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Abstract

The Aether Physics Model (APM) treats lepton magnetic moments as geometric precession
of toroidal charge structure embedded in a quantized Aether lattice. Using the QMU basis and a
single torsion-mismatch correction, we derive a closed-form muon anomaly
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without perturbative loop summation or free fitting parameters. We compare this prediction to
the Fermilab final experimental average and to the Standard Model (SM) white-paper evaluations
(WP2020, WP2025), emphasizing that the WP2025 shift is driven primarily by lattice-QCD
leading-order hadronic vacuum polarization inputs. We then propose a differential Casimir
sidereal-drift protocol as a direct discriminator for APM distributed magnetic charge and
anisotropic substrate response.
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1 Introduction

The muon anomalous magnetic moment, a,, = (g, — 2)/2, remains a precision discriminator among
competing physical descriptions. The Fermilab Muon g—2 final dataset reports

a,(Run-1-6) = 116592 0705(148) x 1072, a,(exp) = 1165920715(145) x 1072, (1)

where the combined experimental average includes BNL E821 and Fermilab Run-1-6 [Aguillard
et al., 2025].

On the theory side, the Muon g—2 Theory Initiative WP2020 provided an SM evaluation based
largely on dispersive (eTe™ —hadrons) inputs for the leading-order hadronic vacuum polarization
(LO-HVP), yielding the familiar tension between experiment and SM [Aoyama et al., 2020]. The
subsequent WP2025 update shifts the SM evaluation substantially, with the shift attributed primarily
to exclusive reliance on new published lattice-QCD LO-HVP estimates and, importantly, with a
dispersive-integral prediction not included due to increased tension among cross-section inputs
[Aguillard et al., 2025, Aliberti et al., 2025].

The APM takes a decisive stance: the observed anomaly scale is not an “accidental remainder” of a
truncated perturbation series, but a geometric torsion-mismatch term tied to lepton embedding
in the Aether lattice. The aim of this note is not to refit the SM, but to present a compact APM
derivation in QMU atoms and to propose a laboratory discriminator that targets the APM substrate
directly.

A prior version of this derivation and test program circulated as a ResearchGate preprint (July
2025). Thomson and Bourassa [2025]

2 APM Framework
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2.1 Ledger One as the electromagnetic closure anchor

In QMU;, the foundational closure identity is Ledger One:
A, curl = Fq2 Ao
It represents the Aether Rotational Self-Identity. Explicitly, it corresponds to the equation
Ay -curl = F2AN\2 (2)

Using the mainstream anchor Fj; A\c = ¢, Ledger One may be recognized as A, - curl = c?, with the
APM interpretation that the propagation constant decomposes into rotational geometry (A,,) and
torsional geometry (curl).

2.2 Electron torus geometry and the fine-structure square

In the APM, the electron is modeled as a toroidal defect with major radius ag and minor radius r.
The torus surface-area measure used for the carrier spin-seat is taken as

S = 47 ag Te. (3)
A key APM identity is the fine-structure square relation:

Te 2
" _q (@
Combining (3) and (4) yields
S. = 4n? a3 o (5)

Imposing the QMU geometric normalization S, = \¢? fixes the electron radii in QMU form:

ao re =a’ag = = (6)

" 2na’
This makes the appearance of a in lepton magnetic structure a direct torus-geometry statement
rather than a purely perturbative artifact.

2.3 Permittivity in QMU: ptty and ¢

Where an “absolute” permittivity symbol is convenient in field expressions, we keep the QMU-native
unit ptty and define

€
tty = —
ptty = (7)

so that spherical geometry factors are ledger-separated from substrate constants in the APM
convention [Thomson, 2025].
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3 Geometric Derivation of Aq,

APM treats the muon as occupying the electron’s lattice spin-seat while carrying a larger inertial
loading. The anomaly is attributed to a torsion-mismatch correction: a geometric precession leakage
arising from over-massed rotation in a fixed spin-seat surface.

Hypothesis 1 (Torsion-mismatch origin of the anomaly). The dominant contribution to Aa,, is a
single torsion-mismatch term determined by (i) the lepton mass-loading ratio and (ii) a normalized
toroidal loop measure set by the electron torus geometry.

3.1 Mass-loading factor

Let the muon-to-electron mass ratio be denoted m,, /me. The APM torsion mismatch is proportional
to the fractional loading of the electron’s spin-seat:
Me 1

M = = (8)

2my 2(my/me)

3.2 Toroidal loop measure

We define the loop measure as the torus aspect ratio normalized by the Aether 4-spin steradian
measure, taken as 167 in this construction.

Lemma 3.1 (Loop measure from fine-structure square). With r./ag = o2, the normalized toroidal

loop measure is
_ Tre/ap B o? (9)

Tioor, = — .
loop 167 167

3.3 Closed-form anomaly

Theorem 3.2 (Muon anomaly in APM). Under Hypothesis 1 and the loop measure in Lemma 1,

the muon anomaly is

a2

Ady = MIgep = —— .
=Moo = o5 )

(10)

3.4 Numerical evaluation and comparison

Using the measured mass ratio m,/me ~ 206.768 and « ~ 7.297 x 1073,

a? (7.297 x 1073)?

— ~ ~ 2.56 x 1077,
327 (my,/me) 327 (206.768) 8

Aay,

For context, using the Fermilab combined experimental average (1) and the WP2020 SM value
[Aoyama et al., 2020], the difference scale is of order 1079:

Aay,(exp — WP2020) = ay,(exp) — a,(SM, WP2020) ~ 1077, (11)
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The WP2025 update shifts the SM evaluation substantially, with the shift driven primarily by lattice-
QCD LO-HVP inputs and with the dispersive-integral prediction not included due to increased
tension among cross-section data sets [Aguillard et al., 2025, Aliberti et al., 2025]. The APM
position is that the observed anomaly scale is a geometric torsion-mismatch signature tied to lepton
embedding in the substrate, not a residual from higher-order loop bookkeeping.

4 Geometric Narrative

In this construction, the electron defines the reference spin-seat surface (S, = A\¢?) while the muon
carries a larger inertial loading into the same seat. The torsion term represents the Aether lattice
resisting over-massed rotation in a fixed seat, producing a precession leakage quantified by (10).
The key point is that the anomaly is expressed purely through (i) the fine-structure square geometry
(4) and (ii) the lepton mass-loading ratio, rather than through an infinite perturbative expansion.

5 Proposed Tests

To distinguish APM from interpretations that attribute the anomaly scale solely to hadronic-input
systematics or undiscovered particle sectors, we propose experiments that target the substrate
response directly.

1. Differential Casimir Sidereal Drift (primary discriminator). Use two matched Casimir
force sensors oriented orthogonally and operated simultaneously. The difference channel
suppresses common-mode thermal, vibrational, and electronic drifts while remaining sensitive
to orientation-dependent substrate response (Appendix A).

2. Mass-ratio scaling cross-check. APM predicts a strict 1/(myg/m.) scaling for the torsion
mismatch in the simplest closure. This suggests targeted comparisons of lepton magnetic
anomalies in the same geometric normalization channel (muon vs electron) rather than
model-dependent decomposition into many perturbative components.

3. Electron holography bound on seat geometry. TEM phase-shift and electron holography
constraints can be interpreted as bounds on effective surface-geometry participation in S, = ¢
under APM assumptions, constraining alternative seat models that would modify the loop
measure normalization.

6 Conclusion

Using the APM torus geometry with r./ag = o and the QMU seat normalization S, = A2, we
obtain a closed-form muon anomaly

o?

T 321 (mu/me)

This derivation is ledger-driven and geometry-forward: the anomaly scale follows from the fine-
structure square and mass-loading mismatch under a single torsion correction. A differential Casimir
sidereal-drift experiment is proposed as a direct laboratory discriminator for anisotropic substrate
response and distributed magnetic charge structure.

Aay, ~ 2.56 x 1077,
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A Protocol: Differential Casimir Sidereal Drift Experiment

This experiment tests the hypothesis that the Casimir force is not merely a vacuum fluctuation
observable but includes a substrate pressure/impedance component that depends on orientation
relative to the Aether lattice. If the laboratory frame moves through the lattice, the effective
substrate contribution should exhibit a sidereal component distinct from solar-day environmental
cycles.

A.1 Objective

Measure an orientation-dependent fractional variation AF/F with a target sensitivity in the 1075
range, while suppressing common-mode drifts below that level.

A.2 Apparatus (QMU-first specification)

o Sensors: Two matched torsional-balance (or equivalent) Casimir sensors operated simulta-
neously, oriented orthogonally. The primary observable is the difference channel to reject
common-mode drifts.


https://doi.org/10.5281/zenodo.17683574
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o Plate separation: Maintain a stable separation in a regime where Casimir coupling is strong.
A representative operating scale is

d

— ~ 10*-10°

Ac ’

with active control of the fractional spacing stability Ad/d well below the target AF/F.

e Environment: Operate in a free-molecular regime relative to the plate gap and sensor
geometry (large Knudsen number) so residual-gas force noise is subdominant to the targeted
AF/F.

e Magnetic control: Multi-layer magnetic shielding and non-magnetic construction to bound
magnetic-gradient pickup below the 1075 differential-force level.

» Rotation/orientation control: Either (i) rotate the entire assembly through 27 with fixed
increments (e.g., /12 steps), or (ii) keep the apparatus fixed and exploit Earth’s rotation
while tracking the inferred orientation in the sidereal frame.

****************** Wrot

Sensitive Axis

Signal B

/] /3

-+
Sensitive Axis

Rotary Vacuum Stage

Figure 1: Differential Casimir Sidereal Drift Apparatus. Two matched Casimir sensors are
mounted orthogonally on a precision rotary stage. Sensor A aligns with the Aether wind vector
maximally at phase ¢ = 0, while Sensor B is at a null. The difference channel A = A — B rejects
common-mode thermal and vibrational noise while doubling the effective signal amplitude of the
directional substrate impedance.

A.3 Procedure

1. Differential calibration: With both sensors at fixed relative orientation, establish the
baseline difference signal and noise floor; verify that common-mode thermal and vibration
perturbations cancel to the required level.

2. Orientation scan: Record the difference signal as a function of apparatus angle. If stepped,
use a uniform partition of 27 (e.g., N = 24 steps of 7/12), integrating long enough at each
step that statistical uncertainty is below the target AF/F.
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3. Sidereal discrimination: Acquire continuous multi-day data and perform spectral separation
of solar-day harmonics from sidereal-day harmonics. This is the primary control against
environmental diurnal cycles.

A.4 Simultaneous Gravity-Sag Discriminator with Two Heights
A.4.1 Motivation

A common skeptical hypothesis in precision Casimir work is that an apparent “sidereal” or orientation-
dependent signal can be produced by purely mechanical effects: gravity-induced plate sag, bowing,
or slow tilt drift that modulates the effective plate separation and hence the measured force. In an
APM context, where a near-surface space-density gradient is expected to be strongest close to the
Earth’s surface, it is essential to obtain a decisive answer as to whether any gravity sag factor has
physical bearing on the observed modulation channels.

Accordingly, the APM discriminator protocol must (i) measure the APM-gradient channels and (ii)
simultaneously monitor and bound gravity-sag systematics with enough redundancy that sag cannot
masquerade as a substrate signature.

A.4.2 Key separation principle

Let F(d) denote the measured Casimir force proxy as a function of plate separation d. To leading
order, any small separation perturbation dd produces a fractional force perturbation

OF dInF dd od

5 = dgu

F = dind d (12)

where I'; is the (negative) log-slope of the force law with respect to separation in the operating
regime. The gravity-sag hypothesis is therefore operationally equivalent to the statement:

AF od
() ~ Ty () + (other systematics), (13)
F obs d sag

and must be rejected (or quantified) by independently measuring dd/d and its orientation dependence.

A.4.3 Simultaneous multi-channel architecture

We recommend operating all discriminator channels simultaneously in a single data set:

1. Two orientations at each height (horizontal vs vertical normal). At each height z;,
operate two matched cavities:
o Z-channel: plates horizontal, plate normal i = 2 (maximal sensitivity to a radial /vertical
gradient term).
o H-channel: plates vertical, plate normal in the horizontal plane (swept by yaw rotation
about 2 for azimuthal mapping).

2. Two heights operated simultaneously. Duplicate the above at two elevations z; and
z9 = 21 + Az, with Az treated in QMU form as Az/\¢.
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3. Within-height differential readout. At each height, form differential combinations

Dut:) = (), 0= (5), ™. pate=(F) - (),

(14)
where the 90° pairing uses two identical H-cavities at orthogonal azimuths, and Z. is a
matched reference channel (or an internal null geometry) intended to cancel common-mode
drift.

4. Between-height gradient observable. Form the height-difference observable
Guy = Dy(z2) — Dy (z1), Gz = Dgz(z2) — Dz(z1), (15)

which directly tests whether the signal scales with elevation as a near-surface gradient predicts.

A.4.4 Feasible laboratory baselines in QMU and expected scaling

A decisive gradient discriminator requires a nontrivial height baseline Az, but the analysis remains
QMU-native by working with the dimensionless ratio Az/Ac. Laboratory-scale vertical separations
correspond to extremely large QMU baselines,

82 qott 102 (16)
Ac

so even a weak near-surface APM gradient can produce a measurable differential signature if it
enters the force response at first order.

To make the height test explicitly predictive, parameterize the substrate contribution as an effective
response scalar Z(z) multiplying the orientation dependence, so that

(f)APM ~ Z(z) P(n,t), (17)

where P encodes the angular/sidereal dependence of the chosen APM channel. Then the two-height
observable isolates the gradient directly:

G = [E(22) —E(21)] P(h,t) = (0,2) Az P(n,t). (18)
Thus the experiment does not merely ask whether a modulation exists; it asks whether the modulation

has the height scaling required of a genuine near-surface gradient.

A.4.5 Decisive logic against gravity sag

The two-height simultaneous architecture yields a clean decision tree:

e APM gradient expectation: if a near-surface space-density gradient contributes measurably,
then Gz (and possibly Gfr) should be nonzero with a reproducible sign and magnitude scaling
with Az/A¢ under otherwise identical operating conditions.
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o Gravity sag expectation: gravity sag is primarily controlled by local g and structural
stiffness and therefore should be nearly identical for co-located, mechanically matched cavities
at z; and zy (for practical laboratory Az), implying

<5d> (22) =~ <M> (z1) = Gg=0, Gz =~0 (up to small structural differences).
sag sag

d d
(19)
In other words: a signal that persists in Dy or Dy but cancels in the height-difference
observables (15) is consistent with a sag-like or common-mode mechanism; a signal that
survives in Gz is not.

A.4.6 Direct sag metrology (required)

To remove ambiguity, each cavity should incorporate direct metrology of the separation field. The
goal is to measure dd/d independently, so the sag contribution can be computed via (12) and
compared to the observed AF/F without interpretation.

Minimum recommended instrumentation per cavity:

1. Multi-point gap sensing: at least three gap probes around the plate perimeter to estimate
(i) mean separation, (ii) tilt (first spatial moment), and (iii) bow/curvature (second spatial
moment).

2. Tilt metrology: a colocated high-resolution inclinometer on the cavity body to measure
gravity-referenced tilt directly.

3. Structural symmetry: matched materials and symmetric support points so that sag
signatures are predictable and common-mode between paired channels.

Swap test (systematics closure). After an initial run, physically swap the z; and zy cavity
modules (preserving orientation labels) and repeat; a true height-gradient signature follows the
location (z), while a module-specific sag artifact follows the hardware.

A.4.7 Analysis criteria (“decisive answer” standard)

A decisive resolution of the gravity-sag hypothesis is obtained if the following conditions are met
simultaneously:

1. Metrology closure: the measured separation perturbations predict a sag-induced AF/F
(via (12)) that is at least an order of magnitude smaller than the residual signal in the science
channel, over the same time/frequency band.

2. Height discrimination: the between-height observables Gz and/or G exhibit a statistically
significant nonzero component at the relevant modulation frequency, while the modeled sag
contribution cancels (or is bounded) in the same observable.

3. Orientation signature: the signal follows the expected orientation dependence of the APM
channel (e.g., dependence on 1) and is inconsistent with purely gravitational loading, which is
even under yaw and dominated by static or rotation-harmonic terms rather than a sidereal
component.
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This combined architecture upgrades the Casimir protocol from “orientation-only” to a simultaneous
orientation + height + sag-closure discriminator. It is specifically designed to answer the skeptics’
gravity-sag objection on its own terms while preserving sensitivity to the APM near-surface gradient
claim.

A.5 QMU definition of the modulation scale [

To make the sidereal-drift prediction quantitatively falsifiable, we define the modulation scale 3 as
a purely QMU ratio. Using the APM propagation anchor

Fy Ao =, (20)

we parameterize the laboratory kinematics relative to the substrate (“Aether rest frame”) by the
dimensionless speed ratio
[Viab||

b = Fq)\C"

(21)
A practical decomposition is

Vlab = V@,orb + V@,rot(‘ﬁ) + Vsite + - (22)

where vg orp is the orbital contribution, vg rot is the rotational contribution (latitude ¢), and vgite
includes smaller laboratory/platform velocities.

Using standard astronomical values for Earth’s orbital and equatorial rotational speeds, the corre-
sponding QMU ratios are of order

Bo.ob ~ 1074, Barot(p) ~ 10 % cos (23)

so the dominant kinematic scale is the orbital term while the rotational term can provide a smaller,
latitude-dependent modulation sideband.

A.6 Prediction

APM predicts an orientation-dependent component of the form

AF
? ~ /8 Cos(esidereal)v (24)

where [ is set by the relevant APM velocity/impedance ratio under the chosen substrate-response
model. A repeatable sidereal component in the differential channel, persisting under environmen-
tal controls and orientation reversals, would support the existence of an anisotropic substrate
contribution consistent with an Aether lattice interpretation.
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