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INTRODUCTION

Abstract

Recent work in nanophotonics demonstrated that ultrafast-laser-induced micro-vortices em-
bedded in thermoplastic polymers can perform broadband optical dispersion and computational
spectroscopy within ultracompact footprints. The original interpretation describes the phe-
nomenon through photoelastic birefringence, density modulation, stress anisotropy, and gradient
phase interference.

This paper reformulates the reported system within the framework of the Aether Physics
Model (APM) and Quantum Measurement Units (QMU). The micro-vortex structures are
interpreted as embedded torsional closure manifolds that constrain chronovibrational transport
through localized curl anisotropy and loxodromic closure geometry.

Experimental parameters are translated into QMU scaling relations, including chronovibra-
tional wavelength ratios, closure-resolution proxies, pooling-coherence thresholds, and normalized
vortex-coupling metrics. The experimentally reported optimal spacing ratio between irradiation
centers is identified as a geometric closure-coupling condition,

Na = —,
T

for which the APM predicts the geometric closure value

T4 = 2 cos (g) — 1.847759065,

in agreement with the experimentally observed optimum range 1.8-1.9.

The analysis further predicts chirality-dependent spectral asymmetries, polarization-cycle
memory, pooling-coherence thresholds, and normalized cross-material closure scaling. Several
experimentally distinguishable tests are proposed to compare the closure-manifold interpretation
against purely local photoelastic models.

The results suggest that emerging nanophotonic systems increasingly operate through en-
gineered electromagnetic closure topology rather than through conventional component optics
alone.

metasurfaces

1

Modern nanophotonics is undergoing a conceptual transition from component-based optics toward
geometry-based optics. Traditional optical systems rely upon discrete components such as gratings,
prisms, lenses, and mirrors. Contemporary photonic systems instead increasingly derive their
functionality from embedded spatial geometry itself. This transition is visible across miniaturized
spectrometers, photonic-crystal spectral sensors, metasurface spectrometers, and computational
spectroscopy platforms [Yang et al., 2021, Wang et al., 2019, Cai et al., 2024, Tang et al., 2024].

Introduction

Examples include:

metasurfaces,
photonic crystals,
topological photonics,
optical vortices,

Aether Physics Model, Quantum Measurement Units, nanophotonics, micro-vortices,
computational spectroscopy, loxodromic geometry, chronovibration, curl geometry, optical dispersion,
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e programmable phase structures,
e and computational spectroscopy.

A recent experimental study demonstrated that ultrafast-laser-induced micro-vortices embedded in
thermoplastic polymers can perform broadband spectral decomposition [Zhang et al., 2026] across
the wavelength range

400-1550 nm

within an ultracompact footprint of approximately

10 x 10 pm?.

The original study interpreted the phenomenon using:

e photoelastic birefringence,

o density gradients,

e stress-induced anisotropy,

e and gradient phase modulation.

From the perspective of the Aether Physics Model (APM), however, the deeper mechanism appears
fundamentally geometric.

The APM asserts that electromagnetic propagation emerges from rotational-torsional closure
structure within quantized Aether geometry. Accordingly, embedded vortex structures inside
matter should naturally produce localized closure anisotropies capable of modifying electromagnetic
transport.

The central closure identity of the APM is:

A, -curl = Fq2)\02
where:

e A, is the Aether unit,

e curl is the torsional closure constant,
» F, is the quantum frequency,

e and A¢ is the Compton wavelength.

The metrological role of A, and curl is developed in the QMU extraction program [Thomson, 2025b].

This identity indicates that electromagnetic propagation is fundamentally a coupled rotational and
torsional geometric process.

This paper further connects the micro-vortex platform to prior QMU chirality work, in which
loxodromic handedness and polarization helicity activate mirror-odd sign carriers in the A, - curl
sector [Thomson, 2025a, 2026b].

A particularly important experimental result reported in the original study is the existence of an
optimal normalized spacing between adjacent irradiation centers,

~ 1.8-1.9,
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where d is the spacing between excitation centers and r is the radius of the density-modulation
region. Within the APM framework, this ratio is interpreted as a geometric closure-coupling
condition associated with stable paired-vortex formation. The present paper derives a first-principles
prediction for this ratio from loxodromic closure geometry and proposes several experimentally
testable consequences of the closure interpretation.

The purpose of the present paper is therefore:

1. to reinterpret ultrafast-laser-induced micro-vortex spectrometers within the APM framework,
2. to translate the reported experimental parameters into QMU language,
3. and to derive experimentally testable geometric predictions.

2 Experimental System

The original experiment utilized ultrafast laser irradiation within polycarbonate substrates to
generate stable embedded micro-vortices.

The reported operational wavelength range was:

400-1550 nm.

The dispersive structures occupied a characteristic footprint of:

10 x 10 pm?.

The spectrometer structures were fabricated using;:

e laser wavelength:
1030 nm,

e pulse durations:
220 fs to 1 ps,

e pulse energies:
1-2.6 pd,

e pulse counts:
30,000-200,000.

The confined micro-explosion mechanism is consistent with prior work on ultrafast laser interaction in
transparent solids and self-organized laser-induced nanostructures [Gamaly et al., 2006, Shimotsuma
et al., 2003].

The experiment further identified an optimal spacing between micro-explosion centers of:
1.8-19r

where r is the radius of the density modulation region.

The reported spectroscopic performance included:
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o wavelength deviation:
AN =~ 0.15 nm,

e resolving power:

A
N 6000,

o spatial imaging resolution:
228 lines/mm,

« and effective spectral detection regions as small as:

1><1,um2.

3 Engineering Layer and Closure Layer

The conventional interpretation of the micro-vortex spectrometer is accepted here as the engineering-
level description of the observed optical behavior.

The original experimental work demonstrates that ultrafast laser micro-explosions produce localized
density modulation, hydrodynamic material flow, stress concentration, and photoelastic birefringence
within thermoplastic polymers. These effects generate wavelength- dependent phase retardation
and polarization-sensitive interference, which together produce the experimentally observed spectral
response.

Within standard optics, the mechanism may therefore be summarized as:

density modulation — stress anisotropy — birefringence — phase modulation — spectral reconstruction.

This paper does not reject that engineering description.

Rather, the Aether Physics Model (APM) seeks to interpret why these particular geometric structures
generate stable, broadband, computationally useful optical behavior across multiple thermoplastic
materials and fabrication conditions.

In the APM framework, photoelasticity is treated as the macroscopic material expression of a deeper
closure-geometry process.

The conventional model describes:
e how the polymer responds optically,

e how stress modifies refractive index,

o and how polarization interference emerges.
The APM interpretation instead addresses:

e how electromagnetic closure pathways become geometrically organized,
e why vortex topology produces stable spectral harmonics,
e and why neighboring vortex structures exhibit coherent reconstruction behavior.
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The distinction is therefore:

engineering layer # closure layer.

The engineering layer describes the material response observable in standard laboratory optics.

The closure layer describes the underlying geometric organization of electromagnetic transport
through structured Aether closure manifolds.

In this interpretation:

« stress-induced birefringence becomes a manifestation of localized closure anisotropy,
e phase retardation becomes chronovibrational transport delay,
e and polarization-dependent interference becomes torsional orientation coupling.

The experimentally observed broadband spectral reconstruction is thus interpreted as a consequence
of stable loxodromic closure transport within embedded vortex geometries.

Importantly, the APM interpretation becomes scientifically meaningful only where it generates
experimentally distinguishable predictions.

Accordingly, the present work focuses not merely on reinterpretation, but on identifying measurable
geometric effects potentially inaccessible to purely local photoelastic models. These include:

o chirality-dependent spectral asymmetry,
e polarization-cycle memory,

e pooling-coherence thresholds,

e and normalized closure-coupling scaling.

The goal of the present framework is therefore not to replace the engineering description of the
device, but to investigate whether a deeper geometric closure structure governs the observed optical
behavior.

3.1 Terminology Bridge
For readers approaching the present work from conventional optics, the following translations

summarize how APM terminology is used in this paper. The use of ligt and transport-content
language follows the QMU light-engineering convention [Thomson, 2026a].

Table 1: Engineering-layer and closure-layer terminology bridge

APM/QMU Term Optical Analogue Added Closure Meaning
Chronovibrational transport Phase propagation Frequency-scaled closure transport
Closure manifold Structured optical path Geometric Aether transport domain
Localized curl anisotropy Stress-induced birefringence Directional torsional closure bias
Loxodromic geometry Helical /vortex-like phase structure Constant-angle closure transport
Closure coherence Spatial response correlation Persistence of coupled torsional modes

Magnetic-charge orientation  Polarization/helicity response Signed rotational coupling channel
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4 APM Interpretation of Micro-Vortex Formation

Within the APM framework, the ultrafast-laser micro-explosion process is interpreted as a localized
chronovibrational closure disruption.

The femtosecond pulse deposits energy faster than thermal equilibration can occur. Consequently,
the material experiences:

e rapid closure compression,
e localized Aether-density perturbation,
e torsional stress formation,

e and asymmetric closure relaxation.

The resulting matter flow generates stable paired vortices. In mainstream hydrodynamics, these struc-
tures arise from velocity gradients and viscosity. Within the APM, however, the more fundamental
process is:

closure anisotropy — torsional relaxation — embedded loxodromic topology.

The vortex pair therefore behaves as a frozen torsional defect embedded within the material substrate.

The observed:

e birefringence,

e polarization dependence,

e phase modulation,

o and spectral decomposition

are interpreted as manifestations of localized closure geometry. The micro-vortex is therefore not
merely a stress structure. It is an embedded closure manifold.

5 Loxodromic Transport Geometry

The experimental structures display clear rotational symmetry and paired helical transport geometry.
The APM naturally interprets this through loxodromic propagation.

A loxodrome is a constant-angle spiral trajectory across a rotational surface. In the APM, electro-
magnetic propagation follows loxodromic closure trajectories through quantized Aether structure.

The embedded micro-vortex therefore imposes preferred loxodromic transport channels onto the
propagating electromagnetic field.

Different wavelengths interact differently with the localized closure geometry.
Accordingly:

/\i — Fi
where:

e \; represents wavelength,
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e and I'; represents the corresponding closure coupling efficiency.

Spectral decomposition therefore emerges because different chronovibrational harmonics couple
differently to the vortex geometry.

6 QMU Reformulation

The QMU reductions used below follow the ledger-normalization conventions of QMU dimensional
algebra [Thomson, 2025¢].

6.1 Chronovibrational Wavelength Ratio

The operational wavelength is expressed in QMU as a dimensionless chronovibrational harmonic
ratio:

For the reported operational bandwidth,

400 nm < X\ < 1550 nm,
the corresponding QMU wavelength range is:

400 nm 1550 nm
XAmin = — XAmax — — -
Ac Ac

Using the electron Compton wavelength, this gives approximately:

1.65 x 10° < y, < 6.39 x 10°.

6.2 Vortex-Scale Ratio

The physical size of the dispersive micro-vortex is expressed as:

Xv = )\C,
where L, is the characteristic vortex length scale.
For the reported compact footprint,
L, =10 pym,

so that:
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10 pm
C

~ 4.12 x 10°.

Xo(10 pm) =
For the spectroscopically optimized vortex size,
L, =50 um,
so that:

P0 1. 5 06 % 107.

Xo(50 pm) =
C

6.3 Resolving Power

The wavelength resolving power is defined as:

A
Ry=—.
ATAN
The reported device achieves approximately:
R ~ 6000.

This corresponds to a mean peak wavelength deviation of approximately:

AN~ 0.15 nm.

6.4 Closure-Resolution Proxy

A dimensionless APM closure-resolution proxy is defined as the spectral resolving power produced
per QMU-scaled vortex length:

Ra  AJAX
I‘cl = = .
Xv L’L}/)\C
For the compact 10 um vortex scale:
6000
T (10 =~ 1.46 x 1073,
a(10 um) = o 10 8

For the optimized 50 pum spectroscopic vortex scale:

6000
-~ 291 x 1074,

La(50 pm) = o= o7
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6.5 First-Principles Prediction of the Closure-Coupling Ratio

The experimentally reported optimum spacing between irradiation centers is

dopt = 1.8-1.97,
where r is the radius of the density-modulation zone. In the APM interpretation, this spacing is not
treated as an empirical accident, but as a geometric closure condition.

The first irradiation produces a primary annular closure-gradient domain. The second irradiation
produces a secondary closure front that must intersect the primary domain in a way that generates
paired vortices rather than collapse into the first void or escape the annular gradient region.

For stable paired-vortex formation, the secondary closure front must couple to the primary annular
domain at the half-quadrature loxodromic angle,

™ [¢]
O = 3 =22.5".

The half-quadrature angle follows from the rotational-torsional balance implied by the closure
identity

A, - curl = qu)\CZ.

Within the APM, stable transport requires both overlap and separation of the coupled closure
channels. Parallel alignment (0°) maximizes overlap but provides no transverse torsional separation.
Full quadrature (45°) separates the channels but minimizes direct closure overlap. The lowest
symmetric orientation preserving both requirements is therefore the midpoint of the first-quadrature

sector:
1 /n T
Og==(—-]=—.
cl 2(4) 8

Thus 7/8 is introduced as the minimal stable loxodromic offset for paired constructive/destructive
closure-channel formation, not as an adjustable fit parameter.

For two circular closure domains of radius r, the center spacing associated with this half-quadrature
intersection is

d = 2r cos f.

Thus the dimensionless closure-coupling ratio is predicted to be

d T
=—=2 — .
Nd " cos(8>

Evaluating,
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ng = 2 cos(22.5°%) = 1.847759065.

Therefore, the APM first-principles prediction is

[11a,apn = 1.847759065

. paired closure
primary . ) secondary
intersection

closure gomain closure¢/ domain

intersection ‘
void void

—d—2008<7r>
nd_r_ 3

ng = 1.847759065

Figure 1: Geometric construction of the APM closure-coupling ratio. Two radius-r closure domains
form a stable paired-vortex coupling when the secondary closure front intersects the primary
annular domain at the half-quadrature loxodromic angle 6. = 7/8. The resulting center spacing
is d = 2r cos(m/8), giving the dimensionless prediction 7y = d/r = 1.847759065. Here 7/8 is not
the full quadrature angle; it is the half-quadrature offset between parallel closure overlap and /4
quadrature separation.

which lies within the experimentally reported optimum range,

1.8-1.9.

This result provides a quantitative geometric target: vortex stability, spectral reconstruction accuracy,
and closure-response diversity should peak when

~ 1.848.

Departures from this ratio should reduce paired-vortex stability by either excessive closure overlap
for d/r < 1.848 or insufficient closure coupling for d/r > 1.848.
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6.6 Laser Energy Deposition

The total deposited fabrication energy is:

Etot = NpEp7

where N, is the pulse count and E, is the pulse energy.

Using the reported fabrication range,

30,000 < N, < 200,000, 1 pJ <E,<26 pd,
the total deposited energy range is:

0.03 J < Bior £0.52 J.

For the example fabrication condition,

N, = 50,000,  E,=2.6 ul,

the total deposited energy is:

Eiot =0.13 J.

6.7 QMU Energy Conversion

The QMU energy unit is written as:

enrg = me)\CQFq2.
Thus the deposited fabrication energy in QMU form is:

Etot
enrg

Eqmu =

The energy deposition should first be expressed in enrg. Only after this conversion should secondary
coupling to curl, mflx, or torsional closure be introduced.

7 Spectral Reconstruction, Pooling, and Closure Coherence

The original device reconstructs spectra computationally using many distinct spectral response
units.
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Within the APM, these units are interpreted as:

localized closure-interference detectors.

The reconstruction equation reported experimentally is:

A
L= [ SO)Ri(V)dA.
A1

Within the APM:

o S()) represents the incident chronovibrational spectrum,
o and R;(\) represents the closure coupling function of the embedded vortex geometry.

7.1 Pooling as a Closure-Correlation Measurement

The reported optimal pooling factor range,

4 < Npool < 147

is interpreted as an empirical estimate of the closure-correlation area within the vortex response field.
The APM prediction is that this optimum range should shift systematically with vortex handedness,
orientation uniformity, and spacing ratio 74, rather than depending only on camera pixel noise.

The pooling operation reported in the experimental system is not treated here merely as numerical
denoising. Within the APM, pooling is interpreted as spatial coherence averaging across neighboring
closure-response units. Each pooled region samples a local family of closure-coupling functions
rather than a single independent pixel response.

1N
NZ (A, 6, curl),

where P;(\) is the pooled spectral-response function, N is the number of locally averaged response
units, ['g is the local closure-coupling function, 6 is the polarization orientation, and curl represents
the localized torsional closure geometry.

In this interpretation, pooling suppresses incoherent local closure turbulence while preserving stable
loxodromic transport harmonics. The experimentally reported optimal pooling range therefore
becomes physically significant: it suggests a finite spatial scale over which neighboring vortex-
response regions remain partially closure-coherent.

8 Derived QMU Spectral Scaling Tables

The experimentally relevant wavelengths may be expressed in terms of dimensionless QMU closure
ratios relative to the Compton wavelength A¢.
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The chronovibrational wavelength ratio is:
XA =53
Using;:

Ao~ 2.42631023867 x 10712 m,

the operational wavelengths correspond to the following closure harmonics.

Table 2: Chronovibrational wavelength scaling ratios

Wayvelength Frequency Xx = A ¢ QMU Interpretation

400 nm 7.495 x 10" Hz 1.649 x 10°  Visible blue closure harmonic
700 nm 4.283 x 10'* Hz 2.885 x 10° Visible red closure harmonic
1030 nm 2.910 x 10'* Hz 4.245 x 10° Fabrication laser harmonic
1550 nm 1.934 x 10 Hz 6.389 x 10° Near-infrared closure harmonic

The corresponding normalized chronovibrational frequency ratios are:

X :i
F an

where F} is the quantum frequency.

Using:

F, ~ 1.23558996 x 10* Hz,

the normalized closure-frequency harmonics become:

Table 3: Normalized chronovibrational frequency ratios

Wavelength Frequency xr = f/F, Closure Regime

400 nm 7.495 x 104 Hz 6.065 x 1076  High visible closure regime
700 nm  4.283 x 104 Hz 3.466 x 1076  Mid visible closure regime
1030 nm 2.910 x 10" Hz 2.355 x 10~ Laser fabrication regime
1550 nm  1.934 x 10 Hz 1.565 x 107 Near-infrared closure regime

The spectral resolving power of the micro-vortex system may also be expressed as a closure-resolution
ratio:
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using the experimentally reported mean wavelength deviation:

AN~ 0.15 nm.

The following table shows the implied resolving power when the reported mean peak wavelength
deviation AX =~ 0.15 nm is applied uniformly across representative wavelengths. This table is
therefore a diagnostic scaling table, not a claim that the instrument maintains identical A\ across
the full band.

Table 4: Derived closure-resolution scaling

Wavelength AN R Closure Resolution Regime
400 nm 0.15 nm 2667 Moderate closure discrimination
700 nm 0.15 nm 4667 Enhanced closure discrimination

1030 nm 0.15 nm 6867 High closure discrimination
1550 nm 0.15 nm 10333 Extreme closure discrimination

The corresponding photon energies may be expressed conventionally as:

E’y = hf 5
and normalized into QMU energy ratios:
Ly
XE = me)\CQFqQ'

Because FyAc = ¢, the normalized photon-energy ratio reduces to

hf f

T PR T F,

Table 5: Photon energy scaling relations

Wavelength  Photon Energy Photon Energy XE Interpretation
(eV) (J)
400 nm 3.10 497 x 107 6.06 x 1075 Blue optical closure state
700 nm 1.77 2.84 x 1071 3.47 x 107% Red optical closure state
1030 nm 1.20 1.93x 1071 235 x 1076 Laser fabrication state
1550 nm 0.80 1.28 x 10719 1.56 x 1076 Infrared closure state

These scaling relations demonstrate that the experimentally observed spectral decomposition spans
a broad range of stable electromagnetic closure harmonics. The vortex structures therefore operate
as embedded torsional filters coupling selectively to chronovibrational transport states distributed
across nearly an order of magnitude in closure scale.
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9 Polarization and Torsional Anisotropy

The original experiment demonstrated continuous modulation of spectral response through polarizer
rotation.

Within conventional optics, this is described as:

frequency-dependent birefringent interference.

Within the APM:

torsional orientation coupling.

The embedded vortex possesses preferred rotational geometry.

Rotating polarization changes the alignment between:

o the propagating electromagnetic closure orientation,
e and the embedded torsional manifold.

10 Experimental Predictions

10.1 Chirality Sign Ledger and Spectral Asymmetry

Previous QMU work defined loxodromic chirality as a mirror-odd, geometry-selectable carrier in the
A, - curl sector [Thomson, 2025a]. The handedness sign is written as

Slox = Sgn(Tgeo)a Slox € {"’17 _1}7

where Tge, is the signed geometric torsion of the loxodromic or vortex-like structure. The broader
physical premise that geometry alone can induce chirality in an otherwise non-chiral material system
is supported experimentally in recent zero-field ferromagnetic spin-chirality work [Xu et al., 2026].

The corresponding loxodromic chirality carrier is

Clox = (TgeoA)(Ay - curl) = (TgeO/\C)Fq2)\c2.

In the present micro-vortex system, the paired laser-induced vortices provide a natural laboratory
realization of this sign ledger. Reversing the vortex handedness should reverse the sign of the
chirality carrier while preserving the unsigned material scale.

Thus the APM predicts that left-handed and right-handed vortex structures should not merely be
geometrical mirror images; they should produce opposite signed spectral-response shifts when all
other fabrication and polarization parameters are held fixed:

sgn(ARy) = Siox,

where AR, denotes the chirality-odd component of the spectral response.
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Equivalently, for matched left- and right-handed vortex pairs,

AR,(N) = Ry (\) = R-(N),

with the prediction

ARy (X, 0) = —AR,(X\,0) under Sjox — —Siox-

This makes chirality experimentally separable from ordinary material birefringence. A purely local,
unsigned photoelastic response may change the magnitude of birefringence, but it does not by itself
require a sign-definite inversion under vortex handedness reversal.

The stronger polarization-coupled test follows from the QMU polarization chirality ledger. This
extension follows the helicity-reversal sign-ledger formulation developed for polarization technology
[Thomson, 2026b]. Let sp = £1 denote the helicity sign of the incident polarization state. Then the
chirality-sensitive readout should obey the minimal sign rule

sgn(ARy) = SioxSh,

for fixed propagation direction and fixed material branch state.

Therefore, reversing either vortex handedness or optical helicity should invert the chirality-odd
spectral response, while reversing both should restore the original sign:

(Slox, Sh) = (—Sloxs 8) = AR, — —AR,,

(810X7 Sh) — (_Slox, —Sh) = ARX — ARX

This provides a direct falsification test for the APM chirality interpretation. Failure to observe sign
inversion under controlled handedness or helicity reversal would constrain the loxodromic coupling
model for this device architecture.

The distinguishing APM signature is not merely the presence of a handedness-dependent response,
but the simultaneous sign reversal under either vortex-handedness inversion or helicity inversion,
followed by sign restoration when both are reversed.

10.2 Pooling-Coherence Threshold

The experimental observation that reconstruction quality improves only within an optimal pooling
range suggests that the vortex response contains both coherent and incoherent geometric components.
The APM predicts that there exists a finite closure-coherence length Lo within the micro-vortex
response field.

For pooled regions smaller than L}, incoherent torsional noise is insufficiently averaged. For pooled
regions much larger than L.}, distinct closure-response domains are merged and spectral specificity
is degraded.
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Thus, the optimum pooling factor should scale with the local closure-coherence area:

Acoh
Npool,opt X A
pix

This provides a direct experimental test of the APM interpretation: uniform vortex handedness
and orientation should increase pooling stability, while mixed handedness or alternating orientation
should reduce the optimal pooling gain.

The same closure-coherence mechanism predicts extended phase persistence within stable vortex
domains, particularly in matched-handedness arrays near the optimum spacing ratio 7y ~ 1.848.

A first closure-scale estimate may be written as

Leon ~ 1 sin <78r> ,

so that

. 0
Acop ~ 72 sin® (8) .

If Apix is the effective pooled-pixel area in the detector plane, the predicted optimal pooling factor
becomes

2 2
Nooons ~ Acoh  mresin®(m/8)
pool,op = :
Apix Apix

This relation converts the experimentally observed pooling optimum into a measurable estimate of
closure-coherence area. Once r and Apix are measured for a given device configuration, the APM
prediction can be compared directly with the reported optimal pooling range.

10.3 Vortex-Spacing Closure Coupling

The reported optimal spacing between irradiation centers,

dopt ~ 1.8-1.97,

is interpreted in the APM as a closure-coupling threshold. At this spacing, adjacent density-
modulation regions are close enough to exchange torsional phase structure but sufficiently separated
to avoid destructive closure overlap.

The prediction is:

or cl

9 =0 near d~1.8-19r.

Thus, spectral reconstruction accuracy should peak near this geometric spacing even when fabrication
energy and pulse count are held fixed.
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10.4 Cross-Material Geometric Invariance

Because the governing mechanism is geometric rather than chemical, similar scaling relations should
appear across:

e polycarbonate,

e polysulfone,

e polyether sulfone,

e and other thermoplastics.

11 Proposed Side-by-Side Tests

The APM interpretation becomes experimentally meaningful only where it predicts behavior not
required by the conventional photoelastic model. Three tests are proposed.

11.1 Matched-Handedness Versus Alternating-Handedness Arrays
Fabricate two micro-vortex arrays with identical laser energy, pulse count, material, spacing, and

sensor configuration. In the first array, all vortex pairs share the same handedness and orientation.
In the second, adjacent vortex pairs alternate handedness or orientation.

The APM predicts that matched-handedness arrays will show improved pooling stability, lower
reconstruction MSE, and stronger spectral response coherence. A purely local photoelastic model
predicts no systematic array-level handedness advantage once the local stress field is matched.

11.2 Spacing-Normalized Cross-Material Scaling
Fabricate vortex pairs in multiple thermoplastics while varying

d
Nd = —-
r

The APM predicts that the best reconstruction accuracy should occur near the same normalized
spacing,

na ~ 1.8-1.9,

after normalization by the density-modulation radius r. This would indicate a geometric closure
threshold rather than a material-specific processing artifact.

11.3 Polarization-Cycle Memory

Cycle the incident polarization angle through repeated forward and reverse rotations:
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0° — 90° — 0°.

The APM predicts that sufficiently coherent vortex structures may exhibit small but repeatable
spectral-path memory if torsional closure alignment persists through the cycle. The test quantity is

ARcycle(A) = RO(A> 9) - RO()V 9)

A null result would constrain the APM torsional-memory interpretation. A non-null repeatable
result, especially one dependent on handedness and spacing, would support the closure-manifold
model.

12 Implications for Nanophotonics

The present analysis suggests that modern nanophotonics is increasingly transitioning from component-
based optics toward geometry-engineered electromagnetic transport.

In conventional optical engineering, dispersion and spectral separation are typically produced
through externally designed optical components such as gratings, prisms, resonators, or multilayer
interference systems. The micro-vortex spectrometer instead derives its functionality from embedded
geometric structure within the material itself.

Within the engineering-layer description, this functionality emerges from stress-induced birefringence,
density gradients, and polarization- dependent phase interference. The APM interpretation does
not reject those mechanisms, but instead proposes that they represent the material manifestation of
deeper closure-geometry organization.

The experimentally observed:

e broadband spectral reconstruction,
e polarization-sensitive response,

e pooling-coherence optimization,

e cross-material universality,

o and stable vortex-spacing thresholds

are interpreted as signatures of organized electromagnetic closure transport through embedded
loxodromic manifolds.

A particularly significant result is the first-principles derivation of the experimentally observed
normalized spacing ratio,

from the geometric closure relation

N4 = 2cos <g> — 1.847759065.
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If experimentally validated through controlled handedness, polarization, and spacing studies, this
result would suggest that at least part of the micro-vortex optical response is governed by geometric
closure-coupling conditions rather than by local material parameters alone.

The proposed pooling-coherence interpretation further suggests that computational spectroscopy
may already be exploiting partially coherent closure domains without explicitly recognizing them as
such.

More broadly, the present work suggests that future nanophotonic systems may increasingly operate
through:
engineered closure topology

rather than solely through:

conventional optical component design.

This perspective potentially connects:

o metasurfaces,

e topological photonics,

e programmable optical matter,
e computational spectroscopy,
e and vortex photonics

within a unified geometric transport framework.

Accordingly, the micro-vortex platform provides not only a practical spectroscopic technology, but
also a possible experimental environment for investigating geometric closure transport and coherence
organization within structured electromagnetic systems.

13 Conclusion

Ultrafast-laser-induced micro-vortex spectrometers represent a striking example of optical function-
ality emerging directly from embedded material geometry rather than from externally assembled
optical components.

The original experimental work demonstrated that paired laser-induced micro-vortices in thermo-
plastic polymers produce broadband spectral reconstruction across the range

400-1550 nm,
with wavelength accuracy approaching
0.15 nm,
resolving power near
6000,

and compact footprints on the order of

10 x 10 pm?.
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Within conventional optics, these effects are explained through photoelastic birefringence, stress-
induced anisotropy, and chromatic polarization interference.

The present work reformulates the same system within the framework of the Aether Physics Model
(APM) and Quantum Measurement Units (QMU), interpreting the embedded vortex structures as
localized torsional closure manifolds supporting loxodromic electromagnetic transport.

Experimental parameters were translated into QMU scaling relations, including:

e chronovibrational wavelength ratios,

e vortex-scale closure metrics,

¢ closure-resolution proxies,

e pooling-coherence thresholds,

o and normalized closure-coupling geometry.

A central result of the present analysis is the first-principles APM prediction of the experimentally
observed normalized vortex-spacing ratio,

Nd = —,
T

for which the closure geometry predicts:

Tla = 2 cos <g> — 1.847759065,

consistent with the experimentally reported optimum range

1.8-1.9.

The paper further proposes experimentally distinguishable tests including;:

¢ chirality-dependent spectral asymmetry,
e polarization-cycle memory,
e pooling-coherence scaling,

o and spacing-normalized cross-material reconstruction behavior.

If such effects are experimentally confirmed, the results would support the interpretation that
structured photonic systems may operate through partially coherent geometric closure organization
in addition to the conventional local photoelastic response.

More generally, the present work suggests that emerging nanophotonic technologies increasingly
function through the engineering of internal electromagnetic geometry itself. In this view, computa-
tional spectrometers, metasurfaces, and vortex-photonic systems may represent early examples of
practical closure-topology engineering within structured electromagnetic matter.

A Bridge to SI Units

The following SI relations are provided solely for comparison with conventional electromagnetic
terminology.
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Quantity

SI Relation

Visible wavelength range

Near infrared extension
Fabrication laser wavelength

Laser pulse duration

Laser pulse energy

Pulse count range

Total deposited fabrication energy
Typical example fabrication energy
Spatial imaging resolution
Micro-vortex footprint

Optimized vortex scale

Effective spectral detection region
Reported wavelength deviation
Reported resolving power

Optimal normalized vortex spacing
APM predicted closure-coupling ratio
Electron Compton wavelength
Quantum frequency

Speed-of-light bridge relation
Closure identity bridge

400-700 nm

700-1550 nm

1030 nm

220 fs—1 ps

1-2.6 pJ

3 x 1042 x 10°

0.03-0.52 J

0.13J

228 lines/mm

10 x 10 pm?

50 x 50 pm?

1 x1 pum?

AX =~ 0.15 nm

A/ AN ~ 6000

d/r~181.9

ng = 2 cos(m/8) = 1.847759065
Ac ~ 2.42631023867 x 10712 m
F, ~ 1.23558996 x 10?° Hz

F e =c

A, - curl = ¢?
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