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1. DETAILED ANALYSIS PLAN

1.1. Study Objective

The objective of this computational study is to quantify the stability of the resting
membrane potential (V,,...,) in human-derived bioelectric systems exposed to a deep-
space “magnetic vacuum” (B < 500 nT). The study evaluates the transition from
a state of geomagnetic ELF synchronization to an open-loop entropic drift, specif-
ically predicting the failure modalities for the microfluidic organ-chip architecture
deployed in the upcoming NASA Artemis II Avatar payload.

1.2. Theoretical Framework & Multiscale Parameters

This analysis employs a non-equilibrium thermodynamic framework (Ion Forced Os-
cillation) integrated into a discrete Langevin solver. The model utilizes multiscale
temporal mapping, integrating microscopic telemetry cycles into macroscopic bio-
logical drift variables to maintain dimensional consistency:

* Tins (INstrumental Cycle): 12.4 seconds. Defines the operational duty cycle for
the magnetic exposure apparatus and telemetry sampling windows.

* Tmaero (Macroscopic Drift Constant): 12.4 hours. The integrated macroscopic
exponential coefficient driving Phase III collapse, representing scale-invariant
biological decay.



* qt014 (Effective Thermal Flux): 1.6-fold increase. Represents the scalar increase
in effective thermal flux (¢) resulting from unregulated ATP hydrolysis during
Phase III failure, scaling the local thermodynamic noise floor.

* Vieeroties —30.17 mV. The mathematically derived threshold for mitochondrial
permeability transition pore (mPTP) opening.

* kyres 2.0 (Targeted). The predicted stabilization coefficient for the Mg (I =
5/2) Magnetic Isotope Effect.

1.3. Statistical Methodology

We test the MIE stabilization hypothesis (H,,;x) against the null-effect hypothesis
(Hn.y) using Bayes factors (BFy). Kaplan-Meier curves will be generated to cal-
culate survival probability S(¢) relative to the —30.17 mV necrotic threshold across
N = 10,000 iterations to account for stochastic variance.
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2. APPENDIX A: UNIFIED LANGEVIN FORMALISM (V3.2)

The following Python implementation utilizes a discrete-time Langevin integrator to
model the stochastic evolution of V,,.,,. The code incorporates the corrected ther-
mal flux magnitude (¢s,4) and integrates the instrumental sampling cycle into the
macroscopic drift coefficient. The 'vacuum’ mode explicitly represents the baseline
telemetry expected from the shielded Avatar chip payload.

import numpy as np

def simulate_vmem(mode='vacuum', duration_hrs=120, dt=0.05):
Halcyon Unified Langevin Model (v3.2)

Simulates V_mem trajectories in HMF vs. Condition E rescue.

v_rest, v_necrotic = -70.0, -30.17
time = np.arange (0, duration_hrs, dt)
v_mem = np.zeros_like(time)

curr_v = v_rest

# HARDWARE & OBSERVATIONAL PARAMETERS

TAU_INS_SEC = 12.4 # Microscopic telemetry window (seconds)
TAU_MACRO_HR = 12.4 # Macroscopic integrated drift constant (
hours)

SATURATION_MILESTONE = 48.0 # ER buffering capacity limit (hours)
ALPHA_Q_FOLD = 1.6 # Metabolic heat flux magnitude

for i, t in enumerate(time):

noise = np.random.normal (0, 0.4)

if mode == 'condition_e':
# Targeted MIE Hypothesis: Hyperfine spin-mixing stabilization
# Restore ELF synchronization (base 1.5) + Mg-25 MIE damping (0.5)

= k_MIE 2.0
k=1.5 + 0.5
dv = (-k * (curr_v - v_rest) + noise) * dt
else:

# Mode: 'vacuum' (HMF Isolation - Avatar Chip Baseline)
# ROS-induced progressive depolarization
drift_base = 0.15
if t > SATURATION_MILESTONE:
# Exponential runaway driven by integrated macroscopic

envelope
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drift = drift_base * (1 + np.exp((t - SATURATION_MILESTONE) /

TAU_MACRO_HR))

noise

# Macro-thermal flux spike scales microscopic thermodynamic

noise *= ALPHA_Q_FOLD
else:

drift = drift_base

# Non-linear Calcium Leakage (sigmoidal kinetics)
leak = 8.0 / (1.0 + np.exp(-(curr_v + 55) / 3))

dv = (drift + leak + noise) * dt

curr_v += dv

# Hard cap at Necrotic Threshold (Stochastic mPTP logic)

if curr_v >= v_necrotic:

curr_v = v_necrotic + np.random.normal(0, 0.12)

v_mem[i] = curr_v

return v_men
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