
Asymmetric Reheating by Primordial Black Holes

Barmak Shams
U. Utah

with Pearl Sandick, Kuver Sinha (to appear)

DPF21, Florida State University

July 14, 2021



DM exists (Gravitational Evidence): 
Rotation curves, CMB, Structure formation, Gravitational lensing 

null result of search for possible non-gravitational interactions of DM: 
motivates idea of dark sectors coupled only gravitationally to visible 
sector.

challenge: populating the dark sector
Example:  
reheating by inflaton, populating both dark and visible sectors. 
but two sectors can communicate by exchanging inflaton, possibility of 
thermalization, washes out initial asymmetry in temperatures.

Novel mechanism: 
Hawking evaporation of PBHs!
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Populating a self-interacting dark sector by relativistic and far from equilibrium 
particles:

populating:

particles become non-relativistic:

decoupling:

toward equilibrium:

kinetic equilibrium: elastic scattering processes, lead to a temperature and non-zero chemical potential

Chemical equilibrium:number changing processes, give rise to a temperature and zero chemical potential 
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<latexit sha1_base64="jJbDA2QSWfWOM6vXf3Y97Y24+tI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK/YI2hM120y7dbOLuRCilf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdgp7u7tHxyWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvP3FtRKIaOE65H9OBEpFgFK3UaQStCgbxRVAqu1V3DrJKvJyUIUc9KH31+gnLYq6QSWpM13NT9CdUo2CST4u9zPCUshEd8K6lisbc+JP5vVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tmGN34E6HSDLlii0VRJgkmZPY86QvNGcqxJZRpYW8lbEg1ZWgjKtoQvOWXV0nrsuq5Ve/hqly7zeMowCmcQQU8uIYa3EMdmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx8tzY9k</latexit><latexit sha1_base64="jJbDA2QSWfWOM6vXf3Y97Y24+tI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK/YI2hM120y7dbOLuRCilf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdgp7u7tHxyWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvP3FtRKIaOE65H9OBEpFgFK3UaQStCgbxRVAqu1V3DrJKvJyUIUc9KH31+gnLYq6QSWpM13NT9CdUo2CST4u9zPCUshEd8K6lisbc+JP5vVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tmGN34E6HSDLlii0VRJgkmZPY86QvNGcqxJZRpYW8lbEg1ZWgjKtoQvOWXV0nrsuq5Ve/hqly7zeMowCmcQQU8uIYa3EMdmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx8tzY9k</latexit><latexit sha1_base64="jJbDA2QSWfWOM6vXf3Y97Y24+tI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK/YI2hM120y7dbOLuRCilf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdgp7u7tHxyWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvP3FtRKIaOE65H9OBEpFgFK3UaQStCgbxRVAqu1V3DrJKvJyUIUc9KH31+gnLYq6QSWpM13NT9CdUo2CST4u9zPCUshEd8K6lisbc+JP5vVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tmGN34E6HSDLlii0VRJgkmZPY86QvNGcqxJZRpYW8lbEg1ZWgjKtoQvOWXV0nrsuq5Ve/hqly7zeMowCmcQQU8uIYa3EMdmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx8tzY9k</latexit><latexit sha1_base64="jJbDA2QSWfWOM6vXf3Y97Y24+tI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK/YI2hM120y7dbOLuRCilf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdgp7u7tHxyWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvP3FtRKIaOE65H9OBEpFgFK3UaQStCgbxRVAqu1V3DrJKvJyUIUc9KH31+gnLYq6QSWpM13NT9CdUo2CST4u9zPCUshEd8K6lisbc+JP5vVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tmGN34E6HSDLlii0VRJgkmZPY86QvNGcqxJZRpYW8lbEg1ZWgjKtoQvOWXV0nrsuq5Ve/hqly7zeMowCmcQQU8uIYa3EMdmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx8tzY9k</latexit>

��,3!2(tm)

H(tm)
< 1

<latexit sha1_base64="SdrFyNYC630+Ki2YaullSRyvRfg=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIKChN1E0IOHoAc9KhgTyIaldzKbDM7sLjO9SljyIV78FS8eFPHiQfBvnDwOvgqaLqq6mekKUykMuu6nMzU9Mzs3v7BYWFpeWV0rrm9cmyTTjNdZIhPdDMFwKWJeR4GSN1PNQYWSN8Kb06HfuOXaiCS+wn7K2wq6sYgEA7RSUKz6kQaW+2egFAS5z3pin1Z9Lbo9BK2Tu8pgFwO1N8jPx/3YKwTFklt2R6B/iTchJTLBRVB89zsJyxSPkUkwpuW5KbZz0CiY5IOCnxmeAruBLm9ZGoPipp2PjhvQHat0aJRoWzHSkfp9IwdlTF+FdlIB9sxvbyj+57UyjI7auYjTDHnMxg9FmaSY0GFStCM0Zyj7lgDTwv6Vsh7YtNDmOQzB+33yX3JdKXtu2bs8KNVOJnEskC2yTXaJRw5JjZyTC1InjNyTR/JMXpwH58l5dd7Go1POZGeT/IDz8QV8KKDu</latexit><latexit sha1_base64="SdrFyNYC630+Ki2YaullSRyvRfg=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIKChN1E0IOHoAc9KhgTyIaldzKbDM7sLjO9SljyIV78FS8eFPHiQfBvnDwOvgqaLqq6mekKUykMuu6nMzU9Mzs3v7BYWFpeWV0rrm9cmyTTjNdZIhPdDMFwKWJeR4GSN1PNQYWSN8Kb06HfuOXaiCS+wn7K2wq6sYgEA7RSUKz6kQaW+2egFAS5z3pin1Z9Lbo9BK2Tu8pgFwO1N8jPx/3YKwTFklt2R6B/iTchJTLBRVB89zsJyxSPkUkwpuW5KbZz0CiY5IOCnxmeAruBLm9ZGoPipp2PjhvQHat0aJRoWzHSkfp9IwdlTF+FdlIB9sxvbyj+57UyjI7auYjTDHnMxg9FmaSY0GFStCM0Zyj7lgDTwv6Vsh7YtNDmOQzB+33yX3JdKXtu2bs8KNVOJnEskC2yTXaJRw5JjZyTC1InjNyTR/JMXpwH58l5dd7Go1POZGeT/IDz8QV8KKDu</latexit><latexit sha1_base64="SdrFyNYC630+Ki2YaullSRyvRfg=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIKChN1E0IOHoAc9KhgTyIaldzKbDM7sLjO9SljyIV78FS8eFPHiQfBvnDwOvgqaLqq6mekKUykMuu6nMzU9Mzs3v7BYWFpeWV0rrm9cmyTTjNdZIhPdDMFwKWJeR4GSN1PNQYWSN8Kb06HfuOXaiCS+wn7K2wq6sYgEA7RSUKz6kQaW+2egFAS5z3pin1Z9Lbo9BK2Tu8pgFwO1N8jPx/3YKwTFklt2R6B/iTchJTLBRVB89zsJyxSPkUkwpuW5KbZz0CiY5IOCnxmeAruBLm9ZGoPipp2PjhvQHat0aJRoWzHSkfp9IwdlTF+FdlIB9sxvbyj+57UyjI7auYjTDHnMxg9FmaSY0GFStCM0Zyj7lgDTwv6Vsh7YtNDmOQzB+33yX3JdKXtu2bs8KNVOJnEskC2yTXaJRw5JjZyTC1InjNyTR/JMXpwH58l5dd7Go1POZGeT/IDz8QV8KKDu</latexit><latexit sha1_base64="SdrFyNYC630+Ki2YaullSRyvRfg=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIKChN1E0IOHoAc9KhgTyIaldzKbDM7sLjO9SljyIV78FS8eFPHiQfBvnDwOvgqaLqq6mekKUykMuu6nMzU9Mzs3v7BYWFpeWV0rrm9cmyTTjNdZIhPdDMFwKWJeR4GSN1PNQYWSN8Kb06HfuOXaiCS+wn7K2wq6sYgEA7RSUKz6kQaW+2egFAS5z3pin1Z9Lbo9BK2Tu8pgFwO1N8jPx/3YKwTFklt2R6B/iTchJTLBRVB89zsJyxSPkUkwpuW5KbZz0CiY5IOCnxmeAruBLm9ZGoPipp2PjhvQHat0aJRoWzHSkfp9IwdlTF+FdlIB9sxvbyj+57UyjI7auYjTDHnMxg9FmaSY0GFStCM0Zyj7lgDTwv6Vsh7YtNDmOQzB+33yX3JdKXtu2bs8KNVOJnEskC2yTXaJRw5JjZyTC1InjNyTR/JMXpwH58l5dd7Go1POZGeT/IDz8QV8KKDu</latexit>

no cannibalism, decoupling

��,3!2(tm)

H(tm)
� 1

<latexit sha1_base64="LYHJFO5rTuk09znESg+G989oJic=">AAACIHicbVDLSgNBEJz1bXxFPXoZDEIECbtRiMegBz0qGBWyYemdzCZDZnbXmV4lLPkUL/6KFw+K6E2/xsnj4Kug6aKqm5muMJXCoOt+OFPTM7Nz8wuLhaXlldW14vrGpUkyzXiDJTLR1yEYLkXMGyhQ8utUc1Ch5Fdh73joX91ybUQSX2A/5S0FnVhEggFaKSjW/EgDy/0TUAqC3GddsUf3fS06XQStk7vqoIyB2h3kp+Pud/gN9QpBseRW3BHoX+JNSIlMcBYU3/12wjLFY2QSjGl6boqtHDQKJvmg4GeGp8B60OFNS2NQ3LTy0YEDumOVNo0SbStGOlK/b+SgjOmr0E4qwK757Q3F/7xmhtFhKxdxmiGP2fihKJMUEzpMi7aF5gxl3xJgWti/UtYFmxjaTIcheL9P/ksuqxXPrXjnB6X60SSOBbJFtkmZeKRG6uSUnJEGYeSePJJn8uI8OE/Oq/M2Hp1yJjub5Aeczy+hg6KT</latexit><latexit sha1_base64="LYHJFO5rTuk09znESg+G989oJic=">AAACIHicbVDLSgNBEJz1bXxFPXoZDEIECbtRiMegBz0qGBWyYemdzCZDZnbXmV4lLPkUL/6KFw+K6E2/xsnj4Kug6aKqm5muMJXCoOt+OFPTM7Nz8wuLhaXlldW14vrGpUkyzXiDJTLR1yEYLkXMGyhQ8utUc1Ch5Fdh73joX91ybUQSX2A/5S0FnVhEggFaKSjW/EgDy/0TUAqC3GddsUf3fS06XQStk7vqoIyB2h3kp+Pud/gN9QpBseRW3BHoX+JNSIlMcBYU3/12wjLFY2QSjGl6boqtHDQKJvmg4GeGp8B60OFNS2NQ3LTy0YEDumOVNo0SbStGOlK/b+SgjOmr0E4qwK757Q3F/7xmhtFhKxdxmiGP2fihKJMUEzpMi7aF5gxl3xJgWti/UtYFmxjaTIcheL9P/ksuqxXPrXjnB6X60SSOBbJFtkmZeKRG6uSUnJEGYeSePJJn8uI8OE/Oq/M2Hp1yJjub5Aeczy+hg6KT</latexit><latexit sha1_base64="LYHJFO5rTuk09znESg+G989oJic=">AAACIHicbVDLSgNBEJz1bXxFPXoZDEIECbtRiMegBz0qGBWyYemdzCZDZnbXmV4lLPkUL/6KFw+K6E2/xsnj4Kug6aKqm5muMJXCoOt+OFPTM7Nz8wuLhaXlldW14vrGpUkyzXiDJTLR1yEYLkXMGyhQ8utUc1Ch5Fdh73joX91ybUQSX2A/5S0FnVhEggFaKSjW/EgDy/0TUAqC3GddsUf3fS06XQStk7vqoIyB2h3kp+Pud/gN9QpBseRW3BHoX+JNSIlMcBYU3/12wjLFY2QSjGl6boqtHDQKJvmg4GeGp8B60OFNS2NQ3LTy0YEDumOVNo0SbStGOlK/b+SgjOmr0E4qwK757Q3F/7xmhtFhKxdxmiGP2fihKJMUEzpMi7aF5gxl3xJgWti/UtYFmxjaTIcheL9P/ksuqxXPrXjnB6X60SSOBbJFtkmZeKRG6uSUnJEGYeSePJJn8uI8OE/Oq/M2Hp1yJjub5Aeczy+hg6KT</latexit><latexit sha1_base64="LYHJFO5rTuk09znESg+G989oJic=">AAACIHicbVDLSgNBEJz1bXxFPXoZDEIECbtRiMegBz0qGBWyYemdzCZDZnbXmV4lLPkUL/6KFw+K6E2/xsnj4Kug6aKqm5muMJXCoOt+OFPTM7Nz8wuLhaXlldW14vrGpUkyzXiDJTLR1yEYLkXMGyhQ8utUc1Ch5Fdh73joX91ybUQSX2A/5S0FnVhEggFaKSjW/EgDy/0TUAqC3GddsUf3fS06XQStk7vqoIyB2h3kp+Pud/gN9QpBseRW3BHoX+JNSIlMcBYU3/12wjLFY2QSjGl6boqtHDQKJvmg4GeGp8B60OFNS2NQ3LTy0YEDumOVNo0SbStGOlK/b+SgjOmr0E4qwK757Q3F/7xmhtFhKxdxmiGP2fihKJMUEzpMi7aF5gxl3xJgWti/UtYFmxjaTIcheL9P/ksuqxXPrXjnB6X60SSOBbJFtkmZeKRG6uSUnJEGYeSePJJn8uI8OE/Oq/M2Hp1yJjub5Aeczy+hg6KT</latexit>

cannibalism, then decoupling

⇢�(⌧)
<latexit sha1_base64="LVocGRnWf/bnOPD1UjucUvqYX7M=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIoMuiG5cV7AOaECbTSTN0MhPmIdTQL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nzhlV2vO+nbX1jc2t7cpOdXdv/6DmHh51lTASkw4WTMh+jBRhlJOOppqRfi4JymJGevH4dub3HolUVPAHPclJmKERpwnFSFspcmuBTEUU4JQ2Ao3MeeTWvaY3B1wlfknqoEQ7cr+CocAmI1xjhpQa+F6uwwJJTTEj02pgFMkRHqMRGVjKUUZUWMwPn8IzqwxhIqQtruFc/T1RoEypSRbbzgzpVC17M/E/b2B0ch0WlOdGE44XixLDoBZwlgIcUkmwZhNLEJbU3gpxiiTC2mZVtSH4yy+vku5F0/ea/v1lvXVTxlEBJ+AUNIAPrkAL3IE26AAMDHgGr+DNeXJenHfnY9G65pQzx+APnM8fPSeSzA==</latexit><latexit sha1_base64="LVocGRnWf/bnOPD1UjucUvqYX7M=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIoMuiG5cV7AOaECbTSTN0MhPmIdTQL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nzhlV2vO+nbX1jc2t7cpOdXdv/6DmHh51lTASkw4WTMh+jBRhlJOOppqRfi4JymJGevH4dub3HolUVPAHPclJmKERpwnFSFspcmuBTEUU4JQ2Ao3MeeTWvaY3B1wlfknqoEQ7cr+CocAmI1xjhpQa+F6uwwJJTTEj02pgFMkRHqMRGVjKUUZUWMwPn8IzqwxhIqQtruFc/T1RoEypSRbbzgzpVC17M/E/b2B0ch0WlOdGE44XixLDoBZwlgIcUkmwZhNLEJbU3gpxiiTC2mZVtSH4yy+vku5F0/ea/v1lvXVTxlEBJ+AUNIAPrkAL3IE26AAMDHgGr+DNeXJenHfnY9G65pQzx+APnM8fPSeSzA==</latexit><latexit sha1_base64="LVocGRnWf/bnOPD1UjucUvqYX7M=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIoMuiG5cV7AOaECbTSTN0MhPmIdTQL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nzhlV2vO+nbX1jc2t7cpOdXdv/6DmHh51lTASkw4WTMh+jBRhlJOOppqRfi4JymJGevH4dub3HolUVPAHPclJmKERpwnFSFspcmuBTEUU4JQ2Ao3MeeTWvaY3B1wlfknqoEQ7cr+CocAmI1xjhpQa+F6uwwJJTTEj02pgFMkRHqMRGVjKUUZUWMwPn8IzqwxhIqQtruFc/T1RoEypSRbbzgzpVC17M/E/b2B0ch0WlOdGE44XixLDoBZwlgIcUkmwZhNLEJbU3gpxiiTC2mZVtSH4yy+vku5F0/ea/v1lvXVTxlEBJ+AUNIAPrkAL3IE26AAMDHgGr+DNeXJenHfnY9G65pQzx+APnM8fPSeSzA==</latexit><latexit sha1_base64="LVocGRnWf/bnOPD1UjucUvqYX7M=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIoMuiG5cV7AOaECbTSTN0MhPmIdTQL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nzhlV2vO+nbX1jc2t7cpOdXdv/6DmHh51lTASkw4WTMh+jBRhlJOOppqRfi4JymJGevH4dub3HolUVPAHPclJmKERpwnFSFspcmuBTEUU4JQ2Ao3MeeTWvaY3B1wlfknqoEQ7cr+CocAmI1xjhpQa+F6uwwJJTTEj02pgFMkRHqMRGVjKUUZUWMwPn8IzqwxhIqQtruFc/T1RoEypSRbbzgzpVC17M/E/b2B0ch0WlOdGE44XixLDoBZwlgIcUkmwZhNLEJbU3gpxiiTC2mZVtSH4yy+vku5F0/ea/v1lvXVTxlEBJ+AUNIAPrkAL3IE26AAMDHgGr+DNeXJenHfnY9G65pQzx+APnM8fPSeSzA==</latexit>

⇢�,non-rel(teq) = m�n�,non-rel(teq)
<latexit sha1_base64="baLJfQnEa8vStPCwvOdFJFHb7Aw=">AAACPnicjVC7SgQxFM34dn2tWtoEF0FBlxkRtBEWbSwVXBV2liGTvesGM8mY3BGXYb7Mxm+ws7SxUMTW0uyj8FV4IHA451xu7olTKSz6/qM3Mjo2PjE5NV2amZ2bXygvLp1ZnRkOda6lNhcxsyCFgjoKlHCRGmBJLOE8vjrs+ec3YKzQ6hS7KTQTdqlEW3CGTorK9dB0dJSHvCM2aYhwi7nSasuALIp1jAYKXBcb+0nUC1H1n3BUrvhVvw/6mwRDUiFDHEflh7CleZaAQi6ZtY3AT7GZM4OCSyhKYWYhZfyKXULDUcUSsM28f35B15zSom1t3FNI++rXiZwl1naT2CUThh370+uJf3mNDNt7zVyoNENQfLConUmKmva6pC1hgKPsOsK4Ee6vlHeYYRxd4yVXQvDz5N/kbLsa+NXgZKdSOxjWMUVWyCpZJwHZJTVyRI5JnXByR57IC3n17r1n7817H0RHvOHMMvkG7+MTVDaw/Q==</latexit><latexit sha1_base64="baLJfQnEa8vStPCwvOdFJFHb7Aw=">AAACPnicjVC7SgQxFM34dn2tWtoEF0FBlxkRtBEWbSwVXBV2liGTvesGM8mY3BGXYb7Mxm+ws7SxUMTW0uyj8FV4IHA451xu7olTKSz6/qM3Mjo2PjE5NV2amZ2bXygvLp1ZnRkOda6lNhcxsyCFgjoKlHCRGmBJLOE8vjrs+ec3YKzQ6hS7KTQTdqlEW3CGTorK9dB0dJSHvCM2aYhwi7nSasuALIp1jAYKXBcb+0nUC1H1n3BUrvhVvw/6mwRDUiFDHEflh7CleZaAQi6ZtY3AT7GZM4OCSyhKYWYhZfyKXULDUcUSsM28f35B15zSom1t3FNI++rXiZwl1naT2CUThh370+uJf3mNDNt7zVyoNENQfLConUmKmva6pC1hgKPsOsK4Ee6vlHeYYRxd4yVXQvDz5N/kbLsa+NXgZKdSOxjWMUVWyCpZJwHZJTVyRI5JnXByR57IC3n17r1n7817H0RHvOHMMvkG7+MTVDaw/Q==</latexit><latexit sha1_base64="baLJfQnEa8vStPCwvOdFJFHb7Aw=">AAACPnicjVC7SgQxFM34dn2tWtoEF0FBlxkRtBEWbSwVXBV2liGTvesGM8mY3BGXYb7Mxm+ws7SxUMTW0uyj8FV4IHA451xu7olTKSz6/qM3Mjo2PjE5NV2amZ2bXygvLp1ZnRkOda6lNhcxsyCFgjoKlHCRGmBJLOE8vjrs+ec3YKzQ6hS7KTQTdqlEW3CGTorK9dB0dJSHvCM2aYhwi7nSasuALIp1jAYKXBcb+0nUC1H1n3BUrvhVvw/6mwRDUiFDHEflh7CleZaAQi6ZtY3AT7GZM4OCSyhKYWYhZfyKXULDUcUSsM28f35B15zSom1t3FNI++rXiZwl1naT2CUThh370+uJf3mNDNt7zVyoNENQfLConUmKmva6pC1hgKPsOsK4Ee6vlHeYYRxd4yVXQvDz5N/kbLsa+NXgZKdSOxjWMUVWyCpZJwHZJTVyRI5JnXByR57IC3n17r1n7817H0RHvOHMMvkG7+MTVDaw/Q==</latexit><latexit sha1_base64="baLJfQnEa8vStPCwvOdFJFHb7Aw=">AAACPnicjVC7SgQxFM34dn2tWtoEF0FBlxkRtBEWbSwVXBV2liGTvesGM8mY3BGXYb7Mxm+ws7SxUMTW0uyj8FV4IHA451xu7olTKSz6/qM3Mjo2PjE5NV2amZ2bXygvLp1ZnRkOda6lNhcxsyCFgjoKlHCRGmBJLOE8vjrs+ec3YKzQ6hS7KTQTdqlEW3CGTorK9dB0dJSHvCM2aYhwi7nSasuALIp1jAYKXBcb+0nUC1H1n3BUrvhVvw/6mwRDUiFDHEflh7CleZaAQi6ZtY3AT7GZM4OCSyhKYWYhZfyKXULDUcUSsM28f35B15zSom1t3FNI++rXiZwl1naT2CUThh370+uJf3mNDNt7zVyoNENQfLConUmKmva6pC1hgKPsOsK4Ee6vlHeYYRxd4yVXQvDz5N/kbLsa+NXgZKdSOxjWMUVWyCpZJwHZJTVyRI5JnXByR57IC3n17r1n7817H0RHvOHMMvkG7+MTVDaw/Q==</latexit>

redshift

n�,non-rel(teq) = g⇤,�

✓
m�T�,non-rel(teq)

2⇡

◆
3/2

e�m�/T�,non-rel(teq)

<latexit sha1_base64="NY2+4wP/Ac1tGjEGmopNd5WtAt4="></latexit><latexit sha1_base64="NY2+4wP/Ac1tGjEGmopNd5WtAt4="></latexit><latexit sha1_base64="NY2+4wP/Ac1tGjEGmopNd5WtAt4="></latexit><latexit sha1_base64="NY2+4wP/Ac1tGjEGmopNd5WtAt4="></latexit>

��,3!2(teq)

H(teq)
� 1

<latexit sha1_base64="3Dt+QMAPjfX48eRJEoo5H9ndh0o="></latexit><latexit sha1_base64="3Dt+QMAPjfX48eRJEoo5H9ndh0o="></latexit><latexit sha1_base64="3Dt+QMAPjfX48eRJEoo5H9ndh0o="></latexit><latexit sha1_base64="3Dt+QMAPjfX48eRJEoo5H9ndh0o="></latexit>

��,3!2(teq)

H(teq)
< 1

<latexit sha1_base64="EbGvOBqk0cmsHNYWMJ+t6JU3Vxw="></latexit><latexit sha1_base64="EbGvOBqk0cmsHNYWMJ+t6JU3Vxw="></latexit><latexit sha1_base64="EbGvOBqk0cmsHNYWMJ+t6JU3Vxw="></latexit><latexit sha1_base64="EbGvOBqk0cmsHNYWMJ+t6JU3Vxw="></latexit>

no cannibalism, decoupling

cannibalism, then decoupling

3

relativistic at equilibrium

non-relativistic at equilibrium



non-relativistic, no cannibalism (NRNC):

non-relativistic, with cannibalism (NRC):

4

⌧ tchem-eq ⇠ tm ⇠ tdec

�2!n ⇠ H

�n!2 ⇠ H
t

T� ⇠ 1/a2

⌧ tchem-eq ⇠ tm

�2!n ⇠ H

tdec

�n!2 ⇠ H

t

T� ⇠ 1/ln a T� ⇠ 1/a2



relativistic, no cannibalism (RNC):

relativistic, with cannibalism (RC):

5

⌧ tchem-eq

�2!n ⇠ H

tm ⇠ tdec

Ē� ⇠ m�

�n!2 ⇠ H
t

T� ⇠ 1/a T� ⇠ 1/a2

⌧ tchem-eq

�2!n ⇠ H

tm tdec

Ē� ⇠ m� �n!2 ⇠ H

t

T� ⇠ 1/a T� ⇠ 1/ln a T� ⇠ 1/a2



Populating a self-interacting dark sector by Hawking 
evaporation of PBHs:

6

image credit: Quantamagazine
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� ⌘ ⇢BH(tf)

⇢R(tf)
<latexit sha1_base64="qe4QITl6ABkCgJQ1xudxAGIJpBo=">AAACMHicbZDLSsNAFIYnXmu9VV26CRZBNyURQZelLuyyir1AU8pketIOnVycOSmWkEdy46PoRkERtz6F0zYLaz0w8PH/53Dm/G4kuELLejOWlldW19ZzG/nNre2d3cLefkOFsWRQZ6EIZculCgQPoI4cBbQiCdR3BTTd4dXEb45AKh4GdziOoOPTfsA9zihqqVu4dlxA6sB9zEeOJylLHDkIuw7CAyaVanq CGXvpafrbu523uoWiVbKmZS6CnUGRZFXrFp6dXshiHwJkgirVtq0IOwmVyJmANO/ECiLKhrQPbY0B9UF1kunBqXmslZ7phVK/AM2p+nsiob5SY9/VnT7FgfrrTcT/vHaM3mUn4UEUIwRstsiLhYmhOUnP7HEJDMVYA2WS67+abEB1bKgzzusQ7L8nL0LjrGRbJfvmvFiuZHHkyCE5IifEJhekTKqkRuqEkUfyQt7Jh/FkvBqfxtesdcnIZg7IXBnfP15IrDM=</latexit><latexit sha1_base64="qe4QITl6ABkCgJQ1xudxAGIJpBo=">AAACMHicbZDLSsNAFIYnXmu9VV26CRZBNyURQZelLuyyir1AU8pketIOnVycOSmWkEdy46PoRkERtz6F0zYLaz0w8PH/53Dm/G4kuELLejOWlldW19ZzG/nNre2d3cLefkOFsWRQZ6EIZculCgQPoI4cBbQiCdR3BTTd4dXEb45AKh4GdziOoOPTfsA9zihqqVu4dlxA6sB9zEeOJylLHDkIuw7CAyaVanq CGXvpafrbu523uoWiVbKmZS6CnUGRZFXrFp6dXshiHwJkgirVtq0IOwmVyJmANO/ECiLKhrQPbY0B9UF1kunBqXmslZ7phVK/AM2p+nsiob5SY9/VnT7FgfrrTcT/vHaM3mUn4UEUIwRstsiLhYmhOUnP7HEJDMVYA2WS67+abEB1bKgzzusQ7L8nL0LjrGRbJfvmvFiuZHHkyCE5IifEJhekTKqkRuqEkUfyQt7Jh/FkvBqfxtesdcnIZg7IXBnfP15IrDM=</latexit><latexit sha1_base64="qe4QITl6ABkCgJQ1xudxAGIJpBo=">AAACMHicbZDLSsNAFIYnXmu9VV26CRZBNyURQZelLuyyir1AU8pketIOnVycOSmWkEdy46PoRkERtz6F0zYLaz0w8PH/53Dm/G4kuELLejOWlldW19ZzG/nNre2d3cLefkOFsWRQZ6EIZculCgQPoI4cBbQiCdR3BTTd4dXEb45AKh4GdziOoOPTfsA9zihqqVu4dlxA6sB9zEeOJylLHDkIuw7CAyaVanq CGXvpafrbu523uoWiVbKmZS6CnUGRZFXrFp6dXshiHwJkgirVtq0IOwmVyJmANO/ECiLKhrQPbY0B9UF1kunBqXmslZ7phVK/AM2p+nsiob5SY9/VnT7FgfrrTcT/vHaM3mUn4UEUIwRstsiLhYmhOUnP7HEJDMVYA2WS67+abEB1bKgzzusQ7L8nL0LjrGRbJfvmvFiuZHHkyCE5IifEJhekTKqkRuqEkUfyQt7Jh/FkvBqfxtesdcnIZg7IXBnfP15IrDM=</latexit><latexit sha1_base64="qe4QITl6ABkCgJQ1xudxAGIJpBo=">AAACMHicbZDLSsNAFIYnXmu9VV26CRZBNyURQZelLuyyir1AU8pketIOnVycOSmWkEdy46PoRkERtz6F0zYLaz0w8PH/53Dm/G4kuELLejOWlldW19ZzG/nNre2d3cLefkOFsWRQZ6EIZculCgQPoI4cBbQiCdR3BTTd4dXEb45AKh4GdziOoOPTfsA9zihqqVu4dlxA6sB9zEeOJylLHDkIuw7CAyaVanq CGXvpafrbu523uoWiVbKmZS6CnUGRZFXrFp6dXshiHwJkgirVtq0IOwmVyJmANO/ECiLKhrQPbY0B9UF1kunBqXmslZ7phVK/AM2p+nsiob5SY9/VnT7FgfrrTcT/vHaM3mUn4UEUIwRstsiLhYmhOUnP7HEJDMVYA2WS67+abEB1bKgzzusQ7L8nL0LjrGRbJfvmvFiuZHHkyCE5IifEJhekTKqkRuqEkUfyQt7Jh/FkvBqfxtesdcnIZg7IXBnfP15IrDM=</latexit>

� < �crit
<latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit><latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit><latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit><latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit>

� � �crit
<latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit><latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit><latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit><latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit>

relativistic: cannibalism is inevitable
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Thermal History Early Radiation Domination Early Matter Domination

NRNC (non-relativistic, no cannibalism) �kin . � . �NRC MBH, NRC . MBH . MBH, kin

NRC (non-relativistic, cannibalism) �NRC . � . �rel MBH, rel . MBH . MBH, NRC

RNC (relativistic, no cannibalism) �rel . � . �RC MBH, RC . MBH . MBH, rel

RC (relativistic, cannibalism) �RC . � . �crit MBH . MBH, RC
<latexit sha1_base64="yQDm0D9DFow6RtsmEC3gv4FnyB8="></latexit><latexit sha1_base64="yQDm0D9DFow6RtsmEC3gv4FnyB8="></latexit><latexit sha1_base64="yQDm0D9DFow6RtsmEC3gv4FnyB8="></latexit><latexit sha1_base64="yQDm0D9DFow6RtsmEC3gv4FnyB8="></latexit>

no equilibriumTBH < m�
<latexit sha1_base64="0pEP0NTXZy4M9nwsuSQkcSSodok=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0IOHUi89VugXNCFstpt26WYTdifSEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTIFtfxulre2d3b3yfuXg8Oj4xDyt9lScSkK7JOaxHARYUc4E7QIDTgeJpDgKOO0H04eF33+iUrFYdGCeUC/CY8FCRjBoyTerHd8FOoOs2crvI98lE+abNbtuL2FtEqcgNVSg7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5xU0UTTKZ4TIeaChxR5WXL23PrUisjK4ylLgHWUv09keFIqXkU6M4Iw0StewvxP2+YQnjnZUwkKVBBVovClFsQW4sgrBGTlACfa4KJZPpWi0ywxAR0XBUdgrP+8ibpXdcdu+483tQazSKOMjpHF+gKOegWNVALtVEXETRDz+gVvRm58WK8Gx+r1pJRzJyhPzA+fwDZKZRN</latexit><latexit sha1_base64="0pEP0NTXZy4M9nwsuSQkcSSodok=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0IOHUi89VugXNCFstpt26WYTdifSEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTIFtfxulre2d3b3yfuXg8Oj4xDyt9lScSkK7JOaxHARYUc4E7QIDTgeJpDgKOO0H04eF33+iUrFYdGCeUC/CY8FCRjBoyTerHd8FOoOs2crvI98lE+abNbtuL2FtEqcgNVSg7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5xU0UTTKZ4TIeaChxR5WXL23PrUisjK4ylLgHWUv09keFIqXkU6M4Iw0StewvxP2+YQnjnZUwkKVBBVovClFsQW4sgrBGTlACfa4KJZPpWi0ywxAR0XBUdgrP+8ibpXdcdu+483tQazSKOMjpHF+gKOegWNVALtVEXETRDz+gVvRm58WK8Gx+r1pJRzJyhPzA+fwDZKZRN</latexit><latexit sha1_base64="0pEP0NTXZy4M9nwsuSQkcSSodok=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0IOHUi89VugXNCFstpt26WYTdifSEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTIFtfxulre2d3b3yfuXg8Oj4xDyt9lScSkK7JOaxHARYUc4E7QIDTgeJpDgKOO0H04eF33+iUrFYdGCeUC/CY8FCRjBoyTerHd8FOoOs2crvI98lE+abNbtuL2FtEqcgNVSg7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5xU0UTTKZ4TIeaChxR5WXL23PrUisjK4ylLgHWUv09keFIqXkU6M4Iw0StewvxP2+YQnjnZUwkKVBBVovClFsQW4sgrBGTlACfa4KJZPpWi0ywxAR0XBUdgrP+8ibpXdcdu+483tQazSKOMjpHF+gKOegWNVALtVEXETRDz+gVvRm58WK8Gx+r1pJRzJyhPzA+fwDZKZRN</latexit><latexit sha1_base64="0pEP0NTXZy4M9nwsuSQkcSSodok=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0IOHUi89VugXNCFstpt26WYTdifSEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTIFtfxulre2d3b3yfuXg8Oj4xDyt9lScSkK7JOaxHARYUc4E7QIDTgeJpDgKOO0H04eF33+iUrFYdGCeUC/CY8FCRjBoyTerHd8FOoOs2crvI98lE+abNbtuL2FtEqcgNVSg7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5xU0UTTKZ4TIeaChxR5WXL23PrUisjK4ylLgHWUv09keFIqXkU6M4Iw0StewvxP2+YQnjnZUwkKVBBVovClFsQW4sgrBGTlACfa4KJZPpWi0ywxAR0XBUdgrP+8ibpXdcdu+483tQazSKOMjpHF+gKOegWNVALtVEXETRDz+gVvRm58WK8Gx+r1pJRzJyhPzA+fwDZKZRN</latexit>



8

constraints: relic abundance, Bullet Cluster
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� < �crit
<latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit><latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit><latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit><latexit sha1_base64="7h9urd8iQDEm3Kn2rzILm7BOOIM=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXThoujGZQVbC00Ik+lNO3TyYOZGLCEbf8WNC0Xc+hnu/BuTNAttPTDD4Zx7uZzjxYIrNM1vrba0vLK6Vl9vbGxube/ou3s9FSWSQZdFIpJ9jyoQPIQuchTQjyXQwBNw702uC//+AaTiUXiH0xicgI5C7nNGMZdc/cD2AOll+bs2wiOmTHLMXL1ptswSxiKxKtIkFTqu/mUPI5YEECITVKmBZcbopFQiZwKyhp0oiCmb0BEMchrSAJSTlgEy4zhXhoYfyfyFaJTq742UBkpNAy+fDCiO1bxXiP95gwT9CyflYZwghGx2yE+EgZFRtGEMuQSGYpoTWuTmzGBjKinDvLNGXoI1H3mR9E5bltmybs+a7auqjjo5JEfkhFjknLTJDemQLmEkI8/klbxpT9qL9q59zEZrWrWzT/5A+/wBX/6W5w==</latexit>

� � �crit
<latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit><latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit><latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit><latexit sha1_base64="3Wf69EOz98932FLmGO9UZUE6j/Y=">AAACA3icbZBLS8NAFIUn9VXrK+pON8EiuCqJCLosunFZwT6gCWEyvWmHTh7O3IglFNz4V9y4UMStf8Kd/8YkzUJbDwx8nHMvwz1eLLhC0/zWKkvLK6tr1fXaxubW9o6+u9dRUSIZtFkkItnzqALBQ2gjRwG9WAINPAFdb3yV5917kIpH4S1OYnACOgy5zxnFzHL1A9sDpPYQ7gpwbYQHTJnkOHX1utkwCxmLYJVQJ6Varv5lDyKWBBAiE1SpvmXG6KRUImcCpjU7URBTNqZD6GcY0gCUkxY3TI3jzBkYfiSzF6JRuL83UhooNQm8bDKgOFLzWW7+l/UT9C+clIdxghCy2Ud+IgyMjLwQY8AlMBSTDGh+N2cGG1FJGWa11bISrPmTF6Fz2rDMhnVzVm9elnVUySE5IifEIuekSa5Ji7QJI4/kmbySN+1Je9HetY/ZaEUrd/bJH2mfPwAOmGI=</latexit>

NRNC

NRC

RC
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Ω(β) > Ω�
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β
��� =

β
����

β��� = β����
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�χ [���]
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��
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� �
�
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��

]

����� ��������� ����������

����

���

��

Ω���

��� �� ��� ��� ��� ���
��-�

��-�

�

���

���

��� [�]

Ω
��
�

�χ = ��-� ���

ξ

�χ(�����-��)/(�χ/�)

β

��� �� ��� ��� ��� ���

�

���

���

��� ��-�

��-��

��-��

��-��

��� [�]

ξ
��
�
� χ

(� �
��
�
-
��
)/
(�

χ
/�
)

β

�χ = ��-� ���� Ω��� = Ω���

⇠ =
T�(tchem�eq)

TV (tchem�eq)
<latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit>
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ξ
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��� [�]

ξ
��
�
� χ

(� �
��
�
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��
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(�

χ
/�
)

β

�χ = �� ���� Ω��� = Ω���

⇠ =
T�(tchem�eq)

TV (tchem�eq)
<latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit>
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(m� = 8MeV,MBH = 1.2⇥ 107 g, ⇠ = 3.3⇥ 103)
<latexit sha1_base64="fZXXlqkOFf/yq+jNnohf3VAeXqg="></latexit><latexit sha1_base64="fZXXlqkOFf/yq+jNnohf3VAeXqg="></latexit><latexit sha1_base64="fZXXlqkOFf/yq+jNnohf3VAeXqg="></latexit><latexit sha1_base64="fZXXlqkOFf/yq+jNnohf3VAeXqg="></latexit>

(m� = 2.1GeV,MBH = 109 g, ⇠ = 5.4⇥ 105)
<latexit sha1_base64="oqmHo9DS9ReEvrXZSS2kpZBCGx0="></latexit><latexit sha1_base64="oqmHo9DS9ReEvrXZSS2kpZBCGx0="></latexit><latexit sha1_base64="oqmHo9DS9ReEvrXZSS2kpZBCGx0="></latexit><latexit sha1_base64="oqmHo9DS9ReEvrXZSS2kpZBCGx0="></latexit>

⇠ =
T�(tchem�eq)

TV (tchem�eq)
<latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit><latexit sha1_base64="IWgCsKF6x+H/W06hNyi5MXO625c=">AAACJHicbZDLSsNAFIYnXmu8VV26CRahLiyJCAoiFN24rNAbNCFMpift0JkkzkzEEvIwbnwVNy684MKNz+L0stDWAwM//38OZ84XJIxKZdtfxsLi0vLKamHNXN/Y3Nou7uw2ZZwKAg0Ss1i0AyyB0QgaiioG7UQA5gGDVjC4HuWtexCSxlFdDRPwOO5FNKQEK235xQvTfaCXbigwyeq+S/q0rPzMFdwifeDHcJcf5TrImvm87xdLdsUelzUvnKkooWnV/OK7241JyiFShGEpO46dKC/DQlHCIDfdVEKCyQD3oKNlhDlILxsfmVuH2ulaYSz0i5Q1dn9PZJhLOeSB7uRY9eVsNjL/yzqpCs+9jEZJqiAik0VhyiwVWyNiVpcKIIoNtcBEUP1XzQBrYEpzNTUEZ/bkedE8qTh2xbk9LVWvpjgKaB8doDJy0BmqohtUQw1E0CN6Rq/ozXgyXowP43PSumBMZ/bQnzK+fwCwLqTX</latexit>



Conclusions

- PBHs are motivated by many scenarios. 

- Hawking evaporation of PBHs can populate a self-interacting 
 dark sector which is hotter or colder than the visible sector. 

- The asymmetry in temperatures of the two sectors is persistent. 

- DM with right relic abundance points to MeV-TeV mass range. 
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