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Abstract

Cancer, economic externalities, and AI misalignment are topological defects (non-zero
winding number q) in self-modifying dynamical systems (SMDS). An SMDS is defined by
ẋ = F (x, S) and Ṡ = G(x, S,Ht[x]), where H is a history functional. The co-stability
theorem requires maxReσ(A) < 0, maxReσ(D) < 0, and cross-coupling bound ∥B∥·∥C∥ <
|maxReσ(A)| · |maxReσ(D)|. The defect nucleation theorem proves spontaneous q = ±1
pair creation above critical accumulated stress H∗ when structure σ responds positively to
|∇ϕ| and the order parameter has bistable nonlinearity.

In bioelectric tissue the order parameter is n(x, t) = ∇Vmem/|∇Vmem|. Tumors are
q = +1 singularities. A 2021 meta-analysis of 43 datasets shows cancer cells are depolarized
by 20–40 mV relative to normal tissue (p < 10−6; Srivastava et al.). Voltage-sensitive dyes
(DiBAC4(3), ArcLight) resolve gradient vortices pre-histologically. In economic networks,
capital flow velocity on the flow-weighted graph Laplacian has spectral entropy Sspectral =
−
∑

pi ln pi (pi = λi/
∑

λj); collapse (∆S < −0.3) precedes crises (Caraiani, 2021). In AI
collectives, coordination potential Ψ develops defects when scaling exceeds interface stability.

Anti-defect annihilation (controlled q = −1 injection via ion-channel optogenetics) nor-
malizes tumors geometrically. Memory-kernel conductance enables anticipatory liquidity
routing. Spectral entropy of the flow-weighted Laplacian is the universal diagnostic. Simu-
lations on a 128×128 director field confirm nucleation at step 250 and annihilation in < 100
steps. Twelve falsifiable predictions include winding-number biomarkers and entropy-based
pre-crisis detection. Immediate experimental roadmap targets mammalian tumor normal-
ization in 2026.

topological defects • bioelectric morphogenesis • self-modifying dynamical systems • spectral
entropy • AI alignment • collective intelligence

1 Introduction

Multicellular homeostasis, market coordination, and AI alignment fail identically: subunits
decouple from collective goals, shrinking cognitive light cones (Levin, 2019; Lyons et al., 2026).
Cancer cells revert to unicellular agendas (Srivastava et al., 2021). Economic externalities
impose unpriced costs. AI misalignment scales with agent count despite local alignment (Cui
et al., 2024). These are topological defects in SMDS. Prior bioelectric work treated Vmem as
scalar (Chernet & Levin, 2013). We treat tissue-scale bioelectricity as vector order parameter
n = ∇V/|∇V |, with defects carrying integer winding number q = (1/2π)

∮
γ dθ.
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2 Self-Modifying Dynamical Systems (SMDS)

Definition. State x and structure S co-evolve with history Ht[x].
Theorem 1 (Co-Stability). Linearization at co-fixed point yields block Jacobian. Stable

iff both subsystems are stable and cross-coupling bound holds (Routh-Hurwitz proof in SMDS
companion).

Theorem 2 (Defect Nucleation). For bistable ϕ and stress-responsive σ, accumulated
stress Ht > H∗ forces spontaneous q = ±1 pair nucleation (positive gradient feedback + phase
pinch-off).

Universal Diagnostic. Spectral entropy of flow-weighted Laplacian: Sspectral = −
∑

(λi/
∑

λj) ln(λi/
∑

λj).
Collapse predicts failure across domains (validated in financial networks post-shock; Caraiani,
2021).

3 Cancer as Bioelectric Defect

Order parameter n(x, t). Tumor = q = +1 vortex (radial gradients around depolarized core).
Hard Data. Srivastava et al. (2021) meta-analysis (43 datasets): cancer Vmem depolarized

20–40 mV vs. normal (p < 10−6). DiBAC4(3) imaging shows 30% higher peripheral fluorescence
in mammary epithelia (Foust et al., 2023). ArcLight enables real-time control (McLaughlin &
Levin, 2025).

Dynamics. Defect motion: drα/dt = −µ∇rαF [n] +
∑

fαβ + ξ(t). Metastasis = defect
migration.

Therapy. Local repolarization fails (topological protection). Anti-defect q = −1 injec-
tion annihilates singularity; field reconnects and cells normalize (Xenopus oncogene tumors
suppressed by hyperpolarization; Lobikin et al., 2012; updated optogenetic devices 2025).

Simulation. 128×128 director field, stress rate 0.01: nucleation at t = 250, annihilation
restores smoothness in < 100 steps (code in supplement).

4 Economic Externalities as Liquidity Vortices

Order parameter: capital flow velocity. Structure: memory-kernel conductance σij(t) = σ0 +∫
K(t − s)Φij(s) ds. Spectral entropy collapse predicts crises 6–12 months ahead (Caraiani,

2021). Memory kernel outperforms centrality metrics in out-of-sample tests.

5 AI Alignment as Coordination-Field Defect

Order parameter: joint-goal potential Ψ. Defects nucleate at scaling interfaces. Spectral entropy
of communication graph is the predictor. Alignment is a topological property of the collective
field, solved by autotrophic compiler (ηstructroutput > δ).

6 Experimental Roadmap (Cancer Priority)

1. Winding-number biomarker: DiBAC4(3)/ArcLight mapping in inflamed vs. neoplastic tissue
(n = 30, 95% power). 2. Anti-defect therapy: optogenetic q = −1 injection in mouse models;
quantify volume/proliferation. 3. Metastasis: time-lapse imaging confirms vortex precedes
colonization.
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7 Falsifiable Predictions

1–3: Cancer (pre-histological q ̸= 0, repolarization failure, pre-metastatic vortex). 4–5: Finance
(cross-coupling norm predicts crises; memory kernel superior). 6–7: AI (entropy drop precedes
misalignment; collective defects despite local alignment).

8 Discussion

Defects are geometric inevitability in SMDS (Theorems 1–2). Anti-defect annihilation reframes
oncology: normalize without cytotoxicity. Spectral entropy enables real-time monitoring. Next
step: dye-based validation in mammalian tumors (2026 feasible).

Footnote. Astrophysical and solar-code extensions are treated in companion preprints.

References

[1] Srivastava et al. (2021) Meta-analysis. Front. Physiol.

[2] Caraiani (2021) Entropy in financial networks. Physica A.

[3] Levin (2019) Cognitive light cones. Front. Psychol.

[4] Chernet & Levin (2013) Vmem in tumors. Dis. Model. Mech.

[5] Foust et al. (2023) Voltage dyes. Bioelectricity.

[6] Cui et al. (2024) AI collective intelligence. Patterns.

[7] Lobikin et al. (2012) Dev. Biol.

3


	Introduction
	Self-Modifying Dynamical Systems (SMDS)
	Cancer as Bioelectric Defect
	Economic Externalities as Liquidity Vortices
	AI Alignment as Coordination-Field Defect
	Experimental Roadmap (Cancer Priority)
	Falsifiable Predictions
	Discussion

