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SNR AS PROBES OF PROGENITOR EVOLUTION

Patnaude & Badenes (2017; Handbook of SNe)

SNe probe the last 50-100 
years of progenitor evolution
SNR sample a much earlier 
phase of evolution, but late 
evolution can definitely 
impact what we observe 
today, and how we interpret 
it 
Observations are biased by 
environmental and explosion 
properties
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OPTICAL VS X-RAY EMISSION

tknot ⇠ tcool ⇠ tKH ⇠ 30 yr
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Optical emission arises from dense knots 
and is often times transient:

Cas A - 1951 - 2012 (Patnaude & Fesen, 2014)
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Optical emission arises from dense knots 
and is often times transient:

Cas A - 1951 - 2012 (Patnaude & Fesen, 2014)
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OPTICAL VS X-RAY EMISSION

Cas A - 2000-2017

tknot ⇠ tcool ⇠ tKH ⇠ 30 yr
<latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="RRJ2c39XbxHR5XNDXKZYVS29J80=">AAACMnicbZBLSwMxFIXv1Hd9VbdugiK4kDKjC10KbgpuFKwKnVIyadqG5jEkd4QyzB9z439w586NC0X8DWZqhWo9EDh8JyH3niSVwmEYPgeVufmFxaXllerq2vrGZm1r7caZzDLeZEYae5dQx6XQvIkCJb9LLacqkfw2GZ6X+e09t04YfY2jlLcV7WvRE4yiR53aNXbyWFEcWJUPtcGiILETikxhZoz8B180fuBxSOJD8sNHtujU9sJ6OBaZNdHE7MFEl53aU9w1LFNcI5PUuVYUptjOqUXBJC+qceZ4StmQ9nnLW00Vd+18vH1B9j3pkp6x/mgkYzr9IqfKuZFK/M1yRPc3K+F/WSvD3mk7FzrNkGv2/VEvkwQNKaskXWE5QznyhjIr/KyEDailDH3hVV9C9HflWXNzVI+8vwphGXZgFw4gghM4gwZcQhMYPMALvMF78Bi8Bh/fdVWCSW/b8EvB5xcL5q7h</latexit><latexit sha1_base64="RRJ2c39XbxHR5XNDXKZYVS29J80=">AAACMnicbZBLSwMxFIXv1Hd9VbdugiK4kDKjC10KbgpuFKwKnVIyadqG5jEkd4QyzB9z439w586NC0X8DWZqhWo9EDh8JyH3niSVwmEYPgeVufmFxaXllerq2vrGZm1r7caZzDLeZEYae5dQx6XQvIkCJb9LLacqkfw2GZ6X+e09t04YfY2jlLcV7WvRE4yiR53aNXbyWFEcWJUPtcGiILETikxhZoz8B180fuBxSOJD8sNHtujU9sJ6OBaZNdHE7MFEl53aU9w1LFNcI5PUuVYUptjOqUXBJC+qceZ4StmQ9nnLW00Vd+18vH1B9j3pkp6x/mgkYzr9IqfKuZFK/M1yRPc3K+F/WSvD3mk7FzrNkGv2/VEvkwQNKaskXWE5QznyhjIr/KyEDailDH3hVV9C9HflWXNzVI+8vwphGXZgFw4gghM4gwZcQhMYPMALvMF78Bi8Bh/fdVWCSW/b8EvB5xcL5q7h</latexit><latexit sha1_base64="K1agd+CotyCNlk1aBa5Yij/Gk6o=">AAACPXicbZA7SwNBFIVn4zu+Vi1tBoNgIWFXCy2DNoKNgtFAdgmzk0kyZB7LzF0hLPvHbPwPdnY2ForY2jqJETTJgYHDd+9l7j1JKriFIHj2SnPzC4tLyyvl1bX1jU1/a/vW6sxQVqdaaNNIiGWCK1YHDoI1UsOITAS7S/rnw/rdPTOWa3UDg5TFknQV73BKwKGWfwOtPJIEekbmfaWhKHBkucR/MNVazMCXF7/wOMDRIf7lA1O0/EpQDUbC0yYcmwoa66rlP0VtTTPJFFBBrG2GQQpxTgxwKlhRjjLLUkL7pMuazioimY3z0fUF3nekjTvauKcAj+jfiZxIawcycZ3DFe1kbQhn1ZoZdE7jnKs0A6boz0edTGDQeBglbnPDKIiBM4Qa7nbFtEcMoeACL7sQwsmTp83tUTV0/jqo1M7GcSyjXbSHDlCITlANXaArVEcUPaAX9IbevUfv1fvwPn9aS954Zgf9k/f1DZcksIU=</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit>

Optical emission arises from dense knots 
and is often times transient:

X-ray emission generally arises from 
more diffuse ejecta, and for typical SNR 
and CSM densities, is not an efficient 
coolant

trec ⇠ 1012/ne s
<latexit sha1_base64="1QNeid9RZDUZW98n4SwqDSfl+iE=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiualIEXRbduKxgH9DEMJlO2qEzkzAzEUrIX7jxV9y4UMSt7vwbJ20EbT0wcDjnXObeEyaMKu04X9bS8srq2nplo7q5tb2za+/td1ScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx1eF370nUtFY3OpJQnyOhoJGFCNtpMCu6yDzONIjyTNJcJ5DT1EOXecucxv5qQgI9OBPQOWBXXPqzhRwkbglqYESrcD+9AYxTjkRGjOkVN91Eu1nSGqKGcmrXqpIgvAYDUnfUIE4UX42vSuHx0YZwCiW5gkNp+rviQxxpSY8NMliQzXvFeJ/Xj/V0YWfUZGkmgg8+yhKGdQxLEqCA2q60GxiCMKSml0hHiGJsDZVVk0J7vzJi6TTqLuG35zVmpdlHRVwCI7ACXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfRZdssqZA/AH1sc3xNOfpQ==</latexit><latexit sha1_base64="1QNeid9RZDUZW98n4SwqDSfl+iE=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiualIEXRbduKxgH9DEMJlO2qEzkzAzEUrIX7jxV9y4UMSt7vwbJ20EbT0wcDjnXObeEyaMKu04X9bS8srq2nplo7q5tb2za+/td1ScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx1eF370nUtFY3OpJQnyOhoJGFCNtpMCu6yDzONIjyTNJcJ5DT1EOXecucxv5qQgI9OBPQOWBXXPqzhRwkbglqYESrcD+9AYxTjkRGjOkVN91Eu1nSGqKGcmrXqpIgvAYDUnfUIE4UX42vSuHx0YZwCiW5gkNp+rviQxxpSY8NMliQzXvFeJ/Xj/V0YWfUZGkmgg8+yhKGdQxLEqCA2q60GxiCMKSml0hHiGJsDZVVk0J7vzJi6TTqLuG35zVmpdlHRVwCI7ACXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfRZdssqZA/AH1sc3xNOfpQ==</latexit><latexit sha1_base64="1QNeid9RZDUZW98n4SwqDSfl+iE=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiualIEXRbduKxgH9DEMJlO2qEzkzAzEUrIX7jxV9y4UMSt7vwbJ20EbT0wcDjnXObeEyaMKu04X9bS8srq2nplo7q5tb2za+/td1ScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx1eF370nUtFY3OpJQnyOhoJGFCNtpMCu6yDzONIjyTNJcJ5DT1EOXecucxv5qQgI9OBPQOWBXXPqzhRwkbglqYESrcD+9AYxTjkRGjOkVN91Eu1nSGqKGcmrXqpIgvAYDUnfUIE4UX42vSuHx0YZwCiW5gkNp+rviQxxpSY8NMliQzXvFeJ/Xj/V0YWfUZGkmgg8+yhKGdQxLEqCA2q60GxiCMKSml0hHiGJsDZVVk0J7vzJi6TTqLuG35zVmpdlHRVwCI7ACXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfRZdssqZA/AH1sc3xNOfpQ==</latexit><latexit sha1_base64="1QNeid9RZDUZW98n4SwqDSfl+iE=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiualIEXRbduKxgH9DEMJlO2qEzkzAzEUrIX7jxV9y4UMSt7vwbJ20EbT0wcDjnXObeEyaMKu04X9bS8srq2nplo7q5tb2za+/td1ScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx1eF370nUtFY3OpJQnyOhoJGFCNtpMCu6yDzONIjyTNJcJ5DT1EOXecucxv5qQgI9OBPQOWBXXPqzhRwkbglqYESrcD+9AYxTjkRGjOkVN91Eu1nSGqKGcmrXqpIgvAYDUnfUIE4UX42vSuHx0YZwCiW5gkNp+rviQxxpSY8NMliQzXvFeJ/Xj/V0YWfUZGkmgg8+yhKGdQxLEqCA2q60GxiCMKSml0hHiGJsDZVVk0J7vzJi6TTqLuG35zVmpdlHRVwCI7ACXDBOWiCa9ACbYDBA3gCL+DVerSerTfrfRZdssqZA/AH1sc3xNOfpQ==</latexit>

tchar ⇠ 1011 s
<latexit sha1_base64="yKVpDKM1rPQhxVmAnOF2ZEVaz6k=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIRQZdFNy4r2Ac0MUymk3boTBJmJkIJ+Qg3/oobF4q4deHOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7K0vLK6Vl2vbWxube/Yu3sdFaeS0DaJeSx7AVaUs4i2NdOc9hJJsQg47Qbjq8Lv3lOpWBzd6klCPYGHEQsZwdpIvn2i/cwVWI+kyMgIyzyHrmICIucuQ8h84I+rct+uOw1nCrhIUEnqoETLtz/dQUxSQSNNOFaqj5xEexmWmhFO85qbKppgMsZD2jc0woIqL5selcMjowxgGEvzIg2n6u+ODAulJiIwlcWGat4rxP+8fqrDCy9jUZJqGpHZoDDlUMewSAgOmKRE84khmEhmdoVFMphok2PNhIDmT14kndMGMvzmrN68LOOoggNwCI4BAuegCa5BC7QBAQ/gCbyAV+vRerberPdZacUqe/bBH1gf36Uanok=</latexit><latexit sha1_base64="yKVpDKM1rPQhxVmAnOF2ZEVaz6k=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIRQZdFNy4r2Ac0MUymk3boTBJmJkIJ+Qg3/oobF4q4deHOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7K0vLK6Vl2vbWxube/Yu3sdFaeS0DaJeSx7AVaUs4i2NdOc9hJJsQg47Qbjq8Lv3lOpWBzd6klCPYGHEQsZwdpIvn2i/cwVWI+kyMgIyzyHrmICIucuQ8h84I+rct+uOw1nCrhIUEnqoETLtz/dQUxSQSNNOFaqj5xEexmWmhFO85qbKppgMsZD2jc0woIqL5selcMjowxgGEvzIg2n6u+ODAulJiIwlcWGat4rxP+8fqrDCy9jUZJqGpHZoDDlUMewSAgOmKRE84khmEhmdoVFMphok2PNhIDmT14kndMGMvzmrN68LOOoggNwCI4BAuegCa5BC7QBAQ/gCbyAV+vRerberPdZacUqe/bBH1gf36Uanok=</latexit><latexit sha1_base64="yKVpDKM1rPQhxVmAnOF2ZEVaz6k=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIRQZdFNy4r2Ac0MUymk3boTBJmJkIJ+Qg3/oobF4q4deHOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7K0vLK6Vl2vbWxube/Yu3sdFaeS0DaJeSx7AVaUs4i2NdOc9hJJsQg47Qbjq8Lv3lOpWBzd6klCPYGHEQsZwdpIvn2i/cwVWI+kyMgIyzyHrmICIucuQ8h84I+rct+uOw1nCrhIUEnqoETLtz/dQUxSQSNNOFaqj5xEexmWmhFO85qbKppgMsZD2jc0woIqL5selcMjowxgGEvzIg2n6u+ODAulJiIwlcWGat4rxP+8fqrDCy9jUZJqGpHZoDDlUMewSAgOmKRE84khmEhmdoVFMphok2PNhIDmT14kndMGMvzmrN68LOOoggNwCI4BAuegCa5BC7QBAQ/gCbyAV+vRerberPdZacUqe/bBH1gf36Uanok=</latexit><latexit sha1_base64="yKVpDKM1rPQhxVmAnOF2ZEVaz6k=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIRQZdFNy4r2Ac0MUymk3boTBJmJkIJ+Qg3/oobF4q4deHOv3HSRtDWAwNnzrmXe+8JEs6Udpwvq7K0vLK6Vl2vbWxube/Yu3sdFaeS0DaJeSx7AVaUs4i2NdOc9hJJsQg47Qbjq8Lv3lOpWBzd6klCPYGHEQsZwdpIvn2i/cwVWI+kyMgIyzyHrmICIucuQ8h84I+rct+uOw1nCrhIUEnqoETLtz/dQUxSQSNNOFaqj5xEexmWmhFO85qbKppgMsZD2jc0woIqL5selcMjowxgGEvzIg2n6u+ODAulJiIwlcWGat4rxP+8fqrDCy9jUZJqGpHZoDDlUMewSAgOmKRE84khmEhmdoVFMphok2PNhIDmT14kndMGMvzmrN68LOOoggNwCI4BAuegCa5BC7QBAQ/gCbyAV+vRerberPdZacUqe/bBH1gf36Uanok=</latexit>
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OPTICAL VS X-RAY EMISSION

Cas A - 2000-2017

tknot ⇠ tcool ⇠ tKH ⇠ 30 yr
<latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="RRJ2c39XbxHR5XNDXKZYVS29J80=">AAACMnicbZBLSwMxFIXv1Hd9VbdugiK4kDKjC10KbgpuFKwKnVIyadqG5jEkd4QyzB9z439w586NC0X8DWZqhWo9EDh8JyH3niSVwmEYPgeVufmFxaXllerq2vrGZm1r7caZzDLeZEYae5dQx6XQvIkCJb9LLacqkfw2GZ6X+e09t04YfY2jlLcV7WvRE4yiR53aNXbyWFEcWJUPtcGiILETikxhZoz8B180fuBxSOJD8sNHtujU9sJ6OBaZNdHE7MFEl53aU9w1LFNcI5PUuVYUptjOqUXBJC+qceZ4StmQ9nnLW00Vd+18vH1B9j3pkp6x/mgkYzr9IqfKuZFK/M1yRPc3K+F/WSvD3mk7FzrNkGv2/VEvkwQNKaskXWE5QznyhjIr/KyEDailDH3hVV9C9HflWXNzVI+8vwphGXZgFw4gghM4gwZcQhMYPMALvMF78Bi8Bh/fdVWCSW/b8EvB5xcL5q7h</latexit><latexit sha1_base64="RRJ2c39XbxHR5XNDXKZYVS29J80=">AAACMnicbZBLSwMxFIXv1Hd9VbdugiK4kDKjC10KbgpuFKwKnVIyadqG5jEkd4QyzB9z439w586NC0X8DWZqhWo9EDh8JyH3niSVwmEYPgeVufmFxaXllerq2vrGZm1r7caZzDLeZEYae5dQx6XQvIkCJb9LLacqkfw2GZ6X+e09t04YfY2jlLcV7WvRE4yiR53aNXbyWFEcWJUPtcGiILETikxhZoz8B180fuBxSOJD8sNHtujU9sJ6OBaZNdHE7MFEl53aU9w1LFNcI5PUuVYUptjOqUXBJC+qceZ4StmQ9nnLW00Vd+18vH1B9j3pkp6x/mgkYzr9IqfKuZFK/M1yRPc3K+F/WSvD3mk7FzrNkGv2/VEvkwQNKaskXWE5QznyhjIr/KyEDailDH3hVV9C9HflWXNzVI+8vwphGXZgFw4gghM4gwZcQhMYPMALvMF78Bi8Bh/fdVWCSW/b8EvB5xcL5q7h</latexit><latexit sha1_base64="K1agd+CotyCNlk1aBa5Yij/Gk6o=">AAACPXicbZA7SwNBFIVn4zu+Vi1tBoNgIWFXCy2DNoKNgtFAdgmzk0kyZB7LzF0hLPvHbPwPdnY2ForY2jqJETTJgYHDd+9l7j1JKriFIHj2SnPzC4tLyyvl1bX1jU1/a/vW6sxQVqdaaNNIiGWCK1YHDoI1UsOITAS7S/rnw/rdPTOWa3UDg5TFknQV73BKwKGWfwOtPJIEekbmfaWhKHBkucR/MNVazMCXF7/wOMDRIf7lA1O0/EpQDUbC0yYcmwoa66rlP0VtTTPJFFBBrG2GQQpxTgxwKlhRjjLLUkL7pMuazioimY3z0fUF3nekjTvauKcAj+jfiZxIawcycZ3DFe1kbQhn1ZoZdE7jnKs0A6boz0edTGDQeBglbnPDKIiBM4Qa7nbFtEcMoeACL7sQwsmTp83tUTV0/jqo1M7GcSyjXbSHDlCITlANXaArVEcUPaAX9IbevUfv1fvwPn9aS954Zgf9k/f1DZcksIU=</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit><latexit sha1_base64="px+6zLm8UUcut5a4eKo9hT85H1E=">AAACPXicbZA7SwNBFIVn4yvGV9TSZjAIFiK7KmgZtAnYREiikA1hdjLRIfNYZu4KYdk/ZuN/sLOzsVDE1tbZPCA+Dgwcvnsvc++JYsEt+P6zV5ibX1hcKi6XVlbX1jfKm1stqxNDWZNqoc1NRCwTXLEmcBDsJjaMyEiw62hwkdev75mxXKsGDGPWkeRW8T6nBBzqlhvQTUNJ4M7IdKA0ZBkOLZd4BlOtxT/4sjaFxz4OD/CUD03WLVf8Q38k/NcEE1NBE9W75aewp2kimQIqiLXtwI+hkxIDnAqWlcLEspjQAbllbWcVkcx20tH1Gd5zpIf72rinAI/o7ERKpLVDGbnOfEX7u5bD/2rtBPpnnZSrOAGm6PijfiIwaJxHiXvcMApi6AyhhrtdMb0jhlBwgZdcCMHvk/+a1tFh4PzVSaV6PomjiHbQLtpHATpFVVRDddREFD2gF/SG3r1H79X78D7HrQVvMrONfsj7+gaYZLCJ</latexit>

Optical emission arises from dense knots 
and is often times transient:

X-ray emission generally arises from 
more diffuse ejecta, and for typical SNR 
and CSM densities, is not an efficient 
coolant

Ejecta remains bright in X-ray for 
centuries after it is shocked

trec ⇠ 1012/ne s
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PROGENITOR MODELS TO SNRS

• Model SNe ejecta to ages of remnants
• Compare bulk dynamical and spectral 

characteristics to observations
• The only assumption made is about the 

circumstellar environment
• Ia models assume a constant density
• CC models assume a power law in 

radius

Ia models CC models



MASSIVE STARS & SNE DAN PATNAUDE - NOVEMBER 07, 2018

PROGENITOR MODELS TO SNRS

W49B

Cas A
N132D

N63A

Sgr A East

SN 1987AN49

G349.7+0.2

G0.61+0.01

G292.0+1.8

G350.1+0.3
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0519-69.0

G344.7-0.10509-67.5

Kepler
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SN 1006
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G352.7-0.1

G337.2-0.7

• Model SNe ejecta to ages of remnants
• Compare bulk dynamical and spectral 

characteristics to observations
• The only assumption made is about the 

circumstellar environment
• Ia models assume a constant density
• CC models assume a power law in 

radius

Models evolved to SNR ages show broad 
spectral agreement
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PROGENITOR MODELS TO SNRS
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G352.7-0.1

G337.2-0.7

• Model SNe ejecta to ages of remnants
• Compare bulk dynamical and spectral 

characteristics to observations
• The only assumption made is about the 

circumstellar environment
• Ia models assume a constant density
• CC models assume a power law in 

radius

Rb /

Agn

q

�1/(n�s)

t
n�3
n�s

LX / q2 q = Ṁ/(4⇡vw)
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PROGENITOR MODELS TO SNRS

• Model SNe ejecta to ages of remnants
• Compare bulk dynamical and spectral 

characteristics to observations
• The only assumption made is about the 

circumstellar environment
• Ia models assume a constant density
• CC models assume a power law in 

radius

Rb /

Agn

q

�1/(n�s)

t
n�3
n�s

LX / q2 q = Ṁ/(4⇡vw)

Patnaude et al. (2017)

Spectrum of SNR retains imprint of 
episodic mass-loss in progenitor for 
centuries after CC
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SNR VS PROGENITOR/EXPLOSION PROPERTIES:
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SNR VS PROGENITOR/EXPLOSION PROPERTIES:
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SNR VS PROGENITOR/EXPLOSION PROPERTIES:
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SNR VS PROGENITOR/EXPLOSION PROPERTIES:

Extended Progenitor Compact Progenitor
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SNR VS PROGENITOR/EXPLOSION PROPERTIES:

Extended Progenitor Compact Progenitor

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

ESN/Mej (1051 erg M�1
� )

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

A
*

(1
0�

5
M

�
yr

�
1
)/

(k
m

s�
1
)

⇥10�6

CSM Fe-K Line Centroid at tSNR = 536 yr for nej = 7 and Mej  18 M�

6.50

6.55

6.60

6.65

6.70

F
e-

K
L
in

e
C

en
tr

oi
d

E
n
er

gy
(k

eV
)

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

ESN/Mej (1051 erg M�1
� )

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

A
*

(1
0�

5
M

�
yr

�
1
)/

(k
m

s�
1
)

⇥10�6

CSM Fe-K Line Centroid at tSNR = 536 yr for nej = 12 and Mej  18 M�

6.50

6.55

6.60

6.65

6.70

F
e-

K
L
in

e
C

en
tr

oi
d

E
n
er

gy
(k

eV
)

E(Fe-K) tSNR ~ 540 yrs

Cas A parameter space

G292.0+1.8 parameter space
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ENVIRONMENTAL METALLICITY EFFECTS
NGC 300

NGC 7424NGC 6744

NGC 7793

LCO Southern Hemisphere SNR Survey

2 possible reasons for this:

1: SNR expand into a low density and 
relatively unmodified environment which 
is the result of weak progenitor winds

- the SNR are thus low surface 
brightness and dynamically young

2: SNR expand into a high pressure, 
metal-rich environment

- the SNR evolve quickly to the 
radiative phase

Despite an inferred SN rate of ~ 1 per 
century, surveys of nearby galaxies fail 
to detect the population of young and 
middle-aged SNR
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ENVIRONMENTAL METALLICITY EFFECTS
Phenomenologically, higher mass loss rates 
lead to higher wind luminosities and slightly 
larger wind blown bubbles

However, the wind-blown shell will cool on a 
shorter timescale, resulting in radiatively 
cooled shells of material closer to the 
progenitor

In the lower metallicity case, the opposite is 
true - winds are weaker, but the cooling time 
is longer, allowing the wind blown bubble to 
grow to a greater size before it cools

Lw =
1

2
Ṁv2w
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R(t) / L1/5
w / Z↵/5

<latexit sha1_base64="o71XxKbNxUIsZLXfRzEktMafwmg=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoCDURRZcFEVy4qGIf2KRhMp3YoZNkmJkoJfQj3Pgrblwo4taFO//GaRtEWw8MHM65lzvn+JxRqSzry8jNzM7NL+QXC0vLK6tr5vpGXcaJwKSGYxaLpo8kYTQiNUUVI00uCAp9Rhp+73ToN+6IkDSOrlWfEzdEtxENKEZKS565d1VSu9DhIuYqhhfefTu1948GP8pNO3UQ412kRc8sWmVrBDhN7IwUQYaqZ346nRgnIYkUZkjKlm1x5aZIKIoZGRScRBKOcA/dkpamEQqJdNNRqAHc0UoHBrHQL1JwpP7eSFEoZT/09WSIVFdOekPxP6+VqODETWnEE0UiPD4UJAzqtMOGYIcKghXra4KwoPqvEHeRQFjpHgu6BHsy8jSpH5Rtq2xfHhYrZ1kdebAFtkEJ2OAYVMA5qIIawOABPIEX8Go8Gs/Gm/E+Hs0Z2c4m+APj4xvaEJ12</latexit><latexit sha1_base64="o71XxKbNxUIsZLXfRzEktMafwmg=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoCDURRZcFEVy4qGIf2KRhMp3YoZNkmJkoJfQj3Pgrblwo4taFO//GaRtEWw8MHM65lzvn+JxRqSzry8jNzM7NL+QXC0vLK6tr5vpGXcaJwKSGYxaLpo8kYTQiNUUVI00uCAp9Rhp+73ToN+6IkDSOrlWfEzdEtxENKEZKS565d1VSu9DhIuYqhhfefTu1948GP8pNO3UQ412kRc8sWmVrBDhN7IwUQYaqZ346nRgnIYkUZkjKlm1x5aZIKIoZGRScRBKOcA/dkpamEQqJdNNRqAHc0UoHBrHQL1JwpP7eSFEoZT/09WSIVFdOekPxP6+VqODETWnEE0UiPD4UJAzqtMOGYIcKghXra4KwoPqvEHeRQFjpHgu6BHsy8jSpH5Rtq2xfHhYrZ1kdebAFtkEJ2OAYVMA5qIIawOABPIEX8Go8Gs/Gm/E+Hs0Z2c4m+APj4xvaEJ12</latexit><latexit sha1_base64="o71XxKbNxUIsZLXfRzEktMafwmg=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoCDURRZcFEVy4qGIf2KRhMp3YoZNkmJkoJfQj3Pgrblwo4taFO//GaRtEWw8MHM65lzvn+JxRqSzry8jNzM7NL+QXC0vLK6tr5vpGXcaJwKSGYxaLpo8kYTQiNUUVI00uCAp9Rhp+73ToN+6IkDSOrlWfEzdEtxENKEZKS565d1VSu9DhIuYqhhfefTu1948GP8pNO3UQ412kRc8sWmVrBDhN7IwUQYaqZ346nRgnIYkUZkjKlm1x5aZIKIoZGRScRBKOcA/dkpamEQqJdNNRqAHc0UoHBrHQL1JwpP7eSFEoZT/09WSIVFdOekPxP6+VqODETWnEE0UiPD4UJAzqtMOGYIcKghXra4KwoPqvEHeRQFjpHgu6BHsy8jSpH5Rtq2xfHhYrZ1kdebAFtkEJ2OAYVMA5qIIawOABPIEX8Go8Gs/Gm/E+Hs0Z2c4m+APj4xvaEJ12</latexit><latexit sha1_base64="o71XxKbNxUIsZLXfRzEktMafwmg=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoCDURRZcFEVy4qGIf2KRhMp3YoZNkmJkoJfQj3Pgrblwo4taFO//GaRtEWw8MHM65lzvn+JxRqSzry8jNzM7NL+QXC0vLK6tr5vpGXcaJwKSGYxaLpo8kYTQiNUUVI00uCAp9Rhp+73ToN+6IkDSOrlWfEzdEtxENKEZKS565d1VSu9DhIuYqhhfefTu1948GP8pNO3UQ412kRc8sWmVrBDhN7IwUQYaqZ346nRgnIYkUZkjKlm1x5aZIKIoZGRScRBKOcA/dkpamEQqJdNNRqAHc0UoHBrHQL1JwpP7eSFEoZT/09WSIVFdOekPxP6+VqODETWnEE0UiPD4UJAzqtMOGYIcKghXra4KwoPqvEHeRQFjpHgu6BHsy8jSpH5Rtq2xfHhYrZ1kdebAFtkEJ2OAYVMA5qIIawOABPIEX8Go8Gs/Gm/E+Hs0Z2c4m+APj4xvaEJ12</latexit>

⇤(T ) / Z
<latexit sha1_base64="eCfgTjMN/IlsjDnKDVDf2Sft7jU=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZEMGFiwp9YWcomUymDc0kIckItRR/xY0LRdz6H+78G9N2Flo9EDiccy6590SSUW0878spLC2vrK4V10sbm1vbO+7uXkuLTGHSxIIJ1YmQJoxy0jTUMNKRiqA0YqQdDS+nfvueKE0Fb5iRJGGK+pwmFCNjpZ57ENzYcIwqjRMYSCWkEfCu55a9qjcD/Ev8nJRBjnrP/QxigbOUcIMZ0rrre9KEY6QMxYxMSkGmiUR4iPqkaylHKdHheLb9BB5bJYaJUPZxA2fqz4kxSrUepZFNpsgM9KI3Ff/zuplJLsIx5TIzhOP5R0nGoD1xWgWMqSLYsJElCCtqd4V4gBTCxhZWsiX4iyf/Ja3Tqu9V/duzcu0qr6MIDsERqAAfnIMauAZ10AQYPIAn8AJenUfn2Xlz3ufRgpPP7INfcD6+AQ67lFI=</latexit><latexit sha1_base64="eCfgTjMN/IlsjDnKDVDf2Sft7jU=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZEMGFiwp9YWcomUymDc0kIckItRR/xY0LRdz6H+78G9N2Flo9EDiccy6590SSUW0878spLC2vrK4V10sbm1vbO+7uXkuLTGHSxIIJ1YmQJoxy0jTUMNKRiqA0YqQdDS+nfvueKE0Fb5iRJGGK+pwmFCNjpZ57ENzYcIwqjRMYSCWkEfCu55a9qjcD/Ev8nJRBjnrP/QxigbOUcIMZ0rrre9KEY6QMxYxMSkGmiUR4iPqkaylHKdHheLb9BB5bJYaJUPZxA2fqz4kxSrUepZFNpsgM9KI3Ff/zuplJLsIx5TIzhOP5R0nGoD1xWgWMqSLYsJElCCtqd4V4gBTCxhZWsiX4iyf/Ja3Tqu9V/duzcu0qr6MIDsERqAAfnIMauAZ10AQYPIAn8AJenUfn2Xlz3ufRgpPP7INfcD6+AQ67lFI=</latexit><latexit sha1_base64="eCfgTjMN/IlsjDnKDVDf2Sft7jU=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZEMGFiwp9YWcomUymDc0kIckItRR/xY0LRdz6H+78G9N2Flo9EDiccy6590SSUW0878spLC2vrK4V10sbm1vbO+7uXkuLTGHSxIIJ1YmQJoxy0jTUMNKRiqA0YqQdDS+nfvueKE0Fb5iRJGGK+pwmFCNjpZ57ENzYcIwqjRMYSCWkEfCu55a9qjcD/Ev8nJRBjnrP/QxigbOUcIMZ0rrre9KEY6QMxYxMSkGmiUR4iPqkaylHKdHheLb9BB5bJYaJUPZxA2fqz4kxSrUepZFNpsgM9KI3Ff/zuplJLsIx5TIzhOP5R0nGoD1xWgWMqSLYsJElCCtqd4V4gBTCxhZWsiX4iyf/Ja3Tqu9V/duzcu0qr6MIDsERqAAfnIMauAZ10AQYPIAn8AJenUfn2Xlz3ufRgpPP7INfcD6+AQ67lFI=</latexit><latexit sha1_base64="eCfgTjMN/IlsjDnKDVDf2Sft7jU=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZEMGFiwp9YWcomUymDc0kIckItRR/xY0LRdz6H+78G9N2Flo9EDiccy6590SSUW0878spLC2vrK4V10sbm1vbO+7uXkuLTGHSxIIJ1YmQJoxy0jTUMNKRiqA0YqQdDS+nfvueKE0Fb5iRJGGK+pwmFCNjpZ57ENzYcIwqjRMYSCWkEfCu55a9qjcD/Ev8nJRBjnrP/QxigbOUcIMZ0rrre9KEY6QMxYxMSkGmiUR4iPqkaylHKdHheLb9BB5bJYaJUPZxA2fqz4kxSrUepZFNpsgM9KI3Ff/zuplJLsIx5TIzhOP5R0nGoD1xWgWMqSLYsJElCCtqd4V4gBTCxhZWsiX4iyf/Ja3Tqu9V/duzcu0qr6MIDsERqAAfnIMauAZ10AQYPIAn8AJenUfn2Xlz3ufRgpPP7INfcD6+AQ67lFI=</latexit>

t
cool

⇠ t
kin

/ Z�1+↵/2
<latexit sha1_base64="x7sE/BzLGPswfyyVjm/vsKcafT0=">AAACKnicbVDLSgMxFM34tr6qLt0EiyCIdaYIuqy6calgH9gZSyZNbWheJBmhDPM9bvwVNy4UceuHmGlnUasHAodz7iX3nFgxaqzvf3pz8wuLS8srq6W19Y3NrfL2TtPIRGPSwJJJ3Y6RIYwK0rDUMtJWmiAeM9KKh1e533oi2lAp7uxIkYijR0H7FCPrpG75wnbTkCM70DzFUrIsg6GhHE7JQypyVWmprIT3D+lxAI9giJgaoJNa1i1X/Ko/BvxLgoJUQIGbbvkt7EmccCIsZsiYTuArG6VIW4oZyUphYohCeIgeScdRgTgxUTqOmsEDp/RgX2r3hIVjdXojRdyYEY/dZH6+mfVy8T+vk9j+eZRSoRJLBJ581E8YdJHz3mCPaoItGzmCsKbuVogHSCNsXbslV0IwG/kvadaqgV8Nbk8r9cuijhWwB/bBIQjAGaiDa3ADGgCDZ/AK3sGH9+K9eZ/e12R0zit2dsEveN8/jH+n1Q==</latexit><latexit sha1_base64="x7sE/BzLGPswfyyVjm/vsKcafT0=">AAACKnicbVDLSgMxFM34tr6qLt0EiyCIdaYIuqy6calgH9gZSyZNbWheJBmhDPM9bvwVNy4UceuHmGlnUasHAodz7iX3nFgxaqzvf3pz8wuLS8srq6W19Y3NrfL2TtPIRGPSwJJJ3Y6RIYwK0rDUMtJWmiAeM9KKh1e533oi2lAp7uxIkYijR0H7FCPrpG75wnbTkCM70DzFUrIsg6GhHE7JQypyVWmprIT3D+lxAI9giJgaoJNa1i1X/Ko/BvxLgoJUQIGbbvkt7EmccCIsZsiYTuArG6VIW4oZyUphYohCeIgeScdRgTgxUTqOmsEDp/RgX2r3hIVjdXojRdyYEY/dZH6+mfVy8T+vk9j+eZRSoRJLBJ581E8YdJHz3mCPaoItGzmCsKbuVogHSCNsXbslV0IwG/kvadaqgV8Nbk8r9cuijhWwB/bBIQjAGaiDa3ADGgCDZ/AK3sGH9+K9eZ/e12R0zit2dsEveN8/jH+n1Q==</latexit><latexit sha1_base64="x7sE/BzLGPswfyyVjm/vsKcafT0=">AAACKnicbVDLSgMxFM34tr6qLt0EiyCIdaYIuqy6calgH9gZSyZNbWheJBmhDPM9bvwVNy4UceuHmGlnUasHAodz7iX3nFgxaqzvf3pz8wuLS8srq6W19Y3NrfL2TtPIRGPSwJJJ3Y6RIYwK0rDUMtJWmiAeM9KKh1e533oi2lAp7uxIkYijR0H7FCPrpG75wnbTkCM70DzFUrIsg6GhHE7JQypyVWmprIT3D+lxAI9giJgaoJNa1i1X/Ko/BvxLgoJUQIGbbvkt7EmccCIsZsiYTuArG6VIW4oZyUphYohCeIgeScdRgTgxUTqOmsEDp/RgX2r3hIVjdXojRdyYEY/dZH6+mfVy8T+vk9j+eZRSoRJLBJ581E8YdJHz3mCPaoItGzmCsKbuVogHSCNsXbslV0IwG/kvadaqgV8Nbk8r9cuijhWwB/bBIQjAGaiDa3ADGgCDZ/AK3sGH9+K9eZ/e12R0zit2dsEveN8/jH+n1Q==</latexit><latexit sha1_base64="x7sE/BzLGPswfyyVjm/vsKcafT0=">AAACKnicbVDLSgMxFM34tr6qLt0EiyCIdaYIuqy6calgH9gZSyZNbWheJBmhDPM9bvwVNy4UceuHmGlnUasHAodz7iX3nFgxaqzvf3pz8wuLS8srq6W19Y3NrfL2TtPIRGPSwJJJ3Y6RIYwK0rDUMtJWmiAeM9KKh1e533oi2lAp7uxIkYijR0H7FCPrpG75wnbTkCM70DzFUrIsg6GhHE7JQypyVWmprIT3D+lxAI9giJgaoJNa1i1X/Ko/BvxLgoJUQIGbbvkt7EmccCIsZsiYTuArG6VIW4oZyUphYohCeIgeScdRgTgxUTqOmsEDp/RgX2r3hIVjdXojRdyYEY/dZH6+mfVy8T+vk9j+eZRSoRJLBJ581E8YdJHz3mCPaoItGzmCsKbuVogHSCNsXbslV0IwG/kvadaqgV8Nbk8r9cuijhWwB/bBIQjAGaiDa3ADGgCDZ/AK3sGH9+K9eZ/e12R0zit2dsEveN8/jH+n1Q==</latexit>

Ṁ / Z↵
<latexit sha1_base64="B3AinGX5Ie31yIbp+H8vjuA6UZA=">AAACA3icbVBLSwMxGMz6rPW16k0vwSJ4Krsi6LHoxYtQwT6wu5Zsmm1Ds0lIskJZFrz4V7x4UMSrf8Kb/8a03YO2DgSGme9LMhNJRrXxvG9nYXFpeWW1tFZe39jc2nZ3dptapAqTBhZMqHaENGGUk4ahhpG2VAQlESOtaHg59lsPRGkq+K0ZSRImqM9pTDEyVuq6+0FPmOw6h4FUQhoB7+6zADE5QHnXrXhVbwI4T/yCVECBetf9spfhNCHcYIa07vieNGGGlKGYkbwcpJpIhIeoTzqWcpQQHWaTDDk8skoPxkLZww2cqL83MpRoPUoiO5kgM9Cz3lj8z+ukJj4PM8plagjH04filEGbdVwI7FFFsGEjSxBW1P4V4gFSCBtbW9mW4M9GnifNk6rvVf2b00rtoqijBA7AITgGPjgDNXAF6qABMHgEz+AVvDlPzovz7nxMRxecYmcP/IHz+QNFuJfp</latexit><latexit sha1_base64="B3AinGX5Ie31yIbp+H8vjuA6UZA=">AAACA3icbVBLSwMxGMz6rPW16k0vwSJ4Krsi6LHoxYtQwT6wu5Zsmm1Ds0lIskJZFrz4V7x4UMSrf8Kb/8a03YO2DgSGme9LMhNJRrXxvG9nYXFpeWW1tFZe39jc2nZ3dptapAqTBhZMqHaENGGUk4ahhpG2VAQlESOtaHg59lsPRGkq+K0ZSRImqM9pTDEyVuq6+0FPmOw6h4FUQhoB7+6zADE5QHnXrXhVbwI4T/yCVECBetf9spfhNCHcYIa07vieNGGGlKGYkbwcpJpIhIeoTzqWcpQQHWaTDDk8skoPxkLZww2cqL83MpRoPUoiO5kgM9Cz3lj8z+ukJj4PM8plagjH04filEGbdVwI7FFFsGEjSxBW1P4V4gFSCBtbW9mW4M9GnifNk6rvVf2b00rtoqijBA7AITgGPjgDNXAF6qABMHgEz+AVvDlPzovz7nxMRxecYmcP/IHz+QNFuJfp</latexit><latexit sha1_base64="B3AinGX5Ie31yIbp+H8vjuA6UZA=">AAACA3icbVBLSwMxGMz6rPW16k0vwSJ4Krsi6LHoxYtQwT6wu5Zsmm1Ds0lIskJZFrz4V7x4UMSrf8Kb/8a03YO2DgSGme9LMhNJRrXxvG9nYXFpeWW1tFZe39jc2nZ3dptapAqTBhZMqHaENGGUk4ahhpG2VAQlESOtaHg59lsPRGkq+K0ZSRImqM9pTDEyVuq6+0FPmOw6h4FUQhoB7+6zADE5QHnXrXhVbwI4T/yCVECBetf9spfhNCHcYIa07vieNGGGlKGYkbwcpJpIhIeoTzqWcpQQHWaTDDk8skoPxkLZww2cqL83MpRoPUoiO5kgM9Cz3lj8z+ukJj4PM8plagjH04filEGbdVwI7FFFsGEjSxBW1P4V4gFSCBtbW9mW4M9GnifNk6rvVf2b00rtoqijBA7AITgGPjgDNXAF6qABMHgEz+AVvDlPzovz7nxMRxecYmcP/IHz+QNFuJfp</latexit><latexit sha1_base64="B3AinGX5Ie31yIbp+H8vjuA6UZA=">AAACA3icbVBLSwMxGMz6rPW16k0vwSJ4Krsi6LHoxYtQwT6wu5Zsmm1Ds0lIskJZFrz4V7x4UMSrf8Kb/8a03YO2DgSGme9LMhNJRrXxvG9nYXFpeWW1tFZe39jc2nZ3dptapAqTBhZMqHaENGGUk4ahhpG2VAQlESOtaHg59lsPRGkq+K0ZSRImqM9pTDEyVuq6+0FPmOw6h4FUQhoB7+6zADE5QHnXrXhVbwI4T/yCVECBetf9spfhNCHcYIa07vieNGGGlKGYkbwcpJpIhIeoTzqWcpQQHWaTDDk8skoPxkLZww2cqL83MpRoPUoiO5kgM9Cz3lj8z+ukJj4PM8plagjH04filEGbdVwI7FFFsGEjSxBW1P4V4gFSCBtbW9mW4M9GnifNk6rvVf2b00rtoqijBA7AITgGPjgDNXAF6qABMHgEz+AVvDlPzovz7nxMRxecYmcP/IHz+QNFuJfp</latexit>
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METALLICITY, PROGENITORS, AND SNR
Stars with expanding into higher 
metallicity environments will result in 
smaller diameter SNR in both the ED 
and ST phases

The transition to the radiative phase 
will occur on a shorter timescale as it 
scales inversely with the metallicity

SNR will be brighter and more 
compact and appear older, while 
remaining dynamically young

R(t) / Ṁ�1/(n�s) / Z�↵/(n�s)
<latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit><latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit><latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit><latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit>

R(t) / Z�↵/5
<latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit><latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit><latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit><latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit>

t
cool

/ ⇢�9/17
amb

/ Ṁ�9/17 / Z�9↵/17
<latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit><latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit><latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit><latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit>

LX / n2⇤ / Z2↵+1
<latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit><latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit><latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit><latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit>
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METALLICITY, PROGENITORS, AND SNR
Stars with expanding into higher 
metallicity environments will result in 
smaller diameter SNR in both the ED 
and ST phases

The transition to the radiative phase 
will occur on a shorter timescale as it 
scales inversely with the metallicity

SNR will be brighter and more 
compact and appear older, while 
remaining dynamically young

R(t) / Ṁ�1/(n�s) / Z�↵/(n�s)
<latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit><latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit><latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit><latexit sha1_base64="m/CmT0ou9Q4yYALlAAM8C95PJGo=">AAACInicbVDLSgMxFM3Ud32NunQTLEJdWGdEUHeCCG6EKlbFdiyZNNOGZjIhuSOUod/ixl9x40JRV4IfY9oO4utA4HDOvUnOCZXgBjzv3SmMjU9MTk3PFGfn5hcW3aXlC5OkmrIaTUSir0JimOCS1YCDYFdKMxKHgl2G3cOBf3nLtOGJPIeeYkFM2pJHnBKwUtPdPyvDBm4onShIcKOVQHbSv8k2/a2y3DQb/S/r2ooNIlSH5E7TLXkVbwj8l/g5KaEc1ab7aq+nacwkUEGMqfuegiAjGjgVrF9spIYpQrukzeqWShIzE2TDiH28bpUWjhJtjwQ8VL9vZCQ2pheHdjIm0DG/vYH4n1dPIdoLMi5VCkzS0UNRKrCNPOgLt7hmFETPEkI1t3/FtEM0oWBbLdoS/N+R/5KL7YrvVfzTndLBUV7HNFpFa6iMfLSLDtAxqqIaougOPaAn9OzcO4/Oi/M2Gi04+c4K+gHn4xOVQqJ2</latexit>

R(t) / Z�↵/5
<latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit><latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit><latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit><latexit sha1_base64="ffib4M3YIAR+lePM63ziQlNkF7U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLqwzouiyIILLKvaBnbFk0kwbmsmEJCOUoeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3MCwajSjvNt5ebmFxaX8suFldW19Q17c6uu4kRiUsMxi2UzQIowyklNU81IU0iCooCRRtC/GPmNByIVjfmtHgjiR6jLaUgx0kZq2zs3JX0APSFjoWN4d58eeoiJHjo6HbbtolN2xoCzxM1IEWSotu0vrxPjJCJcY4aUarmO0H6KpKaYkWHBSxQRCPdRl7QM5Sgiyk/HGYZw3ygdGMbSPK7hWP29kaJIqUEUmMkI6Z6a9kbif14r0eG5n1IuEk04nhwKEwZN3FEhsEMlwZoNDEFYUvNXiHtIIqxNbQVTgjsdeZbUj8uuU3avT4qVy6yOPNgFe6AEXHAGKuAKVEENYPAInsEreLOerBfr3fqYjOasbGcb/IH1+QNPy5as</latexit>

t
cool

/ ⇢�9/17
amb

/ Ṁ�9/17 / Z�9↵/17
<latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit><latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit><latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit><latexit sha1_base64="nbE9hwr2JHGQf6U3epGxzW4cDxs="></latexit>

LX / n2⇤ / Z2↵+1
<latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit><latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit><latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit><latexit sha1_base64="2IUWZFZxVzGqfB0s+GVfJ2Goimk=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIQp0pgi6Lblx0UcE+sNOWO2nahmYyIckIZehnuPFX3LhQxG13/o3pA9HWA4HDOfdwc08gOdPGdb+c1Mrq2vpGejOztb2zu5fdP6jqKFaEVkjEI1UPQFPOBK0YZjitS0UhDDitBYObiV97pEqzSNyboaTNEHqCdRkBY6V29rzUrmNfqkiaCItWAfslG+7Aj/bQSgo+cNkHfIa9UTubc/ PuFHiZeHOSQ3OU29mx34lIHFJhCAetG54rTTMBZRjhdJTxY00lkAH0aMNSASHVzWR62AifWKWDu5GyTxg8VX8nEgi1HoaBnQzB9PWiNxH/8xqx6V41EyZkbKggs0XdmGN78KQl3GGKEsOHlgBRzP4Vkz4oIMZ2mbEleIsnL5NqIe+5ee/uIle8nteRRkfoGJ0iD12iIrpFZVRBBD2hF/SG3p1n59X5cD5noylnnjlEf+CMvwE93Z6f</latexit>

The lack of young, ejecta-dominated SNR in the local universe appears to be due to the 
host galaxy metallicity - higher Z environments encourage a rapid transition to the radiative 
phase, while lower Z environments result in SNR which remain in free expansion for longer 
times
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SUMMARY
• Properties of Galactic and Magellanic 

Cloud SNR are not always well 
described by progenitor models which 
include isotropic mass loss

• Models which include non-steady 
mass loss in last 104 years can 
explain bulk spectral features and 
dynamics

• Metallicity effects may explain lack of 
observed young SNR in nearby 
galaxies

• Continued observations of young SNe 
will probe earlier stages of progenitor 
evolution


