8. SUPPLEMATARY SECTION
[image: ]Radial Quantum Convergence Model (RQCM): Formal Positioning (Figure X) The Radial Quantum Convergence Model (RQCM) is introduced here as an integrative interpretive scaffold rather than a mechanistic assertion. Its purpose is to organize multi-scale observations spanning environmental history, lineage topology, and repair dynamics without invoking non-biological sequence writing or cross-individual information transfer.
RQCM-1 (Radial Quantum Convergence Model) addresses the lineage-specific expansion of permissible repair trajectories under transient constraint relaxation.
RQCM-2 (Resonant Quantum Cellular Memory) captures the persistence of altered repair weighting following stress exposure, enabling delayed manifestation without continued perturbation.
RQCM-3 (Rare Quantum Cross Markers) defines the empirical SNP-level observations that motivate the framework.
The RQCM framework explicitly maintains separation between observation, boundary condition, and mechanism, preserving compatibility with conservative molecular biology while motivating future experimental inquiry.
Rare cross-lineage SNP states may reflect context-dependent convergent repair outcomes permitted by lineage-specific genomic architectures operating under shared long-term environmental and epigenetic boundary conditions, rather than genetic transfer or homoplasy in the classical sense.

[image: ]Extended Interpretation and Model Positioning 
The RQCM Framework Family (Figure X1) The RQCM is designed as part of a broader family of related models that extends its scope into specific domains of human variation and genomic resonance. Together these models create a structured vocabulary for interpreting genetic, epigenetic, and quantum-level phenomena. 
RQCM-1 (Permissive Repair Window)
Rare SNP states emerge where:
chromatin is permissive
repair pathway choice is flexible
damage–repair cycles are frequent
No transfer, no copying
Just non-random recurrence compatible with current molecular biology.
RQCM-2 (Environmental Resonance Layer)
Long-term shared environments (diet, pathogens, stress, geomagnetism)
Stabilize certain epigenetic configurations
Bias charge transfer and repair kinetics (Siebert & Ammerpohl 2023)
Quantum epigenetics as modulation, not causation.
RQCM-3 (Lineage-Specific Repair Compatibility)
Only lineages with compatible:
palindromic architecture
repeat density
bottleneck history
Can express the same convergent outcomes
Can explain why J or R do not exhibit them, but multiple E-Y250637 subjects do.
Why this does NOT happen broadly 
Why doesn’t this happen among J and R lineages themselves?
Because most lineages are repair-canalized.
They have:
tighter palindromic constraints
fewer permissible repair trajectories
stronger historical pruning
E-Y250637 lineage appears to sit in a repair-flexible basin.
That is rare; hence rare quantum cross markers defined as:
Rare, context-dependent, convergent SNP states permitted by repair architecture under shared boundary conditions.
What geomagnetism can do 
Geomagnetism:
does not target specific SNPs
does not encode information
can modulate:
radical pair lifetimes
oxidative stress patterns
repair pathway bias
Therefore, it acts like a field-level amplifier of existing repair asymmetries
Where quantum epigenetics fits
What the framework allows
Charge transfer along DNA
Spin-selective transport (CISS)
Modulation of repair efficiency and fidelity
Long-lived boundary conditions
What it does not allow
Writing new sequence information
Cross-organism transfer of genetic content
Encoding population memory in fields
Quantum effects may modulate how DNA is repaired, not what information is written. Interactions between electromagnetic fields and DNA structure have been explored in biophysical literature, such as models characterizing DNA structural properties in EMF contexts (Blank & Goodman, 2011), although such models are not mechanistic claims.
Time-lag solves more than exotic transmission
The 1000-year gap importance:
A clean, conservative model is that:
Environmental stress (e.g., LIAA) alters chromatin state and repair bias
These biases become epigenetically stabilized
Over centuries, repair-biased recurrence yields clustered SNPs
Observed “cross-tree” SNPs reflect convergent repair outcomes, not transfer
This explains:
lineage specificity,
time delay,
non-randomness,
without violating inheritance rules.
This time-lagged emergence is consistent with epigenetic persistence (Feinberg & Irizarry, 2010; Siebert et al., 2023) of altered repair bias, here conceptualized as repair memory rather than direct mutational induction. Once repair constraints are relaxed, altered pathway accessibility may persist across multiple generations, allowing rare outcomes to be realized and fixed under later environmental conditions that are non-randomly shared across co-resident or co-exposed populations, biasing realization toward repair states already accessible within the broader Y-chromosome repair landscape.

Repair outcomes are biased by shared boundary conditions, not shared sequences.
Shared environmental conditions
Shared metabolic / oxidative regimes
Shared cellular stress profiles
Shared repair-pathway weighting pressures
This is not non-random mutation, and it is not genetic transfer.
It is non-random realization of outcomes from an already constrained space.

[image: ]
Figure Y. Holocene archaeomagnetic intensity variation and long-term environmental stress envelopes. Composite schematic illustrating regional archaeomagnetic intensity variability across the Holocene, with emphasis on extreme excursions including the Levantine Iron Age Anomaly (LIAA, ~1050–900 BCE) and later medieval European anomalies. Data are shown as illustrative overlays to contextualize prolonged geomagnetic instability as a cumulative environmental stress envelope rather than a discrete mutagenic event. Shaded regions indicate intervals of elevated geomagnetic variability hypothesized to modulate oxidative stress, radical-pair chemistry, and repair-pathway weighting without implying direct genetic encoding or sequence targeting.
[image: ]Figure Z. Repair-biased recurrence versus inter-lineage transfer: Conceptual schematic contrasting two explanatory models for rare cross-lineage SNP observations. The left panel illustrates an inter-lineage transfer or recombination model, which would predict broader haplotypic disruption and shared variant clusters across unrelated lineages. The right panel illustrates the repair-bias model proposed here, in which lineage-specific genomic architectures permit convergent repair outcomes under shared environmental boundary conditions without recombination, horizontal transfer, or collapse of phylogenetic structure. Observed rare quantum cross markers are consistent with the repair-bias model and inconsistent with sequence transfer mechanisms.


[image: ]Figure Z1. Canalized versus flexible repair regimes across Y-chromosome lineages: Schematic comparison of DNA repair regimes across distinct Y-chromosome lineages. Highly canalized lineages exhibit narrow repair outcome distributions resistant to convergence, while repair-flexible lineages transiently expand accessible repair trajectories under prolonged environmental stress. Only lineages meeting combined conditions of exposure, architectural compatibility, and post-stress stabilization are predicted to exhibit rare convergent SNP outcomes.
The figure emphasizes repair permissiveness rather than mutation rate as the relevant explanatory axis.
9. Mathematical Formalization 
Methods, Definitions and Conceptual Framework
Lineage-Specific Repair Canalization
The following formalization is heuristic and illustrative, intended to clarify conceptual structure rather than to provide a fully parameterized predictive model. We define repair canalization as the restriction of DNA damage–repair outcomes to a narrow, lineage-specific subset of permissible trajectories imposed by genomic architecture, chromatin configuration, and historical selective pruning. In highly canalized systems, the probability distribution of repair outcomes is sharply peaked, resulting in strong resistance to recurrent or convergent variant emergence.
[image: ]Repair Flexibility and Constraint Relaxation
Repair flexibility is defined as a transient expansion of the accessible repair outcome space under specific environmental and epigenetic boundary conditions, without an increase in baseline mutation rate.
Constraint relaxation occurs when:
[image: ]Importantly, constraint relaxation does not imply:
directed mutation,
sequence copying,
recombination,
or information transfer between individuals.
Instead, it reflects altered repair pathway weighting under stress-modulated boundary conditions.

Rare Quantum Cross Markers (RQCMs)
Rare Quantum Cross Markers (RQCMs) are operationally defined as:
Isolated single-nucleotide states observed in high-coverage Y-chromosome datasets that are canonically annotated within one haplogroup but appear in a phylogenetically distinct lineage without collapse of surrounding haplotypic structure.
RQCMs are treated strictly as phenomenological markers, not mechanistic proof. Their relevance lies in identifying lineages that have exited a fully canalized repair regime.
[image: ]
Environmental Boundary Conditions
Long-Term Environmental Stress Envelope
Environmental stress is modeled as a boundary condition E(t)E(t)E(t) acting on repair dynamics over extended timescales rather than as an instantaneous mutagenic force.
[image: ]
Time-Lagged Modulation
A key feature of the model is temporal decoupling between stress exposure and observable SNP emergence.
[image: ]This lag reflects epigenetic persistence and subsequent stabilization under novel environments rather than direct mutational causation during the stress event itself.
Lineage-Specific Exposure Constraint
[image: ]
Model Constraints and Exclusions
The framework explicitly excludes:
recombination between Y lineages,
horizontal genetic transfer,
directed adaptation toward phenotype,
classical homoplasy as a sufficient explanation,
morphic or biomorphic field-mediated sequence writing.
All proposed effects operate through repair bias modulation, not sequence encoding.
9. Extended Mathematical Formalization 
Repair outcome accessibility under stress-modulated boundary conditions:
Let
Ω_L = total repair outcome space for lineage L
ω_L(t) ⊂ Ω_L = accessible outcomes at time t
Baseline canalization:
|ω_L(t₀)| ≪ |Ω_L|
Constraint relaxation under stress envelope E(t):
|ω_L(tₛ)| = |ω_L(t₀)| + Δω_L(E)
Persistence under stabilization:
P(ω_i | L, E(t)=0, t>tₛ) > 0
Time-lag condition:
tₘ ≫ tₛ
No term in the model permits inter-lineage sequence transfer, recombination, or directed adaptation.
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Formally, let 27, denote the space of all possible repair outcomes for lineage L, and let w C €, represent
realized outcomes. Canalization is defined by:
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with repair probability density P(w, \L) concentrated on a small subset of outcomes.
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|w| = |w| + Aw

where Aw represents newly accessible but previously suppressed repair outcomes.
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Let S; represent a SNP canonically associated with lineage 4, and L a distinct lineage. An RQCM is
observed when:

P(Sj|Lg) >0 and H(Lpg) remains intact

where H denotes higher-order haplotypic structure.
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For a lineage L to exhibit RQCMs, three conditions must be jointly satisfied:

1. Exposure condition
LNE(t)#0
2. Repair compatibility condition
Awr, >0
3. Post-stress stabilization condition
3t > t, such that P(w;|L, E(t) = 0) remains non-zero

Sister lineages failing any condition are predicted to remain fully canalized.
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We define a stress envelope E(t) such that:

f
E(t) = / o(t)dt
t
where o (t) represents cumulative environmental instability (e.g., geomagnetic variability, oxidative stress,
ecological disruption).

The Levantine Iron Age Anomaly (LIAA) is treated as a historically bounded instance of elevated E(t).
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Cross-Lineage Convergences vs. Archaeomagnetic Spikes — Final v11
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Let:

« t,:stress interval

* t,,: manifestation of RQCMs

The model requires:

tm >t
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Archaeomagnetic Intensity (schematic)

160
< 140
©
£
2120
7
5 100
2
% 80 —e— Levant (Iron Age spikes)
£ —a— France/lberia (medieval anomaly)
= 60 Levant spike window

France anomaly window
—-1000 =500 0 500 1000
Year (negative = BCE, positive = CE)
References

E-CTS1454 — YFull YTree (Age by all samples ~3100 ybp)
E-Y250637 — YFull private clade data (YF134203, YF083761)

J-FGC62793 — FTDNA Haplogroup Story & YFull (formed ~2850 BCE, TMRCA ~2750 BCE)
J-FGC62793 (Hejaz) — User model (acquisition ~1050 CE)

J1-P58 CMH — Hammer et al. (2009), Nebel et al. (2001), YFull divergence ~3190+1090 ybp
J1-P58 CMH migration — FTDNA Globetrekker (ltaly—>Spain, 200-300 CE)

R1a-Y2619 — Behar et al. (2017), YFull TMRCA ~1743 ybp (~292 CE)

R1b-Y264610 — FTDNA R1b project, ISOGG draft (convergence ~1000 CE)

MIDNA Lib1a15b (T4080C) — YFull mtDNA tree (unrounded 8025 ybp, all samples 4900 ybp)

Archaeomagnetic data — Shaar et al. (2022) Levant Iron Age; Genevey et al. (2013) W. Europe
medieval
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Figure X. The RQCM Concentric Framework
Applied to Human Evolution
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