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Outline:

• Primordial Black Holes (PBHs): formation and evolution

• PBH evaporation as a Dark Matter (DM) production  
   mechanism

• Interplay between PBH evaporation and other                        
well-motivated DM sources
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BHs can be fully characterized by their mass, spin, and charge  

PBHs: motivated by many different scenarios
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image credit: https://slideplayer.com/slide/7773485/

mass: of the order of the horizon mass 

formed in a RD era: 
spin: negligible 
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PBHs emit all the particles in the  
spectrum, including DM, which  
are lighter than their temperature.
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an initially radiation-dominated universe will eventually  

become matter-dominated if the PBHs are still around.
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tearly-eq . teva
<latexit sha1_base64="CmEKoTkde2kkRwxNC+bAnVCpGl8=">AAACD3icbVDLSgNBEJz1GeNr1aOXwaB4MeyKoMegF48RzAOSsMxOOsmQ2YczvcGw5A+8+CtePCji1as3/8ZJsogmFjQUVd10d/mxFBod58taWFxaXlnNreXXNza3tu2d3aqOEsWhwiMZqbrPNEgRQgUFSqjHCljgS6j5/auxXxuA0iIKb3EYQytg3VB0BGdoJM8+Qq+JcI8pMCWHJ3A3akrQWouA/jgDNvLsglN0JqDzxM1IgWQoe/Znsx3xJIAQuWRaN1wnxlbKFAouYZRvJhpixvusCw1DQxaAbqWTf0b00Cht2omUqRDpRP09kbJA62Hgm86AYU/PemPxP6+RYOeilYowThBCPl3USSTFiI7DoW2hgKMcGsK4EuZWyntMMY4mwrwJwZ19eZ5UT4uuU3RvzgqlyyyOHNknB+SYuOSclMg1KZMK4eSBPJEX8mo9Ws/Wm/U+bV2wspk98gfWxzfuqJ3X</latexit><latexit sha1_base64="CmEKoTkde2kkRwxNC+bAnVCpGl8=">AAACD3icbVDLSgNBEJz1GeNr1aOXwaB4MeyKoMegF48RzAOSsMxOOsmQ2YczvcGw5A+8+CtePCji1as3/8ZJsogmFjQUVd10d/mxFBod58taWFxaXlnNreXXNza3tu2d3aqOEsWhwiMZqbrPNEgRQgUFSqjHCljgS6j5/auxXxuA0iIKb3EYQytg3VB0BGdoJM8+Qq+JcI8pMCWHJ3A3akrQWouA/jgDNvLsglN0JqDzxM1IgWQoe/Znsx3xJIAQuWRaN1wnxlbKFAouYZRvJhpixvusCw1DQxaAbqWTf0b00Cht2omUqRDpRP09kbJA62Hgm86AYU/PemPxP6+RYOeilYowThBCPl3USSTFiI7DoW2hgKMcGsK4EuZWyntMMY4mwrwJwZ19eZ5UT4uuU3RvzgqlyyyOHNknB+SYuOSclMg1KZMK4eSBPJEX8mo9Ws/Wm/U+bV2wspk98gfWxzfuqJ3X</latexit><latexit sha1_base64="CmEKoTkde2kkRwxNC+bAnVCpGl8=">AAACD3icbVDLSgNBEJz1GeNr1aOXwaB4MeyKoMegF48RzAOSsMxOOsmQ2YczvcGw5A+8+CtePCji1as3/8ZJsogmFjQUVd10d/mxFBod58taWFxaXlnNreXXNza3tu2d3aqOEsWhwiMZqbrPNEgRQgUFSqjHCljgS6j5/auxXxuA0iIKb3EYQytg3VB0BGdoJM8+Qq+JcI8pMCWHJ3A3akrQWouA/jgDNvLsglN0JqDzxM1IgWQoe/Znsx3xJIAQuWRaN1wnxlbKFAouYZRvJhpixvusCw1DQxaAbqWTf0b00Cht2omUqRDpRP09kbJA62Hgm86AYU/PemPxP6+RYOeilYowThBCPl3USSTFiI7DoW2hgKMcGsK4EuZWyntMMY4mwrwJwZ19eZ5UT4uuU3RvzgqlyyyOHNknB+SYuOSclMg1KZMK4eSBPJEX8mo9Ws/Wm/U+bV2wspk98gfWxzfuqJ3X</latexit><latexit sha1_base64="CmEKoTkde2kkRwxNC+bAnVCpGl8=">AAACD3icbVDLSgNBEJz1GeNr1aOXwaB4MeyKoMegF48RzAOSsMxOOsmQ2YczvcGw5A+8+CtePCji1as3/8ZJsogmFjQUVd10d/mxFBod58taWFxaXlnNreXXNza3tu2d3aqOEsWhwiMZqbrPNEgRQgUFSqjHCljgS6j5/auxXxuA0iIKb3EYQytg3VB0BGdoJM8+Qq+JcI8pMCWHJ3A3akrQWouA/jgDNvLsglN0JqDzxM1IgWQoe/Znsx3xJIAQuWRaN1wnxlbKFAouYZRvJhpixvusCw1DQxaAbqWTf0b00Cht2omUqRDpRP09kbJA62Hgm86AYU/PemPxP6+RYOeilYowThBCPl3USSTFiI7DoW2hgKMcGsK4EuZWyntMMY4mwrwJwZ19eZ5UT4uuU3RvzgqlyyyOHNknB+SYuOSclMg1KZMK4eSBPJEX8mo9Ws/Wm/U+bV2wspk98gfWxzfuqJ3X</latexit>

PBH Energy Content:

� ⌘ ⇢PBH(ti)

⇢rad(ti)
<latexit sha1_base64="CPmj8EToxXHMOxY8yJRu6cPQmDE=">AAACJnicbZBNS8NAEIY3ftb6FfXoZbEI9VISEfQiiF56rGCr0JSw2U7apZsPdyfFEvprvPhXvHioiHjzp7itOaj1hYWXZ2aYnTdIpdDoOB/WwuLS8spqaa28vrG5tW3v7LZ0kikOTZ7IRN0FTIMUMTRRoIS7VAGLAgm3weBqWr8dgtIiiW9wlEInYr1YhIIzNMi3z70AkHlwn4kh9ULFeO6pfuJ7CA+YNy7r4yr64mj8kyrWLahvV5yaMxOdN25hKqRQw7cnXjfhWQQxcsm0brtOip2cKRRcwrjsZRpSxgesB21jYxaB7uSzM8f00JAuDRNlXox0Rn9O5CzSehQFpjNi2Nd/a1P4X62dYXjWyUWcZggx/14UZpJiQqeZ0a5QwFGOjGFcCfNXyvvMZIUm2bIJwf178rxpHddcp+Zen1QuLos4SmSfHJAqcckpuSB10iBNwskjeSYT8mo9WS/Wm/X+3bpgFTN75Jeszy9ylab4</latexit><latexit sha1_base64="CPmj8EToxXHMOxY8yJRu6cPQmDE=">AAACJnicbZBNS8NAEIY3ftb6FfXoZbEI9VISEfQiiF56rGCr0JSw2U7apZsPdyfFEvprvPhXvHioiHjzp7itOaj1hYWXZ2aYnTdIpdDoOB/WwuLS8spqaa28vrG5tW3v7LZ0kikOTZ7IRN0FTIMUMTRRoIS7VAGLAgm3weBqWr8dgtIiiW9wlEInYr1YhIIzNMi3z70AkHlwn4kh9ULFeO6pfuJ7CA+YNy7r4yr64mj8kyrWLahvV5yaMxOdN25hKqRQw7cnXjfhWQQxcsm0brtOip2cKRRcwrjsZRpSxgesB21jYxaB7uSzM8f00JAuDRNlXox0Rn9O5CzSehQFpjNi2Nd/a1P4X62dYXjWyUWcZggx/14UZpJiQqeZ0a5QwFGOjGFcCfNXyvvMZIUm2bIJwf178rxpHddcp+Zen1QuLos4SmSfHJAqcckpuSB10iBNwskjeSYT8mo9WS/Wm/X+3bpgFTN75Jeszy9ylab4</latexit><latexit sha1_base64="CPmj8EToxXHMOxY8yJRu6cPQmDE=">AAACJnicbZBNS8NAEIY3ftb6FfXoZbEI9VISEfQiiF56rGCr0JSw2U7apZsPdyfFEvprvPhXvHioiHjzp7itOaj1hYWXZ2aYnTdIpdDoOB/WwuLS8spqaa28vrG5tW3v7LZ0kikOTZ7IRN0FTIMUMTRRoIS7VAGLAgm3weBqWr8dgtIiiW9wlEInYr1YhIIzNMi3z70AkHlwn4kh9ULFeO6pfuJ7CA+YNy7r4yr64mj8kyrWLahvV5yaMxOdN25hKqRQw7cnXjfhWQQxcsm0brtOip2cKRRcwrjsZRpSxgesB21jYxaB7uSzM8f00JAuDRNlXox0Rn9O5CzSehQFpjNi2Nd/a1P4X62dYXjWyUWcZggx/14UZpJiQqeZ0a5QwFGOjGFcCfNXyvvMZIUm2bIJwf178rxpHddcp+Zen1QuLos4SmSfHJAqcckpuSB10iBNwskjeSYT8mo9WS/Wm/X+3bpgFTN75Jeszy9ylab4</latexit><latexit sha1_base64="CPmj8EToxXHMOxY8yJRu6cPQmDE=">AAACJnicbZBNS8NAEIY3ftb6FfXoZbEI9VISEfQiiF56rGCr0JSw2U7apZsPdyfFEvprvPhXvHioiHjzp7itOaj1hYWXZ2aYnTdIpdDoOB/WwuLS8spqaa28vrG5tW3v7LZ0kikOTZ7IRN0FTIMUMTRRoIS7VAGLAgm3weBqWr8dgtIiiW9wlEInYr1YhIIzNMi3z70AkHlwn4kh9ULFeO6pfuJ7CA+YNy7r4yr64mj8kyrWLahvV5yaMxOdN25hKqRQw7cnXjfhWQQxcsm0brtOip2cKRRcwrjsZRpSxgesB21jYxaB7uSzM8f00JAuDRNlXox0Rn9O5CzSehQFpjNi2Nd/a1P4X62dYXjWyUWcZggx/14UZpJiQqeZ0a5QwFGOjGFcCfNXyvvMZIUm2bIJwf178rxpHddcp+Zen1QuLos4SmSfHJAqcckpuSB10iBNwskjeSYT8mo9WS/Wm/X+3bpgFTN75Jeszy9ylab4</latexit>

initial abundance of PBHs

�c ⇠
MPl

MBH
<latexit sha1_base64="oP1+jx+AbRVHEag1S0uWUrRkMHA=">AAACE3icbVDLSsNAFJ34rPUVdekmWARxURIRdFnqphuhgn1AU8JketMOnTyYuRFLyD+48VfcuFDErRt3/o3TB6KtBy6cOede5t7jJ4IrtO0vY2l5ZXVtvbBR3Nza3tk19/abKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vxn7rDqTicXSLowS6Ie1HPOCMopY889T1AanHXMVDN5CUZdeei3CPWV3k+c+jWstzzyzZZXsCa5E4M1IiM9Q989PtxSwNIUImqFIdx06wm1GJnAnIi26qIKFsSPvQ0TSiIahuNrkpt4610rOCWOqK0JqovycyGio1Cn3dGVIcqHlvLP7ndVIMLrsZj5IUIWLTj4JUWBhb44CsHpfAUIw0oUxyvavFBlQngzrGog7BmT95kTTPyo5ddm7OS5XqLI4COSRH5IQ45IJUSI3USYMw8kCeyAt5NR6NZ+PNeJ+2LhmzmQPyB8bHN90dn2Y=</latexit><latexit sha1_base64="oP1+jx+AbRVHEag1S0uWUrRkMHA=">AAACE3icbVDLSsNAFJ34rPUVdekmWARxURIRdFnqphuhgn1AU8JketMOnTyYuRFLyD+48VfcuFDErRt3/o3TB6KtBy6cOede5t7jJ4IrtO0vY2l5ZXVtvbBR3Nza3tk19/abKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vxn7rDqTicXSLowS6Ie1HPOCMopY889T1AanHXMVDN5CUZdeei3CPWV3k+c+jWstzzyzZZXsCa5E4M1IiM9Q989PtxSwNIUImqFIdx06wm1GJnAnIi26qIKFsSPvQ0TSiIahuNrkpt4610rOCWOqK0JqovycyGio1Cn3dGVIcqHlvLP7ndVIMLrsZj5IUIWLTj4JUWBhb44CsHpfAUIw0oUxyvavFBlQngzrGog7BmT95kTTPyo5ddm7OS5XqLI4COSRH5IQ45IJUSI3USYMw8kCeyAt5NR6NZ+PNeJ+2LhmzmQPyB8bHN90dn2Y=</latexit><latexit sha1_base64="oP1+jx+AbRVHEag1S0uWUrRkMHA=">AAACE3icbVDLSsNAFJ34rPUVdekmWARxURIRdFnqphuhgn1AU8JketMOnTyYuRFLyD+48VfcuFDErRt3/o3TB6KtBy6cOede5t7jJ4IrtO0vY2l5ZXVtvbBR3Nza3tk19/abKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vxn7rDqTicXSLowS6Ie1HPOCMopY889T1AanHXMVDN5CUZdeei3CPWV3k+c+jWstzzyzZZXsCa5E4M1IiM9Q989PtxSwNIUImqFIdx06wm1GJnAnIi26qIKFsSPvQ0TSiIahuNrkpt4610rOCWOqK0JqovycyGio1Cn3dGVIcqHlvLP7ndVIMLrsZj5IUIWLTj4JUWBhb44CsHpfAUIw0oUxyvavFBlQngzrGog7BmT95kTTPyo5ddm7OS5XqLI4COSRH5IQ45IJUSI3USYMw8kCeyAt5NR6NZ+PNeJ+2LhmzmQPyB8bHN90dn2Y=</latexit><latexit sha1_base64="oP1+jx+AbRVHEag1S0uWUrRkMHA=">AAACE3icbVDLSsNAFJ34rPUVdekmWARxURIRdFnqphuhgn1AU8JketMOnTyYuRFLyD+48VfcuFDErRt3/o3TB6KtBy6cOede5t7jJ4IrtO0vY2l5ZXVtvbBR3Nza3tk19/abKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vxn7rDqTicXSLowS6Ie1HPOCMopY889T1AanHXMVDN5CUZdeei3CPWV3k+c+jWstzzyzZZXsCa5E4M1IiM9Q989PtxSwNIUImqFIdx06wm1GJnAnIi26qIKFsSPvQ0TSiIahuNrkpt4610rOCWOqK0JqovycyGio1Cn3dGVIcqHlvLP7ndVIMLrsZj5IUIWLTj4JUWBhb44CsHpfAUIw0oUxyvavFBlQngzrGog7BmT95kTTPyo5ddm7OS5XqLI4COSRH5IQ45IJUSI3USYMw8kCeyAt5NR6NZ+PNeJ+2LhmzmQPyB8bHN90dn2Y=</latexit>

critical initial abundance

� < �c
<latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit><latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit><latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit><latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit>

evaporation happens in a RD Universe

� � �c
<latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit><latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit><latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit><latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit>

evaporation happens in a MD Universe
4



DM Production via PBH evaporation in a RD Universe:

⌦�h
2 ' 7.3⇥ 107�

✓
g⇤(Ti)

106.8

◆�1/4 ⇣ �

0.2

⌘1/2 ⇣ m�

GeV

⌘✓
g�

g⇤(TBH)

◆✓
MBH

MPl

◆1/2

, TBH > m�
<latexit sha1_base64="1z7ZvmcWx9dP9JLcHwV8vY7dQ4I="></latexit><latexit sha1_base64="1z7ZvmcWx9dP9JLcHwV8vY7dQ4I="></latexit><latexit sha1_base64="1z7ZvmcWx9dP9JLcHwV8vY7dQ4I="></latexit><latexit sha1_base64="1z7ZvmcWx9dP9JLcHwV8vY7dQ4I="></latexit>

⌦�h
2 ' 1.2⇥ 105�

✓
g⇤(Ti)

106.8

◆�1/4 ⇣ �

0.2

⌘1/2 ⇣ m�

GeV

⌘✓
g�

g⇤(TBH)

◆✓
M7

Pl

M3
BHm

4
�

◆1/2

, TBH < m�

<latexit sha1_base64="yqPkvO yQEu52BfWMyzm5m4kwsbc="></latexit><latexit sha1_base64="yqPkvO yQEu52BfWMyzm5m4kwsbc="></latexit><latexit sha1_base64="yqPkvO yQEu52BfWMyzm5m4kwsbc="></latexit><latexit sha1_base64="yqPkvO yQEu52BfWMyzm5m4kwsbc="></latexit>

DM Production via PBH evaporation in MD Universe:

⌦�h
2 ' 1.1⇥ 107

✓
g⇤(Teva-BH)

106.8

◆1/4 ✓
g�

g⇤(TBH)

◆⇣ m�

GeV

⌘✓
MPl

MBH

◆1/2

, TBH > m�
<latexit sha1_base64="jwU5rp7ePO/WpIq1oWVvt+18UIE="></latexit><latexit sha1_base64="jwU5rp7ePO/WpIq1oWVvt+18UIE="></latexit><latexit sha1_base64="jwU5rp7ePO/WpIq1oWVvt+18UIE="></latexit><latexit sha1_base64="jwU5rp7ePO/WpIq1oWVvt+18UIE="></latexit>

⌦�h
2 ' 1.7⇥ 104

✓
g⇤(Teva-BH)

106.8

◆1/4 ✓ g�
g⇤(TBH)

◆⇣ m�

GeV

⌘✓
M9

Pl

M5
BHm

4
�

◆1/2

, TBH < m�

<latexit sha1_base64="HuKvPbyvEUO2vJLNpBP0EFqowNM="></latexit><latexit sha1_base64="HuKvPbyvEUO2vJLNpBP0EFqowNM="></latexit><latexit sha1_base64="HuKvPbyvEUO2vJLNpBP0EFqowNM="></latexit><latexit sha1_base64="HuKvPbyvEUO2vJLNpBP0EFqowNM="></latexit>

5

� < �c
<latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit><latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit><latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit><latexit sha1_base64="Xt3g1iSQkUzQ+9zPz+//DYrpG/g=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0LhCO/w8ZCEVt/jJ3/xk1yhSY+mOHx3gw7+4JECoOu++0U1tY3NreK26Wd3b39g/LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqb+a0x10bE6hEnCfcjOlAiFIyilfxuwJHezHuP9coVt+rOQVaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5sfPSVnVumTMNa2FJK5+nsjo5ExkyiwkxHFoVn2ZuJ/XifF8NrPhEpS5IotHgpTSTAmswRIX2jOUE4soUwLeythQ6opQ5tTyYbgLX95lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxg8wTO8wpszdl6cd+djMVpw8p1j+APn8weCJ5Hq</latexit>

� � �c
<latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit><latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit><latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit><latexit sha1_base64="yggWD55cqD59cS04UXbtc+0Orqg=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSyCq5KIoMuiG5cV7AWaECbT03bo5OLMSaGEvokbF4q49U3c+TZO0yy09YeBj/+cwznzh6kUGh3n21pb39jc2q7sVHf39g8O7aPjtk4yxaHFE5mobsg0SBFDCwVK6KYKWBRK6ITju3m9MwGlRRI/4jQFP2LDWAwEZ2iswLa9EJB5Q3gqIOCBXXPqTiG6Cm4JNVKqGdhfXj/hWQQxcsm07rlOin7OFAouYVb1Mg0p42M2hJ7BmEWg/by4fEbPjdOng0SZFyMt3N8TOYu0nkah6YwYjvRybW7+V+tlOLjxcxGnGULMF4sGmaSY0HkMtC8UcJRTA4wrYW6lfMQU42jCqpoQ3OUvr0L7su46dffhqta4LeOokFNyRi6IS65Jg9yTJmkRTibkmbySNyu3Xqx362PRumaVMyfkj6zPH4vQk5Y=</latexit>



Alternative DM production mechanisms: 

• Freeze-out (WIMP, SIMP) 

• Freeze-in 

• Gravitational production of superheavy DM 

Interplay between PBH evaporation and other production 
mechanism?
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Freeze-out: WIMP case
ṅ� + 3Hn� = �h�vi

�
n2
� � n2

�,eq

�
<latexit sha1_base64="MFsJQUmFH7MHyCgkSqN80KT3oPk="></latexit><latexit sha1_base64="MFsJQUmFH7MHyCgkSqN80KT3oPk="></latexit><latexit sha1_base64="MFsJQUmFH7MHyCgkSqN80KT3oPk="></latexit><latexit sha1_base64="MFsJQUmFH7MHyCgkSqN80KT3oPk="></latexit>

⌦fr-out

� (h�vi)h2 ' 3.79xf

g

1/2
⇤

s

0
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⇢ch�vi
h

2

<latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="EUwmGcxKdBxTi/wIdpsrs5spLUM="></latexit><latexit sha1_base64="EUwmGcxKdBxTi/wIdpsrs5spLUM="></latexit><latexit sha1_base64="pRysw+B7kLY9ZL1zEhgzvwaGLQY="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit><latexit sha1_base64="osoF2IdIHNyyrV7zlMS6t23tZiM="></latexit>

PBH evaporation +WIMP freeze-out:

⌦fr-out

� (h�vi)h2  ⌦
c

h2, (t
eva

< t
fr-out

)
<latexit sha1_base64="YswseoX4I6uEZGUWxWJnpPglQ0k="></latexit><latexit sha1_base64="YswseoX4I6uEZGUWxWJnpPglQ0k="></latexit><latexit sha1_base64="YswseoX4I6uEZGUWxWJnpPglQ0k="></latexit><latexit sha1_base64="YswseoX4I6uEZGUWxWJnpPglQ0k="></latexit>

⌦fr-out
� (h�vi)h2 + ⌦BH
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2, (teva > tfr-out)
<latexit sha1_base64="Os8K8MBox5M25wtb2WKB1ig9rI8="></latexit><latexit sha1_base64="Os8K8MBox5M25wtb2WKB1ig9rI8="></latexit><latexit sha1_base64="Os8K8MBox5M25wtb2WKB1ig9rI8="></latexit><latexit sha1_base64="Os8K8MBox5M25wtb2WKB1ig9rI8="></latexit>

weak-scale couplings,  
weak scale mass
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Freeze-out: SIMP case

ṅ� + 3Hn� = �h�v2i
�
n3
� � n2

�n�,eq

�
<latexit sha1_base64="il+j+dgHUs2QXs4jYbRjfo2CSGA="></latexit><latexit sha1_base64="il+j+dgHUs2QXs4jYbRjfo2CSGA="></latexit><latexit sha1_base64="il+j+dgHUs2QXs4jYbRjfo2CSGA="></latexit><latexit sha1_base64="il+j+dgHUs2QXs4jYbRjfo2CSGA="></latexit>
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<latexit sha1_base64="4CJ9nL94OcnK8TqTq9jkdyf/mxs="></latexit><latexit sha1_base64="4CJ9nL94OcnK8TqTq9jkdyf/mxs="></latexit><latexit sha1_base64="4CJ9nL94OcnK8TqTq9jkdyf/mxs="></latexit><latexit sha1_base64="4CJ9nL94OcnK8TqTq9jkdyf/mxs="></latexit>

strong couplings,  
strong-scale mass

PBH evaporation +SIMP freeze-out:
⌦fr-out
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c

h2, (t
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fr-out

)
<latexit sha1_base64="eYdQ7292xfhUsK7YXSYbJOSFS2U="></latexit><latexit sha1_base64="eYdQ7292xfhUsK7YXSYbJOSFS2U="></latexit><latexit sha1_base64="eYdQ7292xfhUsK7YXSYbJOSFS2U="></latexit><latexit sha1_base64="eYdQ7292xfhUsK7YXSYbJOSFS2U="></latexit>

⌦fr-out
� (m�, h�v2i)h2 + ⌦BH

� (m�,MBH,�)h
2  ⌦ch

2, (teva > tfr-out)
<latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wCHW0g/cj5vIOhDz/msbFz8Kctk="></latexit><latexit sha1_base64="wCHW0g/cj5vIOhDz/msbFz8Kctk="></latexit><latexit sha1_base64="4k4R7/zKFpSMyiYBXoYPM8l8OW4="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit><latexit sha1_base64="fU3pArevjEZI8jDHcXTADl2aDYE="></latexit>
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Freeze-in:

ṅ� + 3Hn� ⇡
Z

d⇧B1d⇧B2d⇧�1d⇧�2(2⇡)
4�4(pB1 + pB2 � p�1 � p�2)|MB1B2!�1�2 |2fB1fB2

<latexit sha1_base64="pYFPmGKpKVhzEap9G4ZKvTDGNXs="></latexit><latexit sha1_base64="pYFPmGKpKVhzEap9G4ZKvTDGNXs="></latexit><latexit sha1_base64="pYFPmGKpKVhzEap9G4ZKvTDGNXs="></latexit><latexit sha1_base64="pYFPmGKpKVhzEap9G4ZKvTDGNXs="></latexit>

⌦�(�)h
2 ' 405

p
5�2

16384⇡13/2g3/2⇤

MPls0
⇢c

h2

<latexit sha1_base64="Zxiy0JirJfGudV61hxYb9YhWuPA="></latexit><latexit sha1_base64="Zxiy0JirJfGudV61hxYb9YhWuPA="></latexit><latexit sha1_base64="Zxiy0JirJfGudV61hxYb9YhWuPA="></latexit><latexit sha1_base64="Zxiy0JirJfGudV61hxYb9YhWuPA="></latexit>

PBH evaporation + freeze-in:
⌦fr-in

� (�)h2 + ⌦BH
� (m�,MBH,�)h

2  ⌦ch
2

<latexit sha1_base64="o4gYiPLWDSXiRyytJQIr+i2hi2M="></latexit><latexit sha1_base64="o4gYiPLWDSXiRyytJQIr+i2hi2M="></latexit><latexit sha1_base64="o4gYiPLWDSXiRyytJQIr+i2hi2M="></latexit><latexit sha1_base64="o4gYiPLWDSXiRyytJQIr+i2hi2M="></latexit>

produce DM particles with masses up toTreh
<latexit sha1_base64="SW72bBTP1MnnPtSelpam5w1XJik=">AAACJXicbVDLSsNAFJ34tr6iLt0MFsGFlEQEXbgo6sKNUKFVoSllMr1tByfJMHOjlpCfceOvuHGhiODKX3HaZqHVAwOHc+5j7gmVFAY979OZmp6ZnZtfWCwtLa+srrnrG1cmSTWHBk9kom9CZkCKGBooUMKN0sCiUMJ1eHs69K/vQBuRxHUcKGhFrBeLruAMrdR2jwOEB8yUTjopB3p2QRXTKLgEQ+8F9mnEjLE8VRSTPNij9fa4Q0M/b7tlr+KNQP8SvyBlUqDWdt+CTsLTCGLk0g5u+p7CVlZszEtBakAxfst60LQ0ZhGYVja6Mqc7VunQbqLti5GO1J8dGYuMGUShrYwY9s2kNxT/85opdo9amYhVihDz8aJuKu3BdBgZ7QgNHOXAEsa1sH+lvM8042iDLdkQ/MmT/5Kr/YrvVfzLg3L1pIhjgWyRbbJLfHJIquSc1EiDcPJInskreXOenBfn3fkYl045Rc8m+QXn6xuXmKXp</latexit><latexit sha1_base64="SW72bBTP1MnnPtSelpam5w1XJik=">AAACJXicbVDLSsNAFJ34tr6iLt0MFsGFlEQEXbgo6sKNUKFVoSllMr1tByfJMHOjlpCfceOvuHGhiODKX3HaZqHVAwOHc+5j7gmVFAY979OZmp6ZnZtfWCwtLa+srrnrG1cmSTWHBk9kom9CZkCKGBooUMKN0sCiUMJ1eHs69K/vQBuRxHUcKGhFrBeLruAMrdR2jwOEB8yUTjopB3p2QRXTKLgEQ+8F9mnEjLE8VRSTPNij9fa4Q0M/b7tlr+KNQP8SvyBlUqDWdt+CTsLTCGLk0g5u+p7CVlZszEtBakAxfst60LQ0ZhGYVja6Mqc7VunQbqLti5GO1J8dGYuMGUShrYwY9s2kNxT/85opdo9amYhVihDz8aJuKu3BdBgZ7QgNHOXAEsa1sH+lvM8042iDLdkQ/MmT/5Kr/YrvVfzLg3L1pIhjgWyRbbJLfHJIquSc1EiDcPJInskreXOenBfn3fkYl045Rc8m+QXn6xuXmKXp</latexit><latexit sha1_base64="SW72bBTP1MnnPtSelpam5w1XJik=">AAACJXicbVDLSsNAFJ34tr6iLt0MFsGFlEQEXbgo6sKNUKFVoSllMr1tByfJMHOjlpCfceOvuHGhiODKX3HaZqHVAwOHc+5j7gmVFAY979OZmp6ZnZtfWCwtLa+srrnrG1cmSTWHBk9kom9CZkCKGBooUMKN0sCiUMJ1eHs69K/vQBuRxHUcKGhFrBeLruAMrdR2jwOEB8yUTjopB3p2QRXTKLgEQ+8F9mnEjLE8VRSTPNij9fa4Q0M/b7tlr+KNQP8SvyBlUqDWdt+CTsLTCGLk0g5u+p7CVlZszEtBakAxfst60LQ0ZhGYVja6Mqc7VunQbqLti5GO1J8dGYuMGUShrYwY9s2kNxT/85opdo9amYhVihDz8aJuKu3BdBgZ7QgNHOXAEsa1sH+lvM8042iDLdkQ/MmT/5Kr/YrvVfzLg3L1pIhjgWyRbbJLfHJIquSc1EiDcPJInskreXOenBfn3fkYl045Rc8m+QXn6xuXmKXp</latexit><latexit sha1_base64="SW72bBTP1MnnPtSelpam5w1XJik=">AAACJXicbVDLSsNAFJ34tr6iLt0MFsGFlEQEXbgo6sKNUKFVoSllMr1tByfJMHOjlpCfceOvuHGhiODKX3HaZqHVAwOHc+5j7gmVFAY979OZmp6ZnZtfWCwtLa+srrnrG1cmSTWHBk9kom9CZkCKGBooUMKN0sCiUMJ1eHs69K/vQBuRxHUcKGhFrBeLruAMrdR2jwOEB8yUTjopB3p2QRXTKLgEQ+8F9mnEjLE8VRSTPNij9fa4Q0M/b7tlr+KNQP8SvyBlUqDWdt+CTsLTCGLk0g5u+p7CVlZszEtBakAxfst60LQ0ZhGYVja6Mqc7VunQbqLti5GO1J8dGYuMGUShrYwY9s2kNxT/85opdo9amYhVihDz8aJuKu3BdBgZ7QgNHOXAEsa1sH+lvM8042iDLdkQ/MmT/5Kr/YrvVfzLg3L1pIhjgWyRbbJLfHJIquSc1EiDcPJInskreXOenBfn3fkYl045Rc8m+QXn6xuXmKXp</latexit>
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Gravitational Production of Superheavy DM (WIMPZILLA):

gravitational particle creation by the expansion of the universe  

acting on quantum fluctuations of the vacuum.

PBH evaporation + WIMPZILLA:

⌦WIMPZILLA
� (m�, g)h

2 + ⌦BH
� (m�,MBH,�)h

2  ⌦ch
2

<latexit sha1_base64="zaJu6VS0OSwvIAXbV+py4/K3rCM="></latexit><latexit sha1_base64="zaJu6VS0OSwvIAXbV+py4/K3rCM="></latexit><latexit sha1_base64="zaJu6VS0OSwvIAXbV+py4/K3rCM="></latexit><latexit sha1_base64="zaJu6VS0OSwvIAXbV+py4/K3rCM="></latexit>
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e.g., produced at the end of inflation, during the reheating  
process, preheating process, in bubble collisions in a first-order, 
phase transition that completes inflation, … 

can produce DM particles with masses up to Planck mass
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Conclusions

- Hawking evaporation of PBHs provides a novel mechanism  
    for producing DM. 

-  The interplay between PBHs and the alternative sources of DM can             
give rise to model-independent modifications to the required DM       
abundance from each production mechanism, which in turn affect the 

    prospects for dark matter detection. 
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