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Supernova Remnants .

Supernova Remnants
- complex morphology

- highly non-uniform distribution of ejecta

These properties may reflect
- pristine structures and features of progenitor SN explosion

- early interaction of SN blast with the inhomogeneous CSM

Information about the progenitor encoded in the observations

How to decipher the observations?
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supernova Eemnant

SNRs offer the quite unique possibility

- to probe the physics of SN engines by providing insight into the asymmetries
that occur during the SN explosion

- to investigate the final stages of stellar evolution by unveiling the structure of
the medium immediately surrounding the progenitor star

Very different time and space scales of SNe and SNRs make it difficult to study
their connection in detail

~10%cm ~2.5 pc
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How to link SNe to SNRs ? The strategy
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A major challange is capturing the enormous range in spatial scales

Initial condition ~ 1 day after the SN event Finaltime ~ hundeds of yr (current age)
Initial size ~tens of AU Finalsize several pc

18/20 nested levels of adaptive mesh refinement

= effective resolution ~ 02 AU ( 3e12 cm) Two study cases

> 100 cells per remnant radius during the whole - Cas A
evolution - SN 1987A
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Effects of SN anisotropies

The case of SNR Cassiopeia A
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Observations suggest that its morphology and
expansion rate are consistent with a remnant
expanding through the wind of the progenitor
red supergiant (e.g. Leet+ 2014)

Cassiopeia A is an attractive laboratory to
bridge the gap between SNe and their
remnants

This remnant is one of the best studied and

its 3D structure has been characterized in
good detail

(e.g. DeLaney+ 2010,

Milisavljevic & Fesen 2013, 2015)

- 3 Fe-nch regions

- 2 Si-rich jets
- Rings circling Fe-rich regions

S. Orlando - XMM workshop
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Initial conditions and parameter space

The post-explosion structure of the gjecta is described by small-scale clumping
of material and larger-scale anisotropies
(e.g. Kifonidis+ 2006; Wang & Wheeler 2008; Gawryszczak+ 2010)

- Small-scale clumping as in Orlando+ (2012)
- Large-scale anisotropies as overdense spherical knots

Parameters of large-scale anisotropies
(Kifonidis+ 2003; Ellinger+ 2012)
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Spatial Distribution of the Cas A ejecta

Shocked ejecta

Post-explosion anisotropies (pistons)
reproduce the observed distributions
and masses of Fe and SIS if

- mass of =0.25 M, (5% of the tot.)

- kinetic energy of = 1.5 x 10% erg
(7% of the total)

The pistons produce a spatial inversion
of ejecta layers at the epoch of Cas A,
leading to the Si/S-rich ejecta physically
interior to the Fe-rich ejecta

The pistons are also responsible for the
development of rings of Si/S-rich
material which form at the intersection
between the reverse shock and the
material accumulated around the
pistons during their propagation
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the bulk of asymmetries observed in
Cas A are intrinsic to the explosion






