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Abstract

We present a discrete, torsion-first constitutive law for nuclear binding energies using the
Pauling fill sequence as encoded in the QMU torsion ledger. The state space is strictly discrete
(integer occupancies of the 29-step Pauling ordering through the 184 closure), and we define
a discrete feature basis consisting of bulk torsion slots, closure events, proton–neutron co-
closure locks, a/b conjugation closures, and integer defect distances-to-closure. Two kernels
are evaluated on a strict holdout split of 2550 nuclei derived from AME2020: (Kernel A) a
monotone nonnegative law (NNLS) that provides a cohesion baseline, and (Kernel B) a signed
torsion-redistribution law (ridge) that resolves fine structure. The signed kernel achieves test-set
RMSE ≈ 37.24 (in enrg-coefficient units) with R2 ≈ 0.99849, while the monotone kernel achieves
R2 ≈ 0.99088. The results demonstrate that a discrete torsion mechanism can reproduce the
empirical binding surface without probabilistic inputs; the remaining interpretive task is to
refine the ontology of “defects” into distinct discrete objects when a strict penalty-only axiom is
desired.

1 Scope, data provenance, and QMU stance

1.1 What is being modeled

This paper targets a binding-energy coefficient bemp(Z, N) expressed in QMU energy units enrg (no
SI presentation). The only nuclear inputs are the integer proton and neutron counts (Z, N) and the
Pauling torsion-ledger structure. The mechanism is not the semi-empirical mass formula; it is a
discrete torsion accounting based on closures, locks, conjugation, and defect measures.

1.2 Data source

The target table used for fitting is a QMU-processed dataset derived from the AME2020 atomic
mass evaluation [Huang et al., 2021, Wang et al., 2021, Argonne National Laboratory, 2021]. The
torsion-ledger ordering and step capacities are transcribed from the Pauling charts as presented
in QADI’s Atomic Mechanics chapter. [Quantum AetherDynamics Institute (QADI), 2025] A
companion ledger paper formalizing Pauling’s fill ordering as a torsion-slot accounting is available.
[Thomson III, 2025b]

2 Ledger One anchor (rotation–torsion bridge)

2.1 Ledger One: Aether Rotational Self-Identity

Define Ledger One as the fundamental QMU dimensional identity for Aether rotation: Au curl =
Fq

2 λC
2

This identity represents the Aether Rotational Self-Identity. Explicitly, it corresponds to

Au · curl = Fq
2λC

2.

In this paper, curl is used as the torsion-slot quantum and Au as the fixed rotation–torsion bridge
scale.
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3 Discrete Pauling torsion state space

3.1 Torsion-slot quantum

Define one torsion-slot quantum as
τ0 ≡ curl.

A manifold of spin j carries g(j) = 2j + 1 torsion slots and thus torsion capacity τ(j) = g(j)curl.

3.2 The 29-step Pauling ordering through the 184 closure

We use the global ordering implied by Pauling Chart C (as rendered in QADI’s Chart CDE).
[Quantum AetherDynamics Institute (QADI), 2025] The ordering defines 29 manifolds with capacities
{gk}29

k=1 summing to 184 slots per species. Each species (protons and neutrons) fills the same ordered
list independently.

Table 1: Pauling 29-step torsion ordering (through the 184 closure) used as the discrete state space.
Layer labels: mantle (M), outer core (O), inner core (I), center (C). Each step has capacity gk

torsion slots.
Step k Layer gk Step k gk

1 M 2 16 12
2 M 4 17 10
3 M 2 18 8
4 M 6 19 6
5 O 2 20 4
6 M 4 21 2
7 M 8 22 14
8 O 4 23 12
9 M 6 24 10

10 O 2 25 8
11 M 10 26 6
12 O 6 27 4
13 M 8 28 2
14 O 4 29 16
15 I 2

4 Discrete binding features from the ledger

4.1 Occupancy and closures

Let o
(p)
k (Z) ∈ {0, 1, . . . , gk} be the proton occupancy of manifold k under sequential filling, and

similarly o
(n)
k (N) for neutrons. Define the closure indicators

C
(p)
k ≡ 1{o

(p)
k = gk}, C

(n)
k ≡ 1{o

(n)
k = gk}.
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Layer-tied closure counts are

Cℓ ≡
∑

k: layer(k)=ℓ

(
C

(p)
k + C

(n)
k

)
, ℓ ∈ {M, O, I, C}.

4.2 p–n co-closure locks

Define a discrete p–n co-closure lock count per layer:

Lℓ ≡
∑

k: layer(k)=ℓ

(
C

(p)
k C

(n)
k

)
.

4.3 a/b conjugation closures

For shells that have both halves (a and b) in the same layer and shell index s, define the conjugation
closure count

Aℓ ≡
∑

(ℓ,s)∈Sab

(
C

(p)
ℓ,s,aC

(p)
ℓ,s,b + C

(n)
ℓ,s,aC

(n)
ℓ,s,b

)
,

where Sab is the set of layer-shell pairs with both halves present.

4.4 Integer defect distance-to-closure

Define an integer defect distance-to-closure per manifold:

d(o, g) ≡
{

0, o = 0 or o = g,

min(o, g − o), otherwise,

and the layer defect sum

Dℓ ≡
∑

k: layer(k)=ℓ

(
d(o(p)

k , gk) + d(o(n)
k , gk)

)
.

This distance-to-closure defect is discrete but not sign-assigned a priori; whether it penalizes or
relaxes binding is determined by the constitutive kernel.

5 Two-kernel constitutive law (Kernel A then Kernel B)

We write the binding coefficient b(Z, N) as a discrete function of the integer feature vector

F (Z, N) = [ (Z + N), {Cℓ}, {Lℓ}, {Aℓ}, {Dℓ} ] .

5.1 Kernel A (monotone cohesion baseline): NNLS

Kernel A enforces a monotone cohesion interpretation: coefficients are constrained to be nonnegative
(NNLS). This is a conservative baseline that tests whether integer geometry alone can generate the
bulk binding surface.
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5.2 Kernel B (signed torsion redistribution): ridge

Kernel B allows signed corrections via ridge regression. This kernel resolves fine structure and is
interpreted as torsion redistribution: closures and conjugations can be stabilizing, while p–n co-locks
and defect measures can act as stabilizers or penalties depending on layer coupling.

6 Results

6.1 Domain of validity (184-closure state space)

All results in this paper are defined on the discrete Pauling 29-step ledger through the 184 closure
per species. The feature map F (Z, N) is therefore well-defined and purely integer-valued for all
nuclei satisfying Z ≤ 184 and N ≤ 184 (true for the present AME2020-derived set). Predictions
beyond this domain require an explicit extension of the Pauling ordering (additional center or
post-closure placements) so that occupancies, closures, and defect measures remain discrete and
unambiguous.

6.2 Strict holdout protocol

We use a strict 80/20 split with seed = 1 on 2550 nuclei, yielding 2040 train and 510 test samples.
All reported test metrics are computed by applying train-learned coefficients to the held-out test set
(no refit).

Table 2: Strict holdout metrics (split=0.2, seed=1). Reported values are in enrg-coefficient units for
RMSE/MAE.

Kernel Solver Train RMSE Train MAE Train R2 Test RMSE Test R2

A NNLS (monotone) 91.6619 77.3717 0.990983 91.5837 0.990883
B Ridge (λ = 0.01) 35.9441 27.2532 0.998613 37.2353 0.998493

6.3 Ablation ladder (discrete mechanism contribution)

Using the full dataset (no split) with the same feature definitions, the ablation ladder shows how
each discrete mechanism family reduces error.
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Table 3: Ablation ladder (full dataset, ridge). Each step adds a family of discrete features: closures
(cl), defects (def), a/b conjugation (ab), and p–n locks (pn).

Model family Features RMSE R2

bulk 1 97.6179 0.989775
bulk+cl 5 41.0907 0.998188
bulk+cl+def 9 38.4157 0.998417
bulk+cl+def+ab 13 38.3610 0.998421
bulk+cl+def+ab+pn 17 36.1839 0.998595
full 19 36.1839 0.998595

6.4 Kernel A coefficients (monotone NNLS baseline)

Table 4: Kernel A coefficients (NNLS, train split). All coefficients are nonnegative. Defect terms
are not used (zero).

Feature Coefficient

Z + N (bulk) 15.150195
CM 1.741389
CO 0.886890
CI 0.187552
CC 0
LM 0.797999
LO 0.378910
LI 0.048899
LC 0
AM 0.742421
AO 0.331058
AI 0.032724
AC 0
(defects Dℓ) 0

6.5 Kernel B coefficients (signed ridge, λ = 0.01)

To avoid double-negative logic, we report the defect term as a direct defect impact coefficient ∆ℓ

multiplying Dℓ:

bB(Z, N) = α(Z + N) +
∑

ℓ

βℓCℓ +
∑

ℓ

γℓLℓ +
∑

ℓ

ηℓAℓ +
∑

ℓ

∆ℓDℓ.

Here ∆ℓ > 0 indicates relaxation-defect behavior (defects increase binding), while ∆ℓ < 0 indicates
penalty-defect behavior (defects decrease binding).
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Table 5: Kernel B coefficients (ridge, λ = 0.01, train split). Defect impacts are reported directly as
∆ℓ in +∆ℓDℓ.

Feature Coefficient

α on Z + N (bulk) 10.782799

βM on CM 16.413304
βO on CO 49.693336
βI on CI 11.239867
βC on CC 0

γM on LM -0.780623
γO on LO -5.088268
γI on LI -73.650010
γC on LC 0

ηM on AM 3.379565
ηO on AO 4.259269
ηI on AI -42.035168
ηC on AC 0

∆M on DM (defect impact) +2.652286
∆O on DO (defect impact) +2.128931
∆I on DI (defect impact) -37.041943
∆C on DC (defect impact) 0

6.6 Inner-core torsion frustration as a falsifiable mechanism claim

Kernel B identifies the Inner Core as a high-frustration region: p–n co-closure locks are strongly
destabilizing (γI ≪ 0), while defects carry a large negative defect-impact (∆I < 0). In mechanism
terms, the Inner Core behaves like a torsion bottleneck: enforcing simultaneous p–n closure in the
Inner Core produces overconstraint, and distance-to-closure acts as a true penalty channel rather
than a relaxation channel. This is a falsifiable claim: isotope chains whose Pauling occupancy
crosses Inner-Core lock thresholds should exhibit discrete changes in the binding residuals and (in
follow-up work) in QMU separation-energy analogs.

6.7 Visual diagnostic: holdout residuals vs neutron number

Place the file residuals_vs_N_test.png in your project (e.g., Zimg/) to compile this figure.
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Figure 1: Kernel B (ridge, λ = 0.01) holdout residuals bemp − bpred vs neutron number N for
the strict test split (seed=1, split=0.2). A structureless residual band supports the claim that
the discrete feature basis has absorbed the dominant geometry; persistent waves/spikes indicate
remaining discrete structure to be discovered.
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Figure 2: Kernel B (ridge, λ = 0.01) holdout residuals bemp − bpred vs proton number Z for the strict
test split (seed=1, split=0.2). Persistent banding or waves indicate remaining discrete structure to
be discovered.
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Figure 3: Kernel B holdout residual histogram for the strict test split. A narrow, symmetric
distribution supports the claim that the discrete torsion basis absorbs the dominant geometry.
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Figure 4: Kernel B (ridge, λ = 0.01) holdout residuals bemp − bpred vs mass number A for the
strict test split (seed=1, split=0.2). Systematic curvature indicates missing discrete couplings; a
structureless band supports completeness of the discrete basis.

6.8 Residual magnitude and remaining discrete structure

The holdout residuals are largely structureless in scatter and narrow in the histogram, indicating
that the dominant binding geometry is absorbed by the discrete closure/lock/defect basis. The
remaining excursions (order ±200 in enrg-coefficient units for some nuclei) are not evidence of
probabilistic physics; rather, they define the next discrete refinement targets. In this framework,
persistent waves or spikes are interpreted as missing integer couplings (e.g., higher-order layer
interactions or species-asymmetric coupling channels) rather than missing continuous potentials.

7 Interpretation: discreteness, defects, and “no special rules”
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7.1 This is not probabilistic

No probabilities are used. All mechanism features (Cℓ, Lℓ, Aℓ, Dℓ) are integer-valued functions of
(Z, N) under a fixed discrete fill rule. The continuous degrees of freedom are constitutive coefficients
(energy per discrete event).

7.2 Why “defects must penalize” is not yet an axiom of this defect definition

With the current defect ontology Dℓ (distance-to-closure), the fitted ∆ℓ are mixed-sign: some
layers behave as relaxation-defect channels (∆ℓ > 0) and some as penalty-defect channels (∆ℓ < 0).
Enforcing ∆ℓ ≤ 0 by constraint would impose a narrative on a feature that is not ontologically pure.

If the goal is a universal rule “defects penalize,” the non-forced route is to refine the discrete ontology
into two distinct objects rather than constraining one mixed object:

1. Penalty-defects D−
ℓ : unmatched torsion terminations that cannot be resolved by any available

conjugation/lock channel.
2. Relaxation-defects D+

ℓ : partial-fill configurations that relieve overconstraint (frustration relief).

Both remain discrete. The axiom “defects must penalize” then applies strictly to D−
ℓ , while D+

ℓ is
explicitly a relaxation channel rather than a defect in the penalizing sense.

8 Predictions and next tests

1. Use Kernel A as a pure cohesion baseline; use Kernel B to map torsion redistribution structure.
2. Compare isotope chains: discrete changes in closure/lock/defect features should coincide with

stability and separation-energy transitions in the QMU target space.
3. Extend the ledger beyond 184 when an extended Pauling ordering is adopted and test island-

of-stability predictions as closure/lock phenomena.
4. Add additional diagnostics (recommended): residuals vs Z, residuals vs A, and residual

histograms by closure class.

Future benchmarking will be performed on discrete derivatives (QMU separation-energy analogs)
computed directly from the fitted b(Z, N) surface, enabling model-to-model comparison without
importing external unit systems into the mechanism definition.

8.1 Next discrete refinements (no new continuous degrees of freedom)

The present feature Dℓ is intentionally minimal: it measures distance-to-closure and therefore
conflates two discrete physical motifs. A strict “defects penalize” axiom is recovered without
constraints by splitting Dℓ into two integer objects:

1. Penalty-defects D−
ℓ : unmatched torsion terminations that cannot be resolved by any

available conjugation or lock channel.
2. Relaxation-defects D+

ℓ : partial-fill configurations that relieve overconstraint (frustration
relief) under competing closures.
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Additional discrete upgrades suggested by the residual diagnostics include: (i) explicit layer–layer
interaction counts (e.g., Outer–Inner coupling events), (ii) species-asymmetric closure imbalance
counters, and (iii) higher-order conjugations beyond a/b within a shell.

9 Conclusion

A discrete torsion ledger supports a high-fidelity binding-energy constitutive law. A monotone
discrete cohesion kernel captures most variance, while a signed torsion redistribution kernel resolves
fine structure under strict holdout. The remaining step toward a strict “defects penalize” axiom is
not constraint forcing; it is ontological refinement that separates penalty-defects from relaxation
channels.
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A SI bridge: mapping enrg coefficients to MeV (cross-framework
check)

This appendix provides a unit-bridge for readers accustomed to MeV. It does not modify the discrete
torsion mechanism presented in the main text; it only reports a calibration between the QMU
binding coefficient bemp and conventional binding energy.

A.1 Binding energy from AME atomic masses

Using atomic masses Matom (in unified atomic mass units u) and standard constants, the conventional
binding energy is

Ebind(MeV) = (Z m1H + N mn − Matom) (u → MeV),

where m1H is the hydrogen atom mass and mn is the neutron mass.

A.2 Empirical bridge factor

Over the 2550-nucleus dataset used in this paper, the binding energy is proportional to the QMU
binding coefficient to very high accuracy:

Ebind(MeV) ≈ k bemp(enrg-coeff), k ≈ 0.5109985959 MeV
enrg-coeff ,

equivalently 1 MeV ≈ 1.957 (enrg-coeff).

https://zenodo.org/communities/aetherphysics
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Table 6: MeV bridge check on representative nuclei. EQMU→MeV = k bemp.
Nuclide Z N EQMU→MeV ∆ (MeV)
2H 1 1 2.224578 +1.2 × 10−5
4He 2 2 28.295670 +7 × 10−6
16O 8 8 127.619336 +1.8 × 10−5
56Fe 26 30 492.259968 +5 × 10−6
208Pb 82 126 1636.430212 −4.2 × 10−5

B Reproducibility (commands)

Strict holdout ridge (Kernel B):

python torsion_fit_discrete_v3.py \
--infile qmu_ame2020_targets.csv --outdir . \
--lambda 0.01 --sign_consistent --split 0.2 --seed 1

Strict holdout NNLS (Kernel A):

python torsion_fit_discrete_v3.py \
--infile qmu_ame2020_targets.csv --outdir . \
--sign_consistent --nnls --split 0.2 --seed 1

Ablation ladder (full dataset):

python torsion_fit_discrete_v3.py \
--infile qmu_ame2020_targets.csv --outdir . \
--lambda 0.01 --sign_consistent --run_ablation_ladder

References

Argonne National Laboratory. Ame 2020 mass_1.mas20 (reference ascii distribution), 2021. URL
https://www.anl.gov/phy/reference/ame-2020-mass1mas20. Accessed 2025-12-25.

W. J. Huang, Meng Wang, F. G. Kondev, G. Audi, and S. Naimi. The ame 2020 atomic mass
evaluation (i). evaluation of input data, and adjustment procedures. Chinese Physics C, 45(3):
030002, 2021. doi: 10.1088/1674-1137/abddb0. URL https://doi.org/10.1088/1674-1137/
abddb0.

Quantum AetherDynamics Institute (QADI). Atomic mechanics (chapter 11) — pauling nucleus
charts and fill sequence, 2025. URL https://sota.aetherwizard.com/atomic-mechanics. Ac-
cessed 2025-12-25.

David W. Thomson III. Quantum aetherdynamics institute (qadi): Community doi overview and
citation guide. Zenodo, 2025a. URL https://doi.org/10.5281/zenodo.17479314.

https://www.anl.gov/phy/reference/ame-2020-mass1mas20
https://doi.org/10.1088/1674-1137/abddb0
https://doi.org/10.1088/1674-1137/abddb0
https://sota.aetherwizard.com/atomic-mechanics
https://doi.org/10.5281/zenodo.17479314


REFERENCES 14

David W. Thomson III. A qmu torsion ledger for pauling’s nuclear fill sequence, 2025b. URL
https://doi.org/10.5281/zenodo.18056023. Zenodo preprint.

Meng Wang, W. J. Huang, F. G. Kondev, G. Audi, and S. Naimi. The ame 2020 atomic mass
evaluation (ii). tables, graphs and references. Chinese Physics C, 45(3):030003, 2021. doi:
10.1088/1674-1137/abddaf. URL https://doi.org/10.1088/1674-1137/abddaf.

https://doi.org/10.5281/zenodo.18056023
https://doi.org/10.1088/1674-1137/abddaf

	Scope, data provenance, and QMU stance
	What is being modeled
	Data source

	Ledger One anchor (rotation–torsion bridge)
	Ledger One: Aether Rotational Self-Identity

	Discrete Pauling torsion state space
	Torsion-slot quantum
	The 29-step Pauling ordering through the 184 closure

	Discrete binding features from the ledger
	Occupancy and closures
	p–n co-closure locks
	a/b conjugation closures
	Integer defect distance-to-closure

	Two-kernel constitutive law (Kernel A then Kernel B)
	Kernel A (monotone cohesion baseline): NNLS
	Kernel B (signed torsion redistribution): ridge

	Results
	Domain of validity (184-closure state space)
	Strict holdout protocol
	Ablation ladder (discrete mechanism contribution)
	Kernel A coefficients (monotone NNLS baseline)
	Kernel B coefficients (signed ridge, lambda)
	Inner-core torsion frustration as a falsifiable mechanism claim
	Visual diagnostic: holdout residuals vs neutron number
	Residual magnitude and remaining discrete structure

	Interpretation: discreteness, defects, and ``no special rules''
	This is not probabilistic
	Why ``defects must penalize'' is not yet an axiom of this defect definition

	Predictions and next tests
	Next discrete refinements (no new continuous degrees of freedom)

	Conclusion
	SI bridge: mapping enrg coefficients to MeV (cross-framework check)
	Binding energy from AME atomic masses
	Empirical bridge factor

	Reproducibility (commands)

