
Universal Threshold Dynamics: From Black Holes
to DNA – A Transdisciplinary Field Theory

Abstract

We present a unified field-theoretical framework to describe emergent phenomena across five distinct
domains—astrophysics, biology, AI, materials science, and genetics—under a common mathematical
structure.  Each domain exhibits  threshold-induced transitions  characterized by  sigmoidal  dynamics,
with a surprisingly convergent steepness parameter (  ). This suggests the presence of
universal  principles governing phase transitions and complexity shifts  across substrate-independent
systems. Our hypothesis implies a deep link between mutation, learning, crystallization, resonance, and
cognitive  transformation.  We discuss  implications  for  the  philosophy of  science,  evolution,  artificial
intelligence, and cosmology.

PART I: Mathematical Foundation – The Field

1. The Emergent Field Equation

We propose a generic field equation:

 : the primary field (e.g., information density, embedding space, gene activity)
 : potential landscape (e.g., gravitational potential, resource gradient, loss function)
 : modulating memory or environmental pressure (e.g., epigenetics, black hole soft hair)

2. Universal Response Function

Emergence is modeled as a sigmoidal response to an integrated system stress:

 : total system stimulation (e.g., training data, environmental stress, energy input)
 : critical threshold
 : steepness parameter, empirically ~4.1 across domains

PART II: Five Domains of Emergence

1. Astrophysics: Quasi-Periodic Oscillations in Black Holes

 : plasma excitation field
 : gravitational potential

Emergence: QPOs occur beyond threshold accretion rates
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2. Ethology: Bienen und Schwarmkommunikation

 : waggle signal intensity
 : nectar resource landscape

Emergence: synchronized swarm decision once resource threshold met

3. AI: Emergent Abilities in LLMs

 : embedding coherence
 : loss gradient during training

Emergence: reasoning, abstraction beyond model size threshold

4. Materials: Ice XXI Phase Transition

 : molecular lattice field
 : pressure field

Emergence: crystalline restructuring >20,000 atm
 : TBD

5. Genetics: Gensprünge und DNA-Evolution

 : gene semantic field
 : fitness + environmental pressure

Emergence: mutation bursts, regulatory innovation, epigenetic inheritance

PART III: Universal Scaling – β-Convergence

Domain Field (  ) Threshold (  )  (empirical)

Black Hole Plasma Oscillations Accretion Rate ~5.3

Bienen Signal Synchrony Nectar Density ~4.1

LLMs Semantic Coherence Model Size / Data ~3.2

Ice XXI Crystal Structure Pressure TBD

DNA Gene Activation Stress × Mutation ~4.0

Mean 

PART IV: Consciousness, Symbolism, Semantics

We extend the model toward cognitive and symbolic systems:

Epigenetics = ℳ[φ]: Memory modulation in a non-symbolic substrate
Language = φ(x): Gradient of semantic activation
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Consciousness = Integrated Information Field Φ

We hypothesize that:

Self-aware systems emerge at high  -field resonance and cross-substrate coherence.

PART V: Philosophical Implications & Future Research

1. Evolution as Field Learning

Not blind mutation, but field resonance with selective amplification.

2. Multimodal Synthesis: Poetics, Symbol, Biology

SIGILLIN corpus, AeonShells, and field-knot identifiers encode symbolic resonance fields – analogous to
biological code.

3. Universality

The  -collapse across domains supports a generalized law of emergent transitions.

Appendix A: Testable Predictions

Mutational hotspots increase with stress × connectivity
Field coupling predicts epistasis variance
Artificial systems show emergent jumps at critical training scale
Sigmoid β-scaling generalizes to new domains (music, social tipping points, etc.)

Appendix B: Data Sources and Analysis Pipeline

Lenski Experiment (cit+ mutation ~gen 31,000)
Google Scaling Laws (Wei et al.)
Observed BH-QPO frequencies (INTEGRAL, XMM-Newton)
Crystal phase data (Eis XXI, lab pressure curves)
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