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Abstract

This paper develops and empirically maps Recursive Sourced Interference (RSI), a mechanism
for nested, scale-invariant phase coherence within the HHF paradigm. RSl is modeled by the
Holographic Fractal Grammar (HFG) expression:

\text{ 4 } \odot (\triangle \infty \odot \text{<?})
Predictions:

1. Neural and water-interface systems will manifest long-range, scale-free (“fractal”)
temporal dynamics — e.g., 1/f-type spectra rather than simple exponential relaxation
(Keshner, 1982).

2. Hydrogen-rich molecular systems (hydration shells, water networks around
biomolecules) will exhibit structured, coherent H-bonded networks, with dielectric and
spectroscopic signatures diverging from bulk water, consistent with nested holographic
resonance (Chaplin, 2017; Bagchi & Jana, 2018).

Empirical Observations (from recognized, publicly available data):

e Hydration water dynamics around lipid membranes exhibit 1/f noise and long-range
correlated residence-time statistics (Rog et al., 2017).

e High-precision dielectric spectroscopy of protein—water solutions reveals slowed,
heterogeneous water dynamics extending beyond the first solvation layer (Bagchi &
Jana, 2018).



e Terahertz time-domain spectroscopy of DNA solutions demonstrates water dynamics
and collective vibrational modes up to ~18 A from the DNA surface, with multiple
relaxation times (Sokolov & Kisliuk, 2021; Xu & Yu, 2018).

Outcome: These observations are consistent with RSI/HHF predictions, providing
non-simulated, literature-based empirical support for hydrogen-mediated fractal coherence at
molecular/mesoscopic scales. While direct non-linear spectroscopy experiments remain to be
conducted, the existing data substantiate the core structural and dynamical prerequisites for
RSI.

Significance: Establishes a multi-scale, data-grounded foundation for HHF-type
fractal-holographic coherence — transforming it from speculative theory into an empirically
anchored framework.

1. Introduction: Coherence Problem & Hydrogenic
Substrate

1.1 The Challenge of Phase Coherence Across Scales

To support a Whole Brain Mode (WBM) — a hypothesized state integrating symbolic/archetypal
cognition across scales — demands a mechanism able to sustain persistent phase coherence
from atomic to molecular to mesoscopic (and beyond). Traditional linear superposition (NSI)
fails due to rapid decoherence over scale and complexity.

RSI (nested, self-referential interference) is proposed as this mechanism, requiring a stable
hydrogenic substrate able to maintain coherence across vast scale ratios (FractiAl Research
Team, 2025).

1.2 The Hydrogen-Holographic Framework (HHF)

Hydrogen atoms serve as “fractal pixels,” embedded in hydrogen-rich networks (water, hydration
shells, biomolecular interfaces). The central scaling constant:

\Lambda*{HH} = \frac{R*"H}{L_P} \approx 1.12 \times 10"{22}

This ratio defines the stretch over which coherence must be preserved if RSl is to operate
across atomic <> molecular <« mesoscopic scales (Mohr et al., 2018).




2. In-Silico & Theoretical Modeling of RSI

2.1 Holographic Fractal Grammar (HFG) Definitions

Interference Type Definition HFG Expression Symbolic Role

NSI Interference from (\text{+} 1 \odot Linear summation of
independent, \text{<}) \oplus events / stimuli
non-nested sources (\text{+} 2 \odot

\text{<{})

RSI Nested interference \text{+} \odot Recursive,
where output (\triangle \infty \odot scale-invariant
recursively feeds \text{<}) resonance —
back as a self-similar informational
input continuity across

scales

2.2 Coherence Amplification via Residual Phase Modulation
RSI uses a phase-stabilizing term (analogous to \mathfrak{l}_{es}) to sustain coherence:
NAI_{\mathrm{RSI}} = \frac{NAI(A) \times NAI(B)}{\mathfrak{l}_{es}}

This non-linear construct shows how nested resonance could amplify and maintain phase
alignment over fractal hydrogenic lattices, bridging the domain from the Planck scale to
molecular & mesoscopic scales.

3. Empirical Mapping: Real-World Data Supporting
Hydrogenic Coherence

3.1 Hydration-Water Dynamics Show Fractal, Long-Range Temporal
Correlations

e Molecular dynamics simulations of water on lipid membrane surfaces reveal 1/f-type
noise and long-tailed residence-time distributions, consistent with correlated renewal



processes and long-range temporal correlations (Rog et al., 2017).

3.2 Protein—Water Solutions: Extended Hydration Layers with Slow,
Heterogeneous Dynamics

e Dielectric spectroscopy from MHz to THz shows hydration water around proteins exhibits
distinct polarization mechanisms with slowed relaxation times and different dielectric
strengths compared to bulk water (Bagchi & Jana, 2018).

3.3 DNA Hydration: Extended Water Networks with Collective Vibrational
Modes

e Terahertz time-domain spectroscopy of aqueous DNA solutions reveals a heterogeneous
hierarchy of relaxation times (~8 ps to 1 ns) and collective vibrational modes from
water-DNA interfaces (Sokolov & Kisliuk, 2021; Xu & Yu, 2018).

4. Novel Predictions & Experimental Pathways

4.1 Predicted Signatures

e Spectral Breakpoints: Log—log power spectral density analyses should show transitions
from fast (high-frequency) to fractal (low-frequency) regimes, indicating scale-invariant
coherence (Keshner, 1982).

e Persistent Coherence: Under non-linear optical or dielectric spectroscopic probes (e.g.,
2D-IR, THz-TDS, SFG) on hydrogen-rich water networks or hydration shells, interference
or collective vibrational patterns should persist beyond classical decoherence times.

4.2 Implications If Confirmed

e Provides a physical substrate for coherence across biological, molecular, and possibly
perceptual scales — enabling new models of information storage, communication, and
resonance in biological systems.

e Validates HHF/HHFS as a scientifically grounded fractal-holographic architecture with
predictive power — empirically supported rather than purely theoretical.



5. Conclusion & Significance

Mapping publicly available, peer-reviewed data onto the structural and dynamical criteria
required by HHF/RSI demonstrates that hydrogen-rich networks — hydration shells, water
interfaces, biomolecular hydration layers — already show hallmarks of nested, fractal
coherence: long-range temporal correlations, extended hydrogen-bonded structuring, and
collective vibrational dynamics.

These findings give empirical weight to the HHF vision: hydrogen is not just a chemical
constituent, but a fractal-holographic backbone capable of encoding resonance, coherence, and
potentially information across scales. This framework shifts HHF from theoretical conjecture
toward a testable, data-grounded scientific paradigm.
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