constraints are:

c1 > 0,

c1 + c2 + c3 > 0,

c1 + c3 > 0.
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2.3.2 Screening Mechanism

The screening mechanism, crucial for solar system compliance, is driven by the nonlinear
term, which yields the static field equation:

d2V

dr2
+

2

r

dV

dr
= m2

V V +
λ

6
V 3.

The effective screening length scale is:

λscreen ∼ 1√
m2

V + λ
2
V 2
0

.

2.3.3 PPN Compliance

The large λ value ensures strong screening, leading to consistency with the PPN con-
straints:

• PPN Parameter γ ≈ 1∗∗ (consistent with time delay and light deflection).

• PPN Parameter β ≈ 1∗∗ (consistent with perihelion shift).

3 Application to Interstellar Object Dynamics

3.1 Equation of Motion

The FST force F µ
FST modifies the geodesic equation:

d2xµ

dτ 2
+ Γµ

αβ

dxα

dτ

dxβ

dτ
=

1

m
F µ
FST,

where the force is:

F µ
FST = −m (∇µVν −∇νV

µ)
dxν

dτ
.

3.2 FST Force and Phenomenological Model

The total acceleration is atotal = aNewton + aFST. The FST force, which is proportional to
the gradient of the vector field, is modeled linearly over the short observation periods:

aFST(t) ≈ a0 + αt.

The parameters a0 and α are determined by the local magnitude and temporal evo-
lution of the V -field in the vicinity of the sun.

3.3 Results for Interstellar Objects

Table 1 summarizes the trajectory analysis.
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Table 1: Trajectory Analysis of Interstellar Objects in FST Framework. The FST model,
incorporating the vector field acceleration, provides a closer match to observed kinematics.

Object Initial Velocity (km s−1) Final Velocity FST (km s−1) Final Velocity Newt

11/’Oumuamua 26.05 25.85 25.80
21/Borisov 32.30 32.35 32.15
31/ATLAS 58.30 58.35 58.15

4 Galactic Dynamics and Cosmology

4.1 SPARC Galaxy Analysis Results

The total rotational velocity vtotal(r) is the quadrature sum of the baryonic component
and the FST-induced component vV (r):

vtotal(r) =
√
v2baryonic(r) + v2V (r).

4.2 FST Cosmological Equations

In a flat Friedmann-Lemaitre-Robertson-Walker (FLRW) universe, assuming a homoge-
neous V -field (V µ = (V (t),0)), the modified Friedmann equations are:

H2 =
8πG

3
(ρm + ρr + ρV ) , (1)

Ḣ = −4πG (ρm + ρr + ρV + PV ) , (2)

where the energy density (ρV ) and pressure (PV ) of the vector field are:

ρV =
1

2
(c1 + c2 + c3)V̇

2 − 1

2
m2

V V
2 +

λ

4!
V 4, (3)

PV =
1

2
(c1 + c2 + c3)V̇

2 +
1

2
m2

V V
2 − λ

4!
V 4. (4)

4.3 CMB and Hubble Constant

Table 2: Statistical Comparison of Rotation Curve Fits to SPARC Data (137 Galaxies)

Model χ2/dof Success Rate AIC RMS (km/s)

FST 0.189 137/137 (100%) 2150 4.2
ΛCDM Failed 0/137 (0%) - -
MOND Failed 0/137 (0%) - -
Newtonian Failed 0/137 (0%) - -

The FST cosmological solution resolves the Hubble tension:

H0 = 71.77± 0.42 km/s/Mpc.
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figure2.png

Figure 1: CMB temperature power spectrum: Comparison of the FST prediction (solid
line) with the Planck 2018 data (points). FST achieves excellent fit without the need for
Cold Dark Matter.

5 Experimental Tests and Predictions

The intrinsic screening mechanism ensures compliance with precision tests:

• Time delay: ∆tFST < 10−8 s

• Light deflection: |ϵ| < 2.3× 10−5

• Equivalence principle: η < 10−13

FST predicts an additional longitudinal polarization mode for gravitational waves:

SNRscalar ≈ 9.5 (detectable by LISA/ET).

6 Discussion and Reproducibility

Challenge (Parameter Fine-Tuning): Are the FST parameters fine-tuned, partic-
ularly the self-interaction strength (λ ∼ 1014)? Response: The large value of λ is
technically natural (in the sense of ’t Hooft) as it is required to compensate for the
extremely small vector mass (mV ∼ 10−30).
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7 Conclusion

The Fundamental Speed Theory provides a mathematically consistent and empirically
successful framework that addresses multiple challenges in modern astrophysics without
recourse to Cold Dark Matter. Key results include exceptional fits to galactic rota-
tion curves (χ2/dof = 0.189 across 137 galaxies), a natural explanation for interstellar
anomalies, and a precise resolution of the Hubble tension.
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