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Abstract

We apply the Quantum Measurement Units (QMU) ledger to a curated dataset of magnetic
anisotropy materials, using the Aether Physics Model (APM) definition of the substrate curl.
After converting legacy magnetic fields into QMU using the charge-conversion factor, we compute
a QMU curl estimator

curlQMU
mat = Hk

Br
ccf2

e,

where Hk is the anisotropy field and Br the remanent field in QMU form. For nearly all samples,
hard and soft magnets separate by more than an order of magnitude in curlQMU

mat , with a single
soft alloy outlier showing hard-like curl magnitude but opposite sign. This empirical pattern
provides a first materials-level demonstration that QMU curl—a substrate quantity defined in
the APM—organizes macroscopic magnetic hardness. The result is falsifiable, reproducible, and
suggests a curl-based hardness index grounded in aether-unit geometry. No legacy units appear
in the main text.
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1 Introduction

Institutional attribution follows the QADI reference identity Thomson III (2025a). The Aether
Physics Model (APM) defines a closed system of dimensional relations built from the QMU base set

{me, λC , Fq, e2, eemax
2},

together with the aether constants Au and ma Thomson III (2025b). A central object in the
magnetic sector of the APM is the substrate curl,

curl = eemax
2

meλC
,

which quantifies torsional stiffness of distributed charge at the aether-unit scale. Curl appears in
the canonical ledger identity

Au curl = Fq
2λC

2,
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linking the rotating magnetic field stiffness Au to the intrinsic torsional response curl.
The purpose of this paper is to evaluate whether this QMU-defined substrate curl has observable

consequences in real materials. Specifically, we test whether QMU curl separates hard and soft
magnets in a heterogeneous anisotropy dataset drawn from large-language-model-curated magnetic
and thermoelectric materials databases Zhang et al. (2024); Itani et al. (2024b,a). We find that
QMU curl, interpreted as a fraction of the aether-unit torsional stiffness, strongly organizes magnetic
materials by hardness. One soft alloy appears as a notable outlier, suggesting either an experimental
or curation issue or a distinct geometric phase of the underlying charge distribution.

2 Ledger Closure Check

All derivations and results reported in this paper close in the QMU ledger. The canonical closure,

Au curl = Fq
2 λC

2,

is preserved at every step: no dimensional reduction, hidden legacy back-conversion, or massaging
of units occurs. All quantities appear in QMU form, including the anisotropy fields, remanent
magnetization fields, and charge-conversion factors.

3 Method: Charge Conversion and QMU Curl

3.1 Charge-conversion factor and legacy fields

Legacy magnetic fields contain singular charge in the numerator (current-type quantities). Following
the QMU charge-conversion factor (CCF), the map from legacy fields to QMU forms is determined
solely by charge position in the ledger Thomson (2025). The electron-factor conversion is

ccfe = eemax
2

e
,

and the substrate mapping for the curl estimator requires

HQMU
k = H legacy

k ccfe, BQMU
r = Blegacy

r

ccfe
.

Here H legacy
k and Blegacy

r denote the magnetic fields in whatever legacy system the experimenters
used; the CCF rules ensure that their QMU images carry the correct charge powers and therefore
close in the ledger.

3.2 QMU curl estimator

Given only Hk and Br, the simplest dimensionally correct estimator of distributed-charge torsion in
a material is the QMU ratio

curlQMU
mat = HQMU

k

BQMU
r

= H legacy
k

Blegacy
r

ccf2
e.
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Operationally, the numerical separation between hard and soft magnets already resides in the legacy
ratio H legacy

k /Blegacy
r . The QMU contribution is to interpret this ratio as a fraction of the intrinsic

aether-unit curl and to provide a ledger-closed mapping from singular to distributed charge.
Because both Hk and Br are legacy fields converted according to the QMU substrate rules,

curlQMU
mat is directly comparable to curl in the ledger and requires no further factors.

3.3 Data ingest and parsing

Magnetic anisotropy data include anisotropy fields Hk, remanence values Br, and material density
used to convert magnetization-style entries into effective field-like quantities. Structured numerical
values were parsed from the LLM-curated magnetic and thermoelectric materials datasets of Zhang
and collaborators Zhang et al. (2024); Itani et al. (2024b,a), then converted into QMU form using
the CCF rules above.

Only materials with fully valid QMU curl could be included; this yielded a set of 29 well-formed
entries. All computations were performed using QMU alone. Internal numerical operations are
dimensionless ratios relative to QMU primitives.

4 Results

4.1 Histogram of QMU curl

A QMU-only histogram of curlQMU
mat reveals two striking features: (1) a dense low-curl band dominated

by soft and moderate-hardness materials, and (2) a high-curl tail of strongly anisotropic hard magnets.
The Fe0.47Co0.53 sample, with negative curl, appears on the high-magnitude side and is discussed
separately below.
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Figure 1: Histogram of curlQMU
mat . A dense low-curl cluster and a high-curl tail are visible; the bin

with negative curl includes the Fe0.47Co0.53 soft-alloy outlier.
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4.2 Crystal-structure clustering

When curl is plotted against crystal structure, ordered families (hexagonal, tetragonal, Th2Zn17-type,
magnetoplumbite) cluster in a relatively narrow low-to-moderate curl band, while more complex
or layered geometries, and compositions with strong nitrogenation, appear at higher curl. This
suggests that lattice torsion modes couple directly to the QMU curl metric.
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Figure 2: Curl vs. crystal structure. Symmetric lattices cluster tightly in curl; layered and strongly
anisotropic lattices produce elevated curl. The cubic Fe0.47Co0.53 alloy appears as a negative-curl
outlier.

4.3 Hard vs. soft magnets: separation with a soft outlier

The strongest pattern in this paper is the QMU discrimination between hard and soft magnets.
Boxplots of curlQMU

mat show that, apart from a single soft-alloy outlier, hard magnets occupy a curl
band roughly two orders of magnitude above the remaining soft magnets:

curlQMU
Hard

curlQMU
Soft, core

≈ 56,

where “Soft, core” denotes the four amorphous samples with small positive curl.
To keep numerical values moderate, we rescale by 1030:

y = 1030 curlQMU
mat .
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Figure 3: QMU curl distribution by magnet type (rescaled by 1030). Hard magnets form a high-curl
band. Four amorphous soft magnets lie in a distinct low-curl band, while the cubic Fe0.47Co0.53
alloy appears as a soft-magnet outlier with hard-like curl magnitude but opposite sign.

4.4 Log-scale histogram

A log-scale histogram by magnet type shows two clearly separated positive curl regions: all hard
magnets lie in a high-curl band, while the four positive-curl soft magnets occupy a much lower band.
The Fe0.47Co0.53 alloy, with negative curl, cannot be plotted on the logarithmic axis and is therefore
omitted from this figure but retained in the other plots and tables.

5 Discussion

5.1 Interpretation in the Aether Physics Model

In the APM, magnetic hardness corresponds to torsion-locking of distributed charge. The ratio
Hk/Br measures the rotational resistance of the magnetic configuration. Mapping this ratio into
QMU reveals how closely the material approaches the intrinsic curl of the aether unit:

curlQMU
mat = H legacy

k

Blegacy
r

ccf2
e.

Operationally, the separation between hard and soft magnets is already present in H legacy
k /Blegacy

r ;
the QMU map shows that this separation is precisely a rescaled, ledger-closed fraction of the
substrate curl.

Hard magnets lie in the higher-curl band because their charge distributions are strongly torsion-
locked. Soft magnets (the amorphous samples) lie in the lower-curl band because their charge
distributions can rotate with low torsional resistance. That these classes separate strongly in
curlQMU

mat —a substrate quantity defined independently of conventional materials variables—is an
indication that QMU captures real aspects of distributed charge geometry.
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Figure 4: Log-scale histogram of positive curlQMU
mat , separated by magnet type. Hard and positive-curl

soft magnets occupy disjoint bands in curl-space. The negative-curl Fe0.47Co0.53 point is omitted
here because it cannot be placed on the logarithmic axis.

5.2 A curl-based hardness index

The results suggest defining a QMU hardness index:

Hcurl = curlQMU
mat

curl ,

a dimensionless fraction of the aether-unit torsional stiffness. Hard magnets cluster in a narrow
band of Hcurl values, while the four amorphous soft magnets lie well below this band. This index
is fully QMU-consistent and allows a classification of magnetic materials that can be compared
directly to the aether-unit scale.

5.3 The Fe0.47Co0.53 outlier

One noteworthy exception is Fe0.47Co0.53, a classic soft transition-metal alloy. In QMU curl it
appears with

curlQMU
mat ≈ −9.285 × 10−30,

placing its magnitude in the hard-magnet band but with opposite sign. At the ledger level this
suggests that the nearly isotropic cubic charge distribution supports torsional modes that are easy
to rotate, but locked into a sign convention opposite to that used for the other samples.

There are two honest possibilities:

• The value is affected by an experimental or curation issue in the legacy anisotropy or remanence
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fields, in which case a direct re-measurement of Fe0.47Co0.53 in a QMU-aware protocol would
be decisive.

• The value is physically meaningful and indicates a distinct geometric phase of the distributed
charge. In the APM, tight geometric regimes are known to exhibit state transitions when key
ledger ratios cross specific thresholds, as in the evolution of aether structures when moving
from 16π2 to nearby rational approximants. In that view, the Fe0.47Co0.53 alloy could be
sampling a different torsion-sign branch of the substrate.

In either case, the Fe0.47Co0.53 point does not falsify the hardness–curl relation. Instead it
identifies a specific, experimentally accessible alloy whose curl sign and magnitude can be used to
probe the geometric structure of the QMU curl definition itself.

5.4 Limitations and future work

The present analysis is deliberately small and tightly curated: only 29 materials, with 5 in the
soft class. This makes the results highly sensitive to individual samples such as Fe0.47Co0.53. The
two-band structure in QMU curl should therefore be regarded as an initial pattern, not a completed
classification.

Natural next steps include:

• extending the dataset to hundreds of entries drawn from the same LLM-curated sources Zhang
et al. (2024); Itani et al. (2024b,a), with special attention to cubic soft alloys and low-anisotropy
thin films;

• measuring Hk and Br directly in QMU-aware experiments to reduce dependence on legacy
conversions;

• scanning materials families across known geometric thresholds in the APM ledger to search
for additional curl sign changes or quantized curl bands.

The APM predicts that as materials approach the aether-unit curl limit, new modes of torsional
response may appear, potentially yielding discrete curl bands associated with distinct aether-unit
geometries.

A QMU Data Ingestion Rules

A.1 Legacy-field parsing

The raw dataset stored anisotropy fields and remanent magnetization as structured records containing
a numerical value, a textual unit label, and auxiliary metadata (for example, density and sample
notes). Each record was parsed into a single legacy scalar in a common field-type for subsequent
QMU conversion.

For the anisotropy field H legacy
k , all legacy entries of the form

• field-like units (various scalings and notations),

• older cgs-style field labels,
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were brought into a common legacy field scale by applying the documented conversion factors
from the experimental literature reported in the database sources Zhang et al. (2024); Itani et al.
(2024b,a). For the remanent field Blegacy

r , both direct field entries and magnetization-style entries
were included. Magnetization-style entries required the material density to reconstruct an effective
field-like quantity.

Throughout, the legacy fields serve only as intermediates; the QMU curl is always evaluated using
the charge-converted QMU forms.

A.2 Charge-conversion mapping

Once the legacy fields were expressed on consistent internal scales, the QMU map

HQMU
k = H legacy

k ccfe, BQMU
r = Blegacy

r

ccfe
, ccfe = eemax

2

e
,

was applied. The QMU curl estimator for each material is then

curlQMU
mat = HQMU

k

BQMU
r

= H legacy
k

Blegacy
r

ccf2
e.

No additional numerical factors beyond the CCF appear. This guarantees that all reported curls
are directly comparable to the ledger curl.

B QMU-Prepared Dataset

Table 1 lists the 29 materials for which the QMU curl estimator is well defined, together with their
crystal structure, magnet type, and curlQMU

mat value.

Table 1: QMU-prepared curl data for the magnetic anisotropy
materials used in this study.

Material name Crystal structure Magnet type curlQMU
mat

SrFe12-2xSnxCoxO19 Hexagonal Hard 3.204e-30
SrFe12-2xSnxCoxO19 Hexagonal Hard 3.156e-30
(Sm0.8Ce0.2)2Fe17N3 Th2Zn17-type Hard 9.207e-30
(Sm0.6Ce0.4)2Fe17N3 Th2Zn17-type Hard 6.474e-30
Nd12.6Fe67.8Co11.6Cr2B6/α-Fe Tetragonal Hard 4.163e-30
Nd15.5Fe77B7.5 Unknown Hard 3.166e-30
Nd14.5Fe77B8.5 Unknown Hard 3.208e-30
Nd12.6Fe77B10.4 Unknown Hard 3.149e-30
BaFe12-2xCoxZnxO19 Magnetoplumbite Hard 3.140e-30
Nd13.3Fe79.7B7/α-Fe Tetragonal Hard 2.948e-30
Nd15.1Fe78.8B6.1 Tetragonal Hard 3.381e-30
Nd15.1Fe78.8B6.1/α-Fe Unknown Hard 3.367e-30
Nd14.5Fe77B8.5/α-Fe Unknown Hard 3.497e-30
Nd13.3Fe79.7B7 Unknown Hard 3.866e-30
Nd12.6Fe77B10.4/α-Fe Unknown Hard 3.497e-30

8



Material name Crystal structure Magnet type curlQMU
mat

Nd9Fe85B6/α-Fe Unknown Hard 1.937e-29
SmCo5 Rhombohedral Hard 3.506e-30
Fe90Zr7B3 Amorphous Soft 1.250e-31
Fe87Zr7B6 Amorphous Soft 2.314e-31
Fe81Zr7B12 Amorphous Soft 1.691e-30
Fe93Zr7 Amorphous Soft 6.444e-32
Sm2Fe17N3 Hexagonal Hard 2.190e-30
BaFe11.4Al0.6O19 Magnetoplumbite Hard 3.343e-30
Nd16Fe76.5B7.5 Unknown Hard 6.752e-30
Nd16Fe76.5B7.5/α-Fe Unknown Hard 4.505e-30
Nd12.6Fe67.8Co11.6Cr2B6 Tetragonal Hard 1.022e-29
Nd13.3Fe79.7B7/α-Fe Unknown Hard 9.889e-30
Nd15.5Fe77B7.5/α-Fe Unknown Hard 1.229e-29
Fe0.47Co0.53 Cubic Soft -9.285e-30

The final row carries a negative curl estimator because of a sign convention in the legacy remanent
field for that sample. It is included in all linear-scale analyses and explicitly identified as an outlier
in the Discussion, but omitted from the logarithmic histogram where negative values cannot be
represented.
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