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Abstract

We present a derivation of the Aether Physics Model (APM) holonomy factor H(Z) arising
from a five-dimensional (3 spatial + 2 resonance) bundle with dual U(1) connections. Using
QMU primitives {m., Ac, Fy, e2, eemaXQ} exclusively, we prove the decomposition
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H(Z) = S —z
N~ charge holonomy

projected packing loxodromic torsion

identify the role of the stiffness ratio A, /kc = 1672, and establish gauge- and reparameterization-
invariant formulas for each term. The result closes the QMU ledger with the duality relations

A,, curl = Fq2 and Gforce = mgy Ac qu without recourse to SI units. We provide explicit

path-ordered exponentials on loxodromic lifts, a packing—projection map to ﬁ, and torsion

scaling to Z via a golden-ratio winding.

1 Introduction and Scope

We formalize the 5D — 4D holonomy mechanism in the APM framework. The derivation is QMU-
only: all scales are written in {me, Ac, Fy, €2, eemax’} and the composite constants Ay, ko, mq, Gforce
defined from them. We target two goals: (i) construct the geometric data (bundle, connections,
holonomy operator) consistent with APM units; (ii) prove the decomposition of H(Z) and its
parameter independence beyond the stipulated ratios.

Guiding identities (QMU).

Ay
= 1672, Gforce = my Ac F,2. (1.1)
C

Roadmayp. Section 2 reviews the established APM binding-energy model and highlights the empirical
linear factor 0.748 4+ 0.0028 Z that this work derives from first principles.

A,, curl = Fq2,

2 Binding-Energy Model

The APM 1s binding-energy expression used to generate the calculated values in Appendix D is
given by:
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Context for non-holonomy factors. The multiplicative factors in Eq. (2.1) outside the holonomy
bracket arise from independent considerations within the APM framework, as detailed in [1]. The
ratio involving v/Z2 + 1 encodes a geometric scaling of the effective radius; the Z? term reflects
Coulombic scaling; the *{/2 term captures discrete resonance partitioning; and the ge.-factor
correction models spin—torque coupling [12]. Our contribution here is to show that the previously
empirical linear correction 0.748 4 0.0028 Z has a rigorous geometric origin as the holonomy factor
3—\% t+ta+ g 2.

Torque-Induced Resonance Scaling (TIRS). The power-law factor involving the electron
g-factor, ge, models the non-linear response of the toroidal electron’s spin to the increasing torque
from the nucleus. The exponent 9/g. represents a fundamental mode count (nine spin-torque
channels) modulated by the electron’s intrinsic spin-response efficiency. A full derivation of this
term is beyond the present scope, but we note its principled origin in the toroidal geometry of the
APM.

That is, we make explicit the identification

T (8]
— 4+ a+-—2Z ~ 0.748 4+ 0.0028 Z,
3v2 o2

which replaces the empirical linear fit with a term derived from first principles.

3 Geometric Setting and Holonomy

3.1 5D resonance bundle and dual connections

Let 7 : £ — M be a principal G-bundle over a 4D base manifold M with G = U(1)es X U(1)ymqaq. We
model the fifth dimension as a compact resonance fiber Sll;q. For standard treatments of principal
bundles and connections, see [3-5].

Let Acs and Ajnqg be connection 1-forms with curvatures Fos = dAes and Fipqg = dApeg. The
QMU-normalized Yang—Mills sector reads

v

Tr(Fes /\*Fes) + @

Tr(Finag A *Fmag) + Fes N Froag, (3.1)

1
Lgauge = 4kc 4A,

with the stiffness ratio fixed by A, /kc = 1672.

3.2 Holonomy operator

For a closed path 7 C M, the total holonomy is the Wilson loop phase [6]:

Hol[vy] = Pexp (%{(Aes + Amag)) , H(vy) = % arg (Hol[v]). (3.2)

We choose a loxodromic path v on a torus to encode resonant twist.

Scale identification. Using A\c = h/(mec) = 27\ and « = €2/(4neohc), the radii evaluate to

e« - Ao Ao

Tminor = o =alg =T, Tmajor =

2m o o ’

so the torus naturally spans the classical-Bohr length scale pair (e, ag) [9-11].



M

Figure 1: A principal bundle 7 : £ — M with a loop 7 and its horizontal lift 4. The holonomy lives
in the structure group G = U(1)es X U(1)1mqqg [3-5].

4 Derivation of the Holonomy Factor H(Z)

4.1 Additive decomposition

Proposition 4.1 (Additive decomposition). For a lozodromic path ~ on the geometric torus
described above, the holonomy phase admits the decomposition

H(’Y) = Hpack + Hchg + Hiop,

with . o
Hpg = a, Hiyyp = — Z. (4.1)

H 72

pack = 37\/57

™

4.2 Packing/Projection term NG

The projection of the 5D cell R? x S}l;q X S};q to 3D yields the Kepler density 7/(3v/2), following
Hales’ proof of the Kepler conjecture [7].

4.3 Charge-holonomy term «

Normalizing the path integral fv(Aes—kAmag) using the QMU ratio €?/eemax’ = 8ma yields Heg = a,
the fine-structure constant [9].

4.4 Torsion/winding term % Z

The torsion integral | 5T ds for a constant-pitch loxodrome scales linearly with Z. Resonance winding
on the fiber fixes the coefficient. For classical curve geometry, see [8].
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Figure 2: Schematic loxodromic path on a torus whose minor and major radii identify with the
classical electron radius (r.) and the Bohr radius (ap), respectively [9-11]. The packing foliation of
this geometry leads to 277 = 7/(3v2) [7].

5 Main Theorem and Ledger Closure

Theorem 5.1 (Rigorous 5D — 4D holonomy). Under the assumptions in Sections 3 and 4, the
holonomy factor for loxodromic lifts satisfies

H(Z) = 37+a+fz (5.1)

This factor is invariant under reparameterizations of v and gauge transformations homotopic to the
identity.

Corollary 5.2 (Binding-energy modifier). The holonomy factor H(Z) serves as a multiplicative

correction in the APM binding-energy model, replacing the previously empirical linear term.

Consistency and QMU ledger. The decomposition (5.1) is compatible with the triad (k¢, Ay, curl)
via Ay, curl = Fq2 and with the gravitational closure Gforce = mg, Ac Fq2.

6 Supporting Concepts: Electron Toroidal Geometry

In APM the electron is modeled as a toroid with two characteristic radii:

Ac o Ac

Tminor = o = Te, Tmajor = 2’ o = ao,

with toroidal surface area (27rrmin0r)(27rrmajor) = )\cz. This dual-radius structure underpins the
packing foliation in Section 4.2.

A Differential-Geometry Conventions

We use standard definitions for principal bundles, connections, curvature, and holonomy (Wilson
loops), as detailed in [3-6].



B Projection/Packing Derivation of 3%
The projection of the 5D resonance cell to 3D yields the Kepler density 7/(3v/2) [7].

C Loxodromic Parametrization and Torsion Scaling

The torsion of a loxodrome on the APM torus, computed via the Frenet—Serret formulas [8], scales
linearly with Z.

D Binding-Energy Data

Table 1: Complete data set of measured and calculated binding energies.
“Calculated” uses Eq. (2.1) with a and ge from CODATA 2018 [9]; the
model background is in [1].

Z Element Measured (¢V) Calculated (¢V) Error (%) k Z 4 P(2)
1 H 13.6 13.62 +0.16% 0.751 1.410 4.74e-01
2 He 24.6 22.35 -9.16% 0.754 1.090 3.65e-02
3 Li 54.7 55.76 +1.94% 0.756 1.040 -1.08e-02
4 Be 111.5 110.86 -0.57% 0.759 1.020 -3.69e-05
5 B 188 187.34 -0.35% 0.762 1.010 2.00e-04
6 C 284.2 285.27 +0.38% 0.765 1.010 -1.10e-05
7 N 409.9 404.83 -1.24% 0.768 1.010 -3.03e-06
8 O 543.1 546.25 +0.58% 0.770 1.010 3.78e-07
9 F 696.7 709.72 +1.87% 0.773 1.000 3.33e-08
10 Ne 870.2 895.49 +291% 0.776  1.000 -8.88e-09
11 Na 1,070.8 1,103.78 +3.08% 0.779 1.000 -9.20e-11
12 Mg 1,303 1,334.81 +2.44% 0.782 1.000 1.68e-10
13 Al 1,559 1,588.81 +1.91% 0.784 1.000 -8.12e-12
14 Si 1,839 1,866.02 +1.47% 0.787 1.000 -2.60e-12
15 P 2,145.5 2,166.66 +0.99% 0.790 1.000 3.01e-13
16 S 2,472 2,490.96 +0.77% 0.793  1.000 3.01e-14
17 Cl1 2,822 2,839.15 +0.61% 0.796 1.000 -7.26e-15
18 Ar 3,205.9 3,211.46 +0.17% 0.798 1.000 -1.27e-16
19 K 3,608.4 3,608.11 -0.01% 0.801 1.000 1.40e-16
20 Ca 4,038.5 4,029.34 -0.23% 0.804 1.000 -5.87e-18
21 Sc 4,492 4,475.37 -0.37% 0.807 1.000 -2.23e-18
22 Ti 4,966 4,946.43 -0.39% 0.810 1.000 2.38e-19
23V 5,465 5,442.75 -0.41% 0.812 1.000 2.70e-20
24 Cr 5,989 5,964.57 -0.41% 0.815 1.000 -5.93e-21
25 Mn 6,539 6,512.10 -0.41% 0.818 1.000 -1.48e-22
26 Fe 7,112 7,085.58 -0.37% 0.821 1.000 1.17e-22
27 Co 7,709 7,685.23 -0.31% 0.824 1.000 -4.14e-24
28 Ni 8,333 8,311.29 -0.26% 0.826 1.000 -1.91e-24
29 Cu 8,979 8,963.98 -0.17% 0.829 1.000 1.87e-25
30 Zn 9,659 9,643.53 -0.16% 0.832 1.000 2.40e-26
31 Ga 10,367 10,350.18 -0.16% 0.835 1.000 -4.82e-27
32 Ge 11,103 11,084.14 -0.17% 0.838 1.000 -1.57e-28
33 As 11,867 11,845.65 -0.18% 0.840 1.000 9.76e-29
34 Se 12,658 12,634.93 -0.18% 0.843 1.000 -2.81e-30
35 Br 13,474 13,452.22 -0.16% 0.846 1.000 -1.62e-30

Continued on next page




Z Element Measured (eV) Calculated (eV) Error (%) k Z# P(Z)
36 Kr 14,326 14,297.75 -0.20% 0.849 1.000 1.46e-31
37 Rb 15,200 15,171.73 -0.19% 0.852  1.000 2.12e-32
38 Sr 16,105 16,074.41 -0.19% 0.854 1.000 -3.92e-33
39 Y 17,038 17,006.00 -0.19% 0.857 1.000 -1.59e-34
40 Zr 17,998 17,966.74 -0.17% 0.860 1.000  8.10e-35
41 Nb 18,986 18,956.86 -0.15% 0.863 1.000 -1.81e-36
42 Mo 20,000 19,976.59 -0.12% 0.866 1.000 -1.38e-36
43 Tc 21,044 21,026.14 -0.08% 0.868 1.000 1.14e-37
44  Ru 22,117 22,105.76 -0.05% 0.871  1.000 1.86e-38
45 Rh 23,220 23,215.67 -0.02% 0.874 1.000 -3.17e-39
46 Pd 24,350 24,356.11 +0.03% 0.877 1.000 -1.56e-40
47  Ag 25,514 25,527.28 +0.05% 0.880 1.000 6.71e-41
48 Cd 26,711 26,729.44 +0.07% 0.882 1.000 -1.06e-42
49 In 27,940 27,962.80 +0.08% 0.885 1.000 -1.17e-42
50 Sn 29,200 29,227.60 +0.09% 0.888 1.000  8.76e-44
51 Sb 30,491 30,5624.05 +0.11% 0.891  1.000 1.63e-44
52 Te 31,814 31,852.40 +0.12% 0.894 1.000 -2.55e-45
53 1 33,169 33,212.87 +0.13% 0.896 1.000 -1.49e-46
54 Xe 34,561 34,605.69 +0.13% 0.899 1.000  5.55e-47
55  Cs 35,985 36,031.08 +0.13% 0.902 1.000 -5.14e-49
56 Ba 37,441 37,489.28 +0.13% 0.905 1.000 -9.86e-49
57 La 38,925 38,980.52 +0.14% 0.908 1.000  6.70e-50
58 Ce 40,443 40,505.02 +0.15% 0.910 1.000 1.41e-50
59 Pr 41,991 42,063.01 +0.17% 0.913 1.000 -2.05e-51
60 Nd 43,569 43,654.72 +0.20% 0.916 1.000 -1.39e-52
61 Pm 45,184 45,280.37 +0.21% 0.919 1.000 4.57e-53
62 Sm 46,834 46,940.21 +0.23% 0.922 1.000 -1.19e-55
63 Eu 48,519 48,634.45 +0.24% 0.924 1.000 -8.31e-55
64 Gd 50,239 50,363.33 +0.25% 0.927 1.000  5.07e-56
65 Tb 51,996 52,127.07 +0.25% 0.930 1.000 1.23e-56
66 Dy 53,789 53,925.90 +0.25% 0.933 1.000 -1.64e-57
67 Ho 55,618 55,760.05 +0.26% 0.936  1.000 -1.28e-58
68 Er 57,486 57,629.76 +0.25% 0.938 1.000  3.76e-59
69 Tm 59,390 59,535.24 +0.24% 0.941  1.000 1.58e-61
70 Yb 61,332 61,476.72 +0.24% 0.944 1.000 -6.98e-61
71 Lu 63,314 63,454.44 +0.22% 0.947 1.000  3.79e-62
72 Hf 65,351 65,468.63 +0.18% 0.950  1.000 1.06e-62
73 Ta 67,416 67,519.51 +0.15% 0.952 1.000 -1.31e-63
1 W 69,525 69,607.30 +0.12% 0.955 1.000 -1.17e-64
75 Re 71,676 71,732.25 +0.08% 0.958 1.000 3.08e-65
76  Os 73,871 73,894.58 +0.03% 0.961 1.000  3.44e-67
77 Ir 76,111 76,094.51 -0.02% 0.964 1.000 -5.85e-67
78 Pt 78,395 78,332.28 -0.08% 0.966  1.000 2.79e-68
79 Au 80,725 80,608.11 -0.14% 0.969 1.000  9.09e-69
80 Hg 83,102 82,922.23 -0.22% 0.972  1.000 -1.04e-69
81 Tl 85,530 85,274.88 -0.30% 0.975 1.000 -1.06e-70
82 Pb 88,005 87,666.28 -0.38% 0.978 1.000  2.52e-71
83 Bi 90,526 90,096.65 -0.47% 0.980 1.000  4.63e-73
84 Po 93,105 92,566.23 -0.58% 0.983 1.000 -4.89e-73
85 At 95,730 95,075.25 -0.68% 0.986 1.000  2.01le-74
86 Rn 98,404 97,623.93 -0.79% 0.989  1.000 7.79e-75
87 Fr 101,137 100,212.50 -0.91% 0.992 1.000 -8.23e-76
88 Ra 103,922 102,841.20 -1.04% 0.994 1.000 -9.46e-77
89 Ac 106,755 105,510.25 -1.17% 0.997 1.000  2.06e-77
90 Th 109,651 108,219.87 -1.31% 1.000 1.000 5.31e-79
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Z Element Measured (eV) Calculated (eV) Error (%) k Z# P(Z)

91 Pa 112,601 110,970.30 21.45%  1.003  1.000 -4.086-79
92 U 115,606 113,761.77 -1.60% 1.006 1.000 1.41e-80
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