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The promise of supernova cosmology:



Is Hope left in Pandoraõs box ? 

Systematics!

But é



How ñdifferentò are SNeIa?



Example: Early time spectra(court. Stephan Hachinger)



Example: Bolometric LCs and Ni-masses

(mostly RTN/ESC data)

(Court. M. Stritzinger;

also:  Stritzinger et al. 2006)



Is evolution a problem?

Or extiction?

Or  éé ?

Ask theory also!



The ñstandardò model of type Ia supernovae



üWhite dwarf  

in a binary 

system

üGrowing to 

MChanby mass 

transfer 

üDisrupted by a 

thermonuclear 

explosion

Here, I will mainly discuss 

deflagration models!

The ñstandardò model of type Ia supernovae



C+O,

M å Mch

He (+H)

from binary

companion

Density  ~ 109 - 1010 g/cm 

Temperature:  a few 109 K

Radii:        a few  1000 km

Explosion energy:

Fusion  C+C,  C+O,  

O+O  Ÿ "Feñ

Laminar burning

velocity:

UL ~ 100 km/s  << US

Too little is burned!

How does the model work?



üEverydays experience:           
Turbulence increases the       
burning velocity.

üIn a star:                                 
Reynoldsnumber ~ 1014 !

üIn the limit of strong            
turbulence: U

B
~ V

T
!

üPhysics of 
thermonuclear    burning 
is very similar to    
premixed chemical 
flames.

The physics of turbulent combustion



¾ Large Eddy Simulation (LES) approach

¾ Subgrid-scale turbulence model (Niemeyer & WH, 1995; Schmidt et al., 

2005, 2006)

Balance equation for turbulent

kinetic energy on unresolved scales

L E SRESOLVED SCA

unresolved scales

unresolved scales

unresolved scales

unresolved scales

unresolved scales

energy
transport

dissipation

turbulent transport

Archimedian
force

Ÿ determines turbulent   

velocity fluctuations v' 

(and sT)

Numerical implementation (I)



M. Reinecke

ü seen from scales of WD: flame is a discontinuity between fuel and ash; 

flame propagation via Level Set Method: 

associate flame front with

ü distance function G,G<0 in fuel,       

G>0 in ashes,             

equation of motion:

ü simplified description of  burning: everything behind G=0 isosurface is 

nuclear ash; depending on fuel density at burning: intermediate mass 

elements (ñMgò) or NSE (mixture of ñNiò and 4He)

{
C
r |G(

C
r ,t) 0}

||)u( T Gs
t

G
nv

Numerical implementation (II)



Note:

üThis has become the preferred method in 

many recent technical applications involving 

premixed turbulent chemicalflames!              

(e.g., Smiljanowskiet al. 1997, Peters 2000, 

Angelbergeret al. 2002, Kraus 2007, ....)

üIt is free of adjustable parametersonce the  

subgrid-scale model has been fixed!



A few ógenericô results                                   

(ólow-resolutionô 3D parameter study)

Nuclear Abundances

(Travaglioet al. 2004,

also Röpkeet al. 2006)



Effects of metallicity

(Travaglioet al. 2005, 

Röpkeet al. 2006)

(also Timmeset al. 

2003)



Ignition conditions: a reason for diversity?

òMulti-spotó

Röpke et al. (2005)



A high-resolution model (óthe SNOB runô)

(Röpke et al., 2007)

üñ4́ò

ü 10243 grid

ü initial resolution near 

the center å 800m

ü moving grid

ü Local & dynamical 

sgs-model

ü ~ 1,000 h on            

512 processors, 

IBM/Power4, at RZG 


