CONSTRUCTING MODELS FOR SUPERNOVA REMNANT
EVOLUTION USING NUMERICAL SIMULATIONS

SUMMARY
The evolution of supernova remnants is followed
using numerical simulations, with the public PLUTO
code (Mignone et 2012). The full evolution from
days after explosion to late in the adiabatic phase is
calculated. For these calculations we consider
spherically symmetric evolution and "power-law
plus core" ejecta. Before the reverse shock
encounters the core, the evolution agrees with the
Chevalier self-similar results. For the late evolution
the existence of finite ejecta mass causes
significant differences from the standard Sedov
solution. Analytic fits for a number of quantities of
Interest, including shock radii and emission
measures, are derived.
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The Python code SNR modelling software, SNRPy, was
presented by Leahy & Williams 2017. This calculated
positions of FS and RS vs. time for several values of s and
n from the TM99 solutions, and for some other models.
SNRPy has been updated to include the new high
resolution CP and WL91 solutions. It now provides FS and
RS radii, emission measures, interior structure and surface
brightness profiles for all values of s=0 and s=2 for all n
from 6 to 14. It also provides plots of EM and EM-
weighted T for both shocked ISM and shocked ejecta as
functions of time. The new SNRPy is available from
quarknova.ca and from GitHub (denisleahy/SNRmodels).
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ﬂ SMR Medelling Pregram

Input parameters:
Age (yr):
Energy (x 10%" erg):

—

ISM Temperature (K}
Ejected mass (M@ ):
Ejecta powerlaw index, n:
CSM power-law index, s:
Electron to ion temperature ratio To/Ti: |0.055 ~

Cooling adjustment factor:

—
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Temperature/keV

ISM number density (cm™%):

ISM turbulence/random speed (kmi/s): |7.0

| Change I5M Ahundanc5|

| Change Ejecta Ahundanc5|

Model type:

(® Standard () Fractional energy loss
Hot low-density media (O Cloudy I1SM
] Sedov-Taylor (me, = 0)

Qutput:

Plot Type: () Radius () Velocity

Log scale:  [¥] x-axis [~ y-axis
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Plotted Time: |Current (ED-ST) v]

Values at specified time:

Blast-wave shock electron temperature: 9. 306e+07 K
Reverse shock electron temperature: 2.272e+07 K
Blast-wave shock radius: 1.266 pc

Reverse shock radius: 1.043 pc

Blast-wave shock velocity: 7740 km/s

Reverse shock velocity: 3824 km/s
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104 103
Time/yr

Phase transition times:

RS Reaches Core: 165.2 yr
RS Feaches Center: 1509.5 yr
ED to ST: 342 yr

ST to PDS: 1.33e+04 yr

PDS to merger: 1.24e+06 yr
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H SMR Modelling Program
Input parameters:
Age (yr):
Energy (x 10" erg):
ISM Temperature (K):
Ejected mass (M ):
Ejecta power-law index, n:
CSM power-law index, s:
Electron to ion temperature ratio T=/Ti: [0.055 ~

Cooling adjustment factor:
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Emission Measure/fcm™-3

ISM number density (cm™%):

ISM turbulencefrandom speed (km/s):

| Change I5M Abundances |

| Change Ejecta Abundances |

Model type:

(® Standard () Fractional energy loss
Hot low-density media (O Cloudy ISM
() Sedov-Taylor (m., = 0)

Output:

Plat Type: () Radius () WVelocity

(® Emission Measure () Temperature

Log scale: [] x-axis [] y-axis
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Plotted Time: |Current (ED-ST) v Min: [0
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Values at specified time:

Blast-wave shock electron temperature: 9.306e+07 K
Reverse shock electron temperature: 2.272e+07 K
Blast-wave shock radius: 1.266 pc

Reverse shock radius: 1.043 pc

Blast-wave shock velocity: 7740 km/s

Reverse shock velocity: 3824 km/s

Phase transition times:

RS Reaches Core: 165.2 yr
RS Reaches Center: 15095 yr
ED to ST: 342 yr

STto PDS: 1.33e+04 yr

PDS to merger: 1.24e+06 yr




