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But recent interest rekindled by suggestion of Bildsten  et al.
(ApJL 662 L95 2007) of Ia supernovae(ApJL, 662, L95, 2007) of .Ia supernovae, 

followed by multi-dimensional sumulations
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Current claims:

1) Ignition in the helium layer will always lead to 
helium detonation even for helium masses as small
as 0.0035 solar masses (Fink et al 2010)

2) Helium detonation will invariably lead to detonation2) Helium detonation will invariably lead to detonation
of the carbon-oxygen core (Fink et al 2010)

3) Th l i f th CO ill i li ht3) The explosion of the CO cores will give light curves
and spectra that agree with common Type Ia
supernovae and may even be the most commony
mechanism (Sim et al 2007).



IGE = iron group elements - 44Ti, 48Cr, 52Fe
IME = intermediate mass e;ements - Si, S, Ar, Ca



1.0 Solar Mass White Dwarf Accreting
at 5 x 10-8 solar masses per year
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One Dimensional Models









Helium Deflagration



p8d1a = 0.8 + 0.18  (0.58,0.083)                1pa2b = 1.0 + 0.082 (0.,0.014)
deflg1g = 1.0 + 0.093 (0.,9 x 10-5)               p9b1b = 0.9 + 0.114 (0.61, 0.040)

Light Curve
Comparison









Full star

0.8 solar mass CO 
dwarf accreting at 
2 x 10-8 solar masses y-1

0 175 l f H0.175 solar masses of He

makes 0.58 solar masses
of 56Ni 0 08 of which

Without He shell
of 56Ni, 0.08 of which
is in the helium shell

Compared with a typicalCompared with a typical 
SN Ia



0.9 solar mass CO dwarf
accretes at 4 x 10-8 solar
masses per year

0.114 solar mass He 
layer

Makes 0.61 solar masses
of 56NI, 0.04 of which is
in the He shellin the He shell

Compared with a typical
(faint) SN Ia, SN 1981B.( ) ,



p8d1a - 56Ni powered
deflg1c - 48V,52Fe powered
1pa2b - 56Ni, 48V, and 52Fe poweredp , , p
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Summary

• Need over 0.05 solar masses of helium shell or 
detonation never develops

• Difficult to develop strong inwards compression front
without making ~ 0.01 solar masses of 56Ni

• Outcome very sensitive to the treatment of pre-explosive
convection.

Helium deflagration
Helium deflagration-detonationHelium deflagration detonation
Helium detonation-carbon deflagration
Helium detonation-carbon detonation



• M i h t di h h th t h li• Munich studies have shown that a helium 
detonation will propagate once ignited. That does
not necessarily mean that detonation occurs

• Secondary (carbon) detonation will depend on
the 3D geometry of ignitionthe 3D geometry of ignition.

• Outcome may be judged by observations before
it is settled theoretically A variety of transientsit is settled theoretically. A variety of transients
are possible. Some resemble events that have
been seen.



Fink et al.




