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A number of techniques has been used, and people spent their 

careers, but the question still remains unanswered
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4 reasons 4

1. Using SNe Ia in Cosmology requires an understanding of the 

evolution of the luminosity, and the SN rate with cosmic 

epoch. Both depend on the nature of the progenitors;

2. Galaxy evolution depends on the radiative, kinetic energy, 

and nucleosynthetic output of SNe Ia;
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3. A knowledge of the initial conditions and of the distribution 

of matter in the environment of the exploding star is 

essential for the understanding of the explosion itself;

4. An unambiguos identification of the progenitors, coupled 

with observationally determined SN rates will help placing 

constraints on the theory of binary star evolution.
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Key Facts

• Type Ia SNe do not show H lines;

• They are homogene-ous[izable] in terms of peak luminosity, spectra 

and light curve shape;

• They appear in elliptical galaxies (Core Collapses do not).

This rules out the core-collapse of massive (M>8 Msun), young stars.
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• you ought to hide the most abundant element in the universe
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Growing a WD to the critical limit is not that easy, though…
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The Ia progenitor problem

• Populations of potential progenitors

• Pre-explosion imaging of [nearby] explosion sites

• Explosion properties carrying progenitor’s imprints

• CS environment

• SN remnants (diffuse [and compact])

• Explosion rates as f(t) and f(x) and BinPopSyn (BPS)

An observational approach
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One thing is speculating about the existence of binary 

systems with a M~MCH accreting WD. Another is looking 

around for real examples. And see what they tell us…

U Sco RS Oph T CrB

MS companion RG companion RG companion

All contain WDs claimed to be close to MCH

BUT:

• Is the WD really a C-O WD? If O-Ne-Mg, then … 
• Is it increasing in mass? In outburst it may loose… 
• And, briefly, there are not enough in the MW…

RNe
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• First large-scale attempt ESO-SPY (Napiwotzki+04).  
• ~1000 WDs and 1 candidate found.  
• Now we known there are enough WD-WD systems in the Galaxy 

(Badenes+09, Maoz & Hallakoun 17, Maoz, Hallakoun, Badenes 18)
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Final evolution of two C-O WDs (0.7+1.0 Msun)  

with a thin He envelope (10-2 Msun each) 

Courtesy of Rüdiger Pakmor

Accretion from the secondary on the primary leads to dynamical effects on the surface of the primary that ignite 

a He-detonation. The He-detonation wraps around the primary WD and sends a shock into its C-O core that 

upon converging into a single point ignites a carbon detonation in the CO core and the primary WD explodes.
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Final evolution of two C-O WDs (0.7+1.0 Msun)  

with a thin He envelope (10-2 Msun each) 

Courtesy of Rüdiger Pakmor

Accretion from the secondary on the primary leads to dynamical effects on the surface of the primary that ignite 

a He-detonation. The He-detonation wraps around the primary WD and sends a shock into its C-O core that 

upon converging into a single point ignites a carbon detonation in the CO core and the primary WD explodes.

23

Very good question (under investigation :-) ), the naive answer is that it 

survives. However, you can probably burn it as well if needed, which will 

change the explosion (the interaction of the explosion shock of the 

primary with the secondary is not well enough resolved to make a final 

judgement on whether this ignites the secondary as well).

double detonation, sub-Chandra

What happens  

to the companion?
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The case of 2011fe in M101
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Explosion properties

• Early light curve and spectral evolution

• Shocks on [possible] companion star

• Ejecta asymmetries (polarimetry)

• Emission from hydrogen

• Radio, X-Ray CSM emission

• Narrow time-variable absorptions

• CS Dust and light echoes (specphot and polarimetry)

A number of aspects seen during the explosion relate, 

often ambiguously (*&^!@#*), to the progenitor properties:

never detected
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SN2011fe

• Using optical and UV observations, Nugent+11 excluded the presence of 

shock effects from SN ejecta hitting an alleged companion. A RG is 

definitely excluded.

• Bloom+12 ruled out even a MS, concluding that the DD scenario is the 

most probable for this one object. Unless spin-up/down is there (but see 

Kerzendorf+ 2017)

• For the first time provide a direct upper limit to the size of the exploding 

object, R<0.02Rsun (either a WD or a NS).
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merges with an AGB star during the CE phase. The envelope is 

ejected, the explosion of the merged core is delayed by rotation, spins 

down (magnetic dipole radiation) and explodes.
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An alternative scenario

• Kashi & Soker11 proposed the core-degenerate scenario: the WD 

merges with an AGB star during the CE phase. The envelope is 

ejected, the explosion of the merged core is delayed by rotation, spins 

down (magnetic dipole radiation) and explodes.

• It has the advantage of “clearing” the immediate surroundings, and still 

leave material to be seen in absorption.
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Kerzendorf+ 

La Puente+

One difference between DDs and SDs is, of course, 

the presence of a companion that becomes unbound 

after the explosion. And it runs away…
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explosion center.

no star <=> no SD
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• First claimed detection Tycho’s star G (La Puente+04)

• Not confirmed by Kerzendorf+09,12

• Re-stated (Bedin+14)

• No detections in SN1006 (Kerz+13), SNR0509-67.5 

(Schaefer&Pagnotta12), Kepler (Kerzendorf+14)

• No convincing evidence so far

Search historical SNRs for weird 

composition, fast moving, rapidly 

rotating stars not far from the 

explosion center.

no star <=> no SD

32



19th Rußbach School on Nuclear Astrophysics - March 2024

SN Remnants
The idea is to look for possible interactions 

between the remnant and pre-explosion 

material, and to compare to hydro-predictions

33



19th Rußbach School on Nuclear Astrophysics - March 2024

SN Remnants

• In the SD scenario one expect a cavity to be blown in the ISM  

(3-30 pc) during the fast-wind phase.

The idea is to look for possible interactions 

between the remnant and pre-explosion 

material, and to compare to hydro-predictions

33



19th Rußbach School on Nuclear Astrophysics - March 2024

SN Remnants

• In the SD scenario one expect a cavity to be blown in the ISM  

(3-30 pc) during the fast-wind phase.

• Such cavity was not detected in 7 type Ia SNR (Badenes+07).

The idea is to look for possible interactions 

between the remnant and pre-explosion 

material, and to compare to hydro-predictions

33



19th Rußbach School on Nuclear Astrophysics - March 2024

SN Remnants

• In the SD scenario one expect a cavity to be blown in the ISM  

(3-30 pc) during the fast-wind phase.

• Such cavity was not detected in 7 type Ia SNR (Badenes+07).

• X-ray observations consistent with a uniform ISM density. So, 

either no fast-wind or accretion stopped well before explosion.

The idea is to look for possible interactions 

between the remnant and pre-explosion 

material, and to compare to hydro-predictions
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• The Galactic Ia rate is known (~5x10-3 yr-1). This can be used to constrain 

the progenitor scenarios using Binary Population Synthesis (BPS).

• In principle, DDs can account for this

• SDs can only account for some fraction of the observed rate (with WD+MS 

being the most “productive”, and WD+RG the less “productive”).

• The star formation rate AND the delay time distribution contribute to the SN 

rate r(t):

SN rates and Binary Population Synthesis

so that different DTDs produced by BPS (or parameterised models) can be compared to the observed rates.

34



19th Rußbach School on Nuclear Astrophysics - March 2024

From underdog to favorite

35



19th Rußbach School on Nuclear Astrophysics - March 2024

• The paradigm has changed, both from the observational (surveys) and 

the theoretical (3D simulations) point of view.

From underdog to favorite

35



19th Rußbach School on Nuclear Astrophysics - March 2024

• The paradigm has changed, both from the observational (surveys) and 

the theoretical (3D simulations) point of view.

• The DD scenario has become much more physically viable and popular.

From underdog to favorite

35



19th Rußbach School on Nuclear Astrophysics - March 2024

• The paradigm has changed, both from the observational (surveys) and 

the theoretical (3D simulations) point of view.

• The DD scenario has become much more physically viable and popular.

• BPS calculations and surveys indicate that the merger rate is 

compatible with the observed Ia rate in the MW.

From underdog to favorite

35



19th Rußbach School on Nuclear Astrophysics - March 2024

• The paradigm has changed, both from the observational (surveys) and 

the theoretical (3D simulations) point of view.

• The DD scenario has become much more physically viable and popular.

• BPS calculations and surveys indicate that the merger rate is 

compatible with the observed Ia rate in the MW.

• C-O + C-O mergers are likely too rare. This requires sub-Chandra or C-

O + He WD mergers.

From underdog to favorite

35



19th Rußbach School on Nuclear Astrophysics - March 2024

• The paradigm has changed, both from the observational (surveys) and 

the theoretical (3D simulations) point of view.

• The DD scenario has become much more physically viable and popular.

• BPS calculations and surveys indicate that the merger rate is 

compatible with the observed Ia rate in the MW.

• C-O + C-O mergers are likely too rare. This requires sub-Chandra or C-

O + He WD mergers.

• It remains to be seen whether this explains the bulk of  normal Type Ia in 

terms of observed properties.

From underdog to favorite
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Take home

• Lots of work went into this problem

• The problem is not solved, yet

• Binary evolution still needs work

• The common-envelope phase, which concerns both SD and DD, still has to 

be fully understood

• We gained quite some insights, though, and we managed to change our 

minds quite a bit
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• Systems like RS Oph (WD+RG) have 
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of 100s of Rsun. 

• Very weak GW signal (?) during 

accretion 

• ~No GW signal at explosion time (it’s 

a sphere!)
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A clear-cut case?

Single Degenerate 

• Systems like RS Oph (WD+RG) have 

periods of 100s of days, separations 

of 100s of Rsun. 

• Very weak GW signal (?) during 

accretion 

• ~No GW signal at explosion time (it’s 

a sphere!)

Double Degenerate 

• The WDs have to get very close (~0.01 

Rsun) 

• P of 100s to ~10s at merger time 

• The GW signal falls in the <∼ 0.1Hz 

region 

• If we do not see this signal, well, then 

the DD scenario is ruled out.
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for the merging of DD systems is probably one of the 

most promising tools to solve this key question.

(WD)4 = What Do We Do With Double White Dwarfs



The comparison between the known rate of SNIa and 

the rate of GW sources with the properties expected 

for the merging of DD systems is probably one of the 

most promising tools to solve this key question.

(WD)4 = What Do We Do With Double White Dwarfs

Galactic Ia rate: 0.54±0.12 (100 yr)-1 



The comparison between the known rate of SNIa and 

the rate of GW sources with the properties expected 

for the merging of DD systems is probably one of the 

most promising tools to solve this key question.

(WD)4 = What Do We Do With Double White Dwarfs

Galactic Ia rate: 0.54±0.12 (100 yr)-1 



Jan  Harms
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ESO Fellowship and Studentship  Programmes 

Fast Track Your Career!

Fellowship: 15th Oct 

Studentship: 15th Apr+Oct


