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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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• Model

Field Spin Z2 mass scale

� 0 +1 GeV – EeV

� 1
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h�i = 0
<latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit><latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit><latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit>

Field Spin Z2 mass scale

� 0 +1 GeV – EeV

� 1
2 �1 GeV – EeV

<latexit sha1_base64="1ynjns0VV5wcsHZE7yaIeQCYsaU="></latexit><latexit sha1_base64="1ynjns0VV5wcsHZE7yaIeQCYsaU="></latexit><latexit sha1_base64="1ynjns0VV5wcsHZE7yaIeQCYsaU="></latexit>

L � �y���̄�� � �
2
H

†
H � V (�)

<latexit sha1_base64="9hJJjJSx/ynLtBlhtxbvDI7BQ/c="></latexit><latexit sha1_base64="9hJJjJSx/ynLtBlhtxbvDI7BQ/c="></latexit><latexit sha1_base64="9hJJjJSx/ynLtBlhtxbvDI7BQ/c="></latexit>

T = Tn
<latexit sha1_base64="TaZ8K9r0kPe38gQkQT3YfKRwEJw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEpePFYobGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHjzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHd1O/9YRK80Q2zTjFIKYDySPOqLGS37xp9mSvUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duyEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lO2IXiLLy8T/7x2XXMfLqr12yKNEhzDCZyBB5dQh3togA8MODzDK7w50nlx3p2PeeuKU8wcwR84nz/Ei44t</latexit><latexit sha1_base64="TaZ8K9r0kPe38gQkQT3YfKRwEJw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEpePFYobGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHjzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHd1O/9YRK80Q2zTjFIKYDySPOqLGS37xp9mSvUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duyEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lO2IXiLLy8T/7x2XXMfLqr12yKNEhzDCZyBB5dQh3togA8MODzDK7w50nlx3p2PeeuKU8wcwR84nz/Ei44t</latexit><latexit sha1_base64="TaZ8K9r0kPe38gQkQT3YfKRwEJw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEpePFYobGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHjzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHd1O/9YRK80Q2zTjFIKYDySPOqLGS37xp9mSvUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duyEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lO2IXiLLy8T/7x2XXMfLqr12yKNEhzDCZyBB5dQh3togA8MODzDK7w50nlx3p2PeeuKU8wcwR84nz/Ei44t</latexit>
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• Model

Assume potential gives first-order phase transition 

h�i 6= 0
<latexit sha1_base64="PCEYXD9oA7D/gq0aqXwCFICYg6M=">AAACA3icbVA9SwNBEJ3zM8avqGWaxSBYhYsIaiMBG8sIngnkjrC3mUuW7O2du3tCCCls/Cs2Fiq2/gk7/42b5ApNfDDw9r0ZduaFqeDauO63s7S8srq2Xtgobm5t7+yW9vbvdJIphh5LRKJaIdUouETPcCOwlSqkcSiwGQ6uJn7zAZXmibw1wxSDmPYkjzijxkqdUtkXVPYEEj/tc+Kr/CHxnridUsWtulOQRVLLSQVyNDqlL7+bsCxGaZigWrdrbmqCEVWGM4Hjop9pTCkb0B62LZU0Rh2MpkeMyZFVuiRKlC1pyFT9PTGisdbDOLSdMTV9Pe9NxP+8dmai82DEZZoZlGz2UZQJYhIySYR0uUJmxNASyhS3uxLWp4oyY3Mr2hBq8ycvEu+kelF1b04r9cs8jQKU4RCOoQZnUIdraIAHDB7hGV7hzXlyXpx352PWuuTkMwfwB87nD9Ftlxk=</latexit><latexit sha1_base64="PCEYXD9oA7D/gq0aqXwCFICYg6M=">AAACA3icbVA9SwNBEJ3zM8avqGWaxSBYhYsIaiMBG8sIngnkjrC3mUuW7O2du3tCCCls/Cs2Fiq2/gk7/42b5ApNfDDw9r0ZduaFqeDauO63s7S8srq2Xtgobm5t7+yW9vbvdJIphh5LRKJaIdUouETPcCOwlSqkcSiwGQ6uJn7zAZXmibw1wxSDmPYkjzijxkqdUtkXVPYEEj/tc+Kr/CHxnridUsWtulOQRVLLSQVyNDqlL7+bsCxGaZigWrdrbmqCEVWGM4Hjop9pTCkb0B62LZU0Rh2MpkeMyZFVuiRKlC1pyFT9PTGisdbDOLSdMTV9Pe9NxP+8dmai82DEZZoZlGz2UZQJYhIySYR0uUJmxNASyhS3uxLWp4oyY3Mr2hBq8ycvEu+kelF1b04r9cs8jQKU4RCOoQZnUIdraIAHDB7hGV7hzXlyXpx352PWuuTkMwfwB87nD9Ftlxk=</latexit><latexit sha1_base64="PCEYXD9oA7D/gq0aqXwCFICYg6M=">AAACA3icbVA9SwNBEJ3zM8avqGWaxSBYhYsIaiMBG8sIngnkjrC3mUuW7O2du3tCCCls/Cs2Fiq2/gk7/42b5ApNfDDw9r0ZduaFqeDauO63s7S8srq2Xtgobm5t7+yW9vbvdJIphh5LRKJaIdUouETPcCOwlSqkcSiwGQ6uJn7zAZXmibw1wxSDmPYkjzijxkqdUtkXVPYEEj/tc+Kr/CHxnridUsWtulOQRVLLSQVyNDqlL7+bsCxGaZigWrdrbmqCEVWGM4Hjop9pTCkb0B62LZU0Rh2MpkeMyZFVuiRKlC1pyFT9PTGisdbDOLSdMTV9Pe9NxP+8dmai82DEZZoZlGz2UZQJYhIySYR0uUJmxNASyhS3uxLWp4oyY3Mr2hBq8ycvEu+kelF1b04r9cs8jQKU4RCOoQZnUIdraIAHDB7hGV7hzXlyXpx352PWuuTkMwfwB87nD9Ftlxk=</latexit>

h�i = 0
<latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit><latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit><latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit>

h�i = 0
<latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit><latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit><latexit sha1_base64="JdkobEaI8JYD3Dfc40+srYb6ZMI=">AAACAHicbVA9SwNBEJ3zM8avqI1gsxgEq3AnglooARvLCMYEckfY28wlS/b2jt09IYTY+FdsLFRs/Rl2/hs3yRWa+GDg7Xsz7MwLU8G1cd1vZ2FxaXlltbBWXN/Y3Nou7eze6yRTDOssEYlqhlSj4BLrhhuBzVQhjUOBjbB/PfYbD6g0T+SdGaQYxLQrecQZNVZql/Z9QWVXIPHTHie+mj4uidsuld2KOwGZJ15OypCj1i59+Z2EZTFKwwTVuuW5qQmGVBnOBI6KfqYxpaxPu9iyVNIYdTCcXDAiR1bpkChRtqQhE/X3xJDGWg/i0HbG1PT0rDcW//NamYnOgyGXaWZQsulHUSaIScg4DtLhCpkRA0soU9zuSliPKsqMDa1oQ/BmT54n9ZPKRcW9PS1Xr/I0CnAAh3AMHpxBFW6gBnVg8AjP8ApvzpPz4rw7H9PWBSef2YM/cD5/AC0SlZg=</latexit>

Field Spin Z2 mass scale

� 0 +1 GeV – EeV

� 1
2 �1 GeV – EeV

<latexit sha1_base64="1ynjns0VV5wcsHZE7yaIeQCYsaU="></latexit><latexit sha1_base64="1ynjns0VV5wcsHZE7yaIeQCYsaU="></latexit><latexit sha1_base64="1ynjns0VV5wcsHZE7yaIeQCYsaU="></latexit>

L � �y���̄�� � �
2
H

†
H � V (�)

<latexit sha1_base64="9hJJjJSx/ynLtBlhtxbvDI7BQ/c="></latexit><latexit sha1_base64="9hJJjJSx/ynLtBlhtxbvDI7BQ/c="></latexit><latexit sha1_base64="9hJJjJSx/ynLtBlhtxbvDI7BQ/c="></latexit>

T = Tn
<latexit sha1_base64="TaZ8K9r0kPe38gQkQT3YfKRwEJw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEpePFYobGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHjzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHd1O/9YRK80Q2zTjFIKYDySPOqLGS37xp9mSvUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duyEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lO2IXiLLy8T/7x2XXMfLqr12yKNEhzDCZyBB5dQh3togA8MODzDK7w50nlx3p2PeeuKU8wcwR84nz/Ei44t</latexit><latexit sha1_base64="TaZ8K9r0kPe38gQkQT3YfKRwEJw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEpePFYobGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHjzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHd1O/9YRK80Q2zTjFIKYDySPOqLGS37xp9mSvUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duyEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lO2IXiLLy8T/7x2XXMfLqr12yKNEhzDCZyBB5dQh3togA8MODzDK7w50nlx3p2PeeuKU8wcwR84nz/Ei44t</latexit><latexit sha1_base64="TaZ8K9r0kPe38gQkQT3YfKRwEJw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEpePFYobGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHjzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHd1O/9YRK80Q2zTjFIKYDySPOqLGS37xp9mSvUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duyEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lO2IXiLLy8T/7x2XXMfLqr12yKNEhzDCZyBB5dQh3togA8MODzDK7w50nlx3p2PeeuKU8wcwR84nz/Ei44t</latexit>

y�h�i = me↵
�

<latexit sha1_base64="voyzPpyTIROIO5LONGDvqqGf4bw=">AAACF3icbVA9SwNBEN3zM8avqKXNYhCs4kUEtVACNpYRPBPIxbC3mUuW7O0du3NiOPIzbPwrNhYqttr5b9x8FJr4YOHNezPMzgsSKQy67rczN7+wuLScW8mvrq1vbBa2tm9NnGoOHo9lrOsBMyCFAg8FSqgnGlgUSKgFvcuhX7sHbUSsbrCfQDNiHSVCwRlaqVU47Ld83hXUl0x1JFA/GRZ6XJzTaOTe+QgPmEEYDlqFoltyR6CzpDwhRTJBtVX48tsxTyNQyCUzplF2E2xmTKPgEgZ5PzWQMN5jHWhYqlgEppmNDhvQfau0aRhr+xTSkfp7ImORMf0osJ0Rw66Z9obif14jxfC0mQmVpAiKjxeFqaQY02FKtC00cJR9SxjXwv6V8i7TjKPNMm9DKE+fPEu8o9JZyb0+LlYuJmnkyC7ZIwekTE5IhVyRKvEIJ4/kmbySN+fJeXHenY9x65wzmdkhf+B8/gDRoJ/a</latexit><latexit sha1_base64="voyzPpyTIROIO5LONGDvqqGf4bw=">AAACF3icbVA9SwNBEN3zM8avqKXNYhCs4kUEtVACNpYRPBPIxbC3mUuW7O0du3NiOPIzbPwrNhYqttr5b9x8FJr4YOHNezPMzgsSKQy67rczN7+wuLScW8mvrq1vbBa2tm9NnGoOHo9lrOsBMyCFAg8FSqgnGlgUSKgFvcuhX7sHbUSsbrCfQDNiHSVCwRlaqVU47Ld83hXUl0x1JFA/GRZ6XJzTaOTe+QgPmEEYDlqFoltyR6CzpDwhRTJBtVX48tsxTyNQyCUzplF2E2xmTKPgEgZ5PzWQMN5jHWhYqlgEppmNDhvQfau0aRhr+xTSkfp7ImORMf0osJ0Rw66Z9obif14jxfC0mQmVpAiKjxeFqaQY02FKtC00cJR9SxjXwv6V8i7TjKPNMm9DKE+fPEu8o9JZyb0+LlYuJmnkyC7ZIwekTE5IhVyRKvEIJ4/kmbySN+fJeXHenY9x65wzmdkhf+B8/gDRoJ/a</latexit><latexit sha1_base64="voyzPpyTIROIO5LONGDvqqGf4bw=">AAACF3icbVA9SwNBEN3zM8avqKXNYhCs4kUEtVACNpYRPBPIxbC3mUuW7O0du3NiOPIzbPwrNhYqttr5b9x8FJr4YOHNezPMzgsSKQy67rczN7+wuLScW8mvrq1vbBa2tm9NnGoOHo9lrOsBMyCFAg8FSqgnGlgUSKgFvcuhX7sHbUSsbrCfQDNiHSVCwRlaqVU47Ld83hXUl0x1JFA/GRZ6XJzTaOTe+QgPmEEYDlqFoltyR6CzpDwhRTJBtVX48tsxTyNQyCUzplF2E2xmTKPgEgZ5PzWQMN5jHWhYqlgEppmNDhvQfau0aRhr+xTSkfp7ImORMf0osJ0Rw66Z9obif14jxfC0mQmVpAiKjxeFqaQY02FKtC00cJR9SxjXwv6V8i7TjKPNMm9DKE+fPEu8o9JZyb0+LlYuJmnkyC7ZIwekTE5IhVyRKvEIJ4/kmbySN+fJeXHenY9x65wzmdkhf+B8/gDRoJ/a</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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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>

• 1 - Cartoon

Outside, DM in thermal equilibrium, orders of magnitude too much DM
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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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<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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<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>

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>

• 1 - Cartoon

Only high momentum DM penetrate bubble, reduces abundance

Outside, DM in thermal equilibrium, orders of magnitude too much DM
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Analytic 
Approximation
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• 2 - Analytic Approximation

Find number of particles with 

nin
� ⇡ g�

Z
d3~p

(2⇡)3
⇥(pz �min

� )fout,eq
�

<latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit>

pz > min
�

<latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit>

pz
<latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit>

fout,eq
�

<latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit>
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pz
<latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit>

min
�

<latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit><latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit><latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit>

nin
� ⇡ g�

Z
d3~p

(2⇡)3
⇥(pz �min

� )fout,eq
�

<latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit>

Find number of particles with pz > min
�

<latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit>

fout,eq
�

<latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit>

• 2 - Analytic Approximation
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pz
<latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit>

min
�

<latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit><latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit><latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit>

nin
� ⇡ g�

Z
d3~p

(2⇡)3
⇥(pz �min

� )fout,eq
�

<latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit>

⇡
g�min

� T 2
n

4⇡2
e�min

� /Tn

<latexit sha1_base64="Zlj/C710/V3u3t2toSjTIlKYPmA="></latexit><latexit sha1_base64="Zlj/C710/V3u3t2toSjTIlKYPmA="></latexit><latexit sha1_base64="Zlj/C710/V3u3t2toSjTIlKYPmA="></latexit>

Find number of particles with pz > min
�

<latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit>

fout,eq
�

<latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit>

• 2 - Analytic Approximation
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pz
<latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit><latexit sha1_base64="mldPwCDIBn5i/qDX+y7BHoutVc8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQhrLZbtqlm03YnQg19Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH1xO/+ci1EYm6x1HKg5j2lYgEo2ilu7T71K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx66pgcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJn+TntCcoRxZQpkW9lbCBlRThjadsg3Bm395kfintcuae3tWrV8VaZTgEI7gBDw4hzrcQAN8YNCHZ3iFN0c6L8678zFrXXKKmQP4A+fzB9oijbA=</latexit>

min
�

<latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit><latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit><latexit sha1_base64="7ISzWRLI4EIDbP+4f5qpjfp+WBE=">AAAB+HicbVBNS8NAEN3Ur1q/oh69BIvgqSQiqBcpePFYwdhCE8Nmu2mX7m7C7qRYQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxRlnGlz326qsrK6tb1Q3a1vbO7t79v7Bg05zRahPUp6qTow15UxSHxhw2skUxSLmtB0Pb6Z+e0SVZqm8h3FGQ4H7kiWMYDBSZNsiCsiAPQZAn6BgchLZdbfhzuAsE68kdVSiFdlfQS8luaASCMdadz03g7DAChjhdFILck0zTIa4T7uGSiyoDovZ5RPnxCg9J0mVKQnOTP09UWCh9VjEplNgGOhFbyr+53VzSC5D80+WA5VkvijJuQOpM43B6TFFCfCxIZgoZm51yAArTMCEVTMheIsvLxP/rHHVcO/O683rMo0qOkLH6BR56AI10S1qIR8RNELP6BW9WYX1Yr1bH/PWilXOHKI/sD5/AIM/k8Q=</latexit>

nin
� ⇡ g�

Z
d3~p

(2⇡)3
⇥(pz �min

� )fout,eq
�

<latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit><latexit sha1_base64="UBqDG6EPd+LJqOWjeI8d3dhMSXc="></latexit>

⇡
g�min

� T 2
n

4⇡2
e�min

� /Tn

<latexit sha1_base64="Zlj/C710/V3u3t2toSjTIlKYPmA="></latexit><latexit sha1_base64="Zlj/C710/V3u3t2toSjTIlKYPmA="></latexit><latexit sha1_base64="Zlj/C710/V3u3t2toSjTIlKYPmA="></latexit>

=

s
Tn

2⇡min
�

· nin,eq
�

<latexit sha1_base64="E2zPS4Wswuu/VpWjRqQTaad0O0A="></latexit><latexit sha1_base64="E2zPS4Wswuu/VpWjRqQTaad0O0A="></latexit><latexit sha1_base64="E2zPS4Wswuu/VpWjRqQTaad0O0A="></latexit>

Find number of particles with pz > min
�

<latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit><latexit sha1_base64="g4bW7ZClSnmTKX1QpFX65TjZZ0s=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEdRLKXjxWMHYQhPDZrtpl24+2J2INfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzLwgFVyBZX0bpYXFpeWV8mplbX1jc8vc3rlRSSYpc2giEtkOiGKCx8wBDoK1U8lIFAjWCgYXY791x6TiSXwNw5R5EenFPOSUgJZ8cy/1H3AdR75L+/zWBXYPOY9Hvlm1atYEeJ7YBamiAk3f/HK7Cc0iFgMVRKmObaXg5UQCp4KNKm6mWErogPRYR9OYREx5+eT+ET7USheHidQVA56ovydyEik1jALdGRHoq1lvLP7ndTIIzzz9T5oBi+l0UZgJDAkeh4G7XDIKYqgJoZLrWzHtE0ko6MgqOgR79uV54hzXzmvW1Um1US/SKKN9dICOkI1OUQNdoiZyEEWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz80NpXH</latexit>

fout,eq
�

<latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit><latexit sha1_base64="MwfaraFh5EJHLa2Zfsd7VRCCHtM=">AAACP3icpZA7SwNBFIVn4yuur6ilzWAQLCRsRFAbCdhYRnBNIInL7ORuMmT24cxdMSz5aTb+BDtrGwsVWzsnj0ITOw8MHM65l5n5/EQKjY7zbOXm5hcWl/LL9srq2vpGYXPrWsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93Puxrd6C0iKMr7CfQClknEoHgDE3kFWo08Jq8K26aCPeYxSkewO3Apv+VVyg6JWckOmvKE1MkE1W9wlOzHfM0hAi5ZFo3yk6CrYwpFFzCwG6mGhLGe6wDDWMjFoJuZSMAA7pnkjYNYmVOhHSU/tzIWKh1P/TNZMiwq6e7YfhX10gxOGllIkpShIiPLwpSSTGmQ5q0LRRwlH1jGFfCvJXyLlOMo2FuGwjl6S/PGvewdFpyLo+KlbMJjTzZIbtkn5TJMamQC1IlLuHkgbyQN/JuPVqv1of1OR7NWZOdbfJL1tc38ZqgUA==</latexit>

• 2 - Analytic Approximation



 12

Approximate relic abundance

⌦DMh2 ' 0.126

✓
Tn

TeV

◆✓
min

� /Tn

29

◆2 e�min
� /Tn

e�29
<latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="asjXffnd83HeXMk0bVC8U42vFHo="></latexit><latexit sha1_base64="asjXffnd83HeXMk0bVC8U42vFHo="></latexit><latexit sha1_base64="9Mu6NapNKDBC3mzTy527547CL6E="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit>

• 2 - Analytic Approximation
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Approximate relic abundance

⌦DMh2 ' 0.126

✓
Tn

TeV

◆✓
min

� /Tn

29

◆2 e�min
� /Tn

e�29
<latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="asjXffnd83HeXMk0bVC8U42vFHo="></latexit><latexit sha1_base64="asjXffnd83HeXMk0bVC8U42vFHo="></latexit><latexit sha1_base64="9Mu6NapNKDBC3mzTy527547CL6E="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit><latexit sha1_base64="QErtuO137bIT275nT0fR+IFAecc="></latexit>

• 2 - Analytic Approximation
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Numerical 
Calculation
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• 3 - Numerical Calculation

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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• 3 - Numerical Calculation

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>

To capture interaction with bubble,  
introduce ansatz

f� = fz
�(z, pz)f

eq
� (~x, ~p)

<latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></latexit><latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></latexit><latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></latexit>
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• 3 - Numerical Calculation

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>

To capture interaction with bubble,  
introduce ansatz

f� = fz
�(z, pz)f

eq
� (~x, ~p)

<latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></latexit><latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></latexit><latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></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>
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• 3 - Numerical Calculation

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 stationary solution 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>

To capture interaction with bubble,  
introduce ansatz

f� = fz
�(z, pz)f

eq
� (~x, ~p)

<latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></latexit><latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></latexit><latexit sha1_base64="pPdJVL4Wm3fqUZEFGiFYDr7qlaU="></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>
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• But motivates new searches focussed on heavy (PeV) DM
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