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2 QMU PRELIMINARIES 1

Abstract

We present a QMU-native design for a rotating magnetic field detector (rmfd) that reads out
Aether chronovibrations as a magnetic rotation process. The detector targets the observable

M(tv 'T) X Bt5X(t7 LL'),

where d is the propagating chronovibration phase in the Aether Physics Model [Thomson, 2025¢].
Aether stretch raised by length density ldns rotates the mass-to-magnetic-charge ratio mchg with
instantaneous slip curl, yielding a small rotation angle ¢ = curl? /2. We formalize the relation
between a 5D quantum rotating magnetic field—with a hidden backward-time/antimatter-spin
sector—and its 4D projection, and we introduce three QMU-native diagnostics: time-parity
T, helicity H, and cross-plane separability C'|. These distinguish 4D-equivalent projections
from nonseparable 5D content. We further introduce a quadrupole injector for true gradiometer
calibration, QMU-normalized veto channels with coherence Cleto, spectral analysis of the
diagnostics, and a hierarchical LO/L1/L2 trigger to efficiently capture 5D candidates. All
quantities are expressed purely in QMU.

Keywords: QMU, APM, rotating magnetic field detector, chronovibration, hidden sector, detector
calibration, gradiometer, 5D projection

1 Introduction

The rotating magnetic field detector is designed to measure a specific class of QMU observables:
local chronovibrational compression-rate signatures that appear as small, coherent rotations in
the magnetic readout plane. In the Aether Physics Model, these are not treated as conventional
electromagnetic disturbances imposed from outside a passive detector. Rather, they arise from
internal Aether geometry, in which Aether stretch drives a rotational slip in the mass-to-magnetic-
charge ratio [Thomson, 2025¢].

This detector framework motivates later analyses of structured residuals in rotational measurements,
including the Ghost Murmur effect. The rmfd provides the hardware, calibration, and diagnostic
framework needed to detect and quantify those residuals in a controlled, ledger-consistent way
[Thomson, 2025¢, Thomson III, 2025].

The practical aim of the rmfd is therefore twofold. First, it must act as a high-fidelity vector sensor
for weak rotating magnetic structure. Second, it must discriminate ordinary 4D-equivalent rotations
from higher-order behavior that cannot be reduced to a single separable loop-plane phase. To
accomplish that second aim, the detector design includes a calibration and analysis framework
native to the QMU ledger, so that timing, angle, power, helicity, parity, separability, and noise
rejection all close on the same dimensional basis.

This paper lays out the rmfd as a complete QMU instrument concept: the field model, the coupling
law, the detector architecture, the signal-processing chain, the calibration protocol, the veto strategy,
the trigger hierarchy, and the interpretation guide for distinguishing 4D-equivalent from nonseparable
5D content.

2 QMU Preliminaries
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2.1 Units and bridge

The quantum frequency F, and Compton length Ac set the base propagation speed FyAc. The
central ledger identity is

Ay - curl = F2AN2 (1)
[Thomson, 2025¢, Thomson 111, 2025]
The Aether unit is
A, = 167%kc. (2)
We define the wavenumber unit 1
wavn = o (3)

2.2 Length density and curl

Length density is mass per quantum length. Its maximum expression is

ldnsy = % (4)
C

Curl measures the rotational slip of the mass-to-magnetic-charge ratio. Its maximum expression is

2

€q
lp = . 5
curlp = (5)
We use the dimensionless ratios
ldns curl
ldns? = 14 = . 6
1 ldnsg’ curly (6)
The small-angle relation is
curl?
¢=— (7)

Physically, rotational slip describes the degree to which Aether stretch causes the mass-to-magnetic-
charge ratio to rotate away from its unperturbed orientation. It is not a conventional field rotation
imposed externally, but an internal geometric reorientation of the QMU charge-mass structure
[Thomson, 2025c¢,a].

2.3 Charge taxonomy

The root charge symbol is e. Derived QMU charges include the electrostatic charge e?, the electron
magnetic charge eqmax>, the proton magnetic charge epmaxz, and the Aether maximum magnetic
charge e,? [Thomson, 2025c¢,a,b].
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3 5D Field Content and 4D Projection

We model the 5D chronovibration via a phase field x4 with indices
A,Be{x,y,z,1,0},

where 7 denotes the forward-time arrow and o denotes the hidden backward-time/antimatter-spin
sector [Thomson, 2025¢].

Define the rotation 2-form
Qap = 0a0xB — Opdxa. (8)
The rmfd with loop plane XY senses the 4D projection

Qg?ifj) = HSJ(H{/)QCD, Hg’; = 59( for C € {z,y,2,7}, 1% = 0. (9)

Hence purely hidden components Qx., Qy,, and 7, contribute only through mixing that leaks
into Qxvy, Qyz, and Qzx.

Proposition 3.1 (4D-equivalence criterion). The 4D rmfd is equivalent to the 5D rmfd if the 5D

field is separable as

Sxat,z,0) = ox(t,2) + pal0), (10)

so that the hidden sector introduces only a constant phase redefinition in Qg)mj) with i,7 € {z,y, z}.
Otherwise, nonseparable mixing yields observables that cannot be represented by a single rotating
phase in any loop plane.

[Thomson, 2025c¢]

Observable symptoms of nonseparable 5D content include bi-harmonic or sidebanded rotation in
1/ F,, handedness flips with sky geometry, and cross-plane decoherence not explained by a single
k/wavn.

4 Chronovibration-to-rmfd Coupling

The rmfd responds to local compression rate:
M(t,.’l)) = OJrmfd 8,55)((15,{1'}) +n(t7 x)a (11)

with dimensionless gain grmfq and additive noise n [Thomson, 2025¢]|.

Aether stretch driven by ldns rotates mchg with slip curl, providing the link from compression to a
rotating magnetic pattern. In the small-angle limit,

qﬁ(t,m):%curld(t,az) e ewld(t,2) = 26(t, 7). (12)

[Thomson, 2025c¢]
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Proposition 4.1 (Ledger-consistent power). If M is measured over a window At, the ledger-

normalized observable )
Au <M >At

13
E2\? (13)

Trmfd =

is dimensionless and station-comparable.

For interpretation, a pure separable 4D rotation should produce a stable single-plane signal, a
time-parity channel near zero, a helicity sign fixed by geometry, and cross-plane separability near
unity. Departures from that pattern define the search space for hidden-sector structure.

5 Detector Architecture

5.1 Sensor head

A rigid triad of orthogonal pickup loops (X,Y, Z) forms a vector rmfd sensor. Each loop is high-Q
and low-loss. Loop area and turns are chosen so the coupling to the rotating magnetic component
is linear across the target band in Q/Fj,.

For environmental rejection, a first-order gradiometer option uses counter-wound twin loops per
axis with a baseline small compared to the dominant 1/wavn [Weinberg et al., 1984, Koch et al.,
1993, Zhang et al., 2022].

The pickup head concept with local injector is shown below.

Z-loop

X-loop

LR Y
s
local injector, -7~ "*.
. [ IR
’

]
' 4
- 1
Y-loop ~i__.»°
/
«?

Figure 1: rmfd pickup head concept with three orthogonal sensing loops and a local quadrature-
driven injector for calibration.

A3

Injector coils

5.2 Magnetic environment and housing

A non-ferromagnetic, nested shield stack suppresses slow field drifts without locking the rotation. The
sensor assembly is mounted on passive vibration isolation and thermal baflles to reduce mechanical
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and thermal modulation of the pickup impedance.

5.3 Analog front-end and digitization

Each axis feeds a differential, ultralow-noise preamplifier with a flat group-delay passband covering
the chosen 2/F, window. Anti-alias filters precede synchronized ADCs. The sampling clock is
phase-locked to a QMU master with a stored ratio fe/F;, for unambiguous timing in QMU.

5.4 Local calibrators: dipole and quadrupole injectors

Dipole injector. A miniature orthogonal coil pair near the sensor produces a known local rotating
field when driven in quadrature. This supports in situ checks of gain, phase, axis alignment, and
absolute angle recovery at selected (2/Fy, k/wavn) [Zhang et al., 2022].

Quadrupole injector. Two parallel, separated dipole coil pairs, driven in anti-phase, synthesize a
controlled rotating field gradient 0;B;. This calibrates gradiometer rejection of uniform fields under
in-phase drive and validates spatial response under anti-phase drive without physically translating
the source [Weinberg et al., 1984, Koch et al., 1993].

6 Signal Processing in QMU

6.1 Vector reconstruction and rotation demodulation

Let Bx, By, and Bz be digitized channels and define

B(t) = (Bx(t), By (t), Bz ().
In a chosen plane, for example XY,

ang(t) = atan2(By (t), Bx (t)), ang(t) = %ang(t). (14)

The rotating component corresponds to the rmfd signal. Map angle to normalized curl via
curl?(t) ~ 2 ang(t) (small-angle regime). (15)
[Gabor, 1946, Boashash, 1992]

This relation holds in the small-angle, plane-projected limit. Full 3D recovery uses the complete
triad (X,Y, Z) together with cross-plane diagnostics.

The overall signal path is illustrated below.
6.2 Chronovibration envelope

Define a QMU envelope that tracks the compression-rate magnitude:

Exr(t) = \(M(0)2) ar o< /(05302 ar- (16)
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QMU DSP: i
EM(t) T H, cL C“ BECT:

veto
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(X,Y,Z loops) Differential Preamps ADCs (locked to Fy)

Witness +
Quadrupole Injector

Figure 2: rmfd signal path in QMU with quadrupole injector, witness channels, diagnostics, and
hierarchical triggers.

6.3 Spectral products

Let M¢(€2) be the finite-time transform of M (t). Store spectra and cross-spectra as functions of
Q1/F, and k/wavn, with ledger normalization

e (17)
6.4 5D-aware diagnostics
6.4.1 Time-parity channel
Define the ledger-normalized time-odd score using the Hilbert transform H:

P A M) AM0) a0 "

Fq?)\CQ
[Gabor, 1946, Boashash, 1992]

T changes sign under time reversal. Persistent nonzero T at fixed geometry indicates time-asymmetric
structure consistent with hidden backward-time mixing [Thomson, 2025¢]|.

6.4.2 Helicity channel

With the triad, form
Ay (B- (0B x 9?B))a
H= 2y 2 3t ) - (19)
F" Ao (IBl) ae

This tracks rotation handedness. A pure 4D-equivalent signal should preserve a stable helicity sign
set by geometry. Sign changes beyond geometric expectations indicate parity structure not captured
by a single separable mode [Thomson, 2025¢].

6.4.3 Cross-plane separability

Project angles in two orthogonal planes, for example XY and X Z, then compute

Ay <8tangXY 81ta]fll%§XZ>At

c, = .
F A V/((Orang xy)?) ar ((Orang x 7)%) ae

(20)
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For a single separable 4D mode, C| ~ 1. Persistent C'| < 1 at high SNR indicates nonseparable
cross-plane coupling [Thomson, 2025¢].

6.4.4 Null expectations

For a pure separable 4D rotation, the null expectation is
T =0, H with stable sign set by geometry, C, ~1.

Deviations from these values indicate time-odd structure, handedness anomalies, or nonseparable
cross-plane mixing.

6.5 Diagnostics as streams

Treat T'(t), H(t), and C (t) as time series. Define their ledger-normalized spectra:

A, S[T)(Q
Srr(QFy) = FqQ[)\i;(Q) (21)
Suu(Q/Fy) = w, (22)
q
Scc@/F) = 2. (23)
q

A 4D-equivalent single rotation yields spectrally quiet Spr and Scc. A dynamic hidden sector can
populate sidebands or distinct modulation structure in these channels.

7 Calibration in QMU

7.1 Angle scale

Inject a small rotating field with known phase ¢iyj(t) and aperture angle ang;,;(t). Verify recovery
through

1
5 Ul (1) — angy (1), (24)
Report residuals as
€p = |Cur1(r:lneas -2 anginj| ) (25)
2 ang;y;

7.2 Frequency scale

Sweep injected tones across the operational band in Q/F,. Confirm flat group delay and correct
phase tracking. Store A¢(Q/Fy).
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7.3 Wavenumber scale

Use the quadrupole injector in anti-phase to synthesize a rotating gradient. Validate the k/wavn
response and gradiometer suppression of uniform fields by toggling between anti-phase and in-phase
drive. Quantify the fractional error €.

7.4 Diagnostic calibration
Time-parity reference. Drive the injector with a phase sequence and then with its time-reversed
copy. Require T'— 0 for symmetric sequences and equal/opposite T for reversed runs.

Helicity reference. Reverse drive quadrature from (cos,sin) to (cos, —sin) and record H — £Hy
with stable magnitude across the band.

Separability reference. Tilt the injector plane by a known angle and verify C'; = 1 for single-mode
rotation, degrading in a predictable way for injected two-mode superpositions.

7.5 Ledger-normalized magnetic flux

The detector observable
Ay (M 2>

Timtd = —5—5- 26
fd Fq2)\02 ( )

is dimensionless using Eq. (1) and supports station-to-station and event-to-event comparisons.

8 Noise, Systematics, and QMU-Normalized Veto

8.1 Witness sensors and normalization

Deploy co-located witness channels V;(t), such as a tri-axial accelerometer, a local thermometer,
and an external magnetometer outside the shield. Digitize synchronously with the same foy/Fj.
Define ledger powers

Ay, (V2
Ty, = % (27)
F,“A\c
8.2 Veto coherence
Define the sliding-window coherence
i (M()Vi(t)a
(1) = s (25)

(M2) A (V) At

i)

Triggers are vetoed when |C"(,eto

| approaches unity in the corresponding witness domain.
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8.3 Noise ledger

Represent additive disturbances by

n(t) = Nmag + Mmech + Ntherm + Neclk + - -

Define the noise ledger

Ay Spn ()

NT(Q/F,) = 222 (29)

q Fq2)\ 2

For a coherent line of width AQ,
Au [ M (Q0)[”
ok You
SNR; = TAO/2 . (30)
Spn () dQ
Qo—AQ/2

A first prototype should empirically populate this ledger by separating Johnson-like electronic noise,
amplifier noise, digitization noise, and mechanically correlated pickup contributions through witness
coherence and controlled injection tests.

9 Estimator Design and Hierarchical Triggers

9.1 Angle estimator

Define the complex analytic channel in a selected plane:
Z(t) = Bx(t) + iBy(t). (31)
The instantaneous phase @(t) = arg Z(t) yields
curld(t) = 26(t), d(t) = ¢(t) in the calibrated small-angle regime. (32)
[Gabor, 1946, Boashash, 1992]

For small noise, the Cramér—Rao bound for an unbiased ¢ estimator over coherent span Tt is

- 1 Ay |M ()2 dQ
Var[d] > ——— SNRey, = / et AULI UL 33
el 2 S R " T FING Joand Sun(Q) 27 (33)
[Kay, 1993]
9.2 Hierarchical trigger
LO: power trigger. Use the envelope F)(t) and transient score
A, M(£)b(t) dt|?
L 1 M(Db(e) d| 0

E2N? []b(t) Cr(t — ) b(t) dt dt’”
with threshold A > Atpresh-

L1: fast diagnostics. On L0 fire, compute band-limited approximations:
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e Fast-T: approximate 90° phase shift using a short FIR in the primary band,
e Fast-C'|: down-sampled cross-plane coherence,

o Veto check: evaluate C\(,?to for witness channels.

L2: full resolution. If L1 indicates |Ttast| > € or C' fasy < 1 and ‘Céi)to‘ is low, store full-resolution

buffers for offline computation of T', H, C'|, Str, Sgm, Scc, and the sky solution.

10 Engineering Enhancements and Implementation Options

This section collects practical options that improve sensitivity, stability, and testability without
leaving the QMU ledger. All performance goals are stated as reductions of ledger-normalized noise
and improvements of estimator variance for ¢, T\, H, and C .

10.1 Sensor head materials and topology

Low-loss conductors and stable joints reduce parasitics. Optional flux concentrators may be used if
they do not introduce hysteresis or anisotropy in ang(t). Higher-order gradiometer geometries are
acceptable if the quadrupole injector confirms flat k/wavn gain across the target band.

10.2 Shielding and isolation

Optimize the number and spacing of shield shells by minimizing N(¥)(Q/F,) at low Q/F, without
degrading mechanical stability. Optional active isolation is acceptable if it suppresses witness
coherence under injected mechanical disturbance.

10.3 Analog front-end refinements

Select preamp topologies that lower N (1) in the science band and keep group delay ripple within
the calibrated tolerance of A¢(€2/Fy). Any disciplined oscillator is suitable if the recorded ratio

feix/Fy remains stable.

10.4 DSP and estimator options

Filtered analytic channels may be used if they do not bias ¢. State-space fusion across the triad is

A

acceptable if it lowers Var[¢]| and reduces held-out helicity scatter. Light classification based on

{Yimta, T, H,C, C\(,Qto} may assist the operator, but final decisions remain ledger-diagnostic.

11 Array Operations
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11.1 Timing and synchronization

Stations share a common epoch and record the clock ratio fey/F,. Cross-correlation of M (t) or
Ej(t) across sites yields the arrival time in QMU units [Ruigrok et al., 2017, Van Trees, 2002].

11.2 Baseline geometry and triangulation

Let stations a and b be separated by baseline b,,. For incoming direction n, the time delay satisfies

b - 1
VR

Aty Fy = (35)

[Ruigrok et al., 2017, Van Trees, 2002]

Collecting Aty over all baselines yields a least-squares sky solution.

11.3 5D consistency across stations

Before classifying an event as 4D-equivalent, require sky-consistent values of
{Trmfda T’ H, CJ_}

within calibrated tolerances across baselines. Persistent nonzero T, helicity sign inversions beyond
geometric expectations, or C'} < 1 at high SNR indicate nonseparable 5D influence.

11.4 Interoperability with other channels

For coordinated campaigns, compare rmfd arrivals across other observables. Leading-order propaga-
tion is achromatic. Deviations in T, H, and C'; trace hidden-sector physics rather than propagation
speed.

12 Build Protocol for a Single-Site Prototype

1. Assemble a tri-axial pickup head and verify orthogonality via injector rotations. Record the
axis misalignment matrix for digital de-rotation.

2. Enclose the head in a non-ferromagnetic shield with vibration and thermal control. Characterize
the residual gradient by rotating the head inside the shield.

3. Route each axis through a low-noise differential preamp, anti-alias filter, and synchronized
ADC locked to a clock with stored fex/Fy.

4. Implement QMU DSP: analytic channels, ang(t), ang(t), M(t), En(t), S](\}])V[, diagnostics T,
H, C, and witness coherences C\(,?to.

5. Validate with dipole and quadrupole injections at selected (€2/Fy, k/wavn) and publish the
QMU calibration card.

6. Commission the hierarchical trigger and set Atnresh, €, and veto thresholds using quiet-run
ledgers.
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13 Data Products and File Format

Recommended QMU-native products per run are:

o angle stream ang(t) with sampling ratio fs/F,,

o compression-rate stream M (t) and envelope Eys(t),

 spectra 51(\}1)\4 (Q/F,) and cross-spectra between stations,

o diagnostic streams T'(t), H(t), C(t) and spectra Str, Sgm, Scc,
» veto products Ty, and C"(,i)to(t),

o calibration card: €5, Ap(QU/Fy), €, N (1) gradiometer rejection factor, and diagnostic refer-
ences,

o trigger logs with LO/L1/L2 decisions and thresholds.

14 Experimental Scenarios and Discovery Space

14.1 Quiet-run baselining
Long contiguous runs in magnetically quiet intervals establish station noise ledgers, seasonal

backgrounds, environmental couplings, witness coherences, and reference distributions for T, H,
and C .

14.2 Triggered campaigns

Three obvious campaign modes are solar episodes, burst searches, and rotational-line surveys. In
each case, events are classified by { Y4, 7, H,C |} together with witness coherence.

14.3 Parametric scans in k/wavn

Use the quadrupole injector to emulate spatial gradients and validate the k/wavn response and
gradiometer behavior prior to array campaigns.

15 Design Trades in the QMU Ledger View

15.1 Loop area versus bandwidth

Larger geometric aperture increases coupling to rotating patterns but tightens mechanical stability
demands. Ledger-normalized sensitivity improves with coherent integration in rson™!, where
resonance controls the effective coherent time in the digital chain.
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15.2 Shielding versus gradiometry

Additional shielding reduces low-§2/F, drifts but can couple to mechanical motion. Gradiometers
subtract common-mode variations while preserving rotation if the baseline remains much less than
1/wavn. The quadrupole injector allows bench optimization of this trade.

16 Validation Plan and Performance Metrics

16.1 Closed-loop validation

Closed-loop validation should include angle linearity, frequency fidelity, spatial fidelity, 5D-diagnostic
behavior under controlled reversal, and veto integrity under deliberate mechanical, thermal, and
magnetic disturbances.

16.2 Open-loop checks

Open-loop cross-checks compare rmfd arrivals and diagnostics against independent channels. Achro-
maticity implies that consistent sky solutions should arise without dispersion corrections. Deviations
in T, H, and C'} then trace hidden-sector dynamics.

A null result after extended operation would consist of persistent agreement with the separable 4D
expectation: T = 0, stable geometric helicity sign, C| = 1, spectrally quiet diagnostic channels,
and no reproducible excess beyond calibrated witness coherence. Such a result would place upper
bounds on hidden-sector mixing in the rmfd channel.

17 Interpretation Guide: 4D-Equivalent versus 5D

A 4D-equivalent signal is characterized by high Y54, T = 0, stable H sign per sky patch, C| ~ 1,
and quiet S7r and Scc.

A backward-time admixture is characterized by T # 0 with C| ~ 1, and may show a distinct
modulation line in Spp.

A nonseparable 5D signal is characterized by persistent C'| < 1, helicity flips beyond geometric
expectations, and sidebands in Q/Fj, with diagnostic spectra populated away from the main
rotational line.
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A QMU Ledger Identities for rmfd

A.1 Core relations

Ay -curl = F2\2, (36)
ldnsy = %, (37)
Ac
€q?
curly = . (38)
curl?
¢=— (39)
A, (M?
Trmfd = % (40)
F,“A¢

A.2 Angle-to-ledger propagation

If ¢ is the measured plane angle,

curlg

¢ =2 curl? XU el X Au, Ay curl = F2\ 2 (41)

Thus an absolute angle calibration at the sensor plane closes directly onto the ledger.

B Parity of 5D Diagnostics

Under time reversal t — —t,

T— —T, H— +H, C,—+C). (42)

Under handedness reversal, the helicity channel changes sign:

H s —H. (43)

C Array Likelihood in QMU

For a candidate event observed across stations s = 1,..., N, define the QMU array likelihood
schematically as
N
Earray X H P(Trmfd,sa TS7 HS7 CJ_,S ‘ ﬁ7 Ats: ,H)v (44)
s=1

where 1 is the sky direction and H is the event hypothesis. The preferred solution is the one that
jointly maximizes timing consistency, diagnostic consistency, and witness-channel rejection.
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