
Explosions of Very Massive Stars 

A. Baranov*, P. Chardonnet, A.Filina 
 

LAPTH, Université de Savoie, Annecy-le-Vieux, France 
Université de Nice Sophia Antipolis, Nice, France 

 
V. Chechetkin, M. Popov 

Keldysh IAP, Moscow, Russia 
 

March 2013, La Thuile 



Pair-instability SN 

Oxygen core ~100 M⊙ 

Envelope? of He and H 



Pair-instability SN 

Oxygen core ~100 M⊙ 

Envelope? of He and H 



System of equations 



Results 





Results 



Uniform explosion Non-uniform explosion 

Example of simulation in 2D 



Example of simulation in 2D 
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PI SN as a possible candidate for GRB 

• Explosive process different from core-collapse SN 
 Long GRB and core-collapse supernovae have different 
 environments [Fruchter et al. 2006] 

 

• Low metallicity environment 
 GRB hosts are low in luminosity and low in metal abundances 

 

• Energy budget is about 1053 ergs 

 

 

 

[P. Chardonnet, V. Chechetkin and L. Titarchuk, 2009] 
 



[Kaneko et al., The Complete Spectral Catalog of Bright BATSE Gamma-Ray Bursts (2006)] 

~ 300 keV 

Spectral properties of GRBs 







On a physical interpretation of the 
Amati Relation 



Temporal properties of GRBs 



Example of simulation in 2D 

Behavior of test particles  



Simulated lightcurves 
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Conclusions 

• New scenario of GRBs is proposed. Explosive phenomena 
different from core-collapse SN 
 

• 1D simulations: peak energy, timescale and energy budget 
are consistent with parameters of GRBs 
 

• Distribution of peak energy around 300 keV is explained by 
temperatures of nuclear burning 
 

• Variability of emission is related to inhomogeneous 
explosion 
 
 

• Ongoing work: multidimensional simulations and spectra 
analysis  
 
 
 
 
 



Thank you for your attention! 

 

 

 

 

 


