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Abstract

The Université de Montréal experiment of Chénier et al. demonstrates a quantized transverse
drift of light in a synthetic frequency lattice, realizing a photonic analog of the quantum Hall
effect without real charge carriers or external magnetic fields [Chénier et al., 2026]. Within the
Aether Physics Model (APM) expressed in Quantum Measurement Units (QMU), this response
is interpreted as the saturation of an empty Aether unit (A,) by photon angular-momentum
fronts. In this picture, photons are outward-curled transfer fronts that deliver structured torque
torq and activate the dual-U(1) geometry of the Aether unit, producing an electron-like Hall
response through topological occupancy rather than through material charge transport.

This paper develops an explicit algebraic mapping between the measured Berry-curvature
drift and the QMU curl primitive. The experimental center-of-mass shift is identified with
a transverse curl response, the Chern number with discrete Aether-unit occupancy, and the
synthetic-lattice holonomy with the QMU topological mixing phase. In particular, the ledger
identity

A, curl = Fq2 A2

provides the natural QMU anchor for the observed quantized transport, while the topological
ratio 4
e (=
ke
supplies the holonomy normalization of the response.

On that basis, the photonic Chern-insulator platform is proposed as a practical testbed
for Aether-unit engineering. Three extensions are developed: (1) integration of a rotating
magnetic field detector (rmfd) for direct curl readout, (2) curl-threshold tests for localized gravity
coupling in the fiber loop, and (3) metrological scaling toward a primary mass standard based
on frequency-encoded Aether-unit occupancy. These extensions transform the photonic platform
from a topological analog simulator into a direct laboratory probe of Aether-unit saturation and
QMU metrology.

1 Introduction

The Aether Physics Model (APM) formulates physical processes as geometric states and dynamical
transitions of a discrete rotating substrate measured in Quantum Measurement Units (QMU). In
this framework, the Aether unit A, is the primary geometric object. Its rotational and torsional
behavior is governed by the fundamental ledger identity

Ay curl = F2 A2 (1)
Because Iy A\c = c, this relation may also be recognized as
Ay curl = 2, (2)

which is the QMU decomposition of the electromagnetic propagation constant into rotational
geometry (A,) and torsional geometry (curl).

A second topological identity fixes the Aether-unit normalization relative to the Coulomb constant:

A
= 1677 (3)
ke
This ratio is the basic dual-U(1) holonomy invariant used in the QMU electrodynamics program
[Thomson III, 2025a]. Electrons are inward-curled Aether units carrying a captured mass string,
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while empty Aether units are vacuum-domain units with the same geometry but without captured
mass occupancy. Photons are outward-curled transfer fronts that propagate angular momentum
through torsion and rotation without net rest-mass occupancy.

The recent experiment of Chénier et al. reports a quantized transverse drift of light in a frequency-
encoded photonic Chern insulator [Chénier et al., 2026]. The system realizes a Haldane-type
topological lattice in synthetic frequency space and measures the center-of-mass Hall drift associated
with Berry curvature. The integrated response yields a Chern number close to unity. The importance
of this result is that the transport is quantized although no real electrons move through a crystalline
lattice and no external magnetic field is applied.

That experimental structure fits naturally into the APM/QMU picture. A neutral photonic system
exhibiting quantized Hall drift is precisely the sort of response expected when transport is governed
by geometric occupancy and holonomy rather than by literal particle charge. The present paper
therefore does three things. First, it reviews the experiment in its own terms. Second, it maps
the measured observables onto explicit QMU primitives. Third, it proposes engineering extensions
that would allow the platform to function as a direct laboratory probe of Aether-unit saturation,
chronovibration, and unified metrology.

2 Review of the Université de Montréal Experiment

Chénier et al. implement a Haldane-like topological model in the synthetic frequency dimension of a
long optical fiber loop [Chénier et al., 2026]. A narrow-linewidth laser near 1542 nm is injected into
the loop, whose free spectral range is approximately {2 ~ 6.6 MHz. Electro-optic modulators produce
nearest-neighbor and next-nearest-neighbor couplings between frequency modes with controlled
complex phases, thereby encoding the Haldane topology in frequency space.

A time-varying detuning
A(t) = Aosin(Qyt) (4)

acts as a synthetic electric field along the synthetic y-direction. The output spectrum is heterodyne-
detected, and the center-of-mass position in the synthetic frequency lattice is computed from

> ((w/2 mod MQ) 1)
2Ly

(z) = (5)

Quadrature demodulation and sublattice subtraction isolate the transverse drift (Ax), thereby
removing non-topological background terms and leaving the Berry-curvature contribution.

The Chern number is then reconstructed through a band integral of the measured drift,

9 2

~ d“k

C = —7/ dw Ax w / ’ 0
472\ Jband LAy (ex — wL)2 +(7/2)? .

where 7 is the photon decay linewidth. The reported value |C| =~ 0.95 £ 0.14 confirms quantized
topological transport in a neutral photonic platform [Chénier et al., 2026].

The experimental significance is therefore not merely that light simulates a condensed-matter model.
Rather, the experiment demonstrates that geometric phase accumulation in a synthetic lattice can
generate a quantized transverse response with no literal charge current and no applied magnetic
field. That fact is the key entry point for the APM/QMU interpretation developed below.
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3 Formal QMU Mapping of the Photonic Hall Drift

The Berry curvature (k) measured in the synthetic frequency lattice of Chénier et al. corresponds,
in the Aether Physics Model, to the curl compliance of the Aether substrate rather than to the curl
primitive itself.

From the Ledger-One propagation identity,

Ay curl = F2\? = &2, (7)
the curl primitive may be written
2
curl = szu (8)

Berry curvature therefore corresponds to the reciprocal quantity

1 Ay

curl 2

Q(k) +— (9)

This identification is natural: Berry curvature governs transverse geometric transport, while 1/curl
represents the compliance of the Aether substrate to curl excitation.

The experimental photonic Hall drift observed in the fiber-loop lattice is well approximated by

A —
or ~ % Q(wy), (10)
where Q(wy) is the spectrally averaged Berry curvature. Substituting the QMU correspondence (9)

gives
AN AL A1

0T~ —— = — . 11
TRy 2 curl (11)
Using the Aether-unit normalization

Ay 9

— = 167", (12)

ke

the resulting drift magnitudes are consistent with the MHz-scale topological frequency shifts reported
in the experiment.

Under this interpretation the measured center-of-mass displacement acts as a metrological probe of
curl excitation within a single Aether unit.

The integrated Chern number then acquires a natural interpretation as an occupancy number. In
the APM/QMU framework,
v:=|C| (13)

represents the effective Aether-unit occupancy of the topological state. The plateau v ~ 1 there-
fore corresponds to a single stable unit of topological occupancy in the synthetic lattice. The
experimentally reported value

IC| ~ 0.95 £+ 0.14

is consistent with nearly complete occupancy once the finite dissipation and calibration uncertainties
of the platform are taken into account.
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Table 1: Experimental-to-QMU correspondence used throughout the paper.

Experimental quantity  Standard interpretation QMU / APM interpretation
Q(k) Berry curvature of the synthetic Aether-unit curl compliance,
band Ay /e (or 1/curl)

(Ax) transverse Hall drift readout metrological readout of curl
excitation

C Chern number discrete Aether-unit occupancy, v

Synthetic phase pattern band-topological holonomy dual-U(1) holonomy loading of the
empty Aether unit

Plateau near |C| ~ 1 topological quantization near-complete electron-equivalent

saturation of an empty Aether unit

4 Angular-Momentum Saturation and the Photon Front

In the APM, photons are outward-curled transfer fronts carrying angular momentum through the
Aether substrate. To connect this language directly with known physics, it is useful to write the
angular-momentum quantum in QMU form:

h = meche = meFyAc?. (14)

The reduced Planck constant then follows as
h = meFyAc?. (15)
These relations show that the Planck angular-momentum scale is naturally resolved into electron

mass, quantum frequency, and Compton geometry in QMU units.

The APM torque primitive may be written as
torq ~ meAc, (16)

with the time-rate scaling supplied by Fj. In that sense, the photonic transport front delivers a
structured angular-momentum input whose natural dynamical completion is

Fytorq ~ meFyAc , (17)

and whose geometric embedding is controlled by (15). The photonic Hall-drift experiment therefore
probes a regime in which photon fronts inject discrete angular-momentum structure into an otherwise
empty Aether-unit geometry.

The interpretation advanced here is that the topological state saturates an empty Aether unit with
electron-equivalent angular-momentum occupancy while not attaching a mass string. That is why
the response is electron-like in its quantization yet photonic in its carrier. The system exhibits
the occupancy geometry of an electron transport channel without becoming an ordinary charged
electron medium.
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5 Dual-U(1) Holonomy and Topological Mixing

The QMU topological normalization is governed by the ledger ratio A,/kc = 1672 in Eq. (3). If
the holonomy phase is parameterized by the fine-structure constant, the natural scale is

Gnol = 8Tar. (18)
This may be written suggestively as
A,
Phol = ST (19)

using Eq. (3). Equation (19) makes explicit that the fine-structure modulation is carried by the
topological Aether-unit normalization itself.

Within the QMU field description, the topological mixing term is

1
Loix = 19wewlpaFes ,uuFmag PO (20)
where ¥ encodes the dual-U(1) mixing strength [Thomson III, 2025a]. In the photonic Chern-
insulator setting, the synthetic-lattice phase structure functions as the experimental realization
of this holonomy. The measured transverse drift is therefore interpreted as the shear response
generated when the Aether-unit curl channel is driven through a nontrivial holonomy cycle.

Under this mapping, the subtraction of non-topological contributions in the experiment has a direct
QMU meaning: it isolates the pure holonomy-driven component of the curl response. The observed
Hall drift is then the clean geometric signal rather than a mixture of geometric and nontopological
transport artifacts.

6 Conductance, Flux, and Hall Quantization in QMU

The QMU circuit-theory program treats Hall quantization as a statement of ledger occupancy and
flux partitioning rather than as an exclusively material electron phenomenon [Thomson III, 2025b)].
The conductance primitive is written as

cond = mflx !, (21)
where mflx is the magnetic-flux unit in QMU.
The Hall plateau may then be expressed as
og = v (8ma) cond, (22)

with v = |C| the occupancy number from Eq. (13). This makes the logic of the photonic experiment
transparent: the Chern number furnishes the discrete occupancy, and the QMU conductance
primitive furnishes the channel scale. The result is a quantized transverse response without requiring
ordinary material charge flow.

Bridged to the conventional form, o plays the same structural role as the familiar Hall scale ve?/h,
with the charge conversion handled by the QMU charge-conversion factor and the flux normalization
handled by mflx. The photonic platform therefore serves as a clean demonstration that quantized
Hall response is fundamentally a topological channel effect and only secondarily a material-electron
effect.
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7 Empty-Aether-Unit Saturation Criterion

The preceding sections allow the saturation picture to be written in a more explicit form. The
experimentally observed drift corresponds to finite curl loading of the empty Aether unit. A

convenient stability bound is
1 ¥ \?
> —) . 23
kc Ay (2772> ( )
The origin of the bound can be separated into a geometric capacity term and a topological excitation

term. The factor 1/(kcA,) arises from the intrinsic geometry of the Aether unit. Using the canonical
APM normalization

A
= 1672, (24)
ko

the product kg A, represents the maximum curl capacity associated with a single Aether unit. This

geometric ceiling is consistent with the Ledger-One propagation identity
Ay curl = F2\2. (25)

The right-hand side of Eq. (23) originates from the topological mixing interaction Lz, which
introduces a phase parameter 9 describing the fractional occupation of curl states in the Aether
substrate. When normalized to the toroidal geometry of the Aether unit, the effective excitation
amplitude scales as (¥9/27%)2. The inequality therefore expresses a saturation condition: the
topological curl excitation generated by Lnix must remain below the geometric curl capacity of the
Aether unit.

When the driven curl density approaches the stable occupancy threshold while satisfying Eq. (23),
the system enters the topological plateau. In this regime, the vacuum substrate behaves as a
particle-like geometric unit with quantized transverse response.

This criterion explains why the measured |C| ~ 1 should be interpreted as near-complete saturation
rather than as mere analogy. The synthetic photonic lattice is not imitating electron matter in a
superficial way; it is activating the same underlying occupancy geometry in a neutral platform.

8 Proposed Engineering Extensions

The fiber-loop platform is especially attractive because it already provides coherent drive, controllable
holonomy, spectral readout, and a well-defined synthetic field. Those features make it a practical
laboratory testbed for Aether-unit engineering.

8.1 RMFD Integration for Real-Time Curl Readout

A rotating magnetic field detector (rmfd) may be integrated into the loop as a direct chronovibrational
probe of curl excitation [Thomson III, 2025d]. In QMU terms, the target observable is

AS g %(Aucurl) . (26)

Because the heterodyne readout already yields (Az), one can directly compare the photonic Hall-drift
signal against the rmfd curl signal through a cycle of the synthetic drive. The expected outcome is
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that the onset of the C ~ 1 plateau coincides with the electron-equivalent saturation threshold in
the rmfd channel.

Such a comparison would be important because it would convert the geometric Hall signal into a
two-channel metrology problem: one optical and one chronovibrational. Agreement between the
two would amount to a direct experimental extraction of the Aether-unit primitive in a controlled
topological system.

8.2 Curl-Threshold Tests for Localized Gravity Coupling

The APM gravity-coupling hypothesis asserts that sufficiently intense localized curl loading can
alter the local gravity response [Thomson IIT and Bourassa, 2025]. In the fiber-loop context, the
synthetic field amplitude Ag may be ramped while monitoring the loop resonance and phase-delay
characteristics. The target signal is a residual shift beyond the ordinary dispersive prediction,

; (27)

where 7, is an effective gravity-coupling coefficient to be determined experimentally.

Even if no effect is observed, the platform would still establish a clean upper bound on curl-induced
gravity coupling in a coherent photonic structure. If a repeatable deviation is found, the result
would provide a tabletop route toward direct tests of Aether-unit curvature engineering.

8.3 Metrological Scaling to a Primary Mass Standard

The Montréal team already highlights the metrological promise of universal topological transport.
In QMU language, that promise can be taken one step further: replace the source with a stabilized
frequency comb referenced to the Rydberg scale and use the drift integral as a direct readout of
Aether-unit occupancy.

Because the Chern number is topological, the resulting occupancy integral is independent of ordinary
material artifacts to first order. The platform could therefore function as a bridge between frequency
standards and mass occupancy standards. A schematic scaling law is

Mef X VMe, (28)

where v is obtained from the drift integral. In that sense, the photonic Chern insulator becomes a
candidate route toward a primary mass standard grounded in Aether-unit geometry and photon
angular-momentum occupancy rather than in a macroscopic artifact.

9 Discussion

The strongest feature of the present interpretation is that it converts the experiment from a
qualitative analogy into an algebraically structured QMU correspondence. Berry curvature maps to
curl density, Chern number maps to occupancy, and quantized Hall drift maps to the ledger identity

A, curl = 2.
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These are not independent rhetorical parallels; they are the same geometric content written in two
languages.

This perspective also explains why neutral systems can exhibit Hall quantization. In the APM/QMU
view, quantization is fundamentally a topological occupancy effect of the Aether substrate. Material
charge is one realization of that occupancy, but it is not the only one. The photonic experiment
is therefore valuable precisely because it strips away ordinary electron transport and reveals the
geometry more directly.

At the same time, the interpretation does not require the claim that every experimental detail
was predicted in advance. The stronger and more defensible statement is that the APM/QMU
framework naturally anticipates charge-independent topological transport in systems whose response
is governed by geometric occupancy and holonomy. The experiment is then a particularly clean
realization of that general prediction.

10 Conclusion

The photonic Chern-insulator experiment of Chénier et al. provides a striking demonstration of
quantized transverse transport in a neutral synthetic lattice [Chénier et al., 2026]. Within the
Aether Physics Model expressed in Quantum Measurement Units, this response is interpreted as
saturation of an empty Aether unit by photon angular-momentum fronts. The crucial algebraic
correspondences are explicit: Berry curvature is identified with QMU curl density, the Chern number
with discrete occupancy, and the Hall drift with the ledger relation A,curl = Fq2)\02 = 2.

On this basis, the photonic platform becomes more than an analog simulator. It becomes a direct
testbed for Aether-unit engineering, with immediate extensions to curl readout, gravity-coupling
searches, and frequency-to-mass metrology. The proposed rmfd, curl-threshold, and mass-standard
experiments are all compatible with existing fiber-optic and electro-optic hardware and provide a
concrete pathway from topological photonics to practical QMU instrumentation.

A  QMU-to-SI Bridge Relations

Numerical constants used for SI comparison are taken from the latest CODATA recommended
values [Tiesinga et al., 2023]. All derivations in the main text remain QMU-first.

The main text remains ledger-first. For reference only, the standard propagation and angular-
momentum bridge relations may be written as

¢ = F\c (29)

and
h = mecAc = meFyA?. (30)

The reduced Planck constant then follows as
h = meF A2 (31)

These relations do not replace the QMU derivation. They provide the SI bridge used to compare
the QMU ledger with conventional metrological constants.
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B Constants Used in SI Comparisons

Numerical constants used for SI comparison are taken from the latest CODATA recommended
values [Tiesinga et al., 2023]. All derivations in the main text remain QMU-first.

Table 2: Physical constants used for SI comparison. Values are taken from the latest CODATA
recommended constants [Tiesinga et al., 2023]. The QMU role column identifies how each constant
is used in the ledger, bridge, or closure structure of the paper.

Symbol Description Value Unit QMU role

c speed of light 299792458 ms! bridge value
for Fy A\c

h Planck constant 6.62607015 x 10734 Js SI bridge for
the QMU
angular-
momentum
quantum
meFyAc?

Me electron mass 9.1093837139 x 10731 kg base mass
bridge for m,

Ao electron Compton wavelength ~ 2.42631023538 x 1072 m base length
bridge for A¢

Q@ fine-structure constant 7.2973525643 x 1073 dimensionless holonomy and
charge-
structure
bridge

@ inverse fine-structure constant 137.035999177 dimensionless inverse
fine-structure
bridge for
holonomy
normalization
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