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Fig. 1. Maps extracted from a 1024^3 simulation at t = 500 yr  
Color codes phases: ejecta vs.ambient medium 

Aim: combine these two approaches, ie. make 3D simulations of a SNR evolution including 
a space- and time-dependent model of acceleration and back-reaction of particles (figure 1). 

Fig. 2. Evolution of the shock structure with acceleration 
Color codes the fraction of particles injected at the forward shock front, rising 
from blue (1e-5, almost un-modified case) to red (1e-3, very modified case)  

Decourchelle et al. (2000), using 1D 
self-similar simulations coupled with 
a non-linear model of acceleration, 
have shown how the shocked region 
shrinks in the case of efficient 
acceleration of particles: as the 
injection fraction rises the shocks get 
closer to the contact discontinuity.  

As the contact discontinuity is subject 
to the Rayleigh-Taylor instability, 
Blondin and Ellison (2001) have made 
2D/3D simulations to get the full 
dynamics - with no acceleration 
model, simply mimicking the presence 
of energetic particles by lowering the 
adiabatic index of the fluid. 
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Color codes energy: 
0.95  -1.26 keV 
1.63 - 2.26 keV 
4.10 - 6.10 keV 

Credits: NASA/CXC/Rutgers 
J.Warren & J.Hughes et al. 

Chandra Warren et al. (2005) have 
observed that the waves 
structure of Tycho’s SNR does not 
match any pure hydrodynamical 
model. Cassam-Chenaï et al. 
(2008) and Miceli et al. (2009) 
have reported the same effect in 
SN 1006. This is evidence that 
not all the kinetic energy of the 
explosion is converted to heat, 
but that a sizeable part is 
channeled elsewhere - probably 
in energetic particles. 

ESN = 1051 erg, Mej = 1.4 M!, n = 7, s = 0, nH,ISM = 0.1 cm"3


