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Abstract

Context. Interacting transients probe mass loss in the final stages of stellar evolution; however, the geometry and timing of multi-episode mass loss remain poorly constrained. SN 2024abvb is a nearby interacting event with transitional Ibn/Icn spectroscopic properties and multi-epoch polarimetry, offering a rare opportunity to study structured circumstellar material (CSM).

Aims. We aim to characterise the kinematics, composition, and geometry of the CSM around SN 2024abvb and to identify plausible progenitor and ejection scenarios that can produce the observed spectro-polarimetric evolution.

Methods. We present high-resolution (VLT/UVES and VLT/X-Shooter) optical/NIR spectroscopy across several epochs, complemented by broadband polarimetry and spectropolarimetry (VLT/FORS2 and NOT/ALFOSC). Line identifications, velocity decompositions, and polarimetric time series were used to trace multiple kinematic components and changes in scattering geometry.

Results. The high-resolution spectra reveal multiple narrow CSM components composed of He, C, and O with absorption minima at ∼150 − 400 km s−1 and additional faster material up to ∼2000 km s−1. Low-velocity Balmer absorptions are present, indicating distant H-rich material, a first in Type Ibn/Icn supernovae. Polarimetry shows a marked evolution (P ∼ 1% near the peak, ≲0.5% after ∼1 week, rising to ∼1.5% after ∼20 d with ∼50° position-angle rotation and to ∼4% after ∼30 d, stronger in the blue), implying a time-variable, wavelength-dependent scattering and obscuration component. The combination of kinematics and polarimetric behaviour is consistent with multiple, concentric toroidal shells with differing orientations and partial dust content.
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1. Introduction
Understanding the evolution and the ultimate fate of stars remains one of the key questions in astrophysics. The INteracting Transients at ESO-vLt (INTEL) programme aims to investigate the role of circumstellar medium (CSM) interactions in various species of stellar transients. Targets of the INTEL programme are stellar transients with observational evidence of slowly expanding CSM, such as tidal-disruption events (TDEs; e.g. Gezari 2021), interacting gap transients (Pastorello & Fraser 2019), interacting supernovae (SNe; Smith 2014; Fraser 2020), SNe interacting with a confined CSM (also known as ‘flash features’, e.g. Bruch et al. 2023; Jacobson-Galán et al. 2024), and super-luminous SNe (SLSNe; Gal-Yam 2019; Inserra 2019). This programme uses the Very Large Telescope (VLT) Ultraviolet and Visual Echelle Spectrograph (UVES, Dekker et al. 2000) and the X-Shooter spectrograph (Vernet et al. 2011) for high-resolution spectroscopy, while the FOcal Reducer/low dispersion Spectrograph 2 (FORS2, Appenzeller et al. 1998) for polarimetric data. This science programme operates in parallel with low-resolution spectroscopy efforts and is intended to complement and enhance them, with a distinct and differing scientific focus.
Supernovae with narrow-lined spectra are ideal targets for the INTEL facilities, as good spectral resolution is necessary to precisely infer the velocity, composition, and ionisation state of the stellar wind, while spectropolarimetry is required to study the asymmetries in the distribution of the expanding material. SNe with spectra showing prominent narrow Balmer lines in emission belong to the Type IIn class (Schlegel 1990). Sometimes the narrow lines sit atop of broader components, suggesting that the different line components likely arise from different kinematic regions, but they are all rich in hydrogen (H).
In the past few years, other subclasses of ejecta-CSM interacting SNe have emerged, showing H-free, narrow-lined spectra. Type Ibn SNe have spectra dominated by relatively narrow helium (He) features produced in a H-deprived, He-rich CSM (Pastorello et al. 2008a). Type Icn SNe show entirely H- and He-free spectra, while narrow lines of carbon, nitrogen, and oxygen (C/N/O) are prominent (Pastorello et al. 2021; Gal-Yam et al. 2021, 2022; Pellegrino et al. 2022). The newly classified Ien SN shows spectra with narrow emission lines of Si and S (Schulze et al. 2025). The composite spectral classification scheme of interacting SNe indicates they are produced by progenitor stars that are progressively more stripped throughout the IIn-Ibn-Icn-Ien sequence. Despite observational studies revealing a wide observational heterogeneity among the different types of interacting SNe, only limited progress has been made in our understanding of their explosion mechanisms and the properties of their progenitors (e.g. Metzger 2022; Inoue & Maeda 2025).
To complicate the overall picture, SNe with intermediate properties between two different types are occasionally observed, including the transitional SNe IIn/Ibn (whose spectra show narrow H and He I with comparable strengths; Pastorello et al. 2008b, 2015; Smith et al. 2012b; Reguitti et al. 2022; Farias et al. 2024; Gangopadhyay et al. 2025) and SNe Ibn/Icn (with spectra showing He I and C/N/O lines at the same time; e.g. Pursiainen et al. 2023). The recent discovery of the nearby SN 2024abvb provides a rare opportunity to study, in detail, a SN with transitioning properties between those of a Type Icn and a Type Ibn SN.
2. Observations
SN 2024abvb (Aster et al. 2026; Hu et al. 2026; Shi et al. 2026) was discovered by the Asteroid Terrestrial-impact Last Alert System (ATLAS, Smith et al. 2020) on 2024 November 22 (Tonry et al. 2024) and subsequently classified by the Nordic-optical-telescope Un-biased Transient Survey (NUTS, Mattila et al. 2016) on 2024 November 28 as a Type Icn SN (Stritzinger et al. 2024) at z = 0.039 (see Aster et al. 2026), equivalent to a luminosity distance of 164.8 Mpc using the following cosmology measurements H0 = 73.04 km s−1 Mpc−1, ΩM = 0.326 and a flat Universe (Riess et al. 2022). The Galactic reddening towards the SN position is E(B − V) = 0.164 mag (Schlafly & Finkbeiner 2011). None of our high-resolution spectra show Na ID lines related to host galaxy reddening, hence we assume the Galactic reddening as the total. This is also consistent with the remote location of SN 2024abvb (see Section 2.2). The light curve of SN 2024abvb from publicly available ATLAS (Tonry et al. 2018), Pan-STARRS (Chambers et al. 2019), BlackGEM (Groot et al. 2024), GOTO (Steeghs et al. 2022) and ZTF (Bellm et al. 2019) surveys data on the Transient Name Server (TNS1) is shown in Fig. 1 with respect to the maximum light (MJD 60645.13, Aster et al. 2026, and references therein) to guide the spectroscopic temporal analysis.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. ATLAS, Pan-STARRS, and public ZTF, BlackGEM, and GOTO photometric data, with uncertainties, of SN 2024abvb. Open symbols denote limits. Phase is with respect to the maximum light. INTEL data and ancillary polarimetric data are shown with vertical lines. Note that a further XShooter spectrum was taken at ∼55 d post maximum when the SN was no longer visible in the optical.



2.1. Data
Our first spectroscopic observation of SN 2024abvb was obtained on 2024 Nov. 29 UT at the VLT+UVES. The instrument setup was DIC1λ346+580, covering the wavelength range ∼3050−3859 Å in the blue, and 4789−6788 Å2 in the red arm. The detectors were unbinned, but the resolution, R ∼ 45 000, was dictated by the slit width set to 1″ in both arms. The total integration time was 8100 s split across 9 exposures. The data were reduced using the ESO Recipe Execution Tool (EsoRex) UVES pipeline, v 6.1.3, together with Gasgano, v 2.4.8, and adopting the archive-delivered master calibrations and optimal extraction. The data were flux calibrated using the master response function (obtained from a combination of different spectrophotometric standard star spectra observed in photometric conditions) provided by the observatory. Each exposure was individually reduced and then combined into a sigma-clipped average spectrum.
Three epochs of medium resolution spectroscopy were also obtained using VLT/XShooter, as listed in Table A.1. These data were reduced in the standard fashion using the XShooter pipeline v. 3.6.1 within the ESO Common Pipeline Library running under the EsoRex tool. Night-specific processed calibration files were downloaded from the ESO archive using the CalSelector service. The NIR arm data were corrected for telluric absorption using the MOLECFIT routines within EsoRex; we do not correct the VIS arm spectra as the pipeline was found to over-correct the absorption, but rather these regions are marked in figures. Unfortunately, the ϕ = 5.7 d (MJD 60651.02) spectra were obtained using a mixture of 1 × 1 and 1 × 2 binning. As the 1 × 2 binning data had significantly higher S/N than the 1 × 1 binning data, we only used the 1 × 2 binning data in our analysis. Moreover, the MJD 60701.03, 60703.03 and 60705.03 (median ϕ = 55.7 d) spectra were combined and show the SN signal in the NIR arm only.
We obtained one epoch of spectropolarimetry and two epochs of multi-band imaging polarimetry with VLT/FORS2 and complemented by two V-band epochs taken with Alhambra Faint Object Spectrograph and Camera (ALFOSC), mounted on the Nordic Optical Telescope (NOT). The spectropolarimetry was reduced with a custom pipeline presented in Wichern et al. (2025). The pipeline optimally extracts the spectra of the ordinary and extraordinary beams within regions of equal size, in this case of widths equal to four times the FWHM of the ordinary beam. Three sets of spectra were obtained for each half-wave plate angle; these were combined by computing a variance-weighted average of the three sets. The spectra were binned by 25 Å to increase the signal-to-noise. The broadband polarimetry data of both FORS2 and ALFOSC were reduced using a photutils (Bradley et al. 2024) based pipeline, using an annulus background. We followed the reduction steps for ALFOSC detailed in Pursiainen et al. (2023) using large apertures (r = 2 × FWHM). This is because the imaging polarimetry mode of ALFOSC tends to elongate the point-spread function of the sources (see e.g. Pursiainen et al. 2023, for details). For FORS2 images, we used apertures of r = 1 × FWHM. The FORS2 data were also corrected for the small chromatic rotation using the values provided on the instrument website3, and for the instrumental polarisation affecting imaging polarimetry using the polarisation maps derived in González-Gaitán et al. (2020).
2.2. The host and environment of SN 2024abvb
The host galaxy of SN 2024abvb, WISEA J011055.76−054416.6, has a magnitude of g = 17.3, and its nucleus lies 28″ from the location of the SN. It appears to be a fairly normal spiral galaxy, close to face-on to our line of sight. The galaxy has the same redshift of the SN (z = 0.039) as shown by the low-resolution host galaxy spectrum (see Aster et al. 2026), and hence has an absolute magnitude of g = −18.9, while the projected separation from the SN is 21.5 kpc in the plane of sky alone.
Taking the r-band radius of the host from a measurement on Legacy Survey data (Dey et al. 2019) using the Tractor code (Lang et al. 2016), this corresponds to a separation of 2.4 times the half-light radius re of this galaxy. We see no signs of flux, galaxy emission or cooling filaments at the position of the SN in the same deep Legacy Survey images (Fig. 2). Taking the g-band limit of ∼25 from the Legacy Surveys catalogue, the absolute magnitude of any cluster or complex of stars at the location of SN 2024abvb must be fainter than g = −11.0 mag, so roughly 5 mag fainter than a Small Magellanic Cloud-like satellite galaxy.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Cutout from the Legacy Surveys covering the position of SN 2024abvb (in the centre of the red circle) and its host galaxy. The image is oriented with north up, east to the left, and it covers approximately 1′ on each side.



However, we cannot exclude the possibility that SN 2024abvb is located within a faint tidal stream, as observed for other SNe (e.g. Smith et al. 2012a; Ferretti et al. 2017). Such streams can reach integrated luminosities as low as MV = −6.2 mag (the Indus system; Shipp et al. 2018). Their detectability, however, is primarily governed by surface brightness (μ), as their light is distributed over large areas. The Dark Energy Survey stream catalogue (Shipp et al. 2018) provides several examples of streams with surface brightnesses as faint as μ ≈ 29 − 30 mag arcsec−2 (Miró-Carretero et al. 2024). In contrast, typical galaxies have μband ≈ 20 − 22 mag arcsec−2, implying a difference of Δμ ≈ 6 − 8 mag arcsec−2, corresponding to a dimming factor exceeding ∼600 (Sola et al. 2022). Following the approach described by Watkins et al. (2024), we measured the surface-brightness limit at the SN position using Legacy Survey images, obtaining μg = 30.19 ± 0.37 mag arcsec−2. For comparison, the host galaxy of SN 2024abvb has a mean surface brightness of μg = 22.34 ± 0.04 mag arcsec−2. Therefore, if SN 2024abvb is indeed located in a tidal stream, such a structure would lie at the very faint end of the known population, or possibly below the surface-brightness regime of streams detected to date.
We compare the projected host-galaxy offsets of SN 2024abvb with the distributions of SNe Ib, Ic, IIn, and Ibn from the PTF sample (Schulze et al. 2021). Fig. 3 shows the cumulative distributions, demonstrating that our event lies in the extreme tail of the offset distribution, particularly for SNe Ibn. We note that there are insufficient data to perform a similar analysis for SNe Icn. Schulze et al. (2021) report that the majority of SNe (92%) fall within the 80% light radius (r80), which, together with galaxy mass, traces the stellar mass content of galaxies independently of type and star formation activity (Miller et al. 2019; Mowla et al. 2019). A first-order approximation for spiral galaxies gives re/r80 ≈ 1 (Graham 2001), implying that SN 2024abvb is indeed located in an extreme region. Aster et al. (2026) report a host-galaxy mass of [image: Mathematical equation: $ \log(M/M_{\odot}) = 10.33^{+0.11}_{-0.10} $] for SN 2024abvb, that combined with the SN position, it implies that the event lies outside the r80 radius.
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Cumulative distribution function of the observed offsets from the host galaxy nucleus for different SN types (Schulze et al. 2021). The location of SN 2024abvb lies far beyond the typical offset seen for SNe Ibn.



Interestingly, there is another galaxy in the field (WISEA J011040.80−054527.5) that lies 4.4′ from SN 2024abvb (200 kpc), and is also at z = 0.039. While the physical separation to SN 2024abvb is too large for a direct association, the consistent redshift may suggest that it is part of a galaxy cluster. This is intriguing, particularly in light of the environment of a similar interacting SN far from the host, PS1–12sk, where the elliptical host galaxy was also in a galaxy cluster (Sanders et al. 2013). In the absence of redshift information for other galaxies in the field, we cannot draw firm conclusions on the existence of any possible cluster. We also note that the host of SN 2024abvb, a spiral, seems younger than that of PS1–12sk.
3. Spectral analysis
3.1. UV and optical spectra
To identify lines in our UVES and XShooter data, we used the line lists in Moore (1945) as a reference. Particular care was taken to ensure that all strong components of a given multiplet were seen, supporting the identification. The full spectra are plotted in Appendix B with detailed line identification, while the spectral sequence, together with the public ALFOSC classification spectrum, is shown in Fig. 4.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Spectral sequence for SN 2024abvb. The spectra have been corrected for redshift and Milky Way reddening, and are vertically offset by arbitrary amounts for clarity. The colour of each spectrum indicates the instrument used. Vertical dashed lines mark the rest wavelengths of the strongest spectral features. Caution is advised when interpreting the UVES spectrum, as many apparent features are due to the echelle order pattern.



3.1.1. Pre-peak UVES and FORS2 spectra
Our FORS2 and UVES spectra were taken at −2 days from maximum light. While the former covers a wider wavelength range, it does not allow us to resolve the narrow features seen in the UVES spectrum of SN 2024abvb (Figs. B.1 and B.2). They both show a hot blue continuum. We cannot accurately measure the blackbody temperature as in the subsequent XShooter epochs because the peak of the first spectrum is to the blue of 3000 Å, while in the second epoch, we are unable to fit both the blue and red parts of the spectrum, possibly due to the effect of absorption by metals. Most of the features bluer than 4500 Å observed in the FORS2 spectrum and the ALFOSC classification spectrum can be attributed to O II and Ne II, while no lines corresponding to higher ionisation states of carbon are detected, unlike what is observed in SNe Icn (e.g. Pellegrino et al. 2022; Nagao et al. 2023).
The two strongest emission features in the FORS2 spectrum, also visible in the ALFOSC classification spectrum (Fig. 4), are at 5890 Å and 7236 Å, and we associate these with C II. While the lines exhibit a broad base (more evident in the UVES data; see, e.g. in Fig. B.2), we do not attribute this to ejecta. The wings of the broad feature extend out to 2000 km s−1, and these likely arise from electron scattering in the CSM (e.g. Chugai 2001; Fransson et al. 2014). This implies an electron temperature of Te ∼ 104 K and an electron-scattering optical depth of order unity. This requires a compact, highly ionised CSM with electron densities of ne ∼ 109 − 1010 cm−3 at radii R ∼ 1014 − 1015 cm, roughly matching what inferred from the bolometric luminosity (Aster et al. 2026; Hu et al. 2026). Such conditions are inconsistent with a steady stellar wind and instead point to eruptive or binary-driven mass-loss episodes prior to explosion.
We also observe a line profile around 6578 Å where another C II line, expected to have a strength comparable to that of λ7236 due to its role in the recombination cascade, should be present. In addition, the C IIλ4267 line, which shares the same lower energy level as λ5890 but has an Einstein coefficient for spontaneous emission (Aki) approximately an order of magnitude higher, is also detected in the FORS2 and ALFOSC spectra, albeit with a P Cygni profile (assuming that the prominent blue-shifted absorption is indeed associated with C II).
In the UVES spectrum, turning to the other lines, we see multiplets 15 and 16 of C II at wavelengths 5640 − 5662 Å and 5133 − 5151 Å, respectively. Although these are at relatively low S/N, we measure a velocity from the P-Cygni absorption component minima of these lines of ∼100 km s−1. We also see strong lines of O II, including multiplets 1, 9, 24, 25, 28, and 32. Multiplet 1 is particularly strong, with numerous lines between 4639 and 4696 Å. Al II appears to be present with multiplets 1 and 2.
Besides the weak P-Cygni absorptions, two lines in emission stand out at 5889 Å and 6003 Å. The bluer line is also shown in the classification spectrum and, as mentioned above, it is consistent with C II. However, due to the different profile displayed by this line with respect to other C II lines, we cannot rule out that such a profile belongs to Na ID. The fact that only the emission component is observed would suggest that it arises in a Na-rich CSM shell, similarly to what is observed in the type IIn SN 2011A (de Jaeger et al. 2015), although in that case the Na ID displayed both an emission and blue-shifted absorption. With respect to the 6003 Å line, we also checked for diffuse interstellar bands (DIBs) using the catalogue of Jenniskens & Desert (1994) with updates as listed online4, but find no convincing matches. Furthermore, no absorption resonance lines such as Na ID and Ca H&K have been observed in any of the spectra, suggesting that none of the observed lines could be associated with the ISM.
Looking in detail at our high resolution UVES spectrum, multiple He I lines are seen, most clearly the strong λ5875 line which has a pronounced P-Cygni profile (see Fig. B.2), with a velocity minimum at 120 km s−1, and a blue edge extending out to ∼190 km s−1, broadly consistent with the C II. Such a line is comparable in strength to O I lines, especially those of multiplet 1. Other He lines are visible, including λ5015 and λ4921 (Fig. B.1), but these lines are weaker and only the absorption component is observed. This is consistent with what is observed for He Iλ5875, where the absorption is stronger than the emission component. The presence of narrow He lines, identifiable only thanks to our high resolution, would imply a Type Ibn classification for SN 2024abvb, although we note that the weakness of these features could also lead to labelling it as a transitional Ibn/Icn SN (analogous to the transitional Ibn/IIn SNe; Pastorello et al. 2015). The possibility of hidden He in Icn SNe was briefly discussed in Gal-Yam et al. (2022) (Extended Data Figure 10). This suggests that an empirical classification based on low-resolution spectra may be unreliable, especially when interaction with a CSM is present and could have broader implications for the physical interpretation and classification of Icn SNe as a whole.
3.1.2. XShooter post-peak spectra
Our first XShooter spectrum was taken roughly a week after the UVES and FORS2 ones, corresponding to a post maximum phase (ϕ = 5.7 d; Fig. B.3), while the second (ϕ = 17.2 d; Fig. B.4) half-way through the observed decline in the optical light curve (see Fig. 1). Numerous He I lines are detected across the spectra. All He I features exhibit clear P Cygni profiles with a velocity minimum of 120 km s−1, consistent with our UVES measurements. For the high-level transitions, only the absorption components are observed. Among the observed He I lines, only λ3187 and λ4387 lack any emission component.
C II lines are also prominently detected, with all expected strong transitions clearly visible. These lines, such as He I, display P Cygni profiles with a velocity of roughly 120 km s−1 as measured from the absorption component. In contrast, there is no evidence for the presence of He II, C IV, N II or N I lines in the spectra. The presence of C III and O III remains uncertain; if present, these features are extremely weak and appear only in absorption. Nevertheless, these tentative identifications, along with the non-detection of higher ionisation lines, place constraints on the ionising radiation field, limiting it to a maximum of approximately 35−40 eV, with the bulk of ionisation radiation likely peaking in the 10−25 eV range (Moore 1945). O I lines are also detected and are mostly attributable to recombination processes. [O I] λ6300 is detected in emission at ϕ = 17.2 d with a velocity width of the order of ∼100 km s−1, suggesting a CSM origin.
Among other lines, Si II is identified, with multiplets 1, 2, and 3 being present in the spectra. Multiplet 4 is absent, and the strongest line of multiplet 5, if present, appears extremely weak. Mg II is observed, particularly in multiplets 4, 6, and possibly 8, which seem to appear solely in emission. Conversely, multiplets 2 and 10 are undetected, which is consistent with their known atomic parameters. Lines at 5696.6 and 5722.7 Å could be tentatively identified as Al III (multiplet 2). Al II (multiplets 1 and 2) is still detected as in the UVES spectrum. This identification excludes the possibility that the feature at 5696.0 Å is due to C III (singlet transition). However, the line at 4325.7 Å remains unidentified, with multiple possible line assignments requiring further investigation. Notably, as in the FORS2 and classification spectra, none of the C III triplet transitions are detected. Fe II lines are observed prominently in the XShooter spectra, particularly from multiplet 42, as well as multiplets 49, 48, and 37. These lines show P Cygni profiles, at times complex due to proximity with other lines, displaying an absorption minimum velocity of 100 km s−1. By the time of the second XShooter spectrum (ϕ = 17.2 d; Fig. B.3), Fe II features have significantly strengthened, suggesting the possible formation of an ‘iron blanket’ in the near-ultraviolet region (≤3500 Å) similar to the usual pseudo-continuum formed by Fe lines in SNe IIn (e.g. Smith 2017, and references therein). In addition to the emission lines at 5889 Å and 6003 Å observed in the UVES spectrum, another emission line at 8235 Å is identified in the XShooter spectra. For this feature, potential associations include C II, Mg II and O I. However, since its profile differs from those of other C II, Mg II and O I lines, the precise nature remains uncertain. This feature may represent a blend of contributions from all three species.
The ionisation potentials for Mg II and Si II, assuming the observed lines arise from recombination, are approximately 15 and 16 eV, respectively. Their detection thus broadens the inferred ionisation range while slightly lowering the average ionising energy with respect to the analysis of the non-metal elements. This reinforces the conclusion that the source is dominated by relatively soft UV radiation.
3.2. NIR spectra
Our NIR spectra, shown in Fig. 8, have a lower S/N than the optical spectra, but several lines are visible, especially in the first spectrum (ϕ = 5.7 d). He Iλ1.083 μm, displaying a P-Cygni profile, is observed at velocities comparable to those of the optical lines. However, the profile is complex, as a line at the location of Paγ is also detected. Paβ is also tentatively identified, but Paα falls in a region of strong telluric absorption and therefore cannot be observed. O Iλ1.129 μm is also visible with a P-Cygni profile, as well as Mg Iλ1.18 μm. The presence of both the NIR O I line and the O Iλ7774 line suggests that the emission arises from normal recombination.
Intriguingly, we detect an emission line at 1.933 μm at ϕ = 5.7 d and ϕ = 17.2 d with a full width at half maximum corresponding to a velocity of approximately 400 km s−1. This feature could be identified as [Ni II], blueshifted by about 900 km s−1, or alternatively as a blend of [N II] and [Fe II]. Emission from nickel arises from the production of stable isotopes and has been observed in a handful of SNe (e.g. Jerkstrand et al. 2015; Dhawan et al. 2018; Hoeflich et al. 2021). However, in our case, the observed blueshift and relatively low velocity would instead suggest a CSM origin, which is difficult to explain, as it would require extremely high temperatures (T ≳ 109 K), high density (ρ ≳ 107 g cm−3) and conditions close to nuclear statistical equilibrium. Such conditions are typically achieved only in the inner layers of SN progenitors or during the SN explosion itself (Blondin et al. 2022). Unfortunately, the presence of [Ni II] cannot be independently confirmed, as the other strong stable nickel line at 7378 Å falls within a region strongly affected by telluric absorption.
The second NIR spectrum shows similar lines and velocities, while the third spectrum displays residual flux in the 1.18−1.20 μm region; however, due to the low S/N, no conclusive analysis of line identification or velocities can be performed.
Our dataset does not show any clear evidence of dust formation as the flux redwards of 1.90 μm remains constant during the three available epochs. Moreover, it does not cover the wavelengths (λ > 2.20 μm) where the formation of CO molecules due to newly formed dust can be observed (e.g. Gerardy et al. 2000). Nevertheless, dust formation cannot be excluded as it has been observed in other interacting SNe starting at a similar evolutionary phase as SN 2024abvb (e.g. Mattila et al. 2008).
3.3. Hydrogen in the spectra of SN 2024abvb
Remarkably, we see structured, multi-component low velocity absorption features in both the UVES and XShooter data, which we associate with the Balmer series. This strengthens our Paschen series detection. This feature can be seen most clearly in Hα, where we see multiple absorptions with velocity minima between 150 and 400 km s−1 in both the +5.7 d and +17.2 d spectra (Fig. 5). While there are some small differences between these two epochs in terms of the relative strengths of individual components, the overall line structure persists. We also see a weak, narrow emission feature at the rest wavelength of Hα, likely to be the emission component of a possible P-Cygni profile with absorption minima at 50 km s−1. This appears to grow in strength in the +17.2 d spectrum. We used the ESO SkyCalc software (Noll et al. 2012) to model the sky transmission in the region of Hα and verify that there are no strong telluric absorptions that can account for this feature. A similar complex of low velocity absorptions between 150 and 400 km s−1 can also be seen in Hβ. Our UVES spectrum covers this spectral region, and we clearly see the complex at −2.0 days. The XShooter data is less clear in the region of Hβ, although there is still clearly an absorption present.
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Regions of our spectra covering Hβ (left panel) and Hα (right panel). In both cases, we see time evolving narrow absorptions with velocity between 100 and 400 km s−1 with respect to the rest wavelength of the line. In the right panel, we also plot the atmospheric transmission, demonstrating that these lines are not associated with any telluric features.



3.4. Spectral evolution
There is clear evidence of spectral evolution in SN 2024abvb spectra. During the early phases (up to ϕ = 5.7), the spectra are dominated by prominent He I, C II and O II features. Between ϕ = −2.0 and ϕ = 5.7, these lines exhibit relatively slow evolution, with their velocities remaining nearly constant over time. The minimum velocities measured for different ions are approximately ∼130 km s−1 for O II, ∼100 km s−1 for C II and around 120 km s−1 for He I. By ϕ = 17.2, the C II and O II features have disappeared, indicating significant changes in the ionisation conditions and/or chemical composition of the CSM. However, several He I lines, such as λ5015, λ5876, λ6678 and λ7065 remain detectable, albeit with reduced strength.
Figures 6, A.1 and A.2 show the temporal evolution of these lines at ϕ = 5.7 and ϕ = 17.2, while Fig. A.3 also includes the last NIR epoch at ϕ = 55.7. Despite the overall similarity observed in these P-Cygni profiles at 5.7 d, not all emission peaks are centred at the rest-frame wavelength. In several cases, the emission components exhibit redshifted peak offsets of ∼50 − 100 km s−1, which could be attributed to asymmetries in the density distribution of ejecta.
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. He I profiles at ϕ = 5.7 and ϕ = 17.2 days in velocity space (rest frame). The vertical dashed green lines mark velocities at 100 km s−1 intervals, ranging from −400 to +200 km s−1, excluding 0 km s−1, which is marked with a dashed black line.



Simultaneously, a decline in the strength of Fe II features, particularly multiplet 42 by 17.2 d, indicates a rapid evolution of the circumstellar environment and increasing optical depth in the NUV due to the emergence of iron-rich layers. In contrast, the Ca II NIR triplet lines are visible at this epoch, displaying expansion velocities of ∼100 km s−1, roughly consistent with the velocities of He I, C II and O II lines.
Although the XShooter spectra at both epochs are primarily dominated by narrow features (aside from broad bases to some lines, which we attribute to electron scattering), there is also evidence of some higher velocity material. In particular, the OI λ7774 line at 17.2 d (Fig. 7) shows a distinct absorption component with a blue edge extending up to 2000 km s−1. This is also observed for the Ca II NIR triplet. This broad absorption appears separate from the narrower, low-velocity component and suggests the presence of an outer shell of faster-moving ejecta. In the Sobolev approximation, the shape of these lines would suggest a density profile that is at least ρ(r)∝r−2 or steeper, as well as a relatively low value for τ0, the optical depth at the photosphere. The latter is also consistent with the absence of strong emission components to these lines. This would disfavour a dense shell origin for the CSM surrounding SN 2024abvb.
	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. O I line as seen in the second epoch of XShooter spectroscopy. The blue solid line shows the rest wavelength of O I 7774 Å, while the dashed lines show a velocity of ±2000 km s−1. The grey line is an approximate continuum to guide the eye.



	[image: Thumbnail: Fig. 8. Refer to the following caption and surrounding text.]	Fig. 8. Spectral sequence for SN 2024abvb in the NIR. Spectra have been rebinned to 25 Å (35 Å the one at ϕ = 55.7 d) sampling and regions of strong telluric absorption have been masked.



In the final epoch of XShooter spectroscopy taken between +53.8 and +57.6 days, we see no continuum in either the UVB or VIS arms. Careful inspection of the two-dimensional spectrum reveals a single weak emission line at ∼8726 Å. Interestingly, we do see a continuum in the NIR arm at this phase.
3.5. Comparison to Ibn/Icn
In Fig. 9 we compare two XShooter epochs of SN 2024abvb with the prototypical Type Icn SN 2019hgp (Gal-Yam et al. 2022), the transitional Type Ibn SN 2010al observed with high-resolution spectroscopy (Pastorello et al. 2015), and PS1–12sk, a Type Ibn event that exploded at a large projected distance from its host galaxy (Sanders et al. 2013). The spectra of SN 2024abvb show less prominent O II features than SN 2019hgp and no highly ionised carbon lines (e.g. C III), particularly at wavelengths bluer than 5000 Å and usually observed in Icn events (Pellegrino et al. 2022). The C II line velocities in SN 2024abvb are comparable to those measured in SN 2019hgp, although they are systematically slightly lower at similar evolutionary phases. A similar behaviour is observed when comparing He I velocities with those of SN 2010al, which lacks prominent O I and C II features, or shows equivalent widths less than half of those measured in SN 2024abvb at both comparison epochs.
	[image: Thumbnail: Fig. 9. Refer to the following caption and surrounding text.]	Fig. 9. Spectra comparison with Ibn and Icn at a similar evolution phase.



The helium line profiles of SN 2024abvb also differ from those typically observed in Type Ibn SNe, including PS1–12sk, as well as from the transitional case SN 2010al. In particular, SN 2024abvb lacks the broad emission component commonly seen in Ibn events, while the velocity of the narrow P-Cygni absorption is approximately a factor of two-three lower than that observed in typical Type Ibn SNe. Moreover, the spectra of SN 2024abvb exhibit a redder continuum than both Type Ibn and Icn events (see Aster et al. 2026) and do not show the Fe II pseudo-continuum commonly observed, albeit with varying strength, in Type Icn SNe (e.g. SN 2019hgp) and Type Ibn SNe (e.g. PS1–12sk). Taken together, these similarities and differences in ionic species, line strengths, and velocities support, from a phenomenological perspective, the classification of SN 2024abvb as a transitional Type Icn/Ibn event.
4. Polarimetric analysis
4.1. Interstellar polarisation
Determining the amount of interstellar polarisation (ISP) caused by dust grains in the line-of-sight is crucial to investigating the intrinsic SN polarisation. As NaID absorption at host redshift is not present in the UVES or X-Shooter spectra, the extinction must be very low, as expected from the remote location of SN 2024abvb from its host galaxy (see Section 2.2). As such, the host contribution to the ISP is insignificant; it should be dominated by the Milky Way dust column.
With our VLT/FORS2 BVRI polarimetry, we can use field stars to estimate the wavelength-dependent ISP. The field is very sparse, with only ≲5 stars per band that are S/N > 200 needed for an accurate ISP estimate. However, most of them are found within 100 px from the edges of the image, and they appear to have higher polarisation than the ones nearer to the centre of the camera. The known instrumental polarisation increases sharply towards the edges (González-Gaitán et al. 2020), and while we correct for the effect, it is possible that the correction is not perfect at such locations. As such, we exclude these stars from measuring the ISP. Were they included the difference would be small as B and V would remain the same, and for R and I the ISP would increase by P ≲ 0.3%. We verified that the selected stars are suitable for measuring Galactic ISP. Following Tran (1995), stars must lie ≳150 pc above the Galactic plane to reliably probe the dust column, and astrometric solutions from Gaia Data Release 3 (Gaia Collaboration 2022) show that the selected stars are well above this threshold.
As we also want to correct the spectropolarimetry for the ISP, we fit the BVRI broadband photometry ISP estimated based on the Milky Way stars, with the empirical Serkowski Law (Serkowski 1973; Serkowski et al. 1975), P(λ)/Pmax = exp[ − Kln2(λmax/λ)], for the full wavelength coverage. Pmax is the maximum polarisation at wavelength λmax and K is an arbitrary constant often assumed to be 1.15. We fit an expanded version of the formula, where we incorporate the Stokes Q and U parameters by adding the polarisation angle θ as a fit parameter. The resulting fit is shown in Fig. A.4. For U, the model provides a decent fit, but for Q it does not agree well with the data especially in B-band. However, the discrepancy appears to be low-level at ≲0.2% regardless of the band. Such accuracy is sufficient for our purposes. We use the fit to perform the ISP correction on both spectral and imaging polarimetry presented in this paper.
4.2. Polarimetric evolution
The one epoch of spectropolarimetry taken at −2 d is presented in Fig. 10. Before the ISP correction, the data shows a marginally increasing polarisation degree towards the blue. However, this appears to be caused by the ISP, as after the correction, the polarisation is constant at P ∼ 1%, and no wavelength dependency is present in either Q or U. This is a strong indication that the ISP estimated with the Serkowski law (Fig. A.4), reflects the true ISP in the line-of-sight.
	[image: Thumbnail: Fig. 10. Refer to the following caption and surrounding text.]	Fig. 10. FORS2 spectropolarimetry taken at −2 d, binned to 25 Å in the rest frame. Left: The data before the ISP correction shows polarisation increasing towards the blue, especially in U, well-matched with the ISP estimate (shaded region). Right: After the ISP correction, the polarisation is constant at P ∼ 1% with no significant variation from the mean of each parameter (dashed line).



Post-correction, no significant line features can be identified in either Q or U, apart from possible depolarisation corresponding to the emission feature at ∼5890 Å. For a spectral line to have a significant polarimetric imprint, it will have to be strong in comparison to the continuum. In this situation, the lines are not only fairly weak, but they are also narrow compared to the resolution of 25 Å needed to achieve a reasonable S/N. For instance, the broad electron scattered wings have been reported to show excess polarisation over the continuum for some SNe (e.g. Hoffman et al. 2008; Patat et al. 2011), but in SN 2024abvb we cannot determine the presence of such excess due to the limited spectral resolution. Instead, the spectropolarimetry provides a highly accurate estimate of the continuum polarisation arising from an electron-scattering photosphere.
The polarimetric evolution in BVRI, based on the VLT/FORS2 spectropolarimetry and broadband polarimetry as well as the NOT/ALFOSC V-band polarimetry, is shown in Fig. 11. The SN shows a consistent P ∼ 1% near-peak in both FORS2 and ALFOSC data, but the polarisation decreases to ≲0.5% at a week post-peak. After this, the polarisation increases again at a rotation of 50 deg. At +22 d the polarisation degree is ∼1.5% in BV, and at +27 d the value appears to have increased drastically to P ∼ 4% in BV while RI exhibit more moderate values at P ∼ 2%. The uncertainties of the last epoch are high, but it is clear that they have increased to a high degree at a physical rotation of 50 deg compared to near-peak. Further, the fact that both BV are significantly higher than RI indicates wavelength dependency. The observation was taken in prime conditions during 1% Lunar illumination, and the trend is not caused by significant scattering of Lunar photons in the atmosphere (see e.g. Pursiainen et al. 2023). Given the remote location, the background is also easy to model, and different methods for estimating it do not affect the results.
	[image: Thumbnail: Fig. 11. Refer to the following caption and surrounding text.]	Fig. 11. Stokes Q − U planes for BVRI polarimetry covering 30 d of evolution. MW stars used to derive the ISP are shown. The SN initially exhibited ∼1% polarisation near-peak, followed by decline to ≲0.5% a week after before increasing to high values at late-time (∼20 − 30 d post-peak).



4.3. Comparison to Ibn/Icn SN polarimetry
The polarimetric sequence of SN 2024abvb is remarkable for the type, as it is the first multi-epoch dataset. For Type Icn SNe, only SN 2021csp has spectral polarimetric data in the literature (Perley et al. 2022), and the observation taken at +3.5 d implies continuum polarisation of P < 0.5%. While the spectropolarimetry of SN 2024abvb taken at −2 d is higher (P ∼ 1%), possibly implying larger departure from spherical symmetry, the observation is taken at an earlier phase with respect to peak brightness and direct comparison may be misleading. In fact, the low polarisation of SN 2024abvb probed by the V-band polarimetry taken at +6.5 d is consistent with SN 2021csp. On the other hand, for Type Ibn SNe only SN 2015G has conclusive spectropolarimetry showing continuum polarisation up to P ∼ 2.7% (Shivvers et al. 2017). While likely high, the exact value is unclear, however, due to the uncertain ISP contribution. Further, comparison to SN 2024abvb is difficult as the SN was discovered post-peak, and the phase with respect to peak is not known. While SN 2024abvb shows potentially even higher polarisation at late stages, SN 2015G shows no wavelength dependence, and it is likely that the polarisation in late-phase SN 2024abvb broad-band polarimetry is caused by a different mechanism. Three epochs of spectropolarimetry were also obtained for SN 2015U, but the high Milky Way extinction rendered the observation inconclusive (Shivvers et al. 2016). In addition, there are now two Type Ibn SNe with imaging polarimetry. Both SN 2023emq (Pursiainen et al. 2023) and SN 2023tsz (Warwick et al. 2025) showed low polarisation ∼1 − 2 weeks post-maximum, similar to SN 2024abvb.
The sample of Ibn/Icn SNe with optical polarimetry is small, but there appears to be a tendency towards low polaristaion at roughly a week past peak. SN 2024abvb is consistent with the sample, but the extensive polarimetric coverage has allowed for the identification of significant polarimetric evolution not possible for the previous events. Given the evolutionary stage, the 1% polarisation seen ±2 d from the peak is possibly related to nearby CSM. Type Ibn SNe have been shown to exhibit significant mass-loss just prior to explosion (e.g. Maeda & Moriya 2022), and it is possible that the related CSM component has an aspherical structure due to, for example, bi-polar eruptions, explaining the non-zero polarisation. Similar suggestion have been made to for instance Type II SNe before (e.g. SN 2023ixf; Vasylyev et al. 2023; Shrestha et al. 2025). The polarisation decrease to P ∼ 0% at roughly one week post-peak occurs at a phase when the SN explosion has already blown through a significant amount of more-distant CSM. This does not necessarily imply a transition from asymmetrical to spherical configuration as, for a given asymmetric structure, the decreasing optical depth could lead to a decrease in polarisation. Such a scenario could be achieved when the ejecta has already passed through most of the asymmetric CSM. Alternatively, in case the SN explosion was roughly spherical, the SN photosphere formed at the interaction zone of the CSM and ejecta would follow high spherical symmetry, explaining the low polarisation. The P ∼ 0% could also be explained with the ejected material colliding with a different shell and geometry than that encountered around peak.
Finally, the high, late-time wavelength-dependent polarisation likely requires another source of polarisation as electron scattering near an optical photosphere of a SN is an achromatic process. One plausible explanation is scattering by dust as Type Ibn SNe are known to form it in the ejecta or in a cool dense shell (see e.g. Mattila et al. 2008). Dust scattering can create polarisation that naturally increases towards the blue as observed in SN 2024abvb. The only stipulation is that the scattering body cannot be perfectly symmetric around the SN (i.e. perfectly spherical shell), as then the scatterings occurring around the SN would nullify each other, resulting in low polarisation. However, even a shallow deviation from spherical symmetry could result in only a fraction of the shell scattering at once, thus producing high polarisation. Similarly, the observed polarisation signal could also be caused by scattering in pre-existing distant dust, formed as a result of a pre-SN eruption. However, in the absence of accurate multi-epoch polarimetry to model the scattering body, it is not possible to constrain the possible distribution of the dust. Nevertheless, we note that nor our NIR continuum or emission lines (e.g. blue-shifting) show sign of dust production at such epochs.
5. Discussion
In the following, we first briefly summarise the main conclusions from our observations of SN 2024abvb, before considering potential explanations.

	
SN 2024abvb lies very far from its host, and is not associated with an obvious region of star formation.



	
The spectra of SN 2024abvb show low velocity (a few hundred km s−1, presumably circumstellar) material that is composed of He, C and O.



	
The ions and line profiles suggest a steep density profile with a relatively low value of optical depth at the photosphere/pseudo-photosphere.



	
We observe low-velocity H absorptions which, based on its line profile, is likely arising from a region distinct from the He, C, and O lines.



	
The polarisation is around P ∼ 1% around peak, decreasing then to P ∼ 0% after one week, similarly to what observed in other Icns, and finally rising up to P ∼ 4% (stronger in the blue) with a 50° rotation with respect to the peak emission.




To provide quantitative context for the discussion below, we begin by deriving order-of-magnitude estimates of the characteristic CSM radii and masses implied by the spectroscopic and polarimetric data. Assuming an ionised CSM with electron densities of ne ∼ 109 − 1010 cm−3 and characteristic radii R ∼ 1014 − 1015 cm, we can estimate the CSM mass at the order-of-magnitude level. Adopting a shell (or toroidal) geometry with a fractional thickness ΔR ∼ 0.1 − 0.3 R (Smith 2014; Moriya et al. 2014; Dessart et al. 2016) and accounting for a limited solid-angle covering factor, we infer CSM masses of MCSM ∼ 10−2 M⊙ per individual structure. The presence of multiple kinematically distinct components implies a total CSM mass of MCSM, total ∼ 10−1 M⊙, although this value remains highly uncertain and model dependent. Such a value is comparable to the CSM mass from light curve modelling reported by Aster et al. (2026), Hu et al. (2026) and Shi et al. (2026).
SN 2024abvb, in common with many interacting transients, does not show a broad line that can be clearly identified as being from the underlying SN. Consequently, we must consider whether the Type Ibn/cn SN 2024abvb is in fact a thermonuclear explosion. Moreover, due to the rapidity of its evolution and remote location, we must also consider rapidly/remote/faint transients such as ultra stripped SNe, as well as transients powered by accretion onto a Black Hole.
5.1. SN 2024abvb as a thermonuclear supernova
The remote location of SN 2024abvb is suggestive of an old progenitor, and we hence consider whether this could actually be a thermonuclear explosion within a (mostly) He/C/O rich CSM. In Fig. 12, we compare the optical light curve of SN 2024abvb to a number of Type Ia templates (Nugent et al. 2002), shifted so that the maxima of their light curves coincide. It is clear that a normal Type Ia SN could not be hidden under the light curve of SN 2024abvb, as from around 20 days onwards, we would see a difference in the light curve. Moreover, the SN would dominate the emission at the epoch of our second XShooter spectrum, and so we would expect to see underlying photospheric features from the SN. From a luminosity point of view, accommodating a sub-luminous SN 1991bg-like SN is more plausible; in such a scenario, the underlying SN would be significantly fainter than our observed light curve for all epochs where we have spectra, and approximately consistent with our upper limits on the SN magnitude at early and late times. Nevertheless, the presence of H in the CSM would prove challenging to explain. Similarly, a SN Iax could also be hidden below the CSM interaction as they are several magnitudes below both the detections and upper limits of SN 2024abvb at all phases (e.g. Foley et al. 2013; Srivastav et al. 2020) with peak magnitude down to −13 mag (SN 2024vjm, Kwok et al. 2025; Zimmerman et al. 2026) or even fainter (SN 2021fcg, Karambelkar et al. 2021). However, they are not found in remote locations and show an association to young stellar populations (Lyman et al. 2018). A similar argument applies to a Ia SN, whose intrinsic light curve would be hidden beneath the luminosity produced by CSM interaction (e.g. Inserra et al. 2015; Dong et al. 2022; Padilla Gonzalez et al. 2024). Such SNe have been found in remote locations and are thought to be triggered by a detonation of a helium layer on a low-mass CO white dwarf, which would also accommodate the presence of He in the CSM.
	[image: Thumbnail: Fig. 12. Refer to the following caption and surrounding text.]	Fig. 12. Optical light curve of SN 2024abvb, compared to template r-band light curves of both normal and 91bg-like SNe Ia (Nugent et al. 2002), as well as the r-band light curve of the Iax SN 2020kyg (Srivastav et al. 2022). The vertical lines mark the phases of our VLT spectra in which the SN can be detected.



Having established that it is at least possible to hide a sub-luminous Type Ia SN under the light curve of SN 2024abvb, the next question is what the progenitor system might be. AM CVn systems (Solheim 2010; Ramsay et al. 2018) involve mass transfer of He onto a WD, which is potentially appealing given the He-rich CSM. However, in these cases Ṁ⊙ is at most a few times 10−8 M⊙ per year. It is challenging to see how such a low mass loss rate could lead to the formation of a substantial CSM and strong circumstellar interaction. Another possibility would be that of a WD in a binary system with a Helium donor star, leading to a He-rich CSM mimicking Ibn-like features (e.g. SN 2020eyj, Kool et al. 2023). Nevertheless, the presence of H is a challenge, as the progenitor would have had to have lost its H envelope roughly 1 Myr previously (Ercolino et al. 2025, and references therein).
One peculiar channel that has been proposed for Type Ia SNe, and that may be relevant here, is the ‘core-degenerate’ scenario (Kashi & Soker 2011). In this channel, a SN Ia arises from the merger of a WD with the degenerate core of an AGB star. This has been invoked in the past to explain some peculiar Type Ia SNe with H-rich CSM (e.g. Livio & Riess 2003), and has the natural advantage that we may expect circumstellar interaction with the ejected common envelope. However, there are significant difficulties in applying this here. Firstly, the core-degenerate scenario requires a relatively massive AGB star, and so the problem of the remote location for SN 2024abvb remains. More problematic still, in the case of SN 2024abvb we are seeing interaction with a He-rich CSM (H appears in absorption and presumably comes from material further out). So, the putative ejected common envelope cannot come from an AGB star.
Another potential channel leading to an Icn-like explosion is a WD-WD merger scenario. It has been shown that mergers between O/Ne and C/O WDs can reproduce the overall light-curve evolution of Type Icn SNe (Wu et al. 2024). In particular, both O/Ne + O/Ne and C/O + O/Ne mergers can form an Fe core that grows to the Chandrasekhar mass, either without or with a carbon shell-burning phase (Shen 2025). One of the possible observable outcomes of this scenario is an Fe core-collapse SN interacting with a relatively low-mass, extended H- and He-deficient shell, which would appear observationally as a Type Icn SN. In principle, such a progenitor channel could account for the large projected galactocentric distance of SN 2024abvb; however, it would require the binary system to be dynamically formed or hardened within a globular cluster (Shen et al. 2019), for which we find no evidence in the host environment (see Sect. 2.2). Moreover, the expected observational properties would more closely resemble those of calcium-rich transients (e.g. Perets et al. 2010) than those of SN 2024abvb.
5.2. SN 2024abvb as an accretion powered transient
We note that some fast and luminous transients (e.g. AT2018cow-like events; Perley et al. 2019) have shown late-time interaction with a He-rich circumstellar medium (CSM), producing spectra reminiscent of Type Ibn SNe. In fact, AT2018cow itself had an absolute magnitude at peak of r = −20 mag, comparable to that of SN 2024abvb, and a similarly fast decline (both faded to −16 mag within 25 days from the maximum). While SN 2024abvb has a rise time of only 10 days, AT2018cow is somewhat faster. However, the cow-like transients, which are likely powered by accretion onto a black hole, typically exhibit fast, shallow absorption features in their early spectra, followed by broad (several thousand km s−1) H or He emission lines about one month after peak brightness. None of these characteristics are observed in SN 2024abvb.
5.3. SN 2024abvb from a massive star or binary system
A core-collapse SN should be the natural explanation for the photometric and spectroscopic characteristics of SN 2024abvb. The H-poor CSM could arise from a stripped massive star, either a Wolf-Rayet star, or a lower mass He star that has been stripped in a binary. At ∼120 km s−1, the velocity of the CSM in SN 2024abvb is much lower than the fast 1000 km s−1 winds that one could expect from either a WR star or a stripped He star. Moreover, the presence of H absorption is hard to explain – presumably this was lost during an earlier stage of evolution, but this cannot have been too long ago, otherwise we would no longer see absorption along the line of sight.
However, the biggest challenge for SN 2024abvb as a core-collapse SN remains its remote location with no signs of star formation. We compare the location of SN 2024abvb to the radial distribution of core-collapse supernovae found by Hakobyan et al. (2009). After conversion of these from R25 to effective radii (re), we find that SN 2024abvb is proportionally more distant from its host than any of their sample. This is also true when comparing it to interacting transients and stripped-envelope SNe from the PTF survey (Schulze et al. 2021), as the SN 2024abvb location is further away than any of their sample (see Fig. 3).
One intriguing channel for a massive star to explode is as an ultra-stripped SN (USSN). Binary systems composed of two massive stars can evolve to form double neutron star (DNS) systems (e.g. Podsiadlowski et al. 2004; Tauris et al. 2017). When the donor star possesses a deep convective envelope at the onset of mass transfer, corresponding to Case B Roche lobe overflow, a common envelope (CE) phase is initiated. This evolutionary path can ultimately lead to the explosion of the donor star as an ultra-stripped supernova. Such explosions may proceed via either a core-collapse supernova driven by the iron-core collapse (Fe CCSN) or an electron-capture (EC) supernova.
In the case of a USSN, the ejecta mass is typically low (≤0.2 M⊙, Tauris et al. 2015), which is consistent with the overall luminosity evolution of SN 2024abvb (see also Hu et al. 2026). Moreover, if the explosion is an EC supernova, the amount of helium stripped from the progenitor is expected to be greater than in the case of an Fe CCSN (Tauris et al. 2015). Hence, the explosion is more prone to be a Type Ibn/Icn event or an interacting SN with low He content for the closest CSM. EC SNe tend to be fainter than other stripped SNe and display a risetime consistent with what is observed in SN 2024abvb (Pumo et al. 2009; Moriya & Eldridge 2016), meaning that an EC SN lightcurve can be hidden under the light curve of SN 2024abvb. An EC supernova originating from a binary system also provides a natural explanation for the remote location of SN 2024abvb, as DNS systems are not necessarily found in regions of ongoing star formation. The neutron stars may have drifted from their birth sites, or star formation in the region may have ceased long ago (e.g. Ruiter et al. 2019; Andrews et al. 2020). Indeed, other rapidly evolving interacting supernovae, such as the Type Icn SN 2019jc (Pellegrino et al. 2022) and the Type Ibn PS1-12sk (Sanders et al. 2013), have also occurred in remote environments or in regions with low star formation activity. These cases suggest that the location of SN 2024abvb is not unique and might represent an intrinsically rare evolutionary path. It is therefore plausible that all three events originated from binary systems that underwent common envelope evolution, albeit with differences in progenitor radius or CSM configuration (Tauris et al. 2015, 2017).
A CE phase naturally enables repeated mass-loss episodes with a changing symmetry axis but a fixed barycentre. The observed expansion velocities and relatively low optical depths are consistent with predominantly wind-like mass loss. During a CE phase, evolution of the orbital plane can lead to asymmetric mass-loss episodes occurring in different instantaneous orbital planes, producing concentric but mutually tilted tori (Ivanova et al. 2013; Gagnier & Pejcha 2023). A similar geometry may also arise from precession of an accretion disk around the companion or the stellar core (Ivanova et al. 2013; Murguia-Berthier et al. 2017).
For completeness, we note that nested, ring-like dust shells have been directly imaged around massive colliding-wind binaries (notably WR 140), demonstrating that repeated, discrete dust-forming episodes can produce concentric shells or rings with distinct radii and orientations (Lau et al. 2022). Although the progenitor system of SN 2024abvb may differ (e.g. a stripped star rather than a classical WC star), the existence of long-lived, nested dust shells in WR binaries provides an empirical precedent for multi-episode, quasi-periodic mass ejection that naturally yields concentric structures and enables in situ dust formation. In addition, multi-epoch studies of SNe with evidence for nested shells or interacting shells have been interpreted in terms of repeated mass-loss episodes or collisions between ejecta and pre-existing shells (Moore et al. 2023). Thus, the detection of multiple kinematic components in our data (tori with measured line velocities of ∼150 − 400 km s−1 and additional faster components up to ∼2000 km s−1) is qualitatively consistent with a scenario of episodic shell/toroid formation followed by later, faster interaction.
The wavelength-dependent polarisation evolution we measure is naturally explained if (i) dust forms and survives in some of the earlier-ejected toroidal components and (ii) the line of sight traverses different combinations of dusty and dust-poor shells as the system evolves and as the effective scattering geometry changes. Dust scattering (and/or differential extinction by newly formed grains) produces a wavelength dependence with larger polarisation at shorter wavelengths, whereas electron scattering does not produce a strong wavelength slope; hence, the blue-weighted rise at late times argues in favour of a dust contribution to the observed polarisation. The WR 140 JWST observations demonstrate that colliding-wind binaries can produce long-lived carbonaceous dust shells that survive multiple orbital cycles (Lau et al. 2022), lending plausibility to the idea that dust formed in earlier tori could later dominate the polarimetric signal when illuminated or partially occulting the SN.
Finally, the relative asymmetries we retrieve can be reconciled with a time-dependent mass-loss axis. In a binary/common-envelope context, the orientation and degree of asymmetry of successive ejection episodes can change because of orbital evolution, episodic disk formation and dissipation, or torque-induced precession of an accretion disk or outflow-launching structure (e.g. Ivanova et al. 2013; Tauris et al. 2015). Such mechanisms naturally produce concentric but non-coaxial tori whose apparent flattening and inclination vary with epoch; the outermost shells then record an earlier geometry, while inner shells trace later, possibly reoriented mass-loss. We therefore consider a physically conservative interpretation in which (a) repeated, binary-driven ejection episodes produce concentric toroidal shells, (b) transient colliding-wind shocks enable dust condensation in some episodes (providing the wavelength-dependent polarisation), and (c) changes in the instantaneous mass-loss symmetry axis (e.g. driven by precession or secular orbital reorientation) produce the observed sequence of inclinations and asymmetries. Figs. 13 and 14 show a schematic CE pathway leading to the formation of the SN 2024abvb CSM configuration and a representation of the nested, asymmetric CSM surrounding SN 2024abvb, respectively. While WR binaries provide a direct observational analogue for nested dusty shells (Lau et al. 2022), detailed hydrodynamic modelling targeted at CE/post-CE mass loss in stripped progenitors is required to quantify whether the exact sequence of asymmetries and kinematics seen here can be reproduced.
	[image: Thumbnail: Fig. 13. Refer to the following caption and surrounding text.]	Fig. 13. Proposed common-envelope evolutionary pathway leading to the nested CSM shells observed in SN 2024abvb. Successive mass-loss episodes driven by orbital evolution and outflow precession during the CE/post-CE phase produce concentric toroidal shells with changing symmetry axes, culminating in an electron-capture supernova whose ejecta interact with each shell in sequence.



	[image: Thumbnail: Fig. 14. Refer to the following caption and surrounding text.]	Fig. 14. Schematic of the nested, asymmetric circumstellar medium around SN 2024abvb. Left: the projected geometry of concentric He/C/O toroidal shells at differing orientations, together with the co-located diffuse H-rich envelope. Right: the observed polarimetric evolution, with epoch-coloured markers indicating which shell geometry dominates the scattering at each phase.



However, we would like to note that multiple narrow spectral components do not uniquely imply the presence of concentric, smooth shells; an alternative interpretation is a fragmented or clumpy CSM, as observed in nova ejecta. However, several lines of evidence favour an organised, multi-episode geometry (concentric shells/tori, possibly clumpy) in the case of SN 2024abvb. First, the kinematic components are stable across epochs and are seen consistently in multiple ions (He, C, O) at the same velocities, which is naturally produced by coherent shells at different radii rather than by numerous small, stochastic clumps. Second, the polarimetric evolution with a systematic rotation of the position angle, combined with a late, blue-weighted increase in polarisation is most straightforwardly explained by different inclined shells dominating the scattering/occultation at different times. We therefore favour a picture of episodic, binary-driven mass loss producing concentric, mutually inclined toroidal structures. These structures may themselves be inhomogeneous (clumpy), which would naturally reconcile discrete velocity components with the overall toroidal geometry.
6. Conclusions
Here, we summarise the observational evidence presented in this work. SN 2024abvb is located at a large projected offset from its host (well outside r80), i.e. in a remote environment. The spectra show multiple narrow, low-velocity CSM components composed of He, C, and O with absorption minima in the range ∼150 − 400 km s−1, additional faster material up to ∼2000 km s−1, and a low optical depth suggesting a wind-like CSM. Narrow, multi-component Balmer absorptions (150−400 km s−1) are detected and persist between epochs. The optical polarisation evolves strongly: P ≈ 1% near the peak, falling to ≲0.5% after ∼1 week, then rising to ∼1.5% after ∼20 d with a ∼50° rotation and to ∼4% (stronger in the blue) by ∼30 d. A NIR line at 1.933 μm is detected (FWHM ∼ 400 km s−1) and tentatively associated with [Ni II] or a blend, while the NIR continuum does not show clear evidence for in situ dust formation within our wavelength coverage.
We propose the following conservative interpretation. The data are consistent with episodic, binary-driven mass loss from a common envelope scenario (see Fig. 13), leading to the explosion of an electron-capture supernova surrounded by multiple, concentric (ring-like) CSM tori with differing orientations. In this picture (see Fig. 14), the outer (earlier) tori are more oblate, while intermediate shells are more spherical and the innermost shells are again more aspherical, a sequence that can be produced by changes in the instantaneous mass-loss axis driven by orbital evolution, transient accretion disks, or torque-induced precession during common-envelope and post-common-envelope phases. Dust condensed in earlier, more distant tori can naturally explain the late-time, wavelength-dependent increase in polarisation (blue-weighted) when different dusty shells come into the line of sight or are illuminated by the fading transient. This interpretation is supported by empirical examples of nested dust or ring structures in massive colliding-wind systems and the qualitative consistency of our measured kinematics and polarimetric evolution with episodic tilted ejection. While, to our knowledge, this represents the first SN with spectroscopic evidence consistent with nested, concentric tori, detailed hydrodynamic and radiative-transfer models targeted at CE and post-CE mass loss in stripped progenitors are required to confirm whether the precise sequence of inclinations, asymmetries, and kinematics can be reproduced.
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Appendix A:  Additional Tables and Figures
	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Same as Fig.6 but for O II.



	[image: Thumbnail: Fig. A.2. Refer to the following caption and surrounding text.]	Fig. A.2. Same as Fig.6 but for C II.



	[image: Thumbnail: Fig. A.3. Refer to the following caption and surrounding text.]	Fig. A.3. Same as Fig.6 but for H and including the ϕ = 55.7 spectrum for NIR lines.



	[image: Thumbnail: Fig. A.4. Refer to the following caption and surrounding text.]	Fig. A.4. The Serkowski fit to the BVRI ISP estimated based on the FORS2 broadband polarimetry. The best-fitting model (thick solid line), as well as model fits to randomised 1000 Monte Carlo resamplings, are shown.
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Appendix B:  UVES and XShooter spectra line identifications
Line IDs taken from Moore 1945
	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Zoom-in view of the UVES spectrum. Identified lines are marked at their rest wavelength, and for metallic lines labelled with the multiplet according to Moore (1945). The transparency of the coloured line marking each component within a multiplet is scaled according to the relative strength of the transition with respect to other components in the multiplet.



	[image: Thumbnail: Fig. B.2. Refer to the following caption and surrounding text.]	Fig. B.2. Same as Fig. B.1.



	[image: Thumbnail: Fig. B.3. Refer to the following caption and surrounding text.]	Fig. B.3. Zoom-in view of the XShooter (ϕ = 5.7d) spectrum. Identified lines are marked at their rest wavelength.



	[image: Thumbnail: Fig. B.4. Refer to the following caption and surrounding text.]	Fig. B.4. Zoom-in view of the XShooter (ϕ = 17.2d). Identified lines are marked at their rest wavelength.



	[image: Thumbnail: Fig. B.5. Refer to the following caption and surrounding text.]	Fig. B.5. Spectral comparison of UVB arms.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. ATLAS, Pan-STARRS, and public ZTF, BlackGEM, and GOTO photometric data, with uncertainties, of SN 2024abvb. Open symbols denote limits. Phase is with respect to the maximum light. INTEL data and ancillary polarimetric data are shown with vertical lines. Note that a further XShooter spectrum was taken at ∼55 d post maximum when the SN was no longer visible in the optical.
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	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Cutout from the Legacy Surveys covering the position of SN 2024abvb (in the centre of the red circle) and its host galaxy. The image is oriented with north up, east to the left, and it covers approximately 1′ on each side.
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	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Cumulative distribution function of the observed offsets from the host galaxy nucleus for different SN types (Schulze et al. 2021). The location of SN 2024abvb lies far beyond the typical offset seen for SNe Ibn.
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	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Spectral sequence for SN 2024abvb. The spectra have been corrected for redshift and Milky Way reddening, and are vertically offset by arbitrary amounts for clarity. The colour of each spectrum indicates the instrument used. Vertical dashed lines mark the rest wavelengths of the strongest spectral features. Caution is advised when interpreting the UVES spectrum, as many apparent features are due to the echelle order pattern.
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	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Regions of our spectra covering Hβ (left panel) and Hα (right panel). In both cases, we see time evolving narrow absorptions with velocity between 100 and 400 km s−1 with respect to the rest wavelength of the line. In the right panel, we also plot the atmospheric transmission, demonstrating that these lines are not associated with any telluric features.
In the text



	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. He I profiles at ϕ = 5.7 and ϕ = 17.2 days in velocity space (rest frame). The vertical dashed green lines mark velocities at 100 km s−1 intervals, ranging from −400 to +200 km s−1, excluding 0 km s−1, which is marked with a dashed black line.
In the text



	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. O I line as seen in the second epoch of XShooter spectroscopy. The blue solid line shows the rest wavelength of O I 7774 Å, while the dashed lines show a velocity of ±2000 km s−1. The grey line is an approximate continuum to guide the eye.
In the text



	[image: Thumbnail: Fig. 8. Refer to the following caption and surrounding text.]	Fig. 8. Spectral sequence for SN 2024abvb in the NIR. Spectra have been rebinned to 25 Å (35 Å the one at ϕ = 55.7 d) sampling and regions of strong telluric absorption have been masked.
In the text



	[image: Thumbnail: Fig. 9. Refer to the following caption and surrounding text.]	Fig. 9. Spectra comparison with Ibn and Icn at a similar evolution phase.
In the text



	[image: Thumbnail: Fig. 10. Refer to the following caption and surrounding text.]	Fig. 10. FORS2 spectropolarimetry taken at −2 d, binned to 25 Å in the rest frame. Left: The data before the ISP correction shows polarisation increasing towards the blue, especially in U, well-matched with the ISP estimate (shaded region). Right: After the ISP correction, the polarisation is constant at P ∼ 1% with no significant variation from the mean of each parameter (dashed line).
In the text



	[image: Thumbnail: Fig. 11. Refer to the following caption and surrounding text.]	Fig. 11. Stokes Q − U planes for BVRI polarimetry covering 30 d of evolution. MW stars used to derive the ISP are shown. The SN initially exhibited ∼1% polarisation near-peak, followed by decline to ≲0.5% a week after before increasing to high values at late-time (∼20 − 30 d post-peak).
In the text



	[image: Thumbnail: Fig. 12. Refer to the following caption and surrounding text.]	Fig. 12. Optical light curve of SN 2024abvb, compared to template r-band light curves of both normal and 91bg-like SNe Ia (Nugent et al. 2002), as well as the r-band light curve of the Iax SN 2020kyg (Srivastav et al. 2022). The vertical lines mark the phases of our VLT spectra in which the SN can be detected.
In the text



	[image: Thumbnail: Fig. 13. Refer to the following caption and surrounding text.]	Fig. 13. Proposed common-envelope evolutionary pathway leading to the nested CSM shells observed in SN 2024abvb. Successive mass-loss episodes driven by orbital evolution and outflow precession during the CE/post-CE phase produce concentric toroidal shells with changing symmetry axes, culminating in an electron-capture supernova whose ejecta interact with each shell in sequence.
In the text



	[image: Thumbnail: Fig. 14. Refer to the following caption and surrounding text.]	Fig. 14. Schematic of the nested, asymmetric circumstellar medium around SN 2024abvb. Left: the projected geometry of concentric He/C/O toroidal shells at differing orientations, together with the co-located diffuse H-rich envelope. Right: the observed polarimetric evolution, with epoch-coloured markers indicating which shell geometry dominates the scattering at each phase.
In the text



	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Same as Fig.6 but for O II.
In the text



	[image: Thumbnail: Fig. A.2. Refer to the following caption and surrounding text.]	Fig. A.2. Same as Fig.6 but for C II.
In the text



	[image: Thumbnail: Fig. A.3. Refer to the following caption and surrounding text.]	Fig. A.3. Same as Fig.6 but for H and including the ϕ = 55.7 spectrum for NIR lines.
In the text



	[image: Thumbnail: Fig. A.4. Refer to the following caption and surrounding text.]	Fig. A.4. The Serkowski fit to the BVRI ISP estimated based on the FORS2 broadband polarimetry. The best-fitting model (thick solid line), as well as model fits to randomised 1000 Monte Carlo resamplings, are shown.
In the text



	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Zoom-in view of the UVES spectrum. Identified lines are marked at their rest wavelength, and for metallic lines labelled with the multiplet according to Moore (1945). The transparency of the coloured line marking each component within a multiplet is scaled according to the relative strength of the transition with respect to other components in the multiplet.
In the text



	[image: Thumbnail: Fig. B.2. Refer to the following caption and surrounding text.]	Fig. B.2. Same as Fig. B.1.
In the text



	[image: Thumbnail: Fig. B.3. Refer to the following caption and surrounding text.]	Fig. B.3. Zoom-in view of the XShooter (ϕ = 5.7d) spectrum. Identified lines are marked at their rest wavelength.
In the text



	[image: Thumbnail: Fig. B.4. Refer to the following caption and surrounding text.]	Fig. B.4. Zoom-in view of the XShooter (ϕ = 17.2d). Identified lines are marked at their rest wavelength.
In the text



	[image: Thumbnail: Fig. B.5. Refer to the following caption and surrounding text.]	Fig. B.5. Spectral comparison of UVB arms.
In the text





    
      Fig. 1. 

      
        [image: Fig. 1. Refer to the following caption and surrounding text.]
      

      
        ATLAS, Pan-STARRS, and public ZTF, BlackGEM, and GOTO photometric data, with uncertainties, of SN 2024abvb. Open symbols denote limits. Phase is with respect to the maximum light. INTEL data and ancillary polarimetric data are shown with vertical lines. Note that a further XShooter spectrum was taken at ∼55 d post maximum when the SN was no longer visible in the optical.

      

    

  
    
      Fig. 2. 

      
        [image: Fig. 2. Refer to the following caption and surrounding text.]
      

      
        Cutout from the Legacy Surveys covering the position of SN 2024abvb (in the centre of the red circle) and its host galaxy. The image is oriented with north up, east to the left, and it covers approximately 1′ on each side.

      

    

  
    
      Fig. 3. 

      
        [image: Fig. 3. Refer to the following caption and surrounding text.]
      

      
        Cumulative distribution function of the observed offsets from the host galaxy nucleus for different SN types (Schulze et al. 2021). The location of SN 2024abvb lies far beyond the typical offset seen for SNe Ibn.

      

    

  
    
      Fig. 4. 

      
        [image: Fig. 4. Refer to the following caption and surrounding text.]
      

      
        Spectral sequence for SN 2024abvb. The spectra have been corrected for redshift and Milky Way reddening, and are vertically offset by arbitrary amounts for clarity. The colour of each spectrum indicates the instrument used. Vertical dashed lines mark the rest wavelengths of the strongest spectral features. Caution is advised when interpreting the UVES spectrum, as many apparent features are due to the echelle order pattern.

      

    

  
    
      Fig. 5. 

      
        [image: Fig. 5. Refer to the following caption and surrounding text.]
      

      
        Regions of our spectra covering Hβ (left panel) and Hα (right panel). In both cases, we see time evolving narrow absorptions with velocity between 100 and 400 km s−1 with respect to the rest wavelength of the line. In the right panel, we also plot the atmospheric transmission, demonstrating that these lines are not associated with any telluric features.

      

    

  
    
      Fig. 6. 

      
        [image: Fig. 6. Refer to the following caption and surrounding text.]
      

      
        He I profiles at ϕ = 5.7 and ϕ = 17.2 days in velocity space (rest frame). The vertical dashed green lines mark velocities at 100 km s−1 intervals, ranging from −400 to +200 km s−1, excluding 0 km s−1, which is marked with a dashed black line.

      

    

  
    
      Fig. 7. 

      
        [image: Fig. 7. Refer to the following caption and surrounding text.]
      

      
        O I line as seen in the second epoch of XShooter spectroscopy. The blue solid line shows the rest wavelength of O I 7774 Å, while the dashed lines show a velocity of ±2000 km s−1. The grey line is an approximate continuum to guide the eye.

      

    

  
    
      Fig. 8. 

      
        [image: Fig. 8. Refer to the following caption and surrounding text.]
      

      
        Spectral sequence for SN 2024abvb in the NIR. Spectra have been rebinned to 25 Å (35 Å the one at ϕ = 55.7 d) sampling and regions of strong telluric absorption have been masked.

      

    

  
    
      Fig. 9. 

      
        [image: Fig. 9. Refer to the following caption and surrounding text.]
      

      
        Spectra comparison with Ibn and Icn at a similar evolution phase.

      

    

  
    
      Fig. 10. 

      
        [image: Fig. 10. Refer to the following caption and surrounding text.]
      

      
        FORS2 spectropolarimetry taken at −2 d, binned to 25 Å in the rest frame. Left: The data before the ISP correction shows polarisation increasing towards the blue, especially in U, well-matched with the ISP estimate (shaded region). Right: After the ISP correction, the polarisation is constant at P ∼ 1% with no significant variation from the mean of each parameter (dashed line).

      

    

  
    
      Fig. 11. 

      
        [image: Fig. 11. Refer to the following caption and surrounding text.]
      

      
        Stokes Q − U planes for BVRI polarimetry covering 30 d of evolution. MW stars used to derive the ISP are shown. The SN initially exhibited ∼1% polarisation near-peak, followed by decline to ≲0.5% a week after before increasing to high values at late-time (∼20 − 30 d post-peak).

      

    

  
    
      Fig. 12. 

      
        [image: Fig. 12. Refer to the following caption and surrounding text.]
      

      
        Optical light curve of SN 2024abvb, compared to template r-band light curves of both normal and 91bg-like SNe Ia (Nugent et al. 2002), as well as the r-band light curve of the Iax SN 2020kyg (Srivastav et al. 2022). The vertical lines mark the phases of our VLT spectra in which the SN can be detected.

      

    

  
    
      Fig. 13. 

      
        [image: Fig. 13. Refer to the following caption and surrounding text.]
      

      
        Proposed common-envelope evolutionary pathway leading to the nested CSM shells observed in SN 2024abvb. Successive mass-loss episodes driven by orbital evolution and outflow precession during the CE/post-CE phase produce concentric toroidal shells with changing symmetry axes, culminating in an electron-capture supernova whose ejecta interact with each shell in sequence.

      

    

  
    
      Fig. 14. 

      
        [image: Fig. 14. Refer to the following caption and surrounding text.]
      

      
        Schematic of the nested, asymmetric circumstellar medium around SN 2024abvb. Left: the projected geometry of concentric He/C/O toroidal shells at differing orientations, together with the co-located diffuse H-rich envelope. Right: the observed polarimetric evolution, with epoch-coloured markers indicating which shell geometry dominates the scattering at each phase.

      

    

  
    
      Fig. A.1. 

      
        [image: Fig. A.1. Refer to the following caption and surrounding text.]
      

      
        Same as Fig.6 but for O II.

      

    

  
    
      Fig. A.2. 

      
        [image: Fig. A.2. Refer to the following caption and surrounding text.]
      

      
        Same as Fig.6 but for C II.

      

    

  
    
      Fig. A.3. 

      
        [image: Fig. A.3. Refer to the following caption and surrounding text.]
      

      
        Same as Fig.6 but for H and including the ϕ = 55.7 spectrum for NIR lines.

      

    

  
    
      Fig. A.4. 

      
        [image: Fig. A.4. Refer to the following caption and surrounding text.]
      

      
        The Serkowski fit to the BVRI ISP estimated based on the FORS2 broadband polarimetry. The best-fitting model (thick solid line), as well as model fits to randomised 1000 Monte Carlo resamplings, are shown.

      

    

  
    
      Table A.1. 

      Spectroscopic Observations

      
        


	MJD
	Phase* (days)
	Range (Å)
	Resolution (Å)
	Instrumental configuration





	60643.05
	-2.0
	2940 – 3715 / 4610 – 5535 & 5630 – 6535
	0.11 / 0.18
	UVES (346+580)



	60643.06
	-2.0
	4280 – 8325
	22.40
	FORS2 (300V+GG345)



	60651.02
	5.7
	2890 – 19830
	0.80 / 0.88 / 3.12
	XShooter (UVB+VIS+NIR)



	60663.03
	17.2
	2890 – 19830
	0.80 / 0.88 / 3.12
	XShooter (UVB+VIS+NIR)



	60701.03
	
	
	
	



	60703.03
	55.7 (median)
	2890 – 19830
	0.80 / 0.88 / 3.12
	XShooter (UVB+VIS+NIR)



	60705.03
	
	
	
	





      

      
* Phase with respect to the maximum light



    

  
    
      Fig. B.1. 

      
        [image: Fig. B.1. Refer to the following caption and surrounding text.]
      

      
        Zoom-in view of the UVES spectrum. Identified lines are marked at their rest wavelength, and for metallic lines labelled with the multiplet according to Moore (1945). The transparency of the coloured line marking each component within a multiplet is scaled according to the relative strength of the transition with respect to other components in the multiplet.

      

    

  
    
      Fig. B.2. 

      
        [image: Fig. B.2. Refer to the following caption and surrounding text.]
      

      
        Same as Fig. B.1.

      

    

  
    
      Fig. B.3. 

      
        [image: Fig. B.3. Refer to the following caption and surrounding text.]
      

      
        Zoom-in view of the XShooter (ϕ = 5.7d) spectrum. Identified lines are marked at their rest wavelength.

      

    

  
    
      Fig. B.4. 

      
        [image: Fig. B.4. Refer to the following caption and surrounding text.]
      

      
        Zoom-in view of the XShooter (ϕ = 17.2d). Identified lines are marked at their rest wavelength.

      

    

  
    
      Fig. B.5. 

      
        [image: Fig. B.5. Refer to the following caption and surrounding text.]
      

      
        Spectral comparison of UVB arms.
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