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4.2.3.5 Interaction with the SNR Eq. 4.50 shows that the PWN has a slightly accelerated expansion inside the
ejecta. On the other hand the SNR shell that forms at the outer edge of the SNR due to the interaction with the ISM
has a decelerated expansion described by the Sedov law:
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The free expansion inside the cold ejecta will then termite once the PWN reaches the SNR shell:
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The free expansion inside the cold ejecta will terminate after a few thousands of years. So the starting assumption
of an almost constant PSR spin down luminosity is consistent.

4.2.3.6 Late Time Evolution The interaction of the PWN with the SNR shell can be quite complex in its initial
phases. It is possible however to derive how the PWN will evolve inside the parent SNR at late time, once the
SNR-PWN system is completely relaxed into its asymptotic state. This happens after a few tr. At this point the
PSR spin down luminosity can be quite weak, and to a first approximation one can assume that its contribution
to the PWN energy is negligible. In this case the relativistic PWN will evolve adiabatically with Ppwn / R�4

pwn.
On the other hand the SNR will be fully relaxed to the self similar Sedov solution, with the interior pressure
Psnr ' ⇢ismṘ2

snr / t�6/5. Assuming pressure equilibrium between the PWN and the interior of the SNR one
has: Rpwn / t3/10.

PSR are known to have high kick velocity, due most likely to anisotropies in the SN explosion whence they
originate. Typical speeds are Vpsr ⇠ 200 km s�1. One can expect such PSRs to emerge from their parent SNR at
a typical time:
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4.2.4 PWNe Emission

Let us assume for simplicity that the PWN expands at a constant rate Ṙ such that R = Ṙt / t instead of R / t6/5

as we found in Sec. 4.2.3, and that the pulsar spin-down luminosity Ė is constant. These are minor simplifications


