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ABSTRACT

We present imaging and spectroscopic observations of supernova SN 2025wny, associated with the lens candidate PS1 JO716+3821. Photometric
monitoring from the Lulin and Maidanak observatories confirms multiple point-like images, consistent with SN 2025wny being strongly lensed
by two foreground galaxies. Optical spectroscopy of the brightest image with the Nordic Optical Telescope and the University of Hawaii 88-
inch Telescope allowed us to determine the redshift to be zgy = 2.008 + 0.001, based on narrow absorption lines originating in the interstellar
medium of the supernova host galaxy. At this redshift, SN 2025wny shows a very high rest-frame UV flux and broad spectral features even weeks
after the explosion, which is consistent with superluminous supernovae of Type I. We find a high ejecta temperature and depressed spectral lines
compared to other similar objects. We also measured, for the first time, the redshift of the fainter of the two lens galaxies (the ‘perturber’) to
be z, = 0.375 + 0.001, which is fully consistent with the DESI spectroscopic redshift of the main deflector at zqy = 0.3754. Thus, SN 2025wny
represents the first confirmed galaxy-scale strongly lensed supernova with time delays likely in the range of days to weeks, as judged from the
image separations. This makes SN 2025wny suitable for cosmography, offering a promising new system for independent measurements of the

Hubble constant. Following a tradition in the field of strongly lensed supernovae, we give SN 2025wny the nickname SN Winny.

Key words. Supernovae: general — Supernovae: individual: SN 2025wny — Cosmology: distance scale — Gravitational lensing: strong

1. Introduction

The persistent tension in measurements of the Hubble constant,
Hj, most notably between the local distance ladder using Type la
supernovae (SNe) from SHOES (e.g. Riess et al.|2022)) and early
Universe inferences from Planck cosmic microwave background
observations (Planck Collaboration et al.|[2020), highlights both
gaps in our understanding of cosmology and the need for in-
dependent probes (e.g. Moresco et al.|[2022} |Verde et al.|2024)).
Astrophysical transients, such as SNe, that are strongly lensed
by foreground galaxies or galaxy clusters into multiple, time-
delayed images offer a particularly powerful way to measure H
and other cosmological parameters (Refsdal|1964). The time de-
lays between the multiple transient images together with a lens
model of the total mass distribution, yield a direct measure-
ment of the time-delay distance (Suyu et al.|[2010) and hence
Hy, which is independent of both the distance ladder and early
Universe measurements (see recent reviews by e.g. Oguri/|2019;
Treu et al.|2022; Suyu et al.|2024)

Due to the rarity of strongly lensed SNe, the time-delay
method has been demonstrated through lensed quasars in-
stead, which are more abundant (e.g. Suyuetal| [2017;

Wong et al.| [2020; |Birrer et al.| 2020; Millon et al.| [2020;
Tdcosmo Collaboration et al.|[2025). The past decade has seen
rapid progress in the discovery of strongly lensed supernovae
following the first detection of SN Refsdal (Kelly et al.|[2015).
Since then, the number of known systems has grown to
nearly ten; most of these SNe are lensed by galaxy clusters
(e.g. |Rodney et al| [2021; |Chen et al.| 2022} [Frye et al.| [2023;
Pierel et al.| 2024), and only two systems are lensed by in-
dividual galaxies (Goobar et al.| 2017, 2023). Three of the
galaxy-cluster systems have yielded the first Hy, measure-
ments from lensed SNe (Kelly et al.| 2023} |Grillo et al.| 2024}
Liu & Oguri| 2025; [Pascale et al.| 2025 |Pierel et al.| 2025
Suyu et al.| |2025; Agrawal et al.| 2025). The two previously
known galaxy-scale systems, iPTF16geu and SN Zwicky, had
short time delays of < 1day (Dhawan et al.|2020; [Pierel et al.
2023), which were not suitable for precision cosmography.
With lensed SNe becoming an observational reality, we initi-
ated the HOLISMOKES programme (Highly Optimised Lensing
Investigations of Supernovae, Microlensing Objects, and Kine-
matics of Ellipticals and Spirals; [Suyu et al.|2020). The goals of
the programme are to (1) measure the Hubble constant through
the lensing time delays of SNe and (2) constrain the properties
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of SN progenitors by using lensing time delays as a cosmic time
machine, enabling early phase observations of trailing SN im-
ages soon after their explosion.

Not only are lensed SNe an excellent probe of cosmology
and SN progenitors, but the lensing effect also provides an ampli-
fied SN flux and a magnified view of their host galaxies. In fact,
lensing clusters and galaxies have been used as natural cosmic
telescopes to study distant sources that would otherwise be too
faint to be observed with existing facilities (e.g. [Vanzella et al.
2017; Mestri€ et al.| 2023 Messa et al.|2025). As an example,
Dhawan et al.| (2024) showed that SN Encore, a Type Ia SN at
z = 1.949, has a similar spectrum compared to those of local
SNe, suggesting no cosmic evolution for the use of SNe Ia as a
cosmological probe.

In this paper, we present a characterisation of SN 2025wny,
the first galaxy-scale strongly lensed SN, which turns out to be
a superluminous SN (SLSN). Its spatially resolved multiple im-
ages and time delays make it suitable for high-precision cosmog-
raphy. In Sect. 2] we summarise the discovery and key proper-
ties of the supernova and lens system. Sect. [3] describes follow-
up imaging, and Sect. [ presents follow-up spectroscopy. We
present redshift determinations for SN 2025wny and the second
lens galaxy along with the SN classification in Sect. [5] Finally,
we present a summary and outlook in Sect. [6]

2. SN 2025wny discovery

The Zwicky Transient Facility (ZTF; Bellm et al.[2019) first de-
tected SN 2025wny on August 27, 2025 (ID ZTF25abnjznp),
but the Gravitational-wave Optical Transient Observer (GOTO;
Dyer et al.|2024) team first reported it to the Transient Name
Server (TNS) on September 1, 2025 (ID GOTO25gqt). Based
on Liverpool Telescope observations on October 3, 2025 (MJD
60951.21), the source was reported as a likely strongly lensed
transient at RA = 07h 16m 34.500s and DEC = +38d4 21m 08.11s,
designated AT 2025wny (Wise et al.|2025). Three point-like im-
ages were identified within ~2 arcsec from the strong lens can-
didate PS1J0716+3821 (reported by our team, where we specif-
ically searched for wide-separation lens systems as potential
hosts of lensed transients that would be useful for cosmology;
Canameras et al.|2020), and photometry of the brightest multiple
image (A, see Fig. [I) yielded magnitudes of g = 20.42 + 0.04,
r =19.60 + 0.03, and i = 19.54 + 0.03 (Wise et al.|2025)).

The deflector is composed of a main lens and a smaller per-
turber galaxy, respectively labelled as G1 and G2 in Fig.[2] Wide-
field imaging (from e.g. Pan-STARRSI, [Chambers et al.|[ 2016}
Legacy Surveys DR9, Dey et al|[2019} and see Fig. [I) shows
that the lens system lies in a rich environment (see also Fig. [3)),
with tens of galaxies exhibiting similar colours and photometric
redshifts. Archival data from the Canada-France-Hawaii Tele-
scope (CFHT; |Gwyn|2012)) from 2005 revealed four lensed im-
ages of the SN host galaxy in a cusp-like configuration (Fig. [3).
The redshift of G1 has been spectroscopically confirmed by the
Dark Energy Spectroscopic Instrument (DESI; Levi et al.|2013]
DESI Collaboration et al.|[2016)) at zg = 0.3754, while G2 has
a photometric redshift of zppho: = 0.32 from the Dark Energy
Camera Legacy Survey (DECaLS) DRY imaging (Zhou et al.
2023).

Our team identified the transient as a possible lensed
SN by cross-matching our lens-candidate list with Lasair
(Smith et al.[2019) on September 21, 2025. Given its match with
PS1 J0716+3821, SN 2025wny is the first detection of a wide-
separation, galaxy-scale strongly lensed SN resulting from the
search approach presented by (Canameras et al.| (2020), which
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comprised (i) the systematic classification of all 3 billion sources
detected in the Pan-STARRS 37 survey with deep learning, (ii)
the selection of high-quality strong-lens candidates, and (iii)
their continuous positional cross-matching with the public ZTF
alert stream. Here, we present our first follow-up imaging and
spectroscopic data, which we obtained despite a series of techni-
cal and meteorological obstacles.

3. Follow-up imaging

After identifying SN 2025wny as a promising lensed-SN candi-
date, we triggered follow-up imaging on September 29, 2025, at
the Lulin Observatory (see Sect. @ and on October 15, 2025, at
the Maidanak Observatory (see Sect.[3.2). In addition, we started
monitoring with a two- to three-day cadence using the 1.3 m
COLIBRI telescope (Basa et al. 2022ﬂ on October 15, 2025, in
the rz bands, which was later extended to the riz bands. The
2.5m Wide Field Survey Telescope (Wang et al.|[2023) started
observing SN 2025wny every two to three nights in the ugr fil-
ters on October 8, 2025, and the 1 m telescope at the Altay Ob-
servatory contributes gri-band observations. Finally, we started
weekly imaging observations in grizJ with the Three Channel
Imager (3KK; [Lang-Bardl et al.| 2016) mounted on the 2.1 m
Fraunhofer Telescope at Wendelstein Observatory (Hopp et al.
2014). We provide a brief overview of the first imaging data be-
low, while full details will be presented in a forthcoming publi-
cation once the imaging campaigns are completed. At that time,
we will also provide all the magnitude measurements, the full
light curves, and the measured time delays between the different
strongly lensed images.

3.1. Lulin Observatory

We began our first imaging campaign on September 29, 2025,
with the Lulin One-meter Telescope (LOT) at the Lulin Obser-
vatory as part of the DETECT (DESI Transient Event Cross-
matching Tool) program (Y.-H. Lee et al., in prep.). Since then,
we have obtained multiple epochs of gri-band imaging. The im-
ages were reduced following a standard procedure using a cus-
tomised pipeline including bias subtraction, dark correction,
and flat-fielding. Figure [I| shows the first 7-band image taken on
September 29, 2025, obtained under good observing conditions
(full width at half maximum, FWHM, = 1.04 arcsec) with an ex-
posure time of 10 min. We used AutoPhOT (Brennan & Fraser
2022) to perform the template subtraction. A difference image
between this new observation and a Pan-STARRS1 image, serv-
ing as a template image without the lensed transient, clearly re-
veals the three transient images A, B, and C, and a marginal
detection of image D (see Fig.[I] right panel). Therefore, this ob-
servation confirms that SN 2025wny is indeed strongly lensed.
We measured r-band AB magnitudes of 19.6 mag, 21.3 mag,
21.5 mag for images A, B, and C, respectively.

3.2. Maidanak Observatory

Starting from October 15, 2025, we expanded our monitoring
campaign by using the 1.5 m telescope of the Maidanak Obser-
vatory (Uzbekistan) (Ehgamberdiev|[2018). We obtained imag-
ing data in the V, R, and [ filters (Im et al.|[2010), each with

! COLIBRI is a Franco-Mexican telescope at the Observatorio Na-
cional Astronémico San Pedro Martir, Baja California, México, in op-
eration since January 2025.

2 https://hdl.handle.net/11296/98q6x4
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Fig. 1: Image of SN 2025wny in the 7-band obtained at the Lulin Observatory with LOT on September 29, 2025 (left), Pan-STARRS|1
reference image (middle), and difference image after subtraction (right). Very bright stars have been masked. The images cover an
area of roughly 9 arcmin?, with north being up and east to the left. The SN images A to D are labelled on a zoomed-in view of the
difference image. Image A is located at RA =07h 16m 34.500s and DEC = +384 21m 08.11s.
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Fig. 2: Colour composite VRI-band image of SN 2025wny ob-
tained at the Maidanak Observatory. The four visible SN images
are labelled A, B, C, and D (in order of decreasing brightness),
and the two foreground deflector galaxies are indicated as Gl
and G2. Top: Observed image. Bottom left: The deflectors after
subtracting SN and host light using Moffat profiles (with joint
shape parameters). Bottom right: The SN images after subtract-
ing the light of G1 and G2 using a single Sérsic profile each.
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Fig. 3: Archival CFHT image from 2005 (Gwyn/[2012) show-
ing the two deflector galaxies G1 and G2 and the four strongly
lensed images of the SN host galaxy. A colour image generated
from COLIBRI-telescope riz-band data is included to facilitate
comparison between the positions and brightnesses of the differ-
ent SN and host-galaxy images.

about 30min exposure time. Figure [2] (top) shows a colour
composite of our first epoch of VRI data obtained under very
good seeing conditions (FWHMy = 0.96 arcsec, FWHMg =
0.72 arcsec, FWHM| = 0.83 arcsec). In the bottom-left panel of
Fig. 2] we show the light of the lens galaxies G1 and G2, and in
the bottom-right panel, we show the SN (plus host) images only.

We measured V-, R-, and /-band Vega magnitudes of 20.31 +
0.02 mag, 19.48 + 0.01 mag, and 19.17 + 0.01 mag for image A
using point spread function (PSF) photometry with Moffat func-
tions (Moffat|1969). The reference star used for the photometric
calibration is at RA=07h16m34.78s DEC = +38d20m 51.0s,
with magnitudes of G = 17.781, BP = 18.538, and RP =
16.858 from Gaia DR3 (Gaia Collaboration et al.| [2021). We
transformed the Gaia magnitudes into the Johnson-Cousins sys-
tem using the equations from Riello et al.|(2021)). The uncertain-
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ties were estimated based on the background noise and the PSF
fitting residuals and are purely statistical. The reported magni-
tudes include some contamination from the underlying SN host
galaxy, but given the brightness of SN image A relative to the
host, the host contribution is at most a few percent. Difference-
imaging magnitudes as well as magnitudes for the remaining im-
ages and for galaxies G1 and G2 will be presented in a forthcom-

ing paper.

4. Spectroscopic observations with NOT and UH88

Optical spectroscopy of SN 2025wny image A was obtained
with the 2.56 m Nordic Optical Telescope (NOT) + ALFOSC as
part of the NOT Un-biased Transient Survey 2 (NUTSQED pro-
gramme on October 11, 2025 (MJD 60959.16). Two exposures
of 1800 s each were taken with grism 4 and the 1.0 arcsec slit, re-
sulting in a wavelength range from 3300 to 9700 A and a spectral
resolution of R ~ 350. The slit was aligned along the parallac-
tic angle, which serendipitously included part of the perturber
galaxy (G2 in Fig. [J), for which no spectroscopic redshift was
known before.

The data were reduced following standard procedures in
IRAFE] followed by an optimal, variance-weighted extraction of
the spectra with the IRAF task apall. Wavelength calibration
was accomplished with a HeNe arc-lamp spectrum and checked
against night-sky emission lines. A spectrum of the spectropho-
tometric standard star BD+17d4708, obtained during the same
night with an identical setup, was used for flux calibration and
telluric correction. We checked the flux calibration against the
Maidanak photometric observations of October 15 (Sect. [3.2)
and found that the synthetic colours match the observed ones
at the 2% level P

A second spectrum with the NOT + ALFOSC was ob-
tained on October 19, 2025 (MJD 60967.18), thanks to con-
tributed programmes 68-804 and 71-804. This time, grism 18
was used in combination with the 1.0arcsec slit to achieve a
higher resolution of R ~ 1000 for the blue part of the spectrum
(3450 — 5350 A). The slit was aligned to include images A and
C, and the exposure time was 2 X 2400 s. The data reduction was
carried out in the same way as for grism 4, with the standard star
He 3 used for flux calibration. Both spectra are shown in Fig. 4]

Additionally, integral field spectroscopy (IFS) of the
SN 2025wny system was obtained on October 16, 2025 (MJD
60963.59), with the University of Hawaii 88-inch Telescope
(UHS88) and the SuperNova Integral Field Spectrograph (SNIFS;
Lantz et al.|2004). SNIFS has a microlens array of 15 X 15 spax-
els, each 0.43 x 0.43 arcsec?, giving a total field of view of
6.4 x 6.4 arcsec’. This covers the entire SN 2025wny system,
so the exposures contain the four SN images and the two lensing
galaxies. The light is divided into blue (B) and red (R) chan-
nels, nominally spanning 3300 — 5150 A and 5100 — 9700 A,
respectively. The corresponding spectral resolutions are 52A
and 7.2 A. Four exposures of 30 min each were obtained, during
which the seeing was in the range 1.1—1.3 arcsec FWHM (which
is somewhat worse than usual due to a warm primary mirror fol-
lowing an extended telescope shutdown). The combination of

3 https://nuts.sn.ie/

4 NOIRLab IRAF is distributed by the Community Science and Data
Center at NSF NOIRLab, which is managed by the Association of Uni-
versities for Research in Astronomy (AURA) under a cooperative agree-
ment with the U.S. National Science Foundation.

5 This is not to claim that our photometry and spectral flux calibration
reach this level of accuracy.
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passing cirrus and moonlight further lowered the signal-to-noise
ratio (S/N).

The SNIFS pipeline takes associated arcs and flats and con-
structs a 3D data cube of a,d, . Whereas PSF photometry is
usually used to extract SNe after subtracting a reference data
cube obtained a year or more later (Bongard et al.|[2011), this
was not possible at this stage, so aperture extraction was used
instead. To optimise the S/N and minimise the impact of posi-
tion errors while avoiding contamination from the lensing galaxy
and other sources, a 2 arcsec diameter aperture (i.e. a radius of
~0.8 FWHM) was used (Howell||1989; King et al.|2013). The
aperture locations were set separately for the B and R channels,
but they were not corrected for atmospheric differential refrac-
tion as a function of wavelength within a channel. The maximum
effect of this simplification is well below the noise and can be
removed altogether in a future analysis that includes a reference
data cube or model for the lensing galaxy. With each spectral
extraction, the variance spectrum was estimated from the photon
statistics and detector noise. As the S/N was similar for all four
spectra, they were summed to produce the spectrum shown in
Fig. [ Flux calibration and telluric corrections used the pipeline
defaults (Buton et al.[2013)). Note that for this provisional reduc-
tion, the dichroic crossover region between 5000 and 5400 A has
not been fully corrected. Here, we show the spectral extraction
only for image A, as the others yielded much lower S/N values
and also had stronger contamination from the lensing galaxy.

5. Results
5.1. The redshift of SN 2025wny

Measuring the redshift of SN 2025wny turned out to be chal-
lenging at first since with the broad, blended spectral features
in the blue part and the almost featureless continuum above
~7000 A (observer frame) in our NOT spectrum of October 11,
2025, the correct SN classification was not immediately obvi-
ous (see Fig. @). The only constraint from strong lensing with
a deflector at zg = 0.375 was that the redshift of the tran-
sient was most likely > 0.5. Various SN classification codes
(SNID, Blondin & Tonry| 2007; GELATO, Harutyunyan et al.
2008; NGSF, [Howell et al.| 2005}, (Goldwasser et al.|[2022) were
used to classify the transient, but they all failed to provide
compelling matches due to the lack of comprehensive spectral
databases of SNe in the rest-frame UV.

Therefore, the key to the SN redshift could only come from
narrow absorptions in the interstellar medium of the SN host
galaxy. The most prominent narrow absorption in our NOT spec-
trum of October 11, 2025, is located at 4663 A, and while it
is not resolved, its FWHM is larger than expected for a sin-
gle line. The most obvious guess for the nature of this line was
Mg 412796, 2803, which would have set the SN at a redshift
of z = 0.665. To verify or reject this hypothesis, we obtained a
higher-resolution spectrum on October 19, 2025, in which the
feature is clearly separated into two absorptions. The separa-
tion, hov&iever, which we measured to be ~7 A, is smaller than
the ~12 A expected for Mgu. A convincing match was finally
found for C1v 411548, 1551 at zgyy = 2.008 + 0.001, which is
further supported by the detection of C 241335, 1336 and the
unresolved Mg 142796, 2803 at the same redshift (Fig. E} bot-
tom panels).
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Fig. 4: Spectra of SN 2025wny obtained with NOT + ALFOSC and UH88 + SNIFS. A spectrum of the SLSN-I SNLS-06D4eu from
Howell et al.| (2013) is included for comparison, plotted once with and once without an offset relative to the SN 2025wny spectrum
of October 11. SNLS-06D4eu provides the best match with SN 2025wny. Line identifications for SNLS-06D4eu have been adopted
from [Howell et al.| (2013)) and [Mazzali et al (2016)), but we note that in SN 2025wny, the absorptions marked by the blue-shaded
bands are weaker and more strongly blueshifted. The three inserts at the bottom of the image show zoom-ins on narrow absorption
lines from the ISM in the host of SN 2025wny. We used them to determine the redshift of the SN, which is zgy = 2.008 + 0.001.

5.2. The redshift of the perturber galaxy

Besides the redshift of the strongly lensed SN also the redshift
zp of the second deflector galaxy G2 (the perturber) was pre-
viously unknown. Until now, only a photometric redshift esti-
mate of zppnot = 0.32 from DECaLS was available. However,
accurately knowing the redshift of G2 is crucial for determin-
ing its effect on multiple image positions, lensing magnifica-
tions, and time delays. The fact that G2 was also included in
the slit in the October 11 NOT spectrum allowed us to deter-

mine, for the first time, its spectroscopic redshift. Unfortunately,
G2 is faint and was not perfectly centred in the slit, resulting in
alow S/N of the extracted spectrum, yet the most important fea-
tures of a passive-galaxy spectrum (Can H&K, Balmer break, G
band, Mg1, Na1 D) can be clearly identified. Fig. [5] shows the
NOT spectrum with a Sloan Digital Sky Survey (SDSS) Data
Release 5 (Adelman-McCarthy et al./[2007) template spectru

of an early-type galaxy overlaid. From this match, we infer a

® https://classic.sdss.org/dr5/algorithms/spectemplates/
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Fig. 5: October 11 NOT spectrum of the second deflector galaxy
G2 (‘perturber’), rebinned to a 10 A bin size. An SDSS DR5
template spectrum of an early-type galaxy shifted to a redshift
of z, = 0.375 + 0.001 is superimposed. Can H&K, the Balmer
break, the G band, Mgr1, and Na1 D are clearly detected.

redshift z, = 0.375 + 0.001 for the perturber G2, where the un-
certainty reflects the S/N of the NOT spectrum, the fact that the
core of G2 was not centred in the slit, and possible inaccuracies
in the wavelength calibration. The redshift of G2 is fully consis-
tent with the spectroscopic redshift of the main lens G1. Hence,
these two galaxies likely form a physical system.

5.3. A particularly UV-bright superluminous SN

With the redshift established, we continued our quest of deter-
mining the true identity of SN 2025wny. At zgy = 2.008 +0.001,
the entire observed optical spectrum probes the rest-frame UV.
Clearly there is no strong UV flux suppression or line blanketing
as for most conventional SN types, especially SNe Ia. Instead,
the spectral energy distribution (SED) peaks between 1300 and
2300 A (rest-frame wavelength). A comparison of the October
11 spectrum to blackbody curves (Fig. [6) suggests very high
ejecta temperatures of at least ~17 000 K. Moreover, since the
spectrum was taken 45 observer-frame days after discovery, cor-
responding to 15 rest-frame days, the high temperatures and UV
flux were not just observed for a brief moment shortly after the
explosion but persisted for several weeks.

The only class of SNe consistent with these characteristics
are SLSNe, especially SLSNe-I. These objects, which were first
identified as a distinct class by |(Quimby et al.|/in 2011, are usually
explained by the explosion of very massive stars or the forma-
tion and subsequent spin-down of a magnetar (e.g. Inserra et al.
2013). They are UV-bright during their entire rise and around
their peaks, a phase that often lasts for about 30 — 50 days (e.g.
Gomez et al.[2024). Below 2000 A, they are typically one to two
orders of magnitude more luminous than other SN types, even
when normalised to the same flux at optical wavelengths (see,
e.g. Fig. 8 of [Yan et al.|2017). Their peak absolute magnitudes
at rest-frame optical wavelengths typically range from —20 to
-22.5 (Gomez et al.|[2024)), which makes them observable even
at large distances. Accordingly, photometrically typed SLSNe-I
have been observed out to a redshift z ~ 4 (Cooke et al.|[2012),
whereas for spectroscopically confirmed events, the record hold-
ers are DES16C2nm at a redshift z = 1.998 (Smith et al.|[2018)),
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Fig. 6: Spectrum of SN 2025wny of October 11, 2025, with
blackbody spectra for different temperatures overlaid. The spec-
tra have been normalised at 2900 A. An exact determination of
the ejecta temperature is hampered by the strong and broad spec-
tral features blueward of 2000 A and the fact that the true con-
tinuum likely departs from a blackbody function. Still, we tenta-
tively favour a temperature > 17 000 K.

with several high-S/N spectra, and HSCl6adga at z = 2.399
(Curtin et al.| 2019), whose redshift and classification are on
more shaky grounds given the extremely low S/N. With our spec-
troscopically confirmed redshift of 2.008 + 0.001, SN 2025wny
is therefore among the most distant spectroscopically confirmed
SLSNe, making this a prime example of how strong lensing
can help study transients that would otherwise be mostly out of
reach.

We note that SN 2025wny is somewhat special among
SLSNe-I, as it features an unusually smooth UV spectrum. The
part between 2200 and 3200 A is particularly featureless — a re-
gion where most SLSNe-I show several prominent broad spec-
tral lines (e.g. [Howell et al.|2013} |Yan et al.|2017). However, as
shown in Fig. 4] we do find a convincing spectral match with
the SLSN-I SNLS-06D4eu (Howell et al.| 2013)), whose spec-
tral features redward of 2200 A are also strongly depressed.
With a peak absolute magnitude of My = —22.7 and its high
UV flux, SNLS-06D4eu is quite extreme even by SLSN stan-
dards. Howell et al.| (2013)) estimated a blackbody temperature
of 13500 - 14 000K at the time the spectrum was taken (17 rest-
frame days prior to the U-band peak), implying an SED peak of
around 2100 A. However, this may actually be an underestimate.
In the wavelength region that SNLS-06D4eu and SN 2025wny
have in common, the continuum overlaps very well (Fig. ), but
the SN 2025wny spectrum reaches further into the UV thanks to
its higher redshift and shows significant emission below 1700 A,
thus favouring blackbody temperatures > 17 000K to be prop-
erly reproduced (Fig.[6). A higher temperature is also supported
by spectral modelling of SNLS-06D4eu by|Mazzali et al.|(2016)),
who inferred a blackbody temperature of 18 000 K, the highest
among their sample of SLSNe-I.

The main spectral differences between SNLS-06D4eu and
SN 2025wny concern the strengths and positions of three spec-
tral lines near 1900, 2200, and 2700 A (marked by blue-shaded
bands in Fig. ). These lines are significantly shallower and
more strongly blueshifted in SN 2025wny. Howell et al.| (2013))
employed SEDONA radiative-transfer calculations (Kasen et al.
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2006) of chemically homogeneous ejecta to identify these fea-
tures as blends of mostly carbon lines, with contributions from
magnesium and iron.[Mazzali et al.|(2016)) largely confirmed this
identification. However, they found a smaller contribution from
singly ionised carbon due to the high temperature. They further
attributed the feature near 1700 A to resonance lines of doubly
ionised aluminium and silicon. This feature is strong regardless
of the overall ejecta composition since it already forms at a so-
lar metal abundance (Howell et al.|[2013). Howell et al. (2013)
showed that the entire UV spectrum of SNLS-06D4eu can be
well reproduced with a composition that is a mix of carbon and
oxygen, with a solar admixture of heavier elements. Helium-
dominated ejecta do not show the prominent carbon features and
lead to an overall smoother appearance since all helium lines in
the respective wavelength range turn out to be weak at the given
density and temperature (see Fig. 12 of [Howell et al.[2013)).
This finding might actually be key to understanding the dif-
ferences between SNLS-06D4eu and SN 2025wny. If the ejecta
in SN 2025wny were more helium-rich and had a lower abun-
dance of carbon and oxygen, the weakness of the carbon lines
could be explained naturally. Alternatively, the differences in the
strength of particular lines and their position could also arise
from higher ejecta velocities in SN 2025wny or from a phase
mismatch since we do not yet have sufficiently good photomet-
ric coverage to determine the phase of image A of SN 2025wny.

5.4. The odds of finding a strongly lensed superluminous SN

In the local Universe, superluminous SNe are extremely rare,
but [Prajs et al.| (2017) showed that their rate increases with red-
shift, which is also consistent with the finding that their host
galaxies are predominantly metal poor (e.g. (Chen et al.[[2013).
However, even at z ~ 1, their rate is only a few times 10~ of
the volumetric rate of core-collapse SNe at the same redshift
(Prajs et al.|2017}; [Frohmaier et al.2021)). Given this extreme rar-
ity, one might wonder whether the detection of a strongly lensed
SLSN is just a remarkable coincidence (reminiscent of the first
gravitational wave detection of a neutron star merger and its
electromagnetic counterpart; |/Abbott et al.|2017) or whether one
might expect to find them more regularly in strong-lensing sys-
tems in the future. Without going into any detailed rate calcu-
lations, which are beyond the scope of this paper, we want to
lay out a few arguments regarding why strongly lensed SLSNe
might be discovered more frequently than previously thought de-
spite their low intrinsic rate:

— Firstly, SLSNe are by far the most luminous SNe. Even at
rest-frame optical wavelengths, they are about 2 mag more

luminous than typical SNe Ia.
— They are also extremely UV-bright before and around their

peaks. Their UV-optical colours are 3 — 4 mag bluer than
those of SNe Ia (see, e.g. Fig. 8 of [Yan et al|[2017). At
z 2 1.5, the observed optical light corresponds to the rest-
frame UV regime. Hence, optical transient surveys such as
ZTF and the Rubin Observatory Legacy Survey of Space
and Time (LSST) are biased to detect UV-bright transients

at those redshifts.
— If we make a thought experiment and replace SN 2025wny

by a normal SN Ia at the same location and redshift, its ob-
served r-band peak would be 5 — 6 mag fainter than that of
SN 2025wny. Hence, even the highly magnified image A
would peak around 25 mag, whereas images B to D would
peak closer to 27 mag. This is much fainter than the 50 de-
tection limit of LSST in single frames (~ 23 — 24 mag, de-
pending on the band).

— Superluminous SNe have intrinsically slowly evolving light
curves, which are stretched out even more due to time di-
lation at high redshift. It is therefore very unlikely to miss
a strongly lensed SLSN because of bad weather, technical
failures, or even the seasonal gap.

— Little is known about the rate of SLSNe beyond redshift 1,
but based on extrapolation of the trend from lower-redshift
rate studies, they arguably might be more common beyond
that point.

Present simulations of lensed-SN rates and detec-
tion prospects in ongoing and future transient surveys
(Oguri & Marshall| 2010; Woijtak et al.| |2019; |Arendse et al.
2024; Bag et al.[2024; Dong et al.|[2024)) do not consider SLSNe
as a class, probably due to their low volumetric rate. Following
the discovery of SN 2025wny, repeating such calculations for
SLSNe would certainly be warranted.

6. Summary and outlook

We have presented the first characterisation of SN 2025wny,
the first confirmed galaxy-scale strongly lensed supernova with
expected time delays of days to weeks. The system consists
of four lensed SN images produced by a two-galaxy deflector
(G1 + G2), and the spectrum of the transient is consistent with
an SLSN at zgy = 2.008 + 0.001. The fact that an SLSN, de-
spite being intrinsically rare among all types of SNe, is one of
the first galaxy-scale lensed SN systems to be detected is likely
due to selection effects. Given the current limiting depth of the
ZTF survey, only the brightest SNe are expected to be spatially
resolved and detected when strongly lensed.

We have also presented key information on the G1 + G2 sys-
tem. The measured spectroscopic redshift for G2 (z, = 0.375 +
0.001) helps us understand its impact on the image positions,
magnifications, and time delays, and is thus a critical ingredient
for modelling this complex lens system.

The immediate priority regarding further follow-up obser-
vations of SN 2025wny is a continued high-cadence photomet-
ric monitoring to measure the time delays between the multiple
SN images. Ongoing observations with Maidanak, Lulin, COL-
IBRI, and Wendelstein will deliver the required densely sampled
light curves. In addition, spectral monitoring of the evolution of
the multiple SN images can also be used to determine the time
delays (e.g. Bayer et al.|[2021} Johansson et al.[2021; Chen et al.
2024). High-resolution imaging of this system from adaptive-
optics assisted ground-based facilities or space-based observa-
tories will also be important for detailed lens mass modelling.
Both the Hubble Space Telescope (Programme ID 17611; PI:
Goobar) and the James Webb Space Telescope (Programme ID
5564; PI: Goobar) were triggered to obtain follow-up imaging
and IFS (Wise et al.[2025). The combination of time delays, lens
mass modelling, and lens environment analysis has the potential
to provide an independent and competitive determination of the
value of Hj.

With the discovery of this first galaxy-scale lensed SN
system suitable for cosmography, we are entering a new and
exciting era. The discovery demonstrates the effectiveness of
our lensed SN search strategy in HOLISMOKES, which con-
sists of identifying static strong-lens systems in imaging sur-
veys, cross-matching them to transient alerts, and flagging
the cross-matches as lensed SN candidates (Shu et al.| 2018
Canameras et al.|[2020). With the imminent start of the LSST,
we anticipate that approximately ten lensed SNe Ia per year will
be discovered that are useful for cosmography (Arendse et al.
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2024), and the combination of Euclid and LSST will be an ef-
fective way to find lensed SNe (Sainz de Murieta et al.| 2024)).
A sample of ~20 lensed SNe Ia will not only enable rigorous
testing of the time-delay methodology applied to lensed quasars
but will also yield a measurement of Hy with a 1% uncertainty,
which is crucial for resolving the Hubble tension (e.g./Suyu et al.
2024)).

For future reference, we propose the name ‘SN Winny’ for
SN 2025wny to make this interesting object easier to remember.
The name ‘Winny’ arises from its designation and evokes
warmth and companionship — a gentle light in the dark. Given
its distant, radiant glow, we deem this name very appropriate.

We note that during the final preparation of this manuscript,
a TNS AstroNote (Johansson et al.| [2025b) and classification
report (https://www.wis-tns.org/object/2025wny/classification-
cert) were published that independently confirm our results on
both the redshift and classification of SN 2025wny. Moreover,
one day after this work appeared on arXiv, Johansson et al.
(2025a) published a similar but independent analysis of
SN 2025wny based on a separate dataset on the preprint server.
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