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The hydrodynamical code RAMSES!

Teyssier 2002; Fromang, Hennebelle, Teyssier 2006 

Existing code, developed for cosmological simulations 

Includes hydrodynamics / MHD + particles 

- Godunov scheme (MUSCL) 
- Adaptive Mesh Refinement (tree-based) 

- parallelized (MPI) 

Fraschetti et al 2010 (accepted) 

Adapting to SNRs: comoving grid 

= work in the expanding frame 

BUT:  
- non-inertial frame ! additional force 

- quasi-stationnary flow ! numerical difficulties 

from large scale structures… 

… to SNRs 
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SNR initialization 

Chevalier 1982 
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The acceleration model 
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Amato & Blasi 2006; Caprioli et al 2008, 2009 
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Results: remnant evolution 
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Results: remnant evolution 
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Magnetic turbulence back-reaction 
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Results: remnant morphology 

slices and projected maps 

from a 1024^3 simulation 

at t = 500 years 
- color codes phases:  

ejecta vs. ambient 

- injection of particles is here 

self-regulated 
un-modified 
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Regarding the case of 
Tycho’s remnant, a first 
comparison of our 

simulations with X-ray 
observations (Warren et al 

2005) strengthens the 
case for e!cient 
acceleration of protons 

at the forward shock and 
une!cient acceleration 
at the reverse shock.  
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Perspectives 
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  - thermal + non-thermal multi-lambda emission  

- multi-fluid treatment 

! realistic SNR maps, to be compared with 
observations of Chandra / XMM / Suzaku, Fermi, HESS… 
Anne Decourchelle, Jean Ballet, Gilles Maurin 

Edouard Audit, Patrick Hennebelle, Alexandre Marcowith lo
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  - MHD version of ramses (instabilities) 

- impact of the environment (winds, clouds, …)  
- feedback on the environment (ISM turbulence…) 
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