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• We present a new mechanism which has a large viable 
parameter space and goes beyond the GK bound
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Filtered Dark Matter at a 

First Order Phase Transition
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In massless phase, DM in thermal equilibrium, orders of magnitude too much DM
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<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>
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<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

In massless phase, DM in thermal equilibrium, orders of magnitude too much DM

Cartoon
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<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

Only high momentum DM pass through bubble wall and survive, reduces abundance

In massless phase, DM in thermal equilibrium, orders of magnitude too much DM

Cartoon
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Numerically solve Boltzmann equation L[f�] =C[f�]
<latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit>

Numerical Calculation
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Numerically solve Boltzmann equation L[f�] =C[f�]
<latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit>

Numerical Calculation

To capture interaction with wall, 

introduce ansatz

<latexit sha1_base64="CVjh9wdRz2lpkqarc5u4rYXgkXA="></latexit>

f� =A(z, pz)⇥ f eq
� (~x, ~p)
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Numerically solve Boltzmann equation L[f�] =C[f�]
<latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit>

In usual thermal freeze-out approach g�

Z
dpxdpydpz

(2⇡)3
L[f�] =

dn�

dt
+ 3Hn�

<latexit sha1_base64="YCl4F1VsZUMnIt6+lSw1YLY8X18="></latexit><latexit sha1_base64="YCl4F1VsZUMnIt6+lSw1YLY8X18="></latexit><latexit sha1_base64="YCl4F1VsZUMnIt6+lSw1YLY8X18="></latexit>

Numerical Calculation

To capture interaction with wall, 

introduce ansatz

<latexit sha1_base64="CVjh9wdRz2lpkqarc5u4rYXgkXA="></latexit>

f� =A(z, pz)⇥ f eq
� (~x, ~p)
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Numerically solve Boltzmann equation L[f�] =C[f�]
<latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit>

We leave z-momentum un-integrated, 

and look for steady state solution near 

bubble wall

g�

Z
dpxdpy
(2⇡)2

L[f�] = g�

Z
dpxdpy
(2⇡)2

C[f�]
<latexit sha1_base64="nNVUgW/2VgEMuPylShQy88UOnP8="></latexit><latexit sha1_base64="nNVUgW/2VgEMuPylShQy88UOnP8="></latexit><latexit sha1_base64="nNVUgW/2VgEMuPylShQy88UOnP8="></latexit>

In usual thermal freeze-out approach g�

Z
dpxdpydpz

(2⇡)3
L[f�] =

dn�

dt
+ 3Hn�

<latexit sha1_base64="YCl4F1VsZUMnIt6+lSw1YLY8X18="></latexit><latexit sha1_base64="YCl4F1VsZUMnIt6+lSw1YLY8X18="></latexit><latexit sha1_base64="YCl4F1VsZUMnIt6+lSw1YLY8X18="></latexit>

Numerical Calculation

To capture interaction with wall, 

introduce ansatz

<latexit sha1_base64="CVjh9wdRz2lpkqarc5u4rYXgkXA="></latexit>

f� =A(z, pz)⇥ f eq
� (~x, ~p)
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Numerical Calculation
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Parameter Space and Constraints
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Introduction: Black Holes



PBH formation



PBH formation

Event Horizon Telescope Collaboration



PBH formation

Event Horizon Telescope Collaboration M87 - Hubble Space Telescope
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Primordial Black Holes



18

PBH production mechanisms
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• Several possible production mechanisms

PBH production mechanisms
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• Several possible production mechanisms
- Collapse of density perturbations generated during inflation
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• Several possible production mechanisms
- Collapse of density perturbations generated during inflation
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• Several possible production mechanisms
- Collapse of density perturbations generated during inflation
- Collapse of topological defects
- Dynamics of scalar condensates
- Collision of bubble walls during a first-order PT

PBH production mechanisms
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• Several possible production mechanisms
- Collapse of density perturbations generated during inflation
- Collapse of topological defects
- Dynamics of scalar condensates
- Collision of bubble walls during a first-order PT

• Previous work on first-order PT has only considered 
energy stored in bubble walls.  We focus on a 
population of particles that interact with the bubble wall

PBH production mechanisms
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Primordial Black Holes from First-Order 
Cosmological Phase Transitions
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SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>
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SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>

SM
<latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit><latexit sha1_base64="CkcHsEjTL3TkNQs7rHlkc5r1hVg=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16EisZW2lA22027dDcJuxOxhtz8B171D3gSr/4S7/4Qt20OtvXBwOO9GWbm+bHgGmz72yosLC4trxRXS2vrG5tb5e2dOx0lijKXRiJSTZ9oJnjIXOAgWDNWjEhfsIY/uBj5jQemNI/CWxjGzJOkF/KAUwJGum8De4T05irrlCt21R4DzxMnJxWUo94p/7S7EU0kC4EKonXLsWPwUqKAU8GyUjvRLCZ0QHqsZWhIJNNeOj44wwdG6eIgUqZCwGP170RKpNZD6ZtOSaCvZ72R+J/XSiA49VIexgmwkE4WBYnAEOHR97jLFaMghoYQqri5FdM+UYSCyWhqC/DBU1YysTizIcwT96h6VrWvjyu18zyfItpD++gQOegE1dAlqiMXUSTRC3pFb9az9W59WJ+T1oKVz+yiKVhfv1sVmAU=</latexit>
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Again numerically solve Boltzmann equation L[f�] =C[f�]
<latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit>

Numerical Calculation
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Again numerically solve Boltzmann equation L[f�] =C[f�]
<latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit>

Now considerably more complicated:

Numerical Calculation
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Again numerically solve Boltzmann equation L[f�] =C[f�]
<latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit><latexit sha1_base64="mdB/h50502GhSl1iTjdhZMpAOTo=">AAACEnicbZDNSsNAFIUn9a/Wv6hLN4NFEZGSiKAulEI3LlxUMLaQhDCZTtqhk0mYmQgl9B3c+CpuXKi4deXOt3HSVtHqgYHDd+9l7j1hyqhUlvVhlGZm5+YXyouVpeWV1TVzfeNGJpnAxMEJS0Q7RJIwyomjqGKknQqC4pCRVthvFPXWLRGSJvxaDVLix6jLaUQxUhoF5r4XI9ULo/xy6EaBh3vUh2e73gH84o1vHphVq2aNBP8ae2KqYKJmYL57nQRnMeEKMySla1up8nMkFMWMDCteJkmKcB91iastRzGRfj66aQh3NOnAKBH6cQVH9OdEjmIpB3GoO4tN5XStgP/V3ExFJ35OeZopwvH4oyhjUCWwCAh2qCBYsYE2CAuqd4W4hwTCSsdY0SHY0yf/Nc5h7bRmXR1V6+eTNMpgC2yDPWCDY1AHF6AJHIDBHXgAT+DZuDcejRfjddxaMiYzm+CXjLdPhAKdfg==</latexit>
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Now considerably more complicated:

• Far from equilibrium

• Retain two momentum directions

• Time dependence

• Need to solve in whole volume, not just near wall

Numerical Calculation



23

Phase Space Evolution
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PBH formation
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PBH mass and density
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