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Abstract

Early-time spectropolarimetry of the nearby Type II supernova SN 2024ggi resolves an
axisymmetric shock-breakout geometry and a subsequent large-scale geometric transforma-
tion. This paper reformulates the observational axis-ratio inference as a ledger-first (QMU)
constraint on Aether torsion-channel capacity. Using the Torsion Filament Law (TFL) as
the geometric discretization of Aether torsion, we promote the filament-count functional N(r)
to an axisymmetric channel density N(r, θ) by replacing the spherical length-density ledger
Λ(r) = Menc(r)/r with a directional observable Λ(r, θ). Under a single constitutive gate for
breakout transport, v(θ) ∝ N(r, θ), the ellipsoidal axis ratio A := a/c (equatorial/polar) maps
to a channel anisotropy Np/Ne ≈ 1/A and to an effective enclosed-mass (or column) anisotropy
Menc,p/Menc,e ≈ A2. Adopting conservative, simulation-consistent envelopes for SN 2024ggi’s
early prolate configuration (A < 1) and later oblate configuration (A > 1), we obtain the
dimensionless constraints Np/Ne ∈ [1.05, 1.25] with Menc,p/Menc,e ∈ [0.64, 0.90] in the prolate
phase, and Np/Ne ∈ [0.71, 0.83] with Menc,p/Menc,e ∈ [1.44, 1.96] in the oblate phase. We also
give the generalized mapping for v ∝ Nγ and propose falsifiable, channel-discreteness tests for
future minute-to-hour cadence spectropolarimetry.

Keywords: QMU; APM; torsion filament law; supernova shock breakout; spectropolarimetry;
axisymmetry

1 Introduction

The Aether Physics Model (APM) treats electromagnetic and gravitational phenomena as ledger-
closed expressions in Quantum Measurement Units (QMU). In this framework, large-scale astrophysi-
cal morphologies are interpreted as manifestations of Aether geometry: rotational structure (encoded
by the Aether unit Au) and torsional structure (encoded by curl). A particularly direct observational
probe of geometry is early-time supernova spectropolarimetry, because electron scattering converts
asphericity of the opacity/illumination geometry into a measurable continuum polarization and a
well-defined symmetry axis in the Q–U plane [Yang et al., 2025].

SN 2024ggi provides a unique case because spectropolarimetric data were obtained exceptionally
early and show an axisymmetric breakout component followed by a large-scale transformation as
the circumstellar medium (CSM) is swept up [Yang et al., 2025, ESO, 2025]. The purpose of this
paper is to connect the ellipsoidal geometry inferred from polarization modeling to an APM/QMU
geometric control variable: the torsion-channel count N from the Torsion Filament Law (TFL)
[Thomson, 2025].

Why torsion channels are a natural geometry control parameter. Within the TFL, torsion
(ledgered by curl) organizes into a discrete channel count N that partitions azimuthal transport into
preferred directions. Anisotropy in the directional length density Λ(r, θ) therefore implies anisotropy
in channel capacity N(r, θ), which provides a compact (dimensionless) descriptor of axisymmetric
morphology.
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2 Ledger closure check

A canonical closure used for APM sanity checks is Ledger One,

Au curl = Fq
2 λC

2, (1)

which represents the Aether rotational self-identity. Using the mainstream anchor Fq λC = c (Aether
propagation product), Eq. (1) may be recognized as Au curl = c2. In QMU form, Ledger One is most
naturally read as a decomposition of the propagation constant into rotational (Au) and torsional
(curl) geometry factors.1

3 Observational input: time-resolved axisymmetry in SN 2024ggi

3.1 Epoch schedule

For reference, the VLT spectropolarimetric epochs discussed in Yang et al. [2025] are listed in Table 1
using the phase values (in days) provided by the observing program.2 The exposure and air-mass
columns are omitted here because the APM mapping uses only the phase-indexed geometry.

Table 1: Spectropolarimetric epochs for SN 2024ggi used for the axisymmetry analysis [Yang et al.,
2025].

Epoch MJD Phase (days)

1 60412.246 1.1
2 60413.144 2.0

NA 60416.078 4.9
3 60416.988 5.8
4 60418.008 6.9
5 60422.023 10.9
6 60430.996 19.9
7 60444.164 33.0
8 60491.979 80.8
9 60678.246 267.1

3.2 Ellipsoidal prolate and oblate configurations (model-inferred)

The SN 2024ggi analysis interprets the continuum polarization using an electron-scattering photo-
sphere and an ellipsoidal envelope parameterized by an axis ratio A := a/c (equatorial semiaxis a
and polar semiaxis c). In this convention A < 1 is prolate and A > 1 is oblate. Importantly, A is
inferred by forward modeling: Monte Carlo polarization simulations map continuum polarization
levels (and their viewing-angle dependence) to plausible ranges of A [Yang et al., 2025].

1In the QADI ledger program, Au and curl are base quanta, and Ledger One is the closure identity that fixes their
product to the propagation constant. See Thomson [2025] for the corresponding torsion-channel construction built on
the same base quanta.

2The Science Advances paper reports phases relative to discovery, and also reports the inferred shock-breakout
time; we use the published phase indexing for this ledger mapping.
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The paper’s Methods discussion explicitly uses prolate configurations for the earliest epochs (days
1.1 and 2.0) and oblate configurations for intermediate epochs (days 5.8 to 10.9), and emphasizes
that the inferred ellipticities provide a lower bound on the departure from spherical symmetry in
the optically thick regime [Yang et al., 2025, ESO, 2025]. In the absence of a single tabulated A
per epoch in the publicly reproduced text, we adopt conservative envelopes consistent with the
prolate/oblate modeling and the reported modest polarization levels:

Stage I (prolate): 0.8 ≲ A ≲ 0.95, Stage III (oblate): 1.2 ≲ A ≲ 1.4. (2)

These envelopes are used as input constraints for the TFL mapping below.

4 APM axisymmetric extension of the torsion filament law

4.1 Length-density as the geometric source

In the TFL, the relevant gravitational observable is the length density

Λ(r) = Menc(r)
r

. (3)

To address axisymmetric breakout, we promote Eq. (3) to a directional observable

Λ(r, θ) = Menc(r, θ)
r

, (4)

where Menc(r, θ) is interpreted as an effective enclosed mass/column proxy for the polarization-
forming layer along direction θ.

Connection to the polarization-forming optical depth. In the SN 2024ggi modeling, the
photospheric radius is set by an electron-scattering optical depth condition τ ∼ 1 along the semimajor
axis of the ellipsoidal envelope, and the polarization depends on the optical-depth distribution and
viewing angle [Yang et al., 2025]. Accordingly, Menc(r, θ) should be read as the directional column
structure that controls τ(r, θ) and hence the breakout/escape anisotropy, rather than as a literal
total enclosed mass of the progenitor.

4.2 Channel discretization

The cylindrical TFL derived in QMU form yields the channel count

N(r) = 1
2π

√
ma r

λC Menc(r) . (5)

The axisymmetric extension is obtained by inserting Menc(r, θ):

N(r, θ) = 1
2π

√
ma r

λC Menc(r, θ) . (6)

The corresponding azimuthal channel spacing is

∆ϕ(r, θ) = 2π

N(r, θ) . (7)
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5 Breakout transport gate and geometry mapping

5.1 A minimal constitutive gate and its generalization

To translate channel density into a breakout surface, a dynamical link is required between transport
ease and channel availability. We adopt the minimal gate

v(θ) ∝ N
(
R(θ), θ

)
, (8)

where R(θ) is the breakout (photospheric) radius and v(θ) is the effective local advance speed of
the breakout surface along direction θ. To assess robustness, we also record the one-parameter
generalization

v(θ) ∝ N
(
R(θ), θ

)γ
, (9)

with γ = 1 recovering Eq. (8). The parameter γ can be treated as an empirical gate exponent to be
constrained by future events.

5.2 Axis-ratio mapping

Let A := a/c denote the ellipsoidal axis ratio (equatorial/polar). A homologous geometric identifica-
tion gives

vp

ve
≈ c

a
= 1

A
, (10)

where subscripts p and e refer to polar and equatorial directions. Using Eqs. (6) and (9), and taking
the breakout-layer r to be comparable between directions at fixed phase, we obtain

vp

ve
≈
(

Np

Ne

)γ

⇒ Np

Ne
≈ A−1/γ , (11)

and therefore
Menc,p

Menc,e
≈
(

Ne

Np

)2

≈ A2/γ . (12)

For γ = 1, Eqs. (11) and (12) reduce to the compact forms
Np

Ne
≈ 1

A
,

Menc,p

Menc,e
≈ A2. (13)

The spacing ratio remains
∆ϕp

∆ϕe
= Ne

Np
≈ A1/γ . (14)

6 Application to SN 2024ggi

6.1 Stage mapping

The SN 2024ggi study identifies an early shock-breakout phase and a later configuration after the
ejecta–CSM interaction has evolved toward a more stationary geometry [Yang et al., 2025]. In their
polarization simulations, prolate configurations are associated with the earliest epochs (days 1.1
and 2.0) and oblate configurations with intermediate epochs (days 5.8 to 10.9) [Yang et al., 2025].
We apply the conservative axis-ratio envelopes Eq. (2).
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6.2 Torsion-channel constraints implied by the axis-ratio envelopes

For Stage I (prolate), take A ∈ [0.8, 0.95]. For γ = 1, Eq. (13) implies

Np

Ne
∈
[ 1

0.95 ,
1

0.8

]
= [1.05, 1.25], Menc,p

Menc,e
∈ [0.82, 0.952] = [0.64, 0.90]. (15)

For Stage III (oblate), take A ∈ [1.2, 1.4], yielding

Np

Ne
∈
[ 1

1.4 ,
1

1.2

]
= [0.71, 0.83], Menc,p

Menc,e
∈ [1.22, 1.42] = [1.44, 1.96]. (16)

These relations re-express the observational geometry inference as a ledger constraint: prolate
breakout corresponds to enhanced polar channel capacity (Np > Ne) and reduced polar effective
column, while the later oblate phase corresponds to reduced polar channel capacity (Np < Ne) and
increased polar effective column.

7 Predictions and falsifiable tests

7.1 Axis persistence

If the early dominant-axis position angle (PA) and the later stationary-geometry PA coincide
within uncertainties, the data support a single persistent Aether torsion eigen-axis guiding both
breakout and later ejecta geometry [Yang et al., 2025]. This is a direct test of the APM premise
that large-scale morphology is set by Aether geometry rather than by stochastic clumping alone.

7.2 Channel discreteness and an angular coherence scale

The TFL predicts a discrete channel count N and an associated angular spacing ∆ϕ = 2π/N . In
an axisymmetric breakout, the prediction is not that individual channels must be directly imaged,
but that polarization variability and line-feature substructure may exhibit a preferred azimuthal
coherence scale associated with ∆ϕ as the polarization-forming region moves in depth. Minute-to-
hour cadence spectropolarimetry in the first day after explosion is the most direct observational
path to test this discretization.

7.3 Mode transition

The observed prolate-to-oblate transformation suggests that the polarization-forming layer transitions
between distinct effective anisotropy regimes. In the present mapping, this corresponds to a sign flip
of log(Np/Ne) near the epoch when A crosses unity. If future events show a comparable transition,
the APM prediction is that the transition epoch correlates with independent tracers of CSM sweep-up
and optical-depth redistribution [Yang et al., 2025].



REFERENCES 6

8 Discussion

The mapping developed here isolates a single dimensionless control quantity from the TFL, Np/Ne,
as an APM-native descriptor of axisymmetric breakout geometry. The required observational input
is the axis ratio A inferred from polarization simulations; the resulting constraints Eqs. (15) and (16)
should be read as constraints on an effective directional column proxy in the polarization-forming
layer. This choice aligns with the modeling emphasis that the inferred ellipticities provide lower
bounds on the true departure from spherical symmetry in optically thick conditions [Yang et al.,
2025].

The constitutive gate is deliberately minimal. If breakout transport couples to channel availability
sublinearly or superlinearly, the generalized gate exponent γ rescales the mapping as in Eqs. (11)
and (12). This provides a direct path to empirical calibration: multi-event samples with early-time
polarimetry can constrain γ by comparing inferred A(t) with independent indicators of directional
column structure.

From a conventional supernova-physics viewpoint, early prolate breakout and later oblate configu-
rations are often discussed in terms of polar shock preference (rotation, bipolar outflows) versus
equatorial CSM enhancement (disk-like mass loss). The ledger mapping does not replace such
mechanisms; it repackages their geometric imprint into a single torsion-channel anisotropy observable,
which can be compared systematically across events.

9 Conclusion

SN 2024ggi provides an early-time geometric inference that can be expressed directly in APM/QMU
terms. By promoting the Torsion Filament Law from spherical to axisymmetric length density and
adopting a minimal breakout transport gate (with an explicit robustness exponent γ), the ellipsoidal
axis ratio maps to torsion-channel anisotropy and to an effective enclosed-mass/column anisotropy.
This reframes spectropolarimetric geometry as a quantitative probe of Aether torsion organization
and motivates high-cadence polarimetric tests of channel discreteness in future nearby supernovae.
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