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We present photometric and spectroscopic observations of the luminous red nova (LRN) AT 2025abao, the fourth discovered in M 31. Pre-outburst ph ase,; (Flg 2) 2 = .'V' - . \ ®d .
The LRN, associated with the asymptotic giant branch (AGB) star WNTR23bzdiq, was discovered during the fast rise following the : . low pre-LRN lumin i ri 8 o~ L oa,
minimum phase. It reached its peak at g = 15.1 mag (M, = -9.5 + 0.1 mag), and then it settled onto a long-duration plateau in : slow pre u 0S ty se £ " L) “"'\ . ‘.,
the red bands, lasting 70 days, while it was slowly linearly declining in the blue bands. At the peak the object showed similarities | + caused by unstable mass 2 . PN e, M
with the canonical LRNe V838 Monocerotis, V1309 Scorpii, and the faint and fast-evolving AT 2019zhd, which is the third LRN in transfer b/W the stellar - R \& -,
M31, though the later evolution is different. Spectroscopically, AT 2025abao evolved as a canonical LRN: the early spectra present R ‘é . $ “ \.
a blue continuum with narrow Balmer lines in emission; at the peak, the spectral continuum had cooled to a yellow colour, with a compon ents of a bina ry 2. = R * *n
photospheric temperature of 6000 K. Balmer lines had weakened, while absorption lines from metals (Fe1, Fen, Scu, Bam, Tim) mody 08 0 o by . £
had developed, and they were particularly broad from the UV Can H&K lines. Medium- and high-resolution spectra reveal narrow : SySte m-> forms a common s - o umin, @
(~50 km s7!) absorption and broad (~450 km s~!) emission profiles in the Balmer lines, from a slower wind and a faster outflow, : envelo pe 2 -
respectively. Finally, late-time spectra show an orange continuum (7" ~ 4000 — 5000 K), a return in strength of the Balmer lines and b : . ¢! LY S i
the formation of molecular absorption bands. AT 2025abao is the rare case of an LRN with detailed archival information regarding the ; ° LRN outbu I'St, (F|g . 2) +$¢+ 9.0
progenitor system. For the first time, we obtained the spectral energy distribution in the infrared of the precursor of an LRN, which ¢« Ra p|d rise lasts at ~1 week “ , , T #l 5
is consistent with that of an M giant/AGB. We propose that the dichotomy of light-curve behaviour in LRNe (two peaks vs. plateau) : ’ =2 = e o B e 2 1
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can be explained by the extent and H-richness of the common envelope. H ollowe y a sort or plateau Fig 2 t light f AT2025ab
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2. Discovery
e The LRN AT 2025abao was officially discovered
on 2025 October 19 (MJD=60967.8)
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4. Spectroscopic evolution (Fig.11)
e 20 optical spectra of AT 2025abao over ~ 3 months
- canonical LRN

At early phases

e a blue continuum with narrow Balmer lines in
emission

At peak phase

« the spectral continuum had cooled to a yellow color,
with a Tgg ~ 6000 K. Balmer lines had weakened,
while absorption lines from metals (Fe |, Fe Il, Sc I,
Ba Il, Ti ll) had developed, and they were particularly
broad from the UV Ca |l H&K lines.

At later phases

« anorange continuum (Tgg ~4000 —5000 K), a return
in strength of the Balmer lines and the formation of
molecular absorption bands (TiO, VO).

Balmer line analysis

« narrow (~50 km/s) absorption and broad (~450 km/s)
emission profiles in the Balmer lines at -3.4 days (Fig.12)
- a slower wind and a faster outflow
« Counter P Cygni profile at +34 days (Fig.13)
—as infalling material from a disc on the orbital plane
towards the central system through the second
Lagrangian point
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Fig.12 right; -3.4 days Ha & H 8 profile
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Fig.13; +34 days Ha & H B profile
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5. Discussion and Conclusion
:i+ Their proposed scenario (Fig.17)

1. The cores of the two stars collide, and the
kinetic energy is transferred to the fast-moving
outflow, ejected along the polar direction.

2. Shock fronts can be produced when the outflow
hits the common envelope.

3. 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
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Fig.17; Schematic sketch presenting the proposed scenario

AT 2025abao is an LRN that shows a plateau-like light
curve instead of a double-peaked one.
« Its early-AGB progenitor likely had an extended,
H-rich envelope
e the plateau can be explained by the
recombination of a large amount of hydrogen
ionized by shocks after the merger.

- They propose that the dichotomy of light-curve
behavior in LRNe (two peaks vs. plateau)

can be explained by the extent and H-richness of
the common envelope.
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