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2 BRIDGE FIGURES: PAULING SPHERON AND VAJRA PROJECTIONS 1

Abstract

This paper extends the APM Nuclear Shells / Nuclear Spin Structure program by converting
the AME2020 nuclide mass table into a dimensionless, QM U-native shell-closure diagnostic.
Using only ratios of two-nucleon separation drops, we construct robust closure-intensity curves
Gn(N) and Gz(Z) that are independent of the mass table’s native energy units. The resulting
atlas provides a quantitative bridge between the Pauling Spheron periodic table (nuclear holonomy
shells) and the Vajra periodic table (electronic holonomy projection), supplying an objective
closure map that can be overlaid directly onto the prior periodic-table figures.

The dominant neutron plateaus in well-sampled regions occur at N = 20, 28,50, 82,126
and the dominant proton plateaus at Z = 20,28, 50,82. These lie near the curvature closures
252 but appear as systematic offsets +2, —4,0, +10, —2 relative to the nearest 252 boundary,
motivating the interpretation that curvature sets the container shells while torsion acts as a
closure-shifting operator that relocates effective plateau boundaries by discrete packets drawn
from the holonomy capacity ladder Ng = 45 — 2. The paper closes with falsifiable tests, including
isotope boundary-crossing programs and torsion-proxy correlation studies enabled directly by
the closure atlas.

1 Context and scope

The prior Nuclear Spin Structure / APM Nuclear Shells paper Thomson III [2025] introduced two
complementary, information-rich visualizations: (i) the Pauling Spheron periodic table, expressing
nuclear shell structure as discrete holonomy shells, and (ii) the Vajra periodic table, expressing
electronic shell structure as a 4-fold planar projection of the same holonomy ladder. A key
constructive algorithm was given for mapping a nucleus (Z, N) to a dominant Vajra wave index
by solving 252 < Z < 2(S5, + 1), 253 < N < 2(S, + 1)?, and Sqom = max{Sy, S,}. The present
work adds the missing quantitative closure atlas that connects those periodic-table images to actual
nuclide binding data.

2 Bridge figures: Pauling Spheron and Vajra projections

For continuity with the prior Nuclear Spin Structure / APM Nuclear Shells paper Thomson III
[2025], we reproduce here the two periodic-table visualizations that motivated the present atlas.
These figures are not reinterpreted as decorative artwork; rather, they serve as the geometric
reference objects against which the AME2020 closure-intensity curves in Figures 3—4 are compared.
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Figure 1: Vajra periodic QADI [2004] layout annotated by dominant nuclear shell index Sqom. This
is the 4-fold planar projection of the nuclear holonomy ladder into electronic block structure.
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Figure 2: Pauling-spheron QADI [2004] style layering view. Radial shells correspond to holonomy
sectors with cumulative closures N<g = 25% and capacities Ng = 4S5 — 2 per species, mapping into
plateau boundaries in both nuclear structure and the Vajra electronic blocks.
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3 Data source and QMU-native closure observable

3.1 AME2020 input

We use the AME2020 mass table (file mass_1.mas20.txt)[Huang et al., 2021, Wang et al., 2021] to
obtain, for each nuclide (Z, N), the binding energy per nucleon (B/A) and mass number A. We

form the binding proxy
B(Z,N) = A(B/A), (1)

which is expressed in the same native “energy units” as the AME table. No unit conversion is
required, because the discriminators below are dimensionless ratios.

3.2 Two-nucleon separation and shell-gap drops

Define the two-neutron separation and its drop across the next pair:
SQn(ZaN)EB(Z7N)_B(Z?N_2)a (2)
AQn(Z, N) = Sgn(Z, N) —SQH(Z,N+2) (3)

A shell closure is expressed by a positive drop Ag, > 0. We then define the dimensionless closure

2n Z7N - = Z’]\T I 2n O? AQ?’L O? 1

and the closure-intensity curve as a robust median over Z:
GN(N) = mediang (r2,(Z, N)). (5)
The proton analog is defined by replacing n — p and stepping Z — Z + 2:

rop(Z,N) = ?;D]D((ZZ:]]\\;)), Gz(Z) = mediany (r9,(Z, N)). (6)

QMU relevance. Because Gy and Gz are dimensionless, they may be interpreted as holonomy
ledger discriminators without importing any SI scaffolding.[Kondev et al., 2021] In QMU terms,
they are “closure intensities” that may later be mapped into any chosen QMU energy primitive if
desired, but the closure ranking itself is already QMU-native.

4 Curvature closures and torsion shifts

4.1 Curvature ladder

The curvature holonomy shells introduced previously imply the cumulative capacity rule
N<sg=2S8%, Ng=Ncg— Ngg_1) =4S -2 (7)
These give the curvature closures

2,8,18,32,50,72,98,128, ...
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and the shell-capacity quanta
2,6,10,14,18,22,...

respectively.

4.2 Empirical plateaus as systematic offsets from 25>

In conventional nuclear structure, the dominance of the canonical magic numbers is commonly
attributed to shell-model closures shaped by the mean field and the spin—orbit interaction[Haxel
et al., 1949, Goeppert Mayer, 1949, 1950, Jensen, 1957, Bender et al., 2003].

From the AME2020-derived closure curves, the dominant neutron closures (well-sampled by multiple
Z values) occur at:
N = 20,28, 50,82, 126.

[Sorlin and Porquet, 2008, Caurier et al., 2005, Otsuka et al., 2005, Brown, 2001] These lie near the
curvature closures (18,32,50, 72, 128), but with systematic offsets:

(+2)’ (*4)a (0)7 (JrlO), (*2)'

A key extension of the prior work is that these offsets align with integer packets of the capacity
quanta Ng =45 — 2:

o £2 is exactly Nj.
o —4 is a small integer difference of early capacity quanta (a minimal torsion-shift packet).
e +10 equals N3 exactly.

This supports the interpretation that torsion does not merely perturb closures; it shifts the effective
closure boundary by discrete packets drawn from the same quantized capacity ladder.

5 Closure atlas from AME2020

Tables 5 and 5 summarize the major closure set using the QMU-native medians. (The sample count
is the number of contributing nuclides after enforcing Sy > 0 and As > 0.)

N Gn(N) sample count nearest 253, 0N

20 0.2493 17 18 +2
28 0.2141 20 32 -4
50  0.2605 22 50 0
82  0.2408 26 72 +10
126 0.2676 16 128 -2

Table 1: Major neutron closures from AME2020 using G5 (N) = median(Ag,/S2,). The nearest

curvature closure is 25% ., with offset 6y = N — 252 .
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Z Gz(Z) sample count nearest 253, ., dz
20 0.2494 22 18 +2
28 0.2816 27 32 -4
50 0.2968 36 50 0
82  0.3919 35 72 +10

Table 2: Major proton closures from AME2020 using Gz(Z) = median(Ag,/S,) and curvature
offsets §, = Z — 252
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Figure 3: Neutron closure-intensity curve G (N) = median(Ay,/S2,) extracted from AME2020.
Major plateaus are annotated at N = 20,28, 50, 82, 126. Vertical lines mark curvature closures 252.
The ordinate is dimensionless and therefore QMU-native.
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Proton closure intensity with curvature closures (vertical)
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Figure 4: Proton closure-intensity curve Gz(Z) = median(Ag,/Ssp) extracted from AME2020.
Major plateaus are annotated at Z = 20, 28, 50, 82. Vertical lines mark curvature closures 252. The
ordinate is dimensionless and therefore QMU-native.

5.1 Representative high-signal exemplars

For each closure, certain nuclides contribute very large drops As and therefore serve as “anchor”
exemplars for annotating the Pauling Spheron image. For neutron closures, examples include:

0Ca (N = 20), Ni (N = 28), %Zr (N = 50), 132Sn (N = 82), 2%Pb (N = 126).
For proton closures, the same atlas naturally highlights:
Ni (Z = 28), 1328n (Z = 50), 2®Pb (Z = 82),

and related isotopic neighbors.

6 Interpretation: Pauling—Vajra unification sharpened

The prior paper stated that the Vajra table is a projection of the nuclear holonomy ladder. The
AME2020 atlas strengthens that statement into a testable mechanism:
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(1) Curvature sets containers. The closure containers are set by 252 (Pauling Spheron layering).
This is the coarse wave index used in the (Z, N) +— Sqom mapping.

(2) Torsion splits and shifts closures. The dominant observed plateaus do not always occur
at 252 itself. Instead, the closure boundary is shifted by discrete packets that are themselves drawn
from the quantized capacity ladder Ng = 45 — 2. Thus, torsion is a closure-shifting operator, not
merely a small correction.

(3) Isotopic holonomy imprint. Because the mapping uses Sqom = max{S,, Sy}, neutron-rich
isotopes with S, > S}, can place the nucleus in a different dominant wave than suggested by Z
alone. The closure atlas implies that isotope changes crossing curvature or torsion-shift boundaries
should produce enhanced, nontrivial changes in electronic ordering competition (beyond simple
mass scaling), consistent with the Vajra interpretation.

7 Falsifiable tests enabled by the atlas

7.1 Isotopic boundary-crossing test

Select isotope chains where N crosses a curvature closure 252 or a torsion-shifted plateau (e.g.,
around N = 28,50,82,126). The model predicts a discrete change in closure intensity and, for
suitable electronic near-degeneracies, a measurable shift in configuration competition that correlates
with the holonomy boundary rather than smooth mass trends.

7.2 Torsion-proxy correlation program

Construct torsion proxies from nuclear spin and moment systematics already used in the nuclear-spin
paper. Test whether those proxies correlate with the sign and magnitude of the closure offsets
0N,z and with the relative strengths of G and Gz across regions.

8 Conclusion

The AME2020 mass table provides a high-accuracy empirical substrate for the Pauling Spheron and
Vajra periodic tables. By using a QMU-native, dimensionless closure ratio, we obtain an atlas of
shell closures that reveals a structured relationship: curvature closures 252 provide the container
shells, while torsion shifts the effective closure boundaries by discrete packets consistent with the
holonomy shell-capacity quanta Ng = 45 — 2. This converts the “periodic table imagery” of the
prior work into a quantitative discriminator and a set of experimental targets for torsion models
A
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