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Abstract

We derive the unified linearized wave sector of the Aether Physics Model (APM) by coupling
the metric to both the Aether tensor field (Aµν) and the Aether scalar chronovibration field
(δχ). The resulting spectrum contains two distinct branches beyond the transverse-traceless
(TT) curvature modes. Branch 1 (Rotational) is a transverse-axial mode with frequency-
dependent dispersion ω2 = k2 ± ϑ (where ϑ = FqλC), sourced by mass acceleration and
detectable in interferometers. Branch 2 (Longitudinal) is a longitudinal-scalar mode with
achromatic dispersion Ω2 = (FqλC)2k2[1 ± α], identified as a magnetic displacement wave
detectable by magnetometers. This unified model provides distinct, falsifiable phenomenologies
for interferometer (PTA, LISA, ground) and magnetometer (rmfd) networks, linking black hole
mergers to the transverse branch and gamma-ray bursts to the longitudinal branch.

Keywords: QMU; APM; gravitational waves; rotational Aether mode; longitudinal mode; polariza-
tion; dispersion; chronovibration; rmfd

1 Introduction

Institutional attribution follows the QADI reference identity Thomson III (2025a). This work
presents a unified derivation of the Aether Physics Model (APM) wave sector. We demonstrate
that by including both the rotational (tensor) and chronovibrational (scalar) degrees of freedom of
the Aether, the resulting theory naturally predicts two distinct classes of Aether waves beyond the
standard transverse-traceless (TT) curvature modes.
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Table 1: *
Notation (QMU ledger). Compact legend for symbols used throughout.

Symbol Meaning Ledger relation

me electron mass (ledger base) base
λC quantum length (Compton wavelength) base
Fq chronovibrational frequency scale base
e2, eemax

2 electrostatic and magnetic square-charges base
Au Aether unit (quantum rotating magnetic field) base/invariant
curl Aether rotational measure base/invariant
δχ Aether scalar (chronovibration) field perturbation
Aµν Aether tensor (rotational) field perturbation
ϑ GW scale (Branch 1) ϑ = Fq λC

α GW coupling (Branch 2) dimensionless

1.1 Foundational Definitions (APM, QMU, Ledger)

Aether Physics Model (APM). APM treats curvature and Aether dynamics as coexisting
geometric fields. Charges are distributed (not pointlike), and dynamics are written against a fixed
ledger of base constants.

Quantum Measurement Units (QMU). QMU is a closed metrological system with base set

{me, λC , Fq, e2, eemax
2},

and Aether constants such as Au and curl. Results are expressed solely in QMU.
Ledger and ledger identities. The “ledger” is the catalog of base constants and invariant

relations that must close dimensionally in QMU. A key identity is

Au curl = Fq
2λC

2,

which ties Aether rotation to chronovibrational and quantum-length scales.

1.2 The Two-Channel Hypothesis

We propose that the APM wave sector contains (at least) two distinct channels, arising from two
different Aether degrees of freedom coupling to the metric.

• Channel 1: Transverse-Rotational. A coupling between the metric hµν and an Aether tensor
field aµν . This generates a transverse-axial mode, sourced by conventional mass acceleration
(e.g., black hole mergers) and detectable by strain in interferometers.

• Channel 2: Longitudinal-Scalar. A coupling between the metric hµν and an Aether scalar
field δχ (chronovibration). This generates a longitudinal “space density gradient” or “magnetic
displacement wave,” sourced by Aether curl variations (e.g., GRB progenitors) and detectable by
magnetometers (rmfd arrays)Thomson III (2025b).

These two channels are not contradictory; they are orthogonal components of the full theory.
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1.3 Comparative Context (Concise)

Alternative wave sectors beyond GR include vector/scalar polarizations and modified dispersion.
The APM model is distinct:

• Einstein–Aether–type models Jacobson and Mattingly (2004); Eling and Jacobson (2006) admit
vector modes with free couplings; here the rotational branch split is ledger-closed by Aucurl =
Fq

2λC
2.

• Lifshitz–type gravities modify high-k scaling; here the leading split is k-independent.

• Massive–gravity–type models shift ω2 − k2 by a mass term; here the shift is a ledger scale ϑ, not
an independent mass.

• Scalar-Tensor theories couple a scalar field, but APM’s longitudinal-scalar mode is uniquely
identified with a magnetic displacement wave detectable by rmfd arrays Thomson III (2025b),
not interferometers.

Continuity. This unified treatment extends the displacement-wave analysis in APM, where the scalar
chronovibration degree of freedom was introduced and its dispersion scaling fixed in QMU Thom-
son III (2025c). The present work adds the transverse-rotational (interferometer) channel, keeping
the same ledger closure Aucurl = Fq

2λC
2.

2 Unified Lagrangian and Field Content

To unify both phenomena, we posit a full field inventory of metric perturbations hµν , an Aether
tensor field aµν , and an Aether scalar field δχ. The schematic quadratic action is:

S(2) =
∫

d4x
[
LKinetic(h, a, δχ) + LMix(h ↔ a) + LMix(h ↔ δχ)

]
.

Crucially, the two mixing terms couple to orthogonal sectors of the metric perturbation hµν .

1. LMix(h ↔ a) couples the Aether tensor aµν to the transverse-axial part of hµν .

2. LMix(h ↔ δχ) couples the Aether scalar δχ to the longitudinal-scalar part of hµν (denoted
h||).

The standard transverse-traceless (TT) modes are left decoupled from both. This orthogonality
allows us to analyze the two new branches separately as two independent 2 × 2 systems.

3 Branch 1: Transverse-Rotational Mode (Interferometer Chan-
nel)

Isolating the h ↔ a sector, we linearize the metric gµν = ηµν + hµν and the Aether tensor
Aµν = A

(0)
µν + aµν . Adopting appropriate gauges reduces the Euler-Lagrange equations to a 2 × 2

system in Fourier space for the coupled hµν and aµν modes.
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Characteristic equation. The matrix system for the coupled modes is:(
ω2 − k2 λC

2curl
Au

λC
2 ω2 − k2

)(
hµν

aµν

)
= 0.

Nontrivial solutions require the determinant to vanish. Using the ledger identity Au curl = Fq
2λC

2 ≡
ϑ2, this yields:

(ω2 − k2)2 −
(
λC

2curl
)( Au

λC
2

)
= 0 ⇒ (ω2 − k2)2 = ϑ2.

Eigenmodes and polarization. This provides two distinct dispersion relations:

ω2 = k2 (TT curvature, luminal, nondispersive),

ω2 = k2 ± ϑ (Aetheric rotational).

The new rotational mode (Branch 1) carries a transverse-axial polarization ea
ij = ϵiℓj k̂ℓ,

orthogonal to the TT basis {⊕, ⊗}.

Polarization projectors and orthogonality

Define the transverse projector Πij = δij − k̂ik̂j and the TT projector

Pij,kl
TT = 1

2

(
ΠikΠjl + ΠilΠjk − ΠijΠkl

)
.

For the axial and longitudinal directions use

Pij
ax = ϵiℓj k̂ℓ, Pij

∥ = k̂ik̂j .

At leading order these satisfy
PTT · Pax = 0 = PTT · P∥,

establishing orthogonality among TT, axial, and longitudinal sectors.

Admissible domain (stability/causality).

ϑ ≥ 0, for the − branch: k2 ≥ ϑ (no tachyonic leakage) .

Detector response. This axial mode produces a unique signature in interferometers. The
rotational overlap reduction function is:

Γa(f) =
∫

dΩ ei2πfk̂·∆x Dijea
ij ,

where Dij = ûiûj − v̂iv̂j is the detector tensor. A nonzero Γa(f) is a direct signature of this branch.
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Figure 1: Mode spectrum for Branch 1 (Transverse-Rotational). The aetheric branch splits from
the luminal TT mode by ± ϑ, introducing frequency-dependent dispersion.

4 Branch 2: Longitudinal-Scalar Mode (Magnetic Channel)

Isolating the h ↔ δχ sector, we use the minimal quadratic Lagrangian that couples the metric hab

to the scalar chronovibration field δχ:

L(2) = 1
4

1
Au

∂chab∂
chab + 1

2
curl
Fq

2 ∂cδχ∂cδχ + α

FqλC
hab∂a∂bδχ.

The mixing term α
FqλC

hab∂a∂bδχ uniquely selects the longitudinal metric projection.

Characteristic equation. Varying the action and choosing a wave gauge yields the coupled field
equations. In Fourier space, the system for the scalar-longitudinal sector (projecting hab = k̂ak̂bh||)
becomes: (

∆/Au αk2/(FqλC)
αk2/(FqλC) ∆ curl/Fq

2

)(
h||
δχ

)
= 0,

where ∆ ≡ −Ω2 + (FqλC)2k2. Using Aucurl = Fq
2λC

2 and |α| ≪ 1 gives

Ω2
S± = (FqλC)2k2 [1 ∓ α] (achromatic to leading order).

Admissible domain (stability/causality).

|α| < 1 (no sign flip in the kinetic block; frequency-even to first order).
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Eigenmodes and polarization.

Ω2
T T = (FqλC)2k2 (TT curvature, luminal), Ω2

S± = (FqλC)2k2[1 ∓ α] (Aether-Scalar).

This mode (Branch 2) is a longitudinally projected polarization mixed with the scalar field
δχ—a wave of Aether density/curl variation.

Achromatic dispersion. Achromaticity in QMU. Since Ω2
S± = (FqλC)2k2[1 ∓ α] with |α| ≪ 1

independent of k, the group speed vg,S ≃ FqλC(1 ± α/2) is frequency-even, so interband arrival
delays test source physics, not propagation. This is consistent with tight multimessenger timing
constraints from events like GW170817 Abbott and others ... (2017).

5 Multi-Band Phenomenology and Detection

The two branches have distinct, non-overlapping experimental signatures.

5.1 Branch 1: Interferometer Signatures (Transverse-Axial)

The dispersive nature of the rotational mode (ω2 = k2 ± ϑ) produces frequency-dependent phase
shifts.

• PTA (nanohertz): The stochastic background tilt acquires a low-k correction ∝ ϑ/k2, modifying
angular correlations.

• LISA (mHz): Inspiral phasing for binaries obtains a cumulative, frequency-dependent shift
∆ϕ ∝ ϑ/(πf)2.

• Ground-based (10–1000 Hz): ... splitting ∆ωring ∼
√

ϑ. This provides a new target for
analyses that already use inspiral signals to test GR and constrain dispersion Abbott et al. (2017,
2019, 2020).

5.2 Branch 2: Magnetometer Signatures (Longitudinal-Scalar)

The longitudinal mode represents a “co-moving” stretch of space and the detector, rendering it
effectively invisible to interferometers. Its scalar δχ component, however, is a magnetic displacement
wave.

• Primary Detector: A global array of broadband magnetometers (rmfd array Thomson III
(2025b)) to detect the scalar chronovibration δχ.

• Source: Believed to be sourced by events triggering solar flares and Gamma-Ray Bursts (GRBs).

• Key Signature: A “Magnetic-first triage.” The achromatic δχ wave (S) should arrive first,
triggering a response in the Sun’s magnetic structures (solar flare), followed by the GRB peak.

• Causal Ordering: The falsifiable timeline is tS < t⊙,f lare < tGRB . The observed lags are
source physics, not a propagation delay, due to achromaticity.
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Figure 2: QMU causal ordering for Branch 2 (Longitudinal-Scalar) events. The S-wave (detected by
magnetometers) arrives first, followed by associated electromagnetic phenomena. The lag τfill is a
source clock, not a propagation delay, due to achromaticity.

Energy flux and positivity (QMU)

Define QMU energy densities and fluxes

ETT = 1
2

(
ḣij ḣij + (FqλC)2 ∂khij∂khij

)
, ES = 1

2

(
˙δχ

2 + (FqλC)2 ∂kδχ ∂kδχ
)

+ O(α),

STT = ḣij ∇hij , SS = ˙δχ ∇δχ.

Both densities are positive for the admissible domains given above. A convenient source-dependent
diagnostic is the flux ratio

RS/T ≡ ⟨SS⟩
⟨STT⟩

,

which can be mapped to event classes (GRB-like vs. merger-like) in multi-detector campaigns.

6 Discussion

We have presented a unified APM wave sector, demonstrating that the Aether tensor (Aµν) and
scalar (δχ) fields give rise to two distinct, non-contradictory wave families beyond GR’s TT modes.

1. Branch 1 (Transverse-Axial) is a dispersive, rotational mode sourced by mass acceleration.
It is a target for interferometers.

2. Branch 2 (Longitudinal-Scalar) is an achromatic, longitudinal magnetic displacement
wave. It is a target for magnetometers.

This two-channel framework posits four total polarizations: two transverse-traceless (TT), one
transverse-axial (Branch 1), and one longitudinal-scalar (Branch 2). The stability/causality
guardrails and positive-energy lemma above provide clean admissibility criteria.
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A Likelihood and Ratio Tests

The two branches require distinct statistical tests.

A. Stacked Likelihood for ϑ (Branch 1)

We define the single parameter ϑ ≡ FqλC . For each band b ∈ {PTA, LISA, GB} write a QMU-only
Gaussian likelihood on residual vectors rb with covariance Cb(ϑ):

ln Lb(ϑ) = −1
2

[
r⊤

b Cb(ϑ)−1rb + ln det Cb(ϑ) + const
]
.

The stacked log-likelihood ln Lstack(ϑ) = ∑
b ln Lb(ϑ) + ln π(ϑ) (with prior π(ϑ) ≥ 0) constrains the

transverse dispersion scale ϑ. This test is applied to interferometer data.

B. Ratios and Null Tests for α (Branch 2)

For the achromatic longitudinal mode, we test for its presence using non-interferometer data.

Interband delay ratio. For a transient in two bands Ω1, Ω2, the dimensionless group delay ratio
is

Rτ ≡ τ(Ω2) − τ(Ω1)
r/(FqλC) = ϵ(Ω2) − ϵ(Ω1)

2 + O(ϵ2).

Since Branch 2 predicts ϵ = ∓α (frequency-even), the testable hypothesis is Rτ ≈ 0. Any observed
lag is attributed to source physics τfill, consistent with existing multimessenger constraints Abbott
and others ... (2017); Abbott et al. (2020).

Polarization null stream. For interferometer data, the absence of this mode is the test. A signal
present in magnetometers but absent in interferometer null streams would support the longitudinal,
co-moving nature of Branch 2. This leverages existing null-stream analysis frameworks developed
to search for generic non-TT polarizations Callister et al. (2017); Hagihara et al. (2019); Xie et al.
(2022).

C. Joint-detection Bayes factors and falsification rule

Define evidence ratios

Bint =
Z
(
dataIFO | ϑ > 0

)
Z
(
dataIFO | ϑ = 0

) , Bmag =
Z
(
dataRMFD | |α| > 0

)
Z
(
dataRMFD | α = 0

) .

Decision rule. Accept Branch 1 if Bint ≫ 1; accept Branch 2 if Bmag ≫ 1. For joint events, demand
consistency with the causal ordering in Fig. 2 and with the stability domains: ϑ ≥ 0, |α| < 1, k2 ≥ ϑ
for the “−” rotational branch.
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