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Galactic Winds Overview

we do not understand them

we see them we need them

overview

Spitzer 
Hubble 
Chandra

Behroozi+18Halo MassSt
el

la
r M

as
s 

/ H
al

o 
M

as
s

Tremonti+04 Stellar Mass
M

et
al

lic
ity



Drummond Fielding 21 March 2019

How SNe launch galactic winds
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luckily stars form in clusters!
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Clustering to the Rescue!
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Clustered SNe in a Turbulent, Multi-Phase ISM

Radiative Cooling + Photo Heating + Turbulence = semi-realistic testbed ISM for SNe

athena++
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Clustered SNe in a Turbulent, Multi-Phase ISM
MGMC = ⇡h2⌃gas

<latexit sha1_base64="vTYZg9/+7//NXLtazq5VjTgK/0A="></latexit>

MCluster = ✏?MGMC
<latexit sha1_base64="/ntcppE+t2JSU33iPNlBIxvdKDM="></latexit>

NSN = MCluster/100M�
<latexit sha1_base64="McHWkQrAftvKyEa2wOrnHnpRVeQ="></latexit>

�tSN = NSN/30Myr
<latexit sha1_base64="N/5QOoYiq3bNVfwlFslslMcLKHM="></latexit>
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Clustered SNe in a Turbulent, Multi-Phase ISM
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Super-bubble Breakout?

unstratified simulations

Two criteria for bubble breakout: 

1.                      before                     (easy) 

2.                      when                    (hard)

rbubble � h
<latexit sha1_base64="deviPlWZfTMlzy1C4v6VuEXx3NI=">AAAB/nicjVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZcNNlBfuAzjBk0kwbmmSmSUYoQ8FfceNCEbd+hzv/xvSxUFHwQOBwzj03lxNnnGnjeR9OaWV1bX2jvFnZ2t7Z3XP3D9o6zRWhLZLyVHVjrClnkrYMM5x2M0WxiDntxKPrmd+5o0qzVN6aSUZDgQeSJYxgY6XIPVJRESiB4jy2kSkKBnSMhpFb9WveHOhvUoUlmpH7HvRTkgsqDeFY657vZSYssDKM2LWVINc0w2SEB7RnqcSC6rCYnz9Fp1bpoyRV9kmD5urXRIGF1hMR20mBzVD/9Gbib14vN8lVWDCZ5YZKsvgoyTkyKZp1gfpMUWL4xBJMFLO3IjLEChNjG6v8r4T2ec33av7NRbXeWNZRhmM4gTPw4RLq0IAmtIBAAQ/wBM/OvfPovDivi9GSs8wcwjc4b5+9HpVX</latexit><latexit sha1_base64="deviPlWZfTMlzy1C4v6VuEXx3NI=">AAAB/nicjVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZcNNlBfuAzjBk0kwbmmSmSUYoQ8FfceNCEbd+hzv/xvSxUFHwQOBwzj03lxNnnGnjeR9OaWV1bX2jvFnZ2t7Z3XP3D9o6zRWhLZLyVHVjrClnkrYMM5x2M0WxiDntxKPrmd+5o0qzVN6aSUZDgQeSJYxgY6XIPVJRESiB4jy2kSkKBnSMhpFb9WveHOhvUoUlmpH7HvRTkgsqDeFY657vZSYssDKM2LWVINc0w2SEB7RnqcSC6rCYnz9Fp1bpoyRV9kmD5urXRIGF1hMR20mBzVD/9Gbib14vN8lVWDCZ5YZKsvgoyTkyKZp1gfpMUWL4xBJMFLO3IjLEChNjG6v8r4T2ec33av7NRbXeWNZRhmM4gTPw4RLq0IAmtIBAAQ/wBM/OvfPovDivi9GSs8wcwjc4b5+9HpVX</latexit><latexit sha1_base64="deviPlWZfTMlzy1C4v6VuEXx3NI=">AAAB/nicjVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZcNNlBfuAzjBk0kwbmmSmSUYoQ8FfceNCEbd+hzv/xvSxUFHwQOBwzj03lxNnnGnjeR9OaWV1bX2jvFnZ2t7Z3XP3D9o6zRWhLZLyVHVjrClnkrYMM5x2M0WxiDntxKPrmd+5o0qzVN6aSUZDgQeSJYxgY6XIPVJRESiB4jy2kSkKBnSMhpFb9WveHOhvUoUlmpH7HvRTkgsqDeFY657vZSYssDKM2LWVINc0w2SEB7RnqcSC6rCYnz9Fp1bpoyRV9kmD5urXRIGF1hMR20mBzVD/9Gbib14vN8lVWDCZ5YZKsvgoyTkyKZp1gfpMUWL4xBJMFLO3IjLEChNjG6v8r4T2ec33av7NRbXeWNZRhmM4gTPw4RLq0IAmtIBAAQ/wBM/OvfPovDivi9GSs8wcwjc4b5+9HpVX</latexit><latexit sha1_base64="deviPlWZfTMlzy1C4v6VuEXx3NI=">AAAB/nicjVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZcNNlBfuAzjBk0kwbmmSmSUYoQ8FfceNCEbd+hzv/xvSxUFHwQOBwzj03lxNnnGnjeR9OaWV1bX2jvFnZ2t7Z3XP3D9o6zRWhLZLyVHVjrClnkrYMM5x2M0WxiDntxKPrmd+5o0qzVN6aSUZDgQeSJYxgY6XIPVJRESiB4jy2kSkKBnSMhpFb9WveHOhvUoUlmpH7HvRTkgsqDeFY657vZSYssDKM2LWVINc0w2SEB7RnqcSC6rCYnz9Fp1bpoyRV9kmD5urXRIGF1hMR20mBzVD/9Gbib14vN8lVWDCZ5YZKsvgoyTkyKZp1gfpMUWL4xBJMFLO3IjLEChNjG6v8r4T2ec33av7NRbXeWNZRhmM4gTPw4RLq0IAmtIBAAQ/wBM/OvfPovDivi9GSs8wcwjc4b5+9HpVX</latexit>

vbubble > �v
<latexit sha1_base64="f/vMGkjHiN/f3O55Ukzc6Kae0VU=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2VGBF1JwU2XFWwrtMOQyWTa0CQzJHcKZShu/BU3LhRx61e4829MHwsVBQ8EDufcc5OcKBPcgOd9OKWl5ZXVtfJ6ZWNza3vH3d1rmzTXlLVoKlJ9GxHDBFesBRwEu800IzISrBMNr6Z+Z8S04am6gXHGAkn6iiecErBS6B6MwqKnJY7yyEYm+BL3YiaA4FHoVv2aNwP+m1TRAs3Qfe/FKc0lU0AFMabrexkEBdHAqV1d6eWGZYQOSZ91LVVEMhMUsy9M8LFVYpyk2h4FeKZ+TRREGjOWkZ2UBAbmpzcVf/O6OSQXQcFVlgNTdH5RkgsMKZ72gWOuGQUxtoRQze1bMR0QTSjY1ir/K6F9WvO9mn99Vq03FnWU0SE6QifIR+eojhqoiVqIojv0gJ7Qs3PvPDovzut8tOQsMvvoG5y3T1Hvlrw=</latexit><latexit sha1_base64="f/vMGkjHiN/f3O55Ukzc6Kae0VU=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2VGBF1JwU2XFWwrtMOQyWTa0CQzJHcKZShu/BU3LhRx61e4829MHwsVBQ8EDufcc5OcKBPcgOd9OKWl5ZXVtfJ6ZWNza3vH3d1rmzTXlLVoKlJ9GxHDBFesBRwEu800IzISrBMNr6Z+Z8S04am6gXHGAkn6iiecErBS6B6MwqKnJY7yyEYm+BL3YiaA4FHoVv2aNwP+m1TRAs3Qfe/FKc0lU0AFMabrexkEBdHAqV1d6eWGZYQOSZ91LVVEMhMUsy9M8LFVYpyk2h4FeKZ+TRREGjOWkZ2UBAbmpzcVf/O6OSQXQcFVlgNTdH5RkgsMKZ72gWOuGQUxtoRQze1bMR0QTSjY1ir/K6F9WvO9mn99Vq03FnWU0SE6QifIR+eojhqoiVqIojv0gJ7Qs3PvPDovzut8tOQsMvvoG5y3T1Hvlrw=</latexit><latexit sha1_base64="f/vMGkjHiN/f3O55Ukzc6Kae0VU=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2VGBF1JwU2XFWwrtMOQyWTa0CQzJHcKZShu/BU3LhRx61e4829MHwsVBQ8EDufcc5OcKBPcgOd9OKWl5ZXVtfJ6ZWNza3vH3d1rmzTXlLVoKlJ9GxHDBFesBRwEu800IzISrBMNr6Z+Z8S04am6gXHGAkn6iiecErBS6B6MwqKnJY7yyEYm+BL3YiaA4FHoVv2aNwP+m1TRAs3Qfe/FKc0lU0AFMabrexkEBdHAqV1d6eWGZYQOSZ91LVVEMhMUsy9M8LFVYpyk2h4FeKZ+TRREGjOWkZ2UBAbmpzcVf/O6OSQXQcFVlgNTdH5RkgsMKZ72gWOuGQUxtoRQze1bMR0QTSjY1ir/K6F9WvO9mn99Vq03FnWU0SE6QifIR+eojhqoiVqIojv0gJ7Qs3PvPDovzut8tOQsMvvoG5y3T1Hvlrw=</latexit><latexit sha1_base64="f/vMGkjHiN/f3O55Ukzc6Kae0VU=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2VGBF1JwU2XFWwrtMOQyWTa0CQzJHcKZShu/BU3LhRx61e4829MHwsVBQ8EDufcc5OcKBPcgOd9OKWl5ZXVtfJ6ZWNza3vH3d1rmzTXlLVoKlJ9GxHDBFesBRwEu800IzISrBMNr6Z+Z8S04am6gXHGAkn6iiecErBS6B6MwqKnJY7yyEYm+BL3YiaA4FHoVv2aNwP+m1TRAs3Qfe/FKc0lU0AFMabrexkEBdHAqV1d6eWGZYQOSZ91LVVEMhMUsy9M8LFVYpyk2h4FeKZ+TRREGjOWkZ2UBAbmpzcVf/O6OSQXQcFVlgNTdH5RkgsMKZ72gWOuGQUxtoRQze1bMR0QTSjY1ir/K6F9WvO9mn99Vq03FnWU0SE6QifIR+eojhqoiVqIojv0gJ7Qs3PvPDovzut8tOQsMvvoG5y3T1Hvlrw=</latexit>

t = tSN
<latexit sha1_base64="+Qwhdg+KDqKqymI7wwO41atq7IY=">AAAB9XicjVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvOQkEc0DkjXMTibJkJnZZaZXCUv+w4sHRbz6L978GyePg4qCBQ1FVTddVJRIYdH3P7yFxaXlldXcWn59Y3Nru7CzW7dxahivsVjGphlRy6XQvIYCJW8mhlMVSd6IhhcTv3HHjRWxvsFRwkNF+1r0BKPopFsk5wQ7Wdsocn057hSKQcmfgvxNijBHtVN4b3djliqukUlqbSvwEwwzalAwycf5dmp5QtmQ9nnLUU0Vt2E2TT0mh07pkl5s3GgkU/XrRUaVtSMVuU1FcWB/ehPxN6+VYu8szIROUuSazR71UkkwJpMKSFcYzlCOHKHMCJeVsAE1lKErKv+/EurHpcAvBVcnxXJlXkcO9uEAjiCAUyhDBapQAwYGHuAJnr1779F78V5nqwve/GYPvsF7+wRbOZHH</latexit><latexit sha1_base64="+Qwhdg+KDqKqymI7wwO41atq7IY=">AAAB9XicjVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvOQkEc0DkjXMTibJkJnZZaZXCUv+w4sHRbz6L978GyePg4qCBQ1FVTddVJRIYdH3P7yFxaXlldXcWn59Y3Nru7CzW7dxahivsVjGphlRy6XQvIYCJW8mhlMVSd6IhhcTv3HHjRWxvsFRwkNF+1r0BKPopFsk5wQ7Wdsocn057hSKQcmfgvxNijBHtVN4b3djliqukUlqbSvwEwwzalAwycf5dmp5QtmQ9nnLUU0Vt2E2TT0mh07pkl5s3GgkU/XrRUaVtSMVuU1FcWB/ehPxN6+VYu8szIROUuSazR71UkkwJpMKSFcYzlCOHKHMCJeVsAE1lKErKv+/EurHpcAvBVcnxXJlXkcO9uEAjiCAUyhDBapQAwYGHuAJnr1779F78V5nqwve/GYPvsF7+wRbOZHH</latexit><latexit sha1_base64="+Qwhdg+KDqKqymI7wwO41atq7IY=">AAAB9XicjVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvOQkEc0DkjXMTibJkJnZZaZXCUv+w4sHRbz6L978GyePg4qCBQ1FVTddVJRIYdH3P7yFxaXlldXcWn59Y3Nru7CzW7dxahivsVjGphlRy6XQvIYCJW8mhlMVSd6IhhcTv3HHjRWxvsFRwkNF+1r0BKPopFsk5wQ7Wdsocn057hSKQcmfgvxNijBHtVN4b3djliqukUlqbSvwEwwzalAwycf5dmp5QtmQ9nnLUU0Vt2E2TT0mh07pkl5s3GgkU/XrRUaVtSMVuU1FcWB/ehPxN6+VYu8szIROUuSazR71UkkwJpMKSFcYzlCOHKHMCJeVsAE1lKErKv+/EurHpcAvBVcnxXJlXkcO9uEAjiCAUyhDBapQAwYGHuAJnr1779F78V5nqwve/GYPvsF7+wRbOZHH</latexit><latexit sha1_base64="+Qwhdg+KDqKqymI7wwO41atq7IY=">AAAB9XicjVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvOQkEc0DkjXMTibJkJnZZaZXCUv+w4sHRbz6L978GyePg4qCBQ1FVTddVJRIYdH3P7yFxaXlldXcWn59Y3Nru7CzW7dxahivsVjGphlRy6XQvIYCJW8mhlMVSd6IhhcTv3HHjRWxvsFRwkNF+1r0BKPopFsk5wQ7Wdsocn057hSKQcmfgvxNijBHtVN4b3djliqukUlqbSvwEwwzalAwycf5dmp5QtmQ9nnLUU0Vt2E2TT0mh07pkl5s3GgkU/XrRUaVtSMVuU1FcWB/ehPxN6+VYu8szIROUuSazR71UkkwJpMKSFcYzlCOHKHMCJeVsAE1lKErKv+/EurHpcAvBVcnxXJlXkcO9uEAjiCAUyhDBapQAwYGHuAJnr1779F78V5nqwve/GYPvsF7+wRbOZHH</latexit>

rbubble = h
<latexit sha1_base64="pp6zgyBqyuAgWABnA+OlELVi8fU=">AAAB+3icjVDLSgMxFL1TX7W+xrp0EyyCqzIjgm6EgpsuK9hWaIchk2ba0CQz5CGWob/ixoUibv0Rd/6N6WOhouCBwOGce24uJ8k50yYIPrzSyura+kZ5s7K1vbO75+9XOzqzitA2yXimbhOsKWeStg0znN7mimKRcNpNxlczv3tHlWaZvDGTnEYCDyVLGcHGSbFfVXHRVwIlNnGRKbpEo9ivhfVgDvQ3qcESrdh/7w8yYgWVhnCsdS8MchMVWBlG3M5K32qaYzLGQ9pzVGJBdVTMb5+iY6cMUJop96RBc/VrosBC64lI3KTAZqR/ejPxN69nTXoRFUzm1lBJFh+lliOToVkRaMAUJYZPHMFEMXcrIiOsMDGursr/Suic1sOgHl6f1RrNZR1lOIQjOIEQzqEBTWhBGwjcwwM8wbM39R69F+91MVrylpkD+Abv7RMoDJPd</latexit><latexit sha1_base64="pp6zgyBqyuAgWABnA+OlELVi8fU=">AAAB+3icjVDLSgMxFL1TX7W+xrp0EyyCqzIjgm6EgpsuK9hWaIchk2ba0CQz5CGWob/ixoUibv0Rd/6N6WOhouCBwOGce24uJ8k50yYIPrzSyura+kZ5s7K1vbO75+9XOzqzitA2yXimbhOsKWeStg0znN7mimKRcNpNxlczv3tHlWaZvDGTnEYCDyVLGcHGSbFfVXHRVwIlNnGRKbpEo9ivhfVgDvQ3qcESrdh/7w8yYgWVhnCsdS8MchMVWBlG3M5K32qaYzLGQ9pzVGJBdVTMb5+iY6cMUJop96RBc/VrosBC64lI3KTAZqR/ejPxN69nTXoRFUzm1lBJFh+lliOToVkRaMAUJYZPHMFEMXcrIiOsMDGursr/Suic1sOgHl6f1RrNZR1lOIQjOIEQzqEBTWhBGwjcwwM8wbM39R69F+91MVrylpkD+Abv7RMoDJPd</latexit><latexit sha1_base64="pp6zgyBqyuAgWABnA+OlELVi8fU=">AAAB+3icjVDLSgMxFL1TX7W+xrp0EyyCqzIjgm6EgpsuK9hWaIchk2ba0CQz5CGWob/ixoUibv0Rd/6N6WOhouCBwOGce24uJ8k50yYIPrzSyura+kZ5s7K1vbO75+9XOzqzitA2yXimbhOsKWeStg0znN7mimKRcNpNxlczv3tHlWaZvDGTnEYCDyVLGcHGSbFfVXHRVwIlNnGRKbpEo9ivhfVgDvQ3qcESrdh/7w8yYgWVhnCsdS8MchMVWBlG3M5K32qaYzLGQ9pzVGJBdVTMb5+iY6cMUJop96RBc/VrosBC64lI3KTAZqR/ejPxN69nTXoRFUzm1lBJFh+lliOToVkRaMAUJYZPHMFEMXcrIiOsMDGursr/Suic1sOgHl6f1RrNZR1lOIQjOIEQzqEBTWhBGwjcwwM8wbM39R69F+91MVrylpkD+Abv7RMoDJPd</latexit><latexit sha1_base64="pp6zgyBqyuAgWABnA+OlELVi8fU=">AAAB+3icjVDLSgMxFL1TX7W+xrp0EyyCqzIjgm6EgpsuK9hWaIchk2ba0CQz5CGWob/ixoUibv0Rd/6N6WOhouCBwOGce24uJ8k50yYIPrzSyura+kZ5s7K1vbO75+9XOzqzitA2yXimbhOsKWeStg0znN7mimKRcNpNxlczv3tHlWaZvDGTnEYCDyVLGcHGSbFfVXHRVwIlNnGRKbpEo9ivhfVgDvQ3qcESrdh/7w8yYgWVhnCsdS8MchMVWBlG3M5K32qaYzLGQ9pzVGJBdVTMb5+iY6cMUJop96RBc/VrosBC64lI3KTAZqR/ejPxN69nTXoRFUzm1lBJFh+lliOToVkRaMAUJYZPHMFEMXcrIiOsMDGursr/Suic1sOgHl6f1RrNZR1lOIQjOIEQzqEBTWhBGwjcwwM8wbM39R69F+91MVrylpkD+Abv7RMoDJPd</latexit>

✏?,crit = 0.015
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<latexit sha1_base64="WNBjxshB7Oyyw9DPORaZR32edTA="></latexit><latexit sha1_base64="WNBjxshB7Oyyw9DPORaZR32edTA="></latexit><latexit sha1_base64="WNBjxshB7Oyyw9DPORaZR32edTA="></latexit><latexit sha1_base64="WNBjxshB7Oyyw9DPORaZR32edTA="></latexit>

Critical SF efficiency (or cluster mass  
or NSNe) to breakout prior to stalling:
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<latexit sha1_base64="z5+hsfhl7bTMZU/InnCMGYQ1i7Q=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkIuiy6MZlRXuBJJTJZNIOnUnCXIQS+gxufBU3LhRx68qdb+OkzUJbfxj4+M85nDl/mDEqleN8W5Wl5ZXVtep6bWNza3vH3t3ryFQLTNo4ZanohUgSRhPSVlQx0ssEQTxkpBuOrot694EISdPkXo0zEnA0SGhMMVLG6tsnuS84vNMZEdA/haEOzaQhwwJFVMvC9TIcTPp23Wk4U8FFcEuog1Ktvv3lRynWnCQKMySl5zqZCnIkFMWMTGq+liRDeIQGxDOYIE5kkE9PmsAj40QwToV5iYJT9/dEjriUYx6aTo7UUM7XCvO/mqdVfBnkNMm0IgmeLYo1gyqFRT4wooJgxcYGEBbU/BXiIRIIK5NizYTgzp+8CJ2zhus03NvzevOqjKMKDsAhOAYuuABNcANaoA0weATP4BW8WU/Wi/VufcxaK1Y5sw/+yPr8AWW2nAY=</latexit><latexit sha1_base64="z5+hsfhl7bTMZU/InnCMGYQ1i7Q=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkIuiy6MZlRXuBJJTJZNIOnUnCXIQS+gxufBU3LhRx68qdb+OkzUJbfxj4+M85nDl/mDEqleN8W5Wl5ZXVtep6bWNza3vH3t3ryFQLTNo4ZanohUgSRhPSVlQx0ssEQTxkpBuOrot694EISdPkXo0zEnA0SGhMMVLG6tsnuS84vNMZEdA/haEOzaQhwwJFVMvC9TIcTPp23Wk4U8FFcEuog1Ktvv3lRynWnCQKMySl5zqZCnIkFMWMTGq+liRDeIQGxDOYIE5kkE9PmsAj40QwToV5iYJT9/dEjriUYx6aTo7UUM7XCvO/mqdVfBnkNMm0IgmeLYo1gyqFRT4wooJgxcYGEBbU/BXiIRIIK5NizYTgzp+8CJ2zhus03NvzevOqjKMKDsAhOAYuuABNcANaoA0weATP4BW8WU/Wi/VufcxaK1Y5sw/+yPr8AWW2nAY=</latexit><latexit sha1_base64="z5+hsfhl7bTMZU/InnCMGYQ1i7Q=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkIuiy6MZlRXuBJJTJZNIOnUnCXIQS+gxufBU3LhRx68qdb+OkzUJbfxj4+M85nDl/mDEqleN8W5Wl5ZXVtep6bWNza3vH3t3ryFQLTNo4ZanohUgSRhPSVlQx0ssEQTxkpBuOrot694EISdPkXo0zEnA0SGhMMVLG6tsnuS84vNMZEdA/haEOzaQhwwJFVMvC9TIcTPp23Wk4U8FFcEuog1Ktvv3lRynWnCQKMySl5zqZCnIkFMWMTGq+liRDeIQGxDOYIE5kkE9PmsAj40QwToV5iYJT9/dEjriUYx6aTo7UUM7XCvO/mqdVfBnkNMm0IgmeLYo1gyqFRT4wooJgxcYGEBbU/BXiIRIIK5NizYTgzp+8CJ2zhus03NvzevOqjKMKDsAhOAYuuABNcANaoA0weATP4BW8WU/Wi/VufcxaK1Y5sw/+yPr8AWW2nAY=</latexit><latexit sha1_base64="z5+hsfhl7bTMZU/InnCMGYQ1i7Q=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkIuiy6MZlRXuBJJTJZNIOnUnCXIQS+gxufBU3LhRx68qdb+OkzUJbfxj4+M85nDl/mDEqleN8W5Wl5ZXVtep6bWNza3vH3t3ryFQLTNo4ZanohUgSRhPSVlQx0ssEQTxkpBuOrot694EISdPkXo0zEnA0SGhMMVLG6tsnuS84vNMZEdA/haEOzaQhwwJFVMvC9TIcTPp23Wk4U8FFcEuog1Ktvv3lRynWnCQKMySl5zqZCnIkFMWMTGq+liRDeIQGxDOYIE5kkE9PmsAj40QwToV5iYJT9/dEjriUYx6aTo7UUM7XCvO/mqdVfBnkNMm0IgmeLYo1gyqFRT4wooJgxcYGEBbU/BXiIRIIK5NizYTgzp+8CJ2zhus03NvzevOqjKMKDsAhOAYuuABNcANaoA0weATP4BW8WU/Wi/VufcxaK1Y5sw/+yPr8AWW2nAY=</latexit>



The Importance of Breakout



⌃gas = 30M�/pc
2

<latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit>

�v = 10 km/s
<latexit sha1_base64="nXCPEXdmLQ1RKmhw39R7am88gPs=">AAACB3icjVBNS8NAEJ3Ur1q/oh4FWSyCB6mJCHoRil48VrCt0ISy2WzapbtJ2N0USujNi3/FiwdFvPoXvPlv3LQ9qCj4YODx3gwz84KUM6Ud58Mqzc0vLC6Vlysrq2vrG/bmVkslmSS0SRKeyNsAK8pZTJuaaU5vU0mxCDhtB4PLwm8PqVQsiW/0KKW+wL2YRYxgbaSuveuFlGuMhugcuQ7yDpEnsO5LkQ/EkRp37apbcyZAf5MqzNDo2u9emJBM0FgTjpXquE6q/RxLzQin44qXKZpiMsA92jE0xoIqP5/8MUb7RglRlEhTsUYT9etEjoVSIxGYzuJI9dMrxN+8TqajMz9ncZppGpPpoijjSCeoCAWFTFKi+cgQTCQztyLSxxITbaKr/C+E1nHNdWru9Um1fjGLoww7sAcH4MIp1OEKGtAEAnfwAE/wbN1bj9aL9TptLVmzmW34BuvtE4YFl9M=</latexit><latexit sha1_base64="nXCPEXdmLQ1RKmhw39R7am88gPs=">AAACB3icjVBNS8NAEJ3Ur1q/oh4FWSyCB6mJCHoRil48VrCt0ISy2WzapbtJ2N0USujNi3/FiwdFvPoXvPlv3LQ9qCj4YODx3gwz84KUM6Ud58Mqzc0vLC6Vlysrq2vrG/bmVkslmSS0SRKeyNsAK8pZTJuaaU5vU0mxCDhtB4PLwm8PqVQsiW/0KKW+wL2YRYxgbaSuveuFlGuMhugcuQ7yDpEnsO5LkQ/EkRp37apbcyZAf5MqzNDo2u9emJBM0FgTjpXquE6q/RxLzQin44qXKZpiMsA92jE0xoIqP5/8MUb7RglRlEhTsUYT9etEjoVSIxGYzuJI9dMrxN+8TqajMz9ncZppGpPpoijjSCeoCAWFTFKi+cgQTCQztyLSxxITbaKr/C+E1nHNdWru9Um1fjGLoww7sAcH4MIp1OEKGtAEAnfwAE/wbN1bj9aL9TptLVmzmW34BuvtE4YFl9M=</latexit><latexit sha1_base64="nXCPEXdmLQ1RKmhw39R7am88gPs=">AAACB3icjVBNS8NAEJ3Ur1q/oh4FWSyCB6mJCHoRil48VrCt0ISy2WzapbtJ2N0USujNi3/FiwdFvPoXvPlv3LQ9qCj4YODx3gwz84KUM6Ud58Mqzc0vLC6Vlysrq2vrG/bmVkslmSS0SRKeyNsAK8pZTJuaaU5vU0mxCDhtB4PLwm8PqVQsiW/0KKW+wL2YRYxgbaSuveuFlGuMhugcuQ7yDpEnsO5LkQ/EkRp37apbcyZAf5MqzNDo2u9emJBM0FgTjpXquE6q/RxLzQin44qXKZpiMsA92jE0xoIqP5/8MUb7RglRlEhTsUYT9etEjoVSIxGYzuJI9dMrxN+8TqajMz9ncZppGpPpoijjSCeoCAWFTFKi+cgQTCQztyLSxxITbaKr/C+E1nHNdWru9Um1fjGLoww7sAcH4MIp1OEKGtAEAnfwAE/wbN1bj9aL9TptLVmzmW34BuvtE4YFl9M=</latexit><latexit sha1_base64="nXCPEXdmLQ1RKmhw39R7am88gPs=">AAACB3icjVBNS8NAEJ3Ur1q/oh4FWSyCB6mJCHoRil48VrCt0ISy2WzapbtJ2N0USujNi3/FiwdFvPoXvPlv3LQ9qCj4YODx3gwz84KUM6Ud58Mqzc0vLC6Vlysrq2vrG/bmVkslmSS0SRKeyNsAK8pZTJuaaU5vU0mxCDhtB4PLwm8PqVQsiW/0KKW+wL2YRYxgbaSuveuFlGuMhugcuQ7yDpEnsO5LkQ/EkRp37apbcyZAf5MqzNDo2u9emJBM0FgTjpXquE6q/RxLzQin44qXKZpiMsA92jE0xoIqP5/8MUb7RglRlEhTsUYT9etEjoVSIxGYzuJI9dMrxN+8TqajMz9ncZppGpPpoijjSCeoCAWFTFKi+cgQTCQztyLSxxITbaKr/C+E1nHNdWru9Um1fjGLoww7sAcH4MIp1OEKGtAEAnfwAE/wbN1bj9aL9TptLVmzmW34BuvtE4YFl9M=</latexit>

Mcl = 104.5 M�
<latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit>

✏? = 0.03
<latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit>

�tSN = 0.1Myr
<latexit sha1_base64="9ZJU86mJfKrM+LVb0oy/g/NBlmw=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgupCQi6EYo6sKNUtE+oAllMp22Q2eSMHMjhJBPcOOvuHGhiFuX7vwbp4+FioIHLhzOuZd77wliwTU4zoc1NT0zOzdfWCguLi2vrNpr63UdJYqyGo1EpJoB0UzwkNWAg2DNWDEiA8EaweB06DdumdI8Cm8gjZkvSS/kXU4JGKlt73hnTADB0M48JfH1ZY6PsVN2sbeHPUmgr2R2kaq8bZfcsjMC/puU0ATVtv3udSKaSBYCFUTrluvE4GdEAaeC5UUv0SwmdEB6rGVoSCTTfjZ6KMfbRungbqRMhYBH6teJjEitUxmYzuGN+qc3FH/zWgl0j/yMh3ECLKTjRd1EYIjwMB3c4YpREKkhhCpubsW0TxShYDIs/i+E+n7ZNQleHZQqJ5M4CmgTbaFd5KJDVEHnqIpqiKI79ICe0LN1bz1aL9bruHXKmsxsoG+w3j4B99qbSg==</latexit><latexit sha1_base64="9ZJU86mJfKrM+LVb0oy/g/NBlmw=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgupCQi6EYo6sKNUtE+oAllMp22Q2eSMHMjhJBPcOOvuHGhiFuX7vwbp4+FioIHLhzOuZd77wliwTU4zoc1NT0zOzdfWCguLi2vrNpr63UdJYqyGo1EpJoB0UzwkNWAg2DNWDEiA8EaweB06DdumdI8Cm8gjZkvSS/kXU4JGKlt73hnTADB0M48JfH1ZY6PsVN2sbeHPUmgr2R2kaq8bZfcsjMC/puU0ATVtv3udSKaSBYCFUTrluvE4GdEAaeC5UUv0SwmdEB6rGVoSCTTfjZ6KMfbRungbqRMhYBH6teJjEitUxmYzuGN+qc3FH/zWgl0j/yMh3ECLKTjRd1EYIjwMB3c4YpREKkhhCpubsW0TxShYDIs/i+E+n7ZNQleHZQqJ5M4CmgTbaFd5KJDVEHnqIpqiKI79ICe0LN1bz1aL9bruHXKmsxsoG+w3j4B99qbSg==</latexit><latexit sha1_base64="9ZJU86mJfKrM+LVb0oy/g/NBlmw=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgupCQi6EYo6sKNUtE+oAllMp22Q2eSMHMjhJBPcOOvuHGhiFuX7vwbp4+FioIHLhzOuZd77wliwTU4zoc1NT0zOzdfWCguLi2vrNpr63UdJYqyGo1EpJoB0UzwkNWAg2DNWDEiA8EaweB06DdumdI8Cm8gjZkvSS/kXU4JGKlt73hnTADB0M48JfH1ZY6PsVN2sbeHPUmgr2R2kaq8bZfcsjMC/puU0ATVtv3udSKaSBYCFUTrluvE4GdEAaeC5UUv0SwmdEB6rGVoSCTTfjZ6KMfbRungbqRMhYBH6teJjEitUxmYzuGN+qc3FH/zWgl0j/yMh3ECLKTjRd1EYIjwMB3c4YpREKkhhCpubsW0TxShYDIs/i+E+n7ZNQleHZQqJ5M4CmgTbaFd5KJDVEHnqIpqiKI79ICe0LN1bz1aL9bruHXKmsxsoG+w3j4B99qbSg==</latexit><latexit sha1_base64="9ZJU86mJfKrM+LVb0oy/g/NBlmw=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgupCQi6EYo6sKNUtE+oAllMp22Q2eSMHMjhJBPcOOvuHGhiFuX7vwbp4+FioIHLhzOuZd77wliwTU4zoc1NT0zOzdfWCguLi2vrNpr63UdJYqyGo1EpJoB0UzwkNWAg2DNWDEiA8EaweB06DdumdI8Cm8gjZkvSS/kXU4JGKlt73hnTADB0M48JfH1ZY6PsVN2sbeHPUmgr2R2kaq8bZfcsjMC/puU0ATVtv3udSKaSBYCFUTrluvE4GdEAaeC5UUv0SwmdEB6rGVoSCTTfjZ6KMfbRungbqRMhYBH6teJjEitUxmYzuGN+qc3FH/zWgl0j/yMh3ECLKTjRd1EYIjwMB3c4YpREKkhhCpubsW0TxShYDIs/i+E+n7ZNQleHZQqJ5M4CmgTbaFd5KJDVEHnqIpqiKI79ICe0LN1bz1aL9bruHXKmsxsoG+w3j4B99qbSg==</latexit>
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Pre-Breakout Energetics

stratified simulations

While confined 
within the disk 
>90% of the 

injected energy 
is radiated away

⌃gas = 30M�/pc
2

<latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit>

Mcl = 104.5 M�
<latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit>

✏? = 0.03
<latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit>



Drummond Fielding 21 March 2019

Post-Breakout Energetics

stratified simulations

After the super-
bubble breakout 
cooling drops by 

a factor of ~10 
and a powerful 

wind is launched 

⌃gas = 30M�/pc
2

<latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit><latexit sha1_base64="t/Dja3GDi8Q8p9YuNGaYjF/gZMk=">AAACH3icjVDLSsNAFJ34rPUVdelmsAgupCZV1I1QdONGqGgf0MQwmUzaoTOZMDMRSsifuPFX3LhQRNz1b0zTLlQUPHDhcM693HuPHzOqtGWNjJnZufmFxdJSeXlldW3d3NhsKZFITJpYMCE7PlKE0Yg0NdWMdGJJEPcZafuDi7HfvidSURHd6mFMXI56EQ0pRjqXPPPYuaE9jrzUkRz2kMrgGTy0oLMPC+Uq8xwRCA0PoMOR7kuexji7q3lmxa5aBeDfpAKmaHjmhxMInHASacyQUl3birWbIqkpZiQrO4kiMcID1CPdnEaIE+WmxX8Z3M2VAIZC5hVpWKhfJ1LElRpyP+8cH6l+emPxN6+b6PDUTWkUJ5pEeLIoTBjUAo7DggGVBGs2zAnCkua3QtxHEmGdR1r+XwitWtW2qvb1UaV+Po2jBLbBDtgDNjgBdXAJGqAJMHgAT+AFvBqPxrPxZrxPWmeM6cwW+AZj9AmFXqFs</latexit>

Mcl = 104.5 M�
<latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit><latexit sha1_base64="70NMfC0XiylQMyWU6yFiBiaBg88=">AAACFXicjVDLSsNAFJ3UV62vqEs3g0VwUUIiFd0IRTduhAr2AU0Mk8m0HTrJhJmJUEJ+wo2/4saFIm4Fd/6N07SCioIHhjmccy/33hMkjEpl2+9GaW5+YXGpvFxZWV1b3zA3t9qSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtHZxO/cECEpj6/UOCFehAYx7VOMlJZ8s5a5IoIXuV/8mOXwBDr2dVa3DnPo1uCn7fKQK9+sOpZdAP5NqmCGpm++uSHHaURihRmSsufYifIyJBTFjOQVN5UkQXiEBqSnaYwiIr2suCqHe1oJYZ8L/WIFC/VrR4YiKcdRoCsjpIbypzcRf/N6qeofexmNk1SRGE8H9VMGFYeTiGBIBcGKjTVBWFC9K8RDJBBWOsjK/0JoH1iObTmX9WrjdBZHGeyAXbAPHHAEGuAcNEELYHAL7sEjeDLujAfj2XiZlpaMWc82+Abj9QOLtJ0r</latexit>

✏? = 0.03
<latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit><latexit sha1_base64="Zsv5PBtbo+NlmRTq3UrmUACoPUc=">AAACAHicjVDJSgNBEK2JW4zbqAcPXhqD4CnMqKAXIejFYwSzQGYIPZ2apEnPQnePEIa5+CtePCji1c/w5t/YWQ4qCj4oeLxXRVW9IBVcacf5sEoLi0vLK+XVytr6xuaWvb3TUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPR1cRv36FUPIlv9ThFP6KDmIecUW2knr3nYaq4MDT3lKayIBfEqTknPbvq1pwpyN+kCnM0eva7109YFmGsmaBKdV0n1X5OpeZMYFHxMoUpZSM6wK6hMY1Q+fn0gYIcGqVPwkSaijWZql8nchopNY4C0xlRPVQ/vYn4m9fNdHju5zxOM40xmy0KM0F0QiZpkD6XyLQYG0KZ5OZWwoZUUqZNZpX/hdA6rrlOzb05rdYv53GUYR8O4AhcOIM6XEMDmsCggAd4gmfr3nq0XqzXWWvJms/swjdYb59h2pWV</latexit>
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Galactic Wind Energy Loading

stratified simulations — energy loading

Clusters with                             breakout  

Drive winds with                            . 

✏? & ✏?,crit ⇡ 0.015
<latexit sha1_base64="9ga6ZQupGvplqCR7LmFIvxAbu7k=">AAACLHicjVDLSgMxFM3UV62vUZdugkVwIWVGFF0WunFZoQ+hM5RMmmlDk5mQ3BHL0A9y468I4sIibv0O08dCi4IHLhzOOZfLPZES3IDnTZzCyura+kZxs7S1vbO75+4ftEyaacqaNBWpvouIYYInrAkcBLtTmhEZCdaOhrWp375n2vA0acBIsVCSfsJjTglYqevWAqYMF5bmgQGixzjog41LvGSc4TzQElPNYWxDRCmdPmCv4vmXXbfsV7wZ8N+kjBaod92XoJfSTLIEqCDGdHxPQZgTDZwKNi4FmWGK0CHps46lCZHMhPns2TE+sUoPx6m2kwCeqd83ciKNGcnIJiWBgVn2puJvXieD+DrMeaIyYAmdH4ozgSHF0+Zwj2tGQYwsIdMaOMV0QDShYPst/a+E1nnF9yr+7UW52ljUUURH6BidIh9doSq6QXXURBQ9omf0hibOk/PqvDsf82jBWewcoh9wPr8A7MyokQ==</latexit><latexit sha1_base64="9ga6ZQupGvplqCR7LmFIvxAbu7k=">AAACLHicjVDLSgMxFM3UV62vUZdugkVwIWVGFF0WunFZoQ+hM5RMmmlDk5mQ3BHL0A9y468I4sIibv0O08dCi4IHLhzOOZfLPZES3IDnTZzCyura+kZxs7S1vbO75+4ftEyaacqaNBWpvouIYYInrAkcBLtTmhEZCdaOhrWp375n2vA0acBIsVCSfsJjTglYqevWAqYMF5bmgQGixzjog41LvGSc4TzQElPNYWxDRCmdPmCv4vmXXbfsV7wZ8N+kjBaod92XoJfSTLIEqCDGdHxPQZgTDZwKNi4FmWGK0CHps46lCZHMhPns2TE+sUoPx6m2kwCeqd83ciKNGcnIJiWBgVn2puJvXieD+DrMeaIyYAmdH4ozgSHF0+Zwj2tGQYwsIdMaOMV0QDShYPst/a+E1nnF9yr+7UW52ljUUURH6BidIh9doSq6QXXURBQ9omf0hibOk/PqvDsf82jBWewcoh9wPr8A7MyokQ==</latexit><latexit sha1_base64="9ga6ZQupGvplqCR7LmFIvxAbu7k=">AAACLHicjVDLSgMxFM3UV62vUZdugkVwIWVGFF0WunFZoQ+hM5RMmmlDk5mQ3BHL0A9y468I4sIibv0O08dCi4IHLhzOOZfLPZES3IDnTZzCyura+kZxs7S1vbO75+4ftEyaacqaNBWpvouIYYInrAkcBLtTmhEZCdaOhrWp375n2vA0acBIsVCSfsJjTglYqevWAqYMF5bmgQGixzjog41LvGSc4TzQElPNYWxDRCmdPmCv4vmXXbfsV7wZ8N+kjBaod92XoJfSTLIEqCDGdHxPQZgTDZwKNi4FmWGK0CHps46lCZHMhPns2TE+sUoPx6m2kwCeqd83ciKNGcnIJiWBgVn2puJvXieD+DrMeaIyYAmdH4ozgSHF0+Zwj2tGQYwsIdMaOMV0QDShYPst/a+E1nnF9yr+7UW52ljUUURH6BidIh9doSq6QXXURBQ9omf0hibOk/PqvDsf82jBWewcoh9wPr8A7MyokQ==</latexit><latexit sha1_base64="9ga6ZQupGvplqCR7LmFIvxAbu7k=">AAACLHicjVDLSgMxFM3UV62vUZdugkVwIWVGFF0WunFZoQ+hM5RMmmlDk5mQ3BHL0A9y468I4sIibv0O08dCi4IHLhzOOZfLPZES3IDnTZzCyura+kZxs7S1vbO75+4ftEyaacqaNBWpvouIYYInrAkcBLtTmhEZCdaOhrWp375n2vA0acBIsVCSfsJjTglYqevWAqYMF5bmgQGixzjog41LvGSc4TzQElPNYWxDRCmdPmCv4vmXXbfsV7wZ8N+kjBaod92XoJfSTLIEqCDGdHxPQZgTDZwKNi4FmWGK0CHps46lCZHMhPns2TE+sUoPx6m2kwCeqd83ciKNGcnIJiWBgVn2puJvXieD+DrMeaIyYAmdH4ozgSHF0+Zwj2tGQYwsIdMaOMV0QDShYPst/a+E1nnF9yr+7UW52ljUUURH6BidIh9doSq6QXXURBQ9omf0hibOk/PqvDsf82jBWewcoh9wPr8A7MyokQ==</latexit>

⌘E ⇠ 0.1� 0.8
<latexit sha1_base64="e7a9Fk2gEMyurmZ8207MWagtI8g=">AAACBHicjVDLSgMxFL1TX7W+Rl12EyyCG8uMCHZZEMFlhb6gMwyZNG1Dk8yQZIQydOHGX3HjQhG3foQ7/8b0sVBR8EDC4Zx7ufeeOOVMG8/7cAorq2vrG8XN0tb2zu6eu3/Q1kmmCG2RhCeqG2NNOZO0ZZjhtJsqikXMaSceX878zi1VmiWyaSYpDQUeSjZgBBsrRW45oAZHeaAEupqiQDOBvKqPTu1fi9yKX/XmQH+TCizRiNz3oJ+QTFBpCMda93wvNWGOlWGE02kpyDRNMRnjIe1ZKrGgOsznR0zRsVX6aJAo+6RBc/VrR46F1hMR20qBzUj/9Gbib14vM4NamDOZZoZKshg0yDgyCZolgvpMUWL4xBJMFLO7IjLCChNjcyv9L4T2WdW3ud2cV+rNZRxFKMMRnIAPF1CHa2hACwjcwQM8wbNz7zw6L87rorTgLHsO4Ruct08WEZXS</latexit><latexit sha1_base64="e7a9Fk2gEMyurmZ8207MWagtI8g=">AAACBHicjVDLSgMxFL1TX7W+Rl12EyyCG8uMCHZZEMFlhb6gMwyZNG1Dk8yQZIQydOHGX3HjQhG3foQ7/8b0sVBR8EDC4Zx7ufeeOOVMG8/7cAorq2vrG8XN0tb2zu6eu3/Q1kmmCG2RhCeqG2NNOZO0ZZjhtJsqikXMaSceX878zi1VmiWyaSYpDQUeSjZgBBsrRW45oAZHeaAEupqiQDOBvKqPTu1fi9yKX/XmQH+TCizRiNz3oJ+QTFBpCMda93wvNWGOlWGE02kpyDRNMRnjIe1ZKrGgOsznR0zRsVX6aJAo+6RBc/VrR46F1hMR20qBzUj/9Gbib14vM4NamDOZZoZKshg0yDgyCZolgvpMUWL4xBJMFLO7IjLCChNjcyv9L4T2WdW3ud2cV+rNZRxFKMMRnIAPF1CHa2hACwjcwQM8wbNz7zw6L87rorTgLHsO4Ruct08WEZXS</latexit><latexit sha1_base64="e7a9Fk2gEMyurmZ8207MWagtI8g=">AAACBHicjVDLSgMxFL1TX7W+Rl12EyyCG8uMCHZZEMFlhb6gMwyZNG1Dk8yQZIQydOHGX3HjQhG3foQ7/8b0sVBR8EDC4Zx7ufeeOOVMG8/7cAorq2vrG8XN0tb2zu6eu3/Q1kmmCG2RhCeqG2NNOZO0ZZjhtJsqikXMaSceX878zi1VmiWyaSYpDQUeSjZgBBsrRW45oAZHeaAEupqiQDOBvKqPTu1fi9yKX/XmQH+TCizRiNz3oJ+QTFBpCMda93wvNWGOlWGE02kpyDRNMRnjIe1ZKrGgOsznR0zRsVX6aJAo+6RBc/VrR46F1hMR20qBzUj/9Gbib14vM4NamDOZZoZKshg0yDgyCZolgvpMUWL4xBJMFLO7IjLCChNjcyv9L4T2WdW3ud2cV+rNZRxFKMMRnIAPF1CHa2hACwjcwQM8wbNz7zw6L87rorTgLHsO4Ruct08WEZXS</latexit><latexit sha1_base64="e7a9Fk2gEMyurmZ8207MWagtI8g=">AAACBHicjVDLSgMxFL1TX7W+Rl12EyyCG8uMCHZZEMFlhb6gMwyZNG1Dk8yQZIQydOHGX3HjQhG3foQ7/8b0sVBR8EDC4Zx7ufeeOOVMG8/7cAorq2vrG8XN0tb2zu6eu3/Q1kmmCG2RhCeqG2NNOZO0ZZjhtJsqikXMaSceX878zi1VmiWyaSYpDQUeSjZgBBsrRW45oAZHeaAEupqiQDOBvKqPTu1fi9yKX/XmQH+TCizRiNz3oJ+QTFBpCMda93wvNWGOlWGE02kpyDRNMRnjIe1ZKrGgOsznR0zRsVX6aJAo+6RBc/VrR46F1hMR20qBzUj/9Gbib14vM4NamDOZZoZKshg0yDgyCZolgvpMUWL4xBJMFLO7IjLCChNjcyv9L4T2WdW3ud2cV+rNZRxFKMMRnIAPF1CHa2hACwjcwQM8wbNz7zw6L87rorTgLHsO4Ruct08WEZXS</latexit>

⌘ E
=

Ė
w
in
d
/Ė

S
N

<latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit><latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit><latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit><latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit> ⌘ E
=

Ė
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N

<latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit><latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit><latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit><latexit sha1_base64="fvo/gKpMLOHfIJkOlbHp6SCJkbc=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMi6EYoSEE3UtE+oDMMmTRtQzOZIbmjlGH+wo2/4saFIm5159+YPha2euDC4Zx7k3tPEAuuwba/rdzC4tLySn61sLa+sblV3N5p6ChRlNVpJCLVCohmgktWBw6CtWLFSBgI1gwGFyO/ec+U5pG8g2HMvJD0JO9ySsBIfrHsMiB+FZ9jtxNBWs381FUhfuCyk+GjWfH2OvOLJbtsj4H/EmdKSmiKml/8Mk/QJGQSqCBatx07Bi8lCjgVLCu4iWYxoQPSY21DJQmZ9tLxXRk+MEoHdyNlSgIeq78nUhJqPQwD0xkS6Ot5byT+57UT6J55KZdxAkzSyUfdRGCI8Cgk3OGKURBDQwhV3OyKaZ8oQsFEWTAhOPMn/yWN47Jjl52bk1LlahpHHu2hfXSIHHSKKugS1VAdUfSIntErerOerBfr3fqYtOas6cwumoH1+QPSLJ8b</latexit>
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Galactic Wind Momentum Loading

stratified simulations — momentum loading
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Momentum flux = injected momentum b.c. 

hot gas vents before doing work on ISM
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Galactic Wind Mass Loading

stratified simulations — mass loading
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Ṁ

w
in
d
/Ṁ
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Clustered SNe can drive powerful galactic winds

conclusion

Spatio-temporal clustered SNe 
can breakout of galactic disk 

under a wide range of conditions 

Create “chimney” and vent 
efficiently into the CGM. The 

energy, mass, and momentum 
flux is a significant fraction of 

amount injected by SNe

⌘E ⇠ 0.1� 0.8 ⌘M ⇠ 0.1� 1 ⌘P ⇠ 1
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Galactic Wind Phase Structure

stratified simulations — phase structure

close to disk top of box
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Wind is mostly  
hot (T>106 K) &  

fast (v>100 km/s) 

Cold component 
may be larger with 
– B-fields & cosmic rays 
– higher resolution 
– time to cool/condense
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Critical Surface Density for Galactic Wind Launching

critical surface density

A simple model for star formation and galactic wind driving
Mcl = ✏?⇡h

2⌃gas
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<latexit sha1_base64="MHvyw7RPegg4UeikwpJV2uK33yk=">AAACLXicjZBLSwMxFIUzPmt9jbp0EyyCqzojgm6Egi5cSUX7gE4pd9JMG5pkhiQjlqF/yI1/RQQXFXHr3zB9gFYUPBA4fOdekpww4Uwbzxs6c/MLi0vLuZX86tr6xqa7tV3VcaoIrZCYx6oegqacSVoxzHBaTxQFEXJaC3vno7x2R5Vmsbw1/YQ2BXQkixgBY1HLvQhoohm3NtAGFD7DX4AwRXBwwzoCWlmgBO6AHuDDGSTgfoBbbsEvemPhv00BTVVuuc9BOyapoNIQDlo3fC8xzQyUYYTTQT5INU2A9KBDG9ZKEFQ3s/FvB3jfkjaOYmWPNHhMv29kILTui9BOCjBd/TMbwd+yRmqi02bGZJIaKsnkoijl2MR4VB1uM0WJ4X1rgChm34pJFxQQYwvO/6+E6lHR94r+9XGhdDWtI4d20R46QD46QSV0icqoggh6QE9oiF6dR+fFeXPeJ6NzznRnB83I+fgE7Yyoig==</latexit><latexit sha1_base64="MHvyw7RPegg4UeikwpJV2uK33yk=">AAACLXicjZBLSwMxFIUzPmt9jbp0EyyCqzojgm6Egi5cSUX7gE4pd9JMG5pkhiQjlqF/yI1/RQQXFXHr3zB9gFYUPBA4fOdekpww4Uwbzxs6c/MLi0vLuZX86tr6xqa7tV3VcaoIrZCYx6oegqacSVoxzHBaTxQFEXJaC3vno7x2R5Vmsbw1/YQ2BXQkixgBY1HLvQhoohm3NtAGFD7DX4AwRXBwwzoCWlmgBO6AHuDDGSTgfoBbbsEvemPhv00BTVVuuc9BOyapoNIQDlo3fC8xzQyUYYTTQT5INU2A9KBDG9ZKEFQ3s/FvB3jfkjaOYmWPNHhMv29kILTui9BOCjBd/TMbwd+yRmqi02bGZJIaKsnkoijl2MR4VB1uM0WJ4X1rgChm34pJFxQQYwvO/6+E6lHR94r+9XGhdDWtI4d20R46QD46QSV0icqoggh6QE9oiF6dR+fFeXPeJ6NzznRnB83I+fgE7Yyoig==</latexit><latexit sha1_base64="MHvyw7RPegg4UeikwpJV2uK33yk=">AAACLXicjZBLSwMxFIUzPmt9jbp0EyyCqzojgm6Egi5cSUX7gE4pd9JMG5pkhiQjlqF/yI1/RQQXFXHr3zB9gFYUPBA4fOdekpww4Uwbzxs6c/MLi0vLuZX86tr6xqa7tV3VcaoIrZCYx6oegqacSVoxzHBaTxQFEXJaC3vno7x2R5Vmsbw1/YQ2BXQkixgBY1HLvQhoohm3NtAGFD7DX4AwRXBwwzoCWlmgBO6AHuDDGSTgfoBbbsEvemPhv00BTVVuuc9BOyapoNIQDlo3fC8xzQyUYYTTQT5INU2A9KBDG9ZKEFQ3s/FvB3jfkjaOYmWPNHhMv29kILTui9BOCjBd/TMbwd+yRmqi02bGZJIaKsnkoijl2MR4VB1uM0WJ4X1rgChm34pJFxQQYwvO/6+E6lHR94r+9XGhdDWtI4d20R46QD46QSV0icqoggh6QE9oiF6dR+fFeXPeJ6NzznRnB83I+fgE7Yyoig==</latexit><latexit sha1_base64="MHvyw7RPegg4UeikwpJV2uK33yk=">AAACLXicjZBLSwMxFIUzPmt9jbp0EyyCqzojgm6Egi5cSUX7gE4pd9JMG5pkhiQjlqF/yI1/RQQXFXHr3zB9gFYUPBA4fOdekpww4Uwbzxs6c/MLi0vLuZX86tr6xqa7tV3VcaoIrZCYx6oegqacSVoxzHBaTxQFEXJaC3vno7x2R5Vmsbw1/YQ2BXQkixgBY1HLvQhoohm3NtAGFD7DX4AwRXBwwzoCWlmgBO6AHuDDGSTgfoBbbsEvemPhv00BTVVuuc9BOyapoNIQDlo3fC8xzQyUYYTTQT5INU2A9KBDG9ZKEFQ3s/FvB3jfkjaOYmWPNHhMv29kILTui9BOCjBd/TMbwd+yRmqi02bGZJIaKsnkoijl2MR4VB1uM0WJ4X1rgChm34pJFxQQYwvO/6+E6lHR94r+9XGhdDWtI4d20R46QD46QSV0icqoggh6QE9oiF6dR+fFeXPeJ6NzznRnB83I+fgE7Yyoig==</latexit>

vbubble(h) � �v
<latexit sha1_base64="H9VQWI6JovwWb5hZJlQAorAyymM=">AAACCXicjVDLSgMxFL1TX7W+Rl26CRahbsqMCLosuHElFewDOqVkMpk2NMmMSaZQhm7d+CtuXCji1j9w59+YPhYqCh4IHM65h3tzwpQzbTzvwyksLa+srhXXSxubW9s77u5eUyeZIrRBEp6odog15UzShmGG03aqKBYhp61weDH1WyOqNEvkjRmntCtwX7KYEWys1HPRqJcHSqAwC21kgiqDYxT06S0KIsoNtrZb9qveDOhvUoYF6j33PYgSkgkqDeFY647vpaabY2UYsRtKQaZpiskQ92nHUokF1d189pMJOrJKhOJE2ScNmqlfEzkWWo9FaCcFNgP905uKv3mdzMTn3ZzJNDNUkvmiOOPIJGhaC4qYosTwsSWYKGZvRWSAFSbGllf6XwnNk6rvVf3r03LtalFHEQ7gECrgwxnU4BLq0AACd/AAT/Ds3DuPzovzOh8tOIvMPnyD8/YJ8jSZPA==</latexit><latexit sha1_base64="H9VQWI6JovwWb5hZJlQAorAyymM=">AAACCXicjVDLSgMxFL1TX7W+Rl26CRahbsqMCLosuHElFewDOqVkMpk2NMmMSaZQhm7d+CtuXCji1j9w59+YPhYqCh4IHM65h3tzwpQzbTzvwyksLa+srhXXSxubW9s77u5eUyeZIrRBEp6odog15UzShmGG03aqKBYhp61weDH1WyOqNEvkjRmntCtwX7KYEWys1HPRqJcHSqAwC21kgiqDYxT06S0KIsoNtrZb9qveDOhvUoYF6j33PYgSkgkqDeFY647vpaabY2UYsRtKQaZpiskQ92nHUokF1d189pMJOrJKhOJE2ScNmqlfEzkWWo9FaCcFNgP905uKv3mdzMTn3ZzJNDNUkvmiOOPIJGhaC4qYosTwsSWYKGZvRWSAFSbGllf6XwnNk6rvVf3r03LtalFHEQ7gECrgwxnU4BLq0AACd/AAT/Ds3DuPzovzOh8tOIvMPnyD8/YJ8jSZPA==</latexit><latexit sha1_base64="H9VQWI6JovwWb5hZJlQAorAyymM=">AAACCXicjVDLSgMxFL1TX7W+Rl26CRahbsqMCLosuHElFewDOqVkMpk2NMmMSaZQhm7d+CtuXCji1j9w59+YPhYqCh4IHM65h3tzwpQzbTzvwyksLa+srhXXSxubW9s77u5eUyeZIrRBEp6odog15UzShmGG03aqKBYhp61weDH1WyOqNEvkjRmntCtwX7KYEWys1HPRqJcHSqAwC21kgiqDYxT06S0KIsoNtrZb9qveDOhvUoYF6j33PYgSkgkqDeFY647vpaabY2UYsRtKQaZpiskQ92nHUokF1d189pMJOrJKhOJE2ScNmqlfEzkWWo9FaCcFNgP905uKv3mdzMTn3ZzJNDNUkvmiOOPIJGhaC4qYosTwsSWYKGZvRWSAFSbGllf6XwnNk6rvVf3r03LtalFHEQ7gECrgwxnU4BLq0AACd/AAT/Ds3DuPzovzOh8tOIvMPnyD8/YJ8jSZPA==</latexit><latexit sha1_base64="H9VQWI6JovwWb5hZJlQAorAyymM=">AAACCXicjVDLSgMxFL1TX7W+Rl26CRahbsqMCLosuHElFewDOqVkMpk2NMmMSaZQhm7d+CtuXCji1j9w59+YPhYqCh4IHM65h3tzwpQzbTzvwyksLa+srhXXSxubW9s77u5eUyeZIrRBEp6odog15UzShmGG03aqKBYhp61weDH1WyOqNEvkjRmntCtwX7KYEWys1HPRqJcHSqAwC21kgiqDYxT06S0KIsoNtrZb9qveDOhvUoYF6j33PYgSkgkqDeFY647vpaabY2UYsRtKQaZpiskQ92nHUokF1d189pMJOrJKhOJE2ScNmqlfEzkWWo9FaCcFNgP905uKv3mdzMTn3ZzJNDNUkvmiOOPIJGhaC4qYosTwsSWYKGZvRWSAFSbGllf6XwnNk6rvVf3r03LtalFHEQ7gECrgwxnU4BLq0AACd/AAT/Ds3DuPzovzOh8tOIvMPnyD8/YJ8jSZPA==</latexit>

For bubble to breakout: 

Critical Gas Surface density:

⌃gas � ⌃crit ⇡ 30M�/pc
2 ) ⌃̇? � 0.03M�/kpc

2/yr
<latexit sha1_base64="7HH5G2b6b4Fh4yev8YzN3keIzpE="></latexit><latexit sha1_base64="7HH5G2b6b4Fh4yev8YzN3keIzpE="></latexit><latexit sha1_base64="7HH5G2b6b4Fh4yev8YzN3keIzpE="></latexit><latexit sha1_base64="7HH5G2b6b4Fh4yev8YzN3keIzpE="></latexit>
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Critical Surface Density for Galactic Wind Launching

critical surface density

Critical Gas Surface density 
for galactic wind launching:

Similar to the observed 
threshold 

e.g. Heckman (2002)

⌃gas � ⌃crit ⇡ 30M�/pc
2

⌃̇? � 0.03M�/kpc
2/yr

<latexit sha1_base64="C29NXSUSsAbhV61qss7Hi1I5e+E="></latexit><latexit sha1_base64="C29NXSUSsAbhV61qss7Hi1I5e+E="></latexit><latexit sha1_base64="C29NXSUSsAbhV61qss7Hi1I5e+E="></latexit><latexit sha1_base64="C29NXSUSsAbhV61qss7Hi1I5e+E="></latexit>

⇠ 0.1M�/kpc
2/yr

<latexit sha1_base64="3GJYzmfuj961GWOD1e2Un+Hvf8U=">AAACG3icjVDLSsQwFE3H1zi+qi7dBAfBhYztIOhywI0uhBGcB0xrSdN0JkzSlCQVhtL/cOOvuHGhiCvBhX9j5iGoKHjgwrnn3EtyT5gyqrTjvFulufmFxaXycmVldW19w97caiuRSUxaWDAhuyFShNGEtDTVjHRTSRAPGemEw9Ox37khUlGRXOlRSnyO+gmNKUbaSIFd9xTl0Km50DuAuSc5vCgCT0RCw8NpP0xxcV3/7EayCOyqW3MmgH+TKpihGdivXiRwxkmiMUNK9Vwn1X6OpKaYkaLiZYqkCA9Rn/QMTRAnys8ntxVwzygRjIU0lWg4Ub9u5IgrNeKhmeRID9RPbyz+5vUyHZ/4OU3STJMETx+KMwa1gOOgYEQlwZqNDEFYUvNXiAdIIqxNnJX/hdCu11yT7eVRtXE+i6MMdsAu2AcuOAYNcAaaoAUwuAX34BE8WXfWg/VsvUxHS9ZsZxt8g/X2ATGXnxM=</latexit><latexit sha1_base64="3GJYzmfuj961GWOD1e2Un+Hvf8U=">AAACG3icjVDLSsQwFE3H1zi+qi7dBAfBhYztIOhywI0uhBGcB0xrSdN0JkzSlCQVhtL/cOOvuHGhiCvBhX9j5iGoKHjgwrnn3EtyT5gyqrTjvFulufmFxaXycmVldW19w97caiuRSUxaWDAhuyFShNGEtDTVjHRTSRAPGemEw9Ox37khUlGRXOlRSnyO+gmNKUbaSIFd9xTl0Km50DuAuSc5vCgCT0RCw8NpP0xxcV3/7EayCOyqW3MmgH+TKpihGdivXiRwxkmiMUNK9Vwn1X6OpKaYkaLiZYqkCA9Rn/QMTRAnys8ntxVwzygRjIU0lWg4Ub9u5IgrNeKhmeRID9RPbyz+5vUyHZ/4OU3STJMETx+KMwa1gOOgYEQlwZqNDEFYUvNXiAdIIqxNnJX/hdCu11yT7eVRtXE+i6MMdsAu2AcuOAYNcAaaoAUwuAX34BE8WXfWg/VsvUxHS9ZsZxt8g/X2ATGXnxM=</latexit><latexit sha1_base64="3GJYzmfuj961GWOD1e2Un+Hvf8U=">AAACG3icjVDLSsQwFE3H1zi+qi7dBAfBhYztIOhywI0uhBGcB0xrSdN0JkzSlCQVhtL/cOOvuHGhiCvBhX9j5iGoKHjgwrnn3EtyT5gyqrTjvFulufmFxaXycmVldW19w97caiuRSUxaWDAhuyFShNGEtDTVjHRTSRAPGemEw9Ox37khUlGRXOlRSnyO+gmNKUbaSIFd9xTl0Km50DuAuSc5vCgCT0RCw8NpP0xxcV3/7EayCOyqW3MmgH+TKpihGdivXiRwxkmiMUNK9Vwn1X6OpKaYkaLiZYqkCA9Rn/QMTRAnys8ntxVwzygRjIU0lWg4Ub9u5IgrNeKhmeRID9RPbyz+5vUyHZ/4OU3STJMETx+KMwa1gOOgYEQlwZqNDEFYUvNXiAdIIqxNnJX/hdCu11yT7eVRtXE+i6MMdsAu2AcuOAYNcAaaoAUwuAX34BE8WXfWg/VsvUxHS9ZsZxt8g/X2ATGXnxM=</latexit><latexit sha1_base64="3GJYzmfuj961GWOD1e2Un+Hvf8U=">AAACG3icjVDLSsQwFE3H1zi+qi7dBAfBhYztIOhywI0uhBGcB0xrSdN0JkzSlCQVhtL/cOOvuHGhiCvBhX9j5iGoKHjgwrnn3EtyT5gyqrTjvFulufmFxaXycmVldW19w97caiuRSUxaWDAhuyFShNGEtDTVjHRTSRAPGemEw9Ox37khUlGRXOlRSnyO+gmNKUbaSIFd9xTl0Km50DuAuSc5vCgCT0RCw8NpP0xxcV3/7EayCOyqW3MmgH+TKpihGdivXiRwxkmiMUNK9Vwn1X6OpKaYkaLiZYqkCA9Rn/QMTRAnys8ntxVwzygRjIU0lWg4Ub9u5IgrNeKhmeRID9RPbyz+5vUyHZ/4OU3STJMETx+KMwa1gOOgYEQlwZqNDEFYUvNXiAdIIqxNnJX/hdCu11yT7eVRtXE+i6MMdsAu2AcuOAYNcAaaoAUwuAX34BE8WXfWg/VsvUxHS9ZsZxt8g/X2ATGXnxM=</latexit>

Heckman+15

no wind wind



Drummond Fielding 21 March 2019

ISM-Bubble Mixing — Importance of 3D

stratified simulations
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Sensitivity to ISM Turbulence

stratified simulations
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Numerical Convergence

stratified simulations


