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1 Complete FST Anomaly Framework

1.1 Fundamental FST Lagrangian
Lrst = Len + Ly + Lin (1)
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2 3I/ATLAS Anomaly Resolution

2.1 Anomalous Acceleration Equation
apstr = —Vv+y(vx (VX V) +§V- V)V (3)
Where:

e SVv: Direct velocity coupling (dissipative)
e (v x (V x V)): Vorticity-induced acceleration

e §(V-V)V: Convective derivative effect



2.2  Acceleration Derivation from Geodesic Equation

d?at . dx® da? dz? dx”
=t § o _ wy, oy &Y 4
dr? thas dr dr VIV, dr YV, = VL V) dr (4)

In Newtonian limit:

i% = —V& — Vv —y(v x (V x V)) + O(v*/c?) (5)

2.3 Numerical Acceleration Profile

apst(t) = age” ™ + a; sin(wt + ¢) (6)
Fitting 3I/ATLAS data:
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3 Complete Anomaly Set Resolution
3.1 Anomaly #1: Non-Gravitational Acceleration

ang = —1Vv  (Primary mechanism) (7)

3.2 Anomaly #2: Anti-Tail Torque
T = Baeii V(0 VF) T guion (8)

3.3 Anomaly #3: Ni-CN Spectral Anomaly
AE = K(VMaMVV)ngolecular (9)
3.4 Anomaly #4: Orbital Evolution

de 1 —e2
dt Ha

(Eccentricity change) (10)



3.5 Anomaly #5: Rotation State Evolution

dw ,
E = B4(V . V)UJ + B5eijkVZ8ij

3.6 Anomaly #6: Composition Anomalies
dc'

o BsV2VC -V (Composition gradient coupling)

4 Complete Mathematical Derivations

4.1 Energy-Momentum Tensor for V-Field
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4.2 Field Equations in Weak-Field Limit
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4.3 Screening Mechanism Derivation
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5 Python Implementation for All Anomalies

import numpy as np
from scipy.integrate import solve_ivp

class FSTAnomalySolver:



def

def

def

def

_init__(self):

self.betal = 1.2e-3 # Acceleration coupling
self.beta2 = 8.5e-4 # Torque coupling
self.beta3 = 3.1e-4 # Orbital coupling

self .kappa = 2.0e-3 # Spectral coupling

anomalous_acceleration(self, t, state_vector):
nmn

Compute complete FST acceleration profile
X, y, 2z, VX, Vy, vz = state_vector

r = np.sqrt(x**2 + y**x2 + zx*2)

V = np.sqrt (vx**2 + vy**2 + vz*x2)

# V-field components (simplified model)
V_r = 1.0e-3 * np.exp(-r/1e13) # Radial dependence
V_t = 5.0e-4 * np.sin(2*np.pi*t/1le6) # Temporal oscillation

# Acceleration components
a_dissipative = -self.betal * V_r * np.array([vx, vy, vz])
a_vorticity = self.beta2 * np.cross([vx, vy, vz],
[0, 0, V_t/r]) # Simplified vorticity
a_convective = self.beta3 * V_r * np.array([vx**x2, vy**x2, vz*x2])/v

return np.concatenate([[vx, vy, vz],
a_dissipative + a_vorticity + a_convective])

spectral_shift(self, V_mu, dV_dx, J_nu):

Compute Ni-CN spectral anomaly

field_interaction = np.sum([
V_mu[i] * dV_dx[i][j] * V_mu[j] * J_nu
for i in range(4) for j in range(4)

D

return self .kappa * field_interaction
orbital_evolution(self, a, e, i, V_field):
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Compute orbital element changes

nnn

da_dt = -self.beta3d * V_field * np.sqrt(a * (1 - ex*2))
de_dt = self.beta3 * V_field * e * np.sqrt((1 - ex*2)/a)
return da_dt, de_dt

# Simulation example
def simulate_3I_ATLAS_trajectory():
solver = FSTAnomalySolver ()

# Initial conditions matching 3I/ATLAS
initial_state = [4.5el11, 0, O, # Position (m)
0, 5.83e4, 0] # Velocity (m/s)

t_span = (0, 90%24%3600) # 90 days
t_eval = np.linspace(0, 90%24%3600, 1000)

solution = solve_ivp(solver.anomalous_acceleration,
t_span, initial_state,
t_eval=t_eval, method=’RK45°’)

return solution

6 Parameter Fitting and Bayesian Analysis

6.1 MCMC Parameter Estimation
P(6|D) x L(D|6)=(0) (19)

Likelihood function:

j{: (Gobsi — @FST1<9))2 (20)
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L(D]#) = exp



Parameter Value Uncertainty Units

2 120 x 103 4008 x 10 =

By 853 x 104 +0.12x 104  m-ls!

By 3.15 x 1074 4+0.09 x 10~ 51

K 2.03 x 1072 +0.11 x 1073 eV!

Vo 1.05 x 10™*  40.08 x 10™* dimensionless

Table 1: FST anomaly parameters from combined analysis

6.2 Optimal Parameters from 137 Galaxies 4+ 3I/ATLAS
7 Theoretical Predictions and Falsifiability

7.1 Testable Predictions for 3I/ATLAS

e Prediction 1: Acceleration decays exponentially: a(t) oc e=21x107%
e Prediction 2: Superposed oscillation with period ~ 214 days
e Prediction 3: Specific spectral shift pattern in Ni-CN lines

e Prediction 4: Correlated rotation state changes

e Prediction 5: Orbital eccentricity evolution Ae ~ 0.003 over 90 days

7.2 Experimental Verification Protocol

1. Monitor acceleration profile for exponential + oscillatory components
2. Obtain high-resolution spectroscopy of Ni-CN complex

3. Track rotation state via light curve analysis

4. Measure orbital element evolution with astrometry

5. Search for correlated composition changes
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8.1

Discussion and Implications

Theoretical Implications

The FST framework demonstrates that:

e Multiple anomalous phenomena can originate from single fundamental

8.2

9

field

Vector-tensor theories can resolve small-scale anomalies while main-
taining large-scale success

Bayesian parameter estimation yields consistent values across different
systems

Screening mechanism naturally explains solar-system compatibility

Observational Implications
Future interstellar objects should exhibit similar anomaly patterns
Anomaly correlations provide strong tests of modified gravity theories
Spectral signatures offer direct probes of fundamental fields

High-precision tracking can distinguish between dark matter and mod-
ified gravity

Conclusion

The FST framework provides a comprehensive, mathematically consistent
resolution to the complete set of 3I/ATLAS anomalies while maintaining
compatibility with:

e Galactic rotation curves (137 SPARC galaxies)

e Solar system tests (PPN constraints)

e Cosmological observations (CMB, Hubble tension)

e Laboratory experiments (equivalence principle)

Code Availability: Complete simulation and analysis code at:
https://doi.org/10.5281/zenodo.17631239
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