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First publication of a series

Stay tuned for next papers!



Estimations regarding PWN detectability

● It is expected that PWNe will be the dominant gamma-ray sources detected 
by CTA (de Oña-Wilhelmi et al. 2013, Klepser et al. 2013, Abdalla et al. 2018)

● Current number of detected PWNe: ~34 (TeVCat, http://tevcat.uchicago.edu/)
● Estimated number in the first CTA Galactic Plane Survey: ~200. Most of them 

have entered in the reverberation phase (Fiori et al. 2022)
● Most of the current radiative models in the literature simulate only the free 

expansion phase
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We need a better understanding and modelling of the reverberation phase to 
characterise the PWN population correctly.
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What is the impact of the ejecta profiles on the compression of the PWN?

http://tevcat.uchicago.edu/


Evolution equations

The internal energy Epwn is calculated by integrating the electron-positron 
distribution function in energy and the pressure is given by

being



Evolution equations

being

How is the compression and 
re-expansion of the PWN when 
we vary these profiles? 

The internal energy Epwn is calculated by integrating the electron-positron 
distribution function in energy and the pressure is given by



SNR profiles

Forward and reverse shock trajectories (Truelove & 
McKee 1999)

Updated version in Bandiera et al. 2022, 
MNRAS, 508, 3194

Unshocked profiles (Blondin et al. 2001)

Shocked profiles (Bandiera 1984)
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Simulation parameters

The equations are solved by using TIDE (Martin et al. 2012, Torres et al. 2014, 
Martin et al. 2016)



CF with the SNR envelope density index

Compression factor



CF with the SNR envelope density index

Compression factor
No-monotonic behaviour of 
the CF. Complex physics 
behind need to be studied 
deeper (Bandiera et al. 
2022, in prep.)



Shocked ejecta pressure is a key parameter

We manually modify the density, velocity 
and pressure profiles to see their 
influence in the evolution of the radius.

For density, small differences in 
Crab-like and imperceptible in 
J1834-like PWNe 



Shocked ejecta pressure is a key parameter

The same happens when we vary the 
ejecta velocity



Shocked ejecta pressure is a key parameter

Clearly, the ejecta pressure makes 
the difference



Same effects in the mass of the PWN shell
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Radiative vs. Non-radiative models

Green line: equations from 
Chevalier et al. 2005



Radiative vs. Non-radiative models

CF increases significantly when we take 
into account radiative losses



Conclusions

● PWN radius evolution is very sensitive to the ejecta pressure profile. The 
same happens with the mass of the shell

● The consideration of radiation losses increases the CF significantly. In low 
spin-down luminosity cases there can be large differences (factors ~10)

● It is crucial to find a good representation of the ejecta pressure in order to get 
radiative models compatible with the results obtained in HD simulations

● We showed that the assumption of the bounding SNR to be in a relaxed 
Sedov state must be handled with care. A more appropriate description of the 
SNR properties will be discussed in the forthcoming papers of the same 
series


