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Type Ia Supernovae 

•  standard candles, important for cosmology (dark energy) 

•  thermonuclear explosion of a C-O white dwarf which 
mass reached the Chandrasekhar mass limit (≈1.4 М) 

•  exact nature of progenitors still unknown  

•  2 scenarios: 
–  merger of two white dwarfs 
–  accretion onto the WD in a close binary system 

Marat Gilfanov Chandra-10, 23/09/2009 



Type Ia Supernovae 

•  standard candles, important for cosmology (dark energy) 

•  thermonuclear explosion of a C-O white dwarf which 
mass reached the Chandrasekhar mass limit (≈1.4 М) 

•  exact nature of progenitors still unknown  

•  2 scenarios: 
–  merger of two white dwarfs 
–  accretion onto the WD in a close binary system 

Marat Gilfanov Chandra-10, 23/09/2009 

<5-10% 



Accretion scenario predicts: 

•  too large (soft) X-ray luminosity of  
E/S0 galaxies, inconsistent with 
Chandra observations 

•  too frequent Classical Novae 
explosions 
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Accretion scenario 
for SNe Ia 

progenitors 

•  initial white dwarf mass ~ 0.7–1.2 М"

•  Chandrasekhar mass limit ≈1.4 М"

•  need to add ≈ 0.2–0.5 М  "

•  accretion of (hydrogen rich) material onto the WD 
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Energy release per one SNIa 

•  gravitational energy of accreted matter 

•  nuclear energy (hydrogen fusion on the WD surface) 

prior to the Supernova explosion 

Marat Gilfanov Chandra-10, 23/09/2009 

€ 

ΔEgrav =
GMWD

˙ M (t)
RWD

∫ dt =
GM

R(M)M 0

M Ch

∫ dM ~ 4 ⋅1050 erg

€ 

ΔEnuc = ˙ M (t) X HεH dt∫ = ΔM X HεH ~ 3 ⋅1051 erg



Combined luminosity of SNIa prog. 

To compare with 
observations: 

•  absorption 
•  bolometric corrections 
•  SED of accreting WDs 
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€ 

Lbol ~ (ΔEgrav + ΔEnuc ) ×ν SNIa ~ 10
41−42  erg/s

Polar

kT=10 keV

SSS

kT=70 eV

NH=1021 cm-2
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Super-soft X-ray sources 
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combined luminosity of all 
SNIa progenitors in the 
bulge of M31 predicted in 
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scenario 
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X-ray observations
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Super-soft X-ray sources 
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combined luminosity of all 
SNIa progenitors in the 
bulge of M31 predicted in 
the single degenerate 
scenario 

SSS contribution to 
observed SNIa rate 

 <5–10 %  consistent with 
X-ray observations



•  accreted matter is lost in CN events, WD does not gain mass 

•  independent CN frequency argument: 

in the accretion scenario 
CN rate ~ SN rate 

Classical Novae 

Marat Gilfanov € 

ΔMCN
˙ N CN ~ΔMSNIa

˙ N SNIa

ΔMCN ~ 10−6 −10−5 MΘ

ΔMSNIa ~ 0.3− 0.5MΘ

based on Prialnik, Kovetz et al. 
observations:  Arp; Capaccioli et al. 

CN frequency in M31 bulge 
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CN frequency in M31 bulge 

CN contribution to 
observed SNIa rate 

 <5–7 %  



Very high Mdot regime 

•  common envelope configuration 
•  optically thick wind (Hachisu et al.) 
•  low photospheric temperature – optical, UV band 

•  low mass accumulation  
efficiency 

•  may work only with  
massive donor star 
i.e. in young galaxies 
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Conclusion 

•  accreting WDs in binary systems can only account 
for <5-10 % of SNeIa in early type galaxies 

•  accretion scenario predicts too large X-ray luminosity of 
SNe Ia progenitors and too high frequency of Classical 
Novae, inconsistent with observations of nearby galaxies 

•  unless our understanding of accretion and nuclear burning 
on the WD surface are fundamentally flawed 

•  this applies to early type galaxies (delayed SNeIa); SNIa in 
star-forming galaxies (prompt SNeIa) may be different 
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Thank you! 



Two populations of SNIa 

prompt  
•  t<100 Myr 
•  young stellar environment 
•  disks of spiral galaxies 
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Two populations of progenitors for SNe Ia 779

Figure 6. Same as Fig. 1, but for a DTD constituted by equal contributions
(50 per cent) from an exponentially declining function with characteristic
time of 3 Gyr and a Gaussian centred at 5 × 107 yr and σ = 107 yr. In panel
(b) the dotted and dashed lines show, respectively, the contributions from
the ‘prompt’ and ‘tardy’ components. The DTD simultaneously reproduces
all the SN Ia rate observations.

in the radio-loud galaxies only qualitatively, because its ‘prompt’
peak is centred at 108 yr instead of at the best-fitting value of
5 × 107 yr.

Bimodal DTDs can be produced also by models with more than
one type of progenitors, for example, in which both the SD and DD
channels are active (see e.g. Nomoto et al. 2003). A bimodal DTD
is also naturally produced by the SD model by Kobayashi et al.
(1998) in which two different companion stars are present: either a
red giant with initial mass of about 1 M" and orbital periods of tens
to hundreds days, or a main-sequence star with mass ∼2–3 M" and
periods of the order of a day.

7 D I S C U S S I O N

7.1 Other evidence for bimodality

We have shown that the observational constraints to the SN Ia rates,
namely the rate evolution with redshift, the dependence of SN Ia

Figure 7. Same as Fig. 1, but for the theoretical DTD predicted by
Belczynski et al. (2005) for the SD model with reduced common enve-
lope efficiency (αλ = 0.3). The best-fitting value of the total efficiency is
η = 4.0 per cent. In Panel (b), the dotted and dashed lines show, respectively,
the contributions from the ‘prompt’ and ‘tardy’ components associated to
the two peaks of the DTD. This bimodal DTD appears to reproduce reason-
ably well the SN Ia rate observations, although the position and the intensity
of the ‘prompt’ peak produce only a small enhancement of the rate in the
radio-loud ellipticals.

rates with host galaxy colours, and the marked increase of SN Ia
rates in radio-loud ellipticals, are best reproduced if about half of
the SNe explode within 108 yr from star formation (‘prompt’ com-
ponent), while the rest have explosion time-scales of a few Gyr
(‘tardy’ component). Particularly from our analysis a number of
facts emerge, as listed below.

(i) After constraining the DTDs to match the observations both
at high redshift and in the local Universe, we derive a DTD charac-
terized by a strong peak at early times (∼0.1 Mpc) followed by an
exponential function with a decay time of about 3 Gyr. Our result
rules out all models predicting narrow DTDs, pure exponential or
pure Gaussian DTDs and constant DTDs.

(ii) There are some single-population models, characterized by
broad distributions of delay times (three orders of magnitude), which

C© 2006 The Authors. Journal compilation C© 2006 RAS, MNRAS 370, 773–783

delayed 
•  t~few Gyrs 
•  old stellar environment 
•  elliptical galaxies 

bulges of spirals 

Mannucci et al., 2006



Why elliptical galaxies? 

in young galaxies: 

•  enhanced absorption by gas and dust 
•  massive donor stars 

in ellipticals maximal Mdonor~1 Msun 

•  configurations with low mass accumulation efficiency are 
possible: 
–  accretion from wind 
–  high Mdot regime with optically thick wind 
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WD color temperature 
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WD mass-radius relation 
from Panei et al., 2000 
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Two populations of SNIa 
SNe Ia in star-forming environment  
tend to be: 
•  more frequent 
•  brighter 
•  more uniform in their parameters 

(as may be expected in the  
accretion scenario) 
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Mannucci et al., 2005 



(at least) Two types of SNe Ia 
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Howell, 2001 


