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Abstract

Recent experiments have demonstrated that lattice vibrational modes in certain polar anti-
ferromagnets acquire unexpectedly large magnetic moments, particularly near magnetic critical
points. From the perspective of the Aether Physics Model (APM), these “phonon magnetic mo-
ments” (PMM) arise when low-frequency time-based Aether oscillations couple to the distributed
magnetic charge dimension eemax> through localized curl exposure.

Using Quantum Measurement Units (QMU), we derive that the product of the magnetic-flux
unit and the curl unit collapses to a fundamental geometric identity:

mflx - curl = Ac Fj,.

This reveals that the phonon magnetic moment is dimensionally equivalent to a quantum-length—
frequency object, uSﬁMU) = AcFy npn, rather than a force-derived quantity.

We explicitly distinguish between time (linear frequency) and temp (area-density )\C2Fq2).
Phonons are identified as time-frequency modes (Fpn < Fj;) that modulate Aether volume
without engaging the forward-backward chronovibrational mode at Fj,. The phonon participation
factor npn is defined as a geometric overlap functional between a chiral phonon helix and
the magnetic-charge helix on the Aether torus, which naturally selects the Golden Angle as
the rotation that maximizes uniform sampling of magnetic orientations. Finally, we interpret
the enhancement of PMM near phase transitions as a “curl-softening” effect analogous to the
topological turning point in sphere eversion, and apply this ledger to recent observations in
F82M0308.

1 Introduction

The observation of “giant” phonon magnetic moments in materials such as FeaMo3zOg challenges
conventional condensed matter theory, which typically treats phonons as charge-neutral mechanical
excitations [Wu et al.(2023)Wu, Bao, Zhou, Wang, Sun, Wen, Wan, and Zhang]. However, within
the Aether Physics Model (APM), mechanical and magnetic phenomena share a common geometric
substrate. Aether volume modulations (phonons) naturally acquire magnetic character when they
possess chirality that couples to the distributed magnetic charge eemax>.-

In developing a QMU ledger for this phenomenon, it is essential to distinguish the specific oscillatory
nature of the phonon. In APM, chronovibration refers strictly to the forward /backward oscillation of
the Aether at the quantum frequency F;,. Phonons, by contrast, are time-frequency modes occurring
at frequencies F},;, < Fj;. They do not alter the fundamental chronovibrational rate of the Aether,
but they do modulate the local Aether geometry and its curl exposure.

This paper provides the rigorous QMU derivation of the phonon magnetic moment, defines the
geometric phonon participation factor 7, via an Aether-torus overlap model that singles out the
Golden Angle, and situates these modes within the broader QMU oscillatory hierarchy.

2 The QMU Oscillatory Ladder: Time vs. Temp

To correctly describe phonon magnetism, we must first clarify the distinct oscillatory modes allowed
within the Aether volume unit volm = Ac®. The QMU hierarchy is defined as follows:
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Mode Type Frequency Scale Geometric Nature
Chronovibration Fy Fixed forward/backward time oscillation
Photon (phtn) F? Electromagnetic oscillation
Light-dynamic (ligt) F,? Peak dynamic limit

Phonon Fon < Fy Time-frequency mechanical mode

Crucially, temp in QMU is not a frequency but an area-density dimension:
temp = Ac?F,? = ¢®.[Thomson(2025a)] (1)

While temperature drives phase transitions and thermal Hall effects, the phonon itself is a time-
frequency entity. It inhabits the same A\c® volumetric skeleton as the photon but operates in the
lower frequency regime, interacting with the magnetic sector via curl.

3 Derivation of the Phonon Magnetic Moment

In QMU, the magnetic sector is accessed via the magnetic flux unit mflx and the Aether curl unit
"curl." Their definitions are [Thomson(2025b)]:

meAc>F,
mflx = %, (2)
emax
curl = Coma” (3)
mec

When a chiral phonon creates a torsional deformation in the Aether, it effectively exposes the
magnetic charge eemax?> to the curl unit. Taking the product of these two units reveals a simplified

dimensional identity:
meAC2Fq eemax2
mflx - curl = = A\coFy. 4
( €emax MeAC 1 ( )

This identity is the “dimensional spine” of phonon magnetism. It indicates that a curl-weighted
magnetic flux reduces to a Quantum Length x Frequency interaction. Consequently, the phonon
magnetic moment fpn can be written simply as:

“SﬁMU) = Aoty pn (5)

Here, npp is a dimensionless topology factor that quantifies how effectively the phonon’s specific
geometry couples to the Aether’s magnetic background.

4 Geometric Overlap Definition of 7,, and Golden-Angle Reso-
nance

The dimensionless phonon participation factor 7, determines how efficiently a chiral lattice mode
couples to the Aether magnetic sector through the product mflx - curl. We now give a geometric
definition of 7,y based on the overlap between two helical structures on the Aether torus.
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4.1 Helical Aether Geometry of ey’

In the APM, the distributed magnetic charge eemax> forms a toroidal-helical pattern defined on
the Aether volume unit volm = Ac3. Let 6 denote the azimuthal coordinate around the Compton
circumference 27w \¢, and let nps(6) be the local tangent or normal vector of the magnetic-charge
filament at angle 6.

4.2 Chiral Phonon Sampling of the Magnetic Helix

A circularly polarized phonon mode induces a lattice displacement upn(6) whose local phase advances
by a fixed increment 6. per Aether cell. After k iterations, the phonon samples the magnetic helix
at angles

O = kOchir (mod 27), k=0,1,2,...

The instantaneous coupling between the phonon and magnetic-charge background is proportional to
the geometric overlap

C(0) o [upn(Ok) - mar(6r)]-

4.3 Definition of the Participation Factor

We define the squared participation factor as the long-time average:

) 1 = 2
Mop X Jim > [upn(Ok) - mar(6r)] " (6)
k=0

This expression quantifies how effectively the chiral phonon samples the magnetic helix. If the
rotation number i /(27) is rational, the set {6y} is finite and the phonon repeatedly visits a
limited subset of Aether orientations, leading to partial cancellations or saturation.

4.4 Maximal Irrationality and the Golden Angle

If instead the rotation number is mazimally irrational, the sequence {6} becomes equidistributed
around the torus. The rotation angle with maximal irrationality is the Golden Angle

2w
¢: o
S02

known to minimize recurrence and maximize uniform sampling in helical systems. When the phonon
chirality satisfies

echir ~ ¢7

Eq. (6) attains its greatest possible value. This corresponds physically to the phonon traversing

the magnetic-charge helix with minimal geometric drag, maximizing exposure to curl and therefore
(QMU)

maximizing Fph
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Figure 1: Schematic of a time-frequency phonon mode within a distributed magnetic charge
background. The chiral displacement of lattice sites (red) couples to the Aether curl (orange) and
magnetic flux (blue). The vertical axis denotes time frequency, distinct from the temperature
dimension.

4.5 Connection to Aether Homotopy Classes

The Aether torus admits homotopy classes labeled by integer pairs (ni,n2). The magnetic helix
corresponds to one such class, while the chiral phonon defines another. The ratio of their winding
numbers determines the sampling pattern in Eq. (6). Golden-Angle resonance corresponds to the
limit in which the relative winding number is most irrational, placing phonon magnetic moments
within the homotopy structure of the APM.

5 Curl-Softening and Sphere Eversion

The significant enhancement of y,;, observed near antiferromagnetic-paramagnetic phase transitions
can be understood in QMU as curl-softening.

In the ordered phase, the Aether’s torsional stiffness is high, limiting the effective curl exposure.
As the material approaches the critical temperature, the magnetic order parameter fluctuates.
Topologically, this is analogous to the turning point in sphere eversion, where the inside and
outside surfaces interchange. At this critical juncture, the geometric resistance to curl vanishes
(softens).

Mathematically, this leads to a divergence in the phonon—curl susceptibility:

(curl) 8;uph ~ a77ph
ph ™ Heurl Aok Ocurl’ (7)

The “giant” moment is therefore a signature of the Aether undergoing a topological eversion-like
transition, allowing maximal curl participation.

6 Experimental Predictions: Fe;sMo3Og

Applying this ledger to the polar antiferromagnet FeaMo3Og, QMU offers specific predictions:
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1. Thermal Hall Correlation: The phonon contribution to the thermal Hall conductivity .,

should scale directly with the curl susceptibility Xéchurl). We predict a peak in k., that exactly

matches the temperature profile of the enhanced magnetic moment. [Wu et al.(2023)Wu, Bao, Zhou, Wang, St

2. Golden Angle Symmetry: If the phonon mode symmetry can be tuned (e.g., via strain)
to approach the Golden Angle ¢ relative to the magnetic sublattice, the PMM magnitude
should maximize, independent of the effective mass of the ions, because 7}, is set by toroidal
geometry rather than ion mass.

3. Transient Eversion: Under ultrafast laser excitation, it may be possible to drive the Aether
geometry locally through the “eversion point,” resulting in a momentary, non-thermal spike in

((ilurl) transiently peak.

magnetization as 7, and Xp

7 Conclusion

We have presented a unified QMU formulation for phonon magnetic moments. By correctly
identifying phonons as time-frequency modes distinct from chronovibration, and by applying the
dimensional identity mflx - curl = A¢ F}, we resolve the “anomaly” of magnetic sound into a coherent
geometric interaction.

Defining the phonon participation factor 7, as a helical overlap functional on the Aether torus
shows that giant phonon magnetic moments correspond to maximally irrational sampling of the
magnetic-charge helix. The Golden Angle emerges as the condition under which the phonon’s chiral
phase produces the most efficient geometric traversal of the magnetic sector, minimizing Aether
drag and maximizing curl exposure. This refinement transforms 7, from a phenomenological fit
parameter into a predictive geometric invariant linked to Aether homotopy classes (n1,n2).

The interpretation of critical enhancement as curl-softening, analogous to the turning point in sphere
eversion, provides a robust theoretical platform for analyzing future spin-caloritronic experiments.
FeaMo3Og and related materials thus become concrete laboratories for testing the APM/QMU view
that mechanical, magnetic, and thermal phenomena are different modes of a single Aether geometry,
distinguished by their frequency and topological coupling rather than by separate ontologies.
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