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2002-2006: EU RTN on the physics of SNe Ia

I was a Diploma student at 
MPA in 2004, and the only 
one working on data there 


Trained by Padova and ESO 
people


Eagerly waiting for my first 
real target …

Observers

Theoreticians



2002-2006: EU RTN on the physics of SNe Ia



2002-2006: EU RTN on the physics of SNe Ia

Now I had my extreme 
SN Ia.  
So extreme that it ended 
up being a SN Ic …



Training in Asiago



The "Taubenberger plot"

Data by Massimo Turatto
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The "Taubenberger plot"
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Poor

man's
3D



Focussing on 09dc-like SNe Ia

5-10 yr ago:


About 5 well-observed 
objects


Still not 100% clear where 
the luminosity comes from


Probably NOT super-
Chandra WDs


Speculation on interaction 
with H/He-free CSM


Wild speculation on 
molecule/dust formation 
after 50-200 days



Focussing on 09dc-like SNe Ia

Now:


About 10 additional well-
observed objects


Excellent data sets



Explosion in low-mass, low-metallicity hosts

2022ilv:  
Mhost > -11 to -10


LSQ14fmg: 
Mhost = -15 to -14

Srivastav et al. 2023

SN 2022ilv 
"1": star 
"2": galaxy (wrong z)



Unburned material in early spectra

Dimitriadis et al. 2022
Dimitriadis et al. 2023

2020esm and 2021zny: 
early spectra show  
almost exclusively  
C and O lines

SN 2020esm

SN 2021zny



Peak luminosities

Ashall et al. 2021

Siebert et al. 2024

2022pul is the least luminous  
09dc-like SN so far, with  
MB,peak = -18.9

09dc-like SNe  
not necessarily  
overluminous  
in the optical


overluminous  
in the near IR 



UV - optical colours

Dimitriadis et al. 2022

UV - optical colours  
much bluer than in  
normal SNe Ia



Early flux excess

Srivastav et al. 2023

Dimitriadis et al. 2023

09dc-like SNe with 
sufficiently early 
data show lightcurve 
bump of 1-2 days

SN 2021zny

SN 2022ilv

SN 2020hvf



Early flux excess

Hsiao et al. 2020

LSQ14fmg

LSQ14fmg even shows 
a long-lasting excess 
during the rise …



Late-time flux deficit

Hsiao et al. 2020

LSQ14fmg

… and a flux deficit 
starting very early, 
around day 30.



Late-time flux deficit

Hsiao et al. 2020
Dimitriadis et al. 2022

LSQ14fmgSN 2020esm

In SN 2020esm the 
flux deficit starts 
after 200-250 days.



Nebular spectra

Siebert et al. 2024Siebert et al. 2023

Low ionisation (weak/ 
absent [FeIII] lines)


 

 

SN 2020hvf SN 2022pul



Dimitriadis et al. 2022

Dimitriadis et al. 2023

Low ionisation (weak/ 
absent [FeIII] lines)


Strong [CaII]


 
 

Nebular spectra

Siebert et al. 2023

SN 2020hvf

SN 2020esm

SN 2021zny



Siebert et al. 2024
Dimitriadis et al. 2023

Kwok et al. 2024

Low ionisation (weak/ 
absent [FeIII] lines)


Strong [CaII]


Occasional [OI] … 

 

Nebular spectra
SN 2021zny

SN 2022pul



Kwok et al. 2024

Low ionisation (weak/ 
absent [FeIII] lines)


Strong [CaII]


Occasional [OI] and 
[NeII]


 

Nebular spectra
SN 2022pul



Siebert et al. 2024

Low ionisation (weak/ 
absent [FeIII] lines)


Strong [CaII]


Occasional [OI] and 
[NeII]


Blackbody emission 
from warm dust

Nebular spectra
SN 2022pul

Siebert et al. 2024



Most people agree that 09dc-like 
SNe are NOT super-Chandra WDs


WDs exploding in H/He-poor 
envelopes


Two leading scenarios:

Models

CO-CO WD mergers where 
the less massive WD gets 
disrupted and forms the 
envelope


Pros: no H/He in system, 
oxygen at centre of the 
ejecta plausible


Cons: most likely 
aspherical (polarimetry)

Core-degenerate 
scenario: explosion of  
the degenerate C/O core 
of an AGB star


Pros: spherical symmertry


Cons: hard to get 
envelope H/He-free, no 
oxygen at centre of 
explosion



Possible link between 09dc-like and 02es-like SNe

Hoogendam et al. 2024

All SNe Ia with an early 
bump are either 09dc- or 
02es-like


Their UV-optical colours 
are similar and distinct 
from all other SNe Ia


[OI] detected in nebular 
spectra of six 09dc-like 
or 02es-like SNe, but not 
in a single normal SN Ia


