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ABSTRACT

We present photometric and spectroscopic observations of the luminous red nova (LRN) AT 2025abao, the fourth discovered in M 31.
The LRN, associated with the asymptotic giant branch (AGB) star WNTR23bzdiq, was discovered during the fast rise following the
minimum phase. It reached its peak at g = 15.1 mag (Mg = −9.5 ± 0.1 mag), and then it settled onto a long-duration plateau in
the red bands, lasting 70 days, while it was slowly linearly declining in the blue bands. At the peak the object showed similarities
with the canonical LRNe V838 Monocerotis, V1309 Scorpii, and the faint and fast-evolving AT 2019zhd, which is the third LRN in
M31, though the later evolution is different. Spectroscopically, AT 2025abao evolved as a canonical LRN: the early spectra present
a blue continuum with narrow Balmer lines in emission; at the peak, the spectral continuum had cooled to a yellow colour, with a
photospheric temperature of 6000 K. Balmer lines had weakened, while absorption lines from metals (Fe i, Fe ii, Sc ii, Ba ii, Ti ii)
had developed, and they were particularly broad from the UV Ca ii H&K lines. Medium- and high-resolution spectra reveal narrow
(∼50 km s−1) absorption and broad (∼450 km s−1) emission profiles in the Balmer lines, from a slower wind and a faster outflow,
respectively. Finally, late-time spectra show an orange continuum (T ∼ 4000−5000 K), a return in strength of the Balmer lines and the
formation of molecular absorption bands. AT 2025abao is the rare case of an LRN with detailed archival information regarding the
progenitor system. For the first time, we obtained the spectral energy distribution in the infrared of the precursor of an LRN, which
is consistent with that of an M giant/AGB. We propose that the dichotomy of light-curve behaviour in LRNe (two peaks vs. plateau)
can be explained by the extent and H-richness of the common envelope.

Key words. techniques: photometric – techniques: spectroscopic – stars: AGB and post-AGB – binaries: general –
supernovae: individual: AT 2025abao – galaxies: individual: M 31

1. Introduction

Luminous red novae (LRNe; Kulkarni et al. 2007) are astro-
physical transients likely resulting from the coalescence of
two non-degenerate stars due to the loss of systemic angu-
lar momentum following the ejection of a common envelope
(e.g. Tylenda et al. 2011; Ivanova et al. 2013b,a; Kochanek et al.
2014; Pejcha 2014; MacLeod et al. 2022). They are a subclass
of ‘interacting gap transients’ (IGTs; Pastorello & Fraser 2019;
Cai et al. 2022a; Reguitti et al. 2026). IGTs have absolute mag-
nitudes at maximum in the −15 . MV . −10 mag range and
fill the observational gap that separates the brightest novae from
the faintest supernovae. In addition, their photometric and spec-
troscopic evolution is dominated by the effects of the interaction
with a circumstellar medium (CSM; see Pastorello et al. 2019
for a review on the phenomenon).

? Corresponding author: andrea.reguitti@inaf.it

Luminous red novae are identified through a few recur-
rent observational characteristics. Firstly, they present a light
curve with a double peak. The first peak has a short duration
(∼1 week); it is typically very luminous and characterised by a
blue colour. This first maximum is followed, a few weeks (or
even months) later, by a long-lasting second peak or a plateau-
like phase, which is redder and usually fainter than the first1.

The spectra of LRNe show a remarkable evolution, with
three main phases: at the time of the first peak, the spectra dis-
play a blue continuum with narrow Balmer emission lines, simi-
lar to those of SNe IIn (Fraser 2020). At the second peak, which
sometimes is more akin to a plateau, the continuum cools to that
of a yellow or orange star (∼5000–6000 K). At this phase, the
Balmer lines become very weak, while a forest of absorption

1 However, see the case of AT 2011kp (also known as NGC4490-
OT2011; Pastorello et al. 2019; Smith et al. 2016), which had a second
peak that was more luminous than the first one.
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Fig. 1. Finding chart of AT 2025abao. The colour image is a composition of B, V , and r frames obtained by the Asiago 67/92cm Schmidt telescope
on 2025 November 7, at the time of the maximum light. The spiral disc of M 31 is visible towards the left edge of the frame. The transient location
is highlighted by the zoomed-in view in the panel to the right. Scale and orientation are reported.

lines from neutral and singly ionised metals (such as O, Ca, Fe,
Sc, Ba, V, and Ti) dominate the spectrum. Finally, in the third
stage – after the second peak – the spectral continuum changes
again to resemble that of a red giant star, with a photospheric
temperature of only 3000–4000 K. On top of it, the narrow Hα
line in emission becomes prominent again, whereas molecular
absorption bands from VO and TiO devour the continuum.

For a number of extragalactic LRNe, the progenitor
systems were detected in pre-outburst archival images
from deep ground-based facilities or space telescopes
(Fraser et al. 2011; Mauerhan et al. 2015; Smith et al. 2016;
Blagorodnova et al. 2017; Cai et al. 2019; Pastorello et al.
2021b; Blagorodnova et al. 2021; Cai et al. 2022b). From
these findings, it was discovered that the typical progenitors
of LRNe are yellow hypergiant stars, with masses up to
50 M� (Guidolin et al. 2026), and they are suggested to sit in
the Hertzsprung gap of the HR diagram (Tranin et al. 2025;
Addison et al. 2022).

Most LRNe are discovered in distant galaxies; hence,
they are usually faint targets, making their observational
campaigns challenging and, consequently, limiting the
amount of information we can infer from their study. For
this reason, it is important to find and study IGTs in nearby
galaxies, especially within the Local Group. A handful of
LRNe were observed in the Milky Way (MW): V4332 Sgr
(Martini et al. 1999; Tylenda et al. 2005), OGLE-2002-
BLG360 (Tylenda et al. 2013), V838 Mon (Munari et al. 2002;
Bond et al. 2003; Tylenda 2005), and V1309 Sco (Mason et al.
2010; Tylenda et al. 2011). Three others were instead observed
in M 31: M31-RV (Mould et al. 1990; Boschi & Munari 2004),
M31-LRN2015, (Kurtenkov et al. 2015; Williams et al. 2015;
MacLeod et al. 2017; Lipunov et al. 2017; Blagorodnova et al.
2020), and AT 2019zhd (Pastorello et al. 2021a).

In this work, we present the results of our follow-up cam-
paign of AT 2025abao, the fourth event of its type discovered
in the Andromeda galaxy. The proximity of M 31 (only 750 kpc

away) allowed us to constrain the progenitor parameters, and to
provide a rich dataset of the transient event in terms of cadence,
time coverage, resolution, and signal. Another paper was pub-
lished illustrating the pre-outburst evolution of the source that
later generated the LRN AT 2025abao (labelled with the survey
names WNTR23bzdiq and WTP19aalzlk; Karambelkar et al.
2025, hereafter K25), and predicting a later evolution towards
an LRN. In particular, the discovery of AT 2025abao offered the
rare opportunity to perform a detailed analysis of its progenitor
system in a stage of relative quiescence and to study its spectro-
photometric properties a short time before the outburst onset in
detail2. Through the analysis of infrared data, K25 inferred that
the progenitor of AT 2025abao was an early asymptotic giant
branch (AGB) star with a temperature of about 3500 K, a lumi-
nosity of 1.6×104 L�, a radius of 350 R�, and a mass of 7±2 M�.
Over a period of about seven years before the LRN outburst, the
star increased its luminosity by a factor of three, with a limited
colour and/or temperature evolution, while the spectrum showed
properties compatible with those of an M-type star. The global
(though slow) luminosity rise of the source was accompanied
by fluctuations in its light curve, compatible with the presence
of a binary companion. K25 suggested that the stellar brighten-
ing was the consequence of the common envelope evolution of
a binary system having an AGB star as a primary member. This
paper analyses the later evolution of the object, from the late
pre-LRN phases to the LRN outburst.

The structure of the paper is as follows: in Section 2 we
present the discovery circumstances of AT 2025abao and some
observational characteristics. The photometric dataset and the
light-curve evolution are presented in Section 3, where the tran-
sient is also compared to other LRNe objects with similar prop-
erties. The spectral sequence is shown and analysed in Section 4,
and finally the results are discussed in Section 5.

2 This phase was well monitored in photometry only for the Galactic
LRN V1309 Sco (Tylenda et al. 2011).
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2. Discovery

The LRN AT 2025abao was officially discovered on 2025
October 193, or modified Julian date (MJD) = 60967.8196,
by the Mobile Astronomical System of Telescope-Robots pro-
gram (Kechin et al. 2025), at an unfiltered magnitude of 17.3
(Vega mag), and immediately reported to the Transient Name
Server4 (TNS). However, the first sighting of a brighten-
ing from a known transient was made by Koichi Itagaki on
October 17.4798, at an unfiltered magnitude of 17.8 (Vega-
mag)5. An even earlier pre-discovery measurement was pro-
vided by Fabregat et al. (2025) on October 14, at V = 18.6 mag.
The LRN appeared in the south-west quadrant of the very
nearby Andromeda galaxy (M 31), at celestial coordinates α =
00:38:48.62, δ = +40:46:07.6 (45′ west and 30′ south of the
nucleus), in the outskirts of its spiral disc. The location of the
transient is shown in Fig. 1. AT 2025abao was correctly clas-
sified on 2025 November 2 as an LRN by Taguchi & Maeda
(2025b), who noted similarities with another LRN found in
M 31, AT 2019zhd (Pastorello et al. 2021a). For the distance to
M 31, we assumed the same value adopted by Pastorello et al.
(2021a) (µ = 24.47 ± 0.06 mag, d = 0.785 Mpc). Its redshift
is z = −0.001 (Falco et al. 1999). However, we note that the
peaks of the spectral lines of AT 2025abao are blueshifted by
z = −0.0015, which we adopt hereafter. The additional radial
velocity is likely caused by the rotation curve of the galaxy
disc, with the object being located on the side approaching
us at ∼150 km s−1 (Chemin et al. 2009). The Galactic redden-
ing towards AT 2025abao is modest, although not negligible:
AV = 0.17 mag (Schlafly & Finkbeiner 2011). Given the periph-
eral location of AT 2025abao in the disc of M 31, any additional
contribution to the dust extinction is likely negligible. Hereafter,
in agreement with K25, we only account for the dust attenuation
within the MW.

3. Photometric evolution

3.1. Observations and data reduction

While K25 presented early photometric data of AT 2025abao,
this work complements their light curve with previously unpub-
lished pre-LRN photometric points from the Zwicky Transient
Facility (ZTF; Bellm et al. 2019; Graham et al. 2019). The ini-
tial phases following the LRN outburst were exclusively moni-
tored by amateur astronomers and all-sky surveys, such as ZTF
and the Asteroid Terrestrial-impact Last Alert System (ATLAS;
Tonry et al. 2018). Our multi-band optical and near-infrared
(NIR) follow-up campaign began shortly after the spectroscopic
classification of the object and lasted for approximately four
months. The Swift space telescope was also triggered to obtain
ultraviolet (UV) photometry at early phases. The facilities used
to collect our photometric data are listed in Table C.1. The pho-
tometric data were reduced using standard procedures with the
dedicated ECsnoopy pipeline6. Instrumental magnitudes were
determined through the point spread function (PSF) fitting tech-
nique, and calibrated against the catalogue of the Sloan Digi-
tal Sky Survey (SDSS) (Ahumada et al. 2020). The Swift/UVOT

3 Universal time is used throughout the paper.
4 https://www.wis-tns.org/
5 http://www.cbat.eps.harvard.edu/unconf/followups/
J00384865+4046079.html
6 ECsnoopy is a package for SN photometry using PSF fitting and/or
template subtraction developed by E. Cappellaro. A package description
can be found at https://sngroup.oapd.inaf.it/ecsnoopy.html.

UV data were reduced with the HEASOFT pipeline v. 6.35.27

by aperture photometry within a fixed radius of 5′′. We also
retrieved calibrated forced photometry measurements from the
ALeRCE Broker (Förster et al. 2021) for ZTF and from the pub-
lic Forced Photometry server8 (Shingles et al. 2021) for ATLAS.
Given its apparent brightness, the object was also observed
extensively by amateur astronomers;9 the magnitudes were mea-
sured via aperture photometry on their pre-reduced frames (cor-
rected for bias, flat-field, and dark frames), and calibrated their
measurements against the AAVSO Photometric All-Sky Sur-
vey10 catalogue (Henden 2019). The final UV, optical (Sloan,
Johnson, and ATLAS), and NIR magnitudes are listed in the
CDS, while the light curves are plotted in Fig. 2.

3.2. Light curve and its interpretation

3.2.1. Pre-outburst phase

The photometric evolution of the transient during the pre-LRN
was extensively studied by K25. The light curve of the transient
experienced a slow, long-lasting (about seven years) brighten-
ing, with some luminosity fluctuations superposed on that global
trend. Additional photometric points presented in this paper
show that the source reached a relative maximum about one year
before the LRN discovery, followed by a poorly-sampled lumi-
nosity decline to a pre-outburst minimum (see also Sect. 3.4).

The pre-outburst evolution of AT 2025abao, from the slow
luminosity rise to a broad peak, superposed magnitude fluctu-
ations, and ensuing luminosity decline, closely resembles that
observed in V1309 Sco (Tylenda et al. 2011). In both cases, the
peculiar light-curve evolution is likely a consequence of unsta-
ble mass transfer between the stellar components of a binary
system (Roche-lobe overflow; e.g. Pejcha 2014; Pejcha et al.
2016b). This culminates with the formation of a common enve-
lope embedding the stellar system, which becomes progres-
sively optically thick (Ivanova et al. 2013b). A slow pre-LRN
luminosity rise was also observed in other LRNe discovered in
M 31, such as M31-LRN-2015 (Blagorodnova et al. 2020) and
AT 2019zhd (Pastorello et al. 2021a), as well as in several extra-
galactic LRNe, although with some limitations due to a lower
monitoring cadence and the poorer signal-to-noise datasets11.

3.2.2. LRN outburst

In the case of AT 2025abao, this phase is followed by a fast
brightening of about five magnitudes in the r band (6 in g); this
is the onset of the LRN outburst. The rapid rise lasts about one
week from the discovery of AT 2025abao. Then, its light curve
settles on a sort of plateau phase during which the object main-
tains a nearly constant brightness (V ' 14.9 mag). To constrain
the timing of the main LRN maximum, we performed a second-
order polynomial fit to the g-band data collected between MJD =

7 NASA High Energy Astrophysics Science Archive Research Center
– Heasarc 2014.
8 https://fallingstar-data.com/forcedphot/
9 More observations of AT 2025abao during the outburst are presented
by Mikolajczyk et al. (2026).
10 https://www.aavso.org/apass
11 The slow brightenings heralding LRN eruptions were observed for
AT 2014ib (SNhunt248; Kankare et al. 2015; Mauerhan et al. 2015),
AT 2015dl (M101-2015OT1; Blagorodnova et al. 2017; Goranskij et al.
2016), AT 2020hat (Pastorello et al. 2021b; Reguitti et al. 2026),
AT 2021blu (Pastorello et al. 2023) and, more marginally, in AT 2011kp
(Pastorello et al. 2019) and AT 2021biy (Cai et al. 2022b).
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Fig. 2. Optical light curves of AT 2025abao. Top panel: the entire evolution since October 2024, when the follow-up campaign of WNTR23bzdiq
conducted by K25 ended. The pre-LRN light curve, its decline to the minimum, and the final rapid rise to the LRN peak are visible. The temporal
uncertainty in the spectrophotometry data from SPHEREx is due to the datapoints being collected across a time interval of about 5 and 2 weeks.
Hence, the magnitudes are shown as taken at the mid-time of the interval, and with an error bar on the time. Bottom panel: zoom in on the fast rise
towards the maximum light, the 70 days-long plateau, the fall from it, and the following linear decline.

60973 and MJD = 61000, determining that the light curve peaked
on MJD 60986.3± 0.2, at a magnitude of g = 15.10 ± 0.02 mag.
We used this epoch as a reference for all phases considered in
this paper. We note that the bluer band light curves peak ear-
lier (−2.7 d in u, −1.4 d in B), while a photometric peak is not

well-defined in the red bands, where a plateau is noticeable,
lasting for about two months. We measured the post-maximum
decline rates in the optical bands by fitting the light curve in
each filter with a straight line. The decline is steepest in the
u band (3.9 ± 0.2 mag 100 d−1), and less and less steep as we
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move towards redder filters (γB = 2.8 ± 0.1, γg = 1.5 ± 0.1,
γV = 0.29± 0.03 mag 100 d−1). The r-band light curve instead is
flat, and the i-band one is actually still rising, up to phase +45 d,
when it reached its maximum. The plateau phase ends at +72 d; it
is followed by a sudden fall of the light curve and, 20 days later,
by a linear decline with a slope of γr = 1.18± 0.06 mag 100 d−1.

Individual patterns of LRN light curves are not fully under-
stood. However, there is a general consensus that the char-
acteristic double-peaked shape is due to a merging event
(Banerjee et al. 2026). As a consequence of the common enve-
lope ejection and the loss of systemic angular momentum, the
two components of the binary system may merge. If this hap-
pens, the main LRN outburst is produced by the violent ejection
of material following the coalescence of the two stellar cores,
and its subsequent interaction with the pre-existing common
envelope (e.g. Metzger & Pejcha 2017; MacLeod et al. 2017,
2022; Matsumoto & Metzger 2022; Kirilov et al. 2025; Chen
2026).

3.3. Colour evolution

The intrinsic colours of AT 2025abao, which are blue soon after
its discovery (B−V = 0.45 mag at −4 d), evolve to redder colours
after the V-band maximum (B − V = 0.8 mag at +8 d, B − V =
1.0 mag at +15 d). Thanks to the scanning by the ZTF survey
we have, for the first time, an indication of the optical colour of
an LRN during the pre-outburst slow luminosity rise. The g − r
colour stays roughly around 1.4 mag one year before the g-band
maximum. Then, it reaches a maximum up to ≈1.7 mag (with
large scatter) at the time of the r-band minimum (−2 months).
g − r decreases to 1.1 mag at −30 d, at the start of the fast rise
to the first peak, diminishing to a lowest of +0.0 mag at −12 d.
From there, g− r increases again to 1.3 mag at +76 d, at the time
of the plateau drop. The colour curves of AT 2025abao are shown
in Fig. 3.

3.4. Comparisons with similar objects

As comparison objects, we select a few faint LRNe well
monitored during the slow pre-outburst rise phase. Given that
AT 2025abao has an extensive and well-sampled light curve
since a few years before the LRN event (K25), our primary ref-
erence object is V1309 Sco (Mason et al. 2010; Tylenda et al.
2011), although the two objects have significantly different
light curves during the outburst. AT 2025abao reaches an abso-
lute magnitude at the r-band peak of Mr = −10.2 ± 0.1 mag
(Fig. 4), hence it lies at the faint edge of the extragalactic LRNe
brightness distribution, although it is significantly more lumi-
nous than Galactic objects such as V1309 Sco and V4332 Sgr
(Pastorello et al. 2019). AT 2019zhd (in M 31; Pastorello et al.
2021a) and the Galactic V838 Mon (Goranskij et al. 2020
and references therein) have similar absolute magnitudes to
AT 2025abao at their maximum, and they were hence selected
as comparison objects.

As mentioned in Sect. 3.2.1, the pre-outburst light curves of
both AT 2025abao and V1309 Sco were very well monitored
(see Fig. 4). While the former was much brighter at the top of
the slowly rising phase (about one year before the LRN out-
burst onset), reaching Mr ∼ −6 mag, the latter reached only
MI ∼ +3 mag. Then, both objects dimmed towards the opti-
cally thick common-envelope phase. In particular, AT 2025abao
reached a minimum at Mr = −5.0 mag at −42 d, before starting
the fast rise towards the LRN maximum light, when it increased
its brightness by about 6 mag.

Fig. 3. Colour curves of AT 2025abao. Top panel: Evolution of the g −
r colour from −1.1 yr to +3 months. The colour changes prominently
between the slow pre-outburst rise and optically thick phase and the
fast rise and the first peak. Bottom panel: Evolution of multiple colour
curves (B − V , g − r, r − i, u − g, u − i) around the maximum light and
plateau.

From the comparison in Fig. 4, we note that the fast rise of
AT 2025abao to the main peak is very similar to that exhibited by
AT 2019zhd in terms of both speed and luminosity. At the peak,
the absolute magnitude of AT 2025abao in the r band is only
marginally brighter than those of AT 2019zhd (Mr = −9.6 mag)
and V838 Mon (MR = −9.9 mag; note that the figure shows the
V-band light curve, which peaks at MV = −9.6 mag). Then, its
light curve shows a flat, long-lasting (about two months) plateau,
while the comparison objects show a short-duration (less than
a week) early peak before declining. V838 Mon shows a more
structured post-maximum light curve, with a later re-brightening
(e.g. Munari et al. 2002). In contrast to the comparison objects,
the outburst of V1309 Sco is much fainter, and a shift upwards
by 2.5 mag has to be applied to its I-band absolute light curve in
Fig. 4 to match the peak luminosity of AT 2025abao.

Due to the plateau-like feature after the first peak, the light
curve of AT 2025abao is reminiscent of other LRNe that do not
exhibit an evident second red peak, instead showing a long phase
of nearly constant luminosity. Known LRNe with plateau-like
light curves are AT 2021afy (Pastorello et al. 2023), although it
is 4.5 mag more luminous and at the bright edge of the LRNe
brightness distribution; AT 2018bwo, whose plateau reaches
Mr = −10.8 mag (Blagorodnova et al. 2021; Pastorello et al.
2023); and AT 2020hat, which peaks at Mr = −11 mag
(Pastorello et al. 2021b). However, we remark that AT 2018bwo
was already discovered after the first peak due to the solar
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Fig. 4. Absolute light curve of AT 2025abao in the r band, com-
pared with those of AT 2019zhd, V838 Mon (V-band), V1309 Sco
(I-band), AT 2018bwo, AT 2020hat, and AT 2021afy. The light curve
of V1309 Sco is scaled upwards by 2.5 magnitudes to match the peak
brightness and to see the pre-outburst slow rise of both V1309 Sco and
AT 2025abao. The error bar on the distance modulus of V1309 Sco
(0.724 mag) is not shown.

conjunction; hence, the object could have reached a higher peak
luminosity.

3.5. Bolometric light curve

Given that only some photometric bands are available before
the discovery and the start of the follow-up campaign of the
main outburst, we divided the dataset into two parts and con-
structed two different bolometric light curves. We first con-
structed a pseudo-bolometric curve selecting only the g, c,V, r, o,
and I bands, integrating their fluxes (inferred by converting the
magnitudes taking into account for the distance and reddening)
with the trapezoidal rule from −50 to −3.5 days, hence covering
the pre-discovery phases. Then, we built the bolometric curve
of AT 2025abao extended from the UV to the NIR, accounting
for the contribution from UVW2 to the K bands, starting at the
discovery epoch, hence only covering the main LRN outburst.
For epochs without observations in some bands, we interpolated
the available data using the r-band light curve as a reference and
assuming a constant colour index. Both the pseudo- and the fully
bolometric curves of AT 2025abao are shown in Fig. 5.

The bolometric luminosity of AT 2025abao at the time of the
g-band maximum is log10(Lbol/erg s−1) = 39.44 ± 0.03, similar
to the values reached by the comparison objects. However, its
top luminosity (log10(Lbol/erg s−1) = 39.52 ± 0.03) was reached
about 67 d later, just before the fall from the plateau. This peak
bolometric luminosity makes AT 2025abao the brightest LRN
ever discovered in M 31 and, at the time of the peak, one of the
most luminous objects within that galaxy. However, while the
bolometric luminosity of AT 2025abao at the peak is similar to
that of the comparison objects and the fast rise resembles that
of AT 2019zhd, the later evolution is completely different, as
none of the LRNe considered present a plateau lasting 70 days.
In this respect, AT 2025abao is more similar to AT 2018bwo
(Blagorodnova et al. 2021; Pastorello et al. 2023), although the
former is about three times fainter. The total radiated energy,

Fig. 5. Pseudo-bolometric (just the g, c,V, r, o, I bands) light curve of
AT 2025abao, in black; and UV+Optical+NIR (UVW2 to K bands)
bolometric curve of the main outburst, in red. The separation is made
at phase −3.5 d, when our multi-band photometric follow-up campaign
started (after this phase, the gcVroI pseudo-bolometric is shown as a
dashed line). While the bolometric luminosity of AT 2025abao was sim-
ilar to those of the comparison objects at the time of the g-band maxi-
mum, the subsequent evolution is different.

calculated by integrating the UV+optical+NIR bolometric curve
between phases −3.5 and +118 d, is (2.86 ± 0.07stat ± 0.03syst) ×
1046 erg. This value has to be considered as a lower limit since
we are missing the contribution emitted at wavelengths longer
than 2.5 µm and shorter than 2000 Å, and prior to phase −3.5 d,
i.e. at the time of the fast rise before the maximum light. If we
add the contribution of u to I bands between phases −15 and
−3.5 d, and of the gcVroI filters between −50 and −15 d, we
obtain a total radiated energy of ∼3.1 × 1046 erg.

3.6. SED evolution

We constructed the spectral energy distribution (SED) of
AT 2025abao at different epochs, starting from phase −3.5 d,
combining the photometric data from the NUV to the NIR
domains. Then, we fitted them with a Planckian function to esti-
mate how the black-body (BB) temperature (TBB) and the radius
(RBB) evolve with time. Between −15 d and −3.5 d, we did so
using only the data from the filters from u to I. For epochs with-
out the photometric information in a given filter, we made inter-
polations or extrapolations from adjacent epochs with available
data, assuming no colour changes. The highest temperature was
reached on −12 d (the epoch of the minimum g − r colour), at
TBB = 7100 ± 300 K. At the time of the g-band maximum light
(see Fig. 6), the SED peaks at around 5000 Å and is fitted with
a single BB function that has a temperature of 5740 ± 140 K.
The inferred photospheric radius is 870 ± 50 R�. At these early
phases, no IR excess is detected. In Fig. 7, we plot the temporal
evolution of TBB, RBB, and the BB luminosity LBB. During the
plateau phase, the temperature slowly decreases and flattens at
TBB ≈ 4300 K, slightly lower than expected for the H recom-
bination, as also evidenced by the redder shape of the spectral
continuum in this phase (see Sect. 4). The photospheric radius
when the object was hottest is (3.4±0.3)×1013 cm (correspond-
ing to 500 ± 40 R�), while during the plateau phase it slowly
expands to ∼(15 ± 1) × 1013 cm (hence, 2150 ± 140 R�). Dur-
ing the plateau phase, LBB slightly increases from 3× 1039 at the
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Fig. 6. SED of AT 2025abao at the epoch of the g-band maximum,
together with the BB best-fit. A single Planckian function is sufficient
to obtain a good match. Its parameters are TBB = 5740 ± 140 K and
RBB = 870 ± 50 R�.

Fig. 7. Evolution of the BB radius, temperature, and luminosity of
AT 2025abao starting from phase −15 d. Before −3.5 d (epoch marked
by the dashed grey line), the parameters are determined based on only
the filters between u and I, and afterwards they are estimated from the
UV to the NIR coverage.

time of the g-band maximum to 4 × 1039 erg s−1 about 70 d later,
before a sharp decrease occurs after the fall from the plateau.

3.7. SPHEREx observations

3.7.1. SED of the precursor

The Spectro-Photometer for the History of the Universe, Epoch
of Reionization and Ices Explorer (SPHEREx; Bock et al. 2026)
is a space telescope launched on 2025 March 11 to conduct an
all-sky survey in 102 infrared colours between 0.75 and 5 µm,
hence covering a wide range of wavelengths from the NIR to
the mid-infrared (MIR) domains. During its first scanning of the

Fig. 8. Infrared SED of the precursor of AT 2025abao between 0.74
and 5.0 µm as obtained by SPHEREx 3–4 months before the g-band
maximum light. Overplotted is a spectrum of an M7e III/AGB star.

whole celestial sphere, between MJD 60865 and 60902 (−121 d
to −84 d), it observed the field of AT 2025abao during the pre-
LRN phase, at a time close to the optical minimum. We retrieved
the public calibrated SED (Akeson et al. 2025; Hui et al. 2026)
from the spectrophotometry tool available on the NASA/IPAC
Infrared Science Archive web page12. The IR SED of the pre-
cursor of AT 2025abao from SPHEREx is presented in Fig. 8.

This provides a rare opportunity to analyse an NIR+MIR
spectrum of a precursor of an LRN, and the MIR region is
observed in spectroscopy for the first time. The source is faint
in the bluest bands and shows a red continuum between 0.74 and
1.2 µm. Three peaks are clearly present at 1.3, 1.7, and 2.2 µm.
These peaks, and the broad absorptions in between due to molec-
ular absorption bands from TiO, H2O, and CO, are also visible
in the NIR spectra presented by K25 and taken in 2024 (see
their Figure 3). Then, at λ > 2.5 µm, the SED is nearly flat in
the MIR, which could be due to thermal emission from dust
surrounding the progenitor system of AT 2025abao. For refer-
ence, in Fig. 8 we plot an NIR+MIR spectrum of a M7e III star
(HD 108849, a known AGB13) from the Atlas by Rayner et al.
(2009), which perfectly matches the SED from SPHEREx. A
modelling of the SED is presented in Sect. 5. Finally, we per-
formed spectro-photometry on the SED to derive approximate
NIR and MIR magnitudes (in z, J, H, K, WISE W1 and W2
bands) of AT 2025abao 3–4 months before the g-band maxi-
mum. The infrared colours are larger (thus redder) than during
the outburst (i.e. J − K = 1.36± 0.05 mag vs. 0.61± 0.03 mag at
+22 d).

3.7.2. SED of the outburst

Between MJD 61027 and 61041 (+41 d to +55 d), SPHEREx
observed the field of AT 2025abao again, this time during
the outburst. The corresponding IR SED, presented in Fig. 9,
shows a hot thermal continuum, with absorption bands at
0.82 µm (analogous to those seen in the optical spectra, pro-
duced by VO and TiO molecules, as also observed in V838 Mon;

12 https://irsa.ipac.caltech.edu/applications/spherex/
tool-spectrophotometry
13 https://simbad.u-strasbg.fr/simbad/sim-basic?Ident=
bk+vir
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Fig. 9. Infrared SED of AT 2025abao from SPHEREx at around +1.5
months. The BB best-fit is also shown, while the main molecular
absorption features are marked.

Lynch et al. 2004), 0.94 µm (due to TiO; Valenti et al. 1998),
1.1 µm (from a combination of VO, CN, and TiO molecules;
Pastorello et al. 2023), 1.45 µm (water vapours) and 2.4 µm
(from CO; Blagorodnova et al. 2021). We performed a Planck-
ian fit to the reddening-corrected SED, which provides an excel-
lent match up to the red tail with a BB that has the following
parameters: TBB = 3980 ± 60 K, RBB = 2250 ± 60 R�, and
LBB = (4.35 ± 0.25) × 1039 erg s−1. These parameters are consis-
tent with those obtained from the optical filters at similar phases.
No IR excess is detected up to 5 µm, as a single BB is sufficient
to fit the data even at the reddest wavelengths. Therefore, either
dust is not present and has yet to form, or there is pre-existing
dust, much colder than 600 K, otherwise its emission would have
been visible as an IR excess at such long wavelengths.

4. Spectroscopic evolution

The transient AT 2025abao was classified as an LRN on 2025
October 29, ten days after the official discovery date and at
a phase of −8.7 d (Taguchi & Maeda 2025a). However, earlier
spectra from amateur astronomers are also available. The earli-
est, taken on 2025 October 27 (phase −10.4 d), was presented
by Skopal et al. (2025). One day later, another low-resolution
spectrum was obtained by C. Balcon (phase −9.4 d), and addi-
tional spectra were obtained with a nearly daily cadence (at
phases −6.6, −5.3, and −4.4 d) by Taguchi & Maeda (2025a) and
Skopal et al. (2025). These early spectra exhibit a blue contin-
uum (TBB = 7100 K) with superimposed narrow emission lines
of the Balmer series, a feature typical of LRNe during the rise to
maximum light (Pastorello et al. 2019). The classification spec-
trum of Taguchi & Maeda (2025a), retrieved from the TNS, is
shown in Fig. 10, where it is compared with spectra of LRNe
AT 2019zhd and V1309 Sco at the maximum light to empha-
sise their overall similarity. Nonetheless, the spectral evolution
of V1309 Sco is more rapid, and metal lines are already visible
in absorption at these early epochs.

We conducted a spectroscopic follow-up of AT 2025abao,
during which we collected 21 optical spectra spanning more than
three months of evolution. The log of spectroscopic observations
is given in Table C.2, and the spectral time series is shown in
Fig. 11, left panel. The spectra from the 1.22m Galileo tele-
scope equipped with a Boller & Chivens (B&C) spectrograph

Fig. 10. Comparison of the earliest spectrum of AT 2025abao to the
early spectra of the comparison objects AT 2019zhd and V1309 Sco
(Mason et al. 2010). All objects show a hot, blue continuum with nar-
row emissions from Hα and Hβ lines. At this early phase, V1309 Sco
already presents signs of metal absorptions.

and the 1.82m Copernico telescope with an Echelle spectrograph
were reduced with a custom-made, IRAF-based pipeline devel-
oped by A. Siviero, while the spectra from the 2.56m Nordic
Optical Telescope (NOT) with ALFOSC, the 1.82m Copernico
telescope with AFOSC, and the 10.4m Gran Telescopio Canarias
(GTC) plus OSIRIS were reduced using the foscgui14 pipeline.
Finally, the spectra of the 3.58m Telescopio Nazionale Galileo
(TNG) plus DOLORES spectra were hand-reduced using rou-
tine IRAF procedures.

4.1. Main spectral evolution

On 2025 November 3 (phase = −3.4 d), we obtained a high-
resolution (R ∼ 20 000) Echelle spectrum with the Copernico
1.82-m telescope, in which we can identify specific spectral fea-
tures. The main spectral features identified in this spectrum are
highlighted in Fig. 12. Hα and Hβ have a narrow absorption pro-
file with a width of 45 km s−1, on top of a much broader emis-
sion component (∼450 km s−1, Fig. 12, right panel). Along with
the H lines, we clearly identify prominent Na i D doublet fea-
tures, and all the components well discerned. However, while
the absorption lines of the Na i D doublet at redshift zero are
unresolved and hence can be attributed to material along the line
of sight within the MW, the Na i D doublet lines at the redshift
of M 31 are resolved and have a FWHM of around 20–25 km s−1

(see Fig. A.1 in Appendix A, top panel). This FWHM is simi-
lar to those exhibited by other metal lines visible in the −3.4 d
spectrum (see below); hence, we consider these Na i D features
as intrinsic to the transient. A prominent absorption feature is
observed at 5890.9 Å, which is unlikely to be an additional Na I
component, and whose nature is discussed in Appendix A. Lines
of the Mg I triplet at 5160–5180 Å are also detected, with a
FWHM similar to that of the Na i D lines. More metal lines are
detected bluewards of 5200 Å, including from Fe ii, which also
have a FWHM of 25 km s−1. Finally, broad Ca ii H&K absorp-
tion lines are visible in the UV region, with a much higher

14 Foscgui is a graphic user interface aimed at extracting SN spec-
troscopy and photometry obtained with FOSC-like instruments. It was
developed by E. Cappellaro. A package description can be found at
http://sngroup.oapd.inaf.it/foscgui.html.
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Fig. 11. Left: Spectral time series of AT 2025abao and basic line identification. The spectra are corrected for blueshift and total reddening and are
plotted in logarithmic scale. The mid-resolution GTC+OSIRIS spectrum is highlighted in purple, while the NOT+ALFOSC gr7 and gr8 spectra,
taken on the same night, are shown in blue and red, respectively. Phases in days are reported on the right side of each spectrum. The regions
contaminated by telluric absorptions are identified with cyan bands. Right: Evolution of the Hα profile in the velocity space.

FWHM of ∼500−600 km s−1 (Fig. 12, left panel). The broad-
ness of the Ca ii H&K lines is due to the elevated opacity of
those transition lines, as effects of saturation are noticeable and
possibly also blending with other metal lines. However, it is
still possible to have a fast-moving outflow, produced after the
merger of the stars’ cores, perpendicular to the orbital plane (see

Metzger & Pejcha 2017 and Gagnier & Pejcha 2025) and with a
higher velocity than the material along the equatorial disc.

In the spectra taken at about the g-band maximum light,
together with a double-horned Hα line, a faint He i 5876 is the
only other transition seen in emission, on top of a continuum
peaking at 4800–4900 Å (indicating TBB ∼ 6000 K, which is
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Fig. 12. Zoomed-in view of some spectral lines visible in the −3.4 d Echelle spectrum. Left: Ca ii H&K. Right: Hα and Hβ, overlapped in the
velocity space, with a narrow blueshifted absorption clearly visible.

Fig. 13. Zoomed-in view of the Hα and Hβ lines, in velocity space, in
the +34 days Echelle spectrum.

consistent with the SED inferred in Sect. 3.6). The most notable
features are the deep and strong absorptions of the Ca ii H&K
UV doublet, Na i D, and a forest of metal lines. In particular, the
Fe ii multiplet 42 (λλλ 4924, 5018, 5169) transitions are clearly
detectable.

By the +2.7 d spectrum, the continuum temperature has
already declined to 5200 K (with the spectral continuum emis-
sion peaking at around 5600 Å). The gas cooling is confirmed
by the disappearance of the He I 6678 line. Otherwise, the spec-
trum did not change significantly, with the most prominent metal
transitions still clearly present. In the +9.7 d spectrum, the con-
tinuum peaks at around 5900 Å, indicating a temperature of only
∼4900 K. Emission lines, including Hα, have completely dis-
appeared, and visible features are only in absorption. Multiple
metal lines are identified in the bluer region, together with the
usual Ca ii (both H&K and IR triplet) and Na i D. Little has
changed in the spectrum at +16.7 d. A broad basin is visible
between 4800 and 5300 Å, a feature commonly seen in the spec-
tra of Sun-like stars, and attributed to the absorption due to the
CH radical molecule.

In the +24.7 d spectrum, as already in the +18.5 d spectrum,
the continuum peak has shifted to around 6800 Å (T ∼ 4250 K),
maintaining a steep decline towards the UV likely due to line
blanketing, while being flat at redder wavelengths. The strongest

features are now the absorptions from the Ca ii NIR triplet,
though the Ca ii H&K absorption lines are also recognisable,
together with the depression due to CH, and even more numer-
ous metal lines. Balmer lines are now weak or absent.

On December 10 (phase = +33.6 d), we took another Echelle
spectrum, which reveals a peculiarity: the Hα line presents a nar-
row absorption redwards of the centre of the emission. The veloc-
ity of the minimum of this feature relative to the emission peak
is ∼+70 km s−1. The same structure is also detected in the Hβ
line (see Fig. 13, where its profile is overlapped with that of
Hα). The feature looks similar to a counter P Cygni profile. An
inverse P Cygni profile has been observed before in LRN spec-
tra (see AT 2011kp; Pastorello et al. 2019) and in another IGT,
AT 2008jd (Berger et al. 2009). In the latter case, it was inter-
preted as infalling material from a disc on the orbital plane towards
the central system through the second Lagrangian point (see also
Pejcha et al. 2016a). However, in the case of AT 2025abao the
emission and absorption components might not be correlated
and be dynamically distinct (Mason & Shore 2022). This second
Echelle spectrum also shows a crowded line population in the
5850–5900 Å region: a blueshifted He i λ5876 emission line, two
Na iD doublets (one due to line-of-sight material in the MW, and
the other intrinsic to AT 2025abao), and two more lines atλ5890.9
and λ5896.9, also discussed in Appendix A.

In the +45 d spectrum of AT 2025abao, the first signs of
molecular absorption bands are seen: TiO features start to appear
between 6000 and 8000 Å, in the form of two sawtooth drops in
the continuum, which are sharp on the blue edge and then grad-
ually rise towards the red edge. This trend of molecule forma-
tion is confirmed in the +66 d spectrum. Molecular bands from
VO and TiO are clearly present in the regions 6100–6700 Å and
7100–7800 Å, together with a rise at the start of the NIR, in the
8400–8800 Å range, also compatible with a molecular band. The
continuum peaks at around 7800 Å (T ∼ 3700 K), with a temper-
ature trend consistent with that expected for a moderately faint
LRN. Balmer lines appear to be strong again in the +78 and
+101 d spectra, while the continuum is now red and its tempera-
ture has decreased to 3600 and 3500 K, respectively.

4.2. Spectral line identification

On November 25 (+18.5 d), four medium-resolution
(R ∼ 2100) spectra of AT 2025abao were obtained with
10.4m GTC+OSIRIS and the R2500-class grisms, covering
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Fig. 14. Line identification on the mid-
resolution spectrum of AT 2025abao taken
with GTC+OSIRIS at +18.5 d (black),
compared with a late time (+103 d) spec-
trum of LRN AT 2011kp (red line; from
Pastorello et al. 2019). Transitions from
multiplets of neutral and singly ionised
metals are marked.

wavelengths from the U to the I bands. In these spectra, we
identified the most prominent metal lines, highlighting that
these features are real and not noise patterns, since for each
grism we took four exposures in sequence and checked whether
a line was present in all individual spectra.

In the GTC spectrum, Hα shows a narrow P-Cygni pro-
file with a dominant absorption with a minimum blueshifted
by −300 km s−1 (although the blue wing extends down to
−450 km s−1), and a weaker and narrow emission component.
However, on the red side, a sharper counter P Cygni is also
present. Other Balmer lines are detected (Hβ, Hγ, Hδ, and pos-
sibly Hε), dominated by the emission component. Ca ii H&K
are relatively broad (FWHM= 800 − 900 km s−1) and in pure
absorption. Other notable absorption features are the Ca ii NIR
triplet, and the Na i D doublet. All other features, while present
and identified, are less strong.

In Fig. 14, we compare the full GTC+OSIRIS mid-resolution
spectrum of AT 2025abao with that of AT 2011kp during late
phases (+103 d) from Pastorello et al. (2019), the authors of
which also performed a similar line identification in a mid-
resolution spectrum. The spectrum of AT 2025abao was taken 20
days after maximum, while that of AT 2011kp was obtained after
more than three months. While the spectral continuum shows
some differences, the most important metal lines are identified
in both spectra. This is an indication of a much faster evolu-
tion of AT 2025abao. Thus, a similar set of lines is identified
and seen in both spectra: multiplets from Fe ii, Fe i, Mg i, Sc ii,
Ba ii (the strongest line being λ6497), and Ti ii are retrieved.
Single lines from H, O i, Ca ii, and Na I are also found. In the
red extreme, in a region not strongly contaminated by telluric
absorption bands, we also identify the Na I λλ8183,8195 dou-
blet, O i λ7774 and λ8446. Many lines, not marked in Fig. 14,
can be attributed to a multitude of transitions from Ti ii, as also
suggested by Pastorello et al. (2019).

5. Discussion and conclusion

AT 2025abao is the most recent example of an LRN in M 31,
and the fourth in the last 40 years in this galaxy, with an
observed LRN-event rate of ≈0.1 yr−1. All of them have peak

absolute magnitudes in the −8.5 to −10 mag range. Brighter
objects would have been easily detected, while fainter ones could
be lurking among the Novae population. For comparison, only
one object (V838 Mon) was discovered with this luminosity
range in a similar lapse of time in the MW. Based on the esti-
mations of Kochanek et al. (2014), we calculated an event rate
of just 0.04 yr−1 within the same magnitude range (0.07 yr−1

of events brighter than −8.5 mag minus 0.03 yr−1 brighter than
−10 mag). Therefore, it seems that this kind of transient is more
than twice as common in the Andromeda galaxy than in the MW.
The stellar mass of M 31 has been estimated to be 1−1.5 ×
1011 M� (Barmby et al. 2006; Tamm et al. 2012; Kafle et al.
2018), while the equivalent for the MW is 5−6 × 1010 M�
(Licquia & Newman 2015; Bland-Hawthorn & Gerhard 2016).
Hence, the Andromeda galaxy is ∼2.3 times more massive in
terms of stellar content and, likely, in its number of stars. If we
scale up the Galactic LRN rate in the −8.5 to −10 mag range
from Kochanek et al. (2014) by this ratio, we find a rate that is
very similar to the observed one. The LRN population is domi-
nated by faint events, with 86 % of them having MV between −3
and −8.5 mag, while those in the −8.5 to −10 mag range make
up only 8%, and those more luminous than −10 mag just 6%
(however, Karambelkar et al. 2023 predicted an even lower rate
for these brighter events). Therefore, while we expect more than
one LRN per year in M 31 (0.5 yr−1 for MV > −3 mag according
to Kochanek et al. 2014, times 2.3 equals ≈1.15 yr−1), the rate of
MV > −10 events should only be ∼0.07 yr−1 (or less according
to Karambelkar et al. 2023), making them particularly rare.

Usually, the progenitors of LRNe are found to be yel-
low stars, often supergiants in the cases of the most lumi-
nous events (Mauerhan et al. 2015; Blagorodnova et al. 2017;
Pastorello et al. 2021b; Blagorodnova et al. 2021; Cai et al.
2022b). However, the association of AT 2025abao with
WNTR23bzdiq, a slowly variable AGB star (K25), makes it an
exception. K25 interpreted this object as a common-envelope
event and predicted a merging event as the outcome. AGB stars
are so inflated that the outer layers of the atmosphere can be con-
sidered a hot vacuum. Therefore, the companion star –especially
if the mass ratio is particularly large– could pass through it,
remaining engulfed within the envelope without significantly
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Fig. 15. Spectral energy distribution of the precursor of AT 2025abao,
corrected for extinction in two different methods, compared to an
ATLAS9 stellar atmospheric model. A good match is found with a
model with Ts = 4000 K and Rs = 540 R�. The model correspond-
ing to the quiescent progenitor as determined by K25 is shown in red.

changing the global colour of the system, which would remain
red, as observed by K25.

We constructed the pre-outburst SED of AT 2025abao at the
time of the last local peak in the light curve (at −333 d), before
the optically thick phase. We only used the gri-band data from
ZTF, and since there was no contemporary i-band imaging, we
assumed a constant r− i colour from the only pre-outburst i-band
public observation by ZTF (at −411 d, r − i = +0.62 mag). Sub-
sequently, we corrected the SED for the same Galactic extinc-
tion adopted by K25 and accounting for their dust parameters
obtained with the radiative transfer code DUSTY (Ivezic & Elitzur
1997) for the quiescent progenitor (i.e. τV = 2.7, Ts = 3500 K,
Td = 1450 K, Y = 2, ρ ∝ r−2, silicate composition). These
parameters, according to our DUSTY simulation, result in an addi-
tional circumstellar extinction of AV = 1.025 mag. We compared
this corrected SED with the ATLAS9 stellar atmospheric models
by Castelli et al. (2003)15. We adopted the models with Z/Z� = 1
and log(g) = 0.0. We find a good match with a model with a pho-
tospheric temperature of 4000 K, and a stellar radius of about
540 R�. The match of the ATLAS9 models to the precursor SED
is shown in Fig. 15. These parameters are consistent with those
of an orange supergiant, but also with an expanded AGB star,
though hotter and more luminous (log(L∗/L�) = 4.83 vs. 4.20)
than the progenitor parameters obtained by K25. If we instead
adopt our distance and reddening estimates (Sect. 2), the cor-
rected SED is fitted with a model that has Ts = 3750 K, a radius
of ∼450 R�, and a corresponding log(L∗/L�) = 4.57, which is
still hotter and more luminous than the quiescent progenitor.

We also used DUSTY to model the SED of the precursor of
AT 2025abao observed by SPHEREx a few months before the
outburst, at a phase close to the optical minimum. Since the
broad molecular absorptions at 1.4–1.5 and 1.8–2.2 µm are large
deviations from a BB, we opted for an atmospheric model of
a cool star as the radiation source. We adopted the PHOENIX
models16 (Husser et al. 2013) with effective temperatures, Teff ,

15 Retrieved here: https://archive.stsci.edu/hlsps/
reference-atlases/cdbs/grid/ck04models/
16 Retrieved here: https://pollux.oreme.org/explore/
BT-Dusty/

Fig. 16. Matches of the spectral energy distribution of the precursor of
AT 2025abao observed by SPHEREx with three DUSTY models. They
are constructed using a PHOENIX atmospheric model of Teff = 3100 K
extinguished by a dusty shell with silicate composition, Td = 1450 K,
and τV = 4, 5, 6.

between 2500 and 3500 K, [Fe/H] = 0.0, and log(g) = 1.0. Good
matches are found for the model with Teff = 3100 K and τV =
5±1, which is higher than that found for the quiescent progenitor.
The matches of the PHOENIX+DUSTY models to the SED from
SPHEREx are shown in Fig. 16. The inner radius of the shell of
dust is ∼1180 ± 50 R� (∼5.5 AU), while the radius of the source
is 350 R�, the same as the quiescent progenitor. However, the
dust mass we obtain, following the procedures of Reguitti et al.
(2026), is only ≈1.5 × 10−8 M�; that is, one order of magnitude
lower than K25. This is due to the inner radius of the dust shell
being much smaller.

K25 estimated a mass of the progenitor of 7 ± 2 M� based
on evolutionary paths from MESA isochrones and stellar tracks.
Using the empirical relation between absolute magnitude and
the mass of the progenitor by Cai et al. (2022b) for an object
with MV = −9.74 ± 0.1 mag during the plateau phase17, we
obtained 7.5+6.1

−3.4 M�, which is in excellent agreement with their
estimation. Based on the peak luminosity and similarities in the
spectral evolution, we can also state that the progenitor mass of
AT 2025abao must be similar to that of V838 Mon, which was
8±3 M� (Pastorello et al. 2023; Tylenda 2005) and slightly more
massive than that of AT 2019zhd (3.4 M� for Pastorello et al.
2021a; 6 M� for Chen & Ivanova 2024).

To infer additional physical parameters, we considered the
analytical expressions derived by Matsumoto & Metzger (2022).
In particular, their Equation (16) allowed us to estimate the mass
of the ejected material, Mej, by measuring the duration of the
plateau, tpl, and the bulk velocity of the ejecta, vE. For the plateau
length, we adopted a value of tpl = 80 days, as it started in the
V band one week before maximum light and ended at +72 d.
For the ejecta velocity, we adopted the FWHM of the Hα line
estimated during the plateau (as in Cai et al. 2022b), precisely in
the +35 and +45 d spectra; hence, vE ' 450 km s−1. The same
velocity was obtained by measuring the FWHM of the broad
component in the Hα emission line in the first Echelle spectrum,
and from the blue wing of the P Cygni profile of the same line
(and Hβ) in the GTC spectrum. Under these assumptions, we

17 Obviously, AT 2025abao does not exhibit a genuine secondary red
peak, but instead a long plateau. However, the relation of Cai et al.
(2022b) can still be used, considering the V-band absolute magnitude
at the end of the plateau. Consequently, in Appendix B, the Cai et al.
(2022b) relation has been updated using also the AT 2025abao data.
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Table 1. Main parameters of the proposed scenario observed.

Mass of the primary star (M∗) 7 ± 2 M�
Radius of the primary star (R∗) ∼350 R�
Temperature of the primary star (T∗) 3100 K
Viewing angle ∼90◦
Ejecta mass (Mej) ∼0.63 M�
Fast outflow velocity (vej) ∼450 km s−1

Kinetic energy (Ek) ∼1.6 × 1048 erg
Velocity of the material on the orbital plane 25 − 70 km s−1

Total radiated energy >3.1 × 1046 erg

calculated an ejecta mass of ∼0.63 M�. This Mej value roughly
coincides with the one found by Wu et al. (2026), who mod-
elled our bolometric light curve. The associated kinetic energy is
1.6×1048 erg; as a comparison, the total kinetic+radiated energy
emitted by V838 Mon was (0.3−1) × 1048 erg (Tylenda & Soker
2006). The collision of the two stellar cores deposits sufficient
energy (see also Bally & Zinnecker 2005) in the outer layers to
lift the ejecta at that encountered high speed.

AT 2025abao is an LRN exhibiting a plateau instead of a
double-peaked light curve. Its progenitor has been established
as an early AGB (K25), that is, an expanded star with an H-rich
envelope. The photometric behaviour of AT 2025abao, similar to
that of a Type IIP SN, can be explained with the recombination of
a large quantity of H, previously ionised by the shocks following
the merger of the two stars (MacLeod et al. 2017). Therefore,
we propose that the observed dichotomy in LRNe –with some
showing two clear light-curve peaks (the first blue and the sec-
ond red) and others with a plateau instead– is linked to the extent
of the common envelope and the amount of H. Hence, systems
with compact progenitors or a low H content would be respon-
sible for double-peaked LRNe, whilst events with extended pro-
genitors and massive outer H layers would produce LRNe with
flat light curves (see also Howitt et al. 2020 and Twum et al.
2026). The total mass of the system instead influences the lumi-
nosity of the event (as established by Kochanek et al. 2014,
Blagorodnova et al. 2021, and Cai et al. 2022b). Another possi-
bility is that the plateau luminosity is maintained long by shocks
produced by the collision of shells, together with the H recom-
bination (Matsumoto & Metzger 2022; Kirilov et al. 2025).

The double-peaked Hα profile in the spectra at maximum
light (Fig. 11, right panel), with the red ‘horn’ fainter than
the blue one, can be explained by an excretion circumbinary
disc (which may form if not all of the envelope is ejected;
Ivanova et al. 2013b) or a torus-shaped structure surrounds the
system. We propose a scenario in which this disc or torus
would be observed at a nearly edge-on viewing angle and would
obscure the receding side of the CSM, making the redshifted por-
tion of it more attenuated and thus fainter (see also Kirilov et al.
2025). A fast outflow (∼450 km s−1), far from being spherically
symmetric (though it is still possible it could be axisymmetrical),
is instead responsible for the broad emission component under-
neath the double-peaked profile. This model is similar to that
presented by Kashi & Soker (2017). We present a sketch of this
scenario in Fig. 17, and a summary of its parameters in Table 1.

In conclusion, it will be crucial to observe AT 2025abao
years after the event with space telescopes, especially in the
infrared domain (as done by Karambelkar et al. 2026, or with
the forthcoming Roman, Akeson et al. 2019), to see what kind
of outcome remains and if the system returns to a state similar

Fig. 17. Schematic sketch presenting the proposed scenario. At the cen-
tre, the companion star is merging with the primary AGB star, within
a common envelope. The cores of the two stars collide, and the kinetic
energy is transferred to the fast-moving outflow, ejected along the polar
direction. Shock fronts can be produced when the outflow hits the com-
mon envelope. On the orbital plane, the system is surrounded by a disc-
or torus-shape structure, made of slow-moving material, some of which
could also infall towards the system via the L2 point. The entire system
is observed almost edge-on.

to the pre-LRN one, with an inflated red star. We note that a
red (super)giant survivor was observed after the coalescence of
a number of LRNe (Steinmetz et al. 2025; Reguitti et al. 2026).
Future observations will also constrain the variability of the post-
merger remnant, which may confirm whether the stellar com-
ponents of the system had completely coalesced. In fact, very-
late-time observations of V838 Mon by Goranskij et al. (2020)
revealed a slow brightening in the optical, which raises doubts
as to whether a complete merger really occurred in that system.

Data availability

The observed calibrated magnitudes are tabulated in the photom-
etry table is available at the CDS via https://cdsarc.cds.
unistra.fr/viz-bin/cat/J/A+A/709/A25. All the spec-
tra are released on the WISeREP interface (https://www.
wiserep.org/).
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Appendix A: Lines in the Na i D region in the
Echelle spectra

In the first Echelle spectrum of AT 2025abao at −3.4 d (Fig. A.1,
top panel), a prominent absorption feature with a profile and
intensity similar to the Na i D2 line due to the transient is visible
at 5890.9 Å (in the host galaxy rest frame). This has been tenta-
tively identified as the transition Na i D2 from a third Na I dou-
blet, redshifted by ∼50 km s−1 with respect to that of the LRN.
However, the corresponding Na i D1 transition, which would be
located at 5896.9 Å, is not detected. Therefore, we believe that
this feature is not an additional Na i D component, but most
likely an absorption metal line. One possibility (though uncer-
tain) is Fe ii λ5891.48 (multiplet 211), which is consistent with
the detection of other Fe ii lines in the spectrum. However, no
other Fe ii lines from the same ionisation stage has been found.

In the second Echelle spectrum at +33.6 d (Fig. A.1, bot-
tom panel), the λ5890.9 line is still present, but a new absorp-
tion is now visible at 5896.9 Å, which is fortuitously at the
expected position of the Na i D1 transition, assuming that the
doublet is redshifted by 50 km s−1 with respect to the transient.
However, accounting that more absorption lines of metals in
neutral state had appeared at this phase, as the continuum tem-
perature decreased, we tentatively identify this new line as Fe i
λ5896.74, though an identification as V ii λ5897.54 is also pos-
sible, as absorption bands from the VO molecule are observed in
the spectra at later phases.

Appendix B: Updated progenitor mass – luminosity
relation

Considering the progenitor of AT 2025abao identified in archival
images before the outburst, and its mass determined indepen-
dently by K25, we can add it to the sample of objects used
by Cai et al. (2022b) to derive the empirical relation between
the progenitor mass and V-band absolute magnitude at the sec-
ond peak (or during the plateau phase) for LRNe, with the goal
of updating it with the robust data inferred for AT 2025abao.
Adopting their estimate of 7±2 M�, and our value of MV,plateau '

−9.74±0.1 mag, the updated mass-luminosity relation becomes:

log(M/M�) = (−0.172±0.017)MV (mag)−(0.811±0.042). (B.1)

Fig. A.1. Zoomed-in view of the Na i D spectral region in the Echelle
spectra. The Na i D doublets of the MW (red solid line) and that of
the LRN (blue solid line) are plotted in the velocity space relative to
the λ5890 line (Na i D2). Top: −3.4 d spectrum. The feature observed
at λ5890.9, indicated as third component (green dashed line), is also
shown at zero velocity. Adopting a tentative classification as an addi-
tional Na i D2 component redshifted by ∼50 km s−1 (e.g., from a gas
cloud along the line of sight), we note however that the corresponding
Na i D1 line is missing in this early spectrum. Bottom: +33.6 d spec-
trum. While the λ5890.9 feature is still visible, a new line appears at
λ5896.9 at the expected wavelength of Na i D1, that we preferentially
identify as an Fe i or a V ii transition (see text).
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Appendix C: Complementary tables

Table C.1. Observational facilities and instrumentation used in our photometric follow-up of AT 2025abao.

Telescope Location Instrument Filters

Swift (0.3m) Space UVOT UV filters+UBV
T21 (0.43m) Utah CCD BVRC IC
ATLAS (0.50m) Mauna Kea ACAM1 c, w, o
T11 (0.51m) Utah CCD BVRC IC
MPO61 (0.61m) Texas CCD, CMO BVgriz
Schmidt (0.67m) Asiago Moravian uBVgri
Oschin (1.20m) Palomar ZTF gr
Copernico (1.82m) Asiago AFOSC uBVgriz
NOT (2.56m) La Palma ALFOSC uBVgriz
NOT (2.56m) La Palma NOTCam JHKs

Table C.2. Log of the spectroscopic observations of AT 2025abao.

Date MJD Phase Spectral Resolution Telescope + Instrument + Grism
(d) range (Å)

2025-10-28 60976.90 −9.4 4100-8390 R ∼ 200 BL41 0.2m + FOSC-E5535
2025-10-29 60977.61 −8.7 4050-8100 R ∼ 500 Seimei 3.8m + KOOLS-IFU (?)
2025-10-31 60979.72 −6.6 4050-8100 R ∼ 500 Seimei 3.8m + KOOLS-IFU (?)
2025-11-03 60982.86 −3.4 3660-7120 R ∼ 20, 000 Copernico 1.82m + Echelle
2025-11-03 60982.89 −3.4 3500-7580 R ∼ 400 Galileo 1.22m + B&C + 300tr
2025-11-04 60983.75 −2.5 3400-7880 R ∼ 400 Galileo 1.22m + B&C + 300tr
2025-11-05 60984.89 −1.4 3430-7880 R ∼ 400 Galileo 1.22m + B&C + 300tr
2025-11-06 60985.79 −0.5 3500-8040 R ∼ 450 Galileo 1.22m + B&C + 300tr
2025-11-07 60986.01 −0.3 3700-7130 R ∼ 900 NOT 2.56m + ALFOSC + gr7
2025-11-07 60986.03 −0.3 5680-8590 R ∼ 1, 300 NOT 2.56m + ALFOSC + gr8
2025-11-10 60989.01 +2.7 3700-7130 R ∼ 900 NOT 2.56m + ALFOSC + gr7
2025-11-10 60989.02 +2.7 5680-8590 R ∼ 1, 100 NOT 2.56m + ALFOSC + gr8
2025-11-16 60996.04 +9.7 3400-9720 R ∼ 400 NOT 2.56m + ALFOSC + gr4
2025-11-23 61002.98 +16.7 6190-7840 R ∼ 1, 100 TNG 3.58m + DOLORES + VHRR
2025-11-24 61003.01 +16.7 3430-8120 R ∼ 350 TNG 3.58m + DOLORES + LRB
2025-11-25 61004.82 +18.5 3600-10100 R ∼ 2, 100 GTC 10.4m + OSIRIS + R2500U/V/R/I
2025-12-02 61011.05 +24.7 3700-9200 R ∼ 300 NOT 2.56m + ALFOSC + gr4
2025-12-10 61019.89 +33.6 3660-7110 R ∼ 20, 000 Copernico 1.82m + Echelle
2025-12-11 61020.98 +34.7 4870-9100 R ∼ 370 Copernico 1.82m + AFOSC + VPH6
2025-12-22 61031.02 +44.7 3750-8900 R ∼ 400 NOT 2.56m + ALFOSC + gr4
2025-12-31 61040.93 +54.6 3750-8900 R ∼ 300 NOT 2.56m + ALFOSC + gr4
2026-01-12 61052.74 +66.4 4870-8950 R ∼ 250 Copernico 1.82m + AFOSC + VPH6
2026-01-23 61063.90 +77.6 3850-9000 R ∼ 300 NOT 2.56m + ALFOSC + gr4
2026-02-16 61087.75 +101.4 5000-9100 R ∼ 250 Copernico 1.82m + AFOSC + VPH6

Notes. The phases reported are relative to the g-band first maximum (MJD 60986.3). (?) Spectra presented by Taguchi & Maeda (2025a).
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