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Padova-Asiago Supernova Group

🔭 Asiago classification program 
⚡ Peculiar thermonuclear SNe 
💥 Faint Core-collapse SNe
🤰 Archival search and progenitor study
💫 Gap Transients (ILRTs, LRNe, LBVs)
🌩 Interacting SNe
📡 Radio Transients
💬 Multimessenger Astronomy (GW, neutrinos)

● NUTS2, ePESSTO+
● ThunderKAT
● ENGRAVE, GRAWITA
● Einstein Telescope
● LGWA
● EUCLID
● LSST
● SOXS

Collaborations and future projectsScience Interests



🔭 Transient classification program
Program started in 2013 
(Tomasella et al. 2014)

https://sngroup.oapd.inaf.it/asiago_class.html

AT 2023wpm

https://sngroup.oapd.inaf.it/asiago_class.html


● ~650 classified transients in 10 yrs

● Up to ~38% of newly discovered SNe 
classified from Asiago in the first years

● Second wind with RoboCop? 

AT 2023wpm
is a SN Ib

https://sngroup.oapd.inaf.it/asiago_class.html

Gelato 
(Harutyunyan et al. 2008)

SNID
(Blondin & Tonry 2007)

ATel & Astronotes

🔭 Transient classification program

https://sngroup.oapd.inaf.it/asiago_class.html


⚡ Thermonuclear SNe 
Iax

Tomasella et al. 2016

● Low luminosity (-19 mag < MV < -13 mag),
 fast rise to maximum light (~10 to 20 days)

● Low velocity ejecta (~2000-6000 km/s)

● C/O WD + He-star good progenitor candidates 
(but diversity within the class: multiple 
progenitors/explosion mechanism?)

https://sngroup.oapd.inaf.it/faint.html

https://sngroup.oapd.inaf.it/faint.html


💥 Faint core-collapse SNe

Valerin et al. 2022

The most common core-collapse outcome is a 
SN IIP or IIL, but there is a variability within the class

● -18 mag < MV < -13 mag

● 10-3 M
☉

 < M(56Ni) < 10-1 M
☉

● 1050 erg < Ekin < few 1051 erg

Correlations between parameters suggest that such 
variability is linked to the mass of the progenitor star

https://sngroup.oapd.inaf.it/faint.html

https://sngroup.oapd.inaf.it/faint.html


🤰 Archival searches:
Progenitors and their 
variability
Search science archives for 
pre-explosion images

Both in the Optical (HST, CFHT, 
DES, ESO, NOAO…)
And in the MIR (JWST, Spitzer, 
WISE)

Progenitor of AT 2021biy in 
CFHT data, Cai et al. 2022a

Spitzer image of AT 2019abn in M51
AT 2019abn detected by 

JWST/MIRI

https://sngroup.oapd.inaf.it/progenitors.html



https://sngroup.oapd.inaf.it/progenitors.html

🤰 Fate of massive stars
Constraints on the progenitors of CC-SNe 

Connect the SN explosion with the stellar evolution

● Why are we not detecting massive (>17 M
☉

) 
red-supergiants SN progenitors?

● Which is the fraction of stripped envelope 
SNe in binary systems?

● Which are the most massive stars that end 
their life as a SN?

NER: PI of observational programmes 
for the hunt of SN progenitors



💫 Gap Transients 

Luminous Red Novae (LRNe)

Intermediate Luminosity Red 
Transients (ILRTs)

Outbursts of massive stars

Giant LBV eruptions (Eta-Car like)

Tightly linked to ejecta-CSM 
interacting SNe (Type IIn, Ibn)

Cai et al. 2022

http://graspa.oapd.inaf.it/gap.html

http://graspa.oapd.inaf.it/gap.html


💫 Luminous Red Novae
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Pastorello et al. 2023
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Pastorello et al. 2019a

Molecular 
bands!

http://graspa.oapd.inaf.it/gap/lrn.html

http://graspa.oapd.inaf.it/gap/lrn.html


Indirect methods:

The luminosity and the duration of the outburst 
depends on the masses involved 

Pastorello et al. 2023 Cai et al. 2022

Quiescent progenitor detection

💫 Luminous Red Novae

http://graspa.oapd.inaf.it/gap/lrn.html

http://graspa.oapd.inaf.it/gap/lrn.html


💫 Intermediate Luminosity Red 
Transients

Valerin et al. 2024

• Peak absolute magnitude: 
-15 mag < Mr < -12 mag

• Supernova-like light curves, possible 
contribution from 56Co decay

• Electron Capture Supernovae
   from SAGB progenitors?

• MIR dimming below progenitor 
level until disappearance

http://graspa.oapd.inaf.it/gap/ilotredtr.html

http://graspa.oapd.inaf.it/gap/ilotredtr.html


💫 LBV outbursts and giant eruptions
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Erratic behaviour,
multiple outbursts

Pastorello et al. 2010

Quiescence

Outburst

Evolution

http://graspa.oapd.inaf.it/gap/giantburst.html

SN 2000ch

http://graspa.oapd.inaf.it/gap/giantburst.html


💫 Gap transients can become SNe

Erupting LBVs or lower mass stars in binaries?

Elias-Rosa et al. 2016

Pre-SN IIn outbursts: SN 2009ip-like transients

Event A

Event A Event B

We need to study the 
pre-SN eruptive phases! 

Event B

Late

http://graspa.oapd.inaf.it/gap/giantburst.html

http://graspa.oapd.inaf.it/gap/giantburst.html


🌩 Interacting Supernovae
● SNe whose ejecta interact with CSM
● Spectra and light curve heavily 

depend on CSM properties
● Efficient conversion of Ek into 

radiation -> brighter and longer light 
curve, slower spectral evolution

● CSM gives insights on the last 
evolutionary stages of massive stars

● Shock can accelerate particles and 
produce high energy neutrinos

Salmaso et al. in prep.

https://sngroup.oapd.inaf.it/interacting_SNe.html

https://sngroup.oapd.inaf.it/interacting_SNe.html


📡 Counterpart of radio transients
Today’s objective: 

Unveiling hidden SN population

Apparent mismatch between the measured CC-SNe rate 
(mostly from optical observations) 

and 
the cosmic massive star formation rate

Tomorrow’s objective: 
Correlate optical and radio transient properties

diff. image ref. imagedetection

NER, EC, IS, SB, LT participate in this research and 
are members of ThunderKAT (SARAO/MeerKAT)

EC developed the transient search tool



💬 From multiwavelength 
to multimessenger

Observed Template Subtraction

Same template subtraction strategy for neutrinos and 
GWs: look for unknown transients inside the errorbox



Observed Template Subtraction

Same template subtraction strategy for neutrinos and 
GWs: look for unknown transients inside the errorbox

At the same time…

Search for classified transients

Salmaso et al. 2023

Salmaso et al. in prep.

Study of potential emitters

💬 From multiwavelength 
to multimessenger



Collaborations
NUTS2

● 30+ members from Europe
● Padova node alone contains 30% of the members
● Access to NOT telescope through members from 

Scandinavia
● 65 hours/semester of soft ToO (ALFOSC) + 6 

half-nights/semester (NOTCam)
● 30+ papers until 2021

ePESSTO+
●500+ members, mostly from European community 

(but also Asian and Chilean)
●Started 2012, still on-going (due to delays with SOXS)
●Granted 90 nights/semester at ESO 3.58m NTT 

telescope + EFOSC2 (and SOFI until last August)
●100+ papers until 2020



Collaborations
GRAWITA

● ~100 members from the Italian community 
(PI E. Brocato, INAF-OAAb)

● Search and follow-up of electromagnetic 
counterparts of GWs events and GRBs

● Recent paper on Nature on a Gamma-ray flash 
from M82, using data from INAF facilities 
(Asiago and Campo Imperatore Schmidts + TNG)

ENGRAVE
● 250+ members from the European community 

(PI S.J. Smartt; Oxford University)
● Follow-up of EM sources from GWs, mostly with 

ESO facilities (VLT)

http://www.engrave-eso.org/ https://grawita.inaf.it/



Gravitational Wave Astronomy
TODAY

Ligo/Virgo/Kagra (LVK) 

Search for counterpart in O4 run

Founder members of the Italian 
(GRAWITA ) and European 
(ENGRAVE) collaborations

EC: in the board of GRAWITA
All: Alert team, contribution to the 
search (VST, Schmidts) and follow-up 
(VLT, LBT, TNG, Asiago …..) of WGs

TOMORROW
Einstein Telescope (ET)

Contribution to Blue Book
NER, EC: chapter Stellar 
collapse and rotating neutron 
stars (DIV7 of OSB) 
EC: CoI of the PNRR ETIC
Laboratorio ADONI: Test di 
ottica adattiva per ET

EC: PI of INAF as co-proponent

https://www.einstein-telescope.it/https://www.ligo.org/ https://www.virgo-gw.eu/

https://www.ligo.org/
https://www.virgo-gw.eu/


Long term vision: LGWA

SB: member of LGWA Steering Group

SB, EC, LT: co-authors of  LGWA White Paper (https://arxiv.org/abs/2404.09181)
and member of LGWA WG1 (GW Science and Multi-Messenger Astronomy)

http://lgwa.unicam.it/

LGWA is a mission concept to 
measure the vibrations of the 
Moon caused by GWs. 
Observation band 1mHz to a Hz 
(peak sensitivity in the decihertz 
band). Its pathfinder mission 
Soundcheck was selected in 
2023 by ESA into the Reserve 
Pool of Science Activities for 
the Moon.

LGWA Science 

https://arxiv.org/abs/2404.09181


Search for Transients in EUCLID 
Deep and Self-Calibration fields

• Unique  access to redshift range 1-2
• Unique very deep NIR
• Extraordinary VIS spatial sampling
• Opportunity of coordination with LSST
• As transient SWG we were granted immediate 

access to EUCLID images

EC developed:
●    A simulation to estimate transient counts
●    A pipeline for EUCLID raw data quick reduction
●    The transient search pipeline

Euclid. I. Overview of the Euclid mission
Euclid collaboration 2024 ht
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?

VRO/LSST
Transient and Variable Stars Collaboration

● 1 approved project with data right holders (AP, LT, AR, IS, 
GV) on the study of peculiar supernovae, Gap Transients, 
“dark” supernovae. Current involvement in LSST DP0.2.

● Other PIships to be negotiated via in-kind contributions 
(SOXS, VST) - SB, NER, LT (classifications and additional 
follow-up resources)

Science goal: 
Mapping the unknown

Covid Delay Survey operations 
begin - spring 2025

https://www.lsst.org/

https://www.lsst.org/


LSST preparatory phase

Filtering 
criteria

LSST rare transient discoveries

LSST community brokers
VRO/LSST alerts

Templates of rare 
transients



SOXS
(Son Of X-Shooter)

All Padova-Asiago SN group members are involved in 
the 13 SOXS WGs
EC: in the  SOXS board
AP: WG7 (Intermediate luminosity transients) deputy 
SB: WG13 (Classifications) leader 

http://www.brera.inaf.it/~campana/SOXS/Son_of_X-Shooter.html

Unique spectroscopic/imaging facility 
for the ESO-NTT 3.5-m telescope in La Silla

OAPd will be one of the three nodes 
(with INAF - OA-Brera/OACN) supporting the SOXS operation. 
The whole Consortium+ESO time will be 
entirely managed by the consortium! 

Two assegni di ricerca are foreseen to help in 
this fundamental task
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