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Gravitational-wave observations are currently dominated by interferometric measurements of trans-
verse strain LIGO Scientific Collaboration and Virgo Collaboration [2016, 2019]. These detectors
respond to differential path-length variations and are therefore inherently sensitive to projected

INTRODUCTION

Abstract

Interferometric gravitational-wave detectors measure projected transverse phase variation and
exhibit limited sensitivity to longitudinal Aether dynamics. Within the Aether Physics Model
(APM), gravitational excitation decomposes into transverse rotational modes and longitudinal
scalar (displacement) modes, suggesting the existence of an observational channel not accessed
by interferometry.

This work derives a first-principles scalar gravitational-wave detector entirely within Quantum
Measurement Units (QMU). The fundamental observable is identified as the mixed chronovibra-
tional derivative of Aether displacement,

1
sclwy = Fatazg,
q

which directly encodes longitudinal compression dynamics.
Using the closure identity
A, -curl = qu/\CQ,

we derive a coupling chain from scalar displacement to magnetic stress perturbation and rotational
readout, yielding a dimensionless detector observable based on Rotating Magnetic Field Detector
(RMFD) arrays. The resulting observable,

Trmfda

is directly proportional to scalar chronovibrational power and is experimentally accessible through
pickup-coil voltage measurements.

An engineering formulation is provided that connects QMU observables to measurable voltage,
defines sensitivity scaling laws, establishes calibration procedures for the coupling coefficient
Krmtd, and specifies multi-station coincidence criteria for signal identification.

The framework predicts that core-collapse supernovae and neutron-star formation events
produce stronger scalar-channel signals than compact binary mergers. A falsifiable detection
criterion is defined based on the presence or absence of coherent, light-speed, multi-station Y m¢q
excess during such events.

This work establishes a complete theoretical-to-engineering bridge for scalar gravitational-wave
detection and defines a direct experimental pathway to test longitudinal Aether dynamics.

Introduction

transverse dynamics.

Within the Aether Physics Model (APM), gravitational waves arise from structured excitation of a

volumetric chronovibrational substrate Thomson [2025¢]|. This excitation decomposes into:

Interferometers preferentially detect the transverse component. However, scalar Aether dynamics
are expected to be more common and energetically dominant in astrophysical processes such as

e transverse rotational modes,
o longitudinal scalar (displacement) modes.

core-collapse supernovae and neutron-star formation.
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This motivates the development of a detector derived from first principles that directly measures
scalar Aether excitation.

The present work extends beyond theoretical formulation to define an experimentally realizable
detector architecture. In particular, we derive a complete measurement chain from QMU scalar
observables to coil voltage, establish sensitivity scaling laws, and define calibration and falsification
procedures. The objective is not only to propose a scalar detection channel, but to provide a
concrete and testable pathway toward its experimental validation.

Within APM, the displacement field £(z, t) is not introduced as a metric perturbation. It represents
longitudinal displacement of the Aether substrate itself. The transverse interferometric response
corresponds to projected rotational excitation, while £ describes scalar compression and rarefaction
of the chronovibrational medium. The present detector is therefore designed to measure the scalar
displacement channel rather than the transverse strain channel.

2 Ledger Foundation

2.1 Aether Rotational Identity

The fundamental closure identity is Thomson [2025b,a]:

A, - curl = Fq2)\02.
Using Fyd¢c = c:

A, - curl = 2.

This expresses the propagation constant as a product of Aether rotational and torsional structure.

2.2 Displacement Field

Let &(z,t) denote Aether displacement. The scalar gravitational-wave observable is defined as:

0r0:€.

In QMU-normalized form:

1
sclw) = —0;0€.
d Fq t :cé‘
This represents longitudinal chronovibrational activity, following the QMU scalar-wave and rmfd
conventions developed previously Thomson [2025¢].
This represents longitudinal chronovibrational activity.

In APM, the coordinates t and x are defined relative to the Aether rest frame, which serves as the
chronovibrational reference frame for scalar dynamics. The observable sclw} is therefore interpreted
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as a preferred-frame scalar-compression measure rather than a Lorentz-invariant transverse metric
perturbation.

3 Scalar-to-Magnetic Coupling

3.1 Magnetic Stress Perturbation

Scalar compression induces magnetic stress:
5pB ~ 89:5 .
Temporal evolution produces magnetic response:
M(t,z) o< 0idpB.
Combining:

M(t,z) o< 0p0,€.

Thus:
M(t,z) < Fy sclwy.

3.2 Magnetic Rotation

Magnetic rotation angle is:

o(t,x) = %curl(t, x).

Thus the scalar wave produces measurable magnetic rotation via induced curl.

Closure-based coupling. From the ledger identity
A, -curl = Fq2)\02,
a longitudinal compression 0,£ induces a local perturbation of the rotational term:
d(curl) oc 0.

Thus magnetic stress satisfies
dpp x §(curl) x 0,€,

and the detector response follows

M ~ Bt((SCUI'l) ~ 8t8xf
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This ties the scalar-to-magnetic coupling directly to closure without additional postulates Thomson

[2025b)].

4 RMFD Detector Observable

We define the normalized detector observable:

T o Ay <M2>At
rmfd = W-
Properties:

e Dimensionless in QMU
e Directly proportional to scalar chronovibration power
e Independent of SI calibration

5 Detector Architecture

5.1 Single Station

A scalar detector consists of:

e tri-axis magnetic pickup loops,

o differential gradiometer configuration,

e shielding for environmental suppression,
e high-resolution temporal sampling.

5.2 Array Configuration

Detection requires a distributed array:

e synchronized clocks,

spatial separation,
e coincidence detection,

¢ direction reconstruction via arrival times.

Signal identification requires:

coherent arrival 4 velocity consistency + multi-station correlation.
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6 Comparison with Interferometric Detection

Interferometers measure:

o(t) ~ h(t),
which corresponds to projected transverse rotational excitation.
The RMFD detector measures:
010:&,
which corresponds to longitudinal scalar compression.

Thus:

Interferometer — transverse rotational

RMFD — longitudinal scalar

7 Astrophysical Predictions

The scalar detector predicts:

Ssn > SpaH-
Expected strong sources:

e core-collapse supernovae,
e neutron-star formation,
e gamima-ray burst precursors,

e magnetospheric collapse events.

Black hole mergers are expected to be weak in scalar output.

8 Falsification Criteria

The scalar detector model is falsified if:

1. No statistically significant Y,;,tq excess during independently confirmed high-energy collapse
events after xynfq has been experimentally bounded.

2. Candidate RMFD excesses fail multi-station timing coherence at vy = FyAc.
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3. Observed signals are consistent with local electromagnetic, seismic, magnetospheric, or instru-
mental backgrounds.

Before dedicated RMFD hardware is constructed, existing geomagnetic observatory networks may
be used to estimate the off-source background Love and Chulliat [2013], Gjerloev [2012]. Public
magnetometer datasets from networks such as INTERMAGNET and SuperMAG can provide
preliminary bounds on correlated magnetic transients, station-to-station timing structure, and
broadband environmental noise. Correlated global magnetic backgrounds, including Schumann-
resonance effects, are already recognized as relevant systematics for gravitational-wave detector
networks Thrane et al. [2013], Coughlin et al. [2016].

9 Experimental Program

The next-stage experimental program includes:

o prototype RMFD stations,
e array deployment,
o correlation with astrophysical transient catalogs,

o cross-analysis with LIGO/Virgo data and GWOSC public strain products LIGO Scientific
Collaboration and Virgo Collaboration [2021].

A key experimental test is:

¢Lico ¢ MgrmrD-

A null correlation supports channel separation.

10 Conclusion

This work derives a first-principles scalar gravitational-wave detector within the QMU/APM
framework and establishes a complete measurement chain from Aether displacement to experimentally
measurable voltage.

The fundamental observable,

1
sclwy = Fatamf,
q

is identified as the longitudinal chronovibrational signature of scalar Aether excitation. Through

the closure identity,
A, -curl = Fq2)\02,

this scalar excitation is shown to couple directly to magnetic rotation, enabling detection via RMFD
coil arrays.

A dimensionless detector observable,
Trmfda
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is derived and connected to measurable voltage through explicit engineering relations. Sensitivity
scaling laws, gradiometer design constraints, and calibration procedures for the coupling coefficient
Krmfd are provided, transforming the framework into a buildable detector specification.

The model yields a clear and falsifiable prediction: scalar-channel signals should produce coherent,
light-speed, multi-station Y,ytq excess during core-collapse supernovae and neutron-star formation
events, with relative suppression for compact binary mergers.

The validity of the scalar gravitational-wave channel therefore reduces to a direct experimental
question. Detection of the predicted signal would establish a new observational mode of gravitational
dynamics, while its absence under controlled conditions would constrain or eliminate the proposed
coupling.

The framework thus defines not only a theoretical description of scalar Aether dynamics, but a
concrete experimental program capable of confirming or falsifying their physical realization.

Appendix: SI Bridge

Mwé, ¢ ~ rad
m

magnetic energy density
2

Trmfd ~ c

Engineering Appendix: RMFD Coil Response and QMU Sensitivity

A.1 Pickup Coil Geometry

Consider a single RMFD pickup loop with:

N = number of turns, A, = coil area, n = coil normal.

Let the magnetic response field be written as:

M(t) = My + 6M (),

where M is the stationary background magnetic state and JM(t) is the scalar-wave-induced
perturbation.

The magnetic flux through the coil is:

®p(t) = NABn(1),

where
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For an RMFD scalar response, the relevant perturbation is:
dPp(t) = NALSB,(t).
The induced voltage is therefore Griffiths [2017]:

d®p d

In QMU interpretation, d B, (t) is not treated as a primary SI magnetic field, but as the detector
projection of magnetic-charge flux activity:

0B, (t) +— dmflx, (t).

Thus the RMFD pickup voltage is the instrumental readout of changing magnetic-charge flux:

V(t) —NAc%émﬂxn(t).

A.2 Scalar-Wave Coupling
The scalar gravitational-wave observable is:
sclw) = i&g@xf.
Fy
The detector magnetic response is modeled as:

M(t,z) = KemtaFysclwy(t, z),

where kymiq is the detector coupling coefficient.

For a coil aligned along axis a, the projected response is:

My (t) = KemtaFgsclw}(t)Qq,

where Q, is the directional coupling factor for the coil axis.

For a tri-axis detector:

Mg (t) = MZ(t) + My(t) + MZ(t).

This gives the axis-independent scalar activity measure:
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2 _ 2 2 2
(M?) = (M2 + M} +M2) .

A.3 RMFD Dimensionless Detector Observable

The QMU-normalized RMFD observable is:

T . Au<M2>At
mfd = —S 357 3 -
F \e
Substituting
M(t) = KrmfaFysclwy(t),
we obtain:
A *
Trmfd = FqQ: 3 <Hgmdeq2(5dwd)2>At-
Thus:
T _ uhimtd Tw*)2
rmfd = )\02 <(SC wd) >At
or equivalently:
Ac?
wi)?) =-—"5—70
<(sc wy) >At Aun? rmfd

This gives the scalar-wave amplitude in QMU directly from the measured RMFD power observable.

A.4 Coil Voltage Readout

Let the RMFD electronics measure an RMS voltage over a window At:

Vins = (V1)) -
Using

d

t)=—-NA.—
V(t) p

0 Bn(t),

and identifying the magnetic perturbation with the RMFD response:
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8B (t) = Beot M (1),

we obtain:

dM,
V(t) - _NAcﬁcoiIW-

For a characteristic signal frequency fs, define:
ws = 27 f.

Then approximately:

Vims = NAc,BcoﬂwsMrms-
Thus:

Vims

M, ~ —
e N A Beoiws

Substitution into the RMFD observable gives:

A ( Vims )2
rmfd — Fq2)\02 NAcBCOiIUJS

This is the engineering bridge from measured coil voltage to QMU scalar gravitational-wave activity.

A.5 Minimum Detectable Signal

Let the detector voltage noise spectral density be:
gl/2

\%4

and the measurement bandwidth be:

Af.

Then the RMS noise voltage is:

Vhoise = 5\1//2 \% Af

The minimum detectable RMFD observable is:
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Tmin =

A ( EHAAY )

Fq2)\c2 N AcBeoiws

This equation shows the engineering scaling:

SvAf

T min X ——5——=
242, 2"
N2Az2w?

Therefore, sensitivity improves by:

N1,

AT, Svil, AfL wsT.

A.6 Tri-Axis Gradiometer Rejection

For two matched coils separated by baseline d, define:

Vy(t) = Va(t) — Va(t).

Local uniform magnetic noise cancels to first order:

Vl(l) ~1®

ocal ™ Vlocal*

The scalar-wave gradient response is retained as:

Vy(t) = dg0:V (1).

Thus the gradiometer observable is:

T — Au Vg,rms ?
g Fq2)\c2 dgN AcBeoiws .

For a tri-axis gradiometer array:

Tarray - Tg,z + Tg,y + Tgaz’

A.7 Expected Signal Hierarchy

The scalar-channel hypothesis predicts the qualitative ordering;:

More explicitly:

Tsn > Tnsk > Tar > TBBH,LIGO-

11
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Tsn > YrBH

because core-collapse supernovae and neutron-star formation events generate large scalar compression
of the Aether substrate, while black hole mergers primarily generate coherent transverse quadrupole
response. Core-collapse supernovae and neutron-star formation are expected to produce broadband
gravitational-wave burst phenomenology Ott [2009], Kotake [2013].

The expected event signatures are:

supernova / neutron-star formation — large sclw) — large M(t) — large Yimtq,

whereas:

black hole merger — large transverse strain — small scalar Y,¢q-

A.8 Signal-to-Noise Ratio

Define the RMFD scalar signal-to-noise ratio:

Tevent — Hoff
Ooff

SNerfd =

A candidate scalar gravitational-wave event requires:

SNerfd > 5

in at least two independent stations, with arrival-time consistency:

rij -k
At;j = Ton
S

where v, is the scalar propagation speed.

In QMU form:

v =F\o =c.

A.9 Minimal Noise Model and Discrimination

Noise contributions entering the RMFD channel may be written as

Mnoise = Mthermal + Mseismic + Mmagnetospheric-



10 CONCLUSION 13

The primary discriminator is not amplitude but multi-station coherence at propagation speed
Vs = Fq)\cl

At = .
i F ¢

Local disturbances do not satisfy this constraint and are rejected by coincidence filtering.

A.10 Array Detection Criterion

A valid RMFD scalar event must satisfy:

SNRimfd,i > 5,
SNRmfd,j > 5,
v -k
Fq)\c ’
Tevent > Yof,

no local electromagnetic veto trigger.

This separates scalar gravitational-wave candidates from local magnetic disturbances.

A.11 Practical Prototype Parameters

A first prototype should target:

N =103 to 10°,

A.=10"% to 1 m?,

Af =1 to 10 Hz,

fs =10 to 10* Hz.

In QMU form, the instrumental design objective is:

Tmin — as small as experimentally achievable

with scaling governed by:

SvAf

T N
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The most effective engineering improvements are:

NA. T, Sy 4, gradiometer rejection T, multi-station coincidence 1 .

A.12 Summary

The RMFD engineering chain is:

& — sclwy — M(t) — dB(t) = V(t) = YTimia-

The central detector equation is:

v A ( Vims )2
rofd = Fq2)\02 N AcBeoitws

and the minimum detectable scalar signal is:

Tmin =

A, ( s/ VAT )

Fq2)\c2 N A Beoiiws

These equations provide the first engineering bridge from QMU scalar gravitational-wave theory to
measurable RMFD coil voltages.

A.13 Calibration of the RMFD Coupling Coefficient

The coeflicient k,mfq represents the effective coupling between scalar chronovibration and detector
magnetic response:

M(t,x) = Kemta Fysclwy(t, z).

At this stage, kpmfq is not assumed from material theory alone. It is treated as an experimentally
calibrated response coefficient determined by controlled magnetic-rotation injections, environmental
null tests, and multi-station coincidence measurements Thomson [2025¢].

The calibration condition is:

M, cal

Rrmfd = & 7 -
o Fquwzkl cal

The prototype objective is therefore to constrain the interval:

Kmin < Krmfd < Kmax-
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A reproducible scalar detector must show that x,,fq remains stable under repeated calibration while
rejecting local electromagnetic artifacts.

A.14 Matter—Aether Constitutive Estimate for s,

The empirical RMFD coefficient x,.mtq may be decomposed into a source-side Aether coupling and a
detector-side readout efficiency. The Matter—Aether tensor relation Thomson [2025b] identifies the
mechanical length-density driver 2Gm/r with an Aether curl response through the rotational unit
Ay

2Gm ~ A, dcurl.

For a local scalar compression, let

€s = 0:€

represent the fractional longitudinal displacement of the Aether substrate. The corresponding
perturbation of effective length density is modeled as

0Am = Am€s, Am = n
r
The induced curl perturbation is then
2G 2G A\,
1~ — 0 = —0.€.
dcur A oA A 0€

Taking the time derivative gives the magnetic-rotation response

2G A\,

U

M ~ O;dcurl = 01 0€.
Comparing with

M = Krmta O a:cga

suggests the source-side constitutive estimate

2GN\,,  2Gm

A, rA,

RA ~~

The full measured RMFD coupling may then be factorized as

‘ Krmfd = KAKD, ‘
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where kp represents detector-side magnetic readout efficiency, coil coupling, shielding response, and
electronics. This separates the Aether source coupling from the instrumental calibration coefficient
and provides a route toward deriving the astrophysical scalar amplitude from length-density dynamics
rather than treating k,mtq as a single undifferentiated empirical parameter.

A.15 Burst Signals and Wavelet Triggers

The use of a characteristic frequency fs is appropriate for narrowband sensitivity estimates. However,
scalar gravitational-wave candidates from supernovae, neutron-star formation, or gamma-ray burst
precursors are expected to be transient and broadband Klimenko et al. [2016].

For a burst signal, the voltage response should be evaluated spectrally:

f
V2, = /f V()2 df.

1

The corresponding RMFD observable becomes:

A fa
v A /
rmfd Fq2)\02 .

2

V)P

NAcﬁcoi127rf

Candidate events may therefore be identified using wavelet triggers, matched burst templates, or
excess-power searches over time-frequency tiles.

A valid scalar burst requires coherent excess power across independent RMFD stations with arrival-
time consistency and no local electromagnetic veto.

A.16 Core Material and Coil Enhancement
The coefficient B.o; includes the magnetic coupling efficiency of the pickup geometry, winding
configuration, core material, shielding, and readout electronics.

High-permeability cores may increase flux concentration and improve sensitivity, but they can
also introduce hysteresis, Barkhausen noise, temperature drift, saturation, and nonlinear response.
Therefore, the prototype program should compare:

air-core coils, ferrite-core coils, nanocrystalline-core coils, mu-metal-core coils.

The preferred material is not simply the one with the largest permeability, but the one that minimizes
the calibrated noise floor:

2
o= s (1)

Fq2)\02 N AcBeoilws

Thus, the engineering target is:
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2
Feoil s maximum.

Sy

Air-core coils provide the cleanest baseline because they avoid core hysteresis. High-permeability
cores should be treated as sensitivity-enhancement options only after the air-core response and
environmental veto performance are established.

A.17 Order-of-Magnitude Scalar Signal Estimate

For a transient scalar gravitational event, define the scalar compression amplitude at detector
distance R as

where E is the scalar-channel event energy. Interpretation. The estimate assumes that a fraction
of the released event energy couples into longitudinal Aether compression, so that E represents the
scalar-channel energy component driving the displacement field. Since ¢ = F;A¢, this becomes

GE,
(FqAC)ZLR'

€g

For a burst with characteristic angular frequency ws, the QMU-normalized scalar wave observable is
estimated as

w
% S

sclwy ~ —¢s.
F,

q

The RMFD magnetic response is

*
Mrms ~ erdequwd ~ RrmfdWs€s-

Thus the RMFD observable becomes

2
T (4= Aqums _ AU I€2 de2€2
rmfd — - .
Fq2)\02 2 tm sts

Using ¢ = Fy)Ac:

2
Yopg o 2 af GEs
rm (Fq)\c)g rmfd%'s (Fq)\C)4R

This expression gives the predicted scalar-channel signal strength in terms of source energy, distance,
burst frequency, and detector coupling. Because the predicted amplitude scales as mfmdeSQ, a null
result cannot be interpreted without independent bounds on x;nfq and an assumed scalar-channel
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energy fraction. The first experimental objective is therefore to bound K,m¢q in the laboratory and
to report astrophysical limits parametrically in FEj.

A.18 Coil Voltage Target for Scalar Events

The coil voltage response is

Vims = NAcﬁcoilwsMrms-

Using

Myms ~ KrmfdWs€s,

we obtain

2
Vims ~ NAC/BCOHK/I‘mfdws €s.

Substituting the scalar compression estimate:

QMU form (preferred):

GE
2 s
V;ms ~ NACBCOilK‘rmfdws (Fq)\c)4R
SI bridge (for instrumentation comparison):

GEs

2
Vims ~ NAC/BCOHK/I‘mfdws AR

This is the practical engineering target. For a fixed astrophysical event, sensitivity improves with
NAC/BCOHWE'

A.19 Numerical Bridge to Prototype Sensitivity

To connect the QMU-normalized RMFD observable to practical detector performance, we express
the engineering signal first in terms of an equivalent SI magnetic flux density Beq, and then convert
it to the QMU magnetic flux-density unit mfxd.

The QMU-native detector observable is

A 2
Trmfd = 17(127;62 Mrms

where M, s is the QMU magnetic-response amplitude.
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The equivalent SI magnetic field Beq is not a QMU primitive. In the QMU ledger, SI magnetic flux
density maps to the QMU unit mfxd by the charge-conversion rule

BS)

B(mfxd) _ )
ed ccf,
For the electron-anchored conversion Thomson [2025a],

2
cef, = Semax _ g 7358507336 % 10719

(&
Thus,
B(mfxd) _ Bég)
ced 8.7358507336 x 10—19

and the QMU detector observable should be evaluated as

Lomta = Fq;l;jc2 <B‘§gand))2

when an SI magnetic-field proxy is used.

Representative SI-to-QMU flux-density conversions are therefore

Beq =11T = B ~1.145 x 10°,

Beg=1aT = B ~1.145.

The corresponding coil voltage remains the engineering relation

Vims =~ NAcwsBe(;g))

where the SI field proxy is used only for laboratory voltage estimates.

For a prototype configuration,

N =10°, A, =1m?, fs = 10° Hz, ws = 27 x 102,

we obtain

Beq=11T = Vs~ 0.6 puV,

By =1aT = Vins~0.6nV.
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Thus, the practical engineering sensitivity target remains

Beq ~1aT to 1 fT

or, after charge conversion,

B 1 to 107

for the same prototype voltage range.

This distinction is essential: Beq in tesla is an SI laboratory proxy, while Bé?fXd) is the corresponding

QMU magnetic flux-density amplitude after applying the charge-conversion factor. Only the
converted QMU quantity should be inserted into Y,meq.

A.20 Calibration and Bounds for sy

Rewrite the scalar observable in invertible form:

<(sclw§)2> At

2 rmfd-
AU Kimftd

Define an experimental calibration using a controlled, time-varying magnetic-field gradient: measure

Vims = Yrmta and infer
Mmeasured

Rrmfd = w5 = -
Fq ded,injected

For a controlled laboratory injection using a time-varying magnetic-field gradient

0. B(t) = Bokg cos(wt),

the effective scalar proxy may be parameterized as

wBokg

* P . .
sclwg ini = Qinj 7
q

where kg, is the imposed spatial-gradient scale and ajy; is an empirical conversion factor relating the
laboratory magnetic-gradient excitation to effective chronovibrational response.

The calibration program therefore measures the composite quantity

Reff,lab = Krmfd¥inj,
which establishes an experimentally bounded detector response prior to astrophysical deployment.
Even if the injected signal is not a true scalar wave, this provides a lower bound:

Krmfd = Keff lab-

This converts the detector from qualitative to bounded predictive form.
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A.21 Gradiometer Baseline Scaling

Define the scalar wavelength

vs  Fylo
)\S = — =
f f
Optimal gradient response occurs for
As  Fyhe
dg ~ —
2 2r f

baseline d,

105 mT
full wavelength-scaled
10° mT gradient baseline
E )\
4 dg = 2q fC
1 m
W0 mT g 1d-deployable
baseline range
103 mt practical protofype
~
sub-wavelength regime
102 mt dg ~ 1-100 m
: : : : > frequency f
10 Hz 102 Hz 10° Hz 10* Hz

Figure 1: Gradiometer baseline scaling for a scalar wave with propagation speed vy = FyAc. The
full wavelength-scaled gradient baseline follows d, ~ A\s/(27) = Fy ¢ /(27 f), which is macroscopic
to planetary-scale over low-frequency burst bands. Practical RMFD prototypes therefore operate
in the sub-wavelength gradient regime, using baselines of order 1-100 m to measure local scalar-
compression gradients rather than full resonant wavelength structure.

Thus the gradiometer acts as a tuned scalar sensor. For lower frequencies (f ~ 10% Hz), d, is
macroscopic; for higher frequencies, compact baselines are preferred.

For broadband transient signals, such as core-collapse supernova bursts, a range of baselines (e.g.,
dg ~ 1-100 m) may be deployed in parallel to maintain sensitivity across multiple frequency scales.

Practical RMFD prototypes will generally operate in the sub-wavelength gradient regime
dy < As,

where the detector measures local scalar-compression gradients rather than full resonant wavelength
structure.
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