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Abstract

We specify practical reference realizations of the QMU base set {me, λC , Fq, e2, eemax
2} and

the aether constants Au, ma, and design calibration chains that are purely QMU. Procedures
include chronovibration clocks at Fq, square-charge transfer standards for e2, eemax

2, and stiffness
metrology for Au via the ledger identity Au curl = Fq

2λC
2. We present uncertainty models and

publishable protocols for scattering, binding, and lensing experiments that directly test APM
predictions in QMU without recourse to external unit systems in the main text. An appendix
provides a bridge for external readers who wish to translate QMU results and compare against
Standard-Model calculations.1
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1 Motivation and Context

The problem. Conventional metrology assembles unit families from historical artifacts and later
atomic references (Bureau International des Poids et Mesures (BIPM), 2019). This fragments
geometric relations among constants that, in the Aether Physics Model (APM), are explicit at the
unit level. Stiffness of the substrate, rotating-field curl, and chronovibrational scales are separated
across disparate ledgers rather than appearing as a single closure. Contemporary realizations (e.g.,
Kibble balances; optical clocks) exemplify both sophistication and fragmentation (Robinson and
Schlamminger, 2016; Ludlow et al., 2015).

The APM/QMU proposal. APM treats space as a quantized substrate of Aether Units with
stiffness Au. Chronovibrational frequency Fq and quantum length λC set kinematics, while two
square-charges e2 (electrostatic) and eemax

2 (magnetic) govern interactions. The QMU base set
{me, λC , Fq, e2, eemax

2} serves as the native ledger so testable identities are QMU closures. The
central closure is

Au curl = Fq
2 λC

2,

tying substrate stiffness to rotating-field response and kinematic scale without external conversions
(Thomson III, 2025a). Archival extensions reside in the AetherPhysics Zenodo community.

Goal. Move QMU from theory to falsifiable experiment by: (i) specifying reference realizations of
the base set; (ii) constructing calibration chains that never invoke external units; and (iii) presenting
benchmark protocols whose outcomes are reported as dimensionless QMU ratios.

2 Conventions and Ledger

2.1 Base and selected derived units

The base set is {me, λC , Fq, e2, eemax
2} with aether constants Au and ma. Selected derived units:

volm ≡ λC
3, (1)

rson ≡ Fq
2, (2)

curl ≡ eemax
2

meλC
, (3)

mflx ≡ me λC
2 Fq

eemax2 . (4)

The stiffness ledger is
Au curl = Fq

2λC
2 . (5)
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Maximum aether mass and aether magnetic charge:

Gforce = ma λC Fq
2, ea

2 = ma λC
3 Fq

2

Au
. (6)

Geometric relation for Au and the Coulomb kernel:

Au = 16π2 kC . (7)

A convenient square-charge normalization (fine-structure mapping):

eemax
2 = e2

8π α
. (8)

2.2 Conceptual bridges

Aether stiffness Au. Substrate resistance to rotational deformation by a driven, rotating magnetic
field; operationally the constant that closes (5).

Rotating-field curl curl. Steady-state rotational response fixed by the base set: curl = eemax
2/(me λC).

Chronovibration Fq. Fundamental temporal oscillation scale; disciplined oscillators (“chronovi-
bration clocks”) report Fq via QMU-only ratios.

2.3 Ledger provenance

Lemma 1 (Uniqueness of the stiffness–curl closure). Assume: (i) kinematics close on λC and
Fq; (ii) the rotating-field response is set by eemax

2 acting on me over a quantum length; (iii) Au

multiplies the response linearly at steady state. Then the only scale-free closure is Au curl = Fq
2λC

2.

Proof. From (ii), curl = eemax
2/(meλC). Let Au curl ∝ Fq

aλC
b. Steady rotation sets a = 2; length

homogeneity sets b = 2. Remaining factors are dimensionless; APM geometry fixes Au = 16π2 kC ,
leaving no free scale.

2.4 Unit roles

Symbol Unit expression Role in metrology
me base Electron mass base marker for charge-curl and flux units.
λC base Quantum length baseline for volm and ledger closures.
Fq base Chronovibration frequency standard; drives resonance

ladders.
e2 base Electrostatic square-charge transfer standard.
eemax

2 base Magnetic square-charge transfer standard; sets curl.
volm λC

3 Aether cell volume; used in density-like normalizations.
rson Fq

2 Resonance unit; appears in stiffness and wave equations.
curl eemax

2/(meλC) Rotating-field curl response; closes (5).
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Symbol Unit expression Role in metrology
mflx meλC

2Fq/eemax
2 Magnetic-flux transfer unit for rotating apparatus.

Au 16π2kC Aether stiffness; measured by rotating-field closure.
ma base/derived Aether mass scale; ties to Gforce via (6).

3 Reference Realizations

3.1 Length: realizing λC

Intercompare a chronovibrational cavity at harmonics of Fq with a reference scatterer expressible in
{me, e2, eemax

2}:
λ̂C = Ndiv

Mharm

vph
Fq

, vph = Fq λC .

Ramsey-like discrimination stabilizes phase readout.

CV cavity
(near Fq)

RF-I loop
(mflx-ref.)

Phase meter
∆Φ

drive/feedback discipline

Ramsey pulses

Figure 1: Chronovibration clock schematic (QMU ratios only).

3.2 Frequency: realizing Fq

Construct a self-excited oscillator pinned by the ledger:

Fq = 1
2π

∂ϕΦcv, σy(τ) ≤ π

3
√

2
1
Q

τ−1/2.

3.3 Square-charge: realizing e2 and eemax
2

Electrostatic SQCS-E: ρE ≡ ∆ΦE/NE ∝ e2. Magnetic SQCS-M: ρM ≡ ∆ΦM /NM ∝ eemax
2.

Combining with (8) cross-checks α (Thomson III, 2025c).

SQCS-E
(∆ΦE/NE ∝ e2)

SQCS-M
(∆ΦM /NM ∝ eemax

2)

intercomparison (ratio artefacts)

Figure 2: Square-charge transfer standards.
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4 Aether Stiffness and Curl Metrology

4.1 Measurement equation

Drive a rotating magnetic field in a coaxial resonator and measure the steady-state curl response:

M ≡ Φrot
Φinj

−→ Au curl 1
Fq

2λC
2 .

A two-run protocol (curl-fixed vs. stiffness-fixed) separates Au and curl.

Coaxial resonator Rotating-field drive Readout Φrot/Φinj

mflx-ref.

transfer function

Figure 3: Rotating-field stiffness closure.

4.2 Two-run separation

Run A (curl-fixed): curl = eemax
2/(meλC) ⇒ Au = Fq

2λC
2/curl. Run B (stiffness-fixed): Au =

16π2 kC ⇒ curl = Fq
2λC

2/Au. Agreement validates both the apparatus and 16π2 geometry.

4.3 Auxiliary identity for kC

Combining (5) and (7):

kC = Fq
2 λC

3 me
16π2 eemax2 . (9)

5 Calibration Chains (QMU-only)

5.1 Primary chain

{me, λC , Fq, e2, eemax
2} ⇒ {volm, rson, curl = eemax2

meλC
} ⇒ {Au = Fq

2λC
2

curl }.

5.2 Flux and aether-charge chain

{me, λC , Fq, eemax
2} ⇒ {mflx} ⇒ {ea

2 = ma λC
3Fq

2

Au
},

with ma tied to Gforce = ma λC Fq
2.
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5.3 Traceability

Every derived quantity carries an unbroken chain of QMU ratios to the base set; no external units
enter any estimator or uncertainty.

6 Chronovibration Clock Protocol

6.1 Apparatus

Dual-cavity oscillator with rotating-field injection (RF-I) and Ramsey discrimination:

• CV cavities: identical eigenstructures tuned near Fq.

• RF-I loop: mflx-referenced injector; programmable phase.

• Divider ladder: integers (D1, . . . , Dk) forming ∏i Di = Ndiv.

• Phase meter: measures ∆Φ per interrogation cycle.

6.2 Discipline and evaluation

Operate at maximal contrast C ≡ | exp(i∆Φ) − 1|, discipline to ∆Φ → 0. Report

F̂q = Mharm
Ndiv

Fq
(raw), σy(τ) ≲ π

3
√

2
1
Q

τ−1/2.

7 Square-Charge Transfer Protocols

7.1 Electrostatic SQCS-E

Accumulate NE quanta into CE with chronophase ΦE ; estimator

ê2 ∝ ∆ΦE

NE
× KE(me, λC , Fq).

7.2 Magnetic SQCS-M

Inject NM quanta into a toroidal rotating-field cell; estimator

êemax2 ∝ ∆ΦM

NM
× KM (me, λC , Fq, mflx),

with a cross-check via (8) (Thomson III, 2025c).

8 Rotating-Field Stiffness Protocol

8.1 Primary closure

With curl from SQCS-M,

Âu = Fq
2λC

2

curl Θsys,

7



where Θsys gathers small dimensionless corrections.

8.2 Geometric closure

Verify Au = 16π2kC and reconstruct kC via (9).

9 Uncertainty Models (QMU only)

9.1 General form

For X̂ = f(r) with QMU-ratio vector r,

u2
r(X) =

∑
i

(
∂ ln f

∂ri
u(ri)

)2
+ 2

∑
i<j

∂ ln f

∂ri

∂ ln f

∂rj
Cov(ri, rj).

9.2 Worked budgets

Stiffness Au. From Au = Fq
2λC

2/curl and curl = eemax
2/(meλC),

u(Au)
Au

≈ 2 u(Fq)
Fq

+ 3 u(λC)
λC

+ u(me)
me

+ u(eemax
2)

eemax2 .

Kernel kC . From (9),

u(kC)
kC

≈ 2 u(Fq)
Fq

+ 3 u(λC)
λC

+ u(me)
me

+ u(eemax
2)

eemax2 .

10 Benchmark Protocols for APM Tests

10.1 Low-energy scattering (dimensionless ledger)

Define
Ξscatt ≡ observed phase advance

reference phase = F
(

eemax
2

e2 ,
Fq

Mharm/Ndiv
,

λC

λC ref

)
,

and compare APM vs. external overlays (Peskin and Schroeder, 1995; Itzykson and Zuber, 1980).

10.2 Comparative predictions in QMU

For any external model with observable Y , report the unit-free

ΞSM(ρ) ≡ Y

YQMU ref
,

with YQMU ref built from the same bases (e.g., Fq
2λC

2, meFq
2λC

2, or Fq
2λC

2/Au).
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10.3 Binding benchmarks

BQMU ≡ binding observable
me Fq

2λC
2 = G

(
eemax

2

e2 ,
λC

λC⋆
,

Fq

Fq⋆

)
.

10.4 Lensing benchmarks

Λlens ≡ deflection observable
Fq

2λC
2/Au

= H
( curl

curl0

)
,

with standard gravitational-lensing formalisms used only as overlays (Schneider et al., 1992).

11 Roadmap Experiments

11.1 Rotating-field double-closure

R1. Measure Au curl and separate via SQCS-M.

R2. Reconstruct kC with (9); verify Au = 16π2kC .

R3. Detune the rotating field; confirm first-order invariance of Au curl.

11.2 Chronovibration ladder

C1. Build a harmonic ladder Fq → Fq
Mharm
Ndiv

via two independent realizations.

C2. Publish σy(τ) in QMU form with full covariance.

11.3 Square-charge intercomparison

S1. Intercompare SQCS-E and SQCS-M across laboratories using ratio artefacts.

S2. Report eemax
2/e2 and cross-check (8) using CCF (Thomson III, 2025c).

Data Availability and Reporting Checklist (QMU)

• Publish base-set realization details {me, λC , Fq, e2, eemax
2} and artefact lineage.

• Provide raw integer tuples (Ndiv, Mharm), NE , NM .

• Share chronophase traces ∆Φ, ring-down Q, and fit residuals.

• Document calibration chains strictly as QMU compositions.

• Report final results X with ur(X) and the full covariance for inputs r.

• For overlays (appendix only), list external constants inserted.
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12 Discussion: Feasibility and Key Challenges

Chronovibration hardware. Realizations include weakly coupled electromagnetic cavities with
rotating-field injection; superconducting resonators in low-loss rotating-field cells; and trapped-mode
ring oscillators with divider ladders. All report Fq via chronophase ratios (Ludlow et al., 2015).

Square-charge transfer. SQCS-E uses quantized charge injection and chronophase readout on a
low-leakage accumulator; SQCS-M uses a toroidal rotating-field cell referenced to mflx (Thomson III,
2025c).

Stiffness metrology. Coaxial resonators with programmable rotating-field drive measure Aucurl
and enable two-run separation. Small corrections are gathered into Θsys.

Noise mechanisms (QMU summary). Thermal-like fluctuations, drive phase noise, and
residual AM appear as excess variance on ∆Φ. In QMU the target σy(τ) ≲ π

3
√

2Q−1τ−1/2 separates
cavity-Q limits from RF-I limits.

Limitations. Assume (i) steady-state linear response, (ii) negligible cross-coupling between e2 and
eemax

2 beyond ledger roles, (iii) stable eigenmodes with well-defined Q. Nonlinear or crowded-mode
systems require extended identification and modified estimators; publish added QMU diagnostics
and covariance.

13 Analytic Notes

Lemma 2 (Kernel from stiffness closure). Given Au = 16π2 kC and curl = eemax
2/(meλC), the

ledger Aucurl = Fq
2λC

2 implies (9).

Proof. Immediate substitution yields kC = (Fq
2λC

3me)/(16π2 eemax
2).

14 Conclusions

We provided QMU-native reference realizations, calibration chains, stiffness/curl closures, and
benchmark protocols permitting laboratories to validate APM predictions without external-unit
translation in the archival record. Concordance among independent chains constitutes a direct
experimental test of APM metrology. For external comparisons, the appendix offers a translation
shim (Bureau International des Poids et Mesures (BIPM), 2019; Tiesinga et al., 2021).
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A Bridging QMU to External Units and SM Overlays

A.1 Mapping strategy

Main text is QMU-only. External comparisons may be post-processed using lookups (e.g., α) without
altering the QMU record (Bureau International des Poids et Mesures (BIPM), 2019; Tiesinga et al.,
2021).

A.2 From QMU reports to numerical overlays

Given Âu = Fq
2λC

2/curl with curl = eemax
2/(meλC), form

Âu = me Fq
2 λC

3

eemax2 Θsys, eemax
2 = e2

8π α
.

Similarly, reconstruct kC via (9) for overlaying predictions ΞSM vs. ΞAPM on the same dimensionless
axes.
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