
Physical Processes in 

Supernova Remnants 



Evolution of Massive Stars 
Stars with masses less than 9 M½ do not 

burn carbon ï Stars with masses near 9 
M½ develop a degenerate carbon core and 

have a ñC-flashò, due to C-burning in a 

non-degenerate shell. 

 
Stars having masses higher than 9 M½ do 

not develop degenerate cores, burn 

carbon up to the formation of an iron core. 

 

If Tc > 5 x 109 K , statistical equilibrium is 

destroyed and photo-disintegration of  iron 

dominates. 

 

 

This process absorbs to much thermal 

energy, destroying hydrostatic equilibrium 

and producing the gravitational collapse of 

the star. 
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The explosion mechanism 
The photo-disintegration of iron destabilizes the star ï the core collapses first since 

tcol Ö (Gr)-1/2  and the beta capture process forms a neutron rich  core having a 
mass close to the Chandrasekhar limit (1.4 M½). 
 

 

The energy released under the form of neutrinos (URCA and thermal), having an 

average energy of 2 MeV, is of the order of the potential energy of the neutron core 

with a radius of about 100 km 

 

 

 

 

Once the core is formed (timescale around few ms) the outer envelope falls into 

the core and bounces, absorbing the neutrinos that transfer momentum to the 

matter, producing ejection.  

 

If the transfer conditions are not adequate, there is no ejection and the envelope 

falls back, being accreted by the core, which collapses to form a black hole (case 
of stars with masses higher than ~ 50 M½) 
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The explosion mechanism 

The momentum carried by each neutrino is           and the efficiency of each transfer 

is f . Since each neutrino suffers on the average Ns elastic scatterings inside the 

envelope, the total momentum transferred is 

 

 

 

Since the total number of scatterings is of the order of the square of the neutrino 

optical depth 

 

 

 

 

Observed momentum º  

 

 

Required neutrino transfer efficiency  º   f @ 2 x 10-3  
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The Ejected Shell 

TychoïBrahe SNR ï image composite: 

radio, optical and X-rays obtained by 

the satellite Chandra 

IC 433 ï SRN ï image taken with an 

H-alpha filter using a 15cm refractor 

and a modified Canon 1200D camera. 

Non-thermal X-rays are emitted from 

this SNR 


