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ABSTRACT

Type Ia supernovae (SNe Ia) are well-known standardisable candles, and are one of the main ways to measure the distance to their host galaxies.
However, extinction due to interstellar dust causes objects to appear fainter and redder. Correcting for this requires estimating the amount of
intervening material and how the extinction changes as a function of wavelength. We present and analyse optical and near-infrared data of the
well-observed SN 2024gy and use these to compare different extinction estimation techniques, making use of photometric, spectroscopic, and
polarimetric data. SN 2024gy is a normal SN Ia with high velocity (HV) components in Sin 16355 (phase < —10 days) and a particularly strong
HYV feature in the Canm near-infrared triplet (up to peak). Modelling SN 2024gy with TarpIs shows better matches with a double-detonation scenario
compared to a delayed-detonation scenario due to a better match to the Cant HV component. A measurement of the stable Ni/Fe ratio, however,
favours a delayed-detonation scenario. Host extinction estimates range from E(B—V),,;, = 0.12 + 0.02 mag (narrow interstellar absorption lines)
to E(B—V)jos = 0.24 £ 0.06 mag (Lira law) with a mean of E(B—V), = 0.22 £+ 0.04 mag, assuming Ry = 3.1. The spread between different
methods highlights the challenge of accurately estimating the amount of extinction light suffers before being observed.

Key words. supernovae: individual: SN 2024gy - dust extinction

1. Introduction

A white dwarf (WD) in a binary system can become a Type Ia su-
pernova (SN Ia) when the star is disrupted in a thermonuclear ex-
plosion. Normal events are well-known standardisable candles,
as their peak absolute magnitude correlates well with their intrin-
sic colour and stretch (Phillips|[1993; [Tripp|(1998; |Phillips et al.
1999). This makes them excellent objects to measure distances
and estimate the expansion rate of the universe with (e.g. Riess
et al.[|1998; [Freedman et al.[2001}2012; |Riess et al.|[2022).

The exact mechanisms that cause SN Ia explosions are still
widely debated. It is generally accepted that the progenitor sys-
tem is a binary consisting of the WD and another star, which
may be degenerate (Double degenerate scenario;|Iben & Tutukov
1984; |Webbink|1984)) or non-degenerate (Single degenerate sce-
nario;Whelan & Iben|1973; Nomoto|1982)). Both scenarios have
several mechanisms that could ignite the WD and set off the ex-
plosion. In classical models, mass is transferred onto the WD
until it gets close to the Chandrasekhar limit (M, ~ 1.4 Mg,
Chandrasekhar|1931) and carbon is ignited at the centre (Whelan
& Iben|{1973)). In delayed detonation models, the central carbon
is burned during an initial deflagration phase before transitioning
to a detonation (Khokhlov||1991; Mazzali et al.|[2007).

In double-detonation models, an accreted layer of surface
material ignites and explodes, sending shock waves into the WD.

If this sufficiently compresses the material near the core, it can
ignite and cause a second explosion (Taam| 1980;[Livne & Arnett
1995;|Shen & Bildsten|2009; |Fink et al.[2010). As the shock pro-
vides the temporary density and temperature spike that is needed
to ignite the material, the WD in this scenario usually has a sub-
Chandrasekhar mass. Some models have taken the double de-
generate variant of this mechanism further, with the explosion of
the primary igniting the surface material on the secondary WD
and creating a second double detonation (Pakmor et al.| 2022
Boos et al.|2024). In other models, two WDs can collide or be
involved in a violent merger that causes the explosion (Rosswog
et al.[2009; Pakmor et al.|[2010,[2012).

The interstellar medium (ISM) is not completely empty and
a fraction of the light from a SN (or any source) is absorbed or
scattered by dust, which causes the SN to appear fainter. This
effect is wavelength-dependent, with shorter wavelengths being
more affected. Correcting for extinction is vital to obtain accu-
rate distance estimates to use in SN cosmology but this is not
trivial and different parametrisations exist. Some of the most
commonly used extinction functions include those presented in
Cardelli et al.| (1989); |0’ Donnell| (1994); [Fitzpatrick| (1999), and
Fitzpatrick & Massal (2007). Most of these use two parameters:
Ay is a measure of the extinction in the V band in mag, and Ry is
the total-to-selective extinction ratio such that E(B—V)= Ay /Ry
is the difference in extinction between the B and V bands. On
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average, Ry = 3.1 for the Milky Way (MW), but Ry depends on
the grain size distribution and MW regions with lower Ry values
exist (e.g. [Udalski|[2003} |[Fitzpatrickl2004). Studies have shown
that the shape of the extinction curve, and therefore the average
Ry , may be different in other galaxies (Amanullah et al.[|2014}
2015 | Brout & Scolnic| 2021} |Gonzalez-Gaitan et al.|[2021}; Jo-
hansson et al.[2021; [Wiseman et al.|2022).

Generally the properties of the material that causes extinc-
tion cannot be measured directly, so one must rely on indirect
tracers to estimate the total amount of extinction. For most SNe
Ia, extinction is generally estimated by comparing multi-band
photometry and spectroscopy to a sample of similar objects that
are assumed to be mostly free of host extinction (e.g. by us-
ing SNe that are far from their hosts). However, if the SN is
nearby and well observed, then high resolution spectra can be
obtained; this would enable the detection of narrow absorption
features that can be attributed to the ISM or circumstellar mate-
rial (CSM).

One of the most well-used tracers of the ISM and the CSM
is the Na1 D doublet at 5890, 5896 A. Richmond et al. (1994)
and Munari & Zwitter] (1997) found a relation between the Na1
D lines and MW E(B-V) while Poznanski et al.| (2012) pro-
vided a more robust uncertainty estimation. Many studies ex-
tend this relation to extragalactic sources to estimate the amount
of host extinction (see e.g. [Jacobson-Galan et al.|[2022} |Smith
et al.|2023; [Shrestha et al.|2024; [Dong et al.|[2024; [Hoogendam!
et al.[2025; |Magee et al.[2025; Malesani et al.[2025] for some re-
cent examples). Another common interstellar absorption doublet
is the Cam H&K lines at 3934, 3969 A (Penston & Blades|(1980;
Wild & Hewett|2005; Richter et al.|[2011). However, although
the presence of these absorption features indicates the presence
of gas and dust, no robust relation between the strength of these
features and the amount of extinction has been derived (Hobbs
1974).

If the spectral resolution is high enough, there are other,
fainter absorption lines that can be used to investigate the ISM
and CSM along the line of sight. Munari & Zwitter| (1997) found
arelation between K1, 7699 A and the E(B-V) towards OB stars
in the MW. Phillips et al.| (2013) identified a correlation between
the diffuse interstellar band (DIB) around 5780 A and extinction,
and Baron et al.|(2015)) found correlations for several MW DIBs
and extinction for a large sample of extragalactic objects. These
are due to absorption by unidentified molecules in the ISM (see
Herbig||1995; [Fan et al.|2019| for an overview) and can be used
to study host galaxies of nearby SNe (e.g.|Sollerman et al.[2005).

L1 et al.[(2026)) present an analysis of optical photometric and
spectroscopic observations of SN 2024gy, a normal SN Ia in the
nearby galaxy NGC 4216. They find that it has an anomalously
strong high-velocity (HV) Can near-infrared (NIR) feature in the
earliest spectra, with velocities exceeding 25000 km s~!. They
also measured the Ni/Fe ratio in nebular spectra, finding it best
matches with a delayed-detonation explosion scenario. Kwok
et al.| (2025)) investigated SN 2024gy in the NIR and MIR us-
ing the James Webb Space Telescope (JWST) at late times, and
identify a double-peaked emissivity profile of the Ni lines with
an enhanced central emission, with the narrow core component
having a slight redshift offset compared to the broader compo-
nent. They connect this to a delayed-detonation model with a
small off-centre ignition.

In this paper, we present ground-based optical photometric,
spectroscopic, and polarimetric observations, and NIR spectro-
scopic data of SN 2024gy. In Sect. [2] the data is presented. In
Sect. and [5| we analyse the photometry, spectroscopy, and
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Fig. 1. Colour image of NGC 4216 and SN 2024gy taken with the NOT
using the B, V, and R filters. The SN is marked with a green circle.

polarimetry data, respectively. In Sect.[6] we use different extinc-
tion estimation techniques to estimate E(B—V);,s. We discuss
our findings in Sect.[7]and conclude in Sect. [§]

2. Observations and data reduction

On 4 Jan 2024, the discovery of a new transient was reported
to the Transient Name Server (TNSﬂ by Koichi Itagaki (Ita-
gaki|2024)). Located at RA, Dec = 12:15:51.289, +13:06:56.13,
in NGC 4216, it was reported to have a Vega magnitude of
m = 16.3 in the clear filter. In the rest of this paper, we use
AB magnitudes except where explicitly stated, and we assume
the clear filter to be equivalent to the Landolt V bandpass. The
transient was classified the following day as a young Type Ia SN
around two weeks before peak brightness at z = 0.001183 (New-
some et al.|2024)), and was assigned the name SN 2024gy. The
redshift was taken from a spectrum obtained by the Sloan Dig-
ital Sky Survey (SDSS; |Gunn et al.||2006; |Albareti et al.|2017
Blanton et al.|[2017) at 5 arcsec from the SN location. We use
this redshift throughout the paper, as it falls in the range of red-
shifts we measure for host ISM absorption lines in our spectra
(see Sect.[6.2)).[Li et al| (2026)) use the host redshift in their anal-
ysis, but do not take galaxy rotation at the SN location into ac-
count, which can have significant effects at low redshifts. Given
its brightness and visibility, this SN provided an excellent oppor-
tunity for a long multi-wavelength follow-up campaign, which
was performed with ground- and space-based telescopes and in-
struments. Figure [T] shows a colour image of SN 2024gy and
NGC 4216, made using images taken with the Nordic Optical
Telescope (NOT) in the B, V, and R filters.

2.1. Host galaxy

The host galaxy of SN 2024gy, NGC 4216, is a massive edge-
on barred spiral galaxy of type SAB(s)b (de Vaucouleurs et al.
1991), with a prominent dust lane in its disk (Chung et al.|2009)
at a redshift z = 0.000437 +0.000013, located on the outskirts of
the Virgo cluster. The redshift difference between SN 2024gy
and its host can be explained by a rotation velocity of about
200 km s~! at the SN location (Sil’chenko et al||1999). The
galaxy does not show any signs of recent interaction or merger
events, but deep imaging has shown an unusual amount of stellar
streams and dwarf galaxies in the process of being disrupted and
accreted (Paudel et al.|2013)).

! https://www.wis-tns.org
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The distance to NGC 4216 has been measured many times in
the literature. We adopt the Tully-Fisher (Tully & Fisher|[1977)
distance found by [Tully et al.| (2008) of a distance modulus
p = 30.75 + 0.35 mag, as it was the most recent measurement
(older measurements are within 20~ from this value). According
to the dust maps from |Schlegel et al.| (1998)), the MW extinction
in the direction of SN 2024gy is E(B—V)yw = 0.023 mag af-
ter applying the correction found by |Schlafly et al.| (2010) and
Schlafly & Finkbeiner (2011)). As suggested in these papers, we
use the Fitzpatrick 1999 reddening law (Fitzpatrick|1999) when
correcting for MW extinction throughout the paper.

The SDSS spectrum of NGC 4216 has visible He and HB
lines. We can use these to get a first estimate of the host E(B-V),
though we note that it may not be representative as the spectrum
was not taken at SN location in the galaxy. The intrinsic Balmer
decrement (Ha/Hp) at typical gas conditions in the galaxy can
be calculated theoretically, and by comparing it to the observed
value an estimate for the total extinction in the direction of the
galaxy can be calculated. We take the EWs that are calculated by
AsTRODASH (Taghizadeh-Popp ZOZIEI and follow the procedure
from |Dominguez et al.|(2013)) and find E(B—V) = 0.27 = 0.16.

2.2. Photometry

The location of SN 2024gy was observed by several sky surveys.
We use these to create a rich multi-band optical photometry light
curve covering the SN from before its explosion until after it
faded below the detection thresholds of these surveys.

The All-Sky Automated Survey for Supernovae (ASAS-SN;
Shappee et al.|2014; Kochanek et al|2017) g-band forced pho-
tometry was collected using the ASAS-SN Sky Patrol (Hart
et al.|[2023)). The Asteroid Terrestrial-impact Last Alert System
(ATLAS:; [Tonry et al.|[2018}; Smith et al.|[2020) c- and o-band
forced photometry was obtained from their forced photometry
web service (Shingles et al.[2021 ﬂ The Gravitational-wave Op-
tical Transient Observer (GOTO; |Steeghs et al.|2022; Dyer et al.
2024) images were processed with the kapmiLos pipeline (Ly-
man et al.|[2026)), and the L-band forced photometry was per-
formed using the GOTO Lightcurve service (Jarvis et al., in
prep.). Forced iwy-band photometry from the Panoramic Sur-
vey Telescope & Rapid Response System (Pan-STARRS / PS;
Chambers et al.||2016) was produced using a custom pipeline.
The Zwicky Transient Facility (ZTF; |Bellm et al.[2019albj |Gra-
ham et al.2019; Masci et al.[2019; |Dekany et al.2020) photome-
try came from the rpBoT package (Reusch 2023) providing the
ZTF g, ZTF r, and ZTF i bands. For ZTF, we removed data that
had unphysical flux errors, poor PSF fits, were taken on cloudy
nights, or had a failure in the image processing.

We also obtained ten epochs of photometry in the ugriz
bands with the Infrared-Optical (I0:0) camera at the Liverpool
telescope (LT; [Steele et al.|[2004). Template observations were
taken with the same setup two years after the SN was discov-
ered. griz photometry was extracted using autopHOT (Brennan &
Fraser|2022) with image subtraction using PyzocGy (Zackay et al.
2016;|Guevel & Hosseinzadeh|2017). As NGC 4216 is very faint
in the u band at the location of SN 2024gy, we ran AUTOPHOT
without image subtraction for this band.

We rescale the flux to a common zero point (zp = 30 mag),
bin the data on a nightly basis, and correct for MW extinction.
We then fit the light curves using the Spectral Adaptive Light

2 https://github.com/idies/SpecDash
3 https://fallingstar-data.com/forcedphot/
4 https://github.com/simeonreusch/fpbot

Curve Template (saL12; (Guy et al.|[2007), as detailed in Sect.
to obtain the time of peak B-band brightness, fy = 60329.7 +0.1,
which we refer to as phase 0 throughout this work.

2.3. Spectroscopy

Table lists the spectra presented in this paper with the phase
of observation, the telescope and instrument used, and the cov-
ered wavelength range. Of the 28 spectra, 23 are in the optical,
three spectra cover both the optical and NIR, and two spectra are
in the NIR. The optical spectra are shown in shown in Fig.[A.T]
Most of these spectra have been collected through the Fritz bro-
ker (van der Walt et al.|2019; |Coughlin et al.|2023)). This dataset
covers the SN at different stages of its evolution, containing 11
pre-peak spectra, three spectra within two weeks of peak, and 14
later spectra obtained up to 317 d post maximum light.

Ten spectra were obtained at Observatorio Roque de Los
Muchachos in La Palma, Spain. Eight of these spectra were ob-
tained at the NOT. Of these, six spectra were obtained with the
Alhambra Faint Object Spectrograph and Camera (ALFOSC),
one with the Flbre-fed Echelle Spectrograph (FIES; Telting et al.
2014), and one with The NOT near-infrared Camera and spec-
trograph (NOTCam; |Abbott et al. 2000ﬂ One spectrum was ob-
tained with the Intermediate Dispersion Spectrograph (IDS) at
the Isaac Newton Telescope (INT), and one spectrum was ob-
tained with the SPectrograph for the Rapid Acquisition of Tran-
sients (SPRAT; |Piascik et al.2014) at the LT. The ALFOSC spec-
tra were reduced using a custom data reduction pipeline based
on pYPEIT (Prochaska et al.||2020ba; Prochaska et al. |2020) E],
which is available on GitHub m The FIES spectrum was re-
duced using FIEStool, a Python based pipeline made available
by the NOT. The NOTCam spectrum was reduced using stan-
dard IRAF routines. The IDS spectrum was reduced using stan-
dard IRAF/PYRAF and IDL/Python routines, and the SPRAT
spectrum was reduced using a custom Python-based pipeline.

Five spectra were public on WISeREP (Yaron & Gal-Yam
2012) ﬂ One (the classification spectrum) was obtained with
FLOYDS-N at the Faulkes Telescope North (Brown et al.|2013)),
operated by Las Cumbres Observatory. The other four spectra
were obtained by amateur astronomer groups, who observed
SN 2024gy with up to 1 m telescopes and used commercially
available spectrographs. The continuum in the spectrum taken at
a phase of —1.4 d is flatter than in the other spectra, suggesting
a small issue with flux calibration. Otherwise, these spectra look
consistent with other spectra, with clear SN Ia spectral features.

Four spectra were obtained at Mount Palomar. Three of these
were obtained with the Spectral Energy Distribution Machine
(SEDm; [Blagorodnova et al.|[2018; [Kim et al.[[2022)) mounted
on the Palomar 60-inch telescope (P60; (Cenko et al.[2006) and
reduced with pysepm (Rigault et al.|2019), and one spectrum
was obtained with the Double Spectrograph (DBSP) mounted at
the Palomar 200-inch telescope (P200) and reduced with pPYRAF-
ppBsP (Bellm & Sesar|2016). Two spectra were obtained with the
Low Resolution Imaging Spectrometer (LRIS; |Oke et al.|[1995)
at the W.M. Keck observatory. Three spectra were obtained with
the MMT, one with the MMT and Magellan Infrared Spectro-
graph (MMIRS; McLeod et al.[|2012), and two with Binospec.
The latest two spectra had their host galaxy background removed
using HostSub_GP (Liu & Miller|2026).

5 see alsohttps://www.not.iac.es/instruments/notcam/

¢ https://pypeit.readthedocs.io/en/latest/
7 https://github.com/steveschulze/NOT_DRP
8 https://www.wiserep.org
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Two spectra were obtained with the EFOSC2 imaging spec-
trograph (Buzzoni et al||1984) on the ESO New Technology
Telescope (NTT) in La Silla as part of the extended Public
ESO Spectroscopic Survey of Transient Objects+ (ePESSTO+;
Smartt et al.[|2015)). These spectra, observed with grisms 11 and
16, were reduced using the PESSTO pipeline E] and are stitched
together and presented as one in this paper. Finally, three epochs
of spectra were obtained with X-Shooter (Vernet et al.||2011) at
the Very Large Telescope (VLT) and were reduced using the
ESO X-Shooter pipeline. Each epoch consists of three spectra
that are stitched together and presented as one in this paper,
covering both the optical and NIR regime. We used MOLECFIT
(Kausch et al.|2015}; |Smette et al.[2015])) to correct the X-Shooter
spectra for telluric absorption features.

2.4. Polarimetry

Besides photometry and spectroscopy, we also obtained gri-band
linear polarimetry data at phases of —8.5, 5.5, —1.5, and +50.5
days relative to peak magnitude with ALFOSC at the NOT. The
polarimetry was reduced using the bespoke pipeline presented in
Pursiainen et al.[(2025) following the reduction steps outlined in
Pursiainen et al.| (2023). As the target is often elongated in the
ALFOSC polarimetry mode images, we used large apertures of
r = 2 x FWHM to ensure all SN light is included. The data was
taken using 16 angles at 22.5° intervals between 0° and 337.5°.
The reduction was performed in sets of four angles (e.g. 0.0°,
22.5°, 45.0° and 67.5°), and these “cycles” were combined to-
gether for the final values presented in Sect. 3]

3. Light curve properties

SNe Ia are typically characterised by the stretch and colour of
their optical light curves around peak light. To find these values
for SN 2024gy, we fit the ATLAS, GOTO, and ZTF observa-
tions of the first 50 days simultaneously using SALT?2 (Guy et al.
2007) and show these in Fig. 2} This fit gives a time of B band
maximum, f) = 60329.676 + 0.003 (phase 0) for SN 2024gy.
We find a light curve width parameter of x; = —0.216 + 0.004
and a colour of ¢ = 0.2105 + 0.0008 mag. The stretch is fairly
normal for a SN Ia. Compared to the full ZTF DR2 sample it
is in the 40 percentile, meaning that SN 2024gy evolves slightly
on the faster side (Rigault et al.|2025b)). However, the colour is
somewhat high for a SN Ia, with SN 2024gy being within the
15% highest ¢ values in the ZTF DR2. Generally, such values
indicate a non-negligible amount of extinction (see e.g. Brout &
Scolnic|[2021; [Popovic et al.||2021, and references therein).

At ~25 days after peak, the light curve reaches a secondary
peak in the ZTF i band, as is typical for normal SNe Ia. In the
ZTF r and ALTAS o bands this appears as a shoulder where the
decline rate temporarily slows down. This feature is thought to
be caused by the transition of iron-group elements from dou-
bly to singly ionised as the ejecta cool down. The new ionisa-
tion state has comparatively more emissivity in the red and NIR,
causing an increase in the flux in these regions (Pinto & East-
man|2000; Kasen! 2006} |Kasen & Woosley|2007; |Dhawan et al.
2015)). [Deckers et al.| (2025)) showed that the time of the ZTF i
band secondary maximum correlates with the magnitude differ-
ence between peak and 15 days after the peak in the ZTF g band
Ams(g). Using the saLt2 fits, we calculate Am;s(g) = 0.82 mag
for SN 2024gy. A comparison with those SNe Ia shown in
fig. 6 of Deckers et al.| (2025) shows that the secondary peak

 https://github.com/svalenti/pessto
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Fig. 2. Light curves of the first 50 days of SN 2024 gy, corrected for MW
extinction but not for host galaxy extinction. The discovery is marked
with a black circle. Four surveys observed SN 2024gy during this part
of its evolution: ATLAS (c and o bands are cyan and yellow squares, re-
spectively), GOTO (L band, inverted lime triangles), ZTF (g, r, i bands
are green, orange, and red circles, respectively), and ASAS-SN (g band,
magenta stars). Additional photometry taken with the LT is also shown
(ugriz bands, coloured crosses). The points are plotted with a 10 un-
certainty, which in most cases is smaller than the marker. A vertical
offset is added for readability and the bands are ordered by their effec-
tive wavelength. The coloured lines show the sart2 fits for each band
except for ASAS-SN g as the observations do not cover enough of the
light curve to be used in the sart2 fits, and LT z as it is too red for saLt2.
The vertical dashed lines are the epochs at which a spectrum was taken.

in SN 2024gy is somewhat later than their fit predicts but falls
within the bulk of the distribution, showing that SN 2024gy is
broadly consistent with the ZTF DR2 sample in this regard.

3.1. Pre-SN and post-SN binning

Figure 3| shows the full optical light curves of SN 2024gy, with
the top and bottom panels showing the pre- and post-discovery
data, respectively. The big gap in observations between 200 and
280 days is because the SN was unobservable as it went behind
the Sun. As the SN fades, the signal falls below the single-image
magnitude limit of the surveys. To follow the tail past this limit,
we bin the observations taken after the gap in 25 day bins using
the same method as [Terwel et al.| (2025) to push the detection
limit as deep as possible.

Starting at 40 days after the peak, we fit the observed flux up
to 150 days after peak with a power law in each band. The tails
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Fig. 3. Full light curves of SN 2024gy, corrected for MW extinction but not for host galaxy extinction. The markers and colours are the same as
for Fig.[2] with the addition of Pan-STARRS data (i, w, and y bands, blue, black, and purple triangles, respectively). As the LT observations have
phases between 0 and 30 days after the peak they are not plotted here. The top panel shows the pre-discovery data in bins of up to 150 days. In
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their width representing the bin size and a marker on the weighted mean MJD. Detections are shown with a 1o~ uncertainty and So- upper limits
are shown with downward arrows for the non-detections. The lines show the tail fits for each band. The vertical dashed red line marks the switch
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Table 1. Fitted tail parameters. with a a scale parameter with ZP = 30 for conversion to mag-

nitudes, ¢ the time in MJID, t.r a reference MJD at the start of

60370 <t < 60480

band a Tref V) (day)
ZTF g 6.434 +0.004 60370 51.0+0.1
ZTF r 9.941 £0.576 60370 29.6 +0.8
ATLAS ¢ 10.440 £ 0.226 60370 32.7+0.5
ATLAS o 14.633 £0.186 60370 24.5+0.1
PSw 11.579 £ 0.404 60370 29.0+0.9
GOTO L 10.764 £ 0.146 60370 31.3+0.4
ASAS-SN gV 5802+0.117 60370 46.6+1.5
t > 60480

ZTF g 1.472 £0.023 60480 53.1+0.5
ZTF r 0.806 = 0.001 60480 41.5+1.0
ATLAS ¢ 1.083 £0.027 60480 53.3+1.2
ATLAS o 0.594 £0.019 60480 569+1.3
PSw 0.836 = 0.073 60480 57.4+1.7
GOTO L 1.035+£0.024 60480 50.2+1.3

Notes. (' As there are no detections in this filter after the observation
gap, the second fit was not performed. The first fit is extrapolated to the
last detection instead.

are fitted in flux space with a decaying power law as

f(t) = 105 % % 2*(’*fref)/l‘1/z,

the fitted region, and #,,, the half-life time of the power law in
days. We do the same for the observations over 150 days after
peak, effectively allowing for a kink in the SN tail at this phase.
We allow for such a kink as previous studies of nearby SNe have
shown the decaying tail to flatten out around this phase (see e.g.
Zhang et al|2016} Dimitriadis et al.|2017} Terwel et al.[2025).
The fitted parameters are listed in Table [I] These fits can be ex-
trapolated to estimate the SN brightness at later phases, though
these are lower limits past 600 days as another kink is expected
there (Dimitriadis et al.[2017)).

Large sky surveys have the advantage of observing the same
part of the sky for years, which allows for the construction of
a forced photometry light curve that extends years before the
SN exploded and after it fades away. In the case of SN 2024gy,
ZTF has nearly six years of observations before the SN exploded,
while ATLAS and Pan-STARRS have observations dating back
to July and December 2015, respectively. We searched the pre-
SN observations for signs of precursor activity, pushing the de-
tection limit beyond that of individual observations by binning
the observations in 150 day bins. This is shown in the top panel
of Fig.[3] We found no signs of precursor activity brighter than
m = 22 mag (M = -8.75, assuming no host extinction) in the
approximate 9.5 years before the explosion.
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4. Spectral evolution

Figure [A.T] shows all optical spectra presented in this paper,
while Fig. ] shows four spectra at different stages of the SN
evolution compared with spectra of SN 2011fe (Nugent et al.
20115 |Li et al. 2011), SN 2014J (Goobar et al.|[2014), and
SN 2019ein (Kawabata et al.|[2020), and marks the dominant
lines at each stage. SN 2011fe and SN 2014J were chosen as
they are well-observed, nearby, normal SNe Ia, and we com-
pare with SN 2019ein because of its prominent high velocity
(HV) features. The spectra of SN 2011fe and SN 2014J from
the Open Supernova Catalo@ (Guillochon et al.|2017), and the
SN 2019ein spectrum is from WISeREP.

In the earliest spectrum of SN 2024gy at —15.2 days with
respect to peak brightness, we can see the Siu lines at ~12 000-
15000 km s~! that define the SN Ia class. At the blue end the
spectrum has a strong Mg line, and Can H&K lines can be
seen. On the red side, there is a broad absorption feature due
to the Cam NIR triplet that is much broader than in SN 2011fe
and requires a HV component to explain. We also mark the
expected location of the corresponding Cam H&K HV lines,
though we cannot fit the feature as it is at the edge of the spec-
trum. SN 2019ein displayed HV material at early stages, as can
be seen by the main absorption features being more blueshifted
in this object. While SN 2024gy generally matches better with
SN 2011fe, the wide Can NIR feature looks more similar to that
of SN 2019ein. Some Mg lines can be seen at ~9000 A and
similar to the component at ~4250 A, they match the velocity of
the same features in SN 2011fe, while they have higher veloci-
ties in SN 2019ein.

Around peak the SN 2024gy spectrum shows most of the
same lines as in the first spectrum, but as the photosphere has re-
ceded further into the ejecta the absorption features have lower
velocities of ~10000 km s~!. The Can NIR feature has weak-
ened in comparison to the rest of the spectrum, and the HV fea-
ture has disappeared. The spectrum of SN 2024gy is very simi-
lar to that of SN 2011fe and SN 2019¢in. A few weeks after the
peak, SN 2024gy starts transitioning into the nebular phase. The
Siu feature is no longer visible (most likely due to line blending)
and the spectrum starts to be dominated by emission from [Fe 1],
[Fe mt], and [Co m] lines. Above 6000 A, strong [Fe 1] lines con-
tribute, causing the SN light curve to show the secondary peak
in the red and NIR regions. Prominent absorption features are
also seen from O1 47772 and in the Can NIR triplet and Can
H&K lines. Half a year after the SN exploded it is approaching
the fully nebular phase and is dominated by emission from nu-
merous Fe group lines. Apart from the Can NIR triplet and Can
H&K lines, there are no absorption features present at this phase.
Thereafter, the SN evolves more slowly as it cools and fades.

4.1. Optical spectral line measurements

In the following sections, we describe the measurements of the
key observable features in the photospheric and nebular phases
of the spectra of SN 2024gy. We fit absorption features at photo-
spheric phases, and fit forbidden emission lines at late time.

4.1.1. Photospheric phase

The velocity evolution of absorption lines in the pre-peak spectra
holds clues on the distribution of different elements in the ejecta.
We fit the absorption features of the Sin 15972 and Sin 16355

10 https://github.com/astrocatalogs/supernovae
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doublets, O 147222 singlet, and the Cann NIR triplet using a simi-
lar method as in|Childress et al.[(2013) and Burgaz et al.| (2025).
First, for numerical stability, we normalise the spectrum in the
region we want to fit. Then we choose a small region on ei-
ther side of the line and fit it with a straight line to estimate the
pseudo-continuum, and subtract it from the spectrum. We then fit
the continuum-subtracted spectrum with one Gaussian for each
line in the complex and fix the relative strength, velocity off-
set and width of each Gaussian to be the same. This results in
each absorption feature of a single element being fitted with a
three-parameter model regardless of the number of Gaussians
used. We allow for separate high-velocity components to be
blended with normal velocity components (Childress et al.|[2013;
Maguire et al.|[2014; [Silverman et al.|2015} Burgaz et al.|2025
Harvey et al.|2025)), and use the Bayesian information criterion
(BIC) fit statistic to select the best fit. To estimate the fit uncer-
tainty we fit the model 10000 times while shifting the region
used to estimate the background randomly up to +4 000 km s~!.
Finally, we add 200 km s~! in quadrature to the line velocity un-
certainties to account for the resolution of the our spectra and
redshift uncertainty, as our adopted redshift was measured at a
slightly different location in the host galaxy. The resulting line
parameters of velocity, pseudo-equivalent width (pEW) and full
width at half maximum (FWHM) are shown in Fig. 5]

We find two Sim 46355 components in the two spectra at
—15.2 and —-13.6 days centred around 5950 A and 6050 A,
respectively. Unfortunately, the following spectrum is too low
resolution to clearly separate them and we fit it with a single
component instead. At phases after —10.2 days, we no longer
favour the addition of HV Sim 16355 features based on the BIC
statistic. While a HV component would also be expected for the
Sim 45972 line, the inclusion of such a component is not pre-
ferred at any epoch as the absorption feature is very weak.

With over twice the width of any other measured line and a
velocity of > 30000 km s~!, the HV Can NIR at —15.2 days is
the clear outlier. The spectrum at —13.6 days has a telluric resid-
ual overlapping with the Can NIR feature, preventing us from
fitting it successfully. At —10.2 days, the HV feature has slowed
down and become much narrower than it was in the first spec-
trum, though the HV feature remains strong. In the first spec-
trum, the broad Cam NIR feature covers the region where we
measure O 117222 later, but as the lower velocity regions are not
visible yet at this epoch, we ignore possible line blending. Even
if O1is present at this phase, its contribution is likely minor. At
later phases, when the HV Can has slowed down, we do detect
some O absorption. But as the line is weak and in the same re-
gion as a major telluric line and potentially a Mg line, fitting
the line accurately remains difficult, and we only recover it in
four spectra.

Li et al.|(2026) also find a HV Can NIR component, though
their maximum measured velocity is ~ 5000 km s~! lower. The
difference in assumed SN redshift cannot account for this, but
their first data point is a day after ours which could have given
the component time to slow down. At phases after —10 days our
measurements are consistent with those in|Li et al.| (2026).

4.1.2. Nebular phase

The late-time spectra are dominated by emission lines from var-
ious elements, including many forbidden Fe-group lines. The
emission feature between 7000 A and 7600 A in our latest spec-
trum (316.8 days after the peak) is a complex blend of four [Fe ]
lines (A,.; = 7155, 7172, 7388, 7453 A) and two [Nin] lines
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While these Fe lines dominate the spectrum, some absorption features from Cam and O1 can still be seen at these phases.

(Aresr = 7378, 7412 A). Maguire et al.| (2018) showed that this
complex can be used to estimate the relative Ni to Fe abundance
ratio using

L37s dCFe u e—O.ZS/(kT)

- 49 @

nyi

npe  Lyiss dey,

where ny; and np, are the number densities of Nin and Fe,
respectively, dc,, ,/dc,. , 1s the ratio of departure coeflicients
of Fen and Niu from local thermodynamic equilibrium (LTE),
which ranges between 1.2 and 2.4 at the phase we are inter-
ested in (Jerkstrand et al.|[2015). The Boltzmann constant k is
in units of eV K~!, T is the temperature in the range, 3 000 K to
10000 K followingMaguire et al.|(2018)) and [Flors et al.| (2020),
and L7378/ L7155 is the measured flux ratio of the [Nin] 47378 to
[Feu] 27155 line.

We fit the feature with a similar procedure as before, allow-
ing each element to have different parameters. However, instead
of fixing all amplitudes to be the same (as we did for the absorp-
tion lines in the pre-peak spectra) we use the relative strengths
from [Jerkstrand et al.| (2015), giving the [Feu] lines relative
strengths of 1, 0.24, 0.1, and 0.31, respectively and the [Ni]

lines relative strengths of 1 and 0.31, respectively. The resulting
fits are shown in Fig. [6] The uncertainty on the fit is estimated
by fitting the model 10000 times while shifting the background
region randomly up to 1 000 km s~! for each fit. We calculate the
PEWSs of [Nin] 47378 and [Fen] 217155 from the fit and use this
as an estimate for L7373/ L7155. We put this estimate in Eq. |Z| and
draw 10 000 values for the departure coefficient ratio and temper-
ature from uniform distributions between the ranges listed above
to get a mean and standard deviation for the abundance ratio.
With this we find ny;/ngp, = 0.11 £0.05, where the uncertainty is
dominated by the 40% uncertainty in the method (Maguire et al.
2018). This is consistent with the My;/Mp, = 0.08073° that
was found for SN 2024 gy by Li et al.[(2026).

4.2. NIR spectra

Along with the optical spectra, we also obtained four spectra
covering the NIR up to 2.4 um at phases of —9.4, —6.4, +15.6,
and +67.7 days with respect to peak and one covering the J band
only at +24.5 days with respect to peak. These are shown in
Fig. [A.3] together with spectra of SN 2011fe and SN 2014]J at
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similar phases for comparison. Marion et al.| (2009) analysed an
extensive catalogue of SN Ia NIR spectra, covering phases from
14 days before peak to 75 days after peak. We use their list of
absorption lines to identify features in SN 2024gy. The effect
of extinction is much less at these wavelengths, and while we
correct for MW extinction, the change is negligible.

The two pre-peak (—9.4 and —6.4 d) spectra are relatively
featureless but some weak absorption features due to Mg and
Sim are seen at velocities of ~12000 km s~!'. There is very
good agreement between the spectra of SN 2024gy and those
of SN 2011fe at these phases. A minor difference is the higher
velocity of the 1.07 um absorption feature seen for SN 2024gy
compared to SN 201 1fe. In some double-detonation models, this
feature blends with He1 410830 from unburnt material from the
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surface of the WD (Dessart & Hillier|2015; [Boyle et al.|[2017;
Collins et al.|[2023)), whose strength and velocity is highly de-
pendent on viewing angle, which could explain the variations
seen between the SNe, assuming this model is the correct one.

Post-peak spectra of SN2024gy were obtained at +15.6 d
and +24.5 d (J band only for the latter). At these phases more
features are apparent in the spectra than in the first epochs. The
main features come from hundreds of Fe-group lines, which
start to dominate in certain regions through line-blanketing (grey
bands in Fig. [A3), increasing the opacity in these regions. This
increases the effective photospheric radius at these wavelengths,
raising the flux levels and mimicking emission features (Wheeler
et al.||1998)). Gaps between the line-blanketing regions can also
mimic absorption features. Overall, SN 2024gy looks very sim-
ilar to SN 2014]J at this stage, with only minor differences.

The feature at 1.57 um is a blend of Fe, Co, and Ni lines,
and while the centre of the feature is difficult to determine, the
blue wing has a well-determined edge ~ 1.5 um that is sug-
gested to mark the outer edge of the synthesised 3°Ni (Ashall
et al.|2019b). They showed that there is a significant difference
in v,4e. between normal, transitional, and sub-luminous SNe. In
Ashall et al.| (2019a)) the measured v,qg, are compared to explo-
sion models, and the sub-luminous SN 1999by is used as an ex-
ample to show that v.4, can be used to differentiate between
My, and sub-M;, explosion models. We follow the method used
in |Ashall et al.| (2019b) to determine v,g,., assuming the rest
wavelength to be 1.57 ym. We first fit a region of ~ 0.05 um
around the blue wing edge with a straight line to determine the
pseudo-continuum. After subtracting the pseudo-continuum we
fit a Gaussian to the residual, and use its centroid to determine
Vedge- The result is shown in Fig.[7} As was done when fitting fea-
tures in the optical, we fit this region 10 000 times while shifting
the background region randomly up to 1000 km s—1. Using this
method, we find vegee = —12400 + 300 km s7L. Unfortunately,
we do not have models at this phase and wavelength range to
compare against as is done in|Ashall et al.|(2019a)).

The last NIR spectrum of SN 2024gy was taken at 67.7 days
after peak. At this stage the SN is in the transitional phase to be-
coming fully nebular, and the spectrum has evolved considerably
compared to the previous ones. Line-blanketing from Fe-group
lines continues to dominate large parts of the spectrum, causing
broad features. Several absorption lines can be seen at velocities
of 5000 km s~!, revealing the presence of Fen, Mgn, and Co1.



Table 2. Best matching TARDIS parameters for N100 and two double-
detonation models, m09_10 and m09_05.

Model ~ Phase Luminosity (10gLo)  fexp (d)  Viger (kms™T)
m09_05 -8.5 8.9 10.0 14000.0
m09_05 -5.5 9.1 13.0 13000.0
m09_10 -8.5 8.9 10.0 10000.0
m09_10 -5.5 9.1 13.0 13000.0

N100 -8.5 8.8 12.0 12000.0

N100 -5.5 9.1 12.0 12000.0

4.3. TARDIS

To gain insight into the potential explosion mechanism of
SN2024gy, we perform spectral modelling with TARDIS
(Kerzendorf & Sim|[2014a). TARDIS is a one-dimensional ra-
diative transfer code. It uses LTE approximations to calculate
the ionization and excitation states, and is therefore not accu-
rate when the ejecta becomes optically thin (~25 days from ex-
plosion). TARDIS takes an input abundance profile, time af-
ter explosion, luminosity, and photosphere velocity to gener-
ate a spectrum. We run TARDIS simulations for the double-
detonation models presented in |Gronow et al. (2021). These
models are sub-M¢y, mass CO WDs with a range of core masses
(0.8 < M., < 1.1) and He shell masses (0.02 < My, < 0.1).
We also simulate the delayed-detonation model N100, which is
an ~Mc, CO WD (Seitenzahl et al.|2019). We compare these
model spectra to the X-shooter spectra at —8.5 d and —5.5 d.

Line-of-sight abundance profiles were used for the double-
detonation models to preserve the asymmetry created by the He
detonation. Following the methodology of |Callan et al.| (2025),
we took lines of sight from the North pole (6 = 0°), South pole
(6 = 180°), equator (6 = 90°), as well as 8 = 45° and 135°.
These models do not show great variation in the ¢ angle (Collins
et al|2022). The angle-averaged profile of N100 from HESMA
(Kromer et al.|2017) was used, as this model is more symmetric
than the double-detonation models. For each model, we run a
parameter grid in TARDIS and give each synthetic spectrum a
quality score using the method described in O’Donnell et al. (in
prep.).

Both epochs are reasonably well matched by the double-
detonation and N100 models. The best match for the —8.5 d
epoch comes from the He detonation pole of m09_05, (0.9 M,
core and a 0.05 My He shell). For the —5.5 d this also matches
well, but is second best to m09_10 (0.9 M, core and a relatively
large 0.1 My He shell) along the same line of sight. The best
matches for these models to each epoch are shown in Fig. [§]
and the corresponding parameters are given in Table [2] A key
difference between the double-detonation and N100 models is
the absence of a HV feature of Can NIR triplet near 8000 A
in N100 and present in the double-detonation models due to the
large abundance of Cau produced at high velocities by the He-
shell detonation (Fig. [9). The double-detonation models are in
better agreement with the observed feature.

5. Polarimetry

Polarimetry is a powerful tool to observe asymmetries in SNe,
and it has been used extensively to investigate asymmetric
core-collapse SNe (see Wang & Wheeler|[2008| and references
therein). SNe Ia on the other hand are generally assumed to be
very spherical explosions overall, and little polarisation is ex-
pected in their continuum flux. However, as different explosion
mechanisms predict viewing-angle-dependent abundance pro-
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m09_05, m09_10, and N100, showing the higher abundance of Ca at
high velocities in the double-detonation models.

files for various elements, SNe Ia are expected to show some
model-dependent polarisation in different line features. Indeed,
this has been found in a few cases such as SN 1996X (Wang et al.
1997), SN 1997dt (Leonard et al.[2005), SN 2001el (Wang et al.
2003), SN 2014J (Porter et al.||2016), SN 2018gv (Yang et al.
2020), and SN 2021rhu (Yang et al.|2022)), with the strongest sig-
nal generally coming from Sinm 16355 and the Can NIR triplet
(Cikota et al.|2019a).

Figure [I0]shows the measured gri-band imaging polarisation
of SN 2024gy at each of the four phases where data was ob-
tained (—8.5, —5.5, —1.5 and +50.5 days with respect to peak).
The Stokes parameters describing polarisation are the degree of
vertical to horizontal polarisation Q and the degree of polarisa-
tion between the positive and negative diagonals U. From these,

the total degree of polarisation P = /Q? + U? and the position
angle 6 = tan~'(U/Q)/2 can be calculated, measured north over
east relative to the north celestial pole. Note that 6 is defined as
the on-sky polarisation angle, which introduces the factor 1/2 as
one rotation in the QU plane equals half a rotation on the sky.
We calculate the weighted mean polarisation in each band
with and without the data at 50.5 days as it has a much larger
uncertainty. We find no significant change if we consider the pre-
peak observations only, but the uncertainty reduces slightly. We
find mean polarisations, P, = 0.72 £ 0.08%, P, = 0.56 + 0.12%,
and P, = 0.68 + 0.05%, and mean polarisation angles, 0, =
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tion of SN 2024gy at different phases. The g, r, and i bands are shown in
green, orange, and red, respectively. The filled stars mark the weighted
mean of the total polarisation for each band and the open stars mark the
polarisation after correcting for MW polarisation. The other coloured
markers show the values at each measured phase. The red shaded cir-
cle is P, that can be induced by MW dust alone according to the
Serkowski et al.| (1975) upper limit, and the black point is our estimated
value for the MW polarisation.

-20+4°, 60, = —32+5°, and §; = —48+4°. There is no significant
time evolution in any band, and the mean polarisation degree
P is the same within the uncertainties for all bands. Only the
polarisation angle 6 changes between the bands.

The ISM can also induce a polarisation in the light that
passes through. To isolate the polarisation that was induced in
the host galaxy (SN + ISM) we need to subtract the MW po-
larisation in this direction. |Serkowski et al.| (1975) showed that
there is a well defined upper limit on the polarisation that the
ISM can cause: P, (%) = 9 x E(B-V). But to properly sub-
tract the MW polarisation a value and direction is needed, not
just an upper limit. To estimate this, we follow the method in
Stalevski et al.| (2023) and use the Stokes map from the Planck
collaboration (Planck Collaboration et al.[2015],12020) to find the
MW polarisation towards SN 2024gy at submm wavelengths.
The degree of polarisation at submm and optical wavelengths
are related through Eqs. 2 and 3 of [Stalevski et al.[(2023), which
gives us an estimate for the polarisation in the V band. We can
then convert this polarisation to the g, r, and i bands using an
empirical Serkowski law (Serkowski|[1973). Using this method
we find Pyw = 0.11 £ 0.06% and Oyw = 2 + 13°. The varia-
tion between the three bands is smaller than their uncertainties.
Previous work has shown that this method gives comparable re-
sults to e.g. measuring the polarisation of nearby stars (Stalevski
et al.[|2023} Rino-Silvestre et al.|[2025). As shown in Fig.
our Pyw estimate is consistent with the |Serkowski et al.| (1975)
upper limit, and by subtracting Pyw from the mean observed
polarisation we find an estimate of the polarisation that the SN
light had when it left the host galaxy.

SNe Ia are known to show high spherical symmetry, and our
non-zero polarisation measurements are seemingly at odds with
this. |Cikota et al.| (2019b) found an empirical relation between
the maximum polarisation of Sin 16355 (one of the most promi-
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Table 3. Host galaxy dust parameter estimates for SN 2024gy.

Method Ay (mag) Ry E(B—V)host (Mag)

Lira law 0.7+02 3.1 0.24 + 0.06
0.6+0.1 2.659 0.22 +0.04
BayeSN ZTF 07401 3.1 0.21 + 0.04
053+0.09  2.659 0.20 + 0.04
BayeSN ZTF+ATLAS+GOTO "o 7 0 0 0.19 « 0.04
Spectral matching 0.55+0.06  2.659 0.21 +0.02
0.75+0.06 3.1 0.24 +0.02
Mean of methods 0.7+0.1 3.1 0.22 +£0.04
Na1 DT 3.8+05 3.1 1.24+0.15
K 0.80 +0.27 3.1 0.26 + 0.09
DIBf’m 0.36 + 0.03 3.1 0.12+0.01
DIB.. 034012 3.1 0.11+0.04
B . 0.7 £0.4 3.1 0.21+0.12
Mean ISM lines® 0.38 + 0.06 3.1 0.12 +0.02

Polarimetry >024+003 3.1 > 0.08 = 0.01

Notes. Each method assumes a value for Ry and either estimates Ay or
E(B-V); the other value is calculated by using Ay = Ry X E(B-V).

() Weighted average of multiple measurements on the FIES and/or
X-shooter spectra (see Sect. [6.2). If multiple clouds were found to
contribute to the host extinction, they have been combined.

@ The estimator using the combined Na1 D; + Na1 D, EWs is used
here. Using the separate estimators for each line gives results that agree
within 10 but have a larger uncertainty.

) Na1 D was excluded from this mean.

nent polarised lines in SNe Ia together with the Cam NIR triplet)
and its velocity at -5 days. Using their relation and the Si i 16355
velocity of SN 2024gy at this phase (< 12000 km s~!) we find a
maximum line polarisation of Pg;; < 0.3 £0.2%. On top of this,
broadband filters are much wider than SN spectral features, de-
creasing the impact that the polarisation of these lines can have
on the broadband polarisation. This suggests that the polarisation
is not intrinsic to the SN, but induced by the ISM. [Serkowski
et al| (1975) did a large multi-band investigation of MW ISM
induced polarisation of starlight. They found a wavelength de-
pendence in the polarisation angle for several stars that could
be explained by the light passing through several clouds with
different properties and dust grain orientations. This could also
explain the wavelength dependence of the polarisation angle in
SN 2024gy, as Sect. [6.2] we find evidence of two resolved host
galaxy ISM clouds in the line of sight.

6. Host extinction estimates

While the observed colour of a SN Ia is due to both intrinsic
variations between SNe and external extinction, for SNe Ia with
measured SALT2 values of ¢ > 0.2 mag, extinction is likely
the dominant factor (see e.g. [Brout & Scolnic|[2021}; |Popovic
et al.|[2021] and references therein). For SN 2024gy, a value of
¢ = 0.2105 + 0.0008 mag was obtained in Sect. [3] This is con-
sistent with the location of SN 2024gy likely being in a spiral
arm in NGC 4216, where a non-negligible amount of host ex-
tinction is likely. Given our rich dataset of SN 2024gy, there are
several methods through which we can estimate the E(B—V),,
from both photometry (Lira law, light curve fitting; Sect. and
spectroscopy (Sect.[6.2). We also estimate a lower limit using the
polarimetry measurements (Sect. [6.3). The extinction estimates
for all methods in this paper are listed in Table
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Fig. 11. K-corrections at late phases for SN 2024gy at different red-
shifts. The y-axis is plotted as the difference in g and r K-correction,
such that the corrected and observed colours are related as (g — 7)cor =
(8 = Nops — (K — K;). At 50 days we plot the K-corrections that are cal-
culated with the saLr2 model. The other points use late-time SN 2024gy
spectra shifted to different redshifts. Some of these spectra do not ex-
tend far enough into the blue to calculate K, at higher z, which causes
gaps in the plotted lines.

6.1. Photometric methods

Lira Law. While SNe Ia can have intrinsic colour differences
around peak, Phillips et al.|(1999) showed that the (B-V) colour
evolution of SNe Ia follows a linear decline (becoming bluer)
between ~ 30 —90 days past B-band (or optical) maximum. This
decline rate (or slope) is very similar for all SNe Ia and is called
the ‘Lira Law’ (Liral|1995} [Phillips et al.|[1999). Any observed
redder colour during this phase is most likely due to dust extinc-
tion. Therefore, if a SN is observed at these phases, the Lira law
can be used to estimate the amount of extinction for a SN by
comparing the colour curve to a extinction-free sample.

We compare the ZTF g —r colour curve of SN 2024gy to that
of a sample of MW-extinction corrected normal SNe Ia from the
ZTF SN Ia Data Release 2 (ZTF DR2; Rigault et al.[2025a, Smith
et al. in prep., which covers all ZTF observed SNe Ia that were
first detected before 2021). The ZTF SNe for comparison where
chosen to have dp;r > 2 (directional light radius;|Sullivan et al.
2006; |Smith et al.|2012;|Gupta et al.| 2016, SN-galaxy separation
in units of galaxy radius in the direction of the SN) so that we
have very low levels of expected extinction. To ensure we only
use normal SNe with good sart2 fits and low amounts of extinc-
tion, we only use objects with x; > —2.2, ¢ < 0.2 (Rigault et al.
2025b), E(B—V)yw < 0.1, and are subtyped as normal. To avoid
selection biases, we only use the volume-limited DR2 sample
(z £ 0.06). While this reduces the number of objects we can use,
the removed objects are generally too faint to have detections at
phases where the Lira law can be used. These cuts result in 40
normal SNe Ia with observations between 30 and 90 days after
the peak that we assume to be free of host galaxy extinction.

We apply K-corrections to all objects using a standard sarT2
template. This template only goes up to 50 days after peak, so
for later phases we use the K-correction at 50 days. To estimate
the validity of this assumption, we calculate the K-corrections
at various distances up to z = 0.1 using our SN 2024gy spectra
at phases between 30 and 150 days and compare this to the K-
corrections given by the saLr2 model at 50 days. This is shown
in Fig.[T1] While the K-corrections do change over time at these
phases, the shift is similar across all tested redshifts, with differ-
ences being < 0.05 mag during the phases where the Lira law
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Fig. 12. ZTF g — r colour curve of SN 2024gy compared to the host
dust free ZTF DR2 sample. All objects are corrected for MW extinction
and have K-corrections applied. The orange line is the Lira law fit to
SN 2024gy (orange points) and the black line is the Lira law fit to the
comparison sample. Correcting SN 2024gy for the found host extinction
results in the green points.

applies. The difference increases for larger z but as these SNe
were likely too faint to be detected at these phases, this part of
the colour curve is mainly populated by nearby events.

The effect of extinction is an offset along the colour axis in
the colour curve. Classically, the Lira law method works by fit-
ting a straight line ¢ = a(t, — 60) + b to the colour ¢ at phases
30 < 1, <90 days for both the SN and the comparison sample.
The difference in b is directly related to the extinction in that
colour. Since we use g — r we get E(g — r), which is the differ-
ence in extinction between the g and r bands. By assuming a dust
law and Ry we can then convert this to a measure of E(B—V) and
Ay.

Figure [12] shows the g — r colour evolution of SN 2024gy
and the comparison sample. The spread in the comparison sam-
ple at early phases are due to genuine colour differences be-
tween objects. At later phases, where the Lira law applies, the
observed spread is due to larger uncertainties in the colour esti-
matio