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1 MOTIVATION: WHY AN ATLAS FOR Z, N < 184 COMES BEFORE Z > 184 1

Abstract

We construct an empirical “Atlas” of nuclear stability for the integer lattice 1 < Z, N < 184
using a discrete Pauling ledger and a two-kernel torsion constitutive law formulated directly in
QMU variables. The atlas is not a speculative search for superheavy islands; it is a calibration
map that learns what an “island” looks like in the known landscape. We define a bulk-subtracted
stability field A@(Z, N) and identify moat-tolerant island massifs as connected components
under a controlled valley-depth criterion. Each massif is further labeled by its dominant
stabilization mechanism (closures, proton—neutron locks, a/b conjugation, or defect relief) using
a sign-consistent feature convention. We define a bulk-subtracted stability field Ab(Z, N) and
identify moat-tolerant island massifs as connected components under a controlled valley-depth
criterion. Each massif is further labeled by its dominant stabilization mechanism (closures,
proton—neutron locks, a/b conjugation, or defect relief) using a sign-consistent feature convention.
The deliverables are (i) a stability heatmap on the (Z, N) plane with Pauling closure guides, (ii)
a mechanism map that reveals where the ledger’s stabilizers operate, (iii) a lock-fraction onset
diagnostic fioex(Z) that quantifies the heavy-region transition into lock-dominant coupling, and
(iv) layer-resolved closure and lock contribution maps that localize the depth provenance of the
observed regime structure. This atlas provides falsifiable constraints on any extrapolation to
Z > 184 by requiring that predicted superheavy islands obey the same mechanism signatures as
validated sub-184 reference islands [Oganessian and Utyonkov, 2015].

1 Motivation: Why an Atlas for Z, N < 184 Comes Before Z > 184

The Pauling ledger provides a discrete fill geometry for nucleon occupation that naturally terminates
at total capacity 184 per species in its published chart sequence [Pauling, 1965]. Rather than
immediately extending the chart beyond 184 and postulating hypothetical particles or new manifolds,
the correct first step is to calibrate the atlas: identify which discrete ledger patterns correspond to
empirically stable nuclei and determine which stabilization mechanisms are real versus phantom. The
conventional framing of a superheavy “island of stability” is treated here as an external motivation
rather than an input assumption [Oganessian and Utyonkov, 2015].

The atlas objective is therefore:

Learn the geography of stability in the known domain, including how islands merge into
massifs, what their mechanism fingerprints look like, and which features are systematically
destabilizing.

Operationally, these fingerprints appear as geographic phase structure in the mechanism map and
as a measurable lock-onset transition in fiocx(Z), which can be traced to specific ledger layers via
layer-resolved contribution maps.

Only after this is achieved do predictions beyond Z = 184 become meaningful, because the atlas
supplies a falsification criterion: if a superheavy island is predicted by a mechanism signature not
observed in validated sub-184 islands, it is likely a model artifact.

This calibration-first strategy is intentionally conservative: rather than proposing a post-184 exten-
sion immediately, we treat the sub-184 landscape as a training ground for mechanism fingerprints
that any later extension must respect [Oganessian and Utyonkov, 2015].



3 KERNEL B: A TWO-KERNEL QMU CONSTITUTIVE LAW FOR BINDING
COEFFICIENTS 2

2 Pauling Ledger Geometry and the 184 Closure Lattice

2.1 Chart C/D/E as a discrete fill algebra

Figure 1 summarizes the Pauling fill ordering used in this work (Chart C), the per-shell capacities
(Chart D), and the cumulative closure totals (Chart E). The closure totals define a discrete set of
preferred completion numbers:

C = {2,6,8, 14,20, 28, 38, 50, 64, 82, 92, 126, 138,184, .. .}.

[Pauling, 1965]
We treat C as a ledger-native closure lattice on the integer domain for each species.

Mantle Core or Outer Core Inner Core ctr

Chart C — Nucleus Fill Sequence
1 2 3 4 6 7 9 11 13 16 17 22 23 29 5 8 10 12 14 18 19 24 25 15 20 21 26 27 28]

Chart D — Nucleons per Spheron Shell
2 4 2 6 4 8 6 10 8 12 10 14 12 16 2 4 2 6 4 8 6 10 8 2 4 2 & 43

Chart E — Cumulative Total Nucleons per Spheron Shell
2 6 8 14 20 28 38 50 64 82 92 126 138 184 16 32 40 56 68 100 106 148 156 70 110 112 162 166
Shell# 1 2a 2b 3a 3b 4a 4b 5a 50 6a 6b 7a 7b 8 1 2a 2b 3a 3b 4a 4b 5a 50 1 2a 2b 3a 3b

Figure 1: Pauling ledger charts (C/D/E) used as the discrete ordering and closure lattice for the
atlas (adapted from Pauling [1965]).

2.2 Closure proximity as a local prior

A key atlas prior is that robust islands occur near closure totals. Define the closure distance

de(x) = min |z — ¢|.
c(z) = min |z —c|

We call a nuclide (Z, N) closure-prozimal if d¢(Z) < 7 or de¢(N) < 7 for a small integer tolerance 7
(default 7 = 2 in this draft). This is not a claim that every closure-proximal nucleus is stable; it is a
computational gate that suppresses noise islands away from ledger structure.

3 Kernel B: A Two-Kernel QMU Constitutive Law for Binding
Coefficients

3.1 Empirical target: the ledger-native binding coefficient

Let Bemp(Z , N') denote the empirical binding coefficient extracted from the mass dataset under a
QMU mapping. We fit a ledger-native model IA)pred(Z, N) using integer-valued Pauling mechanisms.
The underlying nuclidic mass inputs are taken from the AME2020 evaluation [Huang et al., 2021,
Wang et al., 2021]; where needed, nuclide identities and evaluated properties may be cross-checked
against NUBASE2020 [Kondev et al., 2021].
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The fit is performed with ridge-regularized least squares (penalty parameter A\) with an optional
nonnegative least-squares solver, consistent with standard ridge and NNLS formulations [Hoerl and
Kennard, 1970, Lawson and Hanson, 1974].

3.2 Feature families: bulk, closures, locks, conjugation, defects

We use five discrete feature families (all integer counts on the ledger):

Fouk(Z,N) = Z + N, (1)
F C(IL)(Z , N) = closure completion count in layer L, (2)
Féﬁ)(Z , N) = p—n simultaneous closure locks in layer L, (3)
Féé)(Z, N) = a/b conjugation closures in layer L, (4)
Féjf)(Z , V) = integer defect count in layer L. (5)

3.3 Sign-consistent mechanism convention

To interpret coefficients mechanistically, we enforce a sign convention:

Closures/locks/conjugation are bonuses. Defects are penalties. We negate defect features
so that positive fitted coeflicients correspond to penalties.

This makes the mechanism decomposition visually and logically stable across ablations.

3.4 Bulk-subtracted atlas field

For cartography, the bulk term is not informative; it largely tracks A = Z 4+ N. Define the
bulk-subtracted field
Ab(Za N) = bpred(Zv N) - Bbulk(Z + N)a

where Sy is the fitted coefficient on F k. Ab is the atlas elevation: peaks correspond to candidates
for island centers, and valleys correspond to destabilized basins.

4 Atlas Construction

4.1 Data ingestion and outputs

The atlas is built from the prediction table produced by the fitting pipeline. Each row is a nuclide
(Z, N) with empirical coefficient, predicted coefficient, residual, and decomposition tags. The master
deliverable is atlas_Z1t184 _kernelB_ablate_ full.csv.
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4.2 Island seeds: closure-proximal local maxima

We define a candidate seed set as closure-proximal points that are strict local maxima of Ab on the
integer lattice under 8-neighbor adjacency.

4.3 Moat tolerance: massif connectivity on a discrete lattice

On an integer lattice, physical islands can appear as archipelagos: a cluster of peaks separated by a
shallow moat. A naive connected-component rule at a fixed threshold fractures these into single
pixels.

We introduce a moat tolerance parameter € > 0 (in binding-coefficient units) and define a massif as
follows.

Let p be a seed with peak elevation Ag(p). Define the flood level for that peak:

S

T (p;€) = Ab(p) — e
The peak basin B(p;e€) is the set of closure-proximal lattice points reachable from p via 8-neighbor
steps without dropping below T (p;€).

Two basins are merged into the same massif if their basins overlap, or if they become connected at
the smaller peak’s flood level (a discrete saddle test). This criterion prevents fragmenting a real
island into multiple single-nuclide features while still keeping distinct massifs separate.

Atlas settings used in this paper. Unless otherwise stated, we use closure proximity tolerance
7 = 2 and moat tolerance ¢ = 25 in the atlas extraction steps reported below.

4.4 Mechanism labeling: why a massif is stable

For each nuclide we compute the non-bulk contribution sums:

~

bpred — Boulk(Z + N) = bt + bpn + bab, + bt

where each term is the fitted coefficient-weighted sum over that feature family.

We classify each point by its dominant non-bulk coupling using ratio thresholds:

o closure-dominant: closures dominate and lock/defect/conjugation couplings are sub-threshold,
« lock-coupled: |byn|/|bel| exceeds a set ratio,
o defect-coupled: |bef|/|ba| exceeds a set ratio,

« conjugation-coupled: |b.p|/|ba| exceeds a set ratio.

This produces a mechanism map of the atlas that can be compared across regions and across future
extrapolations.
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5 Reference Islands and Calibration Targets

The atlas is only useful if it recovers known stability landmarks. We therefore define reference
islands: specific nuclei (or small neighborhoods) that must be captured as peaks or massif members
under a reasonable moat tolerance.

We use the following calibration targets (all within Z, N < 184):
(8,8), (20,20), (20,28), (28,28), (40,50), (50,82), (82,126).

The calibration rule is:

If the atlas generation protocol fails to place these targets within the upper atlas elevation
bands (relative to their local neighborhoods), the protocol is invalid. Mechanism labels
are computed from relative coupling magnitudes; in practice, validated reference islands
may be closure-dominant or closure-driven with secondary conjugation/lock coupling.

This is a hard falsification statement for the atlas algorithm.

To avoid over-penalizing plateau-like islands that are stable over a small neighborhood rather than
at a single lattice point, we score each calibration target by its local percentile of Ab within the
(Z £ 2, N £ 2) neighborhood, restricted to available nuclides in the empirical table.

Table 1: Reference island calibration targets with explicit nearest local peak reporting. For each target
(Z,N) we compute Ab at the target and then search the (Z + 2, N + 2) neighborhood (restricted
to available nuclides) for the maximum Ab value. “Nearest peak” reports the maximizing lattice
point (Zpk, Npk), its elevation AIA)pk, the elevation gap Agap = Agpk — Agtgt, and the Manhattan
distance Dist; = |Zpx — Z| + [Npk — N|. “Local %ile” is the percentile rank of Alstgt within the
same (Z + 2, N &+ 2) neighborhood. Footnote: the “nearest peak” maximization is performed on the
atlas elevation field Ab = Bpred — Bbu(Z + N) (bulk-subtracted predicted coefficient), not on the

empirical coefficient bemp.

# Target A El Al;tgt Mech Local %ile Nearest peak Al;pk Agyp Disty
1 (8,8) 16 O 101.0 conjugation-coupled 68.0 (10,10) 110.9 9.9 4
2 (20,20) 40 Ca 263.8 conjugation-coupled 68.0 (22,22) 273.7 9.9 4
3 (20,28) 48 Ca 279.4 conjugation-coupled 68.0 (22,30) 288.1 8.6 4
4 (28,28) 56 Ni 295.0 conjugation-coupled 65.2 (30,30) 3023 7.3 4
5 (40,50) 90 Zr 542.0 conjugation-coupled 68.0 (42,52) 550.6 8.6 4
6 (50,82) 132 Sn 704.7 conjugation-coupled 66.7 (52,84) 713.3 8.6 4
7 (82,126) 208 Pb 882.9 lock-coupled 68.0 (84,128) 892.8 9.9 4

Interpreting “near-miss” calibration targets. Table 1 shows that several canonical reference
targets are not the strict maximum of Ab within the (Z £2, N £2) box, but their nearest local peak
lies only a few lattice steps away and the targets remain in the upper local percentile bands. This
behavior is consistent with plateau-like islands on an integer lattice: the atlas elevation field can
place the strict summit on a neighboring lattice point while the intended landmark remains within
the same high-elevation neighborhood. For atlas validation, the important question is therefore not
whether the summit is located on a single predetermined pixel, but whether the target lies on (or
adjacent to) the correct high-elevation massif and carries the expected mechanism fingerprint.
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6 Results

6.1 Stability field heatmap on the closure lattice

Figure 2 plots AB(Z, N) over the available nuclide set and overlays Pauling closure guides. The
closure lattice appears as preferred ridge lines in the atlas elevation, while large off-lattice basins
correlate with systematic destabilization.

Table 2: Top 20 closure-proximal local maxima of the bulk-subtracted atlas field Ab = Bpred — BoukA
(Kernel B, full model). Resid = bemp — bpred-

Rank Z N A EI Ab  Resid Mech de(Z) de(N)
1 106 156 262 Sg 1114.3 -202.8 lock-coupled 0 0
2 101 156 257 Md 1069.4 -137.0 lock-coupled 1 0
3 106 154 260 Sg 1064.8 -159.6 lock-coupled 0 2
4 108 156 264 Hs 1035.1 -138.8 lock-coupled 2 0
5 98 156 254 Cf 1028.0 -90.7 lock-coupled 2 0
6 94 152 246 Pu 9822 -46.8 lock-coupled 2 4
7 110 160 270 Ds 974.5 -81.4 lock-coupled 0 2
8§ 100 146 246 Fm  968.4  -51.5 lock-coupled 0 2
9 96 138 234 Cm 928.7 -18.7 lock-coupled 4 0

10 93 132 225 Np 918.8  -18.9 lock-coupled 1 6
11 87 110 197 Fr 912.7 -99.1 lock-coupled 5 0
12 93 127 220 Np 906.4  -28.7 lock-coupled 1 1
13 76 110 186 Os 899.6  -19.0 lock-coupled 6 0
14 85 106 191 At 898.5  -98.8 lock-coupled 3 0
15 69 106 175 Tm  896.5 -40.9 conjugation-coupled 1 0
16 90 110 200 Th 896.2  -28.3 lock-coupled 0 3
17 76 106 182 Os 895.6  -26.2 lock-coupled 6 0
18 68 110 178 Er 894.7 -40.4 conjugation-coupled 0 3
19 84 110 194 Po 892.7  -64.7 lock-coupled 2 3
20 66 92 158 Dy 8924 -8.3 conjugation-coupled 2 3
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Atlas field: delta_b on (Z,N) with Pauling closure guides
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Figure 2: Atlas elevation field Ab(Z, N) (bulk-subtracted predicted binding coefficient) with Pauling
closure guides.
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Table 3: Moat-tolerant massif summaries in the upper atlas elevation band (Kernel B, full model).
Construction: restrict to closure-prox points (7 = 2), take the top 5% by Ab as the core set,
then expand each core component downward with moat tolerance e = 25 (include adjacent points
with Ab > qo.95 — €) under 8-neighbor connectivity; overlapping expanded components are merged.
Mechanism shares are computed from absolute non-bulk contribution magnitudes, i.e. [ba| : |bpn| :
|bab| : |baet|, aggregated over the massif.

ID Z N A El Abpax Z* N* Size Dom.  %Cl %Lock %Conj %Def

1 106 156 262 Sg 1114.3 106 156 15 closures 87.2 8.6 1.3 2.8
2 101 156 257 Md 1069.4 100 156 1 closures 89.0 9.2 1.1 0.8
3 104 157 261 Rf 1031.7 106 156 1 closures 89.0 9.1 1.3 0.6
4 108 156 264 Hs 1035.1 110 156 1 closures 89.1 8.9 1.2 0.8
5 94 152 246 Pu 982.2 92 148 1 closures 88.4 8.9 1.2 1.5
6 96 138 234 Cm 928.7 92 138 2 closures 90.4 8.0 1.2 0.4
7 93 132 225 Np 918.8 92 138 1 closures 89.4 8.8 1.1 0.6
8 98 139 237 Cf 926.9 100 138 1 closures 89.1 9.1 1.3 0.5

6.2 Mechanism map

Figure 3 replaces elevation coloring with mechanism encoding. This shows where closure stabilization
alone is sufficient and where lock/defect/conjugation couplings are materially involved.
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Mechanism map (marker-coded) on Pauling closure lattice

175 -
150 -
= 125 A
o
-g @ closure-dominant
2 1007 ﬁ lock-coupled
E A defect-coupled
(o] ’ conjugation-coupled
S 751
>
[}
=
50 A
25 1
0 -

0 25 50 75 100 125 150 175
Proton number Z

Figure 3: Mechanism map on the (Z, N) plane: closure-dominant vs lock-coupled vs defect-coupled
vs conjugation-coupled (marker-coded).

6.3 Lock-dominance onset as a regime transition

The mechanism map in Figure 3 is a per-nuclide classifier, but it also implies a regime-scale
transition: there exists a heavy-region boundary beyond which the fraction of nuclides labeled
lock-coupled rises sharply while remaining negligible below that boundary. To quantify this onset
as a reproducible atlas observable, we define the lock fraction at each proton number Z:

#{(Z, N) in dataset : class(Z, N) = lock-coupled}
flock(Z) = - .
#{(Z,N) in dataset}

A sharp increase in fioex(Z) indicates that proton—neutron coincidence effects (locks) have become
non-perturbative relative to pure closure ridges. This transition is not asserted a priori; it is read
directly from the fitted decomposition and classification thresholds and therefore provides an internal
consistency check on extrapolation proposals.
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Lock fraction vs Z
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Figure 4: Lock fraction fiock(Z): the fraction of available nuclides at fixed Z classified as lock-coupled.
A distinct onset marks the entry into a regime where synchronized proton—neutron completion terms
become a dominant coupling relative to closure-only stabilization.

The onset in Figure 4 should be interpreted as a regime transition in the fitted constitutive law:
below the onset, closures provide the dominant non-bulk structure (orthogonal ridge bands), while
above the onset the p—n coincidence coupling becomes non-perturbative in the sense that a nontrivial
fraction of nuclides exceed the lock-dominance ratio threshold. This is not imposed by the Pauling
charts; it is an empirical consequence of the fitted decomposition on the AME2020-derived target
set.

6.4 Layer-resolved mechanism fields

The atlas classifier labels points by dominance ratios of contribution families (Bcl, Epn, Bab, Bdef) in
the non-bulk remainder. However, each family is itself a sum over ledger layers. To interpret which
structural depth is responsible for the observed patterns, we decompose contributions by layer:

bon = XL:EI%), b = ZLj by, b = ZLJ b, baer = ;551?3 :

We then visualize the layer-resolved contribution fields on the (Z, N) plane. These maps answer a
specific interpretability question: Is the lock-coupled onset produced predominantly by a single depth
layer (e.g., mantle or outer core), or is it an emergent sum over multiple layers?
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Layer C: bi(Z, N)
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Layer C: b'9(Z, N)
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6.5 Holdout residual diagnostics

Residual plots (histogram and correlations vs A, N, Z) are included to show where the model under-
or over-predicts. In particular, any systematic drift in the heavy region (e.g., persistent sign bias in
residuals for large Z) can indicate a missing higher-order interaction (such as cross-layer coincidence
structure) rather than an absence of closure geometry. The residual panels therefore serve as
a feature adequacy diagnostic for future atlas refinements, not merely a goodness-of-fit display.
These diagnostics determine whether apparent islands are robust or the result of systematic drift in
particular regions.

Kernel B holdout residual histogram (test split, seed=1)
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Figure 7: Holdout residual histogram for Kernel B (test split).
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Kernel B holdout residuals vs Z (test split, seed=1)
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Figure 8: Holdout residuals vs Z (test split).

7 Discussion: What the Atlas Teaches About Extrapolation Be-

7.1

yond 184

Mechanism fingerprints as an extrapolation constraint

The central atlas output is not merely “where peaks occur” but why they occur. This matters
because different mechanisms extrapolate differently:

7.2

Closures are ledger-geometric and therefore the most defensible mechanism to extend,
Locks (p—n simultaneous closures) can be stabilizing in some regions but may be destabilizing
in others; if the atlas shows systematic lock-linked penalties in particular layers, then any
Z > 184 island that depends on that lock signature is suspect,

Defects are penalties; “defect relief” (a reduction in defect counts) may correlate with stability
islands, but increasing defect load in superheavy regimes is a warning sign,

Conjugation may act as a secondary stabilizer; its geographic footprint in the atlas indicates
whether it is a mantle phenomenon or extends into deeper layers.

A practical criterion for Z > 184 prediction

A meaningful Z > 184 island claim must satisfy:
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1. It is a moat-tolerant massif peak in Ab under the same atlas settings that recover the reference
islands,

2. Its mechanism fingerprint matches a validated sub-184 fingerprint class (closure-dominant, or
closure+secondary coupling within atlas-observed bounds),

3. It does not rely on a mechanism that the atlas shows to be systematically destabilizing in the
deep layers.

In practice, the most actionable atlas constraints are (i) the existence and location of a lock-
dominance onset (Figure 4) and (ii) the depth provenance of that onset (Figures 5-6). Any
extrapolation beyond 184 that requires lock-driven stabilization must remain consistent with the
observed lock-onset boundary and its layer signature; conversely, if the atlas indicates that locks are
predominantly penalizing at the relevant depth, then “lock-based” superheavy islands are disfavored
by construction.

7.3 Robustness and uncertainty of categorical mechanism labels

The mechanism map (Figure 3) is categorical by construction. Borderline cases can occur when two
families contribute comparably to the non-bulk remainder. To keep the atlas interpretability honest,
we recommend treating each categorical label as a dominance statement at the chosen thresholds,
not as an immutable property of the nuclide. A practical robustness check is to measure label
stability across (i) ablation variants and (ii) small changes to atlas extraction settings (7, ¢€). Labels
that persist across these perturbations define the atlas’s most trustworthy mechanism fingerprints;
labels that flip under mild perturbations indicate transition zones that should be interpreted as
mixed-coupling boundaries rather than definitive classes.

7.4 Forward work: minimal post-184 extension guided by atlas fingerprints

The present atlas is deliberately restricted to Z, N < 184 so that the mechanism fingerprints
are learned in an empirically anchored domain. A natural next step is to propose a minimal
post-184 ledger extension only after the sub-184 fingerprints are shown to be robust under (7, ¢€)
perturbations and ablation checks. In that sequel, any proposed superheavy island must (i) reproduce
a closure-band geometry consistent with the observed orthogonal ridge structure and (ii) exhibit lock
and defect signatures within atlas-observed bounds at the relevant depth layers; islands requiring
qualitatively new coupling behavior would constitute a hypothesis about new ledger structure rather
than an extrapolation.

8 Reproducibility and Deliverables

8.1 Files

The atlas paper is accompanied by:

e atlas_Z1t184_kernelB_ablate_full.csv: per-nuclide atlas fields (Bemp, f)pred, AB), closure
distances, and mechanism tags,

o fig atlas_delta_b.png: stability field figure,
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e fig mechanism_markers.png: mechanism map figure.

o fig_lock_fraction_vs_Z.png: lock-fraction onset diagnostic fioek(Z),

o fig layer_lock_maps.png: layer-resolved lock contribution fields lA)l(Dﬁ)(Z, N)

o fig layer_closure_maps.png: layer-resolved closure contribution fields lA)gJ)(Z, N).

8.2 Command-line regeneration (example)

python torsion_fit_discrete_v3.py --infile qmu_ame2020_targets.csv \
-—outdir . --lambda le-2 --ablate full --sign_consistent --split 0.20 —-seed 1

A Moat-Tolerant Massif Algorithm (pseudocode)

Given a set of closure-proximal points with elevations Ab:

Identify strict local maxima seeds under 8-neighbor adjacency.
For each seed p, compute flood level T'(p;€) = Ab(p) — e.
Flood-fill from p over closure-proximal points with Ab > T(p; €) to obtain B(p;e).

=

Merge basins using (i) overlap and (ii) discrete saddle connectivity at the smaller peak’s flood
level.

5. Label each massif by its peak seed and summarize its mechanism composition by family-
weighted contributions.

B Mechanism Decomposition

The sign-consistent convention defines defects as negated penalty features so that positive defect
coefficients correspond to destabilization. The atlas mechanism classes are computed from the
relative magnitudes of (bel, bpn, bab, bdef) in the non-bulk remainder.

C Interpreting the Mechanism Map: Why Patterns Appear and
What They Mean

The mechanism map is not a stability heatmap; it is a categorical visualization of which fitted
ledger mechanism dominates the non-bulk remainder of the predicted binding coefficient. After bulk
subtraction, o A R A R

Ab = bpred — Bbulk(Z + N) = bet + bpn + bab, + bef,

the atlas assigns each nuclide to a class by dominance ratios (e.g., |bpn|/|ba| exceeding a set threshold).
The resulting patterns are therefore interpretable as phase structure of the fitted constitutive law on
the integer lattice.
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C.1 Why closure-dominant regions form orthogonal Z and N bands

Closure completion features are species-separable: proton closure indicators depend only on Z
and neutron closure indicators depend only on N. Consequently, the closure contribution is
well-approximated by a separable form,

ba(Z,N) =~ f(Z) + g(N),
up to layer weights and discrete completion steps. On the (Z, N) plane, separability produces
orthogonal ridge bands:

o Vertical bands occur where f(Z) changes abruptly at proton closure boundaries.
o Horizontal bands occur where g(/N) changes abruptly at neutron closure boundaries.

This orthogonal banding is therefore a structural consequence of the ledger’s closure algebra, not
an incidental artifact. In the atlas, it serves as a sanity check: if closure maps do not exhibit clear
banding aligned with the closure lattice, then either the closure extraction is incorrect or closure
terms are not acting as the dominant stabilizers in the fit.

C.2 Why lock-coupled regions appear only beyond an onset boundary

Lock features are coincidence couplings. In their simplest form they behave like product terms of
proton and neutron closure indicators within the same ledger group,

Fon ~ ) Cp(k) Cu(k),
k

so they only accumulate meaningfully when both species have progressed deep enough in the
ledger fill sequence for shared group completions to become frequent. Unlike pure closures (which
produce independent Z and N bands), locks are an intersection phenomenon and therefore emerge
preferentially in regimes where the closure structure of both species overlaps in the relevant layers.

However, the mechanism map labels points by relative dominance. Thus the observed “beginning”

of the lock-coupled region is best understood as a threshold crossing:

>

pn|
bcl |

2 Tlocks

where 1, is the classifier ratio threshold. Locks may exist at lower Z, but they do not become
dominant relative to closures until the heavy regime. The onset boundary therefore reflects a regime
transition in which synchronized p—n completion effects become non-perturbative corrections to
closure-only stabilization.

C.3 How to use the lock-onset and band structure as falsification constraints

The atlas provides two high-value, falsifiable interpretability constraints:

1. Lock-onset constraint. The lock fraction fi,ck(Z) (Figure 4) identifies a regime boundary
beyond which lock coupling becomes common. Any extrapolation to Z > 184 that relies
on lock-driven stabilization must remain consistent with this onset behavior; conversely, if
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proposed superheavy islands require strong lock dominance in a region where the atlas indicates
lock rarity, they are disfavored.

2. Layer provenance constraint. Layer-resolved maps (Figures 5—6) determine whether the
lock-coupled onset is driven by a particular depth layer or emerges as a distributed sum.
Extrapolations that assume deep-layer lock bonuses can be vetted against the observed layer
signature: if locks are penalizing or absent in the relevant layers within Z, N < 184, then
deep-layer lock-based superheavy predictions are suspect.

In this sense, the mechanism map turns regression tables into physical diagnostics: it does not
merely predict islands, it explains which ledger couplings are responsible for the atlas geography.

C.4 Practical guidance for inquisitive readers

When visually inspecting mechanism maps, a useful heuristic is:

¢ Orthogonal closure bands indicate separable closure physics consistent with ledger geometry.

e Diagonal or clustered lock regions indicate coincidence coupling; validate them with
fioek(Z) and layer maps.

¢ Defect-coupled patches indicate penalty-dominant zones; they should correlate with de-
pressed atlas elevation and/or systematic residual structure.

o Conjugation-coupled regions indicate strong a/b symmetry coupling; compare their
geography to closure bands to determine whether conjugation is secondary modulation or a
primary driver in that region.

D Sensitivity to Atlas Settings and Ablation Stability

D.1 Sensitivity to (7,¢)

The moat-tolerant massif algorithm depends on two discrete parameters: the closure-proximity
tolerance T and the moat tolerance e. Conceptually, 7 controls how aggressively the atlas gates out
off-lattice noise, while € controls whether physically coherent islands appear as single peaks or as
connected archipelagos. For robustness, one should verify that the primary massif geography and
the lock-onset diagnostic remain qualitatively stable under mild parameter perturbations, e.g.

T €{1,2,3}, e € {15,25,35}.
In a stable atlas, these perturbations may change the boundaries of a massif but should not erase

the dominant ridge structure or relocate the strongest peaks far from the closure lattice.

D.2 Ablation stability of mechanism fingerprints

Mechanism fingerprints are most credible when they persist across ablation variants. Let classgy(Z, N)
denote the full-model label and class,p(Z, N) the label under a controlled ablation (e.g. removing
defect terms or restricting to closure-only). A useful atlas-native uncertainty metric is the label
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agreement rate within a region R:

#{(Z,N) € R : classpu(Z, N) = class,p1(Z,N)}

Agree(R) = F{(ZN) € R}

High agreement indicates a robust fingerprint; low agreement indicates that the region sits near
a coupling boundary where multiple mechanisms compete. This approach quantifies interpretive
uncertainty without importing non-ledger probabilistic assumptions.

E Generating Atlas Diagnostic Figures (make_atlas_figures.py)
This paper includes three post-processed diagnostic images generated from the atlas CSV and the
fitted coefficient table:

o fig lock_fraction_vs_Z.png (Figure 4),
o fig_layer_lock_maps.png (Figure 5),
o fig_layer_closure_maps.png (Figure 6).

These figures are not produced by IXTEX; they are generated by post-processing the atlas artifacts
emitted by the fitting pipeline.

E.1 Inputs

The figure generator expects the following files (names shown are those used in this work):

o atlas_Z1t184_kernelB_ablate_full.csv (per-nuclide atlas fields and mechanism class),
o torsion_discrete_coeffs_ablate_full.csv (fitted coefficients),
o torsion_fit_discrete_v3.py (discrete feature generator used to compute per-layer counts).

E.2 Command
From the working directory containing the atlas files, run:
python make_atlas_figures.py \
--atlas atlas_Z1t184_kernelB_ablate_full.csv \
--coeffs torsion_discrete coeffs ablate full.csv \

--fit_script torsion_fit_discrete_v3.py \
-—outdir Zimg

E.3 Outputs and ETEX integration

The command writes the PNGs into the output directory (recommended: Zimg/). With
\graphicspath{{./}{Zimg/}}

set in the preamble, the IATEX source can include the figures by filename only:
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\includegraphics{fig_lock_fraction_vs_Z.png}
\includegraphics{fig_layer_lock_maps.png}
\includegraphics{fig_layer_closure_maps.png}

If you choose a different output directory, update either the —outdir argument or the \graphicspath
accordingly.
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