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SNe Ia: Characteristics

ÅExtremely luminous: 

ÅSpectroscopic features: 

no hydrogen lines, 

strong silicon lines in 

early and maximum 

spectrum

ÅTypical light curve

5.19MM BV -ºº
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White C+O dwarf in a 

binary system

Growing to MChan

(about 1.4 solar masses)

by mass transfer from 

the companion star

Disrupted by a 

thermonuclear 

explosion

The ñstandardòmodel of type Ia 

supernovae
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SN Ia: Lightcurves
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SN Ia: Lightcurves (II)

ÅLight curve is powered by the decay chain

ÅArnettós rule: bolometric peak luminosity is related to 

produced nickel mass

ÅAt maximum luminosity:
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Bolometric LCs and Ni-masses

(mostly RTN/ESC data)

(Court. M. Stritzinger;

also:  Stritzinger et al. 2006)

mass and luminosity vary over a wide rangeNi56­

­ Can SNe Ia be used as standard candles?
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Normalizing luminosities

ÅSN Ia luminosity can be 
normalized:

bright = slow

dim = fast

Å Various methods were 
developed to use this 
correlation 

(e.g.           -relation, 

Phillips (1993), Hamuy et al. 
(1996), Phillips et al. (1999))

ÅThis makes SNe Ia 
extremely good (relative) 
distance indicators (distance 
accuracy around 10%)

15m̀

width-

luminosity

relation
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Supernovae and cosmology

ÅHubble law (assuming a linear expansion in the local 

universe):

ÅFor a standard candle, the distance modulus can be 

used to measure relative distances: 

DHczv Ö== 0

)log(525)log(5)log(5 0HczMm -++=-
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SNe Ia at high z
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The promise of supernova cosmology:



11

ü SNe Ia seem to be a powerfull tool to constrain

cosmological parameters

But: Are there unknown of systematic effects?

Åinfluence of evolution?

Åis extinction a problem?

Åé.

ü A better understanding of the explosion 

mechanism using numerical models is

necessary!
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The ñstandardòmodel of type Ia 

supernovae
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C+O,

M å Mch

He (+H)

from binary

companion

Density:  ~ 3*109 g/cm

Temperature:  a few 109 K

Radii:        ~2000 km

Explosion energy: Fusion of  
C+C,  C+O,  O+O  Ÿ ñFeò

thin burning front, propagating 

as subsonic deflagration 

(ñflameò) or by shock 

compression (supersonic 

detonation) 

Laminar burning velocity:          

UL ~ 100 km/s  << US

How does the model work?

Ý

­º
¶

)10(~ 1012 KTTS

too little is burned!
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Å Everydayôs experience:           
Turbulence increases the       
burning velocity.

Å In a star:                                 
Reynoldsnumber ~ 1014 !

Å In the limit of strong            
turbulence: U

B
~ V

T
!

Å Physics of thermonuclear    
burning is very similar to    
premixed chemical flames.

The physics of turbulent combustion
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A few ógenericôresults
(ólow-resolutionô3D parameter study)

Nuclear 

Abundances

(Travaglio et al. 

2004, also Röpke 

et al. 2006)



16

Effects of 

metallicity

(Travaglio et al. 2005, 

Röpke et al. 2006)

(also Timmes et al. 

2003)
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A high-resolution model (óthe SNOB runô)

(Röpke et al., 2007)

Åñ4 ò̫

10243 grid

initial resolution near 

the center  800m

moving grid

Local & dynamical 

sgs-model

~ 1,000 h on            

512 processors, 

IBM/Power4, at RZG 


