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1. Introduction
• Luminous Red Nova (LRN)

• Believed to be originate from stellar mergers
• 𝐿 ∼ 1038 − 1041  erg/s at peak
• Redder than classical Novae, duration; ~ weeks to several months

• LRN longer-lived plateau is likely sustained by radially distributed heating sources, 
• Shock interactions (Metzger & Pejcha 2017)  The authors favor this model
• Hydrogen recombination in various shells (Ivanova et al. 2013; Matsumoto & Metzger 

2022)
• Accretion-powered jets (Soker 2020)

Fig.3. Schematic illustration of the various shells as a function of time and radius

2. Luminous red novae sample
• 6 LRNe are chosen; V1309 Sco (mainly used in this paper), V838 Mon,  

M101-2015OT1, NGC 4490-2011OT1, UGC12307-2013OT1, and AT2021blu

Fig.1 spectra of LRN V1309 Sco

Left 
• spectra get redder

(Photospheric phase → post-plateau phase)
• 𝐿bol suddenly drops at 20 days
Right

• narrow (∼ 100 km/s, from slow CSM) + 
broad ( > 1000 km/s, due to electron-
scattering ) components 

3. Two energetic components in 
the post-plateau spectra: Blue 

nebular emission and a NIR star
• Two energetic components in post-

plateau phase are considered (Fig.2)

• hot ionised emission (Bound-
free  + recombination lines)

• NIR stellar continuum

The authors propose two components fade 
coherently because they are illuminated 
by the same shock front.

Fig.2. V1309 Sco spectra in post-plateau epochs, 
M5 type star and recombination + bound-free emission

(Post-plateau) radius

• upstream of the shock, the ionised and slowly expanding 
CSM produces narrow recombination lines and bound-free 

emission, while the dense downstream produces an 
optically thick stellar surface illuminated from above.

𝜏 = 1 surface 
receding over 
the shock 
front

4. Electron-scattering wings
• Broad width of Hα (>1000 km/s) is not consistent with 

photospheric velocity (~hundreds km/s).
• Authors suggest these are the spectral signatures of electron-

scattering wings from a hot population of outflowing electrons, 

shock-heated by the collision of post-merger ejecta with the 
CSM formed by pre-merger ejecta. (Fig.4.)

→ They constrained 
𝑁𝑒 , electron column density , 𝑇𝑒  (hot electron temperature) and 𝑣𝑒𝑠 (outflow velocity)

Fig.4. Hα profile
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4. Electron-scattering wings (続)

Fig.5. V1309 Sco Hα line and electron-scattering wings around an intrinsically narrow Gaussian line with 
varying electron-scattering optical depth (𝜏𝑒𝑠), electron temperature (𝑇𝑒), and bulk outflow velocity (𝑣es)

→ They find to be plausible physical parameters 𝜏𝑒𝑠 = 5, 𝑇𝑒 = 10000 K, 𝑣es  = 500 km/s

Fig.6. V1309 Sco Hαline and the two distinct scattering components proposed in this interpretation

4.3. Luminosity from shock energetics
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→ the shock power is sufficient to produce the entire luminosity of LRNe.
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→ the upstream-powered narrow component is therefore expected to fade faster than 
the downstream-powered broad component

→ The narrow and broad components are distinguished not only by velocity but also by 
their temporal evolution. (Fig.8.)

Fig.8. temporal Hα profile

5. Density from recombination line ratios
• A notable prediction of the proposed interpretation of LRNe is that collisions with a 

surrounding low-density medium are sufficient to provide the observed luminosities. (in 
Section 4)

• They test predicted low densities against 𝜌CSM from recombination line ratios

Fig. 9. Selected recombination line ratios from PyNeb calculations

→ 𝜌CSM ∼ 10−13 − 10−12  g/cm3, T ∼ 5000 − 10000 K for V1309 Sco , which are consistent 
with predicted shock interpretations

• As for bright LRNe, line ratios are deviated from case B 
recombination (Hβ/Hα≈0.3−0.4) and they have denser 𝜌CSM ∼

10−11  g/cm3 than non-deviated LRNe like V1309Sco

Fig.10. (top) the Balmer 
decrement as a function of 
time for AT2021blu and 
(bottom) the ratio of NIR 
hydrogen lines

3.3

6. Discussion and Summary
• LRNe post-plateau phase 

• M type red-continuum
• Recombination + free-bound emission

→ Two components are illuminated by a common 

shock surface because two fade coherently.
• Two electron-scattering components in Hβand 

Hα

• narrow (~100 km/s) lines from slow CSM
• Broad (>1000 km/s) lines from multiple 

scattered downstream photons

• Shock-powered model can explain the overall 
LRNe luminosity and their diversity of LNRe can 
be explained by 𝜌CSM.
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