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1 INTRODUCTION 1

Abstract

This work establishes an initial public-data environmental background study for the Rotating
Magnetic Field Detector (RMFD) scalar gravitational-wave program within the Aether Physics
Model (APM) and Quantum Measurement Units (QMU). Existing geomagnetic observatory
networks are used as a preliminary proxy for distributed RMFD stations in order to characterize
magnetic transients, estimate environmental background structure, and evaluate coincidence-
discrimination methodology.

Second-resolution geomagnetic data from multiple INTERMAGNET observatories are ana-
lyzed for a quiet reference interval and for the major geomagnetic storm interval of 2024 May 10.
The effective RMFD environmental proxy is constructed from the temporal magnetic variation,

dBtot
dt ’

which represents the leading environmental quantity entering the pickup-coil voltage chain.
During the quiet reference day, measured RMS temporal magnetic variations occupy the
approximate range
107110710 T/s,

whereas storm-time backgrounds increase to approximately
107101077 T/s.

Station-dependent variation is observed, with high-latitude observatories showing stronger
magnetospheric coupling.

Power spectral density analysis further identifies a broad storm-time enhancement structure
in the approximate frequency range

1072-10"! Hz,

providing a preliminary detector-design constraint for future RMFD filtering and coincidence
strategies.

Cross-station Pearson correlations remain modest even during intense geomagnetic activity,
with representative values relative to Boulder satisfying
< 0.33.

J ~

Ci

This demonstrates that ordinary geomagnetic disturbances are structured but not globally
phase-coherent across continental baselines. The result supports the use of multi-station timing
and coherence tests for future scalar-channel RMFD searches.

The analysis establishes empirical environmental bounds relevant to RMFD scalar gravitational-
wave detection and defines a practical pathway toward transient coincidence searches using
dedicated scalar-sensitive detector arrays.

1 Introduction

The Aether Physics Model (APM) predicts that gravitational dynamics decompose into transverse
rotational modes and longitudinal scalar chronovibrational modes Thomson III [2026]. Existing
interferometric observatories primarily detect transverse strain projections and therefore may not
directly access the scalar-displacement channel.

The Rotating Magnetic Field Detector (RMFD) framework was developed to provide an experimental
pathway for detecting scalar chronovibrational activity through induced magnetic rotation and
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magnetic-charge flux perturbation. The central RMFD scalar observable is the QMU-normalized
mixed derivative

1
sclw} = ?@ﬁxﬁ,
q

where £(z,t) represents longitudinal displacement of the Aether substrate. The scalar response is
anchored by the QMU closure identity

A, -curl = Fq2)\02,

which links Aether rotation, torsion, and propagation scaling.

Before dedicated RMFD hardware can be deployed, the environmental magnetic background must
be characterized. Public geomagnetic observatory networks provide an immediate experimental
opportunity for this purpose. Although such observatories are not optimized RMFD systems, they
provide globally distributed magnetic measurements, synchronized timing, long-duration monitoring,
and real transient structure Love and Chulliat [2013].

The present work therefore uses public INTERMAGNET observatory data as a first-generation
RMFED environmental proxy. The objective of the present work is not to claim scalar-wave detection,
but rather to establish empirical environmental constraints, quantify realistic magnetic background
structure, measure cross-station coherence of ordinary geomagnetic activity, and define the statistical
framework required for future RMFD coincidence searches.

2 RMFD Background Observable

The RMFD voltage chain derives from magnetic response to scalar chronovibrational structure. In
the detector model,

M(t) ~ 010z€,
and the pickup voltage responds to changing magnetic perturbation as

V() —NAC%(SB(t).

Thus the leading environmental contamination entering the detector channel is the temporal magnetic
variation

dBtot
dt

For the present public-data study, the RMS background proxy is defined as

BrmrD = <(d§;m>2>. (1)

This quantity is not interpreted as a direct scalar-wave observable. Rather, it represents the
dominant environmental background scale expected to enter the RMFD magnetic readout chain.
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3 Public Observatory Data

Second-resolution geomagnetic observatory data were obtained from the INTERMAGNET network
St-Louis et al. [2020], INTERMAGNET [2024] for two intervals:

e a quiet reference interval: 2024 January 15,
e a geomagnetic storm interval: 2024 May 10.

The selected observatories were:

Station Observatory Region

BOU Boulder United States

CMO College Alaska, United States
FRD Fredericksburg United States

HAD Hartland United Kingdom
HON Honolulu Hawaii, United States

The 2024 May 10 interval corresponds to a major geomagnetic storm NOAA Space Weather Prediction
Center [2025], NASA Earth Observatory [2024] and provides a conservative high-background test
environment for RMFD coincidence discrimination. The quiet-day comparison provides a baseline
for normal environmental variability.

Each observatory provided second-resolution magnetic vector components

(B:cu Byv BZ)>

reported in nanotesla. The total magnetic magnitude was computed as

Biot = \/B2 + B} + B2. (2)

The temporal derivative proxy was evaluated numerically using one-second cadence,

dBtot ~ Btot (t + At) — Btot(t>

dt At ’

At =1s. (3)

3.1 Data Processing and Reproducibility

All geomagnetic observatory files were obtained from the INTERMAGNET data archive using
second-resolution observatory products St-Louis et al. [2020], Turbitt [2016] for the intervals 2024
January 15 and 2024 May 10.

Raw observatory vector-component files were stored locally in the project directory under
/data,
while generated figures were stored under

/images.
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Intermediate processed summaries and correlation products were exported as comma-separated-value
tables in the project root directory.

The analysis pipeline operated directly on the reported observatory magnetic vector components
(By, By, Bz),
after conversion from nanotesla to tesla using

1nT =10"°T.

The total magnetic magnitude was reconstructed as

Biot = \/ Bg + Bg + BE

Temporal magnetic variation was evaluated using first-order finite differencing at one-second cadence:

dBiot Biot (t + At) — Byt (t) Af=1s

dt At

All RMS estimates were computed over the full available daily interval after exclusion of invalid
samples. Pearson correlations were evaluated directly on the temporal derivative series

dBtot
dt ’

without additional spectral whitening or bandpass filtering in order to preserve a conservative
environmental-background estimate.

The present analysis is therefore fully reproducible using publicly accessible INTERMAGNET
observatory data, standard finite-difference reconstruction, and the station intervals listed in this
work.

INTERMAGNET observatory timing is GPS-referenced and sufficiently synchronized for continental-
scale transient coincidence analysis at second-level cadence.

4 Quiet-Day Reference Background

For the 2024 January 15 quiet reference interval, the measured temporal magnetic variation remained
small but nonzero at all analyzed stations. The reconstructed values derived directly from the raw
second-resolution INTERMAGNET observatory files are shown in Table 1.

Table 1: Quiet-day RMFD public magnetometer background proxy for 2024 January 15.

Station Samples Mean Byt (T) Std. By (T) RMS 9Bt (T/s)
BOU 86400 5.148 x 107°  9.78 x 107? 1.03 x 10711
CMO 86400 5.583 x 107 158 x 1078 4.12x 1071
FRD 86400 5.022 x 107°  8.78 x 107? 1.41 x 10711
HAD 86400 4856 x 107> 4.82x107Y  5.03x 10"
HON 86400 3.422 x 107 875 x 1072 897 x 10712
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The quiet-day environmental background scale therefore satisfies
Bauiet ~ 10711071 T/s,

These results demonstrate that ordinary low-activity geomagnetic conditions produce persistent but
relatively weak temporal magnetic structure across continental and planetary baselines.

5 Storm-Time Background

For the geomagnetic storm interval of 2024 May 10, the measured RMS temporal magnetic variations
increased by approximately an order of magnitude relative to the quiet reference interval. The
reconstructed storm-time values derived directly from the raw second-resolution INTERMAGNET
observatory files are shown in Table 2.

Table 2: Storm-time RMFD public magnetometer background proxy for 2024 May 10.
Station Samples Mean Biot (T) Std. Biot (T) RMS % (T/s)

BOU 86400 5.148 x 107° 8.59 x 1078 2.03 x 10710
CMO 86400 5.584 x 107> 210 x 1077 5.51 x 10710
FRD 86400 5.023 x 107° 9.94 x 108 1.21 x 10710
HAD 86400 4.857 x 107° 7.16 x 1078 3.00 x 10710
HON 86400 3.423 x 107° 7.45 x 1078 1.36 x 1010

The largest background amplitude occurred at College, Alaska,

Bemo ~ 5.5 x 10710 T/s,

consistent with stronger auroral and magnetospheric coupling at high geomagnetic latitude.

The storm-time environmental scale relevant to RMFD background rejection is therefore

Bstorm ~ 10719-107% T/s. (4)
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Geomagnetic Storm RMFD Background Proxy
1e—10 2024-05-10

RMS dB/dt (T/s)

BOU CMO FRD HAD HON
Station

Figure 1:  Measured RMS temporal magnetic variation %t@l for selected INTERMAGNET
observatories during the geomagnetic storm of 2024 May 10. High-latitude stations exhibit enhanced
background amplitudes associated with magnetospheric coupling.

5.1 Power Spectral Density Structure

Time-domain RMS estimates characterize the overall environmental background amplitude, but
they do not identify the dominant temporal scales contributing to the RMFD proxy signal. To
characterize the frequency structure of the geomagnetic background, power spectral densities (PSD)

of the temporal magnetic variation
dBtot

dt

were evaluated using Welch power spectral density estimation Welch [1967] for representative stations
during the 2024 May 10 storm interval.

The PSD structure provides a direct estimate of the frequency bands dominating ordinary geomag-
netic noise and therefore informs future RMFD filtering strategies, coincidence-window selection,
and transient discrimination methodology.

Low-frequency power dominates the storm-time spectrum, consistent with large-scale magnetospheric
and ionospheric current evolution. Higher-frequency components are comparatively suppressed but
remain relevant for short-duration transient searches and local environmental veto analysis.

The PSD structure also exhibits a broad enhancement feature spanning approximately
1072-10"" He,

visible across multiple stations during storm-time conditions. This spectral hump is particularly
important for RMFD design because it identifies the frequency region where ordinary geomagnetic
backgrounds may produce the strongest degradation in scalar-channel signal-to-noise ratio. Future
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RMFD filtering and coincidence strategies should therefore pay particular attention to suppression,
veto characterization, and transient discrimination within this band.

A dedicated RMFD array should therefore combine:

o low-frequency background characterization,
e band-limited transient searches,

o station-to-station coherence analysis,

e environmental veto rejection.

Spectral analysis also provides an additional discriminator between ordinary geomagnetic structure
and hypothetical scalar chronovibrational events. A candidate scalar-channel transient would be
expected to exhibit anomalous coherence and timing structure relative to the ordinary storm-time
PSD envelope.

Storm-Time RMFD Environmental Proxy Spectral Structure
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Figure 2: Representative power spectral density structure of the temporal magnetic variation %

during the geomagnetic storm interval of 2024 May 10 for selected INTERMAGNET observatories.
The spectrum is dominated by low-frequency geomagnetic structure associated with large-scale
magnetospheric dynamics.

6 Cross-Station Correlation Analysis

A key requirement for the RMFD scalar-wave program is discrimination between ordinary geomag-
netic disturbances and hypothetical scalar-wave coincidence events. To evaluate this requirement,
Pearson correlations were computed between the temporal magnetic derivatives measured at sepa-
rated stations.

Representative correlations relative to Boulder are shown in Table 3.
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Table 3: Storm-time cross-station correlations of % relative to Boulder on 2024 May 10.

Reference Station Pearson correlation

BOU CMO 0.0189
BOU FRD 0.1203
BOU HAD -0.0002
BOU HON 0.3285

These results demonstrate that even intense geomagnetic disturbances are not globally phase-
coherent across continental and planetary baselines. If ordinary geomagnetic activity were strongly
coherent globally, coincidence filtering would provide limited discrimination power. Instead, the
measured correlations remain modest:

7 <0.33.

Ci
Thus, multi-station coincidence constraints remain experimentally meaningful.

6.1 Quiet-Day Correlation Reference

Quiet-day correlations were also evaluated in order to establish the baseline coherence structure of
ordinary low-activity geomagnetic conditions.

Table 4: Representative quiet-day cross-station correlations relative to Boulder on 2024 January 15.

Reference Station Pearson correlation

BOU CMO 0.0064
BOU FRD 0.0091
BOU HAD -0.0038
BOU HON 0.1010

Representative quiet-day correlations relative to Boulder remained very small, with
|Ci5] < 0.10.

This demonstrates that weak environmental magnetic fluctuations are largely local and station-
dependent even during geomagnetically quiet intervals.

The comparison between quiet-day and storm-time structure shows that geomagnetic storms increase
background amplitude substantially while producing only moderate increases in global coherence.
This distinction is important for RMFD coincidence filtering because it implies that environmental
amplitude growth does not automatically generate globally synchronized transient structure.

6.2 Time-Lag Correlation Structure

Zero-lag Pearson correlations alone do not fully characterize large-scale geomagnetic coherence.
Ordinary magnetospheric disturbances can propagate Love and Chulliat [2013] across observatories
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with finite delay times associated with ionospheric current evolution, auroral electrojet structure,
and solar-wind coupling.

To evaluate this possibility, the RMFD proxy program also considers lagged cross-correlation

structure,

Cij (1) = (4(t) €Ly (t+7)) ’ (5)

O‘iO'j

where x;(t) = dBiot,;/dt denotes the temporal magnetic derivative measured at station i, and 7 is
the relative time offset.

The maximum lagged correlation observable is then defined as

Cii™ = max |Cij ()] (6)

TE [*Tmax ’Tmax]

Future RMFD coincidence studies should evaluate lag windows spanning at least
Tmax ~ 10107 s,

sufficient to capture ordinary geomagnetic propagation structure across continental baselines.

A hypothetical scalar chronovibrational signal would differ from ordinary geomagnetic propagation
in several ways:

e near-simultaneous coincidence across widely separated stations,

e propagation consistency with
vs = c = Fy)\c,

reduced dependence on geomagnetic latitude,
e persistence under local geomagnetic veto rejection,

o statistically anomalous coherence relative to ordinary storm-time backgrounds.

The lagged-correlation framework therefore provides a direct statistical discriminator between
ordinary magnetospheric structure and candidate scalar-channel coincidence events.

7 QMU Magnetic-Flux-Density Proxy

The geomagnetic observatory data are reported in tesla after conversion from nanotesla. In QMU,
however, SI magnetic flux density is not a primitive. It maps to the QMU magnetic flux-density
unit mfxd through the charge-conversion factor,

BT

cef,’

pmfxd) _ cef, = 8.7358507336 x 10719,

The present analysis therefore distinguishes the SI environmental background proxy % from the
QMU-normalized RMFD observable. Public magnetometer data provide an environmental bound
on the SI magnetic channel, while dedicated RMFD calibration is required to convert this bound
into a final Y, fq sensitivity statement.
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A future derivative-sensitive QMU environmental proxy may instead be written as

Ty 12 1/2
T _ Ay 1 dBt(ot) (7)
Py = g3y 2\ ecke dt | [,

This form more directly reflects the experimentally relevant RMFD pickup-chain background because
the induced detector voltage depends on temporal magnetic variation rather than static magnetic
flux density alone.

8 Implications for RMFD Prototype Design

The present analysis establishes several important constraints for the scalar gravitational-wave
program.

First, environmental magnetic backgrounds are directly measurable using public observatory net-
works. The experimentally observed storm-scale background is approximately

107191072 T/s.

Second, geomagnetic disturbances are structured but imperfectly coherent. The modest station-to-
station correlations show that ordinary storm-time magnetic activity does not automatically mimic
a globally coherent scalar-wave signal.

Third, dedicated RMFD hardware remains necessary. Existing observatories were not designed
for scalar-wave searches and lack dedicated gradiometer geometry, RMFD rotational shielding,
optimized pickup coils, and localized environmental veto channels. Nevertheless, the present work
demonstrates that public magnetometer infrastructure already provides meaningful experimental
constraints for RMFD array design.

A future RMFD candidate event must therefore satisfy stronger conditions than simple magnetic
excess. It must show:

« statistically significant excess above local background,

o multi-station timing consistency,

» propagation compatibility with v, = FyA¢,

e rejection by ordinary geomagnetic, seismic, and instrumental vetoes,
¢ persistence under QMU-normalized scalar-channel reconstruction.

9 Next Experimental Stage

The next-stage RMFD experimental program should focus on transient coincidence analysis. The
central objective is to identify short-duration magnetic transients satisfying multi-station coincidence,
propagation consistency at

vs = c = Fy)c,

nonlocal timing structure, and rejection of ordinary geomagnetic propagation signatures.
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The optimal future configuration is a dedicated RMFD array incorporating tri-axis gradiometers,
low-noise air-core pickup systems, synchronized timing, distributed baselines, and environmental
veto instrumentation.

Future RMFD stations should ideally be co-located with broadband seismographs in order to
discriminate candidate scalar-channel coincidence events from seismic-magnetic coupling processes.
Large-scale crustal deformation can generate correlated magnetic transients through piezomagnetic
response, magnetotelluric induction, and mechanically driven infrastructure noise can generate
correlated magnetic transients during major seismic activity. Simultaneous seismic monitoring would
therefore provide an additional veto channel capable of distinguishing ordinary geophysical coupling
from candidate nonseismic chronovibrational coincidence structure.

Public geomagnetic observatories can continue serving as a preliminary global background monitor
during this development phase. A larger follow-up study should include longer quiet intervals,
storm intervals, all available INTERMAGNET and SuperMAG stations SuperMAG [2024], time-lag

correlation searches, and coincidence ranking against known space-weather event catalogs.

If scalar chronovibrational events exist, a dedicated RMFD array should observe rare transient coinci-
dence structures exhibiting near-simultaneous multi-station timing, anomalously weak geomagnetic-
latitude dependence, and coherence inconsistent with ordinary magnetospheric propagation delays.

10 Conclusion

This work establishes an initial public-data environmental background study for the RMFD scalar
gravitational-wave detection framework.

Using second-resolution INTERMAGNET observatory data during a quiet reference day and during
the major geomagnetic storm of 2024 May 10, realistic environmental temporal magnetic variations
were quantified and cross-station coherence properties were measured.

Quiet-day backgrounds occupy the approximate range
107110710 T/,
while storm-time backgrounds increase to approximately

10719-107% T/s.

Even during intense geomagnetic activity, representative inter-station correlations remain modest:

Ci; $0.33.
These results demonstrate that ordinary geomagnetic disturbances are structured but not globally
coherent, preserving the discriminating power of coincidence filtering for future scalar-wave searches.

Frequency-domain analysis further identified a broad storm-time enhancement structure in the
approximate band
1072-107! Hz,

providing an initial detector-engineering constraint for future RMFD filtering and transient-search
optimization. The study also motivates incorporation of seismic and geophysical veto channels in
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future RMFD arrays in order to discriminate candidate scalar-channel events from ordinary crustal
and magnetospheric coupling processes.

No scalar gravitational-wave detection is claimed in the present work. The analysis establishes
empirical environmental bounds, evaluates coincidence discrimination methodology, and defines
the experimental statistical framework required for future RMFD scalar-channel searches using
dedicated instrumentation.

The present work therefore establishes empirical environmental bounds relevant to the RMFD scalar
gravitational-wave program and transitions the scalar-wave framework from theoretical detector
formulation toward experimentally testable methodology.
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