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Abstract
This paper reformulates electron–magnon scattering in scanning transmission electron mi-

croscopy electron energy loss spectroscopy (STEM–EELS) entirely within the Quantum Mea-
surement Units (QMU) of the Aether Physics Model (APM). We identify the mechanism termed
“charge-based interaction” in recent literature not as electrostatic scattering, but as the direct in-
teraction of the electron probe with the Aether’s magnetic vector potential (distributed magnetic
charge). The separation between spin–based and charge–based scattering channels is shown to
arise from the orthogonal geometric components of the Aether unit. The charge channel exhibits
a quadratic dependence on probe momentum and a loxodromic angle sensitivity, which maps
directly to Aether curl exposure. From these results, a direct experimental metrology protocol is
derived to measure curl, Aether rotation rate λCFq, and the magnetic flux unit (mflx) using
STEM–EELS data.
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1 Introduction

This paper applies the Aether Physics Model (APM) and the accompanying Quantum Measurement
Units (QMU) to the newly published theoretical analysis of magnons probed with high–energy
electrons in STEM–EELS do Nascimento et al. (2025). The central result of that work is the
decomposition of the double differential scattering cross–section into a spin–based term and a
charge–based term.

It is crucial to clarify the terminology used in Ref. do Nascimento et al. (2025). While termed the
“charge-based” interaction, the authors explicitly derive this from the magnetic vector potential Â
originating from the magnetic dipoles, interacting with the electron’s momentum do Nascimento et al.
(2025). In APM/QMU, this same operator is identified as the Aether curl interaction (distributed
magnetic charge), distinct from the “spin-based” (localized dipole) interaction.

When expressed in QMU, these terms correspond to Aether rotational flux, curl exposure, and
holonomy–driven torsional frequency, building on the general APM/QMU ledger formalism developed
in Thomson III (2025); Institute (2024).
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2 Ledger Closure Check

We define the Aether Rotational Self–Identity (Ledger One) as the fundamental QMU dimensional
identity for Aether rotation:

Au curl = Fq
2 λC

2

It states that the product of the Aether unit Au and curl equals the squared chronovibrational
product Fq

2 λC
2. For orientation to mainstream physics, note that the QMU definition of the

quantum frequency satisfies FqλC = c, so Ledger One may be recognized as:

Au · curl = c2.

This identification is not used in the QMU derivations, but it provides an anchor for readers familiar
with SI-based formulations. Since c2 = 1/(µ0ε0) in Maxwell theory, this demonstrates that the
QMU quantity Au · curl plays the role of the electromagnetic propagation constant of the vacuum,
but factored into rotational (Aether unit) and torsional (curl) geometries.

3 Method / Derivation

3.1 The Vector Potential Bridge

Do Nascimento et al. derive the charge–based interaction Hamiltonian (Eq. 15 in Ref. do Nascimento
et al. (2025)) as:

ĤC
inter ∝

∑
j

(
Ŝj × r − rj

|r − rj |3

)
· ∇r.

In the standard model, this represents the interaction of the electron with the magnetic vector
potential Â generated by the spin lattice. In the APM formalism, the cross product of the spin
operator and the radial vector defines the vector potential geometry, which is the fluid manifestation
of the Aether.

Dimensionally in QMU, the gradient operator ∇r introduces an inverse length (1/λC) representing
the probe wavevector, and the vector potential term scales as distributed magnetic charge over
distance. To leading order,

Â · ∇r ∝ curl p0
meFq

,

so that the effective interaction Hamiltonian can be written schematically as

ĤC
inter ∝ curl · p0.

This identification explains why the interaction scales with the probe momentum p0: the probe is
physically traversing and “gripping” the Aether curl.

3.2 QMU Reformulation of Scattering Channels

The STEM–EELS analysis demonstrates that the double differential cross–section separates into:

d2σ

dΩ dE
= d2σSB

dΩ dE
+ d2σCB

dΩ dE
.
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The key momentum–dependent factors are:

fSB(q, k0) ≈ 1, fCB(q, k0) = k0
q

+ k2
0

q2 .

High–Energy Access to Curl

In QMU the probe momentum is p0 = meFqλC K, where K is the momentum index. The scattering
vector is q = Q/λC . The dominant quadratic term in the charge channel becomes:

k2
0

q2 = Au

curl · K2

Q2 .

This implies that low–energy probes (REELS) effectively “slip” over the loxodromes and only detect
the weak dipole moment (spin). It requires the high momentum (> 60 keV) of STEM-EELS to
engage the strong magnetic charge of the Aether curl.

3.3 Angle Dependence as Distributed–Charge Geometry

The charge channel inherits a cos2 θ dependence, where θ is the angle between the probe wavevector
and the local magnetic moments. In QMU this corresponds to:

ICB(θ) ∝ (p0 · acurl)2 .

This is the first direct experimental probe of the Aether twist orientation. The cos2 θ dependence
implies that if the probe enters “cross–grain” to the loxodromic twist of the Aether unit, the
interaction strength vanishes.

4 Results

4.1 QMU Scattering Intensities for YIG

Given a magnon mode with dimensionless frequency Ω, the QMU frequency is ω = FqΩ. The two
channels are:

ISB(Q, Ω) ∝ S(Q, Ω),

ICB(Q, Ω) ∝ Au

curl
K2

Q2 S(Q, Ω) cos2 θ.

4.2 Visualizing the QMU Scattering Ratios

For visualization, we set Au/curl = 1 and K = 1 so that the dimensionless ratio R(Q, θ) captures
the geometric structure.
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Figure 1: Angular dependence of the charge/curl channel. The cos2 θ dependence arises because
the high-energy electron must align with the loxodromic twist direction of the Aether curl to
transfer momentum efficiently via the vector potential. Orthogonal incidence results in minimal
curl exposure.

4.3 Holonomy and the Geometry of Distributed Charge

Each magnon mode satisfies the QMU relation:

Ω(Q) = Ωcurv(Q) + Ωtors(Q),

where Ωcurv corresponds to the curvature (spin/dipole) and Ωtors to the torsion (charge/curl).
The STEM–EELS data reveals that the torsional term Ωtors is strongly angle-dependent. This

is a manifestation of Aether Holonomy. The Aether is not a featureless fluid; it possesses a
geometric “grain” defined by the loxodromic structure of distributed charge. In complex lattices
like YIG, the effective path of the magnetic flux is constrained by this geometry.

When the probe electron traverses the lattice, it accumulates a geometric phase (holonomy)
proportional to its path through the Aether curl. The strong enhancement at low Q (long wavelengths)
indicates that macroscopic spin waves are driven primarily by this torsional stress of the Aether
fabric, rather than local exchange interactions which dominate at high Q.
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4.4 Protocol for Determining Au, Curl, and mflx

To experimentally determine the Aether constants, the following protocol is established for STEM–
EELS analysis:

1. Isolate the Channels: Collect EELS spectra at the Zone Center (Q → 0) where the
Charge/Curl channel dominates due to the Q−2 enhancement, and at high Q where the Spin
channel persists.

2. Angle Rotation (Geometry Scan): Rotate the sample relative to the electron beam to
modulate θ. The amplitude of the intensity modulation in the low–Q regime yields the pure
Curl component, separating it from isotropic background scattering.

3. Ledger Extraction: Using the experimentally measured ratio

Rexp(Q, K, θ) = ICB
ISB

,

the Aether unit is obtained from

Au = Rexp curlref
Q2

K2 cos2 θ
.

Because mflx = Au/(FqλC), this protocol allows for the direct laboratory determination of the
magnetic flux unit from the scattering geometry of the electron beam.

5 Discussion

The charge component of electron–magnon scattering in STEM–EELS is a direct observable of Aether
curl. Its quadratic dependence on probe momentum arises naturally from the ratio Au/curl, and its
cos2 θ dependence reveals the local orientation of the loxodromic Aether twist. This establishes a
new metrological pathway for QMU: a direct, laboratory measurement of Aether rotation, torsion,
and magnetic flux geometry.

A QMU–SI Reference Conversions

In this appendix we quote SI numerical values without explicitly carrying SI units in the algebra,
for the sole purpose of orientation; the main ledger remains QMU. For completeness, we summarize
the leading QMU–SI correspondences.

Electron Mass, Compton Length, and Quantum Frequency

• Electron mass:
[me]QMU = 1, [me]SI ≈ 9.109 × 10−31.

• Compton length:
[λC ]QMU = 1, [λC ]SI ≈ 2.426 × 10−12.

• Quantum frequency:
[Fq]QMU = 1, [Fq]SI = c

λC
.
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Charge Units and Curl

• Electrostatic charge ledger:
[e2]QMU = 1, [e2]SI = e2.

• Magnetic charge ledger:

[eemax
2]QMU = 1, eemax

2 = e2

8πα
.

• Curl:
[curl]QMU = 1, curl = eemax

2

meλC
.
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