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Dynamical and kinematical effects of 
self-gravity in planet forming discs



Self-gravitating discs
• Three main effects

Dynamical Morphological Kinematical

• Ang. mom. 
transport 

• Fragmentation 
• Dust 

concentration

• Spiral structure • Rotation curve 
• GI “wiggle”



Main parameters defining self-gravitating discs
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Linear stability Non-linear saturation Global behaviour

stable unstable
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<latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit>

Mdisc

M?
<latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit>

local global

Mdisc/M? ⌧ 1
<latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit>

Mdisc/M? . 1
<latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit>



Main parameters defining self-gravitating discs

Q =
cs

⇡G⌃
<latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit>

Linear stability Non-linear saturation Global behaviour

stable unstable

Q � 1
<latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit>

Q . 1
<latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit>

� = tcool⌦
<latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit>

non-fragmenting fragmenting

� > �crit
<latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit>

� < �crit
<latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit>

Mdisc

M?
<latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit>

local global

Mdisc/M? ⌧ 1
<latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit>

Mdisc/M? . 1
<latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit>

Note that for a Keplerian disc

Q =
cs

⇡G⌃
' cs⌦

⇡G⌃
<latexit sha1_base64="us9fYeDtGJffY0cvBQVVKEh+vYk=">AAACMHicbVBNS8MwAE3n15xfVY9egkPwNFoR9CIMPejNDd0HrKOkWbqFJW1MUmGU/ikv/gV/gh5EvCj4K8y2XlZ9EHi890LyXiAYVdpx3qzS0vLK6lp5vbKxubW9Y+/utVWcSExaOGax7AZIEUYj0tJUM9IVkiAeMNIJxldTv/NIpKJxdK8ngvQ5GkY0pBhpI/l2s3nhhRLhFPupJzlUmTdGQqAs9QSF19C7o0OOMk9RTh5gMXrLybAY9e2qU3NmgH+Jm5MqyNHw7RdvEOOEk0hjhpTquY7Q/RRJTTEjWcVLFBEIj9GQpLPCGTwy0gCGsTQn0nCmLuQQV2rCA5PkSI9U0ZuK/3m9RIfn/ZRGItEkwvOHwoRBHcPpenBAJcGaTQxBWFLzQ4hHyIyizcYVU90tFv1L2ic116m5zdNq/TIfoQwOwCE4Bi44A3VwAxqgBTB4Bu/gC3xbT9ar9WF9zqMlK7+zDxZg/fwCkuSqSQ==</latexit><latexit sha1_base64="us9fYeDtGJffY0cvBQVVKEh+vYk=">AAACMHicbVBNS8MwAE3n15xfVY9egkPwNFoR9CIMPejNDd0HrKOkWbqFJW1MUmGU/ikv/gV/gh5EvCj4K8y2XlZ9EHi890LyXiAYVdpx3qzS0vLK6lp5vbKxubW9Y+/utVWcSExaOGax7AZIEUYj0tJUM9IVkiAeMNIJxldTv/NIpKJxdK8ngvQ5GkY0pBhpI/l2s3nhhRLhFPupJzlUmTdGQqAs9QSF19C7o0OOMk9RTh5gMXrLybAY9e2qU3NmgH+Jm5MqyNHw7RdvEOOEk0hjhpTquY7Q/RRJTTEjWcVLFBEIj9GQpLPCGTwy0gCGsTQn0nCmLuQQV2rCA5PkSI9U0ZuK/3m9RIfn/ZRGItEkwvOHwoRBHcPpenBAJcGaTQxBWFLzQ4hHyIyizcYVU90tFv1L2ic116m5zdNq/TIfoQwOwCE4Bi44A3VwAxqgBTB4Bu/gC3xbT9ar9WF9zqMlK7+zDxZg/fwCkuSqSQ==</latexit><latexit sha1_base64="us9fYeDtGJffY0cvBQVVKEh+vYk=">AAACMHicbVBNS8MwAE3n15xfVY9egkPwNFoR9CIMPejNDd0HrKOkWbqFJW1MUmGU/ikv/gV/gh5EvCj4K8y2XlZ9EHi890LyXiAYVdpx3qzS0vLK6lp5vbKxubW9Y+/utVWcSExaOGax7AZIEUYj0tJUM9IVkiAeMNIJxldTv/NIpKJxdK8ngvQ5GkY0pBhpI/l2s3nhhRLhFPupJzlUmTdGQqAs9QSF19C7o0OOMk9RTh5gMXrLybAY9e2qU3NmgH+Jm5MqyNHw7RdvEOOEk0hjhpTquY7Q/RRJTTEjWcVLFBEIj9GQpLPCGTwy0gCGsTQn0nCmLuQQV2rCA5PkSI9U0ZuK/3m9RIfn/ZRGItEkwvOHwoRBHcPpenBAJcGaTQxBWFLzQ4hHyIyizcYVU90tFv1L2ic116m5zdNq/TIfoQwOwCE4Bi44A3VwAxqgBTB4Bu/gC3xbT9ar9WF9zqMlK7+zDxZg/fwCkuSqSQ==</latexit><latexit sha1_base64="us9fYeDtGJffY0cvBQVVKEh+vYk=">AAACMHicbVBNS8MwAE3n15xfVY9egkPwNFoR9CIMPejNDd0HrKOkWbqFJW1MUmGU/ikv/gV/gh5EvCj4K8y2XlZ9EHi890LyXiAYVdpx3qzS0vLK6lp5vbKxubW9Y+/utVWcSExaOGax7AZIEUYj0tJUM9IVkiAeMNIJxldTv/NIpKJxdK8ngvQ5GkY0pBhpI/l2s3nhhRLhFPupJzlUmTdGQqAs9QSF19C7o0OOMk9RTh5gMXrLybAY9e2qU3NmgH+Jm5MqyNHw7RdvEOOEk0hjhpTquY7Q/RRJTTEjWcVLFBEIj9GQpLPCGTwy0gCGsTQn0nCmLuQQV2rCA5PkSI9U0ZuK/3m9RIfn/ZRGItEkwvOHwoRBHcPpenBAJcGaTQxBWFLzQ4hHyIyizcYVU90tFv1L2ic116m5zdNq/TIfoQwOwCE4Bi44A3VwAxqgBTB4Bu/gC3xbT9ar9WF9zqMlK7+zDxZg/fwCkuSqSQ==</latexit>

For a marginally stable disc with Q~1

Mdisc

M?
' H

R
<latexit sha1_base64="JqNOw/ROw8LI59tCBqwakLg/J4w=">AAACDHicbVDLSgMxFM3UV62vUZdugkVwY5kRQZdFN90IVewDOqVk0kwbmsyMyR2hDPMLbvwVNyJuFMRf8G9M29m09UDg5NxzSc7xY8E1OM6vVVhZXVvfKG6WtrZ3dvfs/YOmjhJFWYNGIlJtn2gmeMgawEGwdqwYkb5gLX90M5m3npjSPAofYByzriSDkAecEjBSzz7zAkVoettLPSVxn2uaZebmaSAq8zSX7HHmqGXpfdazy07FmQIvEzcnZZSj3rN/vH5EE8lCoIJo3XGdGLopUcCpYFnJSzSLCR2RAUunYTJ8YqQ+DiJlTgh4qs75iNR6LH3jlASGenE2Ef+bdRIIrropD+MEWEhnDwWJwBDhSTMmvGIUxNgQQhU3P8R0SEx2MP2VTHR3MegyaZ5XXKfi3l2Uq9d5CUV0hI7RKXLRJaqiGqqjBqLoBb2hT/RlPVuv1rv1MbMWrHznEM3B+v4Dj7OcYQ==</latexit><latexit sha1_base64="JqNOw/ROw8LI59tCBqwakLg/J4w=">AAACDHicbVDLSgMxFM3UV62vUZdugkVwY5kRQZdFN90IVewDOqVk0kwbmsyMyR2hDPMLbvwVNyJuFMRf8G9M29m09UDg5NxzSc7xY8E1OM6vVVhZXVvfKG6WtrZ3dvfs/YOmjhJFWYNGIlJtn2gmeMgawEGwdqwYkb5gLX90M5m3npjSPAofYByzriSDkAecEjBSzz7zAkVoettLPSVxn2uaZebmaSAq8zSX7HHmqGXpfdazy07FmQIvEzcnZZSj3rN/vH5EE8lCoIJo3XGdGLopUcCpYFnJSzSLCR2RAUunYTJ8YqQ+DiJlTgh4qs75iNR6LH3jlASGenE2Ef+bdRIIrropD+MEWEhnDwWJwBDhSTMmvGIUxNgQQhU3P8R0SEx2MP2VTHR3MegyaZ5XXKfi3l2Uq9d5CUV0hI7RKXLRJaqiGqqjBqLoBb2hT/RlPVuv1rv1MbMWrHznEM3B+v4Dj7OcYQ==</latexit><latexit sha1_base64="JqNOw/ROw8LI59tCBqwakLg/J4w=">AAACDHicbVDLSgMxFM3UV62vUZdugkVwY5kRQZdFN90IVewDOqVk0kwbmsyMyR2hDPMLbvwVNyJuFMRf8G9M29m09UDg5NxzSc7xY8E1OM6vVVhZXVvfKG6WtrZ3dvfs/YOmjhJFWYNGIlJtn2gmeMgawEGwdqwYkb5gLX90M5m3npjSPAofYByzriSDkAecEjBSzz7zAkVoettLPSVxn2uaZebmaSAq8zSX7HHmqGXpfdazy07FmQIvEzcnZZSj3rN/vH5EE8lCoIJo3XGdGLopUcCpYFnJSzSLCR2RAUunYTJ8YqQ+DiJlTgh4qs75iNR6LH3jlASGenE2Ef+bdRIIrropD+MEWEhnDwWJwBDhSTMmvGIUxNgQQhU3P8R0SEx2MP2VTHR3MegyaZ5XXKfi3l2Uq9d5CUV0hI7RKXLRJaqiGqqjBqLoBb2hT/RlPVuv1rv1MbMWrHznEM3B+v4Dj7OcYQ==</latexit><latexit sha1_base64="JqNOw/ROw8LI59tCBqwakLg/J4w=">AAACDHicbVDLSgMxFM3UV62vUZdugkVwY5kRQZdFN90IVewDOqVk0kwbmsyMyR2hDPMLbvwVNyJuFMRf8G9M29m09UDg5NxzSc7xY8E1OM6vVVhZXVvfKG6WtrZ3dvfs/YOmjhJFWYNGIlJtn2gmeMgawEGwdqwYkb5gLX90M5m3npjSPAofYByzriSDkAecEjBSzz7zAkVoettLPSVxn2uaZebmaSAq8zSX7HHmqGXpfdazy07FmQIvEzcnZZSj3rN/vH5EE8lCoIJo3XGdGLopUcCpYFnJSzSLCR2RAUunYTJ8YqQ+DiJlTgh4qs75iNR6LH3jlASGenE2Ef+bdRIIrropD+MEWEhnDwWJwBDhSTMmvGIUxNgQQhU3P8R0SEx2MP2VTHR3MegyaZ5XXKfi3l2Uq9d5CUV0hI7RKXLRJaqiGqqjBqLoBb2hT/RlPVuv1rv1MbMWrHznEM3B+v4Dj7OcYQ==</latexit>



Main parameters defining self-gravitating discs

Q =
cs

⇡G⌃
<latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit>

Linear stability Non-linear saturation Global behaviour

stable unstable

Q � 1
<latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit>

Q . 1
<latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit>

� = tcool⌦
<latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit>

non-fragmenting fragmenting

� > �crit
<latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit>

� < �crit
<latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit>

Mdisc

M?
<latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit>

local global

Mdisc/M? ⌧ 1
<latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit>

Mdisc/M? . 1
<latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit>



Main parameters defining self-gravitating discs

Q =
cs

⇡G⌃
<latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit>

Linear stability Non-linear saturation Global behaviour

stable unstable

Q � 1
<latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit>

Q . 1
<latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit>

� = tcool⌦
<latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit>

non-fragmenting fragmenting

� > �crit
<latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit>

� < �crit
<latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit>

Mdisc

M?
<latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit>

local global

Mdisc/M? ⌧ 1
<latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit>

Mdisc/M? . 1
<latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit>

What is the critical cooling for fragmentation?

From 2D simulations (Gammie 2001)

From 3D simulations (Rice et al 2005)

Non-convergence? (Meru & Bate 2011, 2012)

Convergence! (Deng et al 2017) � ' 3
<latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit><latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit><latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit><latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit>

� ' 6� 7
<latexit sha1_base64="TXumgzXuM3pm6xq+I6RmQAPCyrM=">AAAB73icbVDLSgNBEOz1GeNr1aOXwSB4MeyKGI9BLx4jmAdkQ5id9CZDZh+Z6Q2EkO/wIuJFwT/xF/wbN49LEgsGiqoauqv9RElDjvNrbWxube/s5vby+weHR8f2yWnNxKkWWBWxinXD5waVjLBKkhQ2Eo089BXW/f7j1K8PURsZRy80SrAV8m4kAyk4ZVLbtj0fiTPPyBAH7O661LYLTtGZga0Td0EKsEClbf94nVikIUYkFDem6ToJtcZckxQKJ3kvNZhw0eddHM/2nbDLTOqwINbZi4jN1KUcD40ZhX6WDDn1zKo3Ff/zmikF962xjJKUMBLzQUGqGMVsWp51pEZBapQRLrTMNmSixzUXlJ0on1V3V4uuk9pN0XWK7vNtofywOEIOzuECrsCFEpThCSpQBQFDeINP+LIG1qv1bn3MoxvW4s8ZLMH6/gPKRY5D</latexit><latexit sha1_base64="TXumgzXuM3pm6xq+I6RmQAPCyrM=">AAAB73icbVDLSgNBEOz1GeNr1aOXwSB4MeyKGI9BLx4jmAdkQ5id9CZDZh+Z6Q2EkO/wIuJFwT/xF/wbN49LEgsGiqoauqv9RElDjvNrbWxube/s5vby+weHR8f2yWnNxKkWWBWxinXD5waVjLBKkhQ2Eo089BXW/f7j1K8PURsZRy80SrAV8m4kAyk4ZVLbtj0fiTPPyBAH7O661LYLTtGZga0Td0EKsEClbf94nVikIUYkFDem6ToJtcZckxQKJ3kvNZhw0eddHM/2nbDLTOqwINbZi4jN1KUcD40ZhX6WDDn1zKo3Ff/zmikF962xjJKUMBLzQUGqGMVsWp51pEZBapQRLrTMNmSixzUXlJ0on1V3V4uuk9pN0XWK7vNtofywOEIOzuECrsCFEpThCSpQBQFDeINP+LIG1qv1bn3MoxvW4s8ZLMH6/gPKRY5D</latexit><latexit sha1_base64="TXumgzXuM3pm6xq+I6RmQAPCyrM=">AAAB73icbVDLSgNBEOz1GeNr1aOXwSB4MeyKGI9BLx4jmAdkQ5id9CZDZh+Z6Q2EkO/wIuJFwT/xF/wbN49LEgsGiqoauqv9RElDjvNrbWxube/s5vby+weHR8f2yWnNxKkWWBWxinXD5waVjLBKkhQ2Eo089BXW/f7j1K8PURsZRy80SrAV8m4kAyk4ZVLbtj0fiTPPyBAH7O661LYLTtGZga0Td0EKsEClbf94nVikIUYkFDem6ToJtcZckxQKJ3kvNZhw0eddHM/2nbDLTOqwINbZi4jN1KUcD40ZhX6WDDn1zKo3Ff/zmikF962xjJKUMBLzQUGqGMVsWp51pEZBapQRLrTMNmSixzUXlJ0on1V3V4uuk9pN0XWK7vNtofywOEIOzuECrsCFEpThCSpQBQFDeINP+LIG1qv1bn3MoxvW4s8ZLMH6/gPKRY5D</latexit><latexit sha1_base64="TXumgzXuM3pm6xq+I6RmQAPCyrM=">AAAB73icbVDLSgNBEOz1GeNr1aOXwSB4MeyKGI9BLx4jmAdkQ5id9CZDZh+Z6Q2EkO/wIuJFwT/xF/wbN49LEgsGiqoauqv9RElDjvNrbWxube/s5vby+weHR8f2yWnNxKkWWBWxinXD5waVjLBKkhQ2Eo089BXW/f7j1K8PURsZRy80SrAV8m4kAyk4ZVLbtj0fiTPPyBAH7O661LYLTtGZga0Td0EKsEClbf94nVikIUYkFDem6ToJtcZckxQKJ3kvNZhw0eddHM/2nbDLTOqwINbZi4jN1KUcD40ZhX6WDDn1zKo3Ff/zmikF962xjJKUMBLzQUGqGMVsWp51pEZBapQRLrTMNmSixzUXlJ0on1V3V4uuk9pN0XWK7vNtofywOEIOzuECrsCFEpThCSpQBQFDeINP+LIG1qv1bn3MoxvW4s8ZLMH6/gPKRY5D</latexit>

� & 10� 15
<latexit sha1_base64="m3N2lrJNE9rdKtFWV+mgwPyUCh4=">AAAB8nicbVDLSgMxFL1TX7W+Rrt0EyyCG8tEFF0W3bisYB/QKSWTZtrQzIPkjjCU/ogbETcKfoi/4N+YPjZtPRA4nHPCvecGqZIGPe/XKWxsbm3vFHdLe/sHh0fu8UnTJJnmosETleh2wIxQMhYNlKhEO9WCRYESrWD0MPVbL0IbmcTPmKeiG7FBLEPJGVqp55b9QCAj/gBtJiLUu6Q3PbfiVb0ZyDqhC1KBBeo998fvJzyLRIxcMWM61EuxO2YaJVdiUvIzI1LGR2wgxrOVJ+TcSn0SJtq+GMlMXcqxyJg8CmwyYjg0q95U/M/rZBjedccyTjMUMZ8PCjNFMCHT/qQvteCocksY19JuSPiQacbRXqlkq9PVouukeVWlXpU+XVdq94sjFOEUzuACKNxCDR6hDg3gkMMbfMKXg86r8+58zKMFZ/GnDEtwvv8AgGSPMg==</latexit><latexit sha1_base64="m3N2lrJNE9rdKtFWV+mgwPyUCh4=">AAAB8nicbVDLSgMxFL1TX7W+Rrt0EyyCG8tEFF0W3bisYB/QKSWTZtrQzIPkjjCU/ogbETcKfoi/4N+YPjZtPRA4nHPCvecGqZIGPe/XKWxsbm3vFHdLe/sHh0fu8UnTJJnmosETleh2wIxQMhYNlKhEO9WCRYESrWD0MPVbL0IbmcTPmKeiG7FBLEPJGVqp55b9QCAj/gBtJiLUu6Q3PbfiVb0ZyDqhC1KBBeo998fvJzyLRIxcMWM61EuxO2YaJVdiUvIzI1LGR2wgxrOVJ+TcSn0SJtq+GMlMXcqxyJg8CmwyYjg0q95U/M/rZBjedccyTjMUMZ8PCjNFMCHT/qQvteCocksY19JuSPiQacbRXqlkq9PVouukeVWlXpU+XVdq94sjFOEUzuACKNxCDR6hDg3gkMMbfMKXg86r8+58zKMFZ/GnDEtwvv8AgGSPMg==</latexit><latexit sha1_base64="m3N2lrJNE9rdKtFWV+mgwPyUCh4=">AAAB8nicbVDLSgMxFL1TX7W+Rrt0EyyCG8tEFF0W3bisYB/QKSWTZtrQzIPkjjCU/ogbETcKfoi/4N+YPjZtPRA4nHPCvecGqZIGPe/XKWxsbm3vFHdLe/sHh0fu8UnTJJnmosETleh2wIxQMhYNlKhEO9WCRYESrWD0MPVbL0IbmcTPmKeiG7FBLEPJGVqp55b9QCAj/gBtJiLUu6Q3PbfiVb0ZyDqhC1KBBeo998fvJzyLRIxcMWM61EuxO2YaJVdiUvIzI1LGR2wgxrOVJ+TcSn0SJtq+GMlMXcqxyJg8CmwyYjg0q95U/M/rZBjedccyTjMUMZ8PCjNFMCHT/qQvteCocksY19JuSPiQacbRXqlkq9PVouukeVWlXpU+XVdq94sjFOEUzuACKNxCDR6hDg3gkMMbfMKXg86r8+58zKMFZ/GnDEtwvv8AgGSPMg==</latexit><latexit sha1_base64="m3N2lrJNE9rdKtFWV+mgwPyUCh4=">AAAB8nicbVDLSgMxFL1TX7W+Rrt0EyyCG8tEFF0W3bisYB/QKSWTZtrQzIPkjjCU/ogbETcKfoi/4N+YPjZtPRA4nHPCvecGqZIGPe/XKWxsbm3vFHdLe/sHh0fu8UnTJJnmosETleh2wIxQMhYNlKhEO9WCRYESrWD0MPVbL0IbmcTPmKeiG7FBLEPJGVqp55b9QCAj/gBtJiLUu6Q3PbfiVb0ZyDqhC1KBBeo998fvJzyLRIxcMWM61EuxO2YaJVdiUvIzI1LGR2wgxrOVJ+TcSn0SJtq+GMlMXcqxyJg8CmwyYjg0q95U/M/rZBjedccyTjMUMZ8PCjNFMCHT/qQvteCocksY19JuSPiQacbRXqlkq9PVouukeVWlXpU+XVdq94sjFOEUzuACKNxCDR6hDg3gkMMbfMKXg86r8+58zKMFZ/GnDEtwvv8AgGSPMg==</latexit>

� ' 3
<latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit><latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit><latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit><latexit sha1_base64="3csXykHnZDzknNKo590zJII6wLs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOyMcxOOsmQ2YczvUII+QovIl4U/Bd/wb9xkuwliQUDRVUN3dVBoqQh1/11cmvrG5tb+e3Czu7e/kHx8Khu4lQLrIlYxboZcINKRlgjSQqbiUYeBgobwfBu6jdeUBsZR480SrAd8n4ke1JwstKTHyBx5hsZ4jO77BRLbtmdga0SLyMlyFDtFH/8bizSECMSihvT8tyE2mOuSQqFk4KfGky4GPI+jme7TtiZlbqsF2v7ImIzdSHHQ2NGYWCTIaeBWfam4n9eK6XeTXssoyQljMR8UC9VjGI2Lc66UqMgNbKECy3thkwMuOaC7HkKtrq3XHSV1C/Knlv2Hq5KldvsCHk4gVM4Bw+uoQL3UIUaCNDwBp/w5YTOq/PufMyjOSf7cwwLcL7/AGeZjZc=</latexit>



Self-regulation vs fragmentation
Cossins, Lodato & Clarke 2009

� = 4
<latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit><latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit><latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit><latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit>
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� = 4
<latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit><latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit><latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit><latexit sha1_base64="LGxxM06ePbQQ9qgxSgxVYfywKx4=">AAAB5HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF6EoBePEcwDkhBmJ73JkNkHM71CCPkDLyJeFPwef8G/cZLsJYkFA0VVDd3VfqKkIdf9dXJb2zu7e/n9wsHh0fFJ8fSsaeJUC2yIWMW67XODSkbYIEkK24lGHvoKW/74Ye63XlAbGUfPNEmwF/JhJAMpOFmp1fWR+F2lXyy5ZXcBtkm8jJQgQ71f/OkOYpGGGJFQ3JiO5ybUm3JNUiicFbqpwYSLMR/idLHkjF1ZacCCWNsXEVuoKzkeGjMJfZsMOY3MujcX//M6KQW3vamMkpQwEstBQaoYxWzemA2kRkFqYgkXWtoNmRhxzQXZuxRsdW+96CZp3pQ9t+w9VUq1++wIebiAS7gGD6pQg0eoQwMEjOENPuHLCZxX5935WEZzTvbnHFbgfP8BnpWK1A==</latexit>
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� = 6
<latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit>
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� = 6
<latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit>
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� = 6
<latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit><latexit sha1_base64="5cFbGbEONZN9pPxQvo0xy2D1NCE=">AAAB5nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOQJITZSW8yZPbBTK8QQn7Bi4gXBT/HX/BvnCR7SWLBQFFVQ3e1nyhpyHV/ndza+sbmVn67sLO7t39QPDyqmzjVAmsiVrFu+tygkhHWSJLCZqKRh77Chj+8n/qNF9RGxtETjRLshLwfyUAKTlZ6bvtInN2yq26x5JbdGdgq8TJSggzVbvGn3YtFGmJEQnFjWp6bUGfMNUmhcFJopwYTLoa8j+PZmhN2ZqUeC2JtX0Rspi7keGjMKPRtMuQ0MMveVPzPa6UU3HTGMkpSwkjMBwWpYhSzaWfWkxoFqZElXGhpN2RiwDUXZC9TsNW95aKrpH5R9tyy93hZqtxlR8jDCZzCOXhwDRV4gCrUQEAIb/AJX87AeXXenY95NOdkf45hAc73H06Tiyo=</latexit>

�⇥
⇥
� 1⇥

�



Main parameters defining self-gravitating discs

Q =
cs

⇡G⌃
<latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit><latexit sha1_base64="6B+kemXM3iTCzvV18GtE0TDt2fE=">AAACBHicbVBLSwMxGPy2vmp9rXr0EiwFT2VXBL0IRQ96bNE+oFtKNs22odndkGSFsuzVi3/Fi4gXBc/+Bf+NabuXtg4EhpkJyYwvOFPacX6twtr6xuZWcbu0s7u3f2AfHrVUnEhCmyTmsez4WFHOItrUTHPaEZLi0Oe07Y9vp377iUrF4uhRTwTthXgYsYARrI3UtyuNay+QmKSkn3oyRCrzxlgInKWeYOjOe2DDEGd9u+xUnRnQKnFzUoYc9b794w1ikoQ00oRjpbquI3QvxVIzwmlW8hJFBSZjPKTprESGKkYaoCCW5kQazdSFHA6VmoS+SYZYj9SyNxX/87qJDq56KYtEomlE5g8FCUc6RtNF0IBJSjSfGIKJZOaHiIyw2USb3UqmurtcdJW0zquuU3UbF+XaTT5CEU7gFM7AhUuowT3UoQkEXuANPuHLerZerXfrYx4tWPmdY1iA9f0H+n+YGA==</latexit>

Linear stability Non-linear saturation Global behaviour

stable unstable

Q � 1
<latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit><latexit sha1_base64="qF54ytYpAtpk+QHhzFijU8tbHCY=">AAAB43icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJ72bM7IOZXiGEfIEXES8K/o+/4N84SfaSxIKBoqqG7mo/VdKQ6/46G5tb2zu7hb3i/sHh0XHp5LRpkkwLbIhEJbrtc4NKxtggSQrbqUYe+Qpb/uhh5rdeUBuZxE80TrEX8TCWgRScrNSsd8OQef1S2a24c7B14uWkDDlq/dJPd5CILMKYhOLGdDw3pd6Ea5JC4bTYzQymXIx4iJP5jlN2aaUBCxJtX0xsri7leGTMOPJtMuI0NKveTPzP62QU3PUmMk4zwlgsBgWZYpSwWWE2kBoFqbElXGhpN2RiyDUXZM9StNW91aLrpHld8dyKV78pV+/zIxTgHC7gCjy4hSo8Qg0aIOAZ3uATvhx0Xp1352MR3XDyP2ewBOf7D473ii0=</latexit>

Q . 1
<latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit><latexit sha1_base64="xi1lrETuiVsnM3kY+CQnn8sLHp4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84AkhNlJJxkzu7PM9Aoh5B+8iHhR8Gv8Bf/GSbKXJBYMFFU1dFeHiZKWfP/X29jc2t7Zze3l9w8Oj44LJ6d1q1MjsCa00qYZcotKxlgjSQqbiUEehQob4ehh5jde0Fip4ycaJ9iJ+CCWfSk4OalVbSu01sqIBd1C0S/5c7B1EmSkCBkq3cJPu6dFGmFMQnFrW4GfUGfCDUmhcJpvpxYTLkZ8gJP5olN26aQe62vjXkxsri7leGTtOApdMuI0tKveTPzPa6XUv+tMZJykhLFYDOqnipFms9asJw0KUmNHuDDSbcjEkBsuyN0m76oHq0XXSf26FPiloHpTLN9nR8jBOVzAFQRwC2V4hArUQICGN/iEL+/Ze/XevY9FdMPL/pzBErzvP5XijJE=</latexit>

� = tcool⌦
<latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit><latexit sha1_base64="wZfoOcyqwYIO8APX2BC05IUxWfY=">AAAB93icbVDLSgMxFM34rPU16kZwEyyCqzIjgm6Eoht3VrAP6JQhk2ba0GQyJHeEYai/4kbEjYJ/4S/4N6aPTVsPBA7nnHDvPVEquAHP+3VWVtfWNzZLW+Xtnd29fffgsGlUpilrUCWUbkfEMMET1gAOgrVTzYiMBGtFw7ux33pm2nCVPEGesq4k/YTHnBKwUugeBxEDcgNhEWiJqVJiFDxI1iehW/Gq3gR4mfgzUkEz1EP3J+gpmkmWABXEmI7vpdAtiAZOBRuVg8ywlNAh6bNisvcIn1mph2Ol7UsAT9S5HJHG5DKySUlgYBa9sfif18kgvu4WPEkzYAmdDoozgUHhcQm4xzWjIHJLCNXcbojpgGhCwVZVtqf7i4cuk+ZF1feq/uNlpXY7K6GETtApOkc+ukI1dI/qqIEoekFv6BN9Obnz6rw7H9PoijP7c4Tm4Hz/ARpGkpM=</latexit>

non-fragmenting fragmenting

� > �crit
<latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit><latexit sha1_base64="LhlcSNs0/kvSJ20JGxydjoDdYNM=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQVdSdOOygn1AU8JkOmmHTh7M3Cgl9lPciLhR8Df8Bf/GJM2mrRdmOJxzLjPneLEUGi3r11hZXVvf2KxsVbd3dvf2zYPDto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve+C7XO09caRGFjziJeT+gw1D4glHMKNc8djyO9Ka43dRRAWFK4NQ1a1bdKoYsA7sENSin6Zo/ziBiScBDZJJq3bOtGPspVSiY5NOqk2geUzamQ54Wv56Ss4waED9S2QmRFOycjwZaTwIvcwYUR3pRy8n/tF6C/nU/FWGcIA/Z7CE/kQQjkldABkJxhnKSAZqnFYywEVWUYVZUNYtuLwZdBu2Lum3V7YfLWuO2LKECJ3AK52DDFTTgHprQAgYv8Aaf8GU8G6/Gu/Exs64Y5c4RzI3x/Qepe5HE</latexit>

� < �crit
<latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit><latexit sha1_base64="Yxf7ob+avKXYEK/FWlt892TGgfc=">AAAB9XicbVDLSsNAFL3xWesrKrhxM1gEVyURQRcuim5cVrAPaEqYTCft0MmDmRulxH6KGxE3Cv6Gv+DfmKTZtPXCDIdzzmXmHC+WQqNl/Rorq2vrG5uVrer2zu7evnlw2NZRohhvsUhGqutRzaUIeQsFSt6NFaeBJ3nHG9/leueJKy2i8BEnMe8HdBgKXzCKGeWax47Hkd4Ut5s6KiBMCZy6Zs2qW8WQZWCXoAblNF3zxxlELAl4iExSrXu2FWM/pQoFk3xadRLNY8rGdMjT4tdTcpZRA+JHKjshkoKd89FA60ngZc6A4kgvajn5n9ZL0L/upyKME+Qhmz3kJ5JgRPIKyEAozlBOMkDztIIRNqKKMsyKqmbR7cWgy6B9Ubetuv1wWWvcliVU4ARO4RxsuIIG3EMTWsDgBd7gE76MZ+PVeDc+ZtYVo9w5grkxvv8ApmeRwg==</latexit>

Mdisc

M?
<latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit><latexit sha1_base64="2Z3MQ+MwSKEPuBst7l0Hempa8do=">AAAB+3icbVDLSgMxFL1TX7W+Rl3qIlgEV2VGBF0W3bgRKtgHdMqQSTNtaOZBckcow2z8FTcibhT8B3/BvzF9bNp6IHByzg255wSpFBod59cqra1vbG6Vtys7u3v7B/bhUUsnmWK8yRKZqE5ANZci5k0UKHknVZxGgeTtYHQ38dvPXGmRxE84TnkvooNYhIJRNJJvn3qhoix/8HNPRaQvNCsKc/M0UlX4dtWpOVOQVeLOSRXmaPj2j9dPWBbxGJmkWnddJ8VeThUKJnlR8TLNU8pGdMDz6e4FOTdSn4SJMidGMlUX5mik9TgKzGREcaiXvYn4n9fNMLzp5SJOM+Qxm30UZpJgQiZFmKyKM5RjQyhTwmxI2JCaMtDUVTHR3eWgq6R1WXOdmvt4Va3fzksowwmcwQW4cA11uIcGNIHBC7zBJ3xZhfVqvVsfs9GSNX9zDAuwvv8AzLyUug==</latexit>

local global

Mdisc/M? ⌧ 1
<latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit><latexit sha1_base64="fWJLE8m6oNdch4T0a/oRhJGZvoY=">AAAB+HicbVDJSgNBFHzjGuM26km8NAbBU5wRQY9BL14CEcwCmTD0dHqSJj0L3W+EOAR/xYuIFwW/wl/wb+wslyQWNBRV1bxXL0il0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnSSKcbrLJGJagVUcyliXkeBkrdSxWkUSN4MBndjv/nElRZJ/IjDlHci2otFKBhFI/n2cdXPPRWRrtBsdFH1PY1UeVIS17dLTtmZgCwTd0ZKMEPNt3+8bsKyiMfIJNW67TopdnKqUDDJR0Uv0zylbEB7PJ8sPiJnRuqSMFHmxUgm6lyORloPo8AkI4p9veiNxf+8dobhTScXcZohj9l0UJhJggkZX8HUVZyhHBpCmRJmQ8L6VFGG5lZFU91dLLpMGpdl1ym7D1elyu3sCAU4gVM4BxeuoQL3UIM6MHiBN/iEL+vZerXerY9pdMWa/TmCOVjff/cHkmg=</latexit>

Mdisc/M? . 1
<latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit><latexit sha1_base64="emNavmphLCJOTv5Tra4diFwA0ak=">AAAB/XicbVDLSgNBEOz1GeNr1aMgg0HwFHdF0GPQi5dABPOAbFhmJ7PJkNkHM71CCMGLv+JFxIuCv+Av+DdOkr0ksWCgqKqhuzpIpdDoOL/Wyura+sZmYau4vbO7t28fHDZ0kinG6yyRiWoFVHMpYl5HgZK3UsVpFEjeDAZ3E7/5xJUWSfyIw5R3ItqLRSgYRSP59knVH3kqIl2h2fii6nsaqfIk11qLiLi+XXLKzhRkmbg5KUGOmm//eN2EZRGPkUmqddt1UuyMqELBJB8XvUzzlLIB7fHRdPsxOTNSl4SJMi9GMlXncjTSehgFJhlR7OtFbyL+57UzDG86IxGnGfKYzQaFmSSYkMkpTGfFGcqhIZQpYTYkrE8VZWgOVjTV3cWiy6RxWXadsvtwVarc5kcowDGcwjm4cA0VuIca1IHBC7zBJ3xZz9ar9W59zKIrVv7nCOZgff8BFMeUwg==</latexit>



Effects of disc mass
• Morphology 

• As Mdisc/M* increases, spiral becomes more open and dominated by fewer 
modes 

• Dynamics 

• High mass discs are unstable at larger values of Q>1 

• For low disc masses Mdisc/M* < 0.1, transport is “viscous”-like

Mdisc

M?
' tan i

m
<latexit sha1_base64="7rP3n9RcJAOFMQcuveg9RdYZwEw=">AAACEXicbVDLSgMxFM3UV62vUZdugkVwVWaKoMuiGzdCBfuAThkyaaYNTWbG5I5QhvkKN/6KGxE3FvwC/8a0nU1bDwROzj2X5JwgEVyD4/xapY3Nre2d8m5lb//g8Mg+PmnrOFWUtWgsYtUNiGaCR6wFHATrJooRGQjWCcZ3s3nnhSnN4+gJJgnrSzKMeMgpASP5dt0LFaHZg595SuIB1zTPzc3TQFTuaS7Z88LhAYkwzzOZ+3bVqTlz4HXiFqSKCjR9e+oNYppKFgEVROue6yTQz4gCTgXLK16qWULomAxZNk+U4wsjDXAYK3MiwHN1yUek1hMZGKckMNKrs5n436yXQnjTz3iUpMAiungoTAWGGM/qMQ0oRkFMDCFUcfNDTEfEFACmxIqJ7q4GXSftes11au7jVbVxW5RQRmfoHF0iF12jBrpHTdRCFL2hD/SNptar9W59Wl8La8kqdk7REqyfP5Wuno4=</latexit><latexit sha1_base64="7rP3n9RcJAOFMQcuveg9RdYZwEw=">AAACEXicbVDLSgMxFM3UV62vUZdugkVwVWaKoMuiGzdCBfuAThkyaaYNTWbG5I5QhvkKN/6KGxE3FvwC/8a0nU1bDwROzj2X5JwgEVyD4/xapY3Nre2d8m5lb//g8Mg+PmnrOFWUtWgsYtUNiGaCR6wFHATrJooRGQjWCcZ3s3nnhSnN4+gJJgnrSzKMeMgpASP5dt0LFaHZg595SuIB1zTPzc3TQFTuaS7Z88LhAYkwzzOZ+3bVqTlz4HXiFqSKCjR9e+oNYppKFgEVROue6yTQz4gCTgXLK16qWULomAxZNk+U4wsjDXAYK3MiwHN1yUek1hMZGKckMNKrs5n436yXQnjTz3iUpMAiungoTAWGGM/qMQ0oRkFMDCFUcfNDTEfEFACmxIqJ7q4GXSftes11au7jVbVxW5RQRmfoHF0iF12jBrpHTdRCFL2hD/SNptar9W59Wl8La8kqdk7REqyfP5Wuno4=</latexit><latexit sha1_base64="7rP3n9RcJAOFMQcuveg9RdYZwEw=">AAACEXicbVDLSgMxFM3UV62vUZdugkVwVWaKoMuiGzdCBfuAThkyaaYNTWbG5I5QhvkKN/6KGxE3FvwC/8a0nU1bDwROzj2X5JwgEVyD4/xapY3Nre2d8m5lb//g8Mg+PmnrOFWUtWgsYtUNiGaCR6wFHATrJooRGQjWCcZ3s3nnhSnN4+gJJgnrSzKMeMgpASP5dt0LFaHZg595SuIB1zTPzc3TQFTuaS7Z88LhAYkwzzOZ+3bVqTlz4HXiFqSKCjR9e+oNYppKFgEVROue6yTQz4gCTgXLK16qWULomAxZNk+U4wsjDXAYK3MiwHN1yUek1hMZGKckMNKrs5n436yXQnjTz3iUpMAiungoTAWGGM/qMQ0oRkFMDCFUcfNDTEfEFACmxIqJ7q4GXSftes11au7jVbVxW5RQRmfoHF0iF12jBrpHTdRCFL2hD/SNptar9W59Wl8La8kqdk7REqyfP5Wuno4=</latexit><latexit sha1_base64="7rP3n9RcJAOFMQcuveg9RdYZwEw=">AAACEXicbVDLSgMxFM3UV62vUZdugkVwVWaKoMuiGzdCBfuAThkyaaYNTWbG5I5QhvkKN/6KGxE3FvwC/8a0nU1bDwROzj2X5JwgEVyD4/xapY3Nre2d8m5lb//g8Mg+PmnrOFWUtWgsYtUNiGaCR6wFHATrJooRGQjWCcZ3s3nnhSnN4+gJJgnrSzKMeMgpASP5dt0LFaHZg595SuIB1zTPzc3TQFTuaS7Z88LhAYkwzzOZ+3bVqTlz4HXiFqSKCjR9e+oNYppKFgEVROue6yTQz4gCTgXLK16qWULomAxZNk+U4wsjDXAYK3MiwHN1yUek1hMZGKckMNKrs5n436yXQnjTz3iUpMAiungoTAWGGM/qMQ0oRkFMDCFUcfNDTEfEFACmxIqJ7q4GXSftes11au7jVbVxW5RQRmfoHF0iF12jBrpHTdRCFL2hD/SNptar9W59Wl8La8kqdk7REqyfP5Wuno4=</latexit>

↵ =
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�
<latexit sha1_base64="rrmHk3FZOQqStnK+fbbyp34pVZY=">AAACEHicbVDLSgMxFM34rPU16tLNYBHqwjKRgroQim5cVrAP6JRyJ820ocnMkGSEMsxPuPFX3Ii4UfEP/BvTTjdtvRByOOdcknP8mDOlXffXWlldW9/YLGwVt3d29/btg8OmihJJaINEPJJtHxTlLKQNzTSn7VhSED6nLX90N9FbT1QqFoWPehzTroBByAJGQBuqZ2MPeDyEGy+QQNJqll57AxACyvl1js+yXMJZ6vlUQ9azS27FnY6zDPAMlNBs6j372+tHJBE01ISDUh3sxrqbgtSMcJoVvUTRGMgIBjSdBsqcU0P1nSCS5oTambJzPhBKjYVvnAL0UC1qE/I/rZPo4KqbsjBONA1J/lCQcEdHzqQdp88kJZqPDQAimfmhQ4Zg8mvTYdFEx4tBl0HzooLdCn6olmq3sxIK6BidoDLC6BLV0D2qowYi6AW9oU/0ZT1br9a79ZFbV6zZzhGaG+vnD4v5nLI=</latexit><latexit sha1_base64="rrmHk3FZOQqStnK+fbbyp34pVZY=">AAACEHicbVDLSgMxFM34rPU16tLNYBHqwjKRgroQim5cVrAP6JRyJ820ocnMkGSEMsxPuPFX3Ii4UfEP/BvTTjdtvRByOOdcknP8mDOlXffXWlldW9/YLGwVt3d29/btg8OmihJJaINEPJJtHxTlLKQNzTSn7VhSED6nLX90N9FbT1QqFoWPehzTroBByAJGQBuqZ2MPeDyEGy+QQNJqll57AxACyvl1js+yXMJZ6vlUQ9azS27FnY6zDPAMlNBs6j372+tHJBE01ISDUh3sxrqbgtSMcJoVvUTRGMgIBjSdBsqcU0P1nSCS5oTambJzPhBKjYVvnAL0UC1qE/I/rZPo4KqbsjBONA1J/lCQcEdHzqQdp88kJZqPDQAimfmhQ4Zg8mvTYdFEx4tBl0HzooLdCn6olmq3sxIK6BidoDLC6BLV0D2qowYi6AW9oU/0ZT1br9a79ZFbV6zZzhGaG+vnD4v5nLI=</latexit><latexit sha1_base64="rrmHk3FZOQqStnK+fbbyp34pVZY=">AAACEHicbVDLSgMxFM34rPU16tLNYBHqwjKRgroQim5cVrAP6JRyJ820ocnMkGSEMsxPuPFX3Ii4UfEP/BvTTjdtvRByOOdcknP8mDOlXffXWlldW9/YLGwVt3d29/btg8OmihJJaINEPJJtHxTlLKQNzTSn7VhSED6nLX90N9FbT1QqFoWPehzTroBByAJGQBuqZ2MPeDyEGy+QQNJqll57AxACyvl1js+yXMJZ6vlUQ9azS27FnY6zDPAMlNBs6j372+tHJBE01ISDUh3sxrqbgtSMcJoVvUTRGMgIBjSdBsqcU0P1nSCS5oTambJzPhBKjYVvnAL0UC1qE/I/rZPo4KqbsjBONA1J/lCQcEdHzqQdp88kJZqPDQAimfmhQ4Zg8mvTYdFEx4tBl0HzooLdCn6olmq3sxIK6BidoDLC6BLV0D2qowYi6AW9oU/0ZT1br9a79ZFbV6zZzhGaG+vnD4v5nLI=</latexit><latexit sha1_base64="rrmHk3FZOQqStnK+fbbyp34pVZY=">AAACEHicbVDLSgMxFM34rPU16tLNYBHqwjKRgroQim5cVrAP6JRyJ820ocnMkGSEMsxPuPFX3Ii4UfEP/BvTTjdtvRByOOdcknP8mDOlXffXWlldW9/YLGwVt3d29/btg8OmihJJaINEPJJtHxTlLKQNzTSn7VhSED6nLX90N9FbT1QqFoWPehzTroBByAJGQBuqZ2MPeDyEGy+QQNJqll57AxACyvl1js+yXMJZ6vlUQ9azS27FnY6zDPAMlNBs6j372+tHJBE01ISDUh3sxrqbgtSMcJoVvUTRGMgIBjSdBsqcU0P1nSCS5oTambJzPhBKjYVvnAL0UC1qE/I/rZPo4KqbsjBONA1J/lCQcEdHzqQdp88kJZqPDQAimfmhQ4Zg8mvTYdFEx4tBl0HzooLdCn6olmq3sxIK6BidoDLC6BLV0D2qowYi6AW9oU/0ZT1br9a79ZFbV6zZzhGaG+vnD4v5nLI=</latexit>



Effects of disc mass
• Morphology 

• As Mdisc/M* increases, spiral becomes more open and dominated by fewer 
modes 

• Dynamics 

• High mass discs are unstable at larger values of Q>1 
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Effects of disc mass
• Morphology 

• As Mdisc/M* increases, spiral becomes more open and dominated by fewer 
modes 

• Dynamics 

• High mass discs are unstable at larger values of Q>1 
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discs that are 

gravitationally stable, 
Mdisc/M*~(H/R)2



Is it possible to measure such deviations from Keplerianity?

• Yes! See Veronesi et al (2021) for Elias 2-27 (and Benedetta’s talk tomorrow!)



Can we apply the same technique to other sources?
• In DSHARP, also Wa Oph 6 shows evidence of a 

spiral structure (Huang et al 2019) 

• We tested the robustness of the measurement by 
fitting for the disc mass in different ways: 

• Retrieve the rotation curve using EDDY tools 
(Teague 2019) 

• Fit for the whole velocity datacube using 
DISCMINER (Izquierdo et al 2021) 

• Data taken from archival Cycle 3 12CO 
observations, with 0.3” angular resolution and 0.25 
km/sec spectral resolution

w/ L. Rampinelli, E. Viscardi, B. Veronesi, S. Facchini, L. Testi, A. Miotello, T. Paneque, A. Izquierdo



Method 1: Rotation curve from Eddy
• First retrieve the disc geometry and 

emission layer height (either using 
Eddy or Pinte et al 2018 method) 

• Then use Eddy’s SHO model to 
retrieve rotation curve



• Tried different prescriptions for z(R) and Sigma(R): found differences within ~ 15% 

• Mdisc ~ 0.08 +- 0.01 Msun

Method 1: Rotation curve from EDDY
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Method 2: Use DISCMINER

• Use a parametric disc model to fit the 
whole datacube 

• Several fit parameters (related to 
emission profile, height of emitting 
layer, surface density, geometry,….) 

• Tried with several functional forms to 
test robustness  

• Mdisc ~ 0.06-0.1 Msun 

• Andrews et al (2009): Mdust ~ 7.7 10-4 
Msun —> gas/dust ~ 103
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Dynamical measurements of the disc mass
• Disc kinematics has reached the precision to allow a dynamical measurement of the 

disc mass 

• Disc mass contribution to non-Keplerianity comparable to pressure even for 
gravitationally stable discs! 

• For GI unstable discs, disc contribution dominates over pressure
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Looking at GI perturbations: the “wiggle”

• Hall et al. (2020) show that the spiral structure induced 
by GI has characteristic  wiggles in the channel maps, 
as observed in Elias 2-27 

• Compute analytically the velocity perturbations due to 
the spiral in a self-gravitating discs (in the same way as 
can be done for a planet, see Bollati et al, 2021)

Longarini, GL et al (2021), ApJL, in press

Paneque Carreno et al 2021



Constrain dynamically the cooling rate from the GI-wiggle

• Use the standard WKB approximation, for nearly Keplerian discs 

• Assume that the density perturbation scales with the cooling rate (Cossins et al 2009) 

• Obtain velocity perturbations (after some maths!) and wiggle

Longarini, GL et al (2021), ApJL, in press - see also Terry et al (2021), MNRAS, submitted



Constraining the outer cooling time in Elias 2-27

• Apply model to Elias 2-27 

• Match wiggle amplitude (std. dev. of zero velocity channel) 

• Best match with 𝛽 ~ 6.7-8.3

Longarini, GL et al, in prep - Bachelor Thesis of E. Arrigoni in Milano



Q2

Gravitationally stability of a dust and gas disc

• Problem well studied for galaxies (Jog & Solomon, 1984, Bertin & Romeo, 
1988) 

• We generalize the stability analysis for two fluids interacting through drag 

• Three main parameters: 

Longarini & GL, in prep 

↵ = ⌃dust/⌃gas

� = (�dust/cs)
2

St = ⌦tstop
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Disc becomes exponentially 
more unstable when

St &
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Conclusions
Self-gravity affect the disc in several ways 

• Dynamics: angular momentun transport, fragmentation 

• Morphology: spiral structure 

• Kinematics: Overall rotation curve, GI wiggle

• Through rotation curve it is now possible to measure 
dynamically the disc mass! Done for Elias 2-27 and 
WaOph6 

• In general disc masses consistent with a dust/gas 
ratio ~ 0.01

Through the GI wiggle possible 
to measure the cooling rate of 

the outer disc 

• Done for Elias 2-27 —> 
Close to fragmentation 
boundary

Analytical models of dust stability with self-
gravity  

path to planetesimal/core formation?


