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We follow the nuclear flame using a new version of the advection-
diffusion-reaction (ADR) flame model that we used previously

The new prescription uses the KPP form of the reaction term in
which this term is slightly truncated (Asida et al. 2007), as
opposed to the top-hat form used previously by ourselves and
others (Khokhlov 1995).

The new flame model is numerically quieter, more stable, and
exhibits smaller curvature effects

We use a new 3-stage treatment of nuclear burning that includes
neutronization and the evolution of NSE as the bubble rises and
its density declines (Townsley et al. 2007)

We start with a single ignition point and a quiet background; we
will investigate multiple ignition points and a convective
background in future work
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Schmidt et al. (2006)




Movie of 3-D Simulation of Deflagration
Phase of GCD Model

White Dwartf Deflagration

Resolution: 6 km
Initial Bubble Radius: 25 km

Ignition Offset: 100 km

Variable 1: Density [1.5e+07 - 2.0e+07]
Variable 2: Reaction Progress [0.0 - 1.0]

Jordan et al. (2007)



Movie of 3-D Simulation of Deflagration
Phase of GCD Model

White Dwarf Deflagration

Resolution: 6 km
Initial Bubble Radius: 25 km
[gnition Offset: 100 km

Variable 1: Density [1.5e+07 - 2.0e+07]
Variable 2: Temperature: [1.5e+09 - 4.0e+09]

Jordan et al. (2007)
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Close-Up of Collision Region P
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O Collision creates outwardly and inwardly directed
jets

O Inwardly directed jet “punches” into the dense stellar
surface, causing matter in the jet to reach temperatures
T >3 x 10° K and densities > (1-2) x 107 g/cc in the jet

Jordan et al. (2007)
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%)J Deflagration Phase of GCD Mechanism
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Phase of GCD Model

Images of 3-D Simulations of Detonation
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d Inwardly directed jet “punches” into the dense stellar
surface, causing matter in the jet to reach temperatures
T >3 x 10° K and densities > (1-2) x 107 g/cc in the jet

 Detonation starts in the high-T, high-density matter just
behind the head of the jet

Meakin et al. (2007)




3,{» Images of 2-D Simulation of Detonation %
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Nuclear burning in detonation
wave produces electron capture
Hhole”

Meakin et al. (2007)
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%}4{5 Simulation of Pure Deflagration Model 2\

Schmidt et al. (2006)



Simulation of Deflagration to

Detonation Transition Model
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% Predictions of Pure Deflagration and DDT  \

vs. GCD for Composition of Star Z A
Smoothly Stratified Turbulently Mixed
Composition Inhomogeneous

Composition

Turbulently Mixed
Inhomogeneous
Composition

Recent polarization (Wang et al. 2006,
2007) and spectroscopic observations
(e.g., Gerardy et al. 2007) imply a
compositional structure like this

Pure Deflagration GCD Model
and DDT Models
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J We have conducted a series of 3-D simlations of the
GCD mechanism for several different offset distances
and resolutions

 Conservative conditions for detonation are robustly
achieved in all cases

d We find a correlation between the central density of
the star at detonation and both the offset distance
and the radius of the initial bubble — these
correlations offer a possible explanation forr the
observed variation in nickel mass in Type la SNe

d In addition, the uniform, homogeneous cores and the
turbulent, heterogeneous composition of the outer
layers of the stars at the time when conditions for
detonation are reached match the properties inferred
from recent polarization, and NIR and MIR,
spectroscopic observations



