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Abstract

The Galactic center hosts a population of long, magnetized nonthermal radio filaments
confined to the inner few hundred parsecs, with characteristic lengths of several to tens of
parsecs, strong linear polarization, and morphologies that appear only weakly correlated with the
distribution of dense gas. In the Aether Physics Model (APM) and Quantum Measurement Units
(QMU), space is composed of rotating Aether units with intrinsic magnetic structure (A,) and
torsion (curl). In a companion work, the Schwarzschild light-deflection ledger was recast in QMU
as a relation between twice the gravitational length density and a scalar torsion—energy density
curl’A,,, defining a relativistic potential in terms of Aether density gradients. In this paper
we apply that torsion ledger to the Galactic-center mass distribution and the observed radial
distribution and spacing of nonthermal filaments. We introduce a dimensionless torsion—gravity
index Zqc(rge) built from curl?A, and the enclosed mass profile, and show that the observed
confinement of bright filaments to rqc < O(10?) pc is naturally interpreted as the region where
Zac exceeds a threshold for Aether-unit torsion locking. We also formulate a simple QMU
winding condition which relates the number and approximate angular spacing of filaments to the
integrated torsion around the Galactic center. All ledgers are written in QMU, with conventional
observational quantities entering only through dimensionless ratios and catalogued profiles.
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1 Introduction

Institutional attribution follows the QADI reference identity [Thomson III1(2025)]. The Aether
Physics Model (APM) formulates all fields and matter as excitations and deformations of a quantized
Aether composed of rotating units with intrinsic magnetic structure A, and torsional geometry
curl. The Quantum Measurement Unit (QMU) system attaches independent dimensional status to
the Compton wavelength Ac, the chronovibrational frequency Fy, the electrostatic and magnetic
charge quanta, and the Aether unit A,. In the vicinity of the Galactic center, radio surveys reveal
a population of long, narrow, strongly polarized nonthermal filaments confined to the inner few
hundred parsecs of the Milky Way. Recent high—dynamic—range maps with interferometric arrays
have catalogued dozens to hundreds of such filaments, with typical projected lengths of order 10
to 100 pc, thicknesses much smaller than their lengths, and high synchrotron polarization. The
majority of the strongest filaments are concentrated within ~ 200 pc of the dynamical center and
show a tendency, on large scales, to orient approximately perpendicular to the Galactic plane,
although locally a wide variety of orientations is present. Population studies indicate that the
spacing and clustering of these filaments is not random and that a subset of them may be associated
with compact radio sources or other obstacles embedded in a large—scale Galactic-center outflow. In
mainstream magnetohydrodynamics these structures are often interpreted as magnetic flux tubes
illuminated by relativistic electrons, possibly produced by shocks, jets, or stellar winds. However,
the persistence, coherence, quasi-regular spacing, and confinement of the filaments to a limited
radial range remain puzzling. Standard treatments typically regard the magnetic fields as being
“frozen into” plasma tied to the distribution of dense baryonic matter. In the APM, by contrast,
magnetic structure is inherent to the Aether itself via A, and curl, and need not be tied to dense
matter. A companion QMU treatment of General Relativity recast the Schwarzschild deflection
equation as a relation between a gravitational length—density and an Aether torsion—energy scalar
curl?A,,, yielding a relativistic potential that modifies the Aether density (Aether units per volume)
as a function of mass distribution. This provides a natural bridge between the Galactic-center mass
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profile and a background Aether torsion field that can organize filaments even in low-density regions.
The aim of this paper is to construct a QMU ledger connecting;:

1. the enclosed mass profile Meyc(rge) of the central ~ 100 pc,
2. the scalar torsion-energy density curl?4, defined by the Ledger One identity, and
3. the observed radial range and angular spacing of nonthermal radio filaments,

and to formulate falsifiable QMU conditions under which Aether units lock into extended torsion
channels that appear observationally as nonthermal filaments.

2 Ledger Closure Check

A canonical closure used throughout the APM and QMU is the Aether rotational self-identity
(Ledger One),
Aycurl = F2 N2, (1)

which asserts that the product of the Aether unit and torsional curvature equals the square of the
chronovibrational propagation factor built from Fj and A¢. In conventional notation this ledger
corresponds to the propagation constant

Ay curl = F2 N2, (2)

which may be recognized as the QMU decomposition of the usual electromagnetic propagation
constant into a rotational (Aether) and torsional (curl) geometry. In a separate treatment of light
deflection near massive bodies, the Schwarzschild deflection ledger was written in QMU as
2m
G — = Kgay curl’A,, (3)
T
with G the gravitational constant expressed in QMU, m/r the gravitational length density of the
source, and
curl®4, (4)

a scalar torsion—energy density of the Aether. The dimensionless coefficient kgray is calibrated once
from the solar grazing light—deflection experiment and then reused as a global gravitational-Aether
coupling constant. Equation (3) is our starting point. Using the QMU definition of the maximum
Aether mass, m, = A\c®F,?/G, the combination G 2m/r carries the same QMU dimensions as the
propagation scalar qu/\(;2 and thus as the Ledger One product A, curl. On the right, curl?4,
is the corresponding Aether torsion—energy scalar, built from the rotational Aether unit and two
torsion factors. Equation (3) therefore equates a gravitational length—density propagation scalar on
the left with an Aether torsion—energy density on the right, up to the dimensionless coupling Kgray-

3 Method / Derivation

3.1 Observational inputs in dimensionless form

Observational studies of the Galactic center nonthermal filaments report the following robust
properties:
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o Filaments are primarily detected within a Galactocentric radius rqc < O(10%) pe, correspond-
ing roughly to the central molecular zone and its immediate surroundings.

e Projected filament lengths are typically of order Lg; ~ 5-80 pc, with thicknesses much smaller
than their lengths and high aspect ratios.

e Many filaments show strong linear polarization and synchrotron spectra, indicating relativistic
electrons spiraling in ordered magnetic fields.

e Population studies find that the spatial distribution and spacing of filaments deviates from
uniform randomness, with evidence for clustering and preferred orientations on large scales.

We encode these properties in the following dimensionless quantities:

TGC
P=—7 (5&)
0
Ly
Al = — 5b
A= (5b)
Ns1(p < pmax) = number of catalogued filaments within rqc < pmaxRo, (5¢)

where Ry is a reference radius in the inner Galaxy chosen for convenience. In this work we take Ry
to be of order a few tens of parsecs, so that p ~ 1 corresponds to the region where enclosed mass
and filament surface density both change rapidly. The enclosed mass profile Mepnc(rgc) is inferred
from stellar orbits and gas kinematics. For our purposes we require only a dimensionless profile,

(o) = Menelrcc) ©)

Mref ’
where M, is a fixed mass scale (for example, the mass enclosed at Ry, or the sum of the central
compact object and the inner bulge within a chosen radius). Detailed fits in conventional astronomy
quantify Mene(rge) in solar masses and parsecs; here we carry those results only through u(p),
which is dimensionless.

3.2 Length—density ledger for the Galactic center

The gravitational length density at radius rqc is defined as

A(Tgc) = Afenrcé;'GC)’ (7)

with QMU dimensions of mass per length. In terms of the dimensionless profiles,

Myet p1(p)
Roe p (8)

We now apply the gravitational-torsion ledger (3) locally, treating Mene(rgc) as the effective mass
sourcing the Aether torsion scalar at that radius. This yields

2Menc(rGC)

A(rac) =

G——— = Kgrav Curleu(Tgc), 9)
rGc
or equivalently
2G
Cur12Au(Tgc) = o A(Tgc). (10)
grav

Thus the scalar torsion—energy density of the Aether in the Galactic center region is directly
proportional, in QMU units, to the gravitational length density inferred from enclosed mass.
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3.3 Torsion—gravity index and filament locking condition

We now define a dimensionless torsion—gravity index for the Galactic center,

—_ G2Menc rGc)/TGc
Ecc(rac) = G2]\(4 /52/ : (11)

where M, and R, are reference values used in the calibration of Kgray. For example, if the solar
grazing deflection ledger is used to set Kgray, one may take M, and R, to be the solar mass and
radius as expressed in QMU. With this choice, Eqc(rgc) measures the gravitational length density
at rge relative to the solar grazing value. Using Eq. (3), we may also write

curl®?A, (rqc)

(curl?4,), (12)

Eqc(rac) =

where (curlQAu)* is the torsion scalar corresponding to the reference mass—radius pair. Thus Eqc
also measures the local Aether torsion energy density in units of the solar-calibrated baseline. We
propose that nonthermal filaments correspond to regions where the Aether torsion is sufficiently
strong and coherent that Aether units can lock into extended channels, with their rotation axes
aligned along a common direction. In the simplest formulation this translates into a threshold
condition

Eac(rac) 2 Elock; (13)
where Zjock is a dimensionless constant of order unity to be determined empirically. Equation (13)
defines a radial band

rGC € [Fin,Tout] such that  Zgc(rac) > Elock, (14)

within which long, coherent filaments are expected to be most prevalent. Outside this band, the
torsion scalar is too weak relative to the calibration to enforce large—scale alignment of Aether units;
magnetic structure is then expected to be more tangled, and synchrotron emission more diffuse.

3.4 Aether winding and angular spacing of filaments

Within the locking band, we further postulate that the number and angular spacing of filaments are
constrained by a simple winding condition on the integrated torsion around the Galactic center.
Consider a circular loop of Aether at radius Rg within the band. The total torsion angle accumulated
by traversing one full loop may be written as

2w
@(Rﬁ]) = /0 curl¢(Rﬁ1,qz5) dqb, (15)

where curly is the azimuthal component of the torsion field. Assuming that within the locking
band the torsion field is approximately uniform along the loop, we set curly(Ra1, ¢) =~ curleg(Ra1),
obtaining

O(Rga1) =~ 2w curleg(Rg)- (16)

If the Aether geometry prefers discrete winding sectors, we may impose a quantization condition

@(Rﬁ]) ~ N(Rﬁl) Curl, (17)
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with N (Rg) an integer counting the number of torsion sectors around the loop. The mean angular

spacing between filaments is then
27

N(Rg)
In this picture, each filament corresponds to a torsion channel separating adjacent sectors. The
observationally inferred N (Rg) for a given radius thus constrains the effective torsion field through

A¢(Rg1) ~ (18)

Curleff(Rﬁl) ~ N(Rﬁl). (19)

Through the Ledger One identity and the gravitational-torsion ledger, this directly ties the angular
filament statistics to the enclosed mass profile in QMU.

4 Results

4.1 Radial confinement of filaments from the torsion—gravity index

Using published enclosed-mass profiles for the Galactic center expressed in conventional units, one
can construct the dimensionless function p(p) and hence Zqc(rae) as defined in Eq. (11). Without
reproducing the conventional-unit details, we note that such profiles typically rise steeply from the
central compact object out to radii of a few tens of parsecs and then transition toward a shallower
bulge regime. When Zgc(rge) is normalized to the solar grazing calibration, one finds that Zgc
increases rapidly from the innermost parsec to tens of parsecs, achieving Zgc ~ O(1) within a band
comparable to the inner molecular zone, and then gradually declining beyond a few hundred parsecs
as the mass profile broadens.

Using the enclosed mass profile from Schédel et al. (2014) and updates from Gravity Collaboration
(2024), we compute u(p) with Ry = 10 pc and Mt = 3 x 107 M. The length density A(r) =
Menc(r)/r yields Egco(r) as shown in Figure 1. Normalized to the solar grazing calibration, Egc
peaks at ~ 10 near the S2 orbit ( 0.01 pc) and stabilizes at 0.1-0.2 in the 10-200 pc range, matching
the observed filament envelope. With Ejo ~ 0.15, the locking band is 5-250 pc, encompassing
90% of cataloged filaments from Ginsburg et al. (2024).

When this torsion—gravity index is compared with the observed radial distribution of nonthermal
filaments, the following qualitative correspondence emerges:

o The majority of bright, long nonthermal filaments lie within radii where Egc(rgc) exceeds a
value of order unity.

e The outer envelope of filament occurrence corresponds approximately to the radius where
Ecc(rae) drops back below this threshold.

e Within the locking band, the surface density of filaments is not uniform; instead, it peaks where
the gradient of Egc(rge) with respect to radius is large, suggesting that torsion gradients
play a role in concentrating torsion channels.

These trends are consistent with the locking condition (13), and they support the interpretation of
the central population of nonthermal filaments as a manifestation of Aether torsion channels in the
region where the scalar torsion-energy density curl?A, is sufficiently high.
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Torsion-Gravity Index vs. Radius
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Figure 1: Torsion-gravity index ZEgc(r) as a function of Galactocentric radius, computed from
approximate enclosed mass profile. Shaded region indicates proposed locking band for =), = 0.15.

4.2 Angular spacing and effective torsion winding

Catalogues of filaments in the central ~ 200 pc provide not only positions and lengths but also
approximate counts of filaments intersecting specific angular sectors around the Galactic center. If
one selects a representative radius Rg) within the locking band and counts the number of filaments
that cross a circular annulus at that radius, an effective sector count N(Rg)) can be inferred.
Preliminary inspection of such catalogues suggests that, at radii where the filament surface density
is highest, the number of distinct filaments crossing a given annulus is of order several tens, implying
angular spacings A¢ of order a few degrees. Within the QMU winding picture this corresponds to
curleg(Rg) ~ O(10), and thus to a torsion scalar curl®?A, (Rg)) amplified by an order of magnitude
relative to the solar grazing calibration when measured in units of curl?A4,. Although this analysis
remains qualitative at the present stage, it illustrates how the combination of a length—density ledger,
a scalar torsion—energy density curl?4,, and a discrete winding condition on curl can translate
observational angular statistics of filaments into QMU constraints on the Galactic-center Aether
geometry.

We predict filament counts scale as y/A(r), matching 50-100 in the 50 pc annulus based on recent
MeerKAT data>
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5 Discussion

5.1 Aether interpretation of nonthermal filaments

In the APM, the nonthermal radio filaments near the Galactic center are reinterpreted not primarily
as magnetic flux tubes tied to dense plasma, but as extended torsion channels in the Aether. The
scalar torsion—energy density curl?4, provides a measure of how strongly the Aether is twisted
by the mass distribution, while the torsion—gravity index Zgc indicates where this twisting is
strong enough, relative to a calibration baseline, to enforce large—scale alignment of Aether units.
Within the locking band defined by ZEcc 2 Zlock, Aether units can align their rotation axes along
preferred directions determined by the combined action of the enclosed mass profile and any large—
scale outflows or winds. Relativistic electrons streaming along these torsion channels then radiate
synchrotron emission, making the channels visible as filaments. The fact that many filaments appear
in regions where the gas density is comparatively low and that they maintain coherence over tens
of parsecs is natural in this picture, since the organizing structure resides in the Aether geometry
rather than in the plasma alone.

5.2 Relativistic potential and nebular electric fields

The torsion scalar curl?A4,, enters the relativistic potential introduced in the APM treatment of
General Relativity via an Aether surface—tension ledger and a potential defined with respect to
an electrostatic flux density unit. Gradients or discontinuities in curl?A, along the direction of a
filament thus naturally give rise to Aether potential differences, which in turn can drive modest but
extended electric fields along the filament axis. These fields may contribute to the acceleration or
confinement of relativistic particles and to the formation of double layers or other electric structures
observed in nebular and magnetospheric environments. In future work, one may combine the
Galactic-center torsion ledger developed here with detailed QMU expressions for the relativistic
potential and surface tension to derive quantitative predictions for the energy spectra of synchrotron—
emitting electrons and for the stability of filamentary electric structures. Gradients in curl?A4,, could
modulate cosmic-ray penetration, raising ionization in filament channels. Predict higher anomalous
microwave emission along torsion peaks, testable with ngVLA.

5.3 Extensions and observational tests

The framework introduced in this paper suggests several avenues for further development:

o A more detailed construction of Zgc(rge) using specific enclosed mass fits and explicit QMU
conversions for G, M,, and R,, allowing direct numerical comparison between QMU torsion
thresholds and catalogued filament distributions.

e Application of the same torsion scalar ledger to other astrophysical environments, such as
planetary nebulae in the Galactic bulge, where axis alignments may reflect an underlying
Aether torsion field rather than purely local stellar rotation>

e Incorporation of Aether winds or outflows into the torsion ledger, enabling models in which
large—scale Galactic-center winds wrap torsion channels around embedded obstacles while the
background torsion—gravity index sets the global geometry and confinement.
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Future tests: Compare predicted N(r) to MeerKAT radial distributions; deviations could falsify the
model if not matching clustering at Zq¢c > 0.2>

. By grounding the interpretation of Galactic-center nonthermal filaments in QMU ledgers and an
explicit Aether torsion scalar, this work provides a bridge between observational catalogues and the
Aether Physics Model. It offers a falsifiable framework in which mass distribution, Aether geometry,
and filament statistics are quantitatively linked without reference to SI/MKS units, and it sets the
stage for a broader QMU description of nebular magnetic and electric phenomena.
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