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The death of massive stars is triggered by an infall-induced bounce shock

that disrupts the star. How such a shock is launched and propagates through

the star is a decades-long puzzle. Some models assume that the shock can be re-

energized by absorbing neutrinos, leading to highly aspherical explosions. Other

models involve jet-powered shocks that lead to bipolar explosions reflected in the

geometry of the shock-breakout emission. We report measurement of the geometry

of the shock breakout through unprecedentedly early spectropolarimetry of the

nearby Type II supernova 2024ggi starting ∼1.2 days after the explosion. The

measurement indicates a well-defined symmetry axis of the shock breakout, which

is also shared by the hydrogen-rich envelope that emerged after the circumstellar

matter was engulfed by the ejecta, revealing a persisting and prominent symmetry

axis throughout the explosion. These findings suggest that the physical mechanism

driving the explosion of massive stars manifests a well-defined axial symmetry and
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acts on large scales.

Introduction

“Since the beginning of physics, symmetry considerations have provided us with an extremely

powerful and useful tool in our effort to understand nature (1).” The geometry of a supernova

(SN) explosion, which has been found aspherical, provides fundamental information on stellar

evolution and the physical processes leading to these cosmic fireworks (2). Iron-core collapses of

massive stars in the mass range of 8–20 M⊙ (3, 4) are the dominant stellar explosions in the nearby

universe (5).

Neutrino-driven models of core-collapse supernovae (CCSNe) have only become successful in

recent years thanks to three-dimensional (3D) simulations. In particular, the re-bounce shockwave

may stall to accretion towards certain directions, while the accretion of in-falling matter onto the

proto neutron star and neutrino energy deposition is continuous in other directions. Such a neutrino-

driven explosion would result in a break of spherical symmetry (6–8). Nevertheless, explaining

the details about the generation of the shock waves during the collapse of the stellar core and

the energy transportation via a burst of neutrinos to produce an explosion remains a challenge.

Alternative models include the deposition of energy in the stellar envelope through mechanisms

such as magnetorotational processes during the formation of the protoneutron star. This process, in

which the progenitor iron core exhibits a short rotation period of ≲ 10 seconds (9, 10), may launch

moderately relativistic jets into the outer core and the stellar envelope (11–16). Engines driving

core-collapse explosions may follow well-defined global asphericities of the progenitor systems

as hinted at by the observational evidence of SN remnants (17, 18) and pulsar kicks (19–23).

Bipolar/jet-driven models compatible with these observations have been proposed (12, 13, 24–26).

Explosion models adopting pure neutrino heating within the spherically symmetric scheme (27–29)

or driven by small-scale instabilities (30), on the other hand, are expected to be amorphous or exhibit

no symmetry axis. Recent 3D radiation-hydrodynamic simulations also illustrate that microscopic

neutrino physics details in the early seconds can determine the large-scale ejecta structure that is

preserved for days (31). Modeling of the blueward color evolution of SN 2023ixf, recorded within a

few hours after the first light, infers an inhomogeneous emergence of the shock from the exploding
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star enshrouded by CSM that started from where the opacity yields the smallest (32). The critical

link between the shock breakout and the explosion mechanism that drives the expansion of the

ejecta may be facilitated by comparing their geometries. Whether the former lines up with that

of the SN ejecta and any explosion fingerprints left toward the core-collapse center, would thus

provide a powerful probe of the explosion physics.

Extremely early spectropolarimetry, taken within about one day after shock breakout, offers

a unique opportunity to observe how the shock emerges on the surface of the exploding star and

interacts with any surrounding circumstellar matter (CSM) as evidenced by short-lived photoion-

ized (“flash ionization”) spectral features (33–39). Because of the large distances of extragalactic

supernovae (SNe), the regions concerned remain angularly unresolved, compressed to the radial

velocity and time axes. Critical information about the 3D structure of the ejecta and their interaction

with CSM is encoded in polarization spectra. Continuum polarization measures the deviations of

the photosphere from spherical symmetry. Line polarization traces the distribution of elements in

the SN ejecta projected onto the plane of the sky (2). Modulation of the polarization degree and

position angle across a spectral feature probe the strength of departure from spherical symmetry and

its orientation, respectively, delivering a low-resolution 3D map of the corresponding line-forming

region (2, 40, 41). The acquisition of such a dataset close in time to shock breakout only became

feasible recently thanks to the transient-alert stream produced by sub-day-cadence wide-field sky

surveys, combined with rapid spectropolarimetric follow-up observations.

Results

Spectropolarimetry of Supernova 2024ggi

SN 2024ggi was discovered as a transient with rapid intranight rise (42) in the spiral galaxy

NGC 3621 at a distance of 7.24 ± 0.20 Mpc (43) and was quickly classified as a young Type II

SN (44). The transient alert stream was produced by the ‘Asteroid Terrestrial-impact Last Alert

System (ATLAS) (45)’. The proximity of SN 2024ggi provides a rare opportunity to investigate the

pre-to-post-explosion properties of this CCSN in great detail. We initiated a spectropolarimetric

time sequence of SN 2024ggi (see Table 1), starting at UTC 05:57 on 2024-04-12 (MJD 60412.248)
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following the immediate approval of the European Southern Observatory (ESO) Director’s Discre-

tionary Program (ID 113.27R1, PI Y. Yang). The first epoch was carried out at ∼ 1.1 days after the

discovery on MJD 60411.14 (42), which is an objective observation, and 1.22+0.05
−0.05 days after the es-

timated time of shock breakout on MJD 60411.03+0.05
−0.05 (46), which is model dependent. Throughout

this paper, all phases are given relative to the time of the SN discovery. The observing campaign on

SN 2024ggi harvested one of the two earliest spectropolarimetric datasets of any transient, the other

was 1.39+0.05
−0.02 days after shock breakout (32) of SN 2023ixf (47). This rare early dataset enables

us to measure the geometry of the shock breakout (Methods: Spectropolarimetry of SN 2024ggi),

which took place between days 0.7 and 1.2 as inferred from the early evolution of the ionization

states of the CSM emission lines (46).

Investigation of the geometry of the continuum and different spectral features can be facilitated

by presenting spectropolarimetry on the normalized Stokes𝑄˘𝑈 plane (25). A prominent axial sym-

metry of an electron-scattering structure leads to a wavelength-independent polarization position

angle (PA) of the continuum in the 𝑄 −𝑈 plane. For data points with different wavelengths, their

distance from the origin (polarization degree 𝑝) varies owing to different physical properties across

the photosphere (e.g., temperature, density, and composition), resulting in a range of optical depths

and scattering efficiencies. Together, they form a straight line known as the dominant axis (40, 48).

The polarization over certain spectral ranges can be decomposed into a component along the

dominant axis (𝑃𝑑) and another one along the orthogonal axis (𝑃𝑜). The former captures the most

dynamic range of the data (40). Its slope in the𝑄−𝑈 plane delivers the spatial orientation of the axial

symmetry. For ejecta with rotational symmetry, the dominant and orthogonal axes measure the axial

asphericity of the ejecta and the deviations from such a geometry, respectively. Therefore, for any

wavelength range or spectral line of interest, a clear dominant axis would indicate a prominent axial

symmetry of the associated opacity distribution. On the contrary, any clumpy, nonaxisymmetric

structure will spread along the orthogonal axis, making the dominant axis less significant (2).

After removal of the interstellar polarization (ISP) arising from the foreground interstellar

dust (Methods: Interstellar Polarization), in Fig. 1 we present the temporal evolution of the intrinsic

continuum polarization of SN 2024ggi at eight epochs from days 1.1 to 80.8. In each panel, different

symbols mark the inverse 1𝜎 error weighted mean polarization over the wavelength ranges identified

in the color bar. In the top-left and bottom-right panels, the black dashed lines show the dominant
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axes of the first and last datasets. In these ISP-corrected data, 𝑄 = 0,𝑈 = 0 is between the red and

blue wavelengths at day 1.1 and near the blue end of the dominant axis at day 80.8. The data at

intermediate epochs do not show clear dominant axes. These data are substantially displaced from

𝑄 = 0,𝑈 = 0. A drastic change of the continuum polarization (from days 1.1 to 2.0) is followed by

a gradual drift until a roughly stationary geometry is reached at day 10.9, indicating a large-scale

transformation of the geometry as the CSM is swept up by the SN ejecta. Throughout all analyses

and figures, the ISP has been subtracted unless stated otherwise.

Stage I – The Shock-Breakout Phase

At very early epochs, the photosphere of SN 2024ggi was most likely engulfed in the CSM,

as evidenced by several highly photoionized narrow features superposed on a blue continuum

(Methods: Polarization Across the Photoionized Features) (46, 49–52). The dynamical timescale

is short on day 1, when the photospheric radius yields ≲ 1.5 × 1014 cm (46) and the ejecta expand

rapidly. At day 1.1, the 𝑄 − 𝑈 diagram shows a well-defined dominant axis with 2 PAday 1.1 =

132◦.7+4◦.3
−3◦.7 (Fig. 1), where PA = 0.5 tan−1(𝑈/𝑄). The distribution of the day 1.1 polarization can

also be described by an ellipse, whose semimajor and semiminor axes are defined by the scatter

about the dominant and orthogonal axes, namely 𝑎 ≈0.12 % and 𝑏 ≈0.09 %, respectively (Fig. 2).

As supported by the blueward 𝑔 − 𝑟 color evolution and the continuous rise of the until about day

1.6 (46, 49, 52), spectropolarimetry at day 1.1 measures the emission of the shock breakout, when

photons promptly diffuse out of the optically thick CSM in certain directions. We note that such a

geometry measurement is only feasible immediately after the onset of the shock breakout, during

a brief moment when the shock has promptly emerged from the surface of the progenitor in some

directions, while the remaining part of the shock is still embedded in the optically thick atmosphere

or CSM. Therefore, the first epochs of spectropolarimetry of SN 2023ixf did not infer the shock

breakout geometry (47, 53–55), as the spread of the shock front to cover the entire surface of the

SN 2023ixf progenitor persisted only for the first few hours (32).

We remark that the wavelength-dependent polarization on day 1.1 closely resembles the ISP as

described by the empirical Serkowski law (56). Our attempts to characterize such a time-invariant

redistribution of the data points on the 𝑄 −𝑈 plane imply that the day 1.1 polarization wavelength
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dependence is intrinsic to the SN (Methods: Interstellar Polarization). Instead, a wavelength-

dependent photosphere would be expected for a spherically asymmetric shock breakout. The total

observed intensity is a summation of various emitting components, each having an intensity of

𝐼 𝑗 (𝜆) at a given wavelength 𝜆. The net polarization is thus the total polarized flux normalized by

the total flux, i.e.,

𝑝(𝜆) =
∑︁
𝑗

𝐼 𝑗 (𝜆)𝑝 𝑗 (𝜆)
/∑︁

𝑗

𝐼 𝑗 (𝜆); (1)

Therefore, even if the polarization of each emission component with a characteristic blackbody

temperature is wavelength independent, the net polarization can still be wavelength dependent.

Additional information on the geometry can be deduced from the polarization across spectral

lines, which is especially sensitive to the geometric distribution of chemical species involved

rather than the global shape represented by the photosphere and the continuum polarization. For a

geometric structure with rotational symmetry, the 𝑄 −𝑈 diagram representing the wavelength bins

within a spectral line reflects the geometry of the atomic species producing the line. The emitting

regions at the earliest epoch most closely trace the ionization front of the shock propagating in the

CSM, as indicated by the common dominant axis determined from the continuum and from the

spectral features with the highest ionization potentials.

Because electron-scattering emission wings are sensitive to small-scale structure such as lumpi-

ness in the scattering CSM, we focus on the emission cores of lines on day 1.1 of SN 2024ggi.

The line cores are less affected by electron scattering than the line wings. The polarization of the

line cores as displayed in the Stokes 𝑄 − 𝑈 plane should more closely trace the geometry of the

shock-breakout ionization front with the least influence from other effects. As illustrated in the

upper-right panel of Fig. 3, all photoionized spectral features line up with the dominant axis on day

1.1. The only exception is H𝛼; the excitation energy of H𝛼 (𝜒 = 13.6 eV) is the lowest among all

lines identified in the earliest flux spectrum and can thus be emitted over a wide range of angles

with respect to the direction of the shock breakout so that any geometrical information is strongly

diluted. By contrast, the highest excitation state, O V (𝜒 = 113.9 eV), exhibits a clear dominant axis

across the O V𝜆5597 feature similarly to the continuum (fig. S16).

This observational signature can be understood as the associated high ionization potential

required by the highly ionized species to be realized close to the shock front, where the highest
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temperature produces the highest excitation states. The fact that the high-ionization lines (e.g.,

C IV𝜆𝜆5801, 5812, N IV𝜆𝜆7109, 7123, and O V𝜆5597) in the spectra of SN 2024ggi emerged

after day 1.1, rather than before day 0.7 (46), is compatible with an early increase in photospheric

temperature (49, 52, 57). This suggests a shock breakout within the CSM where a progressively

hotter and stronger radiation field is emitted, in contrast to a shock-cooling process (52, 57–59).

Accordingly, the polarization of the continuum on day 1.1 traces the geometry of the emitting

zone, where the shock breakout promptly leaks into the CSM. The line photons with the highest

excitation potential on day 1.1 are formed close to the ionization front produced by the shock; thus,

their polarization traces the pre-shocked CSM over the line-forming regions.

Stage II – The Ejecta-CSM Interaction

From days 1.1 to 2.0, a clockwise rotation by 2PA ≈ 59◦ is seen among the data clouds in the

Stokes 𝑄 −𝑈 plane, which represents the continuum polarization over 3800–7800 Å. The rotation

continued at a slower rate after day 2.0 until the degree of continuum polarization settled at a

roughly stationary level between days 10.9 and 33.0 (Fig. 1). Such temporal evolution does not

necessarily imply a rotation of the symmetry axis in space, but it can be due to a change in the relative

contributions of different structures to the total signal. Fig. 2 summarizes the temporal evolution

of the continuum polarization by resampling the observations at each epoch into very broad 800 Å

wavelength bins. The green dashed line in the left panel of Fig. 2 shows the dominant axis as

defined by the data on day 1.1. It represents the geometric axis of the photosphere at the earliest

epoch, which is mostly within the CSM layer ionized by the shock-breakout flash. From days 2.0 to

6.9, the photosphere recedes into a deeper layer of the CSM where the emission produced by the

expanding ejecta interacting with the CSM becomes progressively dominant. The time-evolving

continuum polarization during Stages I–II as displayed in Fig. 2 clearly reveals a misalignment

between the shock breakout and the later ejecta-CSM interaction processes (Methods: Modeling

the Polarization for an Expanding Envelope and The Misaligned Symmetry Axes of the Shock

Breakout and the Ejecta-CSM Interaction).

The dominant axis can no longer be identified during Stage II as seen in individual epochs

compared to that on day 1.1 (Fig. 1). The temporal evolution of the continuum polarization mea-
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surements from days 2.0 to 6.9 follows a different path compared to the axial symmetry on day 1.1

(the blue dashed line in Fig. 2), demonstrating that the ejecta-CSM interaction process manifests

a geometry different from that inferred during the shock-breakout phase: 2 PACSM = 109◦.8+10◦.7
−5◦.2

compared to 2 PAday 1.1 = 132◦.7+4◦.3
−3◦.7, respectively. From days 2.0 to 6.9, lines from ions such

as O V, N IV, C IV, and H𝛽 are much weaker, and their dominant axes become significantly less

prominent.

We sketch out four possible geometric configurations of the ejecta within the CSM in Fig. 4.

The schematic drawing of the CSM exhibits a density variation that manifests as a moderate

density enhancement toward a specific orientation, namely the CSM plane (i.e., by a factor of ≲2;

Methods: Schematic Evolution of the Geometry of the Ionization Front). The schematics represent

only the transition of the emission from Stages I to II. On day 1.1, the photosphere displays an

axially symmetric structure with a dominant axis that agrees with the shape of the shock breakout

from the CSM, eliminating the doubly spherically symmetric case illustrated by Fig. 4A. The

configuration evolves rapidly toward a geometry dominated by that of the CSM. However, we

find that a spherical shock breakout sculpted by an aspherical CSM (Fig. 4B) and an aspherical

shock breaking out of a spherical CSM (Fig. 4C) would both imprint a single symmetry axis at all

times (Methods: Polarization of the Prolate and Oblate Geometric Configurations, fig. S17). Both

configurations would manifest as a progressive shrinkage of the distance between the data cloud

and the zero point in the 𝑄 − 𝑈 plane until the data sequence flips to the opposite direction (see

the bottom row of fig. S17) instead of displaying the observed gradual rotation (Fig. 1) that draws a

loop-like trajectory (Fig. 2). Therefore, we conclude that the symmetry axes of the shock breakout

(day 1, green dashed line in Fig. 2) and the ejecta-CSM interaction (days 2–7, blue dashed line in

Fig. 2) are misaligned, requiring an aspherical shock breakout from the progenitor surface as the

explanation. We conclude that Fig. 4D, where the shock breakout and the CSM are both ellipsoidal

but misaligned, is a more realistic representation of SN 2024ggi.

Stage III – Dominance of the Hydrogen-Rich Envelope

At later epochs (day 10.9 and thereafter), the characteristic P Cygni profiles of the Balmer lines are

fully developed (fig. S20), implying that the receding photosphere has passed the inner boundary of
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the CSM and resides in the hydrogen-rich envelope of the exploding progenitor (see Methods: Po-

larization Across the Photoionized Features for the temporal evolution of the spectral features).

Polarimetry on and after day 10.9 thus probes the geometry of the H-rich envelope of the outermost

SN ejecta. The roughly circular, not elongated distribution of the data points in the Stokes 𝑄 −𝑈

plane hinders the identification of a dominant axis of SN 2024ggi at individual epochs. The PA of

the H-rich envelope in Stage III estimated from the error-weighted mean of the polarization on days

10.9, 19.9, and 33.0 yields 2 PAej = −20◦.4+32◦.4
−25◦.3, which differs by ∼ 153◦ from the symmetry axis

inferred for Stage I. This change in PA close to a flip in the direction in the 𝑄 −𝑈 plane discloses

a similar axial symmetry in Stages I and III, with a geometric prolate-to-oblate transformation in

between. As an example shown in Methods: The Misaligned Symmetry Axes of the Shock Breakout

and the Ejecta-CSM Interaction and the top row of fig. S17, a small change of axial symmetry

during Stage II would manifest itself as a gradually rotating data cloud in the 𝑄 −𝑈 plane, which

qualitatively accounts for the observed evolving continuum polarization of SN 2024ggi. In contrast,

a flip of the dominant axis would imply a geometric transformation with the same symmetry axis

(Fig. 2, the bottom row of fig. S17 in Methods: The Misaligned Symmetry Axes of the Shock

Breakout and the Ejecta-CSM Interaction, and Ref (60)).

By approximating the electron-scattering atmosphere with an ellipsoid and a 𝜌(𝑟) ∝ 𝑟−12

density distribution (61), the temporal evolution of the continuum polarization suggests moderate

asphericity if viewed within∼ 30◦−60◦ from the aspect angle of the observer, i.e.,∼ 0.8 ≲ 𝐴 ≲ 0.95

and ∼ 1.2 ≲ 𝐴 ≲ 1.4 for the prolate (before day 2.0, fig. S18) and the oblate (days 5.8 to 10.9,

fig. S19) configurations, respectively (Methods: Polarization of the Prolate and Oblate Geometric

Configurations). From days 10.9 to 33.0 (Stage III), the H𝛼 and H𝛽 lines exhibit PAs of the dominant

axes that are roughly consistent with the orientation of the data cloud and that of the shock breakout

(Fig. 5. The only apparent exception is the H𝛽 line on day 33.0; however, it is caused by a blend

with the emerging blueshifted Fe II𝜆5018 line (figs. S20, S11). This tends to confirm that except

for Stage II when the ejecta-CSM interaction is prominent, the axial symmetry derived from the

continuum persists throughout the explosion of SN 2024ggi.

The detection of SN 2024ggi also in X-rays during the first few days (62–64) supports the notion

that the early shock-breakout process is modified by a dense and confined CSM. The direct mea-

surement of the shock-breakout geometry, which exhibits a spatially elongated, axially symmetric
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configuration (figs. S17 and S18), is also compatible with the blueward color evolution within the

first day (49, 52, 57). The early polarization evolution of SN 2024ggi is highly complementary to

the existence of the CSM and the way the CSM modifies the shock breakout. More importantly,

the symmetry axis defined by the shock breakout, which is aligned with that inferred for Stage III,

suggests that the core collapse could be driven by a mechanism that shapes the explosion on large

scales. Moreover, the continuum polarization of SN 2024ggi shows a conspicuous time evolution

but never exceeded ≲0.4% (𝐴 ≲ 1.4, Methods: Polarization of the Prolate and Oblate Geomet-

ric Configurations), which is lower than the ≲ 2% and ∼1% observed in the early phases of the

Type IIn SN 1998S (65) and Type IIL/IIP SN 2023ixf (47, 53–55). SN 1998S can be adequately

modeled with a pole-to-equator density ratio of ∼5 (66). In summary, the shock-breakout phase

of SN 2024ggi shows a well-defined symmetry axis. The moderate global asymmetry is overall

consistent with an asymmetry induced by an emitting zone extended in a particular direction.

Discussion

SN 2024ggi enables measurement of the shock-breakout geometry soon after the explosion. During

this brief earliest moment, the geometry reflects the asymmetry of the explosion itself, as the photons

toward the preferred directions of the explosion diffuse out promptly (Fig. 4D). SN 2024ggi is also

the second of two H-rich CCSNe after SN 2023ixf (32, 67) with spectrophotometric observations

carried out days after shock breakout (32, 67–69), for which significant asphericity during the shock

breakout as well as ejecta engulfing CSM with large-scale asymmetry have been diagnosed (47,

53). This may suggest a general pattern for the shock breakout from dying massive stars.

3D full-sphere SN simulations also suggest the development of large-scale asymmetries that

manifest themselves as giant plumes of radioactive matter penetrating deeply into the helium and

hydrogen envelopes (31, 70). In contrast, the standing accretion shock instability (SASI (71, 72))

and a rather steep density gradient near the degenerate core will result in small-scale asymmetries in

the ejecta (73). The shock breakout that evinces large-scale directional dependencies also indicates

that the time at which the shock emerges on the progenitor surface along the plume-mixing or other

directions could differ by∼ +0.7 days. Such a significantly aspherical explosion is also supported by

very recent 3D hydrodynamic calculations, suggesting that the shock-breakout geometry could be
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shaped by neutrino-driven turbulence developed at the initial core collapse and preserved during the

following few days (31). Although such a bubble-driven explosion is compatible with the observed

large-scale asymmetry shared by the shock breakout and the SN ejecta, additional mechanisms that

regulate the explosion to maintain a well-defined axial symmetry may still be needed.

The early axisymmetric configuration of SN 2024ggi may also be compatible with a prompt

outflow enhanced moderately toward the polar regions. Core collapses producing a neutron star

and involving an amplified magnetic field through magnetorotational instability may lift matter

along the rotational axis of the collapsing core (74, 75). This process does not necessarily involve

the formation of powerful jets that penetrate the helium and hydrogen envelopes, as implied by

the moderate level of asphericity observed throughout the shock breakout and the ejecta expansion

phases of SN 2024ggi. Details on how such a Lorentz-force-driven mechanism would account for

the prompt axial symmetric emissions of SN 2024ggi require future quantitative model calculations.

Additional geometric clues include the spatially resolved axisymmetric structures consistent

with a bipolar outflow in the Crab Nebula (76) and Cassiopeia A (77, 78) that can be traced into

the explosion zone. The explosion mechanism may be related to collapsar models for long-duration

gamma-ray bursts (79) and even magnetar models of some superluminous SNe (80, 81).

The misalignment of the axes of the CSM and the ejecta (Fig. 2) deserves further attention.

The mass loss from the progenitor star may be governed by processes related to the angular

momentum of the progenitor system, either as a single star or a binary companion, which may

naturally produce the misalignment of the explosion and the CSM symmetry axes. Binary mass

transfer during the common-envelope phase tends to enrich the CSM towards the orbital plane (82).

Such a disk-concentrated CSM content, which is compatible with the polarization time series of

SN 2024ggi, could be ubiquitous considering ≳80% of massive stars are in multiple systems (83).

A magnetic field, which becomes more toroidal with distance from the progenitor, can also play

a key role in shaping the CSM as inferred from well-structured planetary nebulae (84, 85). Unlike

the symmetry axis defined by the angular momentum of the system, the origins of the magnetic

fields may be more complex and exhibit axes that are significantly different from the stellar rotation

axis. For instance, the ejecta symmetry axis of SN 1987A is ∼ 28◦ away from the CSM symmetry

axis (86), and the Type IIn SN 1998S displayed conspicuously different PAs of the continuum

polarization and the polarization across the Balmer lines (25, 65). During the core collapse and the
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Epoch MJD Phase [day]𝑎 Grism Exp Time [s]𝑏 Airmass Grism Exp Time [s]𝑏 Airmass

1 60412.246 1.1 300V 180×4×2 1.39 – – –

2 60413.144 2.0 300V 45×4×2 1.03 1200B 80×4×2 1.04

NA𝑐 60416.078 4.9 300V 90×4×2 1.02 1200B 240×4×2 1.01

3 60416.988 5.8 300V 90×4×2 1.22 1200B 240×4×2 1.16

4 60418.008 6.9 300V 50×4×2 1.13 – – –

5 60422.023 10.9 300V 70×4×2 1.07 1200R 130×4×2 1.03

6 60430.996 19.9 300V 75×4×2 1.08 1200R 140×4×2 1.05

7 60444.164 33.0 300V 40×4×2 1.41 – – –

8 60491.979 80.8 300V 65×4×2 1.16 1200R 130×4×2 1.21

9 60678.246 267.1 300V 480×4×2 1.26 – – –
𝑎Relative to the estimated time of the shock breakout at MJD 60411.03.
𝑏Observations carried out with two exposures each at four different half-wave-plate angles.
𝑐Dataset discarded owing to very bad seeing (∼ 4.8′′).

Table 1: Log of VLT Spectropolarimetry of SN 2024ggi.

formation of the protoneutron star, the neutrino-driven instabilities or the initiation of jets through

magnetorotational instabilities would also follow the structures of the progenitor stars (87–89),

not the CSM. The combination of rotation encapsulated in the explosion geometry and magnetic

fields encapsulated in the CSM geometry may naturally account for the misaligned axial symmetry

between the ejecta and CSM.

Spectropolarimetry of SN 2024ggi reveals a moderately aspherical explosion that shows a well-

defined symmetry axis shared by the prompt shock-breakout emission and the SN ejecta. This

variability illustrates that instead of an amorphous/spherical setup resulting from small-scale insta-

bilities, the core-collapse explosion of SN 2024ggi can be driven by a mechanism that shapes the

explosion from the earliest shock breakout throughout the entire ejecta expansion.
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Figure 1: Temporal evolution of the polarization of SN 2024ggi after subtracting the ISP. In

the top-left and the bottom-right panels, the black dashed line shows the dominant axis determined

from linear fits to the small data points (the position angles and uncertainties are labeled), which

cover the wavelength range 3800–7800 Å. The orientation of the dominant axis in degrees with

uncertainties is indicated in the subpanels for days 1.1 and 80.8. A dashed ellipsoidal contour,

whose major and minor axes respectively represent the 1𝜎 dispersion about the dominant and

orthogonal axis, is also presented. In each panel, different symbols mark the error-weighted mean

polarization calculated over the wavelength ranges identified in the color bar. A drastic change of

the continuum polarization (from days 1.1 to 2.0) is followed by a gradual drift until a roughly

stationary geometry is reached at day 10.9. This behavior is accompanied by a clockwise rotation

of the distribution of the data points, revealing a large-scale transformation of the geometry as the

CSM is swept up by the SN ejecta. Light gray lines in the upper-left and lower-right panels present

the dominant axes fitted to the data through a Monte Carlo re-sampling approach using the errors

in 𝑄 and𝑈 measured at each wavelength bin.
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Figure 2: Temporal evolution of the continuum polarization of SN 2024ggi displayed in the

𝑄 −𝑈 plane. Left: The blue, green, and pink-shaded areas mark the three stages of the SN 2024ggi

polarimetry. Different symbols represent the continuum polarization of SN 2024ggi at different

epochs. The thin green dashed line shows the dominant axis at day 1.1 for comparison. The blue

dashed line approximately follows the Stage II locus (days 2.0–6.9), when the interaction between

the ejecta and CSM led to a change in overall geometry. The black arrow represents the PA of

the continuum polarization of Stage III, which was estimated by the error-weighted mean of days

10.9, 19.9, and 33.0. The size of each contour is determined by the standard deviation of the

polarization measured at the encircled epoch(s). Right: The upper, middle, and lower-right panels

show the scaled flux-density spectra (𝐹𝜆) at days 1.1 (Stage I), 2.0 (Stage II), and 10.9 (Stage

III), respectively, with major photoionized lines from several species labeled at velocity 𝑣 in the

rest frame. The region of the dark-gray-shaded band at day 1.1 suffers from detector saturation.

Observations at day 80.8 are not presented as the polarization is affected by strong outward mixing

of the inner He-rich layer and nickel clumps.
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Figure 3: Polarizations measured in the central ±10 Å of various emission peaks at days 1.1

and 2.0. The emission cores as highlighted by the color-shaded spectral regions in the left subpanels

are less affected by the electron-scattering emission from the wings (which are sensitive to smaller-

scale structures such as lumpiness of the scattering region). Their distribution in the Stokes 𝑄 −𝑈

plane as shown in the upper-right and lower-right panels for days 1.1 and 2.0 (respectively), traces

the geometry of the shock-breakout ionization front with the least influence from other effects.

In the upper-right panel, the green dashed line presents the dominant axes determined over the

wavelength range 3800–7800 Å on day 1.1.
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Figure 4: Illustration of the expanding ejecta and the invariant CSM for different explosion

schematics. In each panel, the blue dashed contour displays the location of the ionization front

estimated from the isodiffusion-time surface (Methods: Schematic Evolution of the Geometry of

the Ionization Front) and the solid gray circle/ellipse represents the outer boundary of the CSM,

and the solid black circle/ellipse shows the outer boundary of the SN ejecta embedded in the

CSM. The different schematics are (A) spherical ejecta + spherical CSM, (B) spherical ejecta

+ disk-concentrated CSM, (C) aspherical ejecta + spherical CSM, and (D) aspherical ejecta +

disk-concentrated CSM. The axisymmetric prompt shock-breakout emission during Stage I and the

time-dependent symmetry axis during the transition to Stage II suggest (D) as the most plausible

scenario.
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Figure 5: Evolution in the 𝑄 −𝑈 plane of H𝛼 (top row) and H𝛽 (bottom row) of SN 2024ggi

from days 10.9 to 19.9. The colors encode rest-frame velocities according to the color bars. In each

panel, the magenta dot-dashed line fits the polarization distribution measured at different velocities

that cover the corresponding spectral feature. The green dashed lines overplot the dominant axis at

day 1.1, which appears to be aligned with that of the H envelope that has progressively emerged

after day 6.9.
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Materials and Methods

Interstellar Polarization

To investigate the polarization intrinsic to SN 2024ggi, before proceeding to detailed discussions

of the observed polarization, we derive the interstellar polarization (ISP) induced by the dust grains

along the SN-Earth line of sight. The ISP estimation was carried out using the earliest (day 1.1)

and the day 80.8 polarization, where a global axially symmetric photosphere can be inferred from

the presence of a prominent dominant axis. After correction for the ISP, the dominant axis is seen

as a straight line passing through the origin, as expected for an axisymmetric configuration (90,

91), and the intersection of the dominant axes on days 1.1 and 80.8 at 𝑄ISP = −0.40 ± 0.05%,

𝑈ISP = 0.54 ± 0.04% yields the ISP (fig. S1).

The ISP is weakly dependent on wavelength, in particular within the low-ISP regime (90). In

the coordinate system defined by the Stokes 𝑄 and 𝑈 parameters (i.e., the 𝑄 −𝑈 plane (25)), the

effect of the ISP is largely the introduction of uncertainties of the zero point. It is also expected

to be time-independent (24) and manifests as an offset in the Stokes 𝑄 − 𝑈 diagram without

affecting the morphological patterns of the data points. High-resolution spectroscopic observations

of the Na I D absorption doublet have led to the conclusion that the line-of-sight extinction toward

SN 2024ggi can be decomposed into a Galactic (𝐸 (𝐵 − 𝑉)MW = 0.120 ± 0.028 mag) and a host-

galaxy (𝐸 (𝐵 − 𝑉)host = 0.034 mag (52)) component. Since interstellar extinction and polarization

are both induced by dust grains (56), the stronger Galactic extinction suggests that the Galactic

polarization is the dominant component of the ISP. In the case of SN 2024ggi, the exact ISP level

is difficult to estimate with the widely used standard methods (e.g., Refs. (92, 93)). In particular,

the absence of resolved cores of emission profiles dominated by unpolarized photons released by

recombination is a handicap.

Polarization by dust grains in the interstellar matter shifts the dominant axis away from the

origin in the 𝑄 − 𝑈 plane. For SN ejecta with a high degree of axial symmetry, the ISP would

be located at one of the ends (or beyond them) of the dominant axis (2, 40, 94). If the variability

of an object causes the dominant axis of the intrinsic polarization to rotate, the rotation angle is

independent of the chosen value of the ISP because the latter only introduces a displacement of the

data points from the origin. However, careful subtraction of the ISP is of paramount importance
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when determining the shape of an object from its intrinsic polarization.

Another approach to estimate the total line-of-sight ISP assumes that the emission peak of the

strong P Cygni profiles of the Balmer lines are unpolarized during the photospheric phase of Type

II/IIP SNe (91). We estimate the error-weighted mean polarization within a wavelength range of

6550–6750 Å to be 𝑄+33 d
ISP = −0.32 ± 0.04%, 𝑈+33 d

ISP = 0.55 ± 0.08%, consistent with the estimate

presented above.

We also estimate the ISP from the spectropolarimetry of SN 2024ggi at day 267.1. Since the

ejecta expand and the electron-scattering cross section decreases as ∝ 𝑡2, the SN has entered the

nebular phase at such a late epoch. Except for several polarized blue-shifted absorption components

of the P Cygni profile (see, Methods: Spectropolarimetry of SN 2024ggi), the continuum spectrum

during the nebular phase can be treated as an unpolarized source dominated by significantly

blended emission lines from various iron-group elements, which are free from electron scattering

and intrinsically unpolarized. Therefore, the continuum polarization on day 267.1 also measures

the ISP toward the SN. We measure the error-weighted mean continuum polarization over 4000–

6300 Å as: 𝑄+267 d
ISP = −0.25± 0.24 %,𝑈+267 d

ISP = 0.62± 0.24 %, consistent with the other methods.

Throughout this paper,𝑄ISP = −0.41%±0.05%,𝑈ISP = 0.55%±0.04% is adopted for the intrinsic

polarization of SN 2024ggi. These approaches provide different values compared to the Galactic

ISP sampled by a bright star∼ 1◦ away from SN 2024ggi. The result of this sanity check is discussed

in the Supplementary Text and fig. S2.

The wavelength-dependent polarization of SN 2024ggi at day 1.1 shows a remarkable resem-

blance to the characteristic wavelength-dependent Serkowski law. In the low ISP regime, the

observed wavelength dependence can be well fitted by a single ISP component, consistent with the

single-cloud interpretation based on a comprehensive investigation on the effects of ISP induced by

various interstellar dust contents (95). However, high-resolution spectroscopy of SN 2024ggi ob-

tained at ≈3 days after its explosion reveals at least three major discrete absorbing components (52).

Therefore, the ISP towards SN 2024ggi may not follow a single cloud model that accounts for the

day 1.1 observation.

We also conducted a sanity test to verify that the wavelength dependence of the polarization

across the observed wavelength range on day 1.1 is intrinsic to the SN. The wavelength (𝜆)
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dependence of the ISP can be approximated by the empirical Serkowski law (56),

𝑝(𝜆)/𝑝(𝜆max) = exp[−𝐾 ln2(𝜆max/𝜆)], (2)

where 𝜆max and 𝑝(𝜆max) represent the wavelength and the level of the maximum polarization,

respectively. The parameter 𝐾 characterizes the width of the peak of the ISP. By attributing the

wavelength-dependent polarization of SN 2024ggi on day 1.1 to the ISP, we fitted a Serkowski law

to the polarization spectra and present the results in the left panel of fig. S3. However, as illustrated

in fig. S4, the removal of the wavelength dependence derived based on the day 1.1 observation

would introduce significant wavelength-dependent polarization at all other epochs. As neither the

endpoints nor the line segment passes through the origin on the 𝑄 − 𝑈 plane from days 5.8 to

80.8, we conclude that the ISP cannot be naturally accounted for by the wavelength-dependent

polarization on day 1.1. The latter, which persisted only briefly after the SN explosion, is therefore

intrinsic to the SN and traces the geometry of the shock breakout.

In the right panel of fig. S3, we overlay the best-fit Serkowski law to the day 1.1 observation

onto the polarization of SN 2024ggi on day 267.1, when the SN has entered the nebula phase.

We investigated the wavelength dependence of the day 267.1 polarization by resampling the data

with large (150 Å) wavelength bins. The result does not reproduce Serkowski’s fit to the day 1.1

observations, further strengthening the claim that the day 1.1 polarization is intrinsic to the SN,

rather than the ISP.

Spectropolarimetry of SN 2024ggi

Spectropolarimetry of SN 2024ggi was carried out with the FOcal Reducer and low-dispersion

Spectrograph 2 (FORS2 (96)) on Unit Telescope 1 (UT1, Antu) of the Very Large Telescope (VLT)

at the European Southern Observatory’s Paranal site in Chile. Each observation in the Polarimetric

Multi-Object Spectroscopy (PMOS) mode consists of eight exposures at retarder-plate angles of 0,

22.5, 45, and 67.5 degrees. All observations were carried out using the 300V grism and a 1′′-wide

slit. Therefore, the resolving power and the intrinsic width of each resolution element near its central

wavelength at 5849 Å are 𝑅 ∼ 440 and ∼ 13.3 Å, respectively, corresponding to ∼ 680 km s−1 (97).

The observing log is available in Table 1.

Preprocessing of the two-dimensional (2D) images obtained at each retarder plate angle and the
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extraction of the ordinary (o) and extraordinary (e) beams were carried out with standard procedures

within IRAF (98, 99). Wavelength calibration of each individual spectrum was performed separately,

with a typical root-mean-square accuracy of ∼ 0.20 Å. Following the prescriptions in Ref (100),

we then derived the Stokes parameters and calculated the observed polarization degree (𝑝obs) and

position angle (PAobs),

𝑝obs =
√︁
𝑄2 +𝑈2, PAobs =

1
2

arctan
(
𝑈

𝑄

)
, (3)

where 𝑄 and 𝑈 denote the intensity (𝐼)-normalized Stokes parameters. An additional debiasing

procedure was applied because the true value of the polarization degree is nonnegative (101):

𝑝 =

(
𝑝obs −

𝜎2
𝑝

𝑝obs

)
× ℎ(𝑝obs − 𝜎𝑝);

PA = PAobs,

(4)

where 𝜎𝑝 and ℎ denote the 1𝜎 uncertainty in 𝑝obs and the Heaviside step function, respectively.

Following the prescription described in previous work (e.g., Refs (93, 102)), where the wavelength-

dependent instrumental polarization in the PMOS mode of FORS2 (≲0.1%) was characterized to

remain stable over time, this effect was corrected according to the characterization by Ref (103).

The low instrumental polarization during the campaign of SN 2024ggi polarimetry is consistent

with that inferred from the observations of polarized and unpolarized standard stars carried out in

each night with observations for our program.

Throughout the paper, all spectra and spectropolarimetry data of SN 2024ggi were corrected to

the rest frame adopting the heliocentric recession velocity of NGC 3621 of 730 km s−1 (𝑧 ≈0.002435,

(104). Spectropolarimetry of SN 2024ggi obtained from days 1.1 to 267.1 is displayed in figs. S5–

S13. All data are presented in the rest frame and before correcting for the ISP. Principal-component

decomposition of the SN 2024ggi spectropolarimetry is shown in fig. S14 to better visualize the

temporal evolution of the total-flux spectra and the polarization spectra projected onto the dominant

axis and the orthogonal axis.

Polarization Across the Photoionized Features

The exceptionally early-epoch polarimetry includes the short-lived photoionization-powered emis-

sion lines during the first days of SN 2024ggi. In the first ∼ 2 days, the total-flux emission profiles
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consist of a prominent emission peak and a weak, broad underlying component with full width at

half-maximum intensity (FWHM) ≈ 1000–2000 km s−1 (fig. S15). We also computed the polarized

flux density 𝑝 × 𝑓𝜆 across the flash features and found no significant deviation from the adjacent

continuum. The broad wings are due to scattering by free electrons in the unshocked, photoionized

CSM (105–107). The polarization of the electron-scattering wings traces the spatial distribution of

the associated ionic species. The spectral-line-specific geometric diagnostics are best derived in the

Stokes 𝑄 −𝑈 plane by comparing, epoch by epoch, the location of a given spectral line and that of

the continuum (25). The slope of the distribution of the data points represents the orientation of the

symmetry axis of the feature in question (line or continuum), projected onto the plane of the sky.

High-ionization lines (e.g., O V𝜆5597) appear only at the earliest phases and are generally

thought to form in the relatively inner part of the CSM and close to the shock front, where the

highest temperatures produce the highest ionization states. In the case of a spherically symmetric

shock breakout and the resulting concentric ionization front, their identical shapes would manifest

as a single dominant axis in the continuum and for all early-time emission lines. In SN 2024ggi

(fig. S16), the polarization PAs of the spectral lines with the highest ionization potentials (e.g.,

O V, 𝜒 = 113.9 eV) follow that of the underlying continuum, while other lines such as C IV 𝜆5807

(𝜒 = 64.5 eV) and H𝛼 (𝜒 = 13.6 eV) exhibit distinctly different dominant axes than the continuum.

Due to a saturation issue within the rest-frame wavelength range of 4630–4710 Å that covers the

He II𝜆4686 (𝜒 =54.5 eV) emission line at day 1.1, this region was excluded from the analysis of

the line polarization.

Although both H𝛼 and H𝛽 arise from the recombination to the second excitation level of

hydrogen, the transition probability expressed as the form of weighted oscillator strength (log(𝑔 𝑓 ))

of H𝛼 is a factor of ∼ 5 higher than that of the H𝛽. Therefore, higher polarization can be expected

for H𝛼 wherever an energy level of 13.6 eV is reached. Compared to H𝛼, H𝛽 would mainly form at

a much narrower region. The polarization is also weaker and only becomes dominant close to the

photosphere, thus effectively tracing the geometry of the ionization front as early as day 1.1. The

agreement between the dominant axes of the continuum and the distribution of the high-excitation

lines on the Q−U diagram as presented in Fig. 3 further strengthen the interpretation of the axially

symmetric configuration of the shock breakout. Portraits of the early-phase photoionized spectral

features are offered in fig. S16. The O V line itself, whose electron-scattering wings are likely to
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arise from the CSM confined to the most energetic shock-ionization front, exhibits a relatively clear

dominant axis that is similar to that of the continuum.

The line polarization behaviour is also compatible with the picture inferred from the continuum

polarization. As the shock-ionised emission preferentially emerges promptly from the less dense

regions perpendicular to the plane of the CSM disc, the shock would propagate faster toward the

perpendicular directions when the ejecta have not yet overrun the CSM. Consequentially, the faster

shock heats the post-shock gas to a higher temperature, thus producing the earliest prolate geometry

that is aligned with the less-dense regions perpendicular to the CSM plane. In contrast, the denser

CSM plane will decelerate the shock more strongly, resulting in a lower post-shock temperature.

The lower-ionization lines would preferentially be developed in this lower-temperature region and

occupy a broad range in CSM-plane azimuth angle.

Modeling the Polarization for an Expanding Envelope

Following the general assumptions of the Sobolev approximation (e.g., (108)), we treat the SN

atmosphere with a low velocity gradient in its inner region, below some velocity cutoff 𝑣cut of a

few thousand km s−1, that radiates as a blackbody and is surrounded by an expanding atmosphere

with a significantly larger velocity power-law exponent 𝑛. The density of the atmosphere at a given

time (𝑡) after the explosion and different radial velocities (𝑣𝑟) below and above the layer with 𝑣cut

are given by

𝜌in(𝑡) ∝
(
𝑡

𝑡0

)−2
, 𝜌out(𝑣𝑟 , 𝑡) ∝

(
𝑣cut
𝑣𝑟

)𝑛
×
(
𝑡

𝑡0

)−2
, (5)

respectively. We denote as 𝑢 and 𝑣 the two components of 𝑣𝑟 that are projected onto and perpen-

dicular to the plane of the sky, respectively. Therefore,

𝜃 = tan−1
(����𝑢𝑣 ����) , 𝑣𝑟 = √︁

𝑢2 + 𝑣2, 𝜇 =

√︄
1 −

(
𝑢

𝑣𝑝ℎ

)2
, (6)

where 𝑣ph represents the rest-frame velocity of the photosphere at a given 𝑡. For an atmosphere of

free electrons governed by Thomson scattering, the intensities of the electric vectors parallel (𝐼𝑙) and

perpendicular (𝐼𝑟) to the plane of the sky were adopted from Equations 122 and 123 of Ref (109).

With this, the polarization degree 𝑝 and the intensity-normalised Stokes 𝑄 and 𝑈 parameters can
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be derived as

𝐼0(𝜇) = 𝐼𝑟 (𝜇) + 𝐼𝑙 (𝜇), 𝑝 =
𝐼𝑟 (𝜇) − 𝐼𝑙 (𝜇)
𝐼𝑟 (𝜇) + 𝐼𝑙 (𝜇)

, 𝑄 = 𝑝 cos(2𝜙), 𝑈 = 𝑝 sin(2𝜙) . (7)

Here, 𝜙 is the longitude measured toward the line of sight.

Following Refs. (108, 110), we calculated the shape of the P Cygni profile of the H𝛼 line under

the Sobolev approximation. The flux density profile 𝑓env was computed separately for the blue

side (𝑣 < −𝑣ph), the middle region (−𝑣ph ≤ 𝑣 < 0 km s−1), and the red side (𝑣 ≥ 0 km s−1). This

prescription assumes a spherical atmosphere established soon after the SN explosion. In order to

account for the effect of asphericity, we introduce a geometric factor 𝐴(𝜃, 𝜙). By multiplying by

the optical depth calculated for specific line velocities in the rest frame, this function characterises

the directional dependence of the emission.

To investigate the overall geometric properties of the line-emitting region, we adopted for the

sake of simplicity an oblate spatial distribution of the optical depth, namely

𝑥2 + 𝑦2

𝑎2 + 𝑧2

𝑐2 = 1 , (8)

𝐴(𝜃, 𝜙) =
[
cos(𝜃)2 sin(𝜙)2

𝑎2 + sin(𝜃)2 sin(𝜙)2

𝑎2 + cos(𝜙)2

𝑐2

]− 1
2

. (9)

Therefore,

𝐼 = 𝑓env𝐴(𝜃, 𝜙) . (10)

The polarization is then calculated as

𝑞 = 𝐼 𝑝 cos 2𝜙 sin 2𝜃 , (11)

𝑢 = 𝐼 𝑝 sin 2𝜙 sin 2𝜃 . (12)

The Misaligned Symmetry Axes of the Shock Breakout and the Ejecta-CSM

Interaction

With the most plausible scenario suggested by the temporal evolution of the polarization of

SN 2024ggi (Figs. 1 and 4, Methods: Interstellar Polarization), we expect a 180◦ difference between
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the PA estimated at Stages I and III since the transition from a prolate to oblate geometry must go

through a point with zero polarization and flip the signs of the Stokes 𝑄 −𝑈 parameters. A basic

flip in the orientation of the 𝑄 and 𝑈 polarization distribution is illustrated in the bottom row of

fig. S17 for the case when the prolate and oblate components have a common symmetry axis. For

this model, the polarization of the electron-scattering emitting region is calculated for an expanding

envelope (Methods: Modeling the Polarization for an Expanding Envelope), which can be linearly

decomposed into a “prolate” and an “oblate” component. The former and the latter represent the

prompt and the later emission that mainly originate from the directions perpendicular to and within

the CSM plane, respectively.

On day 2.0, the continuum polarization jumps to its peak, i.e., from [𝑄,𝑈]day 1.1 = [−0.043%±

0.074%, 0.046% ± 0.077%] to [𝑄,𝑈]day 2.0 = [+0.110% ± 0.075%, 0.381% ± 0.069%] (Fig. 1),

computed as the error-weighted mean values over 3800–7800 Å. The continuum polarization sub-

sequently decreases monotonically. We hereby break down the possible configurations of the ejecta

and the CSM displayed in Fig. 4. In Fig. 4A both the ejecta and the CSM are spherical, so that there

will be no net polarization. In Fig. 4B the shock emerges from the star spherically symmetrically

and the asphericity is entirely due to the CSM. In Fig. 4C prolate ejecta will lead to a prompt

diffusion of photons from a spherical CSM along certain directions. Configurations illustrated by

Figs. 4B and 4C exhibit only one symmetry axis, producing a single dominant axis in the 𝑄 −𝑈

diagram (2). The breakout emission would thus emerge promptly toward the direction where a

shorter diffusion time is achieved (Methods: Schematic Evolution of the Geometry of the Ioniza-

tion Front), producing a prolate photosphere as represented by the equal-arrival-time contour. As a

consequence, the dominant axis would shrink monotonically and its orientation remains constant

over time until a flip of the signs of 𝑄 and 𝑈 takes place (see the bottom row of fig. S17). The

blue and green dashed lines in Fig. 2 would also coincide. The fact that we observed two distinctly

different axes in Fig. 1 disfavor the schematic scenario presented in Fig. 4B. A similar argument

applies to the alternative where the ejecta are aspherical and the CSM is spherically symmetric

(Fig. 4C).

If an aspherical shock breaks through the surface of the progenitor into a nonspherical CSM

(Fig. 4D), the behavior is more complex. The early polarization would also tend to be that of a prolate

structure but aligned with the axes of neither the ejecta nor the CSM. There would be a complex
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interaction between the ejecta and the CSM, and the polarization tends to show an oblate geometry

as the photosphere recedes toward the H-rich envelope of the SN ejecta. At later times when the

CSM becomes transparent, the polarization should probe the geometry of deeper layers of the

ejecta. This qualitative behavior is reflected in our observations. The gradually rotating distribution

of the polarization of SN 2024ggi in the Stokes 𝑄 − 𝑈 plane from days 1.1 to 6.9, which can

only be disclosed by the time-resolved data, suggests a misalignment between the aforementioned

symmetry axes (see the top row of fig. S17). Consequently, the continuum polarization paints a

“loop-like” trajectory over time (Fig. 2).

Models illustrating the gradual rotation of the direction of the centers of the data cloud on

the Stokes 𝑄 − 𝑈 plane over time, assuming one prolate (blue) and one oblate (red) emission

component each, are presented in fig. S17. The top and the bottom rows display the two symmetry

axes misaligned by ∼ 20◦ and aligned scenarios, respectively. The presented models adopt 𝑣cut =

1000 km s−1, a density index of 𝑛 = 1.5, and a viewing angle of 𝜃0 = 90◦, 𝜙0 = 70◦. Coefficients that

are arbitrarily assigned to describe the relative strengths of the prolate and the oblate components

(i.e., [𝑐𝑝, 𝑐𝑜]) for the four epochs are [0.5, 0.0], [0.4, 1.2], [0.2, 1.6], [0.1, 2.0]. We note that the aim

of fig. S17 is to provide a schematic illustration of the polarization time evolution for the cases of

a time-variant and a fixed axisymmetry, as presented in the top and the bottom rows, respectively.

The continuum polarization of SN 2024ggi draws a ‘loop-like’ trajectory (fig. 2), suggesting that

the ejecta-CSM interaction exhibits a different geometry compared to that measured at the shock

breakout and the H-rich ejecta.

Schematic Evolution of the Geometry of the Ionization Front

As a simple representation of the aspherical CSM profile that would produce the proposed prolate-

to-oblate geometric transformation, outside the expanding early ejecta, we adopt a spherical CSM

envelope that exhibits density variation throughout the azimuth, where the highest density is

achieved near the denoted CSM plane. We assume that the CSM is centered on the SN and quickly

swept up by the matter ejected by the SN explosion. The time between the emission of a photon

from the surface of the SN ejecta and its diffusion out of the surrounding CSM can be estimated
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for any point at the outer CSM boundary as

𝑡𝑑 =
𝜅𝜌(𝑟, 𝜃)Δ𝑅2

𝑐
, (13)

where 𝜅 = 0.34 cm2 g−1 gives the opacity, 𝜌(𝑟, 𝜃) represents the number density of the medium

at distance 𝑟 and viewing angle 𝜃, Δ𝑅 denotes the diffusion length from the ejecta to the location

(𝑟, 𝜃) in the CSM, and 𝑐 is the speed of light.

The density profile of the CSM can be described as

𝜌(𝑟, 𝜃) = 𝜌0𝑟
−𝑛 ( | cos(𝜃) | + 𝜌min) , (14)

where 𝜌min indicates the minimum density of the CSM at a latitude angle of 𝜙, and 𝑛 denotes the

power-law index of the radial density distribution. We estimate a characteristic isodiffusion-time

contour by adding up the distances between a given point of the CSM and all points on the ejecta

surface, and dividing the lengths of each path by the associated photon travel speed. The former

counts only the line segments that connect the given point on the outer boundary of the CSM to the

ejecta surface, while the latter is dependent on the number density of the CSM where the photon is

traveling through (Fig. 4). The schematic isodelay contour takes into account the asphericity of the

ejecta as well as a disk-concentrated configuration of the CSM. The isodiffusion-time surface can

then be sketched over the entire CSM surface. The isodiffusion-time surface can then be sketched

over the entire CSM surface.

When the shock propagates outward and progressively runs into the CSM, the shock breakout

can be seen toward the less-dense regions as hinted by the dominant axes measured across the

continuum, which aligned with the photoionized features (Fig. 4). For a spherical CSM embedding

a spherical shock breakout, photons will emerge from the CSM isotropically; thus, no polarization

would be expected as a consequence of the persistent spherical symmetry (Fig. 4A). Any deviation

from spherical symmetry in the CSM or the ejecta would produce an aspherical isophoton-travel-

time surface. Examples for the former case with a less-dense CSM toward the perpendicular

directions and the latter case with a stretched ejecta are given in Figs. 4B and 4C, respectively.

When both configurations are aspherical and misaligned by a certain angle, the prolate geometry

is manifested as an interplay between the internal shock breakout and the external CSM density

distribution (Fig. 4D). On day 1, lower-excitation lines can be found over a wide range in azimuth.

28



The emitting region traced by integrating the reciprocal of the diffusion time calculated over the

SN ejecta exhibits a peanut shape (Fig. 4D). For this configuration, the symmetry axis connects the

perpendicular directions, which have the lowest CSM density.

Polarization of the Prolate and Oblate Geometric Configurations

We use the 3D Monte Carlo Polarization Simulation Code (MCPSC (111)) for electron-scattering-

dominated photospheres to estimate the deviation from spherical symmetry of SN 2024ggi at various

phases. Following the prescription provided by Ref. (112), this technique has been implemented in

many SN polarization calculations (41, 113–115). We discretise the space by a 100 × 100 × 100

3D grid with uniform density (𝜌) and electron-scattering opacity (𝜅es). Unpolarized Monte Carlo

photon packets are emitted from an electron-scattering-dominated photosphere with an even surface

brightness, where the Stokes parameters of each photon packet are initialized as

𝐼 =

©­­­­«
𝐼

𝑄

𝑈

ª®®®®¬
=

©­­­­«
1

0

0

ª®®®®¬
. (15)

For different ellipsoidal envelope configurations, Equation 8 can be rewritten in cylindrical coordi-

nates as
𝑟2

𝐴2 + 𝑧2 = 𝑐2 , (16)

where we introduce the axis ratio (𝐴 = 𝑎/𝑐), with 𝐴 < 1 and 𝐴 > 1 representing the prolate and the

oblate configurations, respectively. The ellipsoidal envelope along radial isodensity surfaces can be

expressed as

𝜌(𝜉) = 𝜌0𝜉
−𝑛 , (17)

where

𝜉 =

√︂
𝑟2

𝐴2 + 𝑧2 . (18)

In all calculations we adopt a power-law index 𝑛 = 12 (61) considering the rather dense and steep

density profile of the outer layers of the ejecta within the first few days after the SN explosion. The

maximum photosphere radius (𝑅ph) is determined by the position where the electron-scattering
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optical depth (𝜏) along the semimajor axis of the ellipsoidal envelope equals unity, where

𝜏 =

∫ 𝜉out

𝑅ph

𝜅es𝜌(𝜉)𝑑𝑧 = 1 . (19)

Here 𝜉out denotes the outer boundary of the ellipsoidal envelope. Each photon packet is assigned a

random optical depth 𝜏 = − ln(𝑧) (0 < 𝑧 ≤ 1) during its propagation, indicating that scattering will

occur whenever an electron packet reaches this optical depth while traversing the medium. Each

scattering would alter the Stokes parameters of the photon packet through multiplying the rotation

(𝐿 (𝜙)) and the phase (𝑅(Θ)) matrices:

𝐼out = 𝐿 (𝜋 − 𝑖2)𝑅(Θ)𝐿 (−𝑖1)𝐼in , (20)

where 𝐼in and 𝐼out denote the set of Stokes parameters in the rest frame prior to and after a certain

scattering event, respectively. Terms 𝑖1 and 𝑖2 denote the angles on the spherical triangle as defined

in Ref. (116). The rotation matrix yields

𝐿 (𝜙) =
©­­­­«

1 0 0

0 cos 2𝜙 sin 2𝜙

0 − sin 2𝜙 cos 2𝜙

ª®®®®¬
, (21)

and the phase matrix in the scattering frame can be written as

𝑅(Θ) = 3
4

©­­­­«
cos2 Θ + 1 cos2 Θ − 1 0

cos2 Θ − 1 cos2 Θ + 1 0

0 0 2 cosΘ

ª®®®®¬
, (22)

where Θ is the scattering angle in the scattering plane, which has been chosen by sampling its

probability distribution function ( 𝑓pdf),

𝑓pdf (Θ, 𝑖1) =
1
2
(cos2 Θ + 1) + 1

2
(cos2 Θ − 1) (cos 2𝑖1𝑄in/𝐼in − sin 2𝑖1𝑈in/𝐼in). (23)

Therefore, 𝑖1 and cosΘ can be sampled from a uniform distribution,

𝑖1 = 2𝜋𝜉1 ,

cosΘ = 1 − 2𝜉2 .
(24)

The random seeds 𝜉1 and 𝜉2 are chosen from a uniform distribution on the interval [0, 1]. After each

scattering, the photon packet will travel along the new direction determined by 𝑖1 and cosΘ. This
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process continues until the photon packet escapes the computational boundary and will be collected

in different viewing angle (𝜃) bins depending on its final direction ®𝑛. The continuum polarization

of prolate and oblate photospheres seen from different viewing angles 𝜃 are presented in figs. S18

and S19, respectively.

We remark that the purpose of these calculations is to provide a rough quantitative justification of

the inferred bipolar shock breakout and the subsequent prolate-to-oblate geometric transformation.

The latter is also naturally reproduced by the calculations for a prolate (days 1.1 and 2.0, fig. S18)

and an oblate (days 5.8 to 10.9, fig. S19) configuration. A schematic of the temporal evolution

of the emission component as approximated by the combination of these two is also illustrated in

fig. S17. Within the optically thick regime (𝜏 > 1), the peak of the polarization degree decreases as

the optical depth increases until it reaches its asymptotic value at 𝜏 ≳ 4 (Fig. 1 of (113)). Therefore,

the estimated ellipticities yield a lower bound of the departure of the photosphere from spherical

symmetry.

Polarization Across the Balmer and He II Lines

The systematically blueshifted H𝛼 profile with emission peak velocities of∼ −3000 to−2000 km s−1

from days 10.9 to 33.0 (fig. S20, see also Refs (51, 52)) suggests a rather steep radial density struc-

ture of the H-rich envelope of SN 2024ggi. This can be understood as an enhanced occultation

of the receding side of the ejecta, namely extincted by gas on the approaching side, leading to a

suppressed emission towards the red end of the emission profile (117). Furthermore, a rather steep

density gradient during the early recombination phase is expected (61). Under such a high-density

regime, the Balmer emission is driven by a combination of electron scattering and collisional

bound-bound excitation. The line polarization profile may thus be formed due to a combined effect

of the aspherical limb of the photosphere and the line excitation (118). The latter may lead to an

uneven blocking of the underlying photosphere that induces polarization. The universal symmetry

axis shared by the prolate shock breakout and the oblate H-rich envelope further strengthens the

proposal of a aspherical explosion of SN 2024ggi, with a well-defined symmetry axis

Additionally, our monitoring of the polarization of SN 2024ggi until day 80.8 shows several

distinct temporal trends (fig. S21). Portraits of the spectral evolution of the H𝛼 and H𝛽 lines are
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provided in fig. S16. First, a dominant axis with 2 PA+80.8 d = 37◦.0+5◦.9
−5◦.1 can be identified (Fig. 1). A

similar PA is measured after excluding the He I and Balmer lines, 2 PA= 34◦.5+4◦.6
−5◦.2 (fig. S1). Second,

the He I𝜆5876 line has emerged, the polarization of which tightly follows a well-defined dominant

axis of 2 PAHeI = +19◦.0+4◦.9
−4◦.7 that is ∼ 33◦ off from the symmetry axis shared by the earliest

prolate and the later oblate configurations (Fig. 5). A rather small misalignment between the well-

defined dominant axis of the ejecta and that of He I𝜆5876 is inferred, 2 PA+80.8 d−2 PAHeI ≈ 16◦.

The presence of both strong Balmer and He II lines and their different dominant axes, therefore,

suggests that the mixing of helium into the still optically thick H-rich envelope exhibits a different

symmetry axis.

Determining the He-rich layer geometry requires spectropolarimetry after the photosphere

recedes through the H-rich envelope, the inner ejecta exhibit a symmetry axis as indicated by the

dominant axis fitted to the continuum at day 80.8, which is misaligned with the outermost H-

rich envelope as defined by a prolate-to-oblate geometry transformation since the shock breakout.

A more complicated inner geometry can be inferred from the deviations from axial symmetry in

moderate scales as indicated by the departure from the dominant axis at day 80.8 (Fig. 1, lower-right

panel, and fig. S2, right panel). This is also compatible with the main features of the neutrino-driven

explosion that manifests on a large scale: bubbles and fractured structures (119). Fallback-induced

accretion may be involved in reshaping the inner geometry of the ejecta (12, 120).
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Supplementary Text

As a sanity check, we also attempted to estimate the Galactic ISP caused by Galactic extinction

with observations of the “probe star” CD328000 (𝛼 =11:18:10.676, 𝛿 = −32:51:10.729; J2000),

which is 143′′.85 W and 55′′.43 S of SN 2024ggi and has a distance of 1081 ± 21 pc from the

Sun as measured by Gaia (121). The 3D extinction map estimates the Galactic reddening toward

CD328000, 𝐸 (𝐵−𝑉)Map = 0.09+0.01
−0.02 mag (122, 123), which is smaller than the Galactic extinction

𝐸 (𝐵 − 𝑉)Gal = 0.120 ± 0.028 mag (52) estimated by adding the reddening derived from the two

Na I D1 and D2 components from the rest velocity (𝐸 (𝐵 − 𝑉)Gal = 0.054 ± 0.020 mag) and a

Galactic intervening cloud at redshift 𝑧 = 0.00039 (𝐸 (𝐵 −𝑉)Cloud = 0.066 ± 0.020).

In fig. S2 we present VLT spectropolarimetry of CD328000, as a sanity check for the Galactic

component of the ISP. The error-weighted mean values of the continuum polarization calculated

for different wavelength ranges are all consistent. Their combined value is (𝑄ISP
probe, 𝑈

ISP
probe) =

(−0.20% ± 0.07%, +0.08% ± 0.08%). If the total ISP is proportional to the ratio between the

total Galactic extinction along the SN-Earth line of sight and the extinction measured from the

probe star (assuming it to be intrinsically unpolarized which is the case for most single stars), the

total Galactic ISP of SN 2024ggi will then amount to (𝑄ISP
MW, 𝑈ISP

MW)= (𝑄ISP
probe, 𝑈

ISP
probe) ×𝐸 (𝐵 −

𝑉)MW/𝐸 (𝐵 −𝑉)Map = (𝑄ISP
probe,𝑈

ISP
probe) ×1.508 ± 0.389 = [−0.30% ± 0.14%, 0.12% ± 0.12%].

The estimated Galactic ISP component is consistent with an empirical relation between ex-

tinction and dichroic extinction-induced polarization, 𝑝ISP [%] < 9% × 𝐸 (𝐵 − 𝑉), which has been

found for dust in the Milky Way (56). However, while different reddening components can be

added because they are scalar quantities, this is not true for the ISP values because polarization

is a pseudovector. We also assume that both the Galactic and the SN 2024ggi host dust follow

a similar 𝑅𝑉 = 3.1 reddening law (122). Depending on the orientation difference between the

ISP in the host galaxy and the MW, we estimate a range of the total ISP toward SN 2024ggi as

−0.38% ± 0.17% < 𝑄ISP < −0.21% ± 0.10%, 0.09% ± 0.09% < 𝑈ISP < 0.16% ± 0.16%.
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Figure S1: Estimation of the interstellar polarization. Small filled circles show the measurements

in 30 Å bins, and their colors identify the wavelengths according to the color bar. The green dashed

and the black solid lines in the left and the middle panels fit the dominant axes to the observed

polarization in the wavelength range 3800–7800 Å on days 1.1 and 80.8, respectively. The filled gray

circle (with 1𝜎 error bars) in the middle panel marks the estimated ISP: 𝑄ISP = −0.40 ± 0.05 %,

𝑈ISP = 0.54 ± 0.04 %. The right panel shows the polarization at day 267.1, when SN 2024ggi has

entered the nebular phase and the emission is dominated by a blend of intrinsically unpolarized

Fe-group features. The ISP estimated by the error-weighted mean polarization within 4000–6300 Å

gives 𝑄+267 d
ISP = −0.25 ± 0.24 %,𝑈+267 d

ISP = 0.62 ± 0.24 % as indicated by the gray-shaded ellipse.
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Figure S2: Polarization of the Galactic ISP probe star. Four filled symbols represent the weighted-

mean polarization in four different wavelength ranges (as labeled). The small dots show the mea-

surements in 50 Å bins, and their colors identify the wavelengths according to the color bar. The

black circle (with 1𝜎 error bars) marks the overall ISP, the 𝑄 and 𝑈 values of which appear in the

legend.
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Figure S3: Fitting the day 1.1 spectropolarimetry of SN 2024ggi with a Serkowski law. Panel A

shows the flux spectrum at day 1.1 normalized to the maximum value within the observed spectral

range. Panels B–D present the degree of linear polarization, the Stokes𝑄 and𝑈 for the same epoch,

respectively, with the black dashed curve indicating the best fit using a Serkowski law. The result

parameters are also labeled. The first and the second error terms in 𝑝(𝜆max) denote the statistical

uncertainty due to the Serkowski-law fitting and the systematic uncertainty as represented by the

median error in the 𝑝 spectrum at day 1.1, respectively. The data have been rebinned to 30 Å. The

region of the dark-gray-shaded band suffers from detector saturation and has been excluded from

the fitting. The right panel shows the observation on day 267.1 and compares the polarization with

the best-fit Serkowski law on day 1.1. The former exhibits significant departures from the latter,

indicating the wavelength-dependent polarization at day 1.1 is not caused by the ISP. The data have

been rebinned to 150 Å for clarity. The horizontal gray and light gray-shaded bands overlay the ISP

estimated from the intersection of the dominant axes on days 1.1 and 80.8 and the nebular phase

data at day 267.1, respectively.
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Figure S4: Reproduction of Fig. 1 after removing the wavelength dependence of the day 1.1

spectropolarimetry. By attributing the latter to the ISP that follows a Serkowski law described in

fig. S3, the subtraction would introduce wavelength-dependent polarization at all other epochs as

indicated by the best fit to the data shown by the black dashed lines.
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Figure S5: Spectropolarimetry of SN 2024ggi on day 1.1 (epoch 1). The five panels on the left

(from top to bottom) display (A) the arbitrarily scaled total-flux spectrum with major spectral

features identified; (B, C) the intensity-normalized Stokes parameters 𝑄 and 𝑈, respectively, with

the level of ISP indicated by the horizontal gray dashed lines; (D) the polarization spectrum

(𝑝); and (E) the polarization position angle. Panels (B)–(E) represent the polarimetry before

ISP correction, using 30 Å bins for clarity. The light-gray-shaded vertical bands identify regions

of telluric contamination while the region of the dark-gray-shaded band suffers from detector

saturation. The panels on the right (F)–(J) repeat some of the data in the left panels at higher

resolution using 15 Å bins.
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Figure S6: Spectropolarimetry of SN 2024ggi on day 2.0 (epoch 2). The layout is the same as

that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.

Figure S7: Spectropolarimetry of SN 2024ggi on day 5.8 (epoch 3). The layout is the same as

that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.
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Figure S8: Spectropolarimetry of SN 2024ggi on day 6.9 (epoch 4). The layout is the same as

that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.

Figure S9: Spectropolarimetry of SN 2024ggi on day 10.9 (epoch 5). The layout is the same as

that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.
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Figure S10: Spectropolarimetry of SN 2024ggi on day 19.9 (epoch 6). The layout is the same as

that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.

Figure S11: Spectropolarimetry of SN 2024ggi on day 33.0 (epoch 7). The layout is the same as

that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.
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Figure S12: Spectropolarimetry of SN 2024ggi on day 80.8 (epoch 8). The layout is the same as

that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.

Figure S13: Spectropolarimetry of SN 2024ggi on day 267.1 (epoch 9). The layout is the same

as that of fig. S5, namely the Stokes 𝐼, 𝑄,𝑈, 𝑝, and PA, from top to bottom rows, respectively.
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Figure S14: Principal-components decomposition of the SN 2024ggi spectropolarimetry ob-

tained between days 1.1 and 80.8. In each panel, the color-coded line represents the arbitrarily

scaled total-flux spectrum. The blue and the red histograms present the polarization spectrum pro-

jected onto the dominant (𝑃𝑑) and the orthogonal axes (𝑃𝑜), respectively, fitted across the entire

observed wavelength range.
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Figure S15: Portrait gallery of the early-phase photoionized spectral features in Fig. 3. The

top row compares the scaled flux profiles (Stokes 𝐼) on days 1.1 (violet lines) and 2.0 (steel-blue

lines). The spectral lines are identified above the top panels. The middle and bottom rows present

the measurements of Stokes 𝑄 (blue histograms) and 𝑈 (red histograms), respectively, for day

1.1 (middle row) and day 2.0 (bottom row) with arbitrarily scaled Stokes 𝐼 overlaid. The orange

histogram traces the polarized flux density 𝑝 × 𝑓𝜆, which displays no significant deviation from

the adjacent continuum. The color-coded wavelength segments identify the ranges over which the

dominant axes of the continuum polarization shown in Fig. 3 have been fitted in the Stokes 𝑄 −𝑈

plane.
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Figure S16: Evolution of the line polarization of SN 2024ggi within two days of the discovery.

𝑄 −𝑈 plots with a 15 Å binning adopted are shown for five spectral lines as labeled and days 1.1

(top) and 2.0 (bottom) after the discovery (on day 1.1, the He II𝜆4686 emission was saturated and

thus excluded from the analysis of the line polarization). In each panel, the magenta dash-dotted

line fits the polarization measured at different velocity intervals in the rest frame identified by color;

note that the color bars have different velocity ranges. The green dashed lines are the dominant

axes of the continuum polarization (copied from Fig. 1). In the top row (day 1.1), the dominant

axes of the spectral features with high excitation potential (e.g., O V, H𝛽) closely follow that of the

continuum, while other lines, which are formed farther out in the ionization front, have different

orientations.
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Figure S17: Schematic illustration of the geometric prolate-to-oblate transition in one hemi-

sphere that accounts for the clockwise rotation in the 𝑄 −𝑈 plane of the dominant axis from

days 1.1 to 6.9. In each panel of the top row, the arrow points towards the direction of the continuum

polarization computed from a linear combination of a prolate (blue) and an oblate (red) scattering

atmosphere shown in the inset in the lower-left corner. The latter is tilted at an angle of 20◦ relative

to the prolate structure and grows monotonically over time representing the way, in which the

emission from the CSM concentrated in a plane becomes dominant. The bottom row illustrates the

temporal evolution of the same quantity with the prolate and the oblate components aligned with

each other, in which case the direction of the dominant axis exhibits a flip instead of a rotation.

The relative strengths of the prolate and oblate emission components and the wavelengths were all

arbitrarily assigned for illustration purposes.
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Figure S18: Continuum polarization of a pro-

late geometry. Results with 𝐴 = 𝑎/𝑐 < 1 seen

from different viewing angles 𝜃 are presented.

The ejecta have a radial density structure of

𝜌(𝑟) ∝ 𝑟−12. Photons are emitted from the pho-

tosphere with an optical depth 𝜏 = 1.
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Figure S19: Continuum polarization of a

oblate geometry. Results with 𝐴 = 𝑎/𝑐 > 1

seen from different viewing angles 𝜃 are pre-

sented. Calculations and layout are similar to

that of fig. S18.

Figure S20: Stokes 𝑄 −𝑈 diagrams showing the H𝛼 (top row) and H𝛽 features (bottom row)

of SN 2024ggi. The layout of the figure is similar to that of fig. S15 except for the epochs being

days 5.8 (left column) to 33.0 (right column).
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Figure S21: Evolution of the H𝛼 (top row) and H𝛽 (bottom row) polarization of SN 2024ggi

from days 5.8 (left) to 80.8 (right column). The colors encode velocities according to the color

bars. In each panel, the magenta dot-dashed line fits the polarization distribution measured at

different velocities that cover the corresponding spectral feature. The green dashed lines in the third

to sixth columns overplot the dominant axis at day 1.1, which appear to be aligned with that of the

H envelope that progressively emerged after day 6.9 (magenta dot-dashed line). The bottom-right

panel presents the polarization across the He I𝜆5876 profile on day 80.8. The dominant axis fitted

to this feature is misaligned with that shared by the prolate and the oblate configurations.
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