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Abstract

Electron binding energy is traditionally interpreted as a consequence of Coulomb interaction
and quantum orbital structure. Within the Aether Physics Model (APM) and Quantum
Measurement Units (QMU), binding energy arises from Aether boundary confinement modulated
by shell law, boundary topology, and internal nuclear compression.

This work reformulates the electron binding energy equation as a coupled closure law. The
result retains the successful QMU confinement core while replacing dominant ad hoc shell
substitutions with a hierarchy of physically interpretable corrections: a smooth shell-scaling law,
a small Vajra topology residual, a weak nuclear compression term, and a localized helium pairing
correction. The resulting expression provides a unified geometric interpretation of binding energy
across the periodic table and reproduces measured K-shell binding energies with mean absolute
percentage error near the one-percent level when calibrated to a closed-shell reference state.

1 Introduction

Electron binding energy defines atomic stability, ionization behavior, and chemical structure.
Conventional approaches rely on Coulomb potentials and quantum wavefunctions but do not identify
the geometric origin of binding.

Within the Aether Physics Model, atomic structure is governed by two coupled processes:

• Aether boundary closure (electron structure),
• Aether compression closure (nuclear structure).

Electron binding energy is therefore a direct measurable projection of Aether boundary closure,
modulated by shell structure, topology, and compression.

The present paper updates the earlier QMU binding-energy program by combining the published
1s binding-energy equation with the later periodic-law interpretation Thomson III and Bourassa
[2025, 2024]. The calculator results show that the dominant energy scale is set by the confinement
core, while shell structure, topology, and nuclear compression act as secondary corrections. This
establishes a clear hierarchy for the binding law and eliminates earlier ambiguity about which terms
are primary and which are perturbative.

The present work is restricted to the 1s (K-shell) binding-energy sequence across the periodic table.
While the same geometric principles are expected to extend to outer shells, those cases require
additional boundary-specific development and are not treated here.

2 Foundational QMU Relations

volm = λC
3, (1)

rson = Fq
2, (2)

curl = eemax
2

meλC
. (3)

The Aether closure identity is
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Au · curl = Fq
2λC

2. (4)

Using FqλC = c,

Au · curl = c2. (5)

Potential is defined as

potn = Au

leng . (6)

Accordingly, confinement and potential are different projections of the same Aether state Thomson III
[2025c,b].

3 Binding Energy as Aether Confinement

Ionization corresponds to disruption of boundary closure:

BE ∝ potn = Au

R
. (7)

Thus, the base binding energy scale is

BEconf = Au

R
. (8)

This relation establishes the physical meaning of the binding law: a stronger confinement length
scale corresponds to a larger measurable binding energy.

4 Published QMU Core Equation

The working 1s binding-energy core follows the published QMU form Thomson III and Bourassa
[2025]:

BE1s(Z, N) = re

a0

√
Z2 + 1 − 1√
Z2 + 1 + 1

Au

2λC eemax2 Z2 2Z
√

2
(

1 + 9
ge

Z−9/ge

)
Hshell(Z, N) (9)

The factors in Eq. (9) have the following meanings:

• re/a0 sets the electron-to-orbital geometric scale,

•
√

Z2 + 1 − 1√
Z2 + 1 + 1

is the finite-Z boundary geometry factor,

• Au

2λC eemax2 is the QMU confinement-energy bridge,
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• Z2 is the dominant atomic-number scaling,
• 2Z

√
2 is the subtle geometric correction,

•
(

1 + 9
ge

Z−9/ge

)
is the light-element quantum correction,

• Hshell(Z, N) contains the shell, topology, compression, and pairing structure.

The key conclusion from the working calculator is that the QMU core supplies the dominant
binding-energy scale, while the remaining factors in Hshell act as secondary modulations.

5 Shell Law and Topology Residual

The earlier binding-energy equation used an empirically successful smooth shell factor. The calculator
confirms that this smooth factor must remain the baseline shell law:

k(Z) = 0.748 + 0.0028Z. (10)

which can be interpreted as an effective holonomy scaling arising from higher-dimensional projection
of the boundary structure Thomson III [2026].

In later work, this factor was given a geometric interpretation as a holonomy contribution,

H(Z) = π

3
√

2
+ α + α

Φ2 Z, (11)

with three components:

Hpack = π

3
√

2
, (12)

Hchg = α, (13)

Htor = α

Φ2 Z. (14)

These correspond respectively to projected packing, charge holonomy, and loxodromic torsion. In
the present K-shell implementation, the linear form in Eq. (10) is retained as the effective baseline
shell law because it provides the numerically stable shell-scale bridge across the full sequence, while
the holonomy decomposition in Eq. (11) supplies the geometric interpretation.

The Vajra shell structure defines allowed bands

Bµ = (2, 2µ + 6, 2µ + 4, . . . , 6), (15)

and each element occupies a band position b(Z). The band index is assigned by locating the shell
order µ and then mapping the shell-local position of Z into the corresponding band segment of Bµ.

For example,
B−1 = (2), B0 = (2, 6), B1 = (2, 8, 6),
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so the first shell carries only the two-space initiation band, the next shell introduces the terminal
six-space closure, and the following shell inserts the intermediate eight-space band between the
polar initiation and terminal closure. The explicit b(Z) values used in the calculation are recorded
in the appendix table.

The calculator shows that topology cannot be used as a dominant multiplier such as b/6. Instead, it
enters as a small residual near unity:

Topo(Z) = 1 + δ
b(Z) − 6

6 , (16)

with calibrated value

δ ≈ 0.01. (17)

Thus, topology is not the primary shell scaling. It is a fine geometric modulation of the smooth shell
law. Direct use of b/6 as a dominant shell multiplier was found to over-amplify the discrete band
structure and destabilize the K-shell sequence, whereas the residual form preserves the geometric
interpretation while maintaining numerical stability.

6 Nuclear Compression Correction

Define the nuclear magic numbers

M = {2, 8, 20, 28, 50, 82, 126}. (18)

Define nuclear compression deviation

Γn(Z, N) = min
m∈M

|Z − m| + min
m∈M

|N − m|. (19)

The compression correction is

Ψn = 1 + ϵΓn, (20)

with calibrated value

ϵ = 0.0020. (21)

This term remains subdominant across the table, but it improves the heavy-element tail and encodes
the coupling between boundary closure and internal nuclear structure.
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7 Helium Pairing Correction

The calculator indicates that the two-electron closure correction should be localized to helium rather
than applied universally:

Λ2e(Z) =
{

1 + χ, Z = 2,

1, otherwise,
(22)

where χ is the helium pairing constant, with calibrated value

χ = 0.12. (23)

This isolates the anomalous closed-pair correction to the one atomic system that requires it.

8 Final Binding Energy Law

Combining the shell baseline, topology residual, compression correction, and helium pairing correction
gives

Hshell(Z, N) = k(Z) Topo(Z) (1 + ϵΓn(Z, N)) Λ2e(Z). (24)

Substituting Eq. (24) into the published core gives the final working law:

BE1s(Z, N) = re

a0

√
Z2 + 1 − 1√
Z2 + 1 + 1

Au

2λC eemax2 Z2 2Z
√

2
(

1 + 9
ge

Z−9/ge

)
k(Z) Topo(Z) (1 + ϵΓn(Z, N)) Λ2e(Z)

(25)

This is the form implemented in the final calculator.

9 Interpretation

Binding energy decomposes as

Binding Energy = Confinement × Shell Law × Topology × Compression.

Specifically:

• QMU core in Eq. (9) → Aether confinement,
• k(Z) → smooth shell scaling law,
• Topo(Z) → boundary topology residual,
• Γn(Z, N) → nuclear compression deviation,
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• Λ2e(Z) → helium pairing correction.

The calculator establishes a clear hierarchy: the confinement core dominates, the shell law provides
the main modulation, and topology and compression provide few-percent refinements.

10 Validation Against Measured Data

Using a neon anchor (Z = 10) for normalization, the final calculator was evaluated across Z = 1–92
against measured K-shell binding energies in eV drawn from tabulated experimental data Deslattes
et al. [2005]. Neon was chosen rather than hydrogen because the closed-shell neon state provides a
more representative confinement anchor for the full K-shell sequence.

The final working configuration used

ϵ = 0.0020, (26)

together with the smooth shell baseline, continuous topology residual, and localized helium pairing
correction.

The resulting performance was:

• Mean Absolute Percentage Error (MAPE): 1.519%,
• Root Mean Square Error (RMSE): 756.474 eV,
• Maximum absolute percentage error: about 5% (nitrogen),
• Typical heavy-element accuracy: about 1–2%.

The calibration choices used in the final working calculator were:

Anchor state neon (Z = 10)
Shell baseline k(Z) = 0.748 + 0.0028Z
Topology residual δ ≈ 0.01
Compression strength ϵ = 0.0020
Pairing correction helium only, χ = 0.12

These results show that the equation reproduces the full K-shell binding-energy trend across the
periodic table without divergence and with a stable residual structure.

11 Discussion

The final calculator output shows that the model no longer behaves like a broad empirical fit. It
behaves like a lawful confinement equation with secondary corrections.

Several conclusions follow.

First, the dominant binding-energy scale is not supplied by topology or nuclear compression. Those
factors are too small. The scale is set by the QMU confinement core.
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Second, shell structure must enter through a smooth baseline law rather than a large discrete band
multiplier. Direct use of b/6 as a shell factor destabilizes the equation, whereas the small continuous
residual Topo(Z) preserves the band interpretation while maintaining numerical stability.

Third, the helium anomaly is real but localized. It does not justify a universal pairing factor. A
helium-only correction is sufficient.

Fourth, the final residuals suggest that atomic binding is fundamentally a geometric closure condition.
Electrostatic language is a bridge description, but the working hierarchy is geometric: confinement
first, shell modulation second, topology and compression last.

The heavy-element tail remains very accurate but shows a mild residual structure in the actinide
region. A likely source is that the present compression correction tracks only magic-number deviation
and does not yet include additional finite-nuclear-size or relativistic contributions to the core. Those
effects are evidently small at the current level of accuracy, but they provide a natural direction for
future refinement.

Finally, the present calculator shows that the smooth shell law outperformed earlier attempts to
let the discrete shell recurrence act directly as the dominant numerical baseline. In the present
interpretation, the recurrence defines the structural shell geometry, while the linear shell law is the
effective K-shell bridge and the discrete Vajra structure survives through the topology residual.

12 Conclusion

Electron binding energy is a direct observable of Aether boundary closure.

The present formulation:

• preserves the published QMU confinement core,
• restores the smooth shell law as the dominant non-core modulation,
• identifies the shell baseline with a holonomy interpretation,
• reduces topology to a small continuous residual,
• incorporates nuclear compression explicitly with calibrated strength,
• localizes the two-electron pairing correction to helium,
• reproduces measured K-shell binding energies with MAPE near 1.5%.

Thus, atomic binding is not an emergent electrostatic effect, but a geometric closure condition
within the Aether. The calculator confirms that the periodic table does not require a separate
orbital ontology to explain binding energies; rather, the observable structure is governed by a single
confinement law with secondary shell and compression corrections.

A Final Results Table

The following table records the final calculator output in eV using the neon anchor, the smooth
shell baseline, the continuous topology residual, and ϵ = 0.0020.
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Table 1: Final QMU 1s binding-energy results compared with
measured K-shell values.

Z El N b Topo Γn Hshell Predicted (eV) Measured (eV) % Error

1 H 1 2 0.993 2 0.749 13.097 13.600 -3.700
2 He 2 2 0.993 0 0.838 23.969 24.600 -2.566
3 Li 3 2 0.993 2 0.754 53.610 54.700 -1.993
4 Be 4 2 0.993 4 0.760 107.013 111.500 -4.025
5 B 5 2 0.993 6 0.766 181.550 188.000 -3.431
6 C 6 2 0.993 4 0.766 275.364 284.200 -3.109
7 N 7 2 0.993 2 0.766 389.228 409.900 -5.043
8 O 8 6 1.000 0 0.770 526.606 543.100 -3.037
9 F 9 6 1.000 2 0.776 686.942 696.700 -1.401

10 Ne 10 6 1.000 4 0.782 870.200 870.200 +0.000
11 Na 11 6 1.000 6 0.788 1076.860 1070.800 +0.566
12 Mg 12 6 1.000 8 0.794 1307.404 1303.000 +0.338
13 Al 13 6 1.000 10 0.800 1562.322 1559.600 +0.175
14 Si 14 6 1.000 12 0.806 1842.104 1839.000 +0.169
15 P 15 6 1.000 10 0.806 2130.535 2145.500 -0.697
16 S 16 8 1.003 8 0.808 2447.955 2472.000 -0.973
17 Cl 17 8 1.003 6 0.808 2779.147 2822.400 -1.532
18 Ar 18 8 1.003 4 0.807 3131.159 3205.900 -2.331
19 K 19 6 1.000 2 0.804 3492.293 3608.400 -3.218
20 Ca 20 6 1.000 0 0.804 3884.462 4038.500 -3.814
21 Sc 24 6 1.000 5 0.815 4357.600 4492.000 -2.992
22 Ti 25 6 1.000 5 0.818 4816.267 4966.000 -3.015
23 V 26 6 1.000 5 0.821 5299.530 5465.000 -3.028
24 Cr 28 6 1.000 4 0.822 5796.112 5989.000 -3.221
25 Mn 29 6 1.000 4 0.825 6328.180 6539.000 -3.224
26 Fe 30 10 1.007 4 0.833 6931.365 7112.000 -2.540
27 Co 31 10 1.007 4 0.836 7517.968 7709.000 -2.478
28 Ni 32 10 1.007 4 0.839 8130.400 8333.000 -2.431
29 Cu 33 8 1.003 6 0.842 8774.532 8979.000 -2.277
30 Zn 34 8 1.003 8 0.848 9477.034 9659.000 -1.884
31 Ga 36 8 1.003 11 0.856 10231.544 10367.000 -1.307
32 Ge 37 8 1.003 13 0.862 10999.978 11103.000 -0.928
33 As 38 8 1.003 15 0.868 11801.536 11867.000 -0.552
34 Se 39 8 1.003 17 0.875 12636.766 12658.000 -0.168
35 Br 40 8 1.003 17 0.878 13454.175 13474.000 -0.147
36 Kr 41 8 1.003 17 0.881 14299.821 14326.000 -0.183
37 Rb 43 6 1.000 16 0.879 15094.268 15200.000 -0.696
38 Sr 44 12 1.010 16 0.891 16152.258 16105.000 +0.293
39 Y 45 12 1.010 16 0.893 17088.365 17038.000 +0.296
40 Zr 46 12 1.010 14 0.893 17983.785 17998.000 -0.079
41 Nb 47 10 1.007 12 0.889 18838.631 18986.000 -0.776
42 Mo 48 10 1.007 10 0.889 19774.448 20000.000 -1.128
43 Tc 49 10 1.007 8 0.888 20731.765 21044.000 -1.484
44 Ru 51 10 1.007 7 0.889 21753.363 22117.000 -1.644
45 Rh 52 10 1.007 7 0.892 22845.581 23220.000 -1.612
46 Pd 53 10 1.007 7 0.895 23967.831 24350.000 -1.569
47 Ag 54 10 1.007 7 0.898 25120.339 25514.000 -1.543
48 Cd 55 10 1.007 7 0.901 26303.330 26711.000 -1.526
49 In 56 10 1.007 7 0.904 27517.030 27940.000 -1.514
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Z El N b Topo Γn Hshell Predicted (eV) Measured (eV) % Error

50 Sn 57 10 1.007 7 0.906 28761.662 29200.000 -1.501
51 Sb 66 8 1.003 17 0.924 30528.483 30491.000 +0.123
52 Te 68 14 1.013 16 0.934 32112.304 31814.000 +0.938
53 I 69 14 1.013 16 0.937 33483.873 33169.000 +0.949
54 Xe 70 14 1.013 16 0.940 34888.055 34561.000 +0.946
55 Cs 72 12 1.010 15 0.938 36135.424 35985.000 +0.418
56 Ba 73 12 1.010 15 0.941 37597.847 37441.000 +0.419
57 La 74 12 1.010 15 0.944 39093.401 38925.000 +0.433
58 Ce 75 12 1.010 15 0.947 40622.313 40443.000 +0.443
59 Pr 77 12 1.010 14 0.948 42102.902 41991.000 +0.266
60 Nd 78 12 1.010 14 0.951 43696.121 43569.000 +0.292
61 Pm 79 12 1.010 14 0.954 45323.322 45184.000 +0.308
62 Sm 81 12 1.010 13 0.955 46893.322 46834.000 +0.127
63 Eu 82 12 1.010 13 0.958 48585.872 48519.000 +0.138
64 Gd 83 12 1.010 15 0.965 50509.174 50239.000 +0.538
65 Tb 84 12 1.010 17 0.971 52481.043 51996.000 +0.933
66 Dy 86 12 1.010 20 0.980 54607.132 53789.000 +1.521
67 Ho 87 10 1.007 20 0.980 56278.103 55618.000 +1.187
68 Er 88 16 1.017 20 0.992 58742.976 57486.000 +2.187
69 Tm 90 16 1.017 21 0.997 60801.966 59390.000 +2.377
70 Yb 91 16 1.017 21 1.000 62784.761 61332.000 +2.369
71 Lu 92 14 1.013 21 1.000 64592.088 63314.000 +2.019
72 Hf 94 14 1.013 22 1.005 66770.297 65351.000 +2.172
73 Ta 95 14 1.013 22 1.008 68861.950 67416.000 +2.145
74 W 96 14 1.013 22 1.011 70991.259 69525.000 +2.109
75 Re 98 14 1.013 23 1.015 73298.606 71676.000 +2.264
76 Os 99 14 1.013 23 1.018 75508.149 73871.000 +2.216
77 Ir 100 14 1.013 23 1.021 77756.119 76111.000 +2.161
78 Pt 101 14 1.013 23 1.024 80042.751 78395.000 +2.102
79 Au 103 14 1.013 24 1.029 82525.771 80725.000 +2.231
80 Hg 104 14 1.013 24 1.032 84894.948 83102.000 +2.158
81 Tl 105 14 1.013 22 1.031 86970.344 85530.000 +1.684
82 Pb 107 14 1.013 19 1.028 88895.440 88005.000 +1.012
83 Bi 128 14 1.013 3 0.999 88543.400 90524.000 -2.188
84 Po 129 14 1.013 5 1.006 91332.118 93105.000 -1.904
85 At 131 12 1.010 8 1.012 94054.546 95730.000 -1.750
86 Rn 132 18 1.020 10 1.029 97916.047 98404.000 -0.496
87 Fr 134 18 1.020 13 1.038 101103.616 101137.000 -0.033
88 Ra 136 18 1.020 16 1.047 104362.446 103922.000 +0.424
89 Ac 137 16 1.017 18 1.050 107134.715 106755.000 +0.356
90 Th 139 16 1.017 21 1.059 110522.464 109651.000 +0.795
91 Pa 140 16 1.017 23 1.066 113766.471 112601.000 +1.035
92 U 142 16 1.017 26 1.076 117297.273 115606.000 +1.463

A.1 Graphical Comparison
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Figure 1: QMU predicted 1s (K-shell) binding energies compared with experimental values (top)
and the corresponding percentage residuals (bottom). The model achieves a MAPE of 1.519% across
Z = 1–92, with most residuals lying within ±3%.
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