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(12 Remnant structure and evolution
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(13 Probing back-reaction of particles on the

shock

observational evidences
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13 Probing back-reaction of particles on the shock

theoretical modeling observational evidences

3D hydro + good accel. model
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2.1) The hydrodynamical code RAMSES

Existing code, developed for cosmological simulations
Includes hydrodynamics / MHD + particles

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

from large scale structures...

... to SNRs

Adapting to SNRs: comoving grid
= work in the expanding frame

BUT:
- nhon-inertial frame - additional force
- quasi-stationnary flow - numerical difficulties



2.2 SNR initialization
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23 The acceleration model

shock speed, magnetic field,
ambient density diffusion

and pressure coefficient
injection recipe: cutoff recipe:
- Dinj = & Pth,2 Pmax limited by
- fraction 7 age and size

semi-analytical non-linear model
solves the coupled system f(p) — U(p)

+ recipes for B amplification and back-reaction

back-reaction parameters:

- compression ratios (total, sub, precursor)
- pressure in gaz and in energetic particles
- magnetic turbulence

- escaping particles




2.3) The acceleration model
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3.1) Results: remnant evolution
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3.1) Results: remnant evolution
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un-modified shock (back-reaction off)

modified shock (back-reaction on)

Results: remnant morphology

slice of log(density)

projection of density squared

slices and projected maps
from a 102473 simulation
att =500 years

- color codes phases:

ejecta vs. ambient

- injection of particles is here
self-regulated

Regarding the case of
Tycho’s remnant, a first
comparison of our
simulations with X-ray
observations (

) strengthens the
case for efficient
acceleration of protons
at the forward shock and
unefficient acceleration
at the reverse shock.
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longer term
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Perspectives

- thermal + non-thermal multi-lambda emission
- multi-fluid treatment

—> realistic SNR maps, to be compared with
observations of Chandra / XMM / Suzaku, Fermi, HESS...

- MHD version of ramses (instabilities)

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



