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“different” are SNe Ia?




dlNp 16: Early fime SpeCtra (court. Stephan Hachinger)

Comparing SNe Ia with Am5=0.9 Comparing SNe Ia with Am,5=1.04
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[s evolution a problem?

@I tiction?

Or ...... %




e “‘standard” model of type Ia supernovae
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flic “standard” model of type Ia supernovae

White dwarf
in a binary
system

Growing to
My, Dy mass
transfer

Disrupted by a
ermonuclear
10N
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ow. does the model work?

Explosion energy:
Fusion C+C, C+O,
O+0 — "Fe*

[Laminar burning
locity:
00 km/s << Ug







Relevant length scales in simulations of

S, = V': below turbulence does not affect flame propagation)

Haginmphgset hiethzpiasionion: burning in famidetedgizgéne

Kolmogorov Gibson scale ignition radius
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flame width resolution in WD radius
3D models
# ‘ n _
ﬁ
resolved flame complementary small-scale SGS Large-scale supernova
simulations (Timmes Studies (Ropke et al., turbulence simulations

&Woosley,1992) Schmidt et al., Zingale et al.)  model




¢ basic principles of modeling turbulent

s uStion:

gst parts of the SN Ia explosion: turbulence does
[nternal flame structure; of

Burning in the flamelet regime:
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distributed burning regime




umerical implementation (I

ddy Simulation (LES) approach
e turbulence model (Niemeyer & WH, 1995; Schmidt et al.,

RESOLVED SCA
HNE
e
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determines turbulent (C:Iai|;5n

Balance equation for turbulent
Kinetic energy on unresolved scales

velocity fluctuations V'
(and s;)




umerical implementation (11

cales of WD: flame 1s a discontinuity between fuel and ash;
jon via Level Set Method:
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!e/ chemical flames!
l 1997, Peters 2000,
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et al. 2005,




lenition conditions: a reason for diversity?
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high-resolution model (‘the SNOB run”)







Some 1mportant results

R 1+ 10°erg (=0.81 B)
clei: 0.61 M, (~0.33 M__ 5Ni)

Ssun

quclei: 0.43 M_ _ (from hydro)

(from hydro)
M km/s)
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relative abundance by mass
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pand “abundance tomography™

relative abundance by mass
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Note:
These are

predictions,
not fits!




anging physical parameters: ignition density




Rreliminary results:

R 10°%erg (= 0.77 B)
ei: 0.55 M (mostly °°Ni !)

sun

le1: 0.47 M

va less




Summary and conclusions

yeter-free” thermonuclear models of
ased on (Chandrasekhar-mass) white
e with about the right energy.

hct light curves and
ahysical parameters!

ghysical




The ‘Zorro’
diagramme
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cilagration-to-detonation transitions?




pefla

probability density
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More questions and challenges

3 conditions:
s reach the critical mass?
A 1gnition?
9




Off-center explosions ....

1=10s

% 10% em

e et al. (2006)
an et al., 2008;
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... and their predictions

NI rich

Note: This is a rmocdel theat E ol
nas ~ 0.4 M. of Ni only! 5
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How far up can we go in luminosity?

v, (km s7")
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And what does this mean for cosmology?
Sim et al. (2007)
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ore questions and challenges (cont.)

enitor question:
rates? Double degenerates? Sub-M_, explosions?

Before Explosion
0.3 Astrenoric

20 Days After Explosion
F— 0.1 Astronomical Unit 50 Astronomical Units

— 50 Astronomical Units



® Should one see the hydrogen?

No, not necessarily !
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A few remarks on sub-Chandra double detonations

S

..... 0.00 s

(Fink et al., 2007)

» The He-triggered
double detonation is a
robust explosion
mechanism, provided

one can accumulate
~0.1M_ of He.

sSun
e These explosions

d be bright (>0.4

W), but the

bich: th ey
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Viore questions and challenges (cont.

sneration of ‘full-star’ models:
(?




facy question for supernova cosmology:

s potential sources of systematic errors.

ontrolled by berter models.

Hope has left Pande




