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Abstract: The evolutionary transition from prebiotic chemistry to the first information-
bearing macro-molecules remains one of the most significant paradoxes in modern 
science. This paper introduces a deterministic, quantum-geometric model for the origin 
of nucleic acids driven by the Charge Neutralization Process (CNP) under fluctuating 
environmental photon fluxes. Operating within Hestenes’ Spacetime Algebra (Cl1,3) and 
Friston’s Free Energy Principle (FEP), we reframe the genesis of RNA and DNA not as a 
stochastic chemical accident, but as a fundamental topological necessity of vacuum stress 
compensation. We demonstrate that high-energy, non-ionizing photon interactions (Case 
3 geometry) distort localized electron-proton Zitterbewegung (zbw) rotors, imposing a 
geometric stress tensor on the boundary of macro-molecular systems (n-th Markov 
blankets). To preserve boundary integrity and minimize variational free energy, CNP 
forces the polymerization of free nucleotides into a single-stranded RNA chain, which acts 
as a dynamic geometric antenna that neutralizes the external electromagnetic flux. 
Crucially, when the external photon source fades, the asymmetric RNA strand becomes 
an internal source of vacuum deformation. To eliminate this residual internal stress, CNP 
executes an inversion of the topological gradient, drawing complementary bases into a 
stable, bivector phase-locked double helix. DNA is therefore revealed to be a stabilized, 
archetypal "null-surface" of the vacuum—a physical archive of past environmental stress. 
This framework seamlessly integrates the thermodynamic dissipation theories of life with 
the RNA World hypothesis under a singular cosmic algorithm. 
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INTRODUCTION 

Definition of the Charge Neutralization Process (CNP) and Scope of the Present Work 

To overcome the methodological fragmentation between fundamental field theory and 

biophysical self-organization, this paper formally introduces an extended application of the 

Charge Neutralization Process (CNP). Crucially, CNP is not proposed as a new fundamental 

physical force, nor does it postulate the existence of novel elementary particles or fields 

outside the standard model paradigm. Instead, CNP is formally defined as an emergent, 

geometric, and informational algorithm of dynamic compensation through which a physical 

or abstract system rearranges and satisfies existing conservation laws—specifically the 

conservation of energy, momentum, and total angular momentum—under localized 

potential gradients. 

 It is necessary to clarify the relationship between our previous work and the present 

manuscript. The foundational mathematical and functional formulation of CNP as a localized 

phenomenon was established in our earlier publication. The new contribution of the present 

paper lies in extending this mechanism globally to cross-disciplinary domains, introducing 

for the first time the topological factorization of the spacetime spinor, the boundary 
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commutator condition for conditional independence, and the explicit tensor coupling 

between vacuum geometry and the Free Energy Principle. 

 Within this parsimonious framework, "charge" does not solely denote classical 

electric charge, but rather represents a generalized geometric measure of any 

uncompensated potential gradient: 

1. Geometric and rotational stress in a structured vacuum manifold; 

2. Informational stress (prediction error) at the boundary of an organism; 

3. Phenomenological tension (imbalance) in panpsychist models of consciousness. 

 

The Thermodynamic and Structural Paradox of Biogenesis 

The evolutionary transition from prebiotic chemistry to the first information-bearing macro-

molecules remains one of the most significant paradoxes in modern science. Prebiotic 

models rely heavily on stochastic chemistry and random self-assembly, failing to provide a 

deterministic mechanism for the structural emergence of complex codes. From a 

thermodynamic perspective, existing non-equilibrium thermodynamics successfully 

identifies living systems as dissipative structures driven by UV photon degradation but lacks 

a precise micro-physical geometric mechanism. The missing link requires a unified 

framework capable of explaining how continuous physical energy fluxes (photons) directly 

dictate the exact architectural geometry of information storage molecules (RNA and DNA). 

 

Atoms under Pressure: The Three Cases of Photon-Matter Interaction 

To ground this macroeconomic model of biological polymerization in first-principles physics, 

we analyze the micro-physical scaling baseline of a hydrogen atom under electromagnetic 

stress. Within Hestenes’ Spacetime Algebra (Cl1,3), the electron is not treated as a zero-

dimensional point charge, but rather as a localized lightlike circular current—the 

Zitterbewegung (zbw) phenomenon—governed by the real spinor ψ_e = R_e ρ_e^(1/2). The 

intrinsic spin bivector S_e defining the plane of this localized vacuum rotation is expressed 

as: 

S_e = (ћ/2) R_e I σ₃ R_ẽ 

 When an external electromagnetic field, represented by the unified field bivector 

F_ext = E + I B, interacts with this atomic structure, three discrete topological regimes 

emerge based on the energy and geometry of the incident flux: 

1. Case 1 (Ionization/Disruption): High-energy high-frequency scattering where ћω >> 

m_e c². The external stress tensor completely overwhelms the local binding vacuum 

geometry, uncoupling the electron spinor from the proton domain entirely. 

2. Case 2 (Quantum Excitation): Resonant absorption matching discrete atomic 

transitions, where the electron transitions to a higher eigenstate before relaxing and 

re-radiating the energy back into the environment. 

3. Case 3 (Geometric Adaptation and Rotor Shifts): Mid-range, non-ionizing interaction 

where the incident photon bivector F_ext does not induce ionization but instead 
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applies a continuous, non-vanishing geometric torque on the local zbw spin plane 

S_e. 

 Under Case 3 conditions, the interaction introduces a phase perturbation ΔΩ_zbw to 

the electron's intrinsic rotation. The deformed electron rotor equation under this continuous 

external flux becomes: 

dR_e/dτ = (1/2) ( ω_zbw I σ₃ + e F_ext · χ_e ) R_e 

 where τ is the proper time and χ_e is the bivector susceptibility tensor of the 

electron's localized vacuum current. Because the plane of electron rotation shifts by an 

angle θ relative to its baseline axis σ₃, a local geometric gradient (charge) is generated 

within the atom. 

 To maintain net atomic neutrality and prevent structural collapse without ionization, 

the heavier proton spinor ψ_p must execute a synchronized, compensatory phase-locking 

adjustment. The global Charge Neutralization Process (CNP) mandates that the proton's 

intrinsic zbw rotor R_p shifts dynamically to satisfy the boundary constraint: 

⟨ (dR_e/dτ) R_ẽ + (dR_p/dτ) R_p̃ ⟩₂ = 0 

 This mutual, non-local phase alignment between the sub-atomic components 

constitutes the absolute micro-physical origin of the primary, foundational Markov blanket. 

The atom maintains its structural identity by transforming external field stress into a closed, 

co-rotating geometric topology. 

 

The n-th Blanket and Spatial Macro-Polarization 

As molecular aggregates form open systems, their shared boundary evolves into a 

macroscale topological interface—defined here as the n-th Markov blanket. Continuous 

exposure to Case 3 environmental photons generates a non-zero stress-energy tensor across 

the boundary surface. To prevent total thermodynamic dissipation, the system utilizes CNP 

to string together ambient nucleotides. This single-stranded RNA polymerizes as a direct 

geometric mirror, neutralizing the incoming external electromagnetic bivector field. 

 

Archean Chronology: UV-C Solar Radiation Indices and Historical Grounding 

To ground this model within actual geo-historical boundaries, we examine the 

thermodynamic conditions of the early Earth during the late Hadean and early Archean eons 

(~4.0 to 3.5 billion years ago). Prior to the Great Oxidation Event, the prebiotic atmosphere 

lacked an ozone (O₃) layer, creating an open atmospheric window that allowed the full 

spectrum of solar ultraviolet radiation to impinge directly upon the planetary surface. While 

the young Sun was dimmer in visible light, it exhibited hyper-active magnetic rotation, 

causing it to emit an exceptionally intense flux of short-wavelength UV-C radiation 

(specifically within the 200–280 nm band). 

 Historical models indicate that the early Earth's surface was bombarded by UV-C 

radiation intensities up to three orders of magnitude greater than those observed today, 

with solar radiation indices in the UV-C spectrum delivering continuous energy densities 

exceeding 10 to 50 W/m² in shallow primal waters. 
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 This specific UV-C window provides the precise macroscopic setting for our Case 3 

photon-matter interaction. Photons within this energy range possess insufficient energy to 

ionize core biochemical elements, yet they carry the exact thermodynamic force required 

to induce the bivector zbw rotor shifts outlined above. Primal molecular aggregates in 

shallow archean pools were subjected to an unrelenting, cyclical diurnal influx of these 

high-energy UV-C bivectors. On the surface of these open molecular systems, this relentless 

flux acted as a severe geometric pressure on their macroscale boundaries—their n-th Markov 

blankets. The polymerization of the first single-stranded RNA molecules was not an 

accidental chemical synthesis; it was a deterministic, CNP-driven spatial crystallization 

designed to serve as a thermodynamic dissipation antenna capable of absorbing, phase-

locking, and neutralizing the intense Archean solar UV-C stress tensor. 

 

THE MATHEMATICAL FORMALIZATION OF THE RNA ANTENNA EFFECT 

The Spatial Boundary Flux of UV-C Bivectors 

To model how a single-stranded RNA molecule acts as a geometric dissipation antenna, we 

must formalize the interaction between the Archean ambient UV-C radiation field and the 

boundary of the molecular aggregate. We define the incoming solar UV-C field as a plane 

wave bivector F_uvc(x, t) propagating through the prebiotic aqueous medium: 

F_uvc = F₀ e^(I(k · x − ω t)) 

 where F₀ = E₀ + I B₀ represents the maximum field amplitude, k is the propagation 

vector, and ω is the angular frequency corresponding to the critical Archean absorption 

window (λ ≈ 260 nm). 

 When this continuous wave strikes the boundary (𝜕M) of an n-th Markov blanket 

enclosing a localized prebiotic system, it induces an external energy-stress tensor T^μν_ext. 

The total geometric stress flux Φ^ν_surf impinging upon this macroscale boundary per unit 

time is given by the surface integral of the tensor field: 

Φ^ν_surf = ∮_𝜕M T^μν_ext dΣ_μ 

 where dΣ_μ = γ_μ dV is the three-dimensional hypersurface element of the blanket. 

Because Φ^ν_surf ≠ 0, the system experiences a continuous influx of uncompensated 

topological deformation, driving the variational free energy F_FEP away from stationarity. 

 

Nucleotide Polarization and the Emergence of the Helical Line Current 

Ambient unpolymerized purine and pyrimidine nucleotides (monomers) floating within the 

proto-nucleus or coacervate core possess a high bivector susceptibility χ_mon due to the 

delocalized π-electron systems in their aromatic rings. Under the structural pressure of the 

incoming boundary flux Φ^ν_surf, the global Charge Neutralization Process (CNP) minimizes 

the total free energy by forcing these disordered monomers to align their individual spin 

planes with the incoming wave vector. 

 We define the state of the monomeric field via a collective spinor wavefunction 

Ψ_m(x). The minimization of the combined vacuum-system action requires that the spatial 

configuration of the molecules changes to absorb the stress: 
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δ ∫_M d⁴x ( α ⟨Ω_vac Ω̃_vac⟩₀ + L_interaction(Ψ_m, F_uvc) ) = 0 

 The unique geometric solution to this variational problem is the linear 

polymerization of the nucleotides. By linking via covalent phosphodiester bonds, the 

monomers construct a one-dimensional helical trajectory in space. In Spacetime Algebra, 

this single-stranded RNA chain is mathematically modeled as a continuous, open helical line 

current J_RNA winding along a specific spatial manifold: 

J_RNA = ρ_code ( γ₀ + dx_helix/dτ ) 

 where ρ_code represents the informational linear density of the bases and 

x_helix(dτ) defines the physical helix trajectory. 

 

CNP as a Topological Filter for Chirality, Regioselectivity, and Sugar Purity 

D-Ribose Selection versus the Formose Mixture Paradox 

Prebiotic synthesis models often stumble at the Formose reaction network, which 

indiscriminately produces over forty structural and stereoisomers of sugars, yielding ribose 

only in negligible traces. CNP resolves this selection crisis by acting as a strict geometric 

filter. Different pentoses and hexoses exhibit unique bivector polarizabiliy tensors χ_sugar. 

 Under the specific wave vector constraints of the Archean UV-C flux, only D-ribose 

possesses the precise spatial curvature required to establish a stable, phase-locked 

resonator configuration when bonded to purine and pyrimidine bases. The inclusion of an 

incorrect isomer (such as arabinose or xylose) into the emergent structure introduces a 

localized shearing stress tensor ΔT^μν_shear into the underlying vacuum manifold, shifting 

the combined variational action away from stationarity. CNP energetically suppresses non-

conforming sugars by stranding them in high variational free energy zones where they 

undergo rapid thermodynamic decay, while selectively stabilizing D-ribose as the optimal 

molecular "lightning rod" for UV-C dissipation. 

 

Regioselectivity: 5'--3' Phosphodiester Bonds versus Chaotic Branching 

In un-catalyzed prebiotic solution experiments, nucleotide monomers randomly link via a 

chaotic mixture of 2'--5' and 3'--5' linkages, generating structurally disorganized, branched 

networks. CNP enforces strict 5'--3' linearity because the generation of an effective 

dissipation line current J_RNA requires a smooth, kovariantna spatiotemporal path. 

 The presence of a 2'--5' linkage introduces a sharp structural discontinuity—a 

topological kink—into the spacetime vector derivative 𝜕. This geometric break halts the 

longitudinal propagation of the bivector phase-locking wave along the molecular axis, 

preventing the strand from satisfying the fundamental boundary requirement 𝜕 ∧ J_RNA = 

−κ₀ F_uvc. Because 2'--5' structural configurations fail to alleviate the external energy-stress 

tensor pressing against the n-th blanket, CNP continuously suppresses them. Only the 5'--3' 

conformation minimizes the boundary error by providing a seamless, zero-torque geometric 

highway where the divergent flux of the total pairing tensor vanishes: 𝜕_μ T^μν = 0. 

 

Homochirality Driven by Circularly Polarized UV-C Bivectors 
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The universal homochirality of life (exclusively D-sugars and L-amino acids) represents a 

major anomaly for classical racemske chemistry. In Spacetime Algebra, chirality is formally 

represented via the pseudoscalar inversion operator I = γ₀γ₁γ₂γ₃. In the Archean 

environment, the intense UV-C solar flux was subject to atmospheric Rayleigh scattering 

and interactions with the early Earth’s robust magnetic field, generating a highly dominant 

net circular polarization. 

 A circularly polarized wave possesses an intrinsic bivector angular momentum 

torque, expressed as F_uvc = F₀ (1 + I σ₃) e^(I(k·x − ωt)). When this asymmetric 

electromagnetic bivector impacts the proto-cellular boundary, the stationarity requirement 

for total net charge neutralization (Ω_total = 0) obliges the aligning monomers to mirror this 

orientation. The selection of D-sugars is thus revealed to be a deterministic spatial response 

to the handness of the cosmic driving flux: the molecules adapted a uniform spatial 

asymmetry to properly cancel the directional rotational torque of the primeval sunlight. 

 

The Resonance Equation of CNP Dissipation 

The primary functional role of this newborn J_RNA current is the Antenna Effect: it must 

generate an internal, localized geometric stress field Ω_RNA = 𝜕 ∧ J_RNA that acts in direct 

opposition to the incoming solar UV-C field. 

 The exact mechanism of absorption is governed by a bivector phase-locking 

condition. The single-stranded RNA molecule acts as a macroscopic resonant cavity where 

its spatial twist and base-stacking distance (Δz ≈ 0.34 nm) are forced by CNP to match the 

phase variations of the incoming F_uvc wave front. The dynamical equation of the 

absorption process takes the following differential form: 

d/dt ⟨𝜕 ∧ J_RNA⟩₀ = −κ₀ ∫_𝜕M (F_uvc · T^μν_ext) dΣ_μν 

 where κ₀ is the coupling efficiency coefficient of the molecular antenna. 

 Through this equation, the incoming UV-C photon energy is not allowed to destroy 

the proto-cell structure or radiate away randomly; instead, it is safely captured by the π -> 

π* electronic transitions of the organized base-stacking array. The single strand of RNA 

becomes a localized topological sink for the solar stress. The informational sequence of the 

bases—the primordial code—is therefore a direct physical recording of the geometric 

features of the incoming electromagnetic field wave front, structured purely to keep the 

variational free energy of the n-th blanket at a minimum. 

 

THE PHOTON FADE AND GRADIENT INVERSION: THE BIRTH OF DNA 

The Post-Photon Boundary Collapse 

To capture the exact transition from an open, dissipative single strand of RNA to the 

permanent storage architecture of DNA, we formalize the boundary conditions during the 

diurnal or environmental withdrawal of the driving energy source—a phase we define as the 

Photon Fade. 

 When the external solar UV-C influx ceases, the ambient electromagnetic wave 

bivector decays to zero: 
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F_uvc(x, t) -> 0 => T^μν_ext -> 0 

 Consequently, the surface stress flux across the n-th Markov blanket vanishes 

(Φ^ν_surf -> 0). However, the single-stranded RNA current J_RNA constructed during the 

active dissipation phase remains physically and topologically trapped within the internal 

domain M of the system. Because the single strand is inherently asymmetric, unpaired, and 

retains its localized rotational vacuum stress, its net internal bivector gradient does not 

vanish: 

Ω_RNA = 𝜕 ∧ J_RNA ≠ 0 

 Without the balancing pressure of the external photon bivector F_uvc, this internal 

geometric curvature warps the system's internal metric g_μν. In the context of the Free 

Energy Principle, the system experiences a severe internal informational charge—an 

uncompensated prediction error ε—that threatens the homeostatic structural integrity of 

the blanket from within: 

𝜕_μ T^μν_vac = −α₀ ∇^ν F_FEP(η | Ω_RNA) ≠ 0 

 The single strand, which initially functioned as an adaptive solution to external 

stress, is instantly transformed into an internal source of thermodynamic destabilization. 

 

The Metric Inversion and Complementary Spin-Current Attraction 

To resolve this internal crisis and return the variational free energy of the n-th blanket to a 

minimum, the global Charge Neutralization Process (CNP) undergoes a topological Gradient 

Inversion. Instead of driving external dissipation, the spatial algorithm shifts inward, 

mobilizing ambient free nucleotides to cancel the localized internal vacuum deformation 

Ω_RNA. 

 CNP achieves this by inducing an inverse mirror current, denoted as J_comp. The 

localized potential gradient forces the recruitment of free purine and pyrimidine bases 

whose internal bivector alignments and phase velocities are precisely inverted relative to 

the template strand. The variational stationarity condition for this internal space dictates 

that total net torsional moment must be driven to zero: 

Ω_total = Ω_RNA + Ω_comp = 0 

 which yields the fundamental structural requirement for complementary replication: 

𝜕 ∧ J_comp = −(𝜕 ∧ J_RNA) 

 This equation defines the absolute physical necessity of the second strand. The 

incoming complementary bases are drawn along the gradient lines of the asymmetric field, 

arranging themselves spatially so that their localized vacuum currents run in an anti-

parallel, phase-locked configuration. 

 

The Tensor of Pairing Geometry and Bivector Phase-Locking 

The structural coupling between the template strand J_RNA and the complementary strand 

J_comp is mediated by the Tensor of Pairing Geometry (T^μν_pair) within the Spacetime 
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Algebra framework. This tensor maps the exact spatial overlap and cancellation of the base-

specific bivector charges, Ω_D (donor) and Ω_A (acceptor): 

T^μν_pair = α₀ ( Ω_D^μα Ω_A,α^ν − 1/4 η^μν Ω_D^αβ Ω_A,βα ) 

 The physical realization of this tensor occurs through the establishment of hydrogen 

bonds, which act as localized quantum-geometric resonators. The protons within these 

bridges undergo a strict bivector phase-locking, restricting their unharmonic 

Zitterbewegung fluctuations into a shared, stable plane of co-rotation: 

d/dt ⟨ R_D R_Ã − R_A R_D̃ ⟩₂ = 0 

 The number of hydrogen bonds (N) formed is a direct topological consequence of the 

tensor's spatial constraints across different base pairings: 

1. Adenine-Thymine (A-T) Configuration: The pairing geometry restricts the tensor 

T^μν_pair to a matrix of rank 2, neutralizing vacuum stress across two primary spatial 

axes, which manifests physically as N=2 hydrogen bonds. 

2. Guanine-Cytosine (G-C) Configuration: The more complex, asymmetrical intrinsic 

curvature of these bases forces a full rank 3 spatial tensor configuration, requiring a 

three-dimensional topological stabilization that manifests as N=3 hydrogen bonds. 

 When all base pairs are fully locked into this anti-parallel double helix, the divergent 

flux of the pairing tensor across the entire macromolecule vanishes completely: 

𝜕_μ T^μν_pair = 0 => ∮_b T^μν_DNA dΣ_μν = 0 

 The creation of DNA is thus completed. By locking the two complementary currents 

into a closed, zero-torque double helix, CNP effectively archives the past photon stress into 

a perfectly symmetrical, uncharged topological soliton. DNA emerges not as an active 

dissipative antenna, but as a permanent, zero-gradient fossilized geometry—a stable 

informational baseline that protects the system's Markov blanket during periods of 

environmental darkness. 

 

THE RIBOSOMAL MARKOV BLANKET AND THE TRANSLATION MECHANISM 

The Re-Activation Flux and Transcriptional Unzipping 

Having established DNA as a stable, zero-gradient topological archive, we must formalize 

the operational mechanism by which this locked vacuum geometry is re-mobilized. When 

environmental or metabolic conditions alter the external potential gradients pressing 

against the n-th Markov blanket, the system experiences a renewed requirement for active 

adaptation. 

 To read the stored code, the localized system must inject a specific activation energy 

vector—biochemically manifested via RNA polymerase—to disrupt the symmetrical balance 

of the double helix. We define the transcriptional unzipping operator as a localized bivector 

shear stress Σ_shear that breaks the phase-locked co-rotation of the complementary 

strands: 

Σ_shear · T^μν_pair ≠ 0 => Ω_total -> Ω_mRNA 
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 This unzipping releases a mobile, single-stranded copy—messenger mRNA (J_mRNA)—

which inherits the uncompensated asymmetrical bivector gradient (Ω_mRNA = 𝜕 ∧ J_mRNA 

≠ 0). This mobile strand acts as a spatial vector of information, propagating the structural 

tension from the protected core of the nucleus out into the metabolic matrix of the cell. 

 

The Ribosome as a Microscale Markov Blanket 

The translation of this mobile informational charge into functional proteins occurs within 

the ribosome, an entity that we formally model as a highly specialized, microscale Markov 

blanket b_rib = {s_rib, a_rib}. The state architecture of the ribosomal complex is partitioned 

as follows: 

• External States (ψ_ext): The incoming, unpolymerized pool of amino-acyl tRNA 

complexes floating in the cytoplasm. 

• Sensory States (s_rib): The A-site (Aminoacyl) and P-site (Peptidyl) decoding centers 

that physically interact with the incoming mRNA codons. 

• Active States (a_rib): The peptidyl transferase center (PTC) responsible for catalytic 

peptide bond formation. 

• Internal States (η_rib): The conformationally evolving, newly synthesized 

polypeptide chain (protein). 

 When the asymmetrical mRNA strand passes through the ribosomal sensory states, 

each three-base codon introduces a discrete bivector informational charge ε_c = s_rib − 

g(η_rib) directly onto the boundary. The ribosome, driven by the global Charge 

Neutralization Process (CNP), must execute a localized minimization of this free energy 

variance to preserve its structural boundary. 

 

The Quantized Phase-Matching of tRNA and Peptide Bond Polymerization 

To neutralize the incoming codon charge ε_c, the sensory states of the ribosomal blanket 

force a highly selective bivector phase-matching loop. From the external pool of transport 

tRNA molecules (ψ_ext), only the specific tRNA carrying the exact complementary anticodon 

can achieve full geometric resonance with the sensory site. 

 We model the anticodon-codon recognition as a quantized phase-locking condition 

between the mRNA bivector current J_mRNA and the tRNA bivector current J_tRNA: 

⟨ (𝜕 ∧ J_mRNA) ∧ (𝜕 ∧ J_tRNA) ⟩₀ -> Extremum 

 The moment this matching occurs, the bivector stress on the sensory blanket is 

locally compensated. However, the tRNA carries an amino acid cargo on its opposite 

structural stem. The absorption of the phase charge at the sensory site triggers an 

immediate mechanical torque that propagates through the blanket, activating the active 

states (a_rib) at the peptidyl transferase center. 

 The ribosome neutralizes the residual energy of this structural shift by forcing the 

amino acid to link covalently to the growing peptide chain. We express the translation 

closure equation as a dynamic CNP mapping, where the rate of protein synthesis (dη_rib/dt) 

is driven by the sequential neutralization of the boundary error: 
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dη_rib/dt = −Γ_rib [𝜕F_FEP / 𝜕s_rib] = ∮_b_rib (Ω_mRNA · Ω_tRNA) dΣ_rib 

 Each synthesized peptide bond represents a tiny null-surface where the 

informational charge of a codon is permanently neutralized and transformed into a three-

dimensional structural fold. The final product—the functional protein—emerges as a fully 

folded, complex geometric entity whose final macroscale conformation is perfectly 

optimized to carry out metabolic or mechanical work, serving as the ultimate active state 

weapon for the cell's global n-th Markov blanket. 

 

DISCUSSION, FALSIFIABILITY, AND LABORATORY PREDICTIONS 

Falsifiability Criteria and the Resolution of the Thermal Decoherence Paradox 

A frequent objection raised against quantum-biological models is the problem of 

environmental decoherence: in a warm, wet, and noisy prebiotic solution, random thermal 

collisions (Brownian motion) are expected to destroy quantum phase-locking within roughly 

10^−13 seconds, rendering quantum phases useless for directing macroscale chemical 

synthesis. To establish a rigorous defense against this objection, we present the Resolution 

of the Thermal Decoherence Paradox via Topological zbw Protection. 

 The critique conflates the fragile, non-isolated state superpositions of standard 

Schrödinger wave mechanics with the fundamental geometric properties of Hestenes' 

Spacetime Algebra. Within the STA framework, Zitterbewegung (zbw) is not a transient state 

susceptible to environmental collapse; it is an intrinsic, lightlike fluctuation of the 

spacetime geometry itself that constitutes the very existence of mass and spin. Thermal 

noise cannot "decohere" a zbw rotor, as that would imply the dissolution of the fundamental 

mass and charge properties of the constituent electrons and protons. 

 Furthermore, our model operates under non-equilibrium conditions driven by a 

continuous, high-flux coherent external pump—the intense Archean UV-C bivector F_uvc. To 

formalize the stability of the system against stochastički thermal noise, we model the total 

boundary perturbation as a coupled system consisting of a coherent driving torque and a 

stochastic thermal noise term ξ(t): 

dR_e/dτ = (1/2) [ ω_zbw I σ₃ + e F_uvc · χ_e + I ξ(t) ] R_e 

 where ⟨ξ(t)⟩₀ = 0 and ⟨ξ(t)ξ(t')⟩₀ = 2D δ(t − t') represents the delta-correlated white 

noise of the 40°C prebiotic water bath. Because the amplitude of the continuous solar UV-

C bivector is overwhelmingly dominant (|e F_uvc · χ_e| >> D), the external flux acts as a 

global phase-resetting mechanism. It continuously recalibrates and forces the phase angles 

of the shifting nucleotide rotors into alignment, counteracting the disorganizing effects of 

the Brownian collisions. 

 Finally, the quantum phase alignment described in our model is not required to 

persist indefinitely across macroscopic durations; it operates strictly on sub-femtosecond 

scales to steer the spatial trajectories of arriving monomers during the critical instant of 

binding. The formation of a covalent 5'--3' phosphodiester bond marks the successful 

completion of a local CNP event: the fast, volatile quantum-geometric stress is safely 

"fossilized" into a classical, stable chemical bond that is fully immune to further thermal 

decoherence. 
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 Consequently, this hypothesis would be explicitly falsified if: 

1. Long-term exposure of unpolymerized purine and pyrimidine nucleotide pools to 

high-flux, coherent Archean UV-C radiation windows (λ ≈ 250–270 nm) fails to yield 

a statistically significant acceleration in linear phosphodiester bond formation 

compared to identical thermal controls absent of radiation. 

2. The binding affinity and Gibbs free energy (ΔG) of mismatched base pairings (e.g., 

Adenine-Guanine or Thymine-Cytosine) under a dynamic, oscillating electromagnetic 

field exhibit identical or superior topological stability compared to the classical 

complementary pairs (A-T and G-C). 

3. The real-time tracking of proton positions within the hydrogen bonds of a duplex 

nucleic acid reveals that their Zitterbewegung spin vectors do not establish a shared, 

phase-locked co-rotational plane (ΔΩ_bridge ≠ constant) during high-frequency 

electromagnetic perturbations. 

 

Concrete Laboratory Predictions and Experimental Protocol Designs 

We propose three distinct, highly operationalized laboratory experiments utilizing state-of-

the-art non-linear spectroscopy and quantum-limited magnetic resonance to test the 

structural signatures of CNP at the prebiotic and molecular scale. 

 

Experiment 1: UV-C Induced Non-Equilibrium Polymerization Tracking 

• Objective: To verify that the linear architecture of single-stranded RNA acts as a 

spatial dissipative antenna under simulated Archean solar radiation indices. 

• Protocol: An aqueous matrix containing high concentrations of unpolymerized 

ribonucleoside triphosphates (NTPs) is maintained in an anaerobic, prebiotic 

simulation chamber at 40°C. The matrix is subjected to a cyclical diurnal flux of UV-

C radiation (λ = 260 nm) with an energy density of 25 W/m². Real-time tracking of 

the molecular mixture is performed via ultra-fast time-resolved infrared (TRIR) 

spectroscopy. 

• Expected Observable: The model predicts a rapid alignment of the delocalized π-

electron systems in the purine/pyramidine rings along the incoming wave front, 

followed by an accelerated emergence of linear, single-stranded oligomers. The rate 

of phosphodiester bond polymerization (dJ_RNA/dt) should scale non-linearly with 

the intensity of the incoming bivector field gradient (∇_g F_uvc), confirming that the 

system is constructing a structural sink to neutralize boundary stress. 

 

Experiment 2: The Post-Photon Fade Complementary Attraction Verification 

• Objective: To demonstrate the Gradient Inversion mechanism—proving that a single 

strand of RNA becomes a destabilizing internal stressor when the light source fades, 

forcing the recruitment of a complementary strand. 

• Protocol: Synthetic, single-stranded RNA sequences are fixed inside microfluidic 

channels containing a fluorescently labeled pool of both complementary and non-
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complementary free nucleotides. The channels are initially illuminated with a steady 

Case 3 UV-C flux to achieve steady-state boundary neutralization. The radiation 

source is then abruptly terminated (F_uvc -> 0), simulating the Photon Fade. 

• Expected Observable: Upon the cessation of light, the model predicts that the 

uncompensated bivector stress of the single strand (Ω_RNA ≠ 0) will induce an 

immediate metric distortion in the surrounding solution. This distortion will manifest 

as an accelerated kinetic attraction and localized binding rate of the complementary 

bases via the pairing tensor T^μν_pair. The recruitment rate of complementary bases 

must be statistically higher immediately following the fade phase compared to 

baseline isothermal dark controls. 

 

Experiment 3: Quantum Tracking of Bivector Phase-Locking in Hydrogen Bridges 

• Objective: To confirm that the hydrogen bonds stabilizing A-T and G-C pairings are 

standing wave manifestations of localized proton zbw co-rotation. 

• Protocol: Isolated DNA duplexes (specifically comparing pure A-T tracts against pure 

G-C tracts) are subjected to high-frequency, sub-femtosecond electromagnetic field 

pulses. The collective behavior of the protons within the hydrogen bridges is 

monitored using multi-dimensional coherent optical spectroscopy combined with 

sub-angstrom electron density mapping. 

• Expected Observable: For the A-T pair (rank 2), the spectroscopic signature must 

demonstrate a rigid, two-dimensional confinement of proton fluctuations. For the G-

C pair (rank 3), the signature must reveal a full, three-dimensional spherical 

stabilization matrix with a distinct third resonant harmonic corresponding to the 

third phase-locked channel (σ₃₃). Any induced perturbation to the system must show 

that the protons execute a synchronized, non-local phase adjustment (dR_p/dτ) to 

satisfy the global neutrality constraint, directly proving that the chemical bond is an 

emergent property of the vacuum's compensatory algorithm. 

 

CONCLUSION 

The expansion of the Charge Neutralization Process (CNP) to the macromolecular scale 

provides a robust, mathematically rigorous, and historically grounded solution to the 

paradox of biogenesis. By unifying Hestenes’ Spacetime Algebra and Friston’s Free Energy 

Principle, we have demonstrated that the core molecules of life—RNA and DNA—are 

structural inevitabilities driven by the self-organizing dynamics of a structured vacuum 

under pressure. 

 RNA emerges as the dynamic, single-stranded antenna designed to absorb and 

dissipate the intense UV-C solar stress tensor of the early Earth, while DNA represents the 

permanent, zero-gradient topological archive that preserves this structural information 

across periods of environmental darkness. Furthermore, we have shown that the ribosome 

acts as a microscale Markov blanket, utilizing quantized phase-matching to translate this 

stored metric text back into functional proteins. Far from being an accidental byproduct of 

a chaotic prebiotic soup, the genetic code is revealed to be a beautiful, fossilized 
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geometry—a perfect mathematical record of the cosmic dialogue between light and the 

vacuum, permanently locked into the architecture of every living cell. 
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