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Abstract

Superluminous supernovae (SLSNe) are some of the brightest explosions in the Universe, representing the
extremes of stellar deaths. At the upper end of their distribution is SN 2023taz, in a dwarf galaxy at z = 0.407.
This is one of the most luminous SLSNe discovered to date with a peak absolute magnitude of
Mg peax = —22.75 £ 0.03 and a lower limit for energy radiated of £ = 2.9 X 10! erg. Magnetar model fits
reveal individual parameter values typical of the SLSN population, but the combination of a low B-field and ejecta
mass with a short spin period places SN 2023taz in a unusual region of parameter space, accounting for its
extreme luminosity. The optical data around peak are consistent with a temperature of ~17,000 K but SN 2023taz
shows a surprising deficit in the UV compared to other events in this temperature range. We find no indication of
dust extinction that could plausibly explain the UV deficit. The lower level of UV flux is reminiscent of the
absorption seen in lower-luminosity events like SN 2017dwh, where Fe-group elements are responsible for the
effect. However, in the case of SN 2023taz, there is no evidence for a larger amount of Fe-group elements which
could contribute to line blanketing. Comparing to SLSNe with well-observed UV spectra, an underlying
temperature of 8000-9000 K would match the UV spectral slope, but is not consistent with the optical color
temperatures of these events. The most likely explanation is enhanced absorption by intermediate-mass elements,
challenging previous findings that SLSNe exhibit similar UV absorption line equivalent widths. This highlights
the need for expanded UV spectroscopic coverage of SLSNe, especially at early times, to build a framework for
interpreting their diversity and to enable classification at higher redshifts where optical observations will
exclusively probe rest-frame UV emission.

Unified Astronomy Thesaurus concepts: Core-collapse supernovae (304); Supernovae (1668); Massive stars (732)
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1. Introduction

Superluminous supernovae (SLSNe) are a subset of extreme
stellar explosions with luminosities that far exceed those of
ordinary supernovae (SNe). The bolometric peaks for the most
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These events cannot be explained by the radioactive decay
of 5°Ni alone, which is the main power source invoked to
explain other SNe. For SLSNe a **Ni-powered model would
require Ni masses comparable to or greater than the total ejecta
mass (e.g., C. Inserra et al. 2013). Instead the leading theories
propose interaction with circumstellar material (CSM), or a
magnetar central engine. Although the former is used to
explain hydrogen-rich Type II SLSNe (N. Smith et al. 2007;
A. J. Drake et al. 2010), both have been proposed for
hydrogen-poor Type II SLSNe (hereafter just SLSNe) with the
magnetar spin-down mechanism being widely adopted (e.g.,
C. Inserra et al. 2013; M. Nicholl et al. 2015; S. Gomez et al.
2024). Both mechanisms can reproduce the broad light curves,
which require long diffusion timescales and therefore large
ejecta masses, directly implicating massive progenitor stars.
However, they imply very different progenitor systems and
explosion physics. Disentangling these scenarios is critical for
understanding SLSNe, probing the lives and deaths of the most
massive stars, and the physical conditions of early star-forming
environments.

The spectral energy distributions (SEDs) of SLSNe typically
peak in the rest-frame u or near-UV bands, indicative of high
temperatures (e.g., S. Gomez et al. 2024). However, in the UV,
there are broad absorption lines from elements such as Mg, C,
Si, and Fe, which dominate the spectra (L. Chomiuk et al.
2011; R. M. Quimby et al. 2011; D. A. Howell et al. 2013;
P. M. Vreeswijk et al. 2014; L. Yan et al. 2018). These features
are thought to be formed in the outer layers on the ejecta due to
their high velocities (typically >10,000kms '). Previous
studies have shown that the UV spectra of SLSNe tend to
exhibit similar equivalent widths (EWs) in their absorption
lines, regardless of their luminosity (M. Nicholl et al. 2017b;
L. Yan et al. 2017). Studies suggest that differing amounts of
UV emission can generally be explained by varying power
levels of a central energy source, rather than differences in
absorbing column depths. This observation is consistent with a
scenario where the continuum forms beneath the absorbing
layer of fast-moving material, rather than in an external
collision with CSM (M. Nicholl et al. 2017b).

At high redshifts (z 2 1), the rest-frame UV part of an SN
spectrum is redshifted into the observer-frame optical.
However, at these distances, the characteristic O IT absorption
features that are typically used to classify SLSNe are shifted to
longer wavelengths where observations become increasingly
challenging for ground-based telescopes (e.g., K. Barbary
et al. 2009; J. Cooke et al. 2012; Y. C. Pan et al. 2017;
M. Smith et al. 2018; C. Curtin et al. 2019). As a result, the
detection and classification of SLSNe at high z must rely
primarily on their rest-frame UV properties. Early discoveries
revealed a surprisingly uniform class of SLSN spectra in the
near-UV, particularly between 2000 and 3000 A, suggesting
that UV diagnostics could provide a reliable classification
framework across a wide range of redshifts (M. Smith et al.
2018). With the advent of deeper, wide-field surveys, the
number of SLSNe detected at high z is expected to increase
dramatically (V. A. Villar et al. 2018). A few hundred SLSNe
are now known, and spectroscopically confirmed from
z ~ 0.1-2, with the majority at z < 0.5 (S. Gomez et al.
2024; A. Aamer et al. 2025). This growth is not solely due to
the larger volumes being probed, but also because SLSNe may
be more common in the early Universe, where the stellar mass
distribution may be skewed toward more massive progenitors
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(J. Cooke et al. 2012). In addition, the binary fraction is
thought to be higher at low metallicity (e.g., H. Sana et al.
2012). These binary interactions can significantly alter stellar
evolution pathways through enhanced mass loss and changes
in rotation rates, which may influence the formation rate of
SLSNe (e.g., S. E. de Mink et al. 2013). This underpins the
urgent need to build a detailed understanding of the connection
between UV and optical properties of low-z SLSNe, as this
will be essential for interpreting the large samples of high-z
SLSNe expected from upcoming surveys.

In this paper we present SN 2023taz, one of the brightest
SLSNe to date at optical wavelengths, but with a deficit in the
near-UV compared to other SLSNe with similar color
temperatures in the optical. This challenges our current
understanding of UV diversity in SLSNe and raises important
questions about the central engine model, as well as our ability
to identify SLSNe at high redshifts. The paper is structured as
follows. Section 2 presents the data collected for this object.
The host galaxy for this event is analyzed in Section 3.
Section 4 discusses the analysis of the light curves, and
Section 5 looks at the modeling of the light curves and the
inferred parameters of the system. Section 6 discusses the
analysis of the spectra. We discuss the possible scenarios for
this object in Section 7. Lastly we present our conclusions in
Section 8.

All magnitudes reported in this paper are given in the AB
system. A flat ACDM cosmology is also assumed throughout
with Hy = 70kms™ ' Mpc ™" and Q, = 0.7.

2. Observations
2.1. Discovery and Classification

SN 2023taz was first detected by the Panoramic Survey
Telescope and Rapid Response System (Pan-STARRS;
K. C. Chambers et al. 2016) on 2023 September 12 under
the internal name PS23ila at a magnitude m,, = 20.36 mag.
This followed a deep upper limit 3 days prior at m, =
21.8 mag. It was later reported by the Asteroid Terrestrial-
impact Last Alert System (ATLAS) project (J. L. Tonry et al.
2018) on 2023 October 6 under the name ATLAS23tqv with a
magnitude of m. = 19.14 mag, and by the Zwicky Transient
Facility (ZTF; E. C. Bellm et al. 2019) on 2023 December 6
under the name ZTF23abgzmfs with a magnitude of
m, = 20.03 mag. The event has an R.A. and decl. (J2000) of
19"28™23301 and —04°54'43"86, respectively.

The object was chosen for classification by the Advanced
Public ESO Spectroscopic Survey of Transient Objects
(ePESSTO+; S. J. Smartt et al. 2015) based on the lack of a
visible host and a long light-curve rise. A spectrum obtained
with the ESO New Technology Telescope (NTT) on 2023
November 4 was consistent with a young SLSN (A. Aamer
et al. 2023). A redshift of z=0.42 was determined using the
SUPERNOVA IDENTIFICATION code (S. Blondin & J. L. Tonry
2007). This is a spectral cross-correlation tool used to classify
SNe by comparing observed spectra against a library of
template spectra across various types and phases. Reexamina-
tion of the spectrum shows narrow [OIII] AA4959, 5007 and
Hp host galaxy lines at a redshift z = 0.407 + 0.005. We
therefore adopt this latter value for the analysis in this paper.
This gives a luminosity distance of D; = 2239 Mpc. The
corresponding absolute magnitude at the time of discovery is
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Table 1
Photometric Filters Used within This Paper and Their Effective Central
Wavelength
Filter Central Wavelength Telescope
(A)
z 8670 LCOGT
i 7503, 7471, 7946.21 Pan-STARRS, LCOGT, NTT
0 6630 ATLAS
r 6150, 6656.65 LCOGT, NTT
w 5981 Pan-STARRS
c 5182 ATLAS
g 4648, 5105 LCOGT, NTT
u 3543 LCOGT
w1 2716 Swift
M2 2247 Swift
w2 2076 Swift

Note. The filter profiles have been obtained from the Spanish Virtual
Observatory Filter Profile Service (C. Rodrigo et al. 2012, 2024; C. Rodrigo &
E. Solano 2020).

therefore M,, = —21.4 mag, firmly placing SN 2023taz in the
regime of SLSNe.

2.2. Photometry

Photometry for SN 2023taz was obtained from a number of
telescopes. The filters used and their effective central
wavelengths are provided in Table 1.

Data in ¢ and o bands were collected from the ATLAS
forced photometry server (J. L. Tonry et al. 2018; K. W. Smith
et al. 2020; L. Shingles et al. 2021), and in g and r bands from
the Lasair ZTF forced photometry server (F. J. Masci et al.
2019), both of which are performed on difference images. For
the ATLAS data, observations were binned to a daily cadence.
Pan-STARRS photometry in w and i bands was derived using
the Pan-STARRS Image Processing Pipeline (E. A. Magnier
et al. 2020).

Follow-up observations were also coordinated in ugriz with
the Las Cumbres Observatory (LCOGT). Within their net-
work, several 1m telescopes were used across multiple
observatories. These images were reduced using the BANZAI
pipeline (C. McCully et al. 2018). Late-time photometry was
obtained using the ESO NTT in gri with the ESO Faint Object
Spectrograph and Camera (EFOSC2). This was done through
the ePESSTO+ collaboration.

All photometry on raw frames for the LCOGT and NTT
data was carried out using the PHOTOMETRY-SANS-FRUSTRA-
TION Python package, which performs point-spread function
(PSF) photometry using Astropy and Photutils (M. Nicholl
et al. 2023). The frames are calibrated using the Pan-STARRS
catalog (H. A. Flewelling et al. 2020) in order to obtain zero-
points. For the u-band images, zero-points were calculated
using the SkyMapper catalog (C. A. Onken et al. 2024), with
aperture photometry performed on reference stars within a
cone of 10’ from the target. Although the late-time NTT
observations resulted in 30 detections, the measured magni-
tudes are mainly consistent with marginal detections of (or
upper limits on) the host galaxy in preexplosion Pan-STARRS
imaging (see Section 3).

The Neil Gehrels Swift Observatory (Swift; N. Gehrels
et al. 2004) was also triggered to observe SN 2023taz
beginning on 2023 November 10 using the UV Optical
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Figure 1. Host galaxy of SN 2023taz, as detected in LRIS g-band imaging at a
phase of +481 days.

Telescope (UVOT; P. W. A. Roming et al. 2005), in the UV
filters. However the SN was only detected in one epoch, in one
filter, with the rest providing upper limits. The individual
frames in each filter were coadded using uvotimsum within
the HEASOFT package. Photometry was performed on the final
frames using the uvotsource task with a 5” aperture,
following the procedure outlined in T. S. Poole et al. (2008)
and P. J. Brown et al. (2009). The measured count rates were
converted to AB magnitudes using the UVOT photometric
zero-points (T. S. Poole et al. 2008; A. A. Breeveld
et al. 2011).

Late-time imaging of the putative host galaxy was obtained
using the Low Resolution Imaging Spectrometer (LRIS;
J. B. Oke et al. 1995; C. C. Steidel et al. 2004) on 2025
August 31 at a phase of +481 days postpeak. The host was
clearly detected in both filters (see Section 3). Figure 1 shows
the g-band imaging of the host. LRIS is a two-arm instrument
and the field was imaged with 3 x 60 s integrations (180 s total
exposure time per filter) in the g band using the blue arm and
the i band using the red arm simultaneously by employing the
D560 dichroic. Twilight sky images were taken for flat-
fielding. However, “supersky” flat-field images for both filters
were preferred and created by median-combining dithered
images from two different fields using g— and i-band filters
separately. The images were aligned, stacked, and processed
using conventional IRAF routines. Photometry was performed
using Source Extractor (E. Bertin & S. Arnouts 1996), and the
zero-points corrected by crossmatching nearby stars to
measured values in the DECam Local Volume Exploration
Survey (A. Drlica-Wagner et al. 2021) catalog.

2.3. Spectroscopy

Spectra for SN 2023taz were obtained through ePESSTO+
using the NTT/EFOSC2 spectrograph. Spectra were taken
using the Gr#13 grism, which observes between
3685-9315 A. However, the data from 2023 November 6
were taken using both the Gr#l1 and the Gr#16 grisms,
which range from 3380-7520 A and 6015-10320 A, respec-
tively. The spectra were first reduced using the PESSTO
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Figure 2. Spectrum of SN 2023taz obtained with X-shooter in the visible arm at a phase of +310.6 days postpeak. The spectrum has also been smoothed using a
Savitzky—Golay filter, as shown in dark purple. Host galaxy emission lines from the Balmer series are highlighted with gray dashed lines. A possible line
identification for [O I] A\6300, 6364 is highlighted. A dotted horizontal line is plotted at zero flux.

pipeline (S. J. Smartt et al. 2015), which applies debiasing,
flat-field correction, trace extraction, wavelength calibration,
and flux calibration using standard stars observed with
identical setups. A spectrum was also obtained on the Nordic
Optical Telescope (NOT) on 2024 December 11 with the
Alhambra Faint Object Spectrograph and Camera (ALFOSC).
The observation consisted of three integrations of 1000 s using
the Grism#4 and a slit aperture of 1.3. A standard reduction
and calibration of the spectrum was conducted using Pypeit
(J. Prochaska et al. 2020).

All spectra were then processed to remove tellurics using
the Python package TELLURICS-BEGONE>* (E. J. Ridley et al.
2024). They were then corrected for foreground extinction
using the ASTROPY (Astropy Collaboration et al. 2018)
implementation of the K. D. Gordon et al. (2023) extinction
law. This law combines previous extinction relations
(K. D. Gordon et al. 2009, 2021; E. L. Fitzpatrick et al.
2019; M. Decleir et al. 2022) to provide a single relationship
across 912 A-32 ym. The value of reddening used was E
(B — V) =0.0152 (E. F. Schlafly & D. P. Finkbeiner 2011).
The spectra were also flux corrected by scaling linearly to the
closest photometry in the g, r, and i bands. Lastly, the spectra
were redshift corrected. For visual clarity, the [O IIT] AA4959,
5007 host emission lines were removed by fitting a Gaussian
centered on each wavelength within a 20 A range, and
subtracting them off. Spectra taken on the same night have
been coadded, and all spectroscopic observations are listed in
Table 2. The full spectral sequence and corresponding analysis
are presented in Section 6.

A late-time spectrum was obtained on 2025 January 2 using
X-shooter on the VLT (see Figure 2). The UV, visible, and IR
arms had total exposure times of 2440s, 2560 s, and 2600 s,

2 hittps:/ /github.com/EJRidley /tellurics-begone

respectively. The data were then processed using the
soxspipe package (D. R. Young & M. Landoni 2023),
and corrected for Milky Way (MW) extinction. We recover a
continuum _at signal-to-noise ratio (SNR) <1 between 5000
and 6000 A, and cannot detect any clear transient features
within the spectrum.

Extinction from the host galaxy was assumed to be
negligible and has not been corrected for. This is based on
the observed Balmer decrement (see Section 3), as well as the
observed colors and systematic studies of SLSN host galaxies,
which show negligible or no host extinction (e.g., D. A. Perley
et al. 2016; S. Schulze et al. 2018).

3. Host Galaxy

A faint galaxy designated Pan-STARRS1 Object J030.8220-
23.6798 is reported in the Pan-STARRS1 (PS1) stacked object
catalog in all of the g, 7, i, z, and y bands, with a mean offset of
0.54 from the position of SN 2023taz. We assume that this is
the host galaxy. However the detection is only significant at
the 30 level in » band, with a PSF magnitude of m, o =
22.90 £ 0.19 mag and a Kron magnitude of m, o5 = 22.99 £
0.26 mag. The measurement in g is just below the threshold
with a PSF magnitude of mg josc = 23.99 £ 0.32 mag, and no
corresponding Kron magnitude. The measured magnitudes in i
and z are less certain, with visual inspection of the images
using the PS1 image cutout server showing no clear source at
the position of the transient in these filters. This places limits
of m; host > 23.1 mag and m_ oy > 22.3 mag. Instead the LRIS
images obtained at a phase of +481 days postpeak were used
to measure the host galaxy magnitude at m; o = 23.20 +
0.08 mag and mg hose = 23.97 4= 0.09 mag in the i and g bands,
respectively. The r-band photometry of SN 2023taz has been
host subtracted using the Pan-STARRS flux measurement, and


https://github.com/EJRidley/tellurics-begone

THE ASTROPHYSICAL JOURNAL, 1001:181 (15pp), 2026 April 20

the g and i bands have been host subtracted using the LRIS
flux measurements. For the early phases of the light curves
(before ~100 days), we also apply host subtraction in the z
band. As the host detection is marginal, it does not make a
significant difference to the light curves, as the SN flux
dominates at these phases.

A galaxy K-correction calculator was used to calculate the
absolute magnitudes of the host (I. V. Chilingarian et al. 2010;
I. V. Chilingarian & 1. Y. Zolotukhin 2012). Using this we
estimate absolute magnitudes of My o = —18.40 4= 0.32 mag
and M, hose = —18.92 £ 0.19 mag. We can compare these to a
sample of 27 SLSN host galaxies from S. Schulze et al. (2018)
for hosts with z < 0.5. They show a mean value of
Mp = —17.10 &+ 0.30 mag for hosts with a mean redshift of
7=0.24. The g-band host magnitude of SN 2023taz is
therefore at the brighter end of SLSN hosts in this redshift
range. However, S. Schulze et al. (2018) also find that the host
galaxies tend to be brighter at higher redshifts, so this
difference may simply reflect the fact that SN 2023taz lies at
a higher redshift than the mean of the sample. The host galaxy
color g — r = 0.5 is consistent with other SLSN hosts at a
similar redshift (R. Lunnan et al. 2014), suggesting it is a star-
forming galaxy consistent with typical SLSN hosts.

A late-time spectrum was obtained at a phase of +310.6 days
using X-shooter. The results from the visible arm are shown in
Figure 2 and clearly show the narrow host galaxy emission lines.
This spectrum shows very little SN signal except potentially a
small bump ~6300 A, which corresponds to the well-observed
nebular emission line of [O I] AA6300, 6364. However, the signal
is too weak for a definitive identification. The flux from the
Balmer emission lines was measured by integrating over the
emission profile. The continuum was determined by randomly
sampling 100 points in the regions on either side of the line to
obtain a median value for the continuum and its associated
uncertainty. From this we find values of Hoe = (1.78 £ 0.11) x
107 ergs ' cm 2 HB = (5.88 + 0.45) x 107 ergs'cm 2,
and Hy = (242 + 0.34) x 107 ergs 'cm 2 These yield
Balmer decrements of Ha/HS = 3.03 £+ 0.29, and Hvy/
HB = 041 4+ 0.07. As the spectrum was corrected for MW
extinction, any residual extinction present would be from the host
and local environment of the SN. These values are consistent
with the expected ratios for in a scenario with no extinction
(D. E. Osterbrock & G. J. Ferland 2006).

The Ho emission line can also be used as a diagnostic for
the star formation rate (SFR) within a galaxy, assuming a
Salpeter initial mass function (R. C. Kennicutt 1998). This
yields a value of SFR =0.85 + 0.05M. yr '. This SFR is
consistent with the sample of hosts from G. Leloudas et al.
(2015) where a range of 0.01-6.04 M_, yr—' was found.

4. Light Curves

The light curves for SN 2023taz spanning over 200 days
are presented in Figure 3. The rise and peak of the light
curves are detected at high SNR in the w-band data from
Pan-STARRS. This is a broadband filter covering g, r, and i
with an effective wavelength close to that of r (or to rest-
frame g band at the redshift of SN 2023taz). To find the time
of maximum light, we fit a second-degree polynomial and
found a time of peak of MJD 60241 at an apparent magnitude
Wpeak = 19.07 mag. Using the first spectrum obtained on
MIJD 60252.3, we perform a K-correction and find an
absolute magnitude of Mg peqc = —22.75 £ 0.03 mag (also
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corrected for foreground extinction of Ay = 0.039 mag;
E. F. Schlafly & D. P. Finkbeiner 2011). This is at the upper
extreme of SLSN luminosities. Z. H. Chen et al. (2023) find a
median peak luminosity of M mea = —21.48%( ¢} mag from
their sample of 78 SLSNe from ZTF, making this event more
than 20 brighter than the average ZTF SLSN. More recently
S. Gomez et al. (2024) analyzed a sample of 262 SLSNe,
from which the median peak rest-frame g-band absolute
magnitude is measured to be M, neq = -21.57} 9 mag, con-
sistent with the ZTF sample. SN 2023taz is once again
outside of the 20 range and is in fact brighter in the g band
than all events within both samples.

Figure 3 shows the bluer bands fading much faster than the
redder bands after peak, as the SN cools. This can be
quantified by the time taken for the SN to fade by a factor of
e from peak in each band (7,). This e-folding decline time is
Te,e = 44days and 7., = 82days in the g and o bands,
respectively. This is comparable to the average decline time
found in S. Gomez et al. (2024) of 7,, = 44733 days. This
measurement also assumes that the first g-band point in the
light curve is close to or at peak. The rapid cooling of
SN 2023taz also resulted in mostly UV nondetections.

4.1. Colors

The color evolution of SN 2023taz is shown in Figure 4.
This is compared to the model light curves of a subset of
events from S. Gomez et al. (2024) with observations in each
respective band. Within the sample, there are 44, 43, and 42
events with photometry in W1, M2, and W2, respectively.
The photometry for SN 2023taz was first K-corrected using
the SLSNE Python package (S. Gomez et al. 2024) to ensure
consistent color comparisons between objects. The colors in
the g and UVOT bands with respect to » band were then
determined by subtracting the closest r-band magnitude. In
all cases, the phase differences were less than 1.5 days. The
g — r color starts off similar to the population average with
g — r ~ —0.3 mag at peak. It then evolves smoothly to redder
colors before settling at g — r ~ 0.8 mag. This late-time
optical color is somewhat redder than typical SLSNe.
However, the UV-optical colors are the reddest in the
population especially at early times. The triangles in the UV
bands represent lower limits for the color in each subplot. We
can see this event is redder than average across the entire
time span where UV photometry was obtained. It is
especially apparent between 0 and 20 days where the lower
limits are constraining. The single W1 detection places tight
constraints on the color W1 — r = 1.83 £ 0.23 mag at
12 days postpeak. At 12 days postpeak, the median and lo
spread for the modeled events are W1 — r = —0.73%032 mag
for the subset of events with W1 photometry. This means the
detection at that phase is more than 50 away from the
median, pushing it to extremes of the population. Therefore,
SN 2023taz stands alone among the current sample as a
highly luminous SLSN, with a very red UV-optical color.

In comparison Gaial6apd, an SLSN with a comparable peak
bolometric luminosity and optical light-curve timescale, dis-
plays a much bluer color than SN 2023taz (T. Kangas et al.
2017; M. Nicholl et al. 2017b; L. Yan et al. 2017). Its g — r
color is initially comparable, but its UV colors are bluer by
~4mag. This is not simply a consequence of Gaial6apd
having a higher temperature. As shown in Figure 5, we find
similar best-fitting blackbodies for the optical photometry of
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Figure 3. The light curves of SN 2023taz, with all magnitudes in the AB system and corrected for MW extinction. Phases are given in rest-frame days relative to the
w-band maximum. The figure compiles photometric data from ATLAS, Pan-STARRS, ZTF, Swift, LCOGT, and NTT. MJD is in the observer frame, with 3o upper
limits marked as inverted triangles. For clarity, ATLAS c- and o-band points are shown without upper limits and have been binned to a daily cadence. Vertical tick
marks on the top axis indicate the epochs of the spectra displayed in Figure 10. The compilation of detected light-curve data is available as the data behind the figure.

(The data used to create this figure are available in the online article.)

Gaial6apd and SN 2023taz. Therefore, the difference in
UV — r colors of several magnitudes between these events
seems to indicate a difference in their UV properties. The
reddest SLSN from the S. Gomez et al. (2024) sample in g — r
at late times is SN 2017dwh (P. K. Blanchard et al. 2019). This
event is similar to the general population at early times around
peak, before diverging quickly and becoming much redder
with a color g — r = 1 mag by 30 days postpeak. There are no
UV observations of this event, and therefore a comparison
cannot be made for the UV colors. However, its spectrum
shows evidence for strong Fe-group absorption in the near-UV
(P. K. Blanchard et al. 2019); see Section 6.

4.2. Blackbody Parameters

The blackbody parameters for this analysis were calculated
using the SUPERBOL Python package (M. Nicholl 2018). This
is a tool designed to derive bolometric light curves and fit
blackbody models to the observed photometry. It works by
constructing the SED at each epoch, integrating this to
determine the optical luminosity, and fitting a blackbody
curve to estimate the temperature, radius, and unobserved UV—
near-IR luminosity of the emitting source. In this case, a
modified blackbody (based on M. Nicholl et al. 2017¢ and
L. Yan et al. 2018) was fit to the photometry. This suppresses

the SED below a given wavelength following the form

«

A
AT, R) = (70) fuss (T, R)
A (T, R)

for A < Ao,
(D

for A > Ao

Here f, is the flux at a given wavelength A\, « is the
suppression index, A, is a cutoff wavelength for the
suppression, and f\pp is the normal blackbody spectrum
without any modifications applied. We use values of a = 1.56
and )9 = 3072Abased on our light-curve modeling
(Section 5). The SEDs were also shifted into the rest frame.
We used the w and r bands as reference points to anchor the
color evolution, allowing SUPERBOL to infer the colors of the
other bands either by assuming a constant color evolution, or
by interpolating unevenly sampled photometry using a
polynomial.

Integrating under the SED at each epoch also gives the
bolometric luminosity at each point in time. By integrating this
luminosity across the entire observed span of the SN, we
estimate the total radiated energy is E > 2.9 x 10" erg. This
value represents a lower limit, as it does not account for
incomplete temporal and wavelength coverage, nor any
emission occurring outside the span of our photometric
observations. This energy is consistent with the typical
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Figure 4. Photometric colors for SN 2023taz in blue, pink, purple, and indigo
compared to the colors from the sample of model fits to SLSNe photometry in
S. Gomez et al. (2024) shown in black. Measurements are given in AB mag
with lower limits denoted by triangles. Photometric colors for Gaial6apd
(T. Kangas et al. 2017; M. Nicholl et al. 2017b; L. Yan et al. 2017) and
SN 2017dwh (P. K. Blanchard et al. 2019) are also plotted in green squares
and orange diamonds, respectively. Phases are given relative to peak.

energies radiated by SLSNe ranging between ~5 x 10* and
5 x 10! erg (S. Gomez et al. 2024).

Figure 5 shows the blackbody parameters in comparison to
the full sample of events from S. Gomez et al. (2024). We also
highlight Gaial6apd on this plot. The unfilled stars represent
the early light curve of SN 2023taz, where there is only
coverage in the w, ¢, and o bands. Since w is effectively ¢ + o,
this means there is only a small part of the SED covered and
therefore the blackbody fits are not reliable.

In the top panel of Figure 5, we can see that the bolometric
luminosity for this event is at the upper extreme of the
population. At peak it has a bolometric luminosity of
Loot = (4.1 £ 1.7) x 10*ergs~'. At late times SN 2023taz
remains within the 1o range of the sample. It is also interesting
to note that the brighter events tend to be the hottest, as
evidenced by the color scaling on the figure.

The middle panel of Figure 5 shows the temperature
evolution of the sample of events as estimated from these SED
fits. SN2023taz reaches a peak temperature of
16,600 + 4000K, at 10days after the bolometric peak.
However hotter events at peak also cool quicker. This
corresponds to the rapid spectral change between the “hot”
photospheric phase and the “cool” photospheric phase as
outlined in R. M. Quimby et al. (2018) and A. Aamer et al.
(2025). Plotted on the same subfigure in purple is the
temperature derived from fitting a blackbody curve to the
spectra of SN 2023taz (see Section 6). In comparison,
Gaial6apd starts off at a much hotter temperature of
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Figure 5. Parameters derived from SED fits of the light curves. Unfilled stars
indicate where fewer than three bands were available for the fit. The colors of
each line correspond to the peak blackbody temperature calculated for each
event from the sample in S. Gomez et al. (2024), and shown in the color bar at
the top. The parameters for Gaialbapd are plotted in green squares. Top:
bolometric luminosity. Middle: blackbody temperature. The temperature from
blackbody fits to the spectra are also plotted in purple. Bottom: blackbody
radius.

~?22,000 K with a much more rapid decline to ~15,000 K at
peak. At this point the temperatures are comparable and shows
that the UV-optical color differences seen after peak in
Section 4.1 are not driven by different temperatures. The
temperatures of both events are at the higher end but well
within the 1o range of the population.

From the blackbody fits to the SED we can also calculate the
size of the photospheric radius with time. SN 2023taz has a
slow rise to peak radius, reaching a maximum radius of
R = (6.1 + 2.5) x 10" cm around 60 days postpeak. In
comparison, Gaial6apd has a much smaller maximum radius,
which peaks soon after maximum light. However, at the peak
of the light curve, both events have similar-sized radii. As the
temperature evolution of both events postpeak is similar, this
larger radius explains why the light curve of SN 2023taz is
much longer lived.

5. Magnetar Parameters

SLSNe show a wide range of luminosities and timescales.
This requires a mechanism that decouples the magnitude of the
heating source from its duration, and is largely independent of
the ejecta properties. The simplest model that achieves this is



THE ASTROPHYSICAL JOURNAL, 1001:181 (15pp), 2026 April 20

Aamer et al.

@z3 ©i-2 Qo-1 Or+0 ODw+1 @®c+2 @g+3 OW1+3 @M2+4 @W2+5

16 1

N N N =
» N o o]
1 1 1 1

Apparent magnitude + constant

N
(o)}
1

28 A

60200 60300

60400

60500 60600 60700

MJD (days)

Figure 6. MOSFIT fits to the light curves of SN 2023taz using the s1snni model. This model combines a magnetar engine with a flexible level of contribution from

the radioactive decay of *°Ni. Upper limits are indicated via inverted triangles.

the magnetar central engine model, which reproduces the bulk
features of large SLSN samples (D. Kasen & L. Bildsten 2010;
P. A. Mazzali et al. 2016; M. Nicholl et al. 2017¢c; S. Gomez
et al. 2024) mainly through variations in spin period (heating
rate), magnetic field (heating duration), and ejecta mass
(diffusion timescale). As SN 2023taz stands out as one of the
brightest SLSNe to date, it is interesting to determine which
features of the model would lead to such a bright (and
relatively long-lived) event. While other power sources may be
applicable to SLSNe, fitting SN 2023taz within the same
framework as other events enables more general insights, and
fitting the multicolor photometry allows us to test whether it is
subject to anomalous extinction compared to other events.

To explore the central engine properties, we modeled the
multicolor light curves using the Modular Open Source Fitter
for Transients (MOSFIT; J. Guillochon et al. 2018). Specifically
we used the slsnni model, which models a magnetar
internal engine following M. Nicholl et al. (2017c), while
allowing a contribution from the radioactive decay of *°Ni as a
free parameter. The model assumes a modified blackbody in
the form of Equation (1), with A\ and « set as free parameters.
This model has been widely applied to SLSNe (S. Gomez
et al. 2024) and shown to reproduce their overall light-curve
properties. For this work, we adopt the default set of priors,
following the approach of S. Gomez et al. (2024).

The best-fit MOSFIT model light curves are shown in
Figure 6. The rise and peak in the 0 and w bands are well
captured, as well as the decline in all bands. The exception to
this is the z band, where the model consistently overpredicts

the luminosity, even at early times. This discrepancy may arise
from an unconstrained host contribution that was not
subtracted (see Section 3). Although it was assumed that the
host flux would be negligible compared to the SN at these
early phases, this may have nevertheless affected the model
fits. Although we show UVOT upper limits in the plot, we only
include the single epoch with a detection in UVW1 in our fit,
as the model struggles to fit the optical light curves and the
deep UV limits simultaneously. The inability for the model to
fit the data could indicate that the simple suppressed blackbody
SED model does not fully account for strong line absorption in
the UVOT UVM2 and UVW2 bands.

The best-fit parameters for the s1snni model are shown in
Figure 7. These parameters are mostly within the 1o range of
the population sample from S. Gomez et al. (2024), including

the spin period at Bpi, = 2.257033 ms just below the sample

mean at Bpyip mean = 2.4t?;8 ms. A lower value of Py, results
in a more luminous event. The value for the perpendicular
component of the magnetic field to the spin axis,
log(B,/G) = 13.73™013, is also just within the median and
lo range of values in S. Gomez et al. (2024) of
10g(B\ .mean/G) = 14.2 &+ 0.4. The effect of a lower value for
B, is a longer magnetar spin-down timescale.

In our host galaxy and photospheric temperature analyses
we assumed negligible extinction from the host galaxy. This is
supported by the Balmer decrement in the host galaxy
spectrum. It is also supported by the posterior of our light-
curve model fit, which independently fits the host extinction
through the parameter for column density in the host (ny post)-



THE ASTROPHYSICAL JOURNAL, 1001:181 (15pp), 2026 April 20

109 Ny, host = 17.59%1:3%

log fyi = —=0.77%3:32
n

log fyi

o

spin (Ms) = 2.25+8:33

‘rﬁ

Pspin (Ms)

[

log B(10MG) = —0.27+313

log B(10G)
3
2

Mys (Mo) = 1.52%83}
i Ly

N

I

Mns(Mo)

Opg = 0852333
A
Ak

texp (days)
N
o}

Aamer et al.

texp (days) = -14.15%}33

k(cm?g™!) = 0.16+333

038

VLI LR S
@ L&

@8NS

Tln s

/

‘JJJ“I

=

log ky (cm?g~1) = —0.93+3:38

o v B ow

log Mej (M) = 0.414339

200
01°
030
02°

log Mej (M) log K, (cm?g™!) k(cm2g™?)

W

000

L

b

a =1.58+34;

a

I

—

.

Acutot = 3252.56+33395

an &)

® ®
(&
- 5

Vej (10*kms™1) = 0.80%3:82

J

g

S RS (N [T

©)

Tomin (K) = 6290.06+35378

Acutoft
[
2%%%

@
©

b

og o = —0.92+3%%

LB o8 @y

u

e

LORIFLY

11 18 19 20

18184206 16 20 24 28 0604020002 121410648

109 NH, host log fii Pspin(Ms)  log B(10¥G)  Mys(Mo) O texp (days)

05%71%, 00,25 5073381512 -9 0& 0% 1% 1% 18

k(cm2g~1) log ky(cm2g~1)log Mej(Mo) a

0 32 37 (00T Y 2 3 B a08e0Yi08600 60 o15 099305

5000000 00%000 1 0% 9% 8% 80012

Aot Ve (10°kms™h) T (K) log 0

Figure 7. Corner plot of the posteriors for the s1snni model fit to the light curves of SN 2023taz. Median and 1o ranges are labeled.

The fits favored nppes < 18 cm 2, which corresponds to an
extinction Ay < 10~ mag (T. Giiver & F. Ozel 2009).

The model also estimates the fraction of *°Ni (fni) in the
ejecta required in addition to the contribution from the
magnetar. This resulted in a value of f; = 17.0%ij‘2;3f§f;. We
can combine this with the mass ejected parameter
(M = 2.57J_r8j2§ M) to find that the mass of *°Ni ejected is
My ~ 0.4 M, and could be as high as My; ~ 1 M, based on
the upper end of the uncertainty range. The fraction (and hence
the mass) is not well constrained because the model prefers the
magnetar as the primary heating source, and a >°Ni mass up to
~0.4 M, has little effect on the magnetar-powered light curve.

To confirm this, we ran another fit with a fixed fx; = 0%,
which resulted in very similar fits and posteriors. This is
consistent with the findings in S. Gomez et al. (2024) where
most SLSNe do not require a significant contribution from
radioactive decay to power them.

Figure 8 shows the evolution of the heating rate, using the
best-fit spin period (Pgin = 2.25ms), magnetic field
(B, =537x 10" G) and neutron star mass (Mys
1.52 M) from MOSFIT. The heating rate follows an initial
plateau lasting ~1.5 days, followed by a steep decay with a
power-law index of 2. The energy input is very similar whether
or not a contribution from *°Ni is included, demonstrating that
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SN 2023taz can easily be powered without a substantial
contribution from radioactive decay.

Still in Figure 8, we mark the time of bolometric peak with a
vertical dashed line. The time of peak here is measured by
averaging the bolometric light curves produced by 100 walkers
from the MOSFIT output. The rise time measured for this event
iS tise = 26 days, close to the median value found by S. Gomez
et al. (2024) of tyse.an = 27f%§ days. At peak luminosity, the
observed radiated luminosity is comparable to the rate of
energy input from the central engine (W. D. Arnett 1982).
Figure 8 demonstrates that at the time of peak in SN 2023taz,
the energy injection of the magnetar remains high, and the
spin-down power has not yet transitioned to the steep decline
of the power-law tail. This is a consequence of the low
B, value discussed earlier, which extends the spin-down
timescale. The sustained energy injection up to the time of
peak is what drives SN 2023taz to be a very luminous SLSN
(M. Nicholl et al. 2017c).

Figure 9 shows the distribution of B, and M.; values from
S. Gomez et al. (2024), with points colored by their Py,
values. We can see that SN 2023taz falls below the bulk of the
population both in terms of ejecta mass, and B-field, lying on
the edge of the joint distribution. The effect of a low M,; is to
reduce the rise time, and in this case matching it to the spin-
down timescale. However, other SLSNe occupy a similar
region in Mj—B, space, and are generally less luminous than
SN 2023taz. The reason is that most of these events have
longer spin periods >4 ms, as shown by the color scale.
SN 2023taz stands out by having a shorter spin period than
most other objects in a similar region of the parameter space.
This has a dramatic effect, as the magnetar peak spin-down
rate scales as I’S;ftl. We demonstrate the effect of spin period in
Figure 8 by plotting the spin-down energy for a hypothetical
event with the same B, as SN 2023taz, but a longer spin
period of Pgy, = 5ms. This results in a slightly longer spin-
down time, but with a much lower level of energy throughout,
resulting in a less luminous peak.
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Figure 9. The perpendicular component of the magnetic field (B, against the
ejecta mass (M) for the sample of SLSNe from S. Gomez et al. (2024). The
points are also colored by their spin period (Pgy,). The values derived for
SN 2023taz are plotted with a star shape.

Table 2
Spectroscopic Observations of SN 2023taz
Date MID Phase Grism Exposure Time  Telescope
(days) (s)
04-11-2023  60252.3 8.0 Gr#13 900 NTT
06-11-2023  60254.0 9.3 Gr#16 2700 NTT
06-11-2023  60254.1 9.3 Gr#l11 2700 NTT
24-11-2023  60272.1 22.1 Gr#13 2700 NTT
09-12-2023  60287.1 32.8 Gr#13 2700 NTT
11-12-2023  60289.9 34.8 #4 3 x 1000 NOT
18-12-2023  60296.1 39.2 Gr#13 2700 NTT
18-12-2023  60296.2 39.2 Gr#13 2700 NTT
16-01-2024  60325.1 59.7 Gr#13 2700 NTT
16-01-2024  60325.1 59.8 Gr#13 2700 NTT
30-06-2024 604914 1779  Gr#l13 2700 NTT
30-06-2024 604914  178.0  Gr#13 2700 NTT
30-06-2024  60491.4  178.0  Gr#l13 2700 NTT
06-07-2024  60497.3 1822  Gr#1l6 2700 NTT
06-07-2024 604974 1822  Gr#l6 2700 NTT
02-01-2025  60678.1 310.6 e 2600 VLT

Note. Phase is given in rest-frame days with respect to the time of maximum
light in the o band. Observations are obtained either on the NTT telescope
using the EFOSC2 instrument, on the NOT with the ALFOSC instrument, or
using X-shooter on the Very Large Telescope (VLT).

6. Spectral Evolution

Figure 10 presents the postmaximum spectroscopic evol-
ution of SN 2023taz. The spectra at early times are dominated
by a hot, blue continuum, with relatively weak absorption
features from O superimposed. The spectral coverage
extends to 53 days postpeak, by which point the SN has
transitioned from the hot photospheric phase to the cooler
photospheric stage. The spectra still exhibit underlying
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Figure 10. The spectral evolution of SN 2023taz is shown in purple. The spectra have also been smoothed using a Savitzky—Golay filter, as shown in dark purple.
Comparison spectra of Gaial6apd, SN 2017egm, iPTF13ajg, and SN 2017dwh are also plotted. Average spectra from a sample of 234 events are plotted in black

(A. Aamer et al. 2025). Line identifications are highlighted with gray dashed lines.

continuum emission, but with O Il replaced by O 1, Mg1, Fe 11,
and Call. These two distinct phases are split into the top and
bottom panel of Figure 10, respectively. Unfortunately, the
coverage does not extend to the nebular phase of this object.

Blackbody models were also fit to these spectra, and
included in Figure 5. For the two spectra just after peak, the fits
were trimmed to only include wavelengths above 2800 A. This
was done due to the deep UV absorption line just below this
cutoff, which interfered with the fits and forced a lower
temperature fit that did not capture the shape in the optical.
Applying a modified blackbody fit did not alter the

11

temperatures significantly, with a largest deviation of
~700K. These temperatures are slightly lower than those
from the broadband SED fitting, but this may be due to the
spectra not extending as far blue and therefore not capturing
the peak of the SED well. This means we are only fitting to the
Rayleigh—Jeans tail in these spectra, making the temperature
much harder to constrain.

Examining the early spectra at 8—22 days after peak, in the
optical we can see the O II absorption lines blueshifted with a
velocity of 6000kms~'. This is lower than typical line
velocities measured for other SLSNe, typically around
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10,000-15,000kms~' (e.g., R. M. Quimby et al. 2018;
A. Gal-Yam 2019). The lines are also quite weak compared
to the continuum. The formation of the O II lines was found to
be temperature dependent, with the classic “W” shape
appearing for temperatures in the range 14,000-16,000 K
(R. Konyves-T6th 2022; R. Konyves-T6th & B. Seli 2023;
S. Saito et al. 2024). From SED fitting in Section 4.2 we can
see that the temperatures at the phases of these spectra are
below this threshold, explaining the weaker O II lines.

We show line identifications in Figure 10 extending into the
near-UV. Here, we can see a broad absorption line with a
minimum at 2672 A. This line has been attributed to Mgl
AN2798, 2803 ( L. Chomiuk et al. 2011; R. M. Quimby et al.
2011) with a possible contribution from CII (D. A. Howell
et al. 2013; P. M. Vreeswijk et al. 2014; P. A. Mazzali
et al. 2016).

Figure 10 also shows average SLSN spectra in different
time bins, constructed by A. Aamer et al. (2025) based on a
sample of 234 SLSNe. Comparisons have been plotted with
phases corresponding to the phases of SN 2023taz. We can see
that during the hot photospheric phase, the spectra show a
optical continuum shape that is similar to the average SLSN,
though the lines in SN 2023taz appear much narrower. This is
partially due to artificial line broadening in the average
spectrum from averaging many events with different velo-
cities. Comparisons to individual objects such as iPTF13ajg
(P. M. Vreeswijk et al. 2014), SN 2017egm (S. Dong et al.
2017; M. Nicholl et al. 2017a; D. Xiang et al. 2017; S. Bose
et al. 2018; W. Lin et al. 2023; J. Zhu et al. 2023), and
Gaial6apd (T. Kangas et al. 2017; M. Nicholl et al. 2017b;
L. Yan et al. 2017) also show that this event looks overall
similar to a typical SLSN but confirm the lower velocities.
These comparison spectra were selected because their optical
continua have similar temperatures and slopes to SN 2023taz.

By 30days postpeak, SN 2023taz has transitioned to the
cooler photospheric stage with more prominent emission lines
and P Cygni profiles, as shown in the lower panel of Figure 10.
At these latter phases we can make a more direct comparison
to the average spectra from A. Aamer et al. (2025). We see
many similarities in both the overall shape of the underlying
continuum and in the specific lines. There are visible P Cygni
profiles from a blend of Fe II around ?3600 A, Call A\\3934,
3968, and a weak feature at ~6300 A possibly due to [O1]
A6355. The feature around 4500 A is likely due to a blend of
Fe 11 with possible contributions from Mg I] M4571. However,
we note there are weaker Fe features around 5500 A compared
to the population average.

7. Investigation of the UV Deficit

We have established SN 2023taz to be an SLSN that is very
luminous but otherwise quite typical in the optical. Its most
surprising feature is the very red UV-optical color. We now
discuss possible physical origins.

Figure 4 indicated a UV flux deficit at early times, using the
UV-optical colors. We confirm this in the top panel of
Figure 11 wusing the early spectra of SN?2023taz and
comparison events with UV data from Figure 10. Although
SN 2023taz, Gaial6apd, SN 2017egm, and iPTF13ajg all show
quite similar optical spectra, the fluxes diverge in the UV.
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Figure 11. UV spectral comparisons for SN 2023taz, Gaial6apd,

SN 2017egm, and iPTF13ajg. The UVOT photometry for SN 2023taz are
the measurements taken closest to peak. Photometric upper limits are indicated
by inverted triangles. Top: observed optical and UV spectra around maximum
light. The optical sections of the spectra are comparable between the three
events, but they diverge in the UV, particularly in the depth of the Mg II
AN2798, 2803 feature. Bottom: the spectra for Gaial6apd, SN 2017egm, and
iPTF13ajg have been warped to blackbody temperatures of 8000 K, 9000 K,
and 9000 K, respectively. These temperatures were chosen to match the
continuum shape around the Mg 11 UV absorption line to that observed in
SN 2023taz. However, after this warping to match the near-UV, neither the
optical continuum shapes nor the far-UV fluxes are consistent with
SN 2023taz, showing that temperature differences alone cannot explain the
differences in the near-UV colors. Moreover, after matching the UV
continuum levels it is apparent that the EW of the Mg II absorption line is
significantly greater in SN 2023taz.

7.1. Extinction

One possible cause of a redder UV-optical SED is
extinction. Extinction curves of the MW include a prominent
bump thought to be due to the presence of graphite or
polycyclic aromatic hydrocarbons (B. T. Draine 2003). This
broad feature spans over 1000 A centered at 2175 A and
therefore would effect the observed flux in a wavelength range
corresponding roughly to the UVOT UVM2 filter. However, at
z=0.407, an observer-frame wavelength of 2175 A corre-
sponds to only ~1500 A in the SN rest frame, so it cannot
explain the suppression we see at longer rest-frame wave-
lengths of ~2000-3000 A (Figure 11).

Although the data have been corrected for foreground
extinction, host galaxy extinction was neglected in our SED
analysis in Section 4. Analysis of the host galaxy spectrum
(Section 3) suggested that this was negligible, but to further
confirm this we also check for NaI D absorption lines within
the spectrum, which are often used a tracer for line-of-sight
dust extinction (D. Poznanski et al. 2012). We find no evidence
for Nal absorption within the series of spectra. The lack of
absorption places limits on the extinction to <0.1 mag based
on the relation from D. Poznanski et al. (2012). The high
temperatures needed to match the optical-only color
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temperature for SN 2023taz also indicate that extinction is
unlikely to be the mechanism for the UV suppression, as this
would work to redden the whole spectrum.

Taken together, the lack of NaT absorption, the faint host,
the MOSFIT modeling, the color temperature evolution, and the
Balmer decrements all lead to the same conclusion: extinction
from the host galaxy or local environment is negligible, and
dust extinction cannot be the primary cause of the UV
suppression in SN 2023taz.

7.2. Temperature

One explanation for the lower UV flux levels could be due
to a lower temperature (though as discussed in Section 4.2 the
temperature measured from the optical data appears fairly
typical). To investigate this in more detail, we scaled the
spectra of Gaial6apd, SN 2017egm, and iPTF13ajg to match
the UV continuum shape on either side of the MgII line in
SN 2023taz. This is done by dividing the spectra by the best-fit
blackbody temperature (~17,000K, ~14,000K, and
~15,000 K, respectively), and multiplying by a new blackbody
with a lower temperature following the methodology in
M. Nicholl et al. (2017b). We show the results of these
transformations in the bottom panel of Figure 11. This allows
us to test how much cooler these SLSNe would need to be in
order to reproduce the near-UV colors of SN 2023taz.
Achlevmg a match to the UV spectrum between 2500 and
3000 A in SN 2023taz required scaling Gaialbapd to a
temperature of 8000 K, and SN 2017egm and iPTF13ajg both
to a temperature of 9000 K. Although the continuum shape can
be reproduced by the lower temperature, the depth of the Mg Il
line is difficult to reproduce. The warped spectra also have a
much lower flux at ~2000A than SN2023taz. Most
importantly, scaling to a cooler continuum also vastly alters
the optical SEDs, which no longer resemble SN 2023taz. The
spectra are also no longer physically self-consistent, as the
dominant O II lines would not form at these lower tempera-
tures. From this we can conclude that the colors of SN 2023taz
cannot be self-consistently reproduced by simply warping a
typical SLSN spectrum to a cooler temperature.

7.3. Absorption

Having ruled out extinction or a cooler photosphere as the
cause of the unusually red colors of SN 2023taz, we are left to
consider enhanced UV line absorption as an explanation for
the observed UV deficit.

Another object that showed a flux deficit in the UV
compared to most SLSNe is SN 2017dwh. However, as shown
in Figure 4, this event also had a much redder g — r color than
SN 2023taz. The spectra in Figure 10 show that the reason for
this is enhanced absorption from Fe-group elements, which
can be seen with the broad absorption trough from ColI at
~3200 A in the spectrum at +8.31 days (P. K. Blanchard et al.
2019). This transitions to more of an overall line blanketing in
the spectrum at +41.05 days, which can be seen by the
extremely red spectral shape. However, in the case of
SN 2023taz we do not see evidence for a large amount of
Fe-group elements both from the lack of Fell emission
~5500 A, but also the lack of absorption seen from this Co II
line. Instead another explanation is needed to explain this level
of UV absorption.
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The warping in Figure 11 indicated that enhanced absorp-
tion by intermediate-mass elements such as Mg could account
for some of the UV deficit. To quantify the strength of the UV
line absorption, we measured the pseudo-EW =of the broad
absorption feature centered around 2670 A, attributed primar-
ily to MgIl with possible contributions from CIL We
estimated the continuum as a straight line between the blue
and red peaks of the feature and integrated the fractional depth.
We find EW(Mg 11) ~ 75 A for SN 2023taz, compared to 47 A,
51 A, and 44 A for Gaial6apd, SN 2017egm, and iPTF13ajg,
respectively in the rest frame. In SN 2023taz, this absorption
feature is significantly stronger, appearing ~50% more
pronounced.

Assuming the line is not saturated, the EW scales with the
column density of the absorbing element. The implication is
that SN 2023taz has a larger quantity of intermediate-mass
elements, particularly Mg, above the photosphere at this
epoch. This could be the result of several factors. In typical
SLSN models, Mg is produced in the ashes of explosive
carbon burning. If the progenitor was highly stripped, with
most of the He and some of the C layers removed, this could
allow Mg-rich layers to be visible closer to the surface.
However, the deficit appearing at shorter UV wavelengths
(around 2400 A) where strong carbon lines are expected
(P. M. Vreeswijk et al. 2014; L. Yan et al. 2017), makes this
scenario less likely, as it would require both more Mg and C.

Alternatively, the UV suppression could reflect enhanced
mixing of Mg into the outer ejecta. One possible way to
increase mixing is a powerful central engine that drives fluid
instabilities (K.-J. Chen et al. 2016, 2020; A. Suzuki et al.
2021). This would be consistent with the high luminosity of
SN 2023taz, though it raises the question of why a similar
effect is not seen in Gaial6apd, a similarly luminous (if
shorter-lived) event.

A third possibility is that the photosphere in SN 2023taz has
receded further by peak light, into a deeper Mg-rich zone. This
is consistent with the low expansion velocities measured from
the O II lines, but perhaps in tension with the high luminosity,
which would typically sustain a more extended photosphere.

We cannot distinguish definitively between these scenarios,
but all suggest that the red UV-optical color in SN 2023taz is
best explained by unusually strong UV line blanketing rather
than differences in temperature or extinction. Obtaining
spectroscopy of future SLSNe further into the UV will help
to illuminate the reason.

8. Conclusions

The analysis in this paper focused on the SLSN SN 2023taz,
presenting optical and UV photometry and spectra obtained
across a period of over 300days. This event is one of the
brightest SLSNe to date with an absolute magnitude of
M peac = —22.75 &= 0.03 mag, and an estimated energy radiated
of E =29 x 10 erg. Light-curve modehng indicates that the
parameters required in the central engine theory are not
individually atypical, but when combined place SN 2023taz in

a unusual region of parameter space with Ry, = 2257033 ms,

log(B./G) = 13.737013, and M = 2.57704$ M. In the mag-
netar framework, SLSNe achieve high luminosities when the
spin-down timescale of the central engine and the photon
diffusion timescale of the ejecta are well matched, or when the
magnetar is born spinning near its maximal rotation rate. In the



THE ASTROPHYSICAL JOURNAL, 1001:181 (15pp), 2026 April 20

case of SN 2023taz, both of these conditions are met, placing it
near the upper end of the SLSN luminosity distribution.

SED fits to the multicolor light curves indicate high
temperatures reaching a peak of 16,600 + 4000 K just after
peak. Despite this high peak temperature, the UV color of this
event is the reddest observed for an SLSNe with a color
UVWI1 — r = 1.83 £ 0.23 compared to the population average
at this phase of UVW1 — r = —0.737032. This is despite a
relatively normal g — r color evolution compared to the
population.

Taking SLSNe with well-observed UV spectra and warping
these to match the UV spectral shape of SN 2023taz require
temperatures of ~8000-9000 K, inconsistent with the shapes
of their optical SEDs. This shows that a lower temperature
than other SLSNe cannot explain the UV deficit. Moreover,
there is no evidence for significant extinction in SN 2023taz,
and comparison to SN 2017dwh showed that iron line
blanketing does not produce the observed spectral shape.
The EW of the MgII absorption feature around 2800 A in
SN 2023taz is measured to be 75 A, significantly larger than in
Gaia1°6apd, SN 2017egm, and iPTF13ajg, which have EWs of
<50 A, suggesting that the UV deficit is most likely due to a
higher column density of Mg and potentially other inter-
mediate-mass elements.

Future surveys like LSST will find large numbers of SLSNe,
but the increase in detection rate comes from the ability of
deeper surveys to detect more distant events. LSST will detect
~10,000 SLSNe per year out to z ~ 3 (V. A. Villar et al.
2018). However, beyond z 2 1, optical observations will probe
only rest-frame UV emission, and beyond z 2 4 near-IR
observations will probe the rest-frame UV. Thus photometric
identification and spectroscopic classification will be required
based on rest-frame UV (K. Barbary et al. 2009; J. Cooke
et al. 2012; Y. C. Pan et al. 2017; M. Smith et al. 2018;
C. Curtin et al. 2019). The case of SN 2023taz highlights that
SLSNe may exhibit greater diversity in their UV properties
than previously appreciated, even when appearing typical in
the optical. This underlines the critical need for joint UV-
optical observations of low-redshift SLSNe. Understanding
how UV diversity correlates with optical features will be
essential to reliably identify and characterize these events as
we move into an era of high-redshift transient surveys.
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