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Abstract

Recent experiments demonstrate that a geometrically chiral (right- or left-handed) screw-
shaped structure can imprint a stable helical spin texture and a toroidal moment in an otherwise
non-chiral ferromagnet at zero applied field, producing reprogrammable non-reciprocal wave
transport. In the Aether Physics Model (APM), this phenomenon is interpreted as a boundary-
imposed loxodromic chirality that selects the sign of Aether-coupled circulation (the Au–curl
sector) and thereby selects the sign of a toroidal circulation bias. This paper introduces a QMU
ledger definition of loxodromic chirality as a dimensional pseudoscalar built from the Aether unit,
curl, and the signed torsion of the loxodrome, and it derives explicit sign rules for (i) the toroidal
bias and (ii) non-reciprocal dispersion, expressed entirely in QMU variables. The resulting sign
ledger provides a direct bridge between engineered geometry and the APM rotational substrate,
and it supplies a mechanism by which chirality may enter binding-energy ledgers as an additional,
geometry-selected state variable.

1 Scope and context

The experimental result of interest is that a screw-shaped (geometrically chiral) ferromagnetic tube
exhibits opposite helical spin textures for opposite structural handedness, opposite toroidal moments,
and inverted non-reciprocal wave transport at remanence. Xu et al. [2025] Within APM, this is
interpreted as a controlled laboratory realization of loxodromic boundary chirality: a mirror-odd
geometric constraint that selects the sign of the Aether-coupled circulation sector and therefore
selects the sign of a toroidal circulation bias.

The objective of this paper is narrow and foundational for APM integration: we (i) define a
QMU-consistent dimensional chirality carrier along a loxodrome, (ii) derive sign rules that must
hold independent of microscopic material details, and (iii) identify the minimal set of dimensionless
observables (ratios) that operationally report that chirality in the laboratory.

2 Ledger anchor: the Aether unit and curl

APM treats the Aether unit Au and the torsional geometry curl as coupled primitives of the
electromagnetic propagation ledger. The canonical closure (Ledger One) is

Au · curl = Fq
2 λC

2 (Aether rotational self-identity). (1)

Equation (1) fixes the dimensional scale available to any phenomenon that is purely rotational/torsional
in the APM sense; chirality becomes physically operative when a configuration selects a signed
winding of that rotation in space.
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3.1 Geometric handedness from the signed torsion

A loxodrome (screw) is characterized by a signed torsion. Define the loxodromic handedness sign

slox ≡ sgn(τgeo) slox ∈ {+1, −1}, (2)

where τgeo is the geometric torsion of the centerline (positive for one screw sense and negative for
the mirror-inverted screw). In QMU form we use the dimensionless torsion

τgeo λC = slox
∣∣τgeo

∣∣ λC . (3)

3.2 Dimensional chirality carrier in the Au–curl sector

Handedness alone is not a ledger quantity; it is a mirror-odd sign. A physically operative chirality
must be signed and dimensional, so that it can bias energies, frequencies, and binding ledgers.

We therefore define the APM loxodromic chirality carrier as

Clox ≡ (τgeo λC)
(
Au · curl

)
= (τgeo λC) Fq

2 λC
2, (4)

where the second equality uses Ledger One (1). The quantity Clox is:

• mirror-odd (changes sign under spatial inversion because τgeo changes sign),
• dimensional (set by the Au–curl ledger scale),
• geometry-selectable (tunable by pitch, radius, and handedness of the loxodrome).

3.3 Emergent toroidal circulation bias

The experimental literature expresses chirality through a toroidal moment proxy τ and the directional
coupling k ·τ . Xu et al. [2025] In APM we interpret this as an emergent toroidal circulation bias Ttor
generated when the loxodromic boundary forces a preferred sign of circulation in the Aether-coupled
sector. We do not require an SI calibration of Ttor for the sign ledger; only its transformation
properties and sign logic are needed.

4 Chirality sign rules in APM

4.1 State variables

To describe the experimentally observed “reprogrammability” at remanence, we introduce:

• slox ∈ {+1, −1}: structural loxodromic handedness (RH/LH), Eq. (2),
• mrem ∈ {+1, −1}: remanent branch selected by magnetic history,
• pk ∈ {+1, −1}: propagation direction sign (+k or −k) along the loxodrome axis.

The APM claim is that these three signs completely determine the sign of the observed non-reciprocity
at fixed mode family.
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4.2 Toroidal bias sign rule

The toroidal circulation bias changes sign under mirror inversion and under reversal of the remanent
branch. Thus

sgn(Ttor) = slox mrem ⇐⇒ Ttor(RH) = −Ttor(LH), Ttor(mrem=+1) = −Ttor(mrem=−1).
(5)

This is the APM formalization of the experimentally reported inversion of the toroidal moment
under reversal of structural handedness and field-history state. Xu et al. [2025]

4.3 Non-reciprocal dispersion sign rule

Let ∆f ≡ f+k −f−k for a fixed mode family and fixed state (slox, mrem). Define the QMU-normalized
splitting

∆̃f ≡ ∆f

Fq
. (6)

APM predicts that the directional sign is the pseudoscalar coupling of propagation direction to
toroidal bias:

sgn(∆̃f) = pk sgn(Ttor) = pk slox mrem. (7)

Equivalently, the dispersion must satisfy the parity rule

∆̃f(slox, mrem; +k) = −∆̃f(slox, mrem; −k), ∆̃f(+, mrem; k) = −∆̃f(−, mrem; k). (8)

4.4 Operational chirality readouts are ratios (not the chirality itself)

Normalized laboratory parameters such as intensity asymmetry ratios and frequency-normalized
measures are dimensionless readouts of chirality, not chirality itself. In APM terms, they are
functions of the dimensional carrier Clox and the state signs (slox, mrem, pk).

For example, if an experiment reports an intensity asymmetry

η ≡ I+k − I−k

I+k + I−k
, (9)

then APM predicts sgn(η) = sgn(∆̃f) for the same mode family and state, up to the choice of
experimental windowing and mode-weighting. The sign ledger (7) is therefore the correct APM
object to match.

5 Geometry control variables in QMU

To integrate geometry into APM ledgers without SI dependence, define dimensionless geometry
parameters:

r̃ ≡ r

λC
, p̃ ≡ p

λC
, k̃ ≡ kz λC . (10)

For axial propagation set by the pitch, a natural choice is k̃ = 2π/p̃.
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The experimental literature reports distinct radius scalings for two contributions to non-reciprocity.
In APM we represent this as a two-channel chirality ledger:

∆̃f = (pk slox mrem)
[

Am(k̃, θ)
r̃

+ Bm(k̃, θ)
r̃2

]
, (11)

where m indexes the mode family and θ denotes the equilibrium tilt parameter used to label distinct
magnetic states in the experiment. Equation (11) is an integration template: the detailed coefficients
Am, Bm belong to the material/mode physics, but the sign prefactor and the dependence on the
geometry ratios are the APM ledger content.

6 Implications for Aether geometry and binding-energy ledgers

The APM novelty in this integration is that geometry supplies an additional discrete state variable—
loxodromic handedness—that can bias rotational and torsional ledgers through the dimensional
carrier Clox.

For binding-energy applications, the immediate implication is that any ledger term constructed
from Au and curl can admit a chiral correction of the form

∆Ebind ∝ Clox × Φ(state, topology), (12)

where Φ is a dimensionless function encoding the relevant topology and state selection. The sign
rules derived here require that the correction flip under mirror inversion of the winding and under
reversal of the relevant remanent branch variable.

This creates a direct pathway for engineered chiral structures to probe the Au geometry: one
can keep the same material and change only the signed loxodromic winding, thereby isolating the
mirror-odd ledger contribution.

7 Predictions and falsification tests (QMU-only)

The following tests isolate the APM sign ledger (7):

1. Handedness inversion: holding all other controls fixed, replacing a RH loxodrome by its LH
mirror must flip the sign of ∆̃f and η (for the same chosen mode window).

2. Remanent reprogrammability: holding geometry fixed, reversing the remanent branch mrem
must flip the sign of ∆̃f at zero applied field.

3. Propagation-direction parity: for a fixed state (slox, mrem), the sign must invert between +k
and −k propagation.

4. Downscaling enhancement: at fixed k̃ and mode family, the magnitude should increase under
smaller r̃ according to the two-channel scaling (11), with the sign fixed by (7).
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8 Conclusion

Geometry-induced chirality in non-chiral matter is naturally interpreted in APM as loxodromic
boundary chirality acting on the Au–curl sector. The essential APM contribution is to identify a
dimensional chirality carrier Clox built from signed torsion and the Ledger-One rotation scale, and
to codify sign rules that must hold across materials and modes:

sgn(Ttor) = sloxmrem, sgn(∆̃f) = pksloxmrem.

These sign rules provide an APM-consistent bridge to modern chiral-magnonics measurements while
remaining fully QMU-native, and they introduce a clear mechanism by which chirality may enter
binding-energy ledgers as a geometry-selected state variable.

A Helix curvature and torsion in QMU ratios

For a circular helix of radius r and pitch p (advance per 2π), one convenient parametrization yields
curvature and torsion:

κ = r

r2 + (p/2π)2 , τgeo = (p/2π)
r2 + (p/2π)2 .

In QMU form this becomes

κ λC = r̃

r̃2 + (p̃/2π)2 , τgeo λC = (p̃/2π)
r̃2 + (p̃/2π)2 ,

with the sign of τgeo selecting slox.

B Sign table

Table 1 summarizes the APM sign ledger for the toroidal bias and the non-reciprocal splitting.

slox mrem pk sgn(Ttor) sgn(∆̃f)
+1 +1 +1 +1 +1
+1 +1 −1 +1 −1
+1 −1 +1 −1 −1
+1 −1 −1 −1 +1
−1 +1 +1 −1 −1
−1 +1 −1 −1 +1
−1 −1 +1 +1 +1
−1 −1 −1 +1 −1

Table 1: APM chirality sign ledger. The sign of the toroidal circulation bias is sgn(Ttor) = sloxmrem
and the sign of the non-reciprocal splitting is sgn(∆̃f) = pksloxmrem.
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