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X-ray SNRs
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SNR Evolution vs CSM Properties for fast and slow outflows (Patnaude
& Badenes 2017; Springer Handbook of Supernovae)

* SNe probe the last 50-100 years of progenitor evolution
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Evolutionary Tracks off the Main Sequence
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CAS A:

* Youngest known Galactic CC SNR

Chandra RGB image of Cas A
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* Youngest known Galactic CC SNR
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RX J1713-3946: Thermal emission suggests:

e plastwave expanding in a
low density cavity

e abundances infer a low
mass (< 20 Msun)

* Progenitor likely lost much of
Its mass through binary
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BULK SNR PROPERTIES

o D y n a m | C a | : List of the SNRs Where Fe Ko Emission is Detected?
Name® Obs. ID Exposure Energy Photon Flux Ng® Distance  Radius Age
P A e (ks) V)  (10%em?s7)  (10Zem)  (kpo)  (po) (y)
g Type Ia SNRs and Candidates
. Kepler 5050920[1-710 574 6438 + 1 34.64+0.2 0.5 4.8 2.4 410
S I Z e 3C 397 505008010 69 6556+, 1374+ 0.4 3.0 10.3 10.5 15005500
Tycho* 5030850[1,210 416 6431 £ 1 61.0 +0.4 0.7 2.8 3.4 442
°® V RCW 86 (See notes) 378 6408*% 140 £0.7 0.3 2.5 16 1829
shock SN 1006* (See notes) 317 6429+ 10  2.55+ 043 0.07 22 10 1008
G337.2-0.7 507068010 304 6505+%, 0.21 4 0.06 4.0 9.3 8.1 5000-7000
® S p e C't r a | - G344.7-0.11 501011010 42 64639, 4.03 +£0.33 5.0 14 16 3000-6000
) G352.7-0.1 506052010 202 6443%8 0.82 & 0.08 2.6 75 6.0 ~5000
' . N103B' 804039010 224 6545+ 6 2.15+0.10 0.06 50 3.6 ~860
® ’] e C e n t ro | d S 0509-67.5* 5080720[1,210 329 642514 0.32 £ 0.04 0.05 50 3.6 ~400
] ] 0519-69.0* 806026010 348 6498*6 0.93 £ 0.05 0.06 50 4.0 ~600
o q e r at | O S Core-collapse SNRs and Candidates
Sgr A East* (See notes) 88 6664 £+ 3 223+1.0 10 8.5 3.7 ~4000
e |Ine fluxes RN s S S
Cas A* 100043020 7 6617+ 43549 2.0 3.4 2.7 310-350
IC 443 5070150[1-4]0 368 6674110 6.01 & 0.59 0.6 1.5 10 4000-30000
G292.0+1.8* 506062010 44 6585+2% 1.38 4+ 0.35 0.5 6.2 11 ~3000
G349.7+0.2 506064010 160 6617+ 2.92+0.18 7.0 11.5 4.0 ~3500
G350.1-0.3* 506065010 70 6587+1L 2244023 3.7 45 1.3 ~900
N49t 807007010 185 6628"2 0.18 & 0.04 0.06 50 8.5 ~6600
N63A 508071010 82 6647415 0.86 £ 0.12 0.06 50 10 2000-5000
N132D (See notes) 86 6656 + 9 1.83 +£0.17 0.06 50 13 ~3150
SN 1987A* 707020010 81 664613, 0.19 £ 0.08 0.06 50 0.2 27
Yamaguchi et al. (2014)
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Models from ChN
other groups

Models from Patnaude et al. (2015) Observables

explored a limited parameter space In
progenitor evolution
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VH-1
2 N
e Simulate CSM from MESA —
mass loss parameters 10"
e Include radiative coolingl | £°.
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circumstellar shell 2
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12Mgy ZAMS progenitor (=11 M, at CC)
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* Use SNeC to simulate
explosion
* Added capability to do
nuclear burning
 Added in Timmes EOS
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12Mgy ZAMS progenitor (~6 M, at CC)
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12Mgy ZAMS progenitor (=11 M, at CC)
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MESA =
a. g
SNeC
* Use SNeC to simulate
explosion

* Added capabillity to do
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12Mgy ZAMS progenitor (6 M, at CC)
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* 1D hydro code with self-
consistent NL DSA and NEI

» Computes broadband thermal
and nonthermal emission ChN
including eftects from optical S
forbidden line emission e BTN
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* 1D hydro code with self- T ——
consistent NL DSA and NEI| N ISI Nelll — [re

» Computes broadband thermal
and nonthermal emission
including eftects from optical

forbidden line emission
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UNCERTAINTIES

 MESA:
e mass loss rates
* nuclear physics
e rotation, binarity, etc...
 SNeC:
e nuclear physics
* atomic physics (opacities)
e simple approximation to the explosion
* choice of mass cut, etc...
e ChN:
e atomic physics (excitation and recombination rates)
* nonlinear particle acceleration, etc...
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UNCERTAINTIES

 MESA:
e mass loss rates
* nuclear physics
e rotation, binarity, etc...
* SNeC: Massive parameter space to explore!
* Nnuclearpryoroo
* atomic physics (opacities)
e simple approximation to the explosion
* choice of mass cut, etc...
* ChN:
e atomic physics (excitation and recombination rates)
* nonlinear particle acceleration, etc...
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