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Abstract

We develop a fully QMU–ledger closed nuclear shell model derived directly from Aether
holonomy. A single curvature quantization rule, Iκ,s = s − 1, generates all shell spins ja,s = s − 1

2
and jb,s = s − 3

2 , the capacities Ns = 4s − 2, and the cumulative closures 2S2 that underlie
nuclear magic numbers. Torsion Iτ,s,x = ±∆s,x appears as a geometric control parameter that
determines a/b splitting, isotopic g-factor variations, and the onset of deformation.

We derive QMU nuclear g-factors and magnetic moments from the same holonomy coefficients
(cκ, cτ ) that describe single-particle magnetic structure, providing a unified QMU pipeline from
curvature–torsion invariants to nuclear observables. A calibration procedure is given, based
solely on particle g-factors, enabling fully QMU numerical predictions.

An explicit holonomy–to–Vajra mapping algorithm is introduced, demonstrating that elec-
tronic block boundaries follow from the same curvature ladder that structures nuclear shells.
Finally, we outline first QMU links to binding energy and nuclear radii via curvature index S
and torsion imbalance ∆s,x.

The result is a QMU-consistent, holonomy-driven nuclear framework that unifies shell struc-
ture, magnetic moments, electronic periodicity, and prospective binding-energy and radius laws
under a single geometric principle.

Keywords: QMU; Aether Physics Model; nuclear shells; holonomy; curvature; torsion; nuclear
g-factors; magnetic moments; Vajra periodic table; Pauling-sphere table; binding energy; nuclear
radii; distributed charge; chronovibration

1 Introduction

Institutional attribution follows the QADI reference identity Thomson III (2025). In conventional
nuclear physics, shell structure is described by models that introduce distinct effective degrees
of freedom—mean-field orbitals, spin–orbit couplings, pairing terms, deformation parameters—
none of which arise from a single underlying principle.Krane (1987); Bohr and Mottelson (1969);
Goeppert-Mayer and Jensen (1955)
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In the Aether Physics Model (APM), expressed entirely in QMU, the geometric structure of the
Aether unit provides this missing foundation.Thomson and Bourassa (2024) Particles appear as
loxodromic mass–charge windings characterized by curvature and torsion invariants.Thomson and
Bourassa (2024) These same invariants explain the magnetic structure of the electron and proton,
and in this paper we show that they also generate the entire nuclear shell hierarchy.

The central postulate is a curvature quantization, Iκ,s = s − 1, which produces: (i) the shell
spins (ja,s, jb,s) = (s − 1

2 , s − 3
2), (ii) the degeneracies Ns = 4s − 2, and (iii) the cumulative closures

2S2 that underlie nuclear magic numbers. Torsion Iτ,s,x supplies an additional controlled degree
of freedom that determines a/b subshell splitting, isotopic g-factor variations, and the onset of
deformation.Pauling (1965a,b)

We extend APM holonomy methods to the nuclear sector, deriving QMU nuclear g-factors
and magnetic moments from the same holonomy coefficients (cκ, cτ ) that govern single-particle
g-factors.Thomson and Bourassa (2024) This yields a fully QMU, single-ledger pipeline from Aether
geometry to nuclear observables.

We then introduce a holonomy–to–Vajra mapping algorithm that quantitatively connects nuclear
curvature ladders to the block structure of the Vajra and Pauling-sphere periodic tables.Thomson
(2018, 2010a,b) Finally, we outline first principles QMU prospects for nuclear binding energy and
nuclear radii based on curvature index S and torsion imbalance ∆s,x.

The result is a unified, holonomy-driven nuclear framework that ties shell structure, magnetic
moments, electronic periodicity, and geometric energy scaling into a single QMU ledger.

2 Method / Derivation

2.1 Holonomy as the organizing principle

In APM, every particle is represented as a loxodromic curve within the Aether. A curve in space
is characterized by its curvature κ and torsion τ . Curvature measures how sharply a curve bends,
while torsion measures how the curve twists out of any given plane. For a closed curve, the total
bending and twisting over one loop define holonomy invariants: they count how many geometric
“turns” are accumulated.

These invariants are particularly natural in QMU because they are dimensionless and map cleanly
onto winding numbers. They already appear in the APM treatment of the electron and proton
g–factors through integrals of κ and τ along a closed centerline.Thomson and Bourassa (2024) Here
we extend that machinery to nuclear shells.

2.2 Equal–area law for nuclear centerlines

For a nucleon species x ∈ {p, n}, we use the QMU primitives

mx, λC,x, Fq, e2, eemax
2, Au.

The QMU angular–momentum unit is

angmx = mx λ2
C,x Fq.

A nuclear shell s of species x is modeled as a closed centerline γs,x with tube radius rt,s,x and arc
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length Ls,x, constrained by the equal–area law

4π2rt,s,xLs,x = λ2
C,x. (1)

This is the same structure used in the APM g–factor work: the product of tube radius and length
is fixed by the species–specific Compton wavelength.Thomson and Bourassa (2024) Equation (1)
ensures that each nuclear shell uses a fixed “budget” of Aether fabric, maintaining ledger closure.

Nuclear Aether Tube

Loxodromic Centerline γs,x

Figure 1: Closed loxodromic Aether mode representing a nuclear shell. The curvature and
torsion invariants Iκ,s,x and Iτ,s,x are defined along the centerline γs,x. The equal–area constraint
4π2rt,s,xLs,x = λ2

C,x fixes the tube geometry in QMU.

2.3 Curvature and torsion invariants

Given a centerline γs,x, we define the dimensionless holonomy invariants

Iκ,s,x = 1
4π

∮
γs,x

κ dℓ, Iτ,s,x = 1
4π

∮
γs,x

τ dℓ. (2)

Here κ and τ are the curvature and torsion along γs,x, and dℓ is the arc–length element. These
integrals count, in units of 4π, how many full turns of bending and twisting occur around the loop.

We also define a projection factor Rs,x, which encodes how the centerline orientation projects
into an experimental axis:

Rs,x =
〈

sin
(

θs,x

radQMU

)〉−1

, (3)

where θs,x is the polar angle of the tangent. This has the same form as the factor used in the APM
g–factor derivation.Thomson and Bourassa (2024)

2.4 Curvature quantization and shell index

The key postulate of this paper is that each nuclear shell corresponds to a distinct curvature sector:

Iκ,s,x = s − 1, s = 1, 2, 3, . . . . (4)
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κ

τ

Torsion Iτ,s,x shifts the shell into a/b modes: +∆s,x (a-channel) and −∆s,x (b-channel).

Figure 2: Curvature–torsion decomposition of nuclear shells. Curvature sets the shell index via
Iκ,s,x = s − 1. Torsion sets the a/b channel splitting through Iτ,a/b,s,x = ±∆s,x.

This is analogous to the way normal modes of a string are indexed: the ground mode has zero nodes,
the first excited mode has one, and so on. Here the “mode number” is given by the total curvature
winding Iκ,s,x.

Thus:

• shell s = 1 has Iκ,1,x = 0 (no full curvature turns),

• shell s = 2 has Iκ,2,x = 1 (one full curvature turn),

• shell s = 3 has Iκ,3,x = 2,

• and so on.

s = 1

s = 2

s = 3

s = 4

2

8

20

40

Nested holonomy shells. Curvature invariant Iκ,s = s − 1.

Figure 3: Nested Aether holonomy shells for s = 1, 2, 3, 4. Each shell is a distinct curvature sector
with Iκ,s = s − 1, spins ja,s = s − 1

2 , jb,s = s − 3
2 , and capacity Ns = 4s − 2 per species.

Torsion provides an additional degree of freedom, splitting each shell into two helicity channels:

Iτ,a,s,x = +∆s,x, Iτ,b,s,x = −∆s,x, (5)

with ∆s,x determined by the detailed loxodromic geometry and species–dependent coupling.
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shell coordinate

a-channel

b-channel

Iτ,a,s,x = +∆s,x, Iτ,b,s,x = −∆s,x

Figure 4: Torsion splitting of a nuclear shell into two helicity channels. Curvature is fixed by
Iκ,s,x = s − 1, but torsion takes opposite signs: Iτ,a,s,x = +∆s,x and Iτ,b,s,x = −∆s,x. These define
the a/b subshells and their distinct g–factors.

2.5 Shell spins from curvature holonomy

The curvature invariant Iκ,s,x plays the role of an orbital spin index for the nuclear shell: it counts
how many full curvature cycles are accumulated by the shell mode. Each nucleon also carries
intrinsic spin ±1

2 in QMU. The total QMU spin j of a nucleon in shell s is therefore the sum of an
orbital contribution Iκ,s,x and the intrinsic ±1

2 .
This coupling splits each shell into two channels:

ja,s,x = Iκ,s,x + 1
2 , jb,s,x = Iκ,s,x − 1

2 . (6)

Substituting the quantization rule (4) gives

ja,s = s − 1
2 , jb,s = s − 3

2 . (7)

For s = 1 this yields ja,1 = 1/2 and jb,1 = −1/2. The jb,1 state is non–occupiable (it has zero
degeneracy, see below), leaving only the s = 1 “1/2–shell” with two allowed states. This matches
the capacity N1,max = 4(1) − 2 = 2 and the empirical pattern of nucleon shell spins first emphasized
by Pauling.Pauling (1965a)

The corresponding QMU spin magnitudes are

Sa,s,x = ja,s,x angmx, Sb,s,x = jb,s,x angmx. (8)

2.6 Degeneracy and shell capacities

A spin j supports 2j + 1 distinct orientations. Applying this to the a and b channels gives

Na,s = 2ja,s + 1 = 2s, Nb,s = 2jb,s + 1 = 2s − 2. (9)

For s = 1, jb,1 = −1/2 yields Nb,1 = 0, which enforces the non–occupiability of that channel and
leaves only Na,1 = 2 states.
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The total capacity per shell and species is therefore
Ns,max = Na,s + Nb,s = 4s − 2. (10)

Summing over shells up to S gives the cumulative closure, which lines up with the canonical
magic-number pattern for closed shells.Krane (1987); Bohr and Mottelson (1969)

N≤S =
S∑

s=1
(4s − 2) = 2S2. (11)

These capacities and closures are exactly the numbers used in the APM periodic tables and in the
Pauling–sphere nuclear layering picture.Thomson (2018); Pauling (1965a)

s = 1

s = 2

s = 3

s = 4

N1 = 2

N2 = 6

N3 = 10

N4 = 14

Shell Capacities in QMU

Each shell satisfies Ns = 4s − 2.

Figure 5: QMU shell capacities: Ns = 4s − 2. This follows directly from holonomy quantization:
Iκ,s = s − 1 and spins ja = s − 1

2 , jb = s − 3
2 .

2.7 Holonomy g–factor and magnetic moments

The same holonomy machinery that produces the electron and proton g–factors extends naturally
to nuclear shells.Thomson and Bourassa (2024) We define a shell holonomy scalar

Hs,x = χx (cκIκ,s,x + cτ Iτ,s,x) , (12)
where

χx = e2

eemax2

and (cκ, cτ ) are dimensionless coefficients already calibrated in the single–particle sector.
The shell–level g–factor is then

gs,x = 2Rs,x

[
1 + Hs,x

16π2 + O
(
H2

s,x

)]
. (13)

For a valence nucleon of species x in a subshell with spin j, the QMU magnetic moment is
µs,j,x = gs,x χx j magmx, (14)

where magmx is the appropriate QMU magneton. Equations (4)–(14) provide a complete QMU
pipeline from shell index s and geometry (Iκ, Iτ ) to nuclear spins and magnetic moments.
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2.8 Torsion as a control parameter for nuclear fine structure

In the simplest approximation of Section 3, the shell g–factors are treated as slowly varying functions
of s so that ratios such as

µ̃(41Ca)
µ̃(17O) ≈ 5

3
are dominated by the spin ladder ja,3/ja,2 = (5/2)/(3/2). In reality, the torsion invariants Iτ,s,x

encode additional geometric information that can modulate gs,x and thereby produce fine structure
in nuclear g–factors and deformation patterns.

A convenient parametrization is

Iτ,s,x = ±∆s,x, ∆s,x = ∆1,x + αx(s − 1) + βx(s − 1)2 + . . . , (15)

where (αx, βx, . . . ) are small, dimensionless QMU coefficients controlling how torsion grows with
shell index. Substituting (15) into the holonomy scalar

Hs,x = χx (cκ(s − 1) + cτ Iτ,s,x)

gives a shell–dependent correction

δgs,x ≡ gs,x − 2Rs,x ≃ 2Rs,xχx

16π2 [cκ(s − 1) ± cτ ∆s,x] , (16)

where the ± sign corresponds to the a/b channel.
Three mechanisms then appear naturally:

1. Isotopic torsion splitting. Along an isotopic chain with the same shell index s but different
occupancies, small changes in the effective ∆s,x produce observable shifts in gs,x and hence in
µ̃s,j,x = gs,xχxj.Stone (2005, 2019)

2. a/b channel discrimination. For a fixed s and species x, the two helicity channels differ by
the sign of Iτ,s,x:

Iτ,a,s,x = +∆s,x, Iτ,b,s,x = −∆s,x.

Equation (16) then shows that ga,s,x and gb,s,x are split by a term proportional to cτ ∆s,x. This
provides a geometric origin for subshell g–factor differences in nuclei with the same (s, j) but
different helicity content.Krane (1987); Bohr and Mottelson (1969)

3. Onset of deformation. For large s the torsion series (15) can drive Hs,x away from the
small–correction regime, |Hs,x| ≪ 16π2. In this case the higher–order terms in (13) become
important and the simple spherical shell picture breaks down. This suggests that the onset of
quadrupole or higher nuclear deformation is a holonomy–driven phenomenon: it occurs when
torsion becomes too large for the spherical Hs,x expansion to remain perturbative.Bohr and
Mottelson (1969)

In this way, the torsion index Iτ,s,x is not merely a bookkeeping device; it is a QMU control
parameter that tunes fine structure in nuclear magnetic properties and the transition from spherical
to deformed Aether modes.
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3 Results

We apply the holonomy–shell framework to six isotopes spanning the nuclear chart: three stable
(4He, 16O, 40Ca) and three unstable (17O, 41Ca, 131I).Krane (1987); Stone (2005) For each isotope
we:

1. identify the highest filled shell s for protons and neutrons;

2. determine whether any valence nucleon occupies an a or b channel;

3. compute the QMU spin S = j angmx and symbolic QMU magnetic moment µs,j,x.

All expressions remain in QMU; no SI units are introduced.

3.1 Closed–shell benchmarks: 4He, 16O, 40Ca

For 4He, both protons and neutrons occupy only the s = 1 shell. The shell has spins ja,1 = 1/2 and
jb,1 = −1/2, but the nuclear configuration is fully paired. In the holonomy picture, the curvature
invariant Iκ,1 = 0 implies no net curvature winding, and all torsion contributions cancel in pairs.
The predicted QMU nuclear spin is therefore zero, and the net magnetic moment in QMU is also
zero:

µ(4He) = 0.

For 16O, both proton and neutron shells are filled through s = 2. The relevant shell spins are
ja,2 = 3/2 and jb,2 = 1/2. All states in these channels are paired, so again the net nuclear spin and
magnetic moment vanish in QMU:

µ(16O) = 0.

The cumulative capacity
N≤2 = N1,max + N2,max = (2) + (6) = 8

per species matches the eight protons and eight neutrons of 16O.
For 40Ca, the nucleus fills shells s = 1, 2, 3 for both protons and neutrons. The shell s = 3 has

spins ja,3 = 5/2 and jb,3 = 3/2 and capacity N3,max = 10 per species. Again, all states are paired,
leading to

µ(40Ca) = 0.

These three isotopes serve as QMU benchmarks for closed–shell, zero–spin cores.

3.2 Valence neutrons: 17O and 41Ca

The isotope 17O has the same closed core as 16O, plus one extra neutron. In this framework, that
neutron occupies shell s = 2, typically in the a channel with spin ja,2 = 3/2. The QMU spin of the
nucleus is then

S(17O) = 3
2 angmn,

and the QMU magnetic moment is

µ(17O) = ga,2,n χn
3
2 magmn.
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The isotope 41Ca is built on the 40Ca core with an additional neutron in shell s = 3. The valence
neutron occupies the a channel with ja,3 = 5/2, so

S(41Ca) = 5
2 angmn,

and
µ(41Ca) = ga,3,n χn

5
2 magmn.

It is convenient to define the dimensionless moment

µ̃s,j,x ≡ µs,j,x

magmx

= gs,x χx j.

The ratio of the dimensionless QMU moments for the two valence–neutron isotopes is then

µ̃(41Ca)
µ̃(17O) = ga,3,n

ga,2,n

5/2
3/2 = 5

3
ga,3,n

ga,2,n
.

If Rs,x and ∆s,x vary slowly with s, then ga,3,n ≈ ga,2,n and the leading–order prediction for the
ratio is

µ̃(41Ca)
µ̃(17O) ≈ 5

3 .

This is a purely QMU, holonomy–driven prediction that can be checked against tabulated nuclear
magnetic moments.Stone (2005, 2019)

3.3 Valence proton in a higher shell: 131I

The isotope 131I represents a heavier, unstable nucleus with a valence proton in shell s = 4. For
this shell, the curvature invariant is Iκ,4 = 3, giving spins ja,4 = 7/2 and jb,4 = 5/2. In the simplest
configuration, the valence proton sits in the a channel, so

S(131I) = 7
2 angmp,

and
µ(131I) = ga,4,p χp

7
2 magmp.

The ratio of the dimensionless magnetic moment of 131I to that of 17O is

µ̃(131I)
µ̃(17O) = ga,4,p

ga,2,n

χp

χn

7/2
3/2 = 7

3
ga,4,p

ga,2,n

χp

χn
.

Again, this relation is fully QMU and directly testable once the single–particle holonomy fits
determine gs,x and χx and can be compared with recommended nuclear magnetic moments.Stone
(2005, 2019)
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4 Holonomy Calibration and QMU Numerical Tests

The expressions in Section 3 show that all nuclear magnetic moments can be written as

µs,j,x = gs,x χx j magmx, χx = e2

eemax2 ,

with the shell g–factor

gs,x = 2Rs,x

[
1 + Hs,x

16π2 + O
(
H2

s,x

)]
, Hs,x = χx (cκIκ,s,x + cτ Iτ,s,x) .

To turn these symbolic forms into explicit QMU predictions, we must calibrate the dimensionless
coefficients (cκ, cτ ) and the projection factors Rs,x using single–particle data.Thomson and Bourassa
(2024)

4.1 Single–particle holonomy calibration

Consider a reference species x with a known QMU g–factor gx for its fundamental loxodromic mode.
In APM this mode is associated with a shell index sx and holonomy invariants

Iκ,sx,x, Iτ,sx,x.

The holonomy formula gives

gx = 2Rsx,x

[
1 + χx

16π2 (cκIκ,sx,x + cτ Iτ,sx,x) + O
(
H2

sx,x

)]
. (17)

For a nucleon species we typically take sx = 1, so that Iκ,1,x = 0 and only torsion contributes at
leading order:

gx = 2R1,x

[
1 + χxcτ Iτ,1,x

16π2 + . . .

]
. (18)

Equation (18) can be inverted to give

χxcτ Iτ,1,x = 16π2
(

gx

2R1,x
− 1

)
+ O

(
H2

1,x

)
. (19)

By applying (19) to at least two species x (for example p and n), one can solve for cτ and the
combination χxIτ,1,x on the QMU ledger.Thomson and Bourassa (2024)

If in addition a higher–mode g–factor is known for the same species (for example an excited
loxodromic state with Iκ,s′

x,x ̸= 0), the full

cκIκ,s′
x,x + cτ Iτ,s′

x,x

combination can be constrained, allowing cκ to be fixed relative to cτ without introducing SI.

4.2 Shell g–factors from calibrated holonomy

Once (cκ, cτ ) and the combinations χxIτ,1,x are fixed in QMU, the shell g–factors for all s follow
from

gs,x = 2Rs,x

[
1 + χx

16π2 (cκ(s − 1) + cτ Iτ,s,x)
]

, (20)
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with
Iτ,s,x = ±∆s,x, ∆s,x determined by the Aether loxodromic geometry.

Substituting (20) into
µ̃s,j,x ≡ µs,j,x

magmx

= gs,x χx j

gives fully QMU–closed predictions for all single–valence isotopes of the kind treated in Section 3.
Direct numerical tests can then be made by comparing with recommended nuclear moments.Stone
(2005, 2019)

For example, for the pair 17O and 41Ca with a valence neutron in s = 2 and s = 3 respectively,

µ̃(17O) = ga,2,n χn
3
2 , (21)

µ̃(41Ca) = ga,3,n χn
5
2 , (22)

with ga,2,n and ga,3,n given by

ga,2,n = 2R2,n

[
1 + χn

16π2 (cκ(2 − 1) + cτ Iτ,2,n)
]

, (23)

ga,3,n = 2R3,n

[
1 + χn

16π2 (cκ(3 − 1) + cτ Iτ,3,n)
]

. (24)

This shows explicitly how the curvature ladder (s − 1) and torsion pattern (Iτ,s,n) combine to
produce observable changes in nuclear magnetic moments.

4.3 Optional QMU–to–conventional comparison

If one wishes to compare directly with conventional nuclear data, a separate appendix can introduce
a conversion factor between the QMU magneton magmx and conventional nuclear magnetons. All
such comparisons can be done as ratios and dimensionless checks so that the body of the paper
remains QMU–only, and the conversion is treated as a secondary cross–check rather than a defining
step.Stone (2005, 2019)

5 Discussion

The derivation presented here shows that a single holonomy postulate,

Iκ,s = s − 1,

combined with the APM picture of loxodromic Aether modes, is sufficient to reproduce the known
structure of nuclear shells:

• Shell spins (ja,s, jb,s) = (s − 1
2 , s − 3

2) follow from the curvature invariant plus intrinsic spin
coupling.Pauling (1965a)

• Shell capacities Ns = 4s − 2 follow from the standard 2j + 1 degeneracy rule applied to these
spins, with Nb,1 = 0 enforcing the correct s = 1 capacity.Krane (1987)
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• Cumulative closures N≤S = 2S2 emerge automatically and align with major shell closures
once protons and neutrons are both counted.Bohr and Mottelson (1969)

The same holonomy invariants (Iκ, Iτ ) that explain the electron and proton g–factors also govern
nuclear shells via the shell–level gs,x and the QMU magnetic moments µs,j,x.Thomson and Bourassa
(2024) There is no need to introduce new adjustable parameters for the nuclear sector; instead, the
nuclear observables are downstream of the Aether geometry already fixed in the single–particle
sector.

The examples 4He, 16O, and 40Ca illustrate how closed shells naturally lead to vanishing QMU
magnetic moments. The isotopes 17O and 41Ca illustrate how a single valence neutron produces
nuclear moments whose ratios are determined largely by the spin ladder ja,s and only weakly by the
holonomy–dependent factor gs,x. The heavier isotope 131I shows that the same mechanism extends
to higher shells, with curvature Iκ,4 = 3 and spin 7/2. These specific cases can be cross-checked
against standard compilations of nuclear magnetic moments.Stone (2005, 2019)

A full set of QMU ledger demonstrations—including explicit evaluations of shell capacities, cumulative
closures, torsion–driven fine structure, valence–moment ratios, and sample QMU binding and radius
scalings—is provided in Appendix A. These worked examples illustrate how each step of the holonomy
pipeline becomes numerically operative once (cκ, cτ ) and the torsion pattern ∆s,x are specified.

5.1 Implications for Vajra and Pauling–sphere periodicity

The Vajra and Pauling–sphere periodic tables were constructed to make the nuclear holonomy
pattern visible in the electronic periodicity.Thomson (2018, 2010a,b); Pauling (1965a) Here we make
the mapping more explicit and show how to use the holonomy data to tag Vajra blocks.

The nuclear holonomy shells have capacities

Ns = 4s − 2,

and cumulative closures
N≤S = 2S2.

In the Vajra layout, the major waves and block widths align with these closures:

• The first wave (H and He) corresponds to filling s = 1 and the onset of s = 2; its closure at
N≤1 = 2 per species is the 1/2–shell.

• The second wave (Li through Ne) corresponds to filling shell s = 2 on top of the s = 1 core;
the nuclear closure at N≤2 = 8 aligns with the first inert configuration.

• The third wave (Na through Ar and the concomitant 3d onset in the Vajra blocks) corresponds
to filling shell s = 3; its closure at N≤3 = 18 guides the block boundaries.

• Higher Vajra waves (including transition and rare earth blocks) correspond to s = 4 and above,
where capacities N4 = 14, N5 = 18, etc., match the extended block widths when both proton
and neutron shells are counted.Thomson (2010a,b)
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A mapping algorithm

Given a nucleus with proton number Z and neutron number N , the holonomy–based mapping to a
Vajra block proceeds as follows:

1. Determine the highest filled shells (Sp, Sn) for protons and neutrons by solving

2S2
p ≤ Z < 2(Sp + 1)2, 2S2

n ≤ N < 2(Sn + 1)2.

2. Define the dominant nuclear shell index

Sdom = max{Sp, Sn}.

3. Assign the Vajra block index
B ≡ Sdom,

with B = 1 for the first wave, B = 2 for the second, etc.

4. Use torsion and spin data (Iτ,s,x, js,x, µnuc) to refine sub–block placement (e.g. splitting within
p, d, and f–like Vajra regions).

To first order, the map is therefore

Vajra block B ↔ dominant nuclear shell Sdom = B.

Examples: Ne and Ar

Neon (Ne, Z = 10, N ≈ 10). For Z = 10,

2 · 22 = 8 ≤ 10 < 2 · 32 = 18,

so Sp = 2. If N ≈ 10 as well, then Sn = 2 and

Sdom = 2, B = 2.

Neon lies in the second Vajra wave, associated with a nucleus whose holonomy shells are filled
through s = 2. This aligns with the closure N≤2 = 8 and the inert character of the Ne core.Thomson
(2010a)

Argon (Ar, Z = 18, N ≈ 22). For Z = 18,

2 · 32 = 18 ≤ 18 < 2 · 42 = 32,

so Sp = 3. With N ≈ 22, the neutron index satisfies

2 · 32 = 18 ≤ N < 32,

so Sn = 3 and
Sdom = 3, B = 3.

Argon lies in the third Vajra wave, controlled by a nucleus with holonomy shells filled through s = 3,
whose capacity

N≤3 = 2 · 32 = 18
matches the familiar “18–electron” closure in chemical periodicity.Thomson (2018, 2010a)
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Figure 6: Vajra periodic layout annotated by dominant nuclear shell index Sdom. Regions corre-
sponding to B = 1, 2, 3, . . . are outlined, and the locations of Ne (B = 2) and Ar (B = 3) are
highlighted as examples of the holonomy mapping algorithm. For more information about these
periodic tables, and to order wall posters, visit periodic-table.net.

Thomson (2010a,b)

Holonomy control of electronic blocks

Electronic configuration in QMU is influenced by the nuclear Aether holonomy through:

1. The curvature index Iκ,s = s − 1, which sets the radial holonomy scale of the nuclear potential
and thereby the gross position of block boundaries.

2. The torsion index Iτ,s,x = ±∆s,x, which biases spin–orbit couplings and the splitting of
electronic sub–blocks within a given Vajra region.Bohr and Mottelson (1969)

3. The nuclear spin Snuc and magnetic moment µnuc, which enter the QMU–level hyperfine
structure and guide where electronic shells find preferred closure.Thomson (2018); Stone
(2005)

Thus, the Vajra and Pauling–sphere layouts are not independent classifications; they are electronic
projections of the same holonomy ladder that governs nuclear shells. The block widths and step
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Figure 7: Pauling–sphere style nuclear/electronic layering. Radial shells correspond to holonomy
sectors s with curvature invariants Iκ,s = s − 1 and capacities Ns = 4s − 2 per species, with
cumulative closures N≤S = 2S2 mapping to magic-number plateaus in both nuclear structure and
the Vajra electronic blocks. For more information about these periodic tables, and to order wall
posters, visit periodic-table.net.

Thomson (2010a,b)

structure are shadows of the discrete curvature steps Iκ,s = s − 1 and their torsion–modulated
refinements.

5.2 First links to binding length and nuclear radii (QMU)

The present work has focused on spin, degeneracy, and magnetic moments, but the same holonomy
structure naturally suggests QMU–only descriptors for nuclear binding and radii.Krane (1987); Bohr
and Mottelson (1969)

Binding–length index from curvature

For a nucleus with proton and neutron shells indexed by sp and sn, the total curvature winding of
the Aether centerlines is

Iκ,tot =
∑

x∈{p,n}

∑
s occupied

ns,x Iκ,s,x, Iκ,s,x = s − 1,

where ns,x is the number of nucleons of species x in shell s. This suggests a QMU binding–length
index

Blen(A, Z) =
∑

x∈{p,n}

∑
s occupied

ns,x
[
(s − 1)2 + γxI2

τ,s,x

]
, (25)
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with γx a dimensionless weighting factor. The square in (s − 1)2 reflects the intuition that stronger
curvature (higher s) increases the “tightness” of the Aether packing, while the I2

τ,s,x term penalizes
excessive torsion.

A QMU–level binding functional can then be written schematically as

E
(QMU)
bind (A, Z) = −η Blen(A, Z) F 2

q λC,p, (26)

with η a dimensionless constant and F 2
q λC,p the canonical QMU energy scale. Equation (26) is

not yet a detailed mass formula; rather, it is a proposal for how binding energy ought to scale
with holonomy data: more curvature winding and well–balanced torsion (small γxI2

τ,s,x) deepen the
binding ledger.

Holonomy scaling for nuclear radii

The cumulative closure
N≤S = 2S2

suggests that the effective nuclear “radius index” should scale like
√

N≤S ∝ S. In QMU we can
define a radius functional

R(QMU)
nuc (A, Z) = ρ0 λC,p

[√
S2

p + S2
n + δτ (A, Z)

]
, (27)

where Sp and Sn are the highest occupied shell indices for protons and neutrons, ρ0 is a dimensionless
scale factor, and δτ (A, Z) encodes torsion–driven deviations from sphericity.

For doubly magic, nearly spherical nuclei with Sp = Sn = S and small torsion imbalance, (27)
reduces to

R(QMU)
nuc ≈ ρ0 λC,p

√
2 S,

which is consistent with the heuristic R ∝ S scaling implied by N≤S ∝ S2. For deformed nuclei
with large Iτ,s,x, the correction δτ (A, Z) would be non–negligible and could be expressed in terms of
the same torsion series (15) used for fine structure.

These constructions are deliberately minimal: they show that if one takes the holonomy ladder
Iκ,s = s − 1 as fundamental, then QMU–only expressions for binding and radii follow naturally.
A detailed fit to nuclear masses and charge radii can be developed in a separate work by fixing
(η, γx, ρ0) and the torsion corrections δτ (A, Z) against experimental data, all while keeping the
Aether holonomy structure intact.

A QMU Ledger Calculations and Worked Examples

This appendix collects explicit QMU calculations illustrating how the holonomy rules

Iκ,s = s − 1, Iτ,s,x = ±∆s,x,

generate shell capacities, cumulative closures, fine structure in g–factors, and scaling relations for
binding and radii.
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A.1 Shell capacities and cumulative closures

From the main text we have, for each shell s,

ja,s = s − 1
2 , jb,s = s − 3

2 , (28)

and the associated degeneracies
Na,s = 2ja,s + 1 = 2s, Nb,s = 2jb,s + 1 = 2s − 2. (29)

The total capacity per shell and species is therefore
Ns = Na,s + Nb,s = 4s − 2. (30)

The cumulative closure through shell S is

N≤S =
S∑

s=1
Ns =

S∑
s=1

(4s − 2) = 4
S∑

s=1
s − 2S = 4 S(S + 1)

2 − 2S = 2S2. (31)

Explicit values for the first few shells

For S = 1, 2, 3, 4, 5 we obtain:
N≤1 = 2 · 12 = 2, (32)
N≤2 = 2 · 22 = 8, (33)
N≤3 = 2 · 32 = 18, (34)
N≤4 = 2 · 42 = 32, (35)
N≤5 = 2 · 52 = 50. (36)

These are the cumulative capacities per species (protons or neutrons). Thus:

• S = 1 gives a closure at N≤1 = 2, matching the familiar “1/2–shell” for each nucleon species.

• S = 2 gives a closure at N≤2 = 8, matching the first major shell closure in both nuclear and
electronic contexts.

• S = 3 gives N≤3 = 18, which corresponds to the classic “18–state” pattern when considering a
single species.

• S = 5 gives N≤5 = 50, which is the first of the larger cumulative closures aligning with higher
magic plateaus when proton and neutron shells are both counted.

When both species are included, the total closure count is

N
(total)
≤S = 2 N≤S = 4S2. (37)

For example:

S = 2 : N
(total)
≤2 = 4 · 22 = 16, (38)

S = 3 : N
(total)
≤3 = 4 · 32 = 36, (39)

S = 5 : N
(total)
≤5 = 4 · 52 = 100. (40)

These totals provide the QMU holonomy baseline against which empirical nuclear magic numbers
are interpreted: torsion, deformation, and species asymmetry shift which of these ideal capacities
appear as dominant closures in actual nuclides.
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A.2 Torsion expansion and fine structure in g–factors

The main text introduced a torsion expansion
Iτ,s,x = ±∆s,x, ∆s,x = ∆1,x + αx(s − 1) + βx(s − 1)2 + . . . , (41)

with species–dependent QMU coefficients (∆1,x, αx, βx, . . . ).
The shell g–factor was written as

gs,x = 2Rs,x

[
1 + χx

16π2 (cκ(s − 1) + cτ Iτ,s,x)
]

, χx = e2

eemax2 . (42)

For the a–channel (positive torsion sign),

ga,s,x = 2Rs,x

[
1 + χx

16π2 (cκ(s − 1) + cτ ∆s,x)
]

, (43)

and for the b–channel (negative sign),

gb,s,x = 2Rs,x

[
1 + χx

16π2 (cκ(s − 1) − cτ ∆s,x)
]

. (44)

Channel splitting at fixed shell index

For a fixed s and species x, the difference ga,s,x − gb,s,x is

ga,s,x − gb,s,x = 2Rs,x

[
χx

16π2 (cκ(s − 1) + cτ ∆s,x) − χx

16π2 (cκ(s − 1) − cτ ∆s,x)
]

(45)

= 2Rs,x
χx

16π2 [2cτ ∆s,x] (46)

= 4Rs,xχxcτ

16π2 ∆s,x. (47)

Thus the a/b subshell splitting at fixed s is purely torsion driven and proportional to ∆s,x.

Shell progression of g–factors

For the a–channel, consider the difference between consecutive shells s and s + 1:

ga,s+1,x − ga,s,x = 2Rs+1,x

[
1 + χx

16π2 (cκs + cτ ∆s+1,x)
]

− 2Rs,x

[
1 + χx

16π2 (cκ(s − 1) + cτ ∆s,x)
]
.

(48)
If Rs+1,x ≈ Rs,x (slow variation) and we denote Rs,x ≡ Rx for brevity, then to leading order

ga,s+1,x − ga,s,x ≈ 2Rx
χx

16π2 [cκ + cτ (∆s+1,x − ∆s,x)] . (49)

Using the expansion (41),
∆s+1,x − ∆s,x = αx

[
(s + 1 − 1) − (s − 1)

]
+ βx

[
(s + 1 − 1)2 − (s − 1)2]+ . . . (50)

= αx + βx

[
s2 − (s − 1)2

]
+ . . . (51)

= αx + βx(2s − 1) + . . . . (52)
Thus the shell progression of ga,s,x has a curvature–driven term (cκ) and a torsion–driven correction
proportional to αx + βx(2s − 1). This gives a concrete QMU expression for the fine structure with
shell index.
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A.3 Worked valence-moment ratios in QMU

The dimensionless QMU magnetic moment for a valence nucleon is

µ̃s,j,x ≡ µs,j,x

magmx

= gs,x χx j, χx = e2

eemax2 . (53)

Neutron valence pair: 17O vs. 41Ca

From the main text:

µ̃(17O) = ga,2,n χn
3
2 , (54)

µ̃(41Ca) = ga,3,n χn
5
2 . (55)

The ratio is
Rn;3/2→5/2 ≡ µ̃(41Ca)

µ̃(17O) = ga,3,n

ga,2,n

5/2
3/2 = 5

3
ga,3,n

ga,2,n
. (56)

Using (43) for the neutron,

ga,2,n = 2R2,n

[
1 + χn

16π2 (cκ(2 − 1) + cτ ∆2,n)
]

, (57)

ga,3,n = 2R3,n

[
1 + χn

16π2 (cκ(3 − 1) + cτ ∆3,n)
]

. (58)

If R3,n ≈ R2,n ≡ Rn, the ratio of g–factors is

ga,3,n

ga,2,n
≈

1 + χn

16π2
(
2cκ + cτ ∆3,n

)
1 + χn

16π2
(
cκ + cτ ∆2,n

) . (59)

For small holonomy corrections (|Hs,x| ≪ 16π2), we can expand
ga,3,n

ga,2,n
≈ 1 + χn

16π2 [(2cκ + cτ ∆3,n) − (cκ + cτ ∆2,n)] = 1 + χn

16π2 [cκ + cτ (∆3,n − ∆2,n)] . (60)

Substituting into (56),

Rn;3/2→5/2 ≈ 5
3

{
1 + χn

16π2 [cκ + cτ (∆3,n − ∆2,n)]
}

. (61)

This shows explicitly how the QMU holonomy ladder produces a leading factor 5/3 (pure spin ratio)
plus a small curvature–torsion correction.

Proton vs. neutron valence: 131I vs. 17O

From the main text:

µ̃(131I) = ga,4,p χp
7
2 , (62)

µ̃(17O) = ga,2,n χn
3
2 . (63)
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The ratio is
Rp/n;7/2→3/2 ≡ µ̃(131I)

µ̃(17O) = ga,4,p

ga,2,n

χp

χn

7/2
3/2 = 7

3
χp

χn

ga,4,p

ga,2,n
. (64)

In terms of holonomy,

ga,4,p = 2R4,p

[
1 + χp

16π2 (cκ(4 − 1) + cτ ∆4,p)
]

, (65)

ga,2,n = 2R2,n

[
1 + χn

16π2 (cκ(2 − 1) + cτ ∆2,n)
]

. (66)

Assuming slowly varying Rs,x,

ga,4,p

ga,2,n
≈

1 + χp

16π2
(
3cκ + cτ ∆4,p

)
1 + χn

16π2
(
cκ + cτ ∆2,n

) (67)

≈ 1 + 1
16π2

[
χp
(
3cκ + cτ ∆4,p

)
− χn

(
cκ + cτ ∆2,n

)]
. (68)

The full ratio is then

Rp/n;7/2→3/2 ≈ 7
3

χp

χn

{
1 + 1

16π2
[
χp
(
3cκ + cτ ∆4,p

)
− χn

(
cκ + cτ ∆2,n

)]}
. (69)

The leading factor 7/3 is again a pure spin ratio, while the remaining factors depend on species–
dependent holonomy (χp, χn) and torsion.

A.4 Sample holonomy binding index and QMU radii

The proposed QMU binding–length index is

Blen(A, Z) =
∑

x∈{p,n}

∑
s occupied

ns,x

[
(s − 1)2 + γxI2

τ,s,x

]
, (70)

with ns,x the occupancy in shell s and species x, and γx dimensionless coefficients.

A.5 Example of an off–magic nucleus: 28Si

To illustrate how the holonomy ledger behaves for a non–doubly–magic, non–spherical case, consider
28Si with

Z = 14, N = 14.

From the cumulative closure rule N≤S = 2S2 (per species), we determine:

2 · 22 = 8 ≤ 14 < 18 = 2 · 32,

so that
Sp = Sn = 3.

Unlike 16O or 40Ca, the shell s = 3 is only partially filled:

n3,p = 14 − 8 = 6, n3,n = 14 − 8 = 6.
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Curvature binding contribution

Using the curvature term from the proposed binding–length index,

Bκ(A, Z) =
∑

x∈{p,n}

∑
s occupied

ns,x (s − 1)2,

we evaluate for protons:

B(p)
κ = n1,p(1 − 1)2 + n2,p(2 − 1)2 + n3,p(3 − 1)2 (71)

= 2 · 02 + 6 · 12 + 6 · 22 = 6 + 24 = 30. (72)

The neutron sector is identical, so

Bκ(28Si) = 30 + 30 = 60.

For comparison:
Bκ(16O) = 12, Bκ(40Ca) = 92.

Thus 28Si sits between the compact s = 2 core of 16O and the fully filled s = 3 core of 40Ca,
consistent with its known intermediate binding character.

Torsion imbalance and deformation tendency

Because the s = 3 shell is only partially filled, torsion need not cancel between a– and b–channels.
Let the effective torsion imbalance be

∆3,p ̸= 0, ∆3,n ̸= 0.

Then the torsion term in the QMU binding–length index,

Bτ (A, Z) =
∑

x∈{p,n}

∑
s occupied

ns,x γxI2
τ,s,x =

∑
x

n3,x γx∆2
3,x

adds a nonzero contribution. For example,

Bτ (28Si) = 6 γp ∆2
3,p + 6 γn ∆2

3,n.

If either ∆3,p or ∆3,n is appreciable, this term raises the curvature–torsion balance enough to push
the nucleus into the non–perturbative regime of the holonomy expansion gs,x (Eq. (42)). This
reproduces, on the QMU ledger, the empirical fact that 28Si is deformed rather than spherical.

Radius scaling

From the radius functional,

R(QMU)
nuc = ρ0λC,p

[√
S2

p + S2
n + δτ (A, Z)

]
,

we have for 28Si (spherical limit):

R(QMU)
nuc ≈ ρ0λC,p

√
32 + 32 = ρ0λC,p 3

√
2.

Because Iτ,3,p and Iτ,3,n are not expected to cancel, the torsion correction δτ is non-negligible,
reflecting the known quadrupole deformation of 28Si.

This example demonstrates how the same holonomy quantities (Iκ,s, Iτ,s,x) govern filling patterns,
binding scaling, and deformation in a nucleus that is neither spherical nor magic.
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Curvature contribution for 16O and 40Ca

Ignoring torsion for the moment (Iτ,s,x = 0), the curvature portion of Blen is

Bκ(A, Z) =
∑

x∈{p,n}

∑
s occupied

ns,x (s − 1)2. (73)

16O. For 16O, both protons and neutrons fill s = 1, 2 shells:

n1,p = 2, n2,p = 6, n1,n = 2, n2,n = 6.

Thus, per species,

B(p)
κ = n1,p(1 − 1)2 + n2,p(2 − 1)2 = 2 · 02 + 6 · 12 = 6, (74)

B(n)
κ = n1,n(1 − 1)2 + n2,n(2 − 1)2 = 6. (75)

The total is
Bκ(16O) = B(p)

κ + B(n)
κ = 6 + 6 = 12. (76)

40Ca. For 40Ca, both species fill s = 1, 2, 3 shells:

n1,p = 2, n2,p = 6, n3,p = 10,

and similarly for neutrons. Per species,

B(p)
κ = 2(1 − 1)2 + 6(2 − 1)2 + 10(3 − 1)2 = 2 · 02 + 6 · 12 + 10 · 22 (77)

= 0 + 6 + 40 = 46, (78)

B(n)
κ = 46, (79)

so
Bκ(40Ca) = 46 + 46 = 92. (80)

The curvature binding index thus scales from 12 (for 16O) to 92 (for 40Ca), giving a ratio

Bκ(40Ca)
Bκ(16O) = 92

12 = 23
3 ≈ 7.67. (81)

A full QMU binding functional
E

(QMU)
bind = −η Blen F 2

q λC,p

would refine this by including torsion contributions and fitting η against a dataset of nuclei.

Radii scaling from shell indices

The proposed QMU nuclear radius functional is

R(QMU)
nuc (A, Z) = ρ0 λC,p

[√
S2

p + S2
n + δτ (A, Z)

]
, (82)

where Sp and Sn are the highest occupied shell indices for protons and neutrons.
For doubly magic, nearly spherical cases with Sp = Sn = S and small δτ , this simplifies to

R(QMU)
nuc ≈ ρ0 λC,p

√
2 S. (83)
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Radius ratio 40Ca / 16O. For 16O we have Sp = Sn = 2, so

R(QMU)
nuc (16O) ≈ ρ0 λC,p

√
2 · 2 = 2

√
2 ρ0 λC,p. (84)

For 40Ca, Sp = Sn = 3, so

R(QMU)
nuc (40Ca) ≈ ρ0 λC,p

√
2 · 3 = 3

√
2 ρ0 λC,p. (85)

The QMU radius ratio is then

R
(QMU)
nuc (40Ca)

R
(QMU)
nuc (16O)

≈ 3
√

2 ρ0 λC,p

2
√

2 ρ0 λC,p

= 3
2 . (86)

Thus, in the simplest holonomy scaling, the 40Ca radius is predicted to be 3/2 times the 16O
radius on the QMU ledger, with deviations governed by the torsion correction δτ (A, Z). This
provides a concrete, dimensionless ratio for comparison with conventional radius systematics once a
QMU–to–conventional mapping is introduced elsewhere.

B Holonomy-driven deformation and Nilsson-like spectra (QMU)

The onset of nuclear deformation in this framework is governed by the competition between curvature
and torsion in the holonomy scalar

Hs,x = χx (cκIκ,s,x + cτ Iτ,s,x) , Iκ,s,x = s − 1, Iτ,s,x = ±∆s,x,

and by how rapidly ∆s,x changes with shell index s. Here we compute the symbolic torsion differences
and connect them to a QMU deformation indicator and to Nilsson-like level patterns.

B.1 Symbolic torsion differences

Recall the torsion expansion (Appendix A):

∆s,x = ∆1,x + αx(s − 1) + βx(s − 1)2 + γx(s − 1)3 + . . . , (87)

where (∆1,x, αx, βx, γx, . . . ) are dimensionless QMU coefficients for species x.

First torsion difference (gradient)

Define the discrete torsion gradient

Gs,x ≡ ∆s+1,x − ∆s,x. (88)

Using (87):

∆s+1,x = ∆1,x + αxs + βxs2 + γxs3 + . . . , (89)

∆s,x = ∆1,x + αx(s − 1) + βx(s − 1)2 + γx(s − 1)3 + . . . . (90)
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Subtracting:

Gs,x = ∆s+1,x − ∆s,x (91)

= αx
[
s − (s − 1)

]
+ βx

[
s2 − (s − 1)2]+ γx

[
s3 − (s − 1)3]+ . . . (92)

= αx + βx(2s − 1) + γx(3s2 − 3s + 1) + . . . . (93)

Thus the first difference is a quadratic polynomial in s (if the series is truncated at cubic order),
with coefficients set by (αx, βx, γx).

Second torsion difference (curvature of torsion profile)

Define the discrete second difference

H(τ)
s,x ≡ ∆s+1,x − 2∆s,x + ∆s−1,x. (94)

From (87):

∆s−1,x = ∆1,x + αx(s − 2) + βx(s − 2)2 + γx(s − 2)3 + . . . , (95)

so

H(τ)
s,x =

[
∆1,x + αxs + βxs2 + γxs3 + . . .

]
− 2

[
∆1,x + αx(s − 1) + βx(s − 1)2 + γx(s − 1)3 + . . .

]
(96)

+
[
∆1,x + αx(s − 2) + βx(s − 2)2 + γx(s − 2)3 + . . .

]
(97)

=
(
1 − 2 + 1

)
∆1,x︸ ︷︷ ︸

0

+
[
s − 2(s − 1) + (s − 2)

]
αx︸ ︷︷ ︸

0

(98)

+ βx

[
s2 − 2(s − 1)2 + (s − 2)2

]
+ γx

[
s3 − 2(s − 1)3 + (s − 2)3

]
+ . . . . (99)

Evaluating the brackets:

s2 − 2(s − 1)2 + (s − 2)2 = s2 − 2(s2 − 2s + 1) + (s2 − 4s + 4) (100)

= s2 − 2s2 + 4s − 2 + s2 − 4s + 4 (101)
= 2, (102)

s3 − 2(s − 1)3 + (s − 2)3 = s3 − 2(s3 − 3s2 + 3s − 1) + (s3 − 6s2 + 12s − 8) (103)

= s3 − 2s3 + 6s2 − 6s + 2 + s3 − 6s2 + 12s − 8 (104)
= 6s − 6. (105)

Thus
H(τ)

s,x = 2βx + 6γx(s − 1) + . . . . (106)

The second torsion difference is linear in (s − 1) at cubic order, and it controls the curvature of the
torsion profile across shells.
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Interpretation

• Gs,x measures how torsion changes as one moves from shell s to s + 1; large |Gs,x| indicates a
steep torsion gradient.

• H
(τ)
s,x measures how the torsion gradient itself changes; large |H(τ)

s,x | indicates a rapidly bending
torsion profile, which is a strong indicator of deformation.

Both Gs,x and H
(τ)
s,x enter the shell g–factor progression via the holonomy scalar Hs,x and hence

control the onset of non–perturbative behavior in the expansion

gs,x = 2Rs,x

[
1 + χx

16π2 (cκ(s − 1) + cτ Iτ,s,x) + O
(
H2

s,x

)]
.

B.2 A QMU deformation indicator

Deformation occurs when torsion becomes large enough that the holonomy scalar is no longer a
small correction. Define the dimensionless balance parameter

Ds,x ≡ χx

16π2 |cκ(s − 1) + cτ Iτ,s,x| = χx

16π2 |cκ(s − 1) ± cτ ∆s,x| . (107)

For Ds,x ≪ 1, the expansion of gs,x is perturbative and the nucleus is well described by a nearly
spherical holonomy shell.

We may then define a QMU deformation indicator

Ds,x ≡ cτ ∆s,x

cκ(s − 1) , s ≥ 2, (108)

which measures the ratio of torsion to curvature contributions at shell index s. In terms of Ds,x,

Ds,x = χx|cκ|
16π2 (s − 1) |1 ± Ds,x| . (109)

Three regimes emerge:

1. Spherical / near-spherical: |Ds,x| ≪ 1 and Ds,x ≪ 1. Curvature dominates, the shell is
nearly spherical, and gs,x varies smoothly with s.

2. Moderately deformed: |Ds,x| ∼ O(1) but Ds,x ≲ 1. Torsion is comparable to curvature;
the a/b channels split significantly and Nilsson-like level structures emerge.

3. Strongly deformed / non-perturbative: Ds,x ≳ 1. The holonomy expansion ceases to
be small; the nucleus resides in a non-spherical Aether mode and higher-order terms in Hs,x

must be retained.

Because Ds,x and Ds,x depend on ∆s,x as well as (s − 1), they can change rapidly in regions
where Gs,x and H

(τ)
s,x are large, typically near partially filled higher shells.
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B.3 Nilsson-like spectra from torsion gradients

Conventional deformed shell models organize single-particle levels into Nilsson diagrams, where
energies evolve with a quadrupole deformation parameter and orbitals split according to their
angular momentum projections. In the present QMU framework, an analogous structure arises
naturally from holonomy:

• Curvature Iκ,s,x = s − 1 sets the gross shell index and baseline degeneracy.

• Torsion ∆s,x and its discrete derivatives Gs,x, H
(τ)
s,x split and bend levels within a given s,

moving states up or down as the ratio Ds,x changes.

• The projection factor Rs,x and the spin j determine how the holonomy-induced shifts project
into observable g–factors and magnetic spectra.

To make this more explicit at the level of QMU bookkeeping, we may write a schematic single-
particle energy ledger

E
(QMU)
s,j,±,x = E(0)

s,x + Λ(κ)
s,x (s − 1) + Λ(τ)

s,x (±∆s,x) + Ξs,x j, (110)

where:

• E
(0)
s,x is a shell baseline energy in QMU,

• Λ(κ)
s,x and Λ(τ)

s,x are QMU coefficients that couple curvature and torsion to energy,

• Ξs,x couples the spin j to the deformed field,

• the ± sign tracks a/b helicity.

Although (110) is schematic, it shares the key structural feature of Nilsson spectra: levels with
different j and helicity respond differently as ∆s,x is varied, causing crossings, avoided crossings,
and band structures.

Role of torsion gradients

Using the torsion gradient (93), we can examine how level energies change between neighboring
shells:

E
(QMU)
s+1,j,±,x − E

(QMU)
s,j,±,x ≈ Λ(κ)

s,x + Λ(τ)
s,x(±Gs,x) + . . . , (111)

where the dots represent slow variation of the coefficients. Large |Gs,x| (steep torsion gradient)
causes some levels to rise while others fall as s increases, depending on helicity and the sign of Λ(τ)

s,x.
This reproduces the qualitative fan-out of Nilsson diagrams directly from QMU holonomy.

Similarly, a large second difference H
(τ)
s,x produces curvature in the E vs. s trajectories:[

Es+1,j,±,x − Es,j,±,x
]

−
[
Es,j,±,x − Es−1,j,±,x

]
(112)

≈ Λ(τ)
s,x(±H(τ)

s,x ), (113)

so that rapid changes in torsion curvature bend the level trajectories and mark the transition from
near-spherical to strongly deformed configurations.
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Deformation bands and QMU selection rules

Within a given deformed shell, states with similar values of Ds,x and j cluster into bands. Because
the nuclear magnetic moments

µs,j,x = gs,x χx j magmx

are also holonomy-controlled, rotational and vibrational band structures in deformed nuclei can be
expressed purely in terms of QMU invariants and their discrete derivatives.

This suggests a program of QMU Nilsson-like spectroscopy:

1. Fix (cκ, cτ ) and ∆s,x for each species x from single-particle g–factor fits and from QMU-
consistent nuclear data.

2. Compute Ds,x, Gs,x, and H
(τ)
s,x for the relevant shells.

3. Use (110) to parameterize bandheads and level splittings in terms of holonomy quantities only,
and compare with observed deformed spectra.

In this way, deformed nuclear spectra—traditionally modeled with phenomenological quadrupole
deformations—are reinterpreted as direct manifestations of torsion-driven Aether holonomy within
the APM/QMU ledger.
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