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Abstract

We propose a compact, laboratory-implementable benchmark suite to falsify or support the
Aether Physics Model (APM) using only Quantum Measurement Units (QMU). Each benchmark
specifies a crisply measurable observable, an a priori prediction in closed QMU form, and an
unambiguous pass/fail criterion. The suite overdetermines the core ledger via the triad closures

Gforce = A¢ F,2 my |, Ay ke = 1672 |, A, curl = F2 \o?

)

and supplements them with spectral holonomy H(Z) = 3—\% +a+ ad®2Z. As a proposal,

this paper defines apparatus, procedures, uncertainty budgets, and falsification logic—ready for
execution without translating to SI in the main text.
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1 Introduction

Precision tests of foundational physics advance by posing ledger-closed questions: can independently
measured observables satisfy an identity that should hold if a proposed structure of nature is correct?
The Aether Physics Model (APM) posits a quantized vacuum substrate and an associated ledger of
electromagnetic—mechanical couplings expressed natively in Quantum Measurement Units (QMU).
While the APM ledger yields compact identities linking mechanical, electromagnetic, and spectral
sectors, a succinct set of laboratory benchmarks with explicit pass/fail logic has been missing.

Context and prior art. Three mature experimental traditions motivate our benchmarks. First,
torsion balances deliver record sensitivities to new weak forces, inverse-square-law violations, and
equivalence-principle tests via engineered pendula and rotating attractors Adelberger et al. (2009);
Hoyle et al. (2004). Second, Casimir-force experiments have established the force—distance law
between closely spaced conductors using torsion pendula and AFM geometries Lamoreaux (1997);
Mohideen and Roy (1998); theory traces to Casimir’s plate model Casimir (1948). Third, high-Q
cavity experiments—from precision field metrology to dark-sector searches—demonstrate controlled
frequency pulls at parts-per-billion and beyond Sikivie (1983); Du and ADMX Collaboration (2018);
Arias et al. (2012).
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Specific gaps for APM/QMU. Despite their precision, these traditions target different invari-
ants than those specified by the APM ledger. Torsion pendula typically constrain Yukawa-type or
composition-dependent potentials, not the vacuum-torsion density curl coupled through the Aether
unit A,. Casimir measurements emphasize the canonical force-distance law and material corrections,
rather than the coherence-controlled pump coefficient o with on/off boundary coherence (£g5) at
a = a/A¢. Cavity studies report Af/f in Sl-based perturbation frameworks and do not calibrate
the QMU flux proxy mflx = me)\CQFq /€emax or close the triad {A,, curl, kc}. Hence the need for
benchmarks expressly designed to overdetermine the QMU ledger and yield unambiguous pass/fail
outcomes.

Contribution and roadmap. This proposal supplies those benchmarks. We (i) formalize the
needed APM/QMU constructs and nomenclature, (ii) specify three apparatus classes—high-Q cavity
resonator, parallel-plate Casimir pump, and magneto-mechanical torsion rig—with calibration and
systematic controls, and (iii) compile falsification criteria and QMU-only uncertainty propagation.
Institutional attribution follows the QADI reference identity Thomson III (2025). Section 2 presents
the framework and nomenclature; Section 3 details apparatus and procedures (with schematics);
Section 4 states benchmark criteria and uncertainties; Section 5 summarizes impact and next steps.

2 Theoretical Framework

APM overview (ledger-first)

The Aether unit (A,,) provides a stiffness scale linking electromagnetic and mechanical measures
through closed QMU identities. Core closures used here are

Ay
Gforce = A¢ qu My, = 1672, A, curl = qu o2 (1)
C

Equation (1) enables overdetermination: any two relations independently measured constrain (and
test) the third.

QMU base and derived quantities
The base set {me, A\c', Fy, €emax >} supports the derived quantities used in this proposal:

Me Ao® Fq2 Me A2 F,
Ay = ————1, curl = , mflx = ———+.
€emax Me Ac €emax

€emax

In this proposal we adopt the MKS-mode expressions for both A, and k¢:
3 3
A, = MeAo Fq27 ey — e AC F?
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so that the duality identity holds identically,

A 1672
-— = .
ko



Symbol Name Role / Definition (QMU) Dim.

Me electron mass base mass atom Me

Ao Compton wavelength quantum length atom Ao

F, quantum frequency photon propagation frequency F,
Comax > magnetic charge (electron max) distributed magnetic charge (electron) Comax >
e? electrostatic charge electrostatic square charge e?

eq? Aether max magnetic charge “maximum magnetic charge” (Aether) eq?

A, Aether unit (stiffness) Ay = Mo A’ Fy? omax” derived
curl curl (vacuum torsion density) curl = eomax?/(Me Ac) derived
ko Coulomb modulus dual to A,; A, /kc = 1672 derived
mflx magnetic flux proxy mflx = m, )\CQFq /€omax> derived
H(Z) holonomy factor H(Z) = 55 ta+ a®27 dimensionless

Table 1: Nomenclature and QMU definitions used in this proposal.

Nomenclature (symbols and roles)
3 Proposed Experimental Design

We outline three complementary apparatus classes. Each subsection specifies geometry, readout,
calibration, controls, and dominant systematics. Schematic TikZ figures are provided for build
planning; dimensions are symbolic and expressed in QMU primitives.

3.1 High-(@) cavity resonator benchmark
Geometry. Cylindrical TMg;o or whispering-gallery (single-piece, stress-relieved). Interior finish

and seams are specified to suppress parasitic mode coupling.

Readout. Fractional pull Af/f from a controlled mflx perturbation:

Aff = Neay Milx + (’)(mﬂXQ),

with 7e,y determined by eigenmode geometry and boundary conditions in QMU.

Calibration. Pre-characterize 7.,y via mode-swap and detuning sequences; perform reference
sweeps to verify linearity bounds in mflx.

Controls. Temperature-stabilize; vibrational isolation; dummy-coupler runs for background
subtraction.

Dominant systematics. Thermal drift in wall properties; mechanical creep; residual coupling to
unwanted modes.
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Figure 1: High-Q cavity resonator schematic with controlled mflx perturbation and fractional
frequency readout.

3.2 Parallel-plate Casimir pump benchmark

Geometry. Parallel plates with flatness and roughness tolerances specified for coherence studies;
separation a = a A¢ controlled by a piezo stage with interferometric tracking (expressed in QMU).

Readout. Volumetric pump coefficient:

™

= ¢S A
e 36053 B Ay

me
a3’

where g (coherence) and Sh (surface state) are dimensionless QMU factors.

Calibration. On/off coherence by orientational randomization; plate conditioning scans to stabilize
¥B.

Controls. Randomized boundary orientation (null), separation dithers to map the a3 law; blind
analysis for fit exponent.

Dominant systematics. Patch potentials (QMU biases), non-parallelism, drift in a.

coherence on/off (£g)

| - |
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| — |
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Figure 2: Parallel-plate Casimir pump with controlled separation a = a A¢, interferometric tracking,
and coherence toggle.



3.3 Magneto-mechanical torsion benchmark (curl)

Geometry. Symmetric torsion balance with magneto-mechanical coupler designed for polarity
inversion and mirror reversals.

Readout. Angular response Af o curl, with lever arm and spring constant specified in QMU
primitives.

Calibration. Polarity-reversal sequences to remove gravitational/electrostatic torque biases; lever-
arm metrology in QMU.

Controls. Vacuum operation; thermal gradients minimized; drift tracking via bracketing runs.

Dominant systematics. Residual magnetic contamination; alignment error; spring nonlinearity.

torsion fiber
polarity inversion

7 interferometric A#

beam
coupler coupler

Af o curl

Figure 3: Magneto-mechanical torsion rig with polarity inversion and interferometric angle readout.

4 Benchmark Criteria and Uncertainty (Proposal)

4.1 Observable-model mapping

Domain Observable (QMU) Prediction & Pass/Fail

Aether stiffness A, via A, curl = Fq2)\02 Independent A, and curl must satisfy the product within
combined error (goal: sub-%).

Electro-mag duality A, /kc Equals 1672 within uncertainty; two distinct apparatus

paths for cross-check.

Casimir pump Avg vs. a = a/A¢ o a3 master coefficient; randomized boundaries (coher-
ence off) give null.

Resonators Af/f vs. mflx Linear leading order: Af/f = nmflx, n from geometry.

Torsion balance A vs. curl A  curl with sign reversal under polarity inversion.

Spectroscopy H(Z) Slope fixed to a®~2; intercept ﬁ + a.

Table 2: Proposed benchmarks and falsification criteria.



4.2 Uncertainty propagation (QMU-only)

For any ledger observable X (q) with QMU primitives q = {me, Ac, Fy, Cemax>},

X2 =% (P,

with priors reported for geometry, alignment, coherence, and thermal variance. Combination is
performed in QMU; no SI regression is used in the main text.

4.3 Falsification conditions

e Product closure A, curl = Fq2)\02 fails beyond combined propagated uncertainty from indepen-
dent paths.

« Duality ratio deviates from 1672 after device-specific systematics are removed.

« Spectral slope of H(Z) differs from a®~2 across a curated multi-Z set.

5 Conclusion
This proposal supplies a falsifiable path for APM using purely QMU observables and identities. The
three-pronged design (resonator, Casimir, torsion) overdetermines the ledger and isolates specific

failure modes. Pass or fail, the execution refines the QMU metrology chain and constrains the
coupling factors that structure the Aether ledger, without reverting to SI in the main text.

Appendix A: Systematics Ledger Forms (QMU)

A.1 Prior vector and covariance. Let q = (me, Ao, Fy, eemaXQ) and 7 denote device/system
priors (geometry, alignment, coherence, thermal, drift), all expressed as QMU dimensionless fractions
relative to their nominal values. We assemble a block-diagonal covariance

C= <((3)q é’ ) C, = diag{om2, SAc2, 6F, %, Seemac).

A.2 Observable Jacobians. For any observable X (q, ), define Jacobians
0X
Jo= |5 Jr =
! [3%} ’

0X?=J,CJ, +3.C, T

ox
87‘(']' '

The propagated variance is



A.3 Canonical Jacobians for proposal observables. Using the QMU definitions in Eq. (2):

A, = Me )\CquZ . curl = 6emauxQ . milx = me )\C2Fq )
eemax2 me )\C eemax2
Hence the logarithmic sensitivities (dimensionless) are
dlnA,  0lnA, _ 0lnA, OlnA,
dlnme  dlnie Jdln F, 7 Olneemax?
Olncurl = Olncurl dlncurl
O1n eemax? " dlnme. Ol
(‘?hﬂmﬂxi1 (‘?hﬂmﬂxi2 8lnmﬂx71 Olnmflx 1
Olnme 7 Olnde 7 OlnF, 7 Olneemax®

For fractional uncertainties, this yields compact propagation, e.g.

5 AL\ 2
(A) = (0me)” + (36Ac)? + (20Fy)* + (demax”)?,

2
(80} = Geamac®)? + (Ge)? + (90
smflx 2
(T ) = (me? + (20N + (OF)? + (Feem®

A.4 Device-level priors (templates). Report the following dimensionless priors, all in QMU:
Teav = (0T, 08,4, dmode, drough), Teas = (dv, 6¢p, 6Sg, 8 ), mor = (dalign, Ispring, dmag, odrift).

Combine via A.2 for Af/f, vc, and A6 respectively.

A.5 Ledger closure tests. For the product test,
Xy = A, curl — Fq2 /\02,
the propagated variance is
2 2 2 2 2 2
OX2 = (curl §4,) + (A, deurl)” + (2 Fy Ao 6F,)” + (B2 220 0Ac)
where §A,, curl are obtained from the Jacobians above and device-level priors (A.4). Pass requires

|X«| < ns0Xx for the chosen confidence.

Acknowledgments

The Quantum AetherDynamics Institute (QADI) is a private 501(c)(3) research institute developing
the Aether Physics Model (APM) and Quantum Measurement Units (QMU). Publications and data
are archived with DOIs in the AetherPhysics Zenodo community: zenodo.org/communities/aetherphysics.


https://zenodo.org/communities/aetherphysics

References

E. G. Adelberger, J. H. Gundlach, B. R. Heckel, S. Hoedl, and S. Schlamminger. Torsion-balance
experiments: a low-energy frontier of particle physics. Prog. Part. Nucl. Phys., 62:102-134, 2009.
doi: 10.1016/j.ppnp.2008.08.002.

C. D. Hoyle, D. J. Kapner, B. R. Heckel, E. G. Adelberger, J. H. Gundlach, U. Schmidt, and H. E.
Swanson. Sub-millimeter tests of the gravitational inverse-square law. Phys. Rev. D, 70:042004,
2004. doi: 10.1103/PhysRevD.70.042004.

S. K. Lamoreaux. Demonstration of the casimir force in the 0.6 to 6 pm range. Phys. Rev. Lett., 78:
5-8, 1997. doi: 10.1103/PhysRevLett.78.5.

U. Mohideen and A. Roy. Precision measurement of the casimir force from 0.1 to 0.9 pm. Phys.
Rev. Lett., 81:4549-4552, 1998. doi: 10.1103/PhysRevLett.81.4549.

H. B. G. Casimir. On the attraction between two perfectly conducting plates. Proc. K. Ned. Akad.
Wet., 51:793-795, 1948.

P. Sikivie. Experimental tests of the “invisible” axion. Phys. Rev. Lett., 51:1415-1417, 1983. doi:
10.1103/PhysRevLett.51.1415.

N. Du and ADMX Collaboration. Search for invisible axion dark matter with the axion dark matter
experiment. Phys. Rev. Lett., 120:151301, 2018. doi: 10.1103/PhysRevLett.120.151301.

P. Arias, D. Cadamuro, M. Goodsell, J. Jaeckel, J. Redondo, and A. Ringwald. Wispy cold dark
matter. JCAP, 06:013, 2012. doi: 10.1088/1475-7516/2012/06,/013.

David W. Thomson III. Quantum aetherdynamics institute (qadi): Community doi overview and
citation guide. Zenodo, 2025. URL https://doi.org/10.5281/zenodo.17479314.


https://doi.org/10.5281/zenodo.17479314

	Introduction
	Theoretical Framework
	Proposed Experimental Design
	High-Q cavity resonator benchmark
	Parallel-plate Casimir pump benchmark
	Magneto-mechanical torsion benchmark (curl)

	Benchmark Criteria and Uncertainty (Proposal)
	Observable–model mapping
	Uncertainty propagation (QMU-only)
	Falsification conditions

	Conclusion
	Appendix A: Systematics Ledger Forms (QMU)

