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PESSTO/ePESSTO/ePESSTO+; PIs S.J. Smartt, C. Inserra. A wide collaboration 
currently composed by 228 researchers. 

• 90-100 nights/year with NTT (EFOSC2/SOFI) 
• 65 nights/semester with 1m-class                                                                

telescopes of Las Cumbres Observatory 

The NOT Unbiased Transient Survey (NUTS/NUTS2); PIs: E. Kankare, A. Pastorello, 
M. Fraser, M. Stritzinger, P. Lundqvist. Collaboration of 28 researchers of 6 EU 
countries;  

• >180 hr in ToO/Service at the NOT (ALFOSC/NOTCam) 
• Additional time at Magellan with FSU (PI: E. Hsiao) 
• Photometric follow-up from the ASAS-SN collaboration 
• Asiago telescopes via the Padova SN group 
• Liverpool Telescope observations (PI: S. Prentice) 

The Fast and Dark Side of Transients experiment; PIs Gutierrez-Avendano/Inserra. 
• 26 hrs at the Liverpool Telescope with IO:O and SPRAT 
• 15% of available ToO time with 2.2m MPG/GROND 

Collaborations & Facilities



The Global Supernova Network  
• Shared access to 1m-class telescopes                                                   

for photometry 
• Shared access to 2m-class telescopes                                                   

for spectroscopy              

GTC+Hipercam: 1.5hs per semester for high time resolution imaging (PI: 
N. Elias-Rosa); frequent DDTs with OSIRIS for spectroscopy of faint 
objects 

Liverpool Telescope: 25hrs per semester for optical and NIR imaging 
with  IO:O and IO:I 

PROMPT telescopes for high-cadence optical imaging and CTIO 1.3m + 
ANDICAM for NIR imaging 

Additional hours with other facilities, incl. SALT and Russian telescopes 

Collaborations & Facilities



Motivations
Characterizing rare species of 
stellar transients: 


Spectro-photometric monitoring and 
data modeling 
Multi-messenger approach 
Inspection of image archives to study 
the progenitors and their variability  
The local environment and host 
galaxy parameters… LSST preparatory phase: 


Historical lightcurves of known LBVs 
Complete database of ILOTs (Padova) 
Templates for photometric 
classification (brokers)

Why? 
They are challenging our 
knowledge of stellar evolution 
They will likely produce NSs, BHs 
or degenerate binary remnants



2015-2022 
Characterization 
of new species of  
stellar transients



1.Luminous Red Novae (LRNe) - yellowish 
giant-to-hypergiant progenitors (with wide 
mass range), in close binaries. Mergers? 

2. Intermediate-Luminosity Red Transients 
(ILRTs) Dust-embedded 8-15 M☉ progenitors. 
Electron-capture SNe or outbursts of E-AGB? 

3.  Major LBV eruptions (Eta-Car, SN 2000ch, SN 
2009ip in 2009-2012) => erratic variability with 
multiple outbursts; MV ~ -11.5 to -14.5 mag 

4.  Major stellar outbursts / SN impostors - 
massive (MZAMS > 40 M☉) progenitors 
(hypergiants, WRs), such as the precursor of 
SN 2006jc) => single outburst; MV ~ -13 to -14 

5.  Extreme S Dor variability (e.g. R71, M33 Var 
C, AE & AF And, UGC 2773-2009OT1)  => 
heterogeneous △M < 3 mag, MV > -11 mag 

6.  Faint type I SNe (.Ia, Ca-rich transients, fast 
& faint SNe) - failed thermonuclear explosions 
or faint core-collapse (fall-back SNe, EC SNe) 

7.  Faint type II SNe (1997D-like) - Fe core-
collapse of 8-10 M☉ RSGs or fall-back SNe?

The “Gap Transients”  
zoo: taxonomy

Pastorello & Fraser 2019



✴ Peak absolute mag: -12 to -14 
✴ Type IIP or IIL-like light curves 
✴ Late-time decline consistent 

with 56Co 
✴ Type IIn-like spectra 
✴ [Ca II] near 7300 A always 

detected 
✴ No molecular bands in the late 

optical spectra 
✴ Quiescent progenitors seen in 

the mid-IR only; no detection in 
the optical or near-IR regions           

Cai et al. 2018, MNRAS, 480, 3424 
Cai et al. 2019a, A&A, to be subm. 

Valerin MSc Thesis, in prep. 

Intermediate-Luminosity 
Red Transients (ILRTs)



Intermediate-Luminosity 
Red Transients (ILRTs)

Botticella+ 2009, MNRAS, 398, 1041 
This will be the subject of the                      
PhD activity of Giorgio Valerin

8-15 M☉ STARS EMBEDDED IN DUSTY COCOONS

✴ Outbursts from low-mass LBVs or B[e] 
hypergiants in a dusty cocoon 

✴ Outbursts due to binary interaction 
involving a S-AGB 

✴ Electron-capture SNe                                      
from S-AGB stars                           
(disappearance of the                             
progenitors in the MIR) 

✴ Outbursts of low-mass                             
LBVs or B[e] hypergiants                               
in a dusty cocoon 

✴ Outbursts from binary                                      
interaction with a S-AGB 

✴ Electron-capture SNe 



Luminous Red Novae

✴ Max absolute magnitudes: 
• RNe: MV < -10 (to -4) mag  
• LRNe: MV > -10 (to -15) mag  

✴ Pre-outburst brightening 
✴ First, short-duration blue peak 
✴ Second, shallow red peak, or  

plateau 
✴ Late-time infrared excess

Pastorello+ 2019a, A&A, 625, L8 
Pastorello+ 2019b, A&A subm. (arXiv:1906,00812)  
Cai et al. 2019b, A&A lett., in prep.



A Forest of Metal 
Lines (FeII, ScII, TiII)

Luminous Red Novae

Molecular bands!

Cai et al. 2019b, A&A lett., in prep.

AT 2018hso



Binary variability

CE ejection

Merger-powered 
outburst

Merger-powered 
outburst

Tylenda et al. 2011 
(see also Mason+ 2010)

G to M-type
V1309 Sco

CE ejection

Red Novae



RN/LRN Channels

A. Red Novae  
Low-mass binary 

• CE & survived binary 
• CE & merger 
• AGB-like outburst 

B. Luminous Red Novae 
Massive binary 

• CE & survived binary (with 
primary exploding as a SN) 

• CE & massive merger 
(eventually going to SN) 

• LBV-like outburst followed 
by a SN explosion



SN impostors

Pastorello+ 2010, MNRAS, 408, 181 
Tartaglia+ 2015, MNRAS, 447, 117 

Tartaglia+ 2016, ApJ, 823, L23

Impostors occasionally  
explode as genuine SNe!



✴ Blue pseudo-continuum 
✴ Multi-component H or 

He I lines  
✴ Wind velocity of 102 to 

103 km s-1 

✴ Slow-evolving, long-
duration light curve

Ejecta-CSM interacting Supernovae

H; SNe IIn

He I; SNe Ibn

REVERSE SHOCK

FORWARD SHOCK



impostor

SN II

interaction

From impostors to interacting SNe

Pastorello+ 2019, A&A, arXiv:1906.00814 
Reguitti+ 2019, MNRAS, 482, 2750 
Pastorello+ 2018, MNRAS, 474, 197 

Elias-Rosa et al. 2018, MNRAS, 475, 2614 
Elias-Rosa et al. 2016, MNRAS, 463, 3894 

Tartaglia+ 2016, MNRAS,459, 1039…..



From impostors to interacting SNe
Elias-Rosa et al. 2018, MNRAS, 475, 2614 

The progenitors of impostors 
(and SNe IIn) are occasionally 
detected in “quiescence”. 
They are massive (over 40M☉) 
hypergiants or LBVs.



Our papers on gap transients and interacting SNe from 2015

Reguitti, Pastorello, Smartt et al. 2019, A&A lett., submitted (shock breakout/SN IIn)  
Pastorello, Mason, et al. 2019, A&A, submitted, arXiv:1906.00812 (LRN sample) 
Pastorello, Reguitti et al. 2019, A&A, submitted, arXiv:1906.00814 (impostor+SN IIn) 
Pastorello, Chen, Cai et al. 2019, A&A, 625, L8 (LRN) 
Pastorello & Fraser, 2019, Nature Astr., in press  
Reguitti, Pastorello, Pignata et al. 2019, MNRAS, 482, 2750  (impostor+SN IIn) 
Cai, Pastorello, Fraser et al., 2018, MNRAS, 480, 3423 (ILRT) 
Chen, Inserra, Fraser et al., 2018, ApJ, L31 (SN IIn) 
Elias-Rosa, Benetti, Cappellaro et al. 2018, MNRAS, 475, 2614 (impostor+SN IIn) 
Pastorello, Kochanek, Fraser et al. 2018, MNRAS, 474, 197 (impostor+SN IIn) 
Kunkarayakti, Maeda et al. 2018, ApJ, 854, L14 (SN IIn) 
Hosseinzadeh, Arcavi, Valenti et al. 2017, ApJ, 836, 158 (SN Ibn) 
Blagorodnova, Kotak, Polshaw et al. 2017, ApJ, 834, 107 (LRN) 
Elias-Rosa, Pastorello, Benetti et al., 2016, MNRAS, 463, 3894 (impostor+SN IIn) 
Maund, Pastorello, Mattila et al. 2016, ApJ, 833, 128 (SN Ibn) 
Tartaglia, Pastorello, Sullivan et al. 2016, MNRAS, 459, 1039 (impostor+SN IIn) 
Tartaglia, Elias-Rosa, Pastorello et al. 2016, ApJ, 823, L23 (impostor) 
Pastorello, Wang, Ciabattari et al. 2016, MNRAS, 456, 853   (SN Ibn) 
Kangas, Mattila, Kankare et al. 2016, MNRAS, 456, 323 (IIn) 
Pastorello, Tartaglia, Elias-Rosa et al. 2015, MNRAS, 454, 4293 (Ibn) 
Fraser, Kotak, Pastorello et al. 2015, MNRAS, 453, 3886 (SN IIn) 
Pastorello, Prieto, Elias-Rosa et al. 2015, 453, 3649 (SN Ibn) 
Kankare, Kotak, Pastorello et al. 2015, A&A, 581, L4 (LRN) 
Taddia , Sollerman, Pastorello et al. 2015, A&A,  580, 131  (hosts of interacting transients) 
Pastorello, Hadjiyska, Rabinowitz et al. 2015, MNRAS, 449, 1954 (SN Ibn) 
Pastorello, Wyrzykowski, Valenti et al. 2015, MNRAS, 449, 1941 (SN Ibn) 
Pastorello, Benetti, Brown et al. 2015, MNRAS, 449, 1921(SN Ibn) 
Tartaglia, Pastorello, Taubenberger et al. 2015, MNRAS, 447, 117 (impostor)



LSST preparatory phase

Filters

Future rare transients



The Future: mapping the unknown

LSST

?


