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UNDERSTANDING ONE OF NATURE’S MOST EXTREME EVENTS
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TODAY’S TALK

1. Tour of the galactic centre

2. What is spaghettification? 

3. Observing “spaghettified” stars 

4. Understanding what we observe











Schoedel et al. 150”x150” 



Genzel et al. 20”x20” 



Do et al., Genzel et al. 5”x5” 



Genzel et al.
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N-BODY INTERACTIONS

Predicted rate of close encounters:
<latexit sha1_base64="dklgCNE5HyguvVozsanEFV6X1cM=">AAACG3icdVDLSgNBEJz1GeMr6tHLYBA8aNjV4OMW9OJRwSRCNobeSScOmdldZmbFZcl/ePFXvHhQxJPgwb9xEiP4LGi6qOpmpiuIBdfGdd+csfGJyanp3Ex+dm5+YbGwtFzTUaIYVlkkInUegEbBQ6wabgSexwpBBgLrQe9o4NevUGkehWcmjbEpoRvyDmdgrNQqbPuaS+q5F9lWuU8zX0nqb9IY1aB1QcB1+kVIEVS/VSi6pYPd/Z3yDv1NvJI7RJGMcNIqvPjtiCUSQ8MEaN3w3Ng0M1CGM4H9vJ9ojIH1oIsNS0OQqJvZ8LY+XbdKm3YiZSs0dKh+3chAap3KwE5KMJf6pzcQ//IaiensNzMexonBkH081EkENREdBEXbXCEzIrUEmOL2r5RdggJmbJx5G8LnpfR/Utsuebul8mm5WDkcxZEjq2SNbBCP7JEKOSYnpEoYuSF35IE8OrfOvfPkPH+MjjmjnRXyDc7rOz32nyA=</latexit>
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N-BODY INTERACTIONS

Predicted rate of close encounters:
<latexit sha1_base64="dklgCNE5HyguvVozsanEFV6X1cM=">AAACG3icdVDLSgNBEJz1GeMr6tHLYBA8aNjV4OMW9OJRwSRCNobeSScOmdldZmbFZcl/ePFXvHhQxJPgwb9xEiP4LGi6qOpmpiuIBdfGdd+csfGJyanp3Ex+dm5+YbGwtFzTUaIYVlkkInUegEbBQ6wabgSexwpBBgLrQe9o4NevUGkehWcmjbEpoRvyDmdgrNQqbPuaS+q5F9lWuU8zX0nqb9IY1aB1QcB1+kVIEVS/VSi6pYPd/Z3yDv1NvJI7RJGMcNIqvPjtiCUSQ8MEaN3w3Ng0M1CGM4H9vJ9ojIH1oIsNS0OQqJvZ8LY+XbdKm3YiZSs0dKh+3chAap3KwE5KMJf6pzcQ//IaiensNzMexonBkH081EkENREdBEXbXCEzIrUEmOL2r5RdggJmbJx5G8LnpfR/Utsuebul8mm5WDkcxZEjq2SNbBCP7JEKOSYnpEoYuSF35IE8OrfOvfPkPH+MjjmjnRXyDc7rOz32nyA=</latexit>

⇠ 10�4 per galaxy per year

Oxford!
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TIDAL FORCES 

<latexit sha1_base64="MK2TkHcUJLaK1KFwXXu6UL6ANy0=">AAAB6nicdVDJSgNBEK2JW4xLoh69NAbB0zBjQoy3oKAeI5oFkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7bzhZ3dpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80fnUb91RqVgkbvU4pl6IB4IFjGBtpJuL3mWvUHTs00q1VC6h38S1nRmKsEC9V3jr9iOShFRowrFSHdeJtZdiqRnhdJLrJorGmIzwgHYMFTikyktnp07QoVH6KIikKaHRTP06keJQqXHom84Q66H66U3Fv7xOooOqlzIRJ5oKMl8UJBzpCE3/Rn0mKdF8bAgmkplbERliiYk26eRMCJ+fov9J89h2K3b5ulysnS3iyMI+HMARuHACNbiCOjSAwADu4RGeLG49WM/Wy7w1Yy1m9uAbrNcPc0+N8A==</latexit>

FG

<latexit sha1_base64="32dVQHH+wY4zKI3wwqZVUtkjclA=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbBjcNMW2pdCEXBuilUsA9oxyGTZtrQzIMkI5ShGzf+ihsXirj1H9z5N6YPweeBwOGce7i5x40YFdI037XU3PzC4lJ6ObOyura+oW9uNUQYc0zqOGQhb7lIEEYDUpdUMtKKOEG+y0jTHZyN/eYN4YKGwZUcRsT2US+gHsVIKsnRd8+dCjyBhzCpVB0LVp0c7IQqAPl1buToWdM4LpbyhTz8TSzDnCALZqg5+lunG+LYJ4HEDAnRtsxI2gnikmJGRplOLEiE8AD1SFvRAPlE2MnkihHcV0oXeiFXL5Bwon5NJMgXYui7atJHsi9+emPxL68dS69kJzSIYkkCPF3kxQzKEI4rgV3KCZZsqAjCnKq/QtxHHGGpisuoEj4vhf+TRs6wikbhspAtn87qSIMdsAcOgAWOQBlcgBqoAwxuwT14BE/anfagPWsv09GUNstsg2/QXj8A58CWWQ==</latexit>

FG = �GM1M2

r2



TIDAL FORCES 

<latexit sha1_base64="MK2TkHcUJLaK1KFwXXu6UL6ANy0=">AAAB6nicdVDJSgNBEK2JW4xLoh69NAbB0zBjQoy3oKAeI5oFkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7bzhZ3dpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80fnUb91RqVgkbvU4pl6IB4IFjGBtpJuL3mWvUHTs00q1VC6h38S1nRmKsEC9V3jr9iOShFRowrFSHdeJtZdiqRnhdJLrJorGmIzwgHYMFTikyktnp07QoVH6KIikKaHRTP06keJQqXHom84Q66H66U3Fv7xOooOqlzIRJ5oKMl8UJBzpCE3/Rn0mKdF8bAgmkplbERliiYk26eRMCJ+fov9J89h2K3b5ulysnS3iyMI+HMARuHACNbiCOjSAwADu4RGeLG49WM/Wy7w1Yy1m9uAbrNcPc0+N8A==</latexit>

FG



TIDAL FORCES 
<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="N2bcmmgDxi8SyI5D/d9pEAPVuLY=">AAAB7nicdVDLSsNAFL2pr1ofrbp0M1gEVyGxpdZd0Y3LKvYBbSiT6SQdOpmEmYlQQj/CjQtF3Po97vwbpw/B54ELh3Pu5d57/IQzpR3n3cqtrK6tb+Q3C1vbO7vF0t5+W8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++HLmd+6oVCwWt3qSUC/CoWABI1gbqSNRPwzRzaBUduzzWr1SraDfxLWdOcqwRHNQeusPY5JGVGjCsVI910m0l2GpGeF0WuiniiaYjHFIe4YKHFHlZfNzp+jYKEMUxNKU0Giufp3IcKTUJPJNZ4T1SP30ZuJfXi/VQd3LmEhSTQVZLApSjnSMZr+jIZOUaD4xBBPJzK2IjLDERJuECiaEz0/R/6R9ars1u3pdLTculnHk4RCO4ARcOIMGXEETWkBgDPfwCE9WYj1Yz9bLojVnLWcO4Bus1w/1FY9a</latexit>

r � R

<latexit sha1_base64="iP2EJSWItNSzWdR8XdITPJOq7yo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OJFSMAkQjKEnk5N0qZnobtHCCFf4MWDIl79JG/+jZ1FcH1Q8Hiviqp6fiK40o7zbmWWlldW17LruY3Nre2d/O5eU8WpZNhgsYjljU8VCh5hQ3Mt8CaRSENfYMsfXkz91h1KxePoWo8S9ELaj3jAGdVGql918wXHPitXiqUi+U1c25mhAAvUuvm3Ti9maYiRZoIq1XadRHtjKjVnAie5TqowoWxI+9g2NKIhKm88O3RCjozSI0EsTUWazNSvE2MaKjUKfdMZUj1QP72p+JfXTnVQ8cY8SlKNEZsvClJBdEymX5Mel8i0GBlCmeTmVsIGVFKmTTY5E8Lnp+R/0jyx3bJdqpcK1fNFHFk4gEM4BhdOoQqXUIMGMEC4h0d4sm6tB+vZepm3ZqzFzD58g/X6ATePjT0=</latexit>

M

<latexit sha1_base64="rs0yeIvKE/xvsf5IJgSlA2Bk/Ww=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiB4GmY0xHgLevEYwSySDKGnpydp0t0zdNcIIeQrvHhQxKuf482/sbMIrg8KHu9VUVUvTAU34HnvTm5peWV1Lb9e2Njc2t4p7u41TZJpyho0EYluh8QwwRVrAAfB2qlmRIaCtcLh5dRv3TFteKJuYJSyQJK+4jGnBKx0242YAIIl7hVLnnteqZ6WT/Fv4rveDCW0QL1XfOtGCc0kU0AFMabjeykEY6KBU8EmhW5mWErokPRZx1JFJDPBeHbwBB9ZJcJxom0pwDP168SYSGNGMrSdksDA/PSm4l9eJ4O4Goy5SjNgis4XxZnAkODp9zjimlEQI0sI1dzeiumAaELBZlSwIXx+iv8nzRPXr7jl63KpdrGII48O0CE6Rj46QzV0heqogSiS6B49oidHOw/Os/Myb805i5l99A3O6wehAJBT</latexit>

�m



TIDAL FORCES 
<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

<latexit sha1_base64="N2bcmmgDxi8SyI5D/d9pEAPVuLY=">AAAB7nicdVDLSsNAFL2pr1ofrbp0M1gEVyGxpdZd0Y3LKvYBbSiT6SQdOpmEmYlQQj/CjQtF3Po97vwbpw/B54ELh3Pu5d57/IQzpR3n3cqtrK6tb+Q3C1vbO7vF0t5+W8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++HLmd+6oVCwWt3qSUC/CoWABI1gbqSNRPwzRzaBUduzzWr1SraDfxLWdOcqwRHNQeusPY5JGVGjCsVI910m0l2GpGeF0WuiniiaYjHFIe4YKHFHlZfNzp+jYKEMUxNKU0Giufp3IcKTUJPJNZ4T1SP30ZuJfXi/VQd3LmEhSTQVZLApSjnSMZr+jIZOUaD4xBBPJzK2IjLDERJuECiaEz0/R/6R9ars1u3pdLTculnHk4RCO4ARcOIMGXEETWkBgDPfwCE9WYj1Yz9bLojVnLWcO4Bus1w/1FY9a</latexit>

r � R

<latexit sha1_base64="DdatHd/MBLslOUkR1K1VtNhm5YA=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadnVEOMtKIjHCOYByRJmJ5NkyMzsMjMrhCW/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcyZNp737uSWlldW1/LrhY3Nre2d4u5eU0eJIrRBIh6pdog15UzShmGG03asKBYhp61wfJn5rTuqNIvkrZnENBB4KNmAEWwy6arno16x5Lnnlepp+RT9Jr7rzVCCBeq94lu3H5FEUGkIx1p3fC82QYqVYYTTaaGbaBpjMsZD2rFUYkF1kM5unaIjq/TRIFK2pEEz9etEioXWExHaToHNSP/0MvEvr5OYQTVImYwTQyWZLxokHJkIZY+jPlOUGD6xBBPF7K2IjLDCxNh4CjaEz0/R/6R54voVt3xTLtUuFnHk4QAO4Rh8OIMaXEMdGkBgBPfwCE+OcB6cZ+dl3ppzFjP78A3O6weoNY4E</latexit>

F1

<latexit sha1_base64="UCXff7f/PzGnH+S+2l7AvhGqsPU=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiRtqXVXFMRlBfuANpTJdNIOnUzCzEQoob/gxoUibv0hd/6Nk7aCzwMXDufcy733+DFnSjvOu5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8vM79xRqVgkbvU0pl6IR4IFjGCdSVeDMhoUS459XqtXqhX0m7i2M0cJlmgOim/9YUSSkApNOFaq5zqx9lIsNSOczgr9RNEYkwke0Z6hAodUeen81hk6McoQBZE0JTSaq18nUhwqNQ190xliPVY/vUz8y+slOqh7KRNxoqkgi0VBwpGOUPY4GjJJieZTQzCRzNyKyBhLTLSJp2BC+PwU/U/aZdut2dWbaqlxsYwjD0dwDKfgwhk04Bqa0AICY7iHR3iyQuvBerZeFq05azlzCN9gvX4AqbqOBQ==</latexit>

F2
<latexit sha1_base64="rs0yeIvKE/xvsf5IJgSlA2Bk/Ww=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiB4GmY0xHgLevEYwSySDKGnpydp0t0zdNcIIeQrvHhQxKuf482/sbMIrg8KHu9VUVUvTAU34HnvTm5peWV1Lb9e2Njc2t4p7u41TZJpyho0EYluh8QwwRVrAAfB2qlmRIaCtcLh5dRv3TFteKJuYJSyQJK+4jGnBKx0242YAIIl7hVLnnteqZ6WT/Fv4rveDCW0QL1XfOtGCc0kU0AFMabjeykEY6KBU8EmhW5mWErokPRZx1JFJDPBeHbwBB9ZJcJxom0pwDP168SYSGNGMrSdksDA/PSm4l9eJ4O4Goy5SjNgis4XxZnAkODp9zjimlEQI0sI1dzeiumAaELBZlSwIXx+iv8nzRPXr7jl63KpdrGII48O0CE6Rj46QzV0heqogSiS6B49oidHOw/Os/Myb805i5l99A3O6wehAJBT</latexit>

�m

<latexit sha1_base64="iP2EJSWItNSzWdR8XdITPJOq7yo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OJFSMAkQjKEnk5N0qZnobtHCCFf4MWDIl79JG/+jZ1FcH1Q8Hiviqp6fiK40o7zbmWWlldW17LruY3Nre2d/O5eU8WpZNhgsYjljU8VCh5hQ3Mt8CaRSENfYMsfXkz91h1KxePoWo8S9ELaj3jAGdVGql918wXHPitXiqUi+U1c25mhAAvUuvm3Ti9maYiRZoIq1XadRHtjKjVnAie5TqowoWxI+9g2NKIhKm88O3RCjozSI0EsTUWazNSvE2MaKjUKfdMZUj1QP72p+JfXTnVQ8cY8SlKNEZsvClJBdEymX5Mel8i0GBlCmeTmVsIGVFKmTTY5E8Lnp+R/0jyx3bJdqpcK1fNFHFk4gEM4BhdOoQqXUIMGMEC4h0d4sm6tB+vZepm3ZqzFzD58g/X6ATePjT0=</latexit>

M
<latexit sha1_base64="kAEzTtD+SFYHlsXmPjq99wXD/HY="></latexit>

F1 � F2 = � GM�m

(r �R)2
��GM�m

r2



TIDAL FORCES
<latexit sha1_base64="N2bcmmgDxi8SyI5D/d9pEAPVuLY=">AAAB7nicdVDLSsNAFL2pr1ofrbp0M1gEVyGxpdZd0Y3LKvYBbSiT6SQdOpmEmYlQQj/CjQtF3Po97vwbpw/B54ELh3Pu5d57/IQzpR3n3cqtrK6tb+Q3C1vbO7vF0t5+W8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++HLmd+6oVCwWt3qSUC/CoWABI1gbqSNRPwzRzaBUduzzWr1SraDfxLWdOcqwRHNQeusPY5JGVGjCsVI910m0l2GpGeF0WuiniiaYjHFIe4YKHFHlZfNzp+jYKEMUxNKU0Giufp3IcKTUJPJNZ4T1SP30ZuJfXi/VQd3LmEhSTQVZLApSjnSMZr+jIZOUaD4xBBPJzK2IjLDERJuECiaEz0/R/6R9ars1u3pdLTculnHk4RCO4ARcOIMGXEETWkBgDPfwCE9WYj1Yz9bLojVnLWcO4Bus1w/1FY9a</latexit>

r � R

<latexit sha1_base64="mDl3SsyVxTE2n3/FE1iYyamTXe8="></latexit>

F1 � F2 = �GM�m

r2

✓
1� R

r

◆�2

��GM�m

r2



TIDAL FORCES
<latexit sha1_base64="N2bcmmgDxi8SyI5D/d9pEAPVuLY=">AAAB7nicdVDLSsNAFL2pr1ofrbp0M1gEVyGxpdZd0Y3LKvYBbSiT6SQdOpmEmYlQQj/CjQtF3Po97vwbpw/B54ELh3Pu5d57/IQzpR3n3cqtrK6tb+Q3C1vbO7vF0t5+W8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++HLmd+6oVCwWt3qSUC/CoWABI1gbqSNRPwzRzaBUduzzWr1SraDfxLWdOcqwRHNQeusPY5JGVGjCsVI910m0l2GpGeF0WuiniiaYjHFIe4YKHFHlZfNzp+jYKEMUxNKU0Giufp3IcKTUJPJNZ4T1SP30ZuJfXi/VQd3LmEhSTQVZLApSjnSMZr+jIZOUaD4xBBPJzK2IjLDERJuECiaEz0/R/6R9ars1u3pdLTculnHk4RCO4ARcOIMGXEETWkBgDPfwCE9WYj1Yz9bLojVnLWcO4Bus1w/1FY9a</latexit>

r � R

<latexit sha1_base64="mDl3SsyVxTE2n3/FE1iYyamTXe8="></latexit>

F1 � F2 = �GM�m

r2

✓
1� R

r

◆�2

��GM�m

r2

<latexit sha1_base64="EbeuAGO7OtjZAcIjDJvjJXXRVaU="></latexit>

F1 � F2 ⇡ �GM�m

r2

✓
1 + 2

R

r

◆
��GM�m

r2



TIDAL FORCES

<latexit sha1_base64="u9L52gVx4Fp/sqXlCMCVg8CkKUA="></latexit>

F1 � F2 ⇡ �2GM�mR

r3

<latexit sha1_base64="N2bcmmgDxi8SyI5D/d9pEAPVuLY=">AAAB7nicdVDLSsNAFL2pr1ofrbp0M1gEVyGxpdZd0Y3LKvYBbSiT6SQdOpmEmYlQQj/CjQtF3Po97vwbpw/B54ELh3Pu5d57/IQzpR3n3cqtrK6tb+Q3C1vbO7vF0t5+W8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++HLmd+6oVCwWt3qSUC/CoWABI1gbqSNRPwzRzaBUduzzWr1SraDfxLWdOcqwRHNQeusPY5JGVGjCsVI910m0l2GpGeF0WuiniiaYjHFIe4YKHFHlZfNzp+jYKEMUxNKU0Giufp3IcKTUJPJNZ4T1SP30ZuJfXi/VQd3LmEhSTQVZLApSjnSMZr+jIZOUaD4xBBPJzK2IjLDERJuECiaEz0/R/6R9ars1u3pdLTculnHk4RCO4ARcOIMGXEETWkBgDPfwCE9WYj1Yz9bLojVnLWcO4Bus1w/1FY9a</latexit>

r � R

<latexit sha1_base64="mDl3SsyVxTE2n3/FE1iYyamTXe8="></latexit>

F1 � F2 = �GM�m

r2

✓
1� R

r

◆�2

��GM�m

r2

<latexit sha1_base64="EbeuAGO7OtjZAcIjDJvjJXXRVaU="></latexit>

F1 � F2 ⇡ �GM�m

r2

✓
1 + 2

R

r

◆
��GM�m

r2
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TIDAL FORCES 

For the supermassive black holes  
in the centre of galaxies, this can 
completely destroy the star! 
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r3
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?
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<latexit sha1_base64="Nn1MEcTG1PVI1lxm4V0Fwktdaho="></latexit>

FT ⇡ GMBHM?R?

r3
<latexit sha1_base64="atHO32/VxWux6i+EP4XO8Z0DjDo="></latexit>

Fself ⇡
GM2

?

R2
?

<latexit sha1_base64="cvkZBZAC4lHMbTcDPnQSsf7yVPo="></latexit>

Fself = FT ! rT ⇡ R?

✓
MBH

M?

◆1/3



TIDAL DISRUPTION 
<latexit sha1_base64="Nn1MEcTG1PVI1lxm4V0Fwktdaho="></latexit>

FT ⇡ GMBHM?R?

r3
<latexit sha1_base64="atHO32/VxWux6i+EP4XO8Z0DjDo="></latexit>

Fself ⇡
GM2

?

R2
?

<latexit sha1_base64="5QQ3zK0ml9SnyoZ+NjxZxbIJnJc="></latexit>

Fself = FT ! rT ⇡ R?

✓
MBH

M?

◆1/3

> rS
<latexit sha1_base64="J7qRxvl+Fe+DYGsBtXtNQI3EdpY=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgapixpa27ohuXFewDOmPJpGkbmmTGJCOUoTs3/oobF4q49Rfc+TemD8HngQuHc+7l3nvCmFGlXffdyiwsLi2vZFdza+sbm1v29k5DRYnEpI4jFslWiBRhVJC6ppqRViwJ4iEjzXB4NvGbN0QqGolLPYpJwFFf0B7FSBupY+/7inJyDcsu9LVhCnruVQmmvuRwyMcdO+86J6VKoViAv4nnuFPkwRy1jv3mdyOccCI0ZkiptufGOkiR1BQzMs75iSIxwkPUJ21DBTIrg3T6xxgeGqULe5E0JTScql8nUsSVGvHQdHKkB+qnNxH/8tqJ7lWClIo40UTg2aJewqCO4CQU2KWSYM1GhiAsqbkV4gGSCGsTXc6E8Pkp/J80jh2v5BQvivnq6TyOLNgDB+AIeKAMquAc1EAdYHAL7sEjeLLurAfr2XqZtWas+cwu+Abr9QMmz5hD</latexit>

' 70⇥ 106km

(For the sun about our SMBH)
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<latexit sha1_base64="5QQ3zK0ml9SnyoZ+NjxZxbIJnJc="></latexit>

Fself = FT ! rT ⇡ R?

✓
MBH

M?

◆1/3

> rS
<latexit sha1_base64="J7qRxvl+Fe+DYGsBtXtNQI3EdpY=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgapixpa27ohuXFewDOmPJpGkbmmTGJCOUoTs3/oobF4q49Rfc+TemD8HngQuHc+7l3nvCmFGlXffdyiwsLi2vZFdza+sbm1v29k5DRYnEpI4jFslWiBRhVJC6ppqRViwJ4iEjzXB4NvGbN0QqGolLPYpJwFFf0B7FSBupY+/7inJyDcsu9LVhCnruVQmmvuRwyMcdO+86J6VKoViAv4nnuFPkwRy1jv3mdyOccCI0ZkiptufGOkiR1BQzMs75iSIxwkPUJ21DBTIrg3T6xxgeGqULe5E0JTScql8nUsSVGvHQdHKkB+qnNxH/8tqJ7lWClIo40UTg2aJewqCO4CQU2KWSYM1GhiAsqbkV4gGSCGsTXc6E8Pkp/J80jh2v5BQvivnq6TyOLNgDB+AIeKAMquAc1EAdYHAL7sEjeLLurAfr2XqZtWas+cwu+Abr9QMmz5hD</latexit>

' 70⇥ 106km

<latexit sha1_base64="gHl+DDFVkvzLbNq5sy8hypZEZ/Q="></latexit>

RBH =
2GMBH

c2
' 3⇥ 106km

(For the sun about our SMBH)
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How bright is a tidal disruption event?

<latexit sha1_base64="s5kyj7dVAT7WP628BV/Fr3xSCXQ="></latexit>

L? ⇠ ✏nucM?c2

t?
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<latexit sha1_base64="s5kyj7dVAT7WP628BV/Fr3xSCXQ="></latexit>
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t?
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How bright is a tidal disruption event?

<latexit sha1_base64="s5kyj7dVAT7WP628BV/Fr3xSCXQ="></latexit>

L? ⇠ ✏nucM?c2

t?

<latexit sha1_base64="SC30cGBKZ6uE5z6T8SbKqHw3yYY="></latexit>

LTDE ⇠ ✏accM?c2

tTDE

<latexit sha1_base64="LEXywC/oJYGWN5/EaKepI0oZRHA="></latexit>

LTDE ⇠ L?

✓
t?

tTDE

◆



TIDAL DISRUPTION EVENTS

How bright is a tidal disruption event?

<latexit sha1_base64="s5kyj7dVAT7WP628BV/Fr3xSCXQ="></latexit>

L? ⇠ ✏nucM?c2

t?

<latexit sha1_base64="SC30cGBKZ6uE5z6T8SbKqHw3yYY="></latexit>

LTDE ⇠ ✏accM?c2

tTDE

<latexit sha1_base64="LEXywC/oJYGWN5/EaKepI0oZRHA="></latexit>

LTDE ⇠ L?

✓
t?

tTDE

◆
<latexit sha1_base64="xC3RamuVlVERbe9lFzT1SkodRE4=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNczYUuuu6MaFiwr2AZ1xyKRpG5pkhiQj1KH4K25cKOLW/3Dn35g+BJ8HLhzOuZd774kSRpV23Xdrbn5hcWk5t5JfXVvf2LS3thsqTiUmdRyzWLYipAijgtQ11Yy0EkkQjxhpRoOzsd+8IVLRWFzpYUICjnqCdilG2kihvesryqHnXmeeO4IXoa80kqFdcJ2TcqVYKsLfxHPcCQpghlpov/mdGKecCI0ZUqrtuYkOMiQ1xYyM8n6qSILwAPVI21CBOFFBNrl+BA+M0oHdWJoSGk7UrxMZ4koNeWQ6OdJ99dMbi3957VR3K0FGRZJqIvB0UTdlUMdwHAXsUEmwZkNDEJbU3ApxH0mEtQksb0L4/BT+TxpHjld2SpelQvV0FkcO7IF9cAg8cAyq4BzUQB1gcAvuwSN4su6sB+vZepm2zlmzmR3wDdbrB2+hlJ0=</latexit>

⇠ 1010L?
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How bright is a tidal disruption event?

<latexit sha1_base64="LEXywC/oJYGWN5/EaKepI0oZRHA="></latexit>

LTDE ⇠ L?

✓
t?

tTDE

◆
<latexit sha1_base64="xC3RamuVlVERbe9lFzT1SkodRE4=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNczYUuuu6MaFiwr2AZ1xyKRpG5pkhiQj1KH4K25cKOLW/3Dn35g+BJ8HLhzOuZd774kSRpV23Xdrbn5hcWk5t5JfXVvf2LS3thsqTiUmdRyzWLYipAijgtQ11Yy0EkkQjxhpRoOzsd+8IVLRWFzpYUICjnqCdilG2kihvesryqHnXmeeO4IXoa80kqFdcJ2TcqVYKsLfxHPcCQpghlpov/mdGKecCI0ZUqrtuYkOMiQ1xYyM8n6qSILwAPVI21CBOFFBNrl+BA+M0oHdWJoSGk7UrxMZ4koNeWQ6OdJ99dMbi3957VR3K0FGRZJqIvB0UTdlUMdwHAXsUEmwZkNDEJbU3ApxH0mEtQksb0L4/BT+TxpHjld2SpelQvV0FkcO7IF9cAg8cAyq4BzUQB1gcAvuwSN4su6sB+vZepm2zlmzmR3wDdbrB2+hlJ0=</latexit>

⇠ 1010L?

Very… the luminosity of the entire milky way is 

<latexit sha1_base64="FyNjpS7RzwoIUrpI7b7pYMyheiM=">AAACCHicdVDLSgMxFM34rPVVdenCYBFcDTO21LorunFRoYJ9QGccMmnahiaTIckIZejSjb/ixoUibv0Ed/6N6UPweeDC4Zx7ufeeMGZUacd5t+bmFxaXljMr2dW19Y3N3NZ2Q4lEYlLHggnZCpEijEakrqlmpBVLgnjISDMcnI395g2RioroSg9j4nPUi2iXYqSNFOT2qkHqSQ4vmiPoKcqh61ynrjOC1cATHaGDXN6xT0rlQrEAfxPXdibIgxlqQe7N6wiccBJpzJBSbdeJtZ8iqSlmZJT1EkVihAeoR9qGRogT5aeTR0bwwCgd2BXSVKThRP06kSKu1JCHppMj3Vc/vbH4l9dOdLfspzSKE00iPF3UTRjUAo5TgR0qCdZsaAjCkppbIe4jibA22WVNCJ+fwv9J48h2S3bxspivnM7iyIBdsA8OgQuOQQWcgxqoAwxuwT14BE/WnfVgPVsv09Y5azazA77Bev0AFFaYyQ==</latexit>

LMW ⇠ 1010L�







~ 30 times the 
brightness of a 
full moon
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The All Sky Automated Search for SuperNovae find their first 
objects in the early 2010’s 
 

About ~thirty now confirmed to exist  

 
Two we will talk about today: ASASSN-14li and ASASSN-15lh

The 321st object found in 2014
Discovered by ASASSN
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ASASSN-15lh

Optical data 

UV data 

Infrared data 



TIDAL DISRUPTION EVENTS

0 200 400 600 800 1000 1200 1400
t ° 56983.6 MJD

10

12

14

16

18

20

A
B

m
ag

ni
tu

de
+

co
ns

ta
nt

UVW2 band (°3)

UVM2 band (°1.5)

UVW1 band

Swift XRT 0.3 ° 10 keV

10°15

10°14

10°13

10°12

10°11

0.
3

°
10

ke
V

flu
x

(e
rg

/s
/c

m
2 )

ASASSN-14li

(DAYS)



THE PROBLEM



0 200 400 600 800 1000 1200 1400
t ° 56983.6 MJD

10

12

14

16

18

20

A
B

m
ag

ni
tu

de
+

co
ns

ta
nt

UVW2 band (°3)

UVM2 band (°1.5)

UVW1 band

Swift XRT 0.3 ° 10 keV

10°15

10°14

10°13

10°12

10°11

0.
3

°
10

ke
V

flu
x

(e
rg

/s
/c

m
2 )

THE PROBLEM



FLUID DYNAMICS IN  
GENERAL RELATIVITY 



FLUID DYNAMICS IN  
GENERAL RELATIVITY 



FLUID DYNAMICS IN  
GENERAL RELATIVITY 



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

1. Conserve mass 



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

1. Conserve mass 

2. Conserve angular momentum 



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

1. Conserve mass 

2. Conserve angular momentum 

3. Conserve energy



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

1. Conserve mass 

2. Conserve angular momentum 

3. Conserve energy

4. See what we get



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Mass conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur <latexit sha1_base64="b4GcqiVqxp9Y30B+mFbkU4mOs3Y=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYaYrwFveSYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+KqnpeLLjSjvNuZVZW19Y3spu5re2d3b38/kFLRYlk2GSRiGTHowoFD7GpuRbYiSXSwBPY9sbXM799h1LxKLzRkxjdgA5D7nNGtZEatX6+4NiX5cp56Zz8JkXbmaMAS9T7+bfeIGJJgKFmgirVLTqxdlMqNWcCp7leojCmbEyH2DU0pAEqN50fOiUnRhkQP5KmQk3m6teJlAZKTQLPdAZUj9RPbyb+5XUT7VfclIdxojFki0V+IoiOyOxrMuASmRYTQyiT3NxK2IhKyrTJJmdC+PyU/E9aZ3axbJcapUL1ahlHFo7gGE6hCBdQhRrUoQkMEO7hEZ6sW+vBerZeFq0ZazlzCN9gvX4AL/uNOA==</latexit>

H

Density

Flow velocity

Height

Distance from BH



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Mass conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur

<latexit sha1_base64="HE9vLfCPnzvoHvPYZEFCWhTVX6o="></latexit>

U0 @⇢

@t
+

1

r

@

@r
(r⇢Ur) = 0

<latexit sha1_base64="b4GcqiVqxp9Y30B+mFbkU4mOs3Y=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYaYrwFveSYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+KqnpeLLjSjvNuZVZW19Y3spu5re2d3b38/kFLRYlk2GSRiGTHowoFD7GpuRbYiSXSwBPY9sbXM799h1LxKLzRkxjdgA5D7nNGtZEatX6+4NiX5cp56Zz8JkXbmaMAS9T7+bfeIGJJgKFmgirVLTqxdlMqNWcCp7leojCmbEyH2DU0pAEqN50fOiUnRhkQP5KmQk3m6teJlAZKTQLPdAZUj9RPbyb+5XUT7VfclIdxojFki0V+IoiOyOxrMuASmRYTQyiT3NxK2IhKyrTJJmdC+PyU/E9aZ3axbJcapUL1ahlHFo7gGE6hCBdQhRrUoQkMEO7hEZ6sW+vBerZeFq0ZazlzCN9gvX4AL/uNOA==</latexit>

H

Density

Height

Flow velocity

Distance from BH



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Mass conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur

<latexit sha1_base64="HE9vLfCPnzvoHvPYZEFCWhTVX6o="></latexit>

U0 @⇢

@t
+

1

r

@

@r
(r⇢Ur) = 0

<latexit sha1_base64="b4GcqiVqxp9Y30B+mFbkU4mOs3Y=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYaYrwFveSYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+KqnpeLLjSjvNuZVZW19Y3spu5re2d3b38/kFLRYlk2GSRiGTHowoFD7GpuRbYiSXSwBPY9sbXM799h1LxKLzRkxjdgA5D7nNGtZEatX6+4NiX5cp56Zz8JkXbmaMAS9T7+bfeIGJJgKFmgirVLTqxdlMqNWcCp7leojCmbEyH2DU0pAEqN50fOiUnRhkQP5KmQk3m6teJlAZKTQLPdAZUj9RPbyb+5XUT7VfclIdxojFki0V+IoiOyOxrMuASmRYTQyiT3NxK2IhKyrTJJmdC+PyU/E9aZ3axbJcapUL1ahlHFo7gGE6hCBdQhRrUoQkMEO7hEZ6sW+vBerZeFq0ZazlzCN9gvX4AL/uNOA==</latexit>

H

Density

Height

Flow velocity

Distance from BH

The “Interstellar” term



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Angular momentum conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur

<latexit sha1_base64="mwhRYjHVQA8pSivljWcLu98wLD4=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadnVEOMt6MVjBDcJJEuYncwmY2ZnlplZIYT8gxcPinj1f7z5N04egs+ChqKqm+6uKOVMG897d3JLyyura/n1wsbm1vZOcXevoWWmCA2I5FK1IqwpZ4IGhhlOW6miOIk4bUbDy6nfvKNKMyluzCilYYL7gsWMYGOlRtDtpAPWLZY897xSPS2fot/Ed70ZSrBAvVt86/QkyRIqDOFY67bvpSYcY2UY4XRS6GSappgMcZ+2LRU4oTocz66doCOr9FAslS1h0Ez9OjHGidajJLKdCTYD/dObin957czE1XDMRJoZKsh8UZxxZCSavo56TFFi+MgSTBSztyIywAoTYwMq2BA+P0X/k8aJ61fc8nW5VLtYxJGHAziEY/DhDGpwBXUIgMAt3MMjPDnSeXCenZd5a85ZzOzDNzivHwPkj3M=</latexit>

U�

<latexit sha1_base64="7ZqXJVcwgxPPLG3uewkhDnUJYvk=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiQ21LorunFZwT6gjWUynbRDJ5M4MxFK6E+4caGIW3/HnX/j9CH4PHDhcM693HtPkHCmtOO8W7ml5ZXVtfx6YWNza3unuLvXVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01Ywupj6rTsqFYvFtR4n1I/wQLCQEayN1G7dyF43GbJeseTYZ5Vq2Suj38S1nRlKsEC9V3zr9mOSRlRowrFSHddJtJ9hqRnhdFLopoommIzwgHYMFTiiys9m907QkVH6KIylKaHRTP06keFIqXEUmM4I66H66U3Fv7xOqsOqnzGRpJoKMl8UphzpGE2fR30mKdF8bAgmkplbERliiYk2ERVMCJ+fov9J88R2K7Z35ZVq54s48nAAh3AMLpxCDS6hDg0gwOEeHuHJurUerGfrZd6asxYz+/AN1usHkT+QWQ==</latexit>

W r
�

Flow angular momentum

“Friction”



FLUID DYNAMICS IN  
GENERAL RELATIVITY 
Angular momentum conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur

<latexit sha1_base64="mwhRYjHVQA8pSivljWcLu98wLD4=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadnVEOMt6MVjBDcJJEuYncwmY2ZnlplZIYT8gxcPinj1f7z5N04egs+ChqKqm+6uKOVMG897d3JLyyura/n1wsbm1vZOcXevoWWmCA2I5FK1IqwpZ4IGhhlOW6miOIk4bUbDy6nfvKNKMyluzCilYYL7gsWMYGOlRtDtpAPWLZY897xSPS2fot/Ed70ZSrBAvVt86/QkyRIqDOFY67bvpSYcY2UY4XRS6GSappgMcZ+2LRU4oTocz66doCOr9FAslS1h0Ez9OjHGidajJLKdCTYD/dObin957czE1XDMRJoZKsh8UZxxZCSavo56TFFi+MgSTBSztyIywAoTYwMq2BA+P0X/k8aJ61fc8nW5VLtYxJGHAziEY/DhDGpwBXUIgMAt3MMjPDnSeXCenZd5a85ZzOzDNzivHwPkj3M=</latexit>

U�

<latexit sha1_base64="7ZqXJVcwgxPPLG3uewkhDnUJYvk=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiQ21LorunFZwT6gjWUynbRDJ5M4MxFK6E+4caGIW3/HnX/j9CH4PHDhcM693HtPkHCmtOO8W7ml5ZXVtfx6YWNza3unuLvXVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01Ywupj6rTsqFYvFtR4n1I/wQLCQEayN1G7dyF43GbJeseTYZ5Vq2Suj38S1nRlKsEC9V3zr9mOSRlRowrFSHddJtJ9hqRnhdFLopoommIzwgHYMFTiiys9m907QkVH6KIylKaHRTP06keFIqXEUmM4I66H66U3Fv7xOqsOqnzGRpJoKMl8UphzpGE2fR30mKdF8bAgmkplbERliiYk2ERVMCJ+fov9J88R2K7Z35ZVq54s48nAAh3AMLpxCDS6hDg0gwOEeHuHJurUerGfrZd6asxYz+/AN1usHkT+QWQ==</latexit>

W r
�

<latexit sha1_base64="I7eN26E9PVX2RlZYPsu/umpDSY4=">AAACkXicdVFNS+RAEO1EXXXW1VGPXgoHwWVhSHTw4+Ay6GXBi4JRYRKHTk9n0thJh+6KMIT8H3/P3vbfbM/XMupa0PTjVdXr6ldxIYVBz/vjuEvLK19W19YbXze+bW41t3fujSo14wFTUunHmBouRc4DFCj5Y6E5zWLJH+Lnq3H+4YVrI1R+h6OCRxkd5iIRjKKl+s3XoB8WqYBQ8gR7wZMHVVhQjYJKCHWqIFS2Hf5xWMMPqP wpq+vF6reFup5IHuqpTPCkQy2GKX6H6R1ZnXlmQWU+znsx6DdbXvv85Oy4cwwfgd/2JtEis7jpN3+HA8XKjOfIJDWm53sFRtVYkUleN8LS8IKyZzrkPQtzmnETVRNHaziwzAASpe3JESbsYkdFM2NGWWwrM4qpeZ8bk//L9UpMzqJK5EWJPGfTh5LS+qpgvB4YCM0ZypEFlGlhZwWWUk0Z2iU2rAnzn8Ln4P6o7Z+0O7edVvdyZsca2SP75JD45JR0yS9yQwLCnE2n41w4P91d99zturNa15n17JI34V7/BUzGx1I=</latexit>

U�


U0 @⇢

@t
+

1

r

@

@r
(r⇢Ur)

�
+ ⇢Ur @U�

@r

<latexit sha1_base64="b4GcqiVqxp9Y30B+mFbkU4mOs3Y=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYaYrwFveSYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+KqnpeLLjSjvNuZVZW19Y3spu5re2d3b38/kFLRYlk2GSRiGTHowoFD7GpuRbYiSXSwBPY9sbXM799h1LxKLzRkxjdgA5D7nNGtZEatX6+4NiX5cp56Zz8JkXbmaMAS9T7+bfeIGJJgKFmgirVLTqxdlMqNWcCp7leojCmbEyH2DU0pAEqN50fOiUnRhkQP5KmQk3m6teJlAZKTQLPdAZUj9RPbyb+5XUT7VfclIdxojFki0V+IoiOyOxrMuASmRYTQyiT3NxK2IhKyrTJJmdC+PyU/E9aZ3axbJcapUL1ahlHFo7gGE6hCBdQhRrUoQkMEO7hEZ6sW+vBerZeFq0ZazlzCN9gvX4AL/uNOA==</latexit>

H

<latexit sha1_base64="lmfIIhrmskRTdldcPWzDfr9vFJ4="></latexit>

+
1

r

@

@r

�
r⇢W

r
�

�
+

1

H
U�FE = 0

Flow angular momentum

“Friction”



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Energy conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur

<latexit sha1_base64="Qzc9AUlg6F1OHWWNQ2KFnJhhoJg=">AAAB+nicdVDJSgNBEK2JW4zbRI9eGoPgaZjREOMtKIrHCGaBZBh6Oj1Jk56F7h4ljPkULx4U8eqXePNv7CyC64OCx3tVVNXzE86ksu13I7ewuLS8kl8trK1vbG6Zxe2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfnDs4nfuqFCsji6VqOEuiHuRyxgBCsteWYx6xLM0cXYm5HzsWeWbOukUj0qH6HfxLHsKUowR90z37q9mKQhjRThWMqOYyfKzbBQjHA6LnRTSRNMhrhPO5pGOKTSzaanj9G+VnooiIWuSKGp+nUiw6GUo9DXnSFWA/nTm4h/eZ1UBVU3Y1GSKhqR2aIg5UjFaJID6jFBieIjTTARTN+KyAALTJROq6BD+PwU/U+ah5ZTscpX5VLtdB5HHnZhDw7AgWOowSXUoQEEbuEeHuHJuDMejGfjZdaaM+YzO/ANxusHIS+T8w==</latexit>FE

<latexit sha1_base64="7ZqXJVcwgxPPLG3uewkhDnUJYvk=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiQ21LorunFZwT6gjWUynbRDJ5M4MxFK6E+4caGIW3/HnX/j9CH4PHDhcM693HtPkHCmtOO8W7ml5ZXVtfx6YWNza3unuLvXVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01Ywupj6rTsqFYvFtR4n1I/wQLCQEayN1G7dyF43GbJeseTYZ5Vq2Suj38S1nRlKsEC9V3zr9mOSRlRowrFSHddJtJ9hqRnhdFLopoommIzwgHYMFTiiys9m907QkVH6KIylKaHRTP06keFIqXEUmM4I66H66U3Fv7xOqsOqnzGRpJoKMl8UphzpGE2fR30mKdF8bAgmkplbERliiYk2ERVMCJ+fov9J88R2K7Z35ZVq54s48nAAh3AMLpxCDS6hDg0gwOEeHuHJurUerGfrZd6asxYz+/AN1usHkT+QWQ==</latexit>

W r
�

<latexit sha1_base64="b4GcqiVqxp9Y30B+mFbkU4mOs3Y=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYaYrwFveSYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+KqnpeLLjSjvNuZVZW19Y3spu5re2d3b38/kFLRYlk2GSRiGTHowoFD7GpuRbYiSXSwBPY9sbXM799h1LxKLzRkxjdgA5D7nNGtZEatX6+4NiX5cp56Zz8JkXbmaMAS9T7+bfeIGJJgKFmgirVLTqxdlMqNWcCp7leojCmbEyH2DU0pAEqN50fOiUnRhkQP5KmQk3m6teJlAZKTQLPdAZUj9RPbyb+5XUT7VfclIdxojFki0V+IoiOyOxrMuASmRYTQyiT3NxK2IhKyrTJJmdC+PyU/E9aZ3axbJcapUL1ahlHFo7gGE6hCBdQhRrUoQkMEO7hEZ6sW+vBerZeFq0ZazlzCN9gvX4AL/uNOA==</latexit>

H

Emitted energy 



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Energy conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur

<latexit sha1_base64="Qzc9AUlg6F1OHWWNQ2KFnJhhoJg=">AAAB+nicdVDJSgNBEK2JW4zbRI9eGoPgaZjREOMtKIrHCGaBZBh6Oj1Jk56F7h4ljPkULx4U8eqXePNv7CyC64OCx3tVVNXzE86ksu13I7ewuLS8kl8trK1vbG6Zxe2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfnDs4nfuqFCsji6VqOEuiHuRyxgBCsteWYx6xLM0cXYm5HzsWeWbOukUj0qH6HfxLHsKUowR90z37q9mKQhjRThWMqOYyfKzbBQjHA6LnRTSRNMhrhPO5pGOKTSzaanj9G+VnooiIWuSKGp+nUiw6GUo9DXnSFWA/nTm4h/eZ1UBVU3Y1GSKhqR2aIg5UjFaJID6jFBieIjTTARTN+KyAALTJROq6BD+PwU/U+ah5ZTscpX5VLtdB5HHnZhDw7AgWOowSXUoQEEbuEeHuHJuDMejGfjZdaaM+YzO/ANxusHIS+T8w==</latexit>FE

<latexit sha1_base64="7ZqXJVcwgxPPLG3uewkhDnUJYvk=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiQ21LorunFZwT6gjWUynbRDJ5M4MxFK6E+4caGIW3/HnX/j9CH4PHDhcM693HtPkHCmtOO8W7ml5ZXVtfx6YWNza3unuLvXVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01Ywupj6rTsqFYvFtR4n1I/wQLCQEayN1G7dyF43GbJeseTYZ5Vq2Suj38S1nRlKsEC9V3zr9mOSRlRowrFSHddJtJ9hqRnhdFLopoommIzwgHYMFTiiys9m907QkVH6KIylKaHRTP06keFIqXEUmM4I66H66U3Fv7xOqsOqnzGRpJoKMl8UphzpGE2fR30mKdF8bAgmkplbERliiYk2ERVMCJ+fov9J88R2K7Z35ZVq54s48nAAh3AMLpxCDS6hDg0gwOEeHuHJurUerGfrZd6asxYz+/AN1usHkT+QWQ==</latexit>

W r
�

<latexit sha1_base64="b4GcqiVqxp9Y30B+mFbkU4mOs3Y=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYaYrwFveSYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+KqnpeLLjSjvNuZVZW19Y3spu5re2d3b38/kFLRYlk2GSRiGTHowoFD7GpuRbYiSXSwBPY9sbXM799h1LxKLzRkxjdgA5D7nNGtZEatX6+4NiX5cp56Zz8JkXbmaMAS9T7+bfeIGJJgKFmgirVLTqxdlMqNWcCp7leojCmbEyH2DU0pAEqN50fOiUnRhkQP5KmQk3m6teJlAZKTQLPdAZUj9RPbyb+5XUT7VfclIdxojFki0V+IoiOyOxrMuASmRYTQyiT3NxK2IhKyrTJJmdC+PyU/E9aZ3axbJcapUL1ahlHFo7gGE6hCBdQhRrUoQkMEO7hEZ6sW+vBerZeFq0ZazlzCN9gvX4AL/uNOA==</latexit>

H

Emitted energy 

<latexit sha1_base64="xNHdgcK6+RV05oP2K43jnkkuUSg="></latexit>
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FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Mass, Angular momentum  
and Energy conservation 

<latexit sha1_base64="ua61aG3ZyIZKa/b2Qd2jW97hWTk=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGHGhBhvQS8eI5gFkyH0dHqSJj09Q3ePEIb8hRcPinj1b7z5N3YWwfVBweO9Kqrq+TFnSjvOu5VZWl5ZXcuu5zY2t7Z38rt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8up37qjUrFI3OhxTL0QDwQLGMHaSLddOYyK8gTp416+4NjnlWqpXEK/iWs7MxRggXov/9btRyQJqdCEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl84unqAjo/RREElTQqOZ+nUixaFS49A3nSHWQ/XTm4p/eZ1EB1UvZSJONBVkvihIONIRmr6P+kxSovnYEEwkM7ciMsQSE21CypkQPj9F/5Pmqe1W7PJ1uVC7WMSRhQM4hCK4cAY1uII6NICAgHt4hCdLWQ/Ws/Uyb81Yi5l9+Abr9QPoGJBy</latexit>

⇢(r, t)

<latexit sha1_base64="J5qi95q+OeiBsBk9DuYQX68p79I=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEW9OIxAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNuZVZW19Y3spu5re2d3b38/kFTxalk2GCxiGXbpwoFj7ChuRbYTiTS0BfY8kdXM791h1LxOLrR4wS9kA4iHnBGtZHqspcvOPZFuVIsFclv4trOHAVYotbLv3X7MUtDjDQTVKmO6yTam1CpORM4zXVThQllIzrAjqERDVF5k/mhU3JilD4JYmkq0mSufp2Y0FCpceibzpDqofrpzcS/vE6qg4o34VGSaozYYlGQCqJjMvua9LlEpsXYEMokN7cSNqSSMm2yyZkQPj8l/5Pmme2W7VK9VKheLuPIwhEcwym4cA5VuIYaNIABwj08wpN1az1Yz9bLojVjLWcO4Rus1w9vo41i</latexit>r

<latexit sha1_base64="i0+oYjTyTnXvXMxejlij35g+Dnc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS21LorunFZ0bSFNpbJdNIOnUzCzEQooZ/gxoUibv0id/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJNQjMY9lO8CKciaop5nmtJ1IiqOA01Ywupj6rTsqFYvFjR4n1I/wQLCQEayNdO3dyl6x5Nhn1Vq5Uka/iWs7M5RggUav+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn81OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1UhzU/YyJJNRVkvihMOdIxmv6N+kxSovnYEEwkM7ciMsQSE23SKZgQPj9F/5Pmie1W7cpVpVQ/X8SRhwM4hGNw4RTqcAkN8IDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/J0I4p</latexit>

Ur

<latexit sha1_base64="Qzc9AUlg6F1OHWWNQ2KFnJhhoJg=">AAAB+nicdVDJSgNBEK2JW4zbRI9eGoPgaZjREOMtKIrHCGaBZBh6Oj1Jk56F7h4ljPkULx4U8eqXePNv7CyC64OCx3tVVNXzE86ksu13I7ewuLS8kl8trK1vbG6Zxe2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfnDs4nfuqFCsji6VqOEuiHuRyxgBCsteWYx6xLM0cXYm5HzsWeWbOukUj0qH6HfxLHsKUowR90z37q9mKQhjRThWMqOYyfKzbBQjHA6LnRTSRNMhrhPO5pGOKTSzaanj9G+VnooiIWuSKGp+nUiw6GUo9DXnSFWA/nTm4h/eZ1UBVU3Y1GSKhqR2aIg5UjFaJID6jFBieIjTTARTN+KyAALTJROq6BD+PwU/U+ah5ZTscpX5VLtdB5HHnZhDw7AgWOowSXUoQEEbuEeHuHJuDMejGfjZdaaM+YzO/ANxusHIS+T8w==</latexit>FE

<latexit sha1_base64="7ZqXJVcwgxPPLG3uewkhDnUJYvk=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiQ21LorunFZwT6gjWUynbRDJ5M4MxFK6E+4caGIW3/HnX/j9CH4PHDhcM693HtPkHCmtOO8W7ml5ZXVtfx6YWNza3unuLvXVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01Ywupj6rTsqFYvFtR4n1I/wQLCQEayN1G7dyF43GbJeseTYZ5Vq2Suj38S1nRlKsEC9V3zr9mOSRlRowrFSHddJtJ9hqRnhdFLopoommIzwgHYMFTiiys9m907QkVH6KIylKaHRTP06keFIqXEUmM4I66H66U3Fv7xOqsOqnzGRpJoKMl8UphzpGE2fR30mKdF8bAgmkplbERliiYk2ERVMCJ+fov9J88R2K7Z35ZVq54s48nAAh3AMLpxCDS6hDg0gwOEeHuHJurUerGfrZd6asxYz+/AN1usHkT+QWQ==</latexit>

W r
�

<latexit sha1_base64="mwhRYjHVQA8pSivljWcLu98wLD4=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadnVEOMt6MVjBDcJJEuYncwmY2ZnlplZIYT8gxcPinj1f7z5N04egs+ChqKqm+6uKOVMG897d3JLyyura/n1wsbm1vZOcXevoWWmCA2I5FK1IqwpZ4IGhhlOW6miOIk4bUbDy6nfvKNKMyluzCilYYL7gsWMYGOlRtDtpAPWLZY897xSPS2fot/Ed70ZSrBAvVt86/QkyRIqDOFY67bvpSYcY2UY4XRS6GSappgMcZ+2LRU4oTocz66doCOr9FAslS1h0Ez9OjHGidajJLKdCTYD/dObin957czE1XDMRJoZKsh8UZxxZCSavo56TFFi+MgSTBSztyIywAoTYwMq2BA+P0X/k8aJ61fc8nW5VLtYxJGHAziEY/DhDGpwBXUIgMAt3MMjPDnSeXCenZd5a85ZzOzDNzivHwPkj3M=</latexit>

U�

<latexit sha1_base64="b4GcqiVqxp9Y30B+mFbkU4mOs3Y=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYaYrwFveSYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+KqnpeLLjSjvNuZVZW19Y3spu5re2d3b38/kFLRYlk2GSRiGTHowoFD7GpuRbYiSXSwBPY9sbXM799h1LxKLzRkxjdgA5D7nNGtZEatX6+4NiX5cp56Zz8JkXbmaMAS9T7+bfeIGJJgKFmgirVLTqxdlMqNWcCp7leojCmbEyH2DU0pAEqN50fOiUnRhkQP5KmQk3m6teJlAZKTQLPdAZUj9RPbyb+5XUT7VfclIdxojFki0V+IoiOyOxrMuASmRYTQyiT3NxK2IhKyrTJJmdC+PyU/E9aZ3axbJcapUL1ahlHFo7gGE6hCBdQhRrUoQkMEO7hEZ6sW+vBerZeFq0ZazlzCN9gvX4AL/uNOA==</latexit>

H

Emitted energy 

Density

Flow velocity

Height

Distance from BH

Flow angular momentum

“Friction”



FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Mass, Angular momentum and Energy conservation 

<latexit sha1_base64="xNHdgcK6+RV05oP2K43jnkkuUSg="></latexit>
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<latexit sha1_base64="iNQ/wFQa66SYTgm3qpnnABy3k4U="></latexit>
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FLUID DYNAMICS IN  
GENERAL RELATIVITY 

Mass, Angular momentum and Energy conservation 

<latexit sha1_base64="srR3lm4n5UTy1x1lYTAiaBt20RY="></latexit>

B⌫(T ) =
2h⌫3

c2
1

exp
�
h⌫
kT

�
� 1

Brightness

Frequency

<latexit sha1_base64="xNHdgcK6+RV05oP2K43jnkkuUSg="></latexit>

�T
4 =

1

4
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r
�HU

0

r
GMBH

r3

<latexit sha1_base64="B63mQhGKzejEwRNEbOpAmqe1Jls=">AAAB73icdVDJSgNBEK2JW4xLoh69NAbB0zBjQowHIcSLxwhmgWQIPZ2epElPz9jdI4QhP+HFgyJe/R1v/o2dRXB9UPB4r4qqen7MmdKO825lVlbX1jeym7mt7Z3dfGFvv6WiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3w589t3VCoWiRs9iakX4qFgASNYG6lT7/dEgi5Qv1B07PNKtVQuod/EtZ05irBEo1946w0ikoRUaMKxUl3XibWXYqkZ4XSa6yWKxpiM8ZB2DRU4pMpL5/dO0bFRBiiIpCmh0Vz9OpHiUKlJ6JvOEOuR+unNxL+8bqKDqpcyESeaCrJYFCQc6QjNnkcDJinRfGIIJpKZWxEZYYmJNhHlTAifn6L/SevUdit2+bpcrNWXcWThEI7gBFw4gxpcQQOaQIDDPTzCk3VrPVjP1suiNWMtZw7gG6zXD2PZj5M=</latexit>

B⌫ =
<latexit sha1_base64="2sq/jdAeqkH+meDJdgS9SY97Ls4=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZMiPEgBL14jGAWSIbQ0+lJ2vR0D909Qgj5By8eFPHq/3jzb+wsguuDgsd7VVTVCxPOtPG8dyeztLyyupZdz21sbm3v5Hf3GlqmitA6kVyqVog15UzQumGG01aiKI5DTpvh8HLqN++o0kyKGzNKaBDjvmARI9hYqdERKTpH3XzBc8/KlWKpiH4T3/VmKMACtW7+rdOTJI2pMIRjrdu+l5hgjJVhhNNJrpNqmmAyxH3atlTgmOpgPLt2go6s0kORVLaEQTP168QYx1qP4tB2xtgM9E9vKv7ltVMTVYIxE0lqqCDzRVHKkZFo+jrqMUWJ4SNLMFHM3orIACtMjA0oZ0P4/BT9Txonrl92S9elQvViEUcWDuAQjsGHU6jCFdSgDgRu4R4e4cmRzoPz7LzMWzPOYmYfvsF5/QAh4I7e</latexit>⌫ =





GRAVITATIONAL LENSING

























Shocks —> Light





ASASSN-14li



<latexit sha1_base64="2kDEl7DJb4/dwEZJG6DTjcOO/c8=">AAACEXicdVBNS8NAEN34WetX1KOXxSL0VBIttd5KvXgRKthaaGLYbLft4iYbdydCCf0LXvwrXjwo4tWbN/+N21rBzwcDj/dmmJkXJoJrcJw3a2Z2bn5hMbeUX15ZXVu3NzZbWqaKsiaVQqp2SDQTPGZN4CBYO1GMRKFg5+Hl0dg/v2ZKcxmfwTBhfkT6Me9xSsBIgV08CTJPRbh+PMKe5hG7wnvYA0M0dp2LCj4JPNmVgAO74JQOK9X98j7+TdySM0EBTdEI7FevK2kasRioIFp3XCcBPyMKOBVslPdSzRJCL0mfdQyNiVnpZ5OPRnjXKF3ck8pUDHiifp3ISKT1MApNZ0RgoH96Y/Evr5NCr+pnPE5SYDH9WNRLBQaJx/HgLleMghgaQqji5lZMB0QRCibEvAnh81P8P2ntldxKqXxaLtTq0zhyaBvtoCJy0QGqoWPUQE1E0Q26Qw/o0bq17q0n6/mjdcaazmyhb7Be3gHZFZvO</latexit>

MBH ' 2⇥ 106M�

ASASSN-14li



<latexit sha1_base64="2kDEl7DJb4/dwEZJG6DTjcOO/c8=">AAACEXicdVBNS8NAEN34WetX1KOXxSL0VBIttd5KvXgRKthaaGLYbLft4iYbdydCCf0LXvwrXjwo4tWbN/+N21rBzwcDj/dmmJkXJoJrcJw3a2Z2bn5hMbeUX15ZXVu3NzZbWqaKsiaVQqp2SDQTPGZN4CBYO1GMRKFg5+Hl0dg/v2ZKcxmfwTBhfkT6Me9xSsBIgV08CTJPRbh+PMKe5hG7wnvYA0M0dp2LCj4JPNmVgAO74JQOK9X98j7+TdySM0EBTdEI7FevK2kasRioIFp3XCcBPyMKOBVslPdSzRJCL0mfdQyNiVnpZ5OPRnjXKF3ck8pUDHiifp3ISKT1MApNZ0RgoH96Y/Evr5NCr+pnPE5SYDH9WNRLBQaJx/HgLleMghgaQqji5lZMB0QRCibEvAnh81P8P2ntldxKqXxaLtTq0zhyaBvtoCJy0QGqoWPUQE1E0Q26Qw/o0bq17q0n6/mjdcaazmyhb7Be3gHZFZvO</latexit>

MBH ' 2⇥ 106M�

<latexit sha1_base64="VJf4hHgTUeK8cbVf6yrR32b0jCo=">AAACC3icdVDLSgMxFM3UV62vUZduQovgaphqrXVXdOOmUME+oDMMmTRtQ5PJmGSEMnTvxl9x40IRt/6AO//G9CH4PHDhcM693HtPGDOqtOu+W5mFxaXllexqbm19Y3PL3t5pKpFITBpYMCHbIVKE0Yg0NNWMtGNJEA8ZaYXD84nfuiFSURFd6VFMfI76Ee1RjLSRAjtfC1JPctilCo+hpygn19B13GMIa4EnukLDwC64zmm5clQ6gr9J0XGnKIA56oH95nUFTjiJNGZIqU7RjbWfIqkpZmSc8xJFYoSHqE86hkaIE+Wn01/GcN8oXdgT0lSk4VT9OpEirtSIh6aTIz1QP72J+JfXSXSv4qc0ihNNIjxb1EsY1AJOgjEJSII1GxmCsKTmVogHSCKsTXw5E8Lnp/B/0jx0imWndFkqVM/mcWTBHsiDA1AEJ6AKLkAdNAAGt+AePIIn6856sJ6tl1lrxprP7IJvsF4/ANEDmak=</latexit>

Mdisc ' 0.05M�

ASASSN-14li



Optical data 

UV data 

Infrared data 

ASASSN-15lh



ASASSN-15lh



ASASSN-15lh



<latexit sha1_base64="59SW5WETIck9GNtZokzeILOoNTQ=">AAACEnicdVA9SwNBEN3z2/gVtbQZDII24U5DTLqgjY2gYBIhF4+9zUYX927P3TkhHPkNNv4VGwtFbK3s/DduYgQ/Hww83pthZl6YSGHQdd+csfGJyanpmdnc3PzC4lJ+eaVhVKoZrzMllT4NqeFSxLyOAiU/TTSnUSh5M7zcH/jNa66NUPEJ9hLejuh5LLqCUbRSkN86DDJfR7B30AffiIhfgQc+WmLAc8+qAIeBrzoKIcgX3GK1XNkp7cBv4hXdIQpkhKMg/+p3FEsjHiOT1JiW5ybYzqhGwSTv5/zU8ISyS3rOW5bG1O5sZ8OX+rBhlQ50lbYVIwzVrxMZjYzpRaHtjChemJ/eQPzLa6XYrbQzEScp8ph9LOqmElDBIB/oCM0Zyp4llGlhbwV2QTVlaFPM2RA+P4X/SWO76JWLpeNSobY3imOGrJF1skk8sktq5IAckTph5IbckQfy6Nw6986T8/zROuaMZlbJNzgv7z1Om/o=</latexit>

MBH ' 1⇥ 109M�

ASASSN-15lh



<latexit sha1_base64="PcjQvbztFUIwbyeAaY/xoi5WpEk=">AAACCnicdVDLSgMxFM3UV62vUZduokVwNczYUuuu6MZNoYJ9QKcMmTRtQ5PJmGSEMnTtxl9x40IRt36BO//G9CH4PHDhcM693HtPGDOqtOu+W5mFxaXllexqbm19Y3PL3t5pKJFITOpYMCFbIVKE0YjUNdWMtGJJEA8ZaYbD84nfvCFSURFd6VFMOhz1I9qjGGkjBfZ+NUh9yWGXKjyGvqKcXEPX8SCsBr7oCg0DO+86p6VyoViAv4nnuFPkwRy1wH7zuwInnEQaM6RU23Nj3UmR1BQzMs75iSIxwkPUJ21DI8SJ6qTTV8bw0Chd2BPSVKThVP06kSKu1IiHppMjPVA/vYn4l9dOdK/cSWkUJ5pEeLaolzCoBZzkYgKQBGs2MgRhSc2tEA+QRFib9HImhM9P4f+kcex4Jad4WcxXzuZxZMEeOABHwAMnoAIuQA3UAQa34B48gifrznqwnq2XWWvGms/sgm+wXj8AUv2Zaw==</latexit>

Mdisc ' 0.1M�

<latexit sha1_base64="59SW5WETIck9GNtZokzeILOoNTQ=">AAACEnicdVA9SwNBEN3z2/gVtbQZDII24U5DTLqgjY2gYBIhF4+9zUYX927P3TkhHPkNNv4VGwtFbK3s/DduYgQ/Hww83pthZl6YSGHQdd+csfGJyanpmdnc3PzC4lJ+eaVhVKoZrzMllT4NqeFSxLyOAiU/TTSnUSh5M7zcH/jNa66NUPEJ9hLejuh5LLqCUbRSkN86DDJfR7B30AffiIhfgQc+WmLAc8+qAIeBrzoKIcgX3GK1XNkp7cBv4hXdIQpkhKMg/+p3FEsjHiOT1JiW5ybYzqhGwSTv5/zU8ISyS3rOW5bG1O5sZ8OX+rBhlQ50lbYVIwzVrxMZjYzpRaHtjChemJ/eQPzLa6XYrbQzEScp8ph9LOqmElDBIB/oCM0Zyp4llGlhbwV2QTVlaFPM2RA+P4X/SWO76JWLpeNSobY3imOGrJF1skk8sktq5IAckTph5IbckQfy6Nw6986T8/zROuaMZlbJNzgv7z1Om/o=</latexit>

MBH ' 1⇥ 109M�

ASASSN-15lh



WEIGHING SUPERMASSIVE BLACK HOLES

McConnell & Ma 2013



WEIGHING SUPERMASSIVE BLACK HOLES

McConnell & Ma 2013



TODAY’S TALK

1. Spaghettification occurs due to the extreme tidal forces near 
to black holes  

2. Stellar Spaghettification produces emission observable at 
cosmological distances  

3. Understanding these events allows us to weigh supermassive 
black holes


