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Evidence for DM:
(All from Gravitational Interaction) 

Rotation Curves of Galaxies
Cosmic Microwave Background (CMB)
Structure Formation

Gravitational Lensing
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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



Direct Production from Inflaton

Inflaton

Visible SectorDark Sector

Gravity

issue: two sectors can exchange inflaton and thermalize

Reheating

P. Adshead, Y. Cui and J. Shelton, 2016
E. Hardy and J. Unwin, 2017
P. Adshead, P. Ralegankar and J. Shelton, 2019 2



New Scenario

Inflaton

Gravity

PBH formation

Hawking Evaporation

Reheating

Dark Sector Visible Sector

(Reheating)
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BHs can be fully characterized by their mass, spin, and charge  

PBHs:
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image credit: https://slideplayer.com/slide/7773485/

mass: of the order of the horizon mass

formed in a radiation dominated era:
spin: negligible 

- collapse from inhomogeneities
- sudden reduction in the pressure
- collapse of cosmic loops
- bubble collisions

Y. B. Zel’dovich, I. D. Novikov, 1967

motivated by many different scenarios



Hawking Evaporation:
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image credit: Quantamagazine
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evaporate before BBN
CMB: constraint on the size of 
Horizon at the end of inflation

Not constrained by cosmology
HI . 10�5MPl
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(Planck)

 S. Hawking, 1975
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an initially radiation-dominated universe will eventually 
become matter-dominated if the PBHs are still around.
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<latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nuNKWDk89Y3K+N17cKDZaWw2nNM=">AAACKXicbVDLSgMxFL1TX7VWrW7dBEWoC+uMG12KbgpuKtgqdErJpLc2NPMwuSOWoR/lxg9xI4ILRfwP03YWvg4ETs45l+SeIFHSkOu+OIW5+YXFpeJyaaW8urZe2Si3TJxqgU0Rq1hfB9ygkhE2SZLC60QjDwOFV8HwbOJf3aE2Mo4uaZRgJ+Q3kexLwclK3cq5rwdx1ye8p6xxWh9XKb8g12q0j7fjvYNvEc17/0V8I0PmdSs7bs2dgv0lXk52IEejW3nye7FIQ4xIKG5M23MT6mRckxQKxyU/NZhwMeQ32LY04iGaTjZdesx2rdJj/VjbExGbqt8nMh4aMwoDmww5DcxvbyL+57VT6h93MhklKWEkZg/1U8UoZpMGWU9qFKRGlnChpf0rEwOuuSDbc8mW4P1e+S9pHdY8t+ZduFCELdiGKnhwBCdQhwY0QcADPMMbvDuPzqvzMaur4OS9bcIPOJ9fhyGrJA==</latexit><latexit sha1_base64="nuNKWDk89Y3K+N17cKDZaWw2nNM=">AAACKXicbVDLSgMxFL1TX7VWrW7dBEWoC+uMG12KbgpuKtgqdErJpLc2NPMwuSOWoR/lxg9xI4ILRfwP03YWvg4ETs45l+SeIFHSkOu+OIW5+YXFpeJyaaW8urZe2Si3TJxqgU0Rq1hfB9ygkhE2SZLC60QjDwOFV8HwbOJf3aE2Mo4uaZRgJ+Q3kexLwclK3cq5rwdx1ye8p6xxWh9XKb8g12q0j7fjvYNvEc17/0V8I0PmdSs7bs2dgv0lXk52IEejW3nye7FIQ4xIKG5M23MT6mRckxQKxyU/NZhwMeQ32LY04iGaTjZdesx2rdJj/VjbExGbqt8nMh4aMwoDmww5DcxvbyL+57VT6h93MhklKWEkZg/1U8UoZpMGWU9qFKRGlnChpf0rEwOuuSDbc8mW4P1e+S9pHdY8t+ZduFCELdiGKnhwBCdQhwY0QcADPMMbvDuPzqvzMaur4OS9bcIPOJ9fhyGrJA==</latexit><latexit sha1_base64="+xeiV+gSUEK6MFIH8EpYwiaaWBk=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wbXRbdFNxUsA/olJJJ79hg5mFyRyzDfJQbP8SNCC4Uces3mLazqLYHAifnnEtyjxdLodG236y5+YXFpeWV1cLa+sbmVnF7p6GjRHGo80hGquUxDVKEUEeBElqxAhZ4Epre3eXQbz6A0iIKb3AQQydgt6HwBWdopG7xylX9qOsiPGJau6hmh5hfgCk5OIb77OhkIqJYb1bE1SKgTrdYssv2CHSaODkpkRy1bvHF7UU8CSBELpnWbceOsZMyhYJLyApuoiFm/I7dQtvQkAWgO+lo6YweGKVH/UiZEyIdqZMTKQu0HgSeSQYM+/q/NxRnee0E/fNOKsI4QQj5+CE/kRQjOmyQ9oQCjnJgCONKmL9S3meKcTQ9F0wJzv+Vp0njtOzYZefaLlUu8jpWyB7ZJ4fEIWekQqqkRuqEkyfySj7Ip/VsvVtf1vc4OmflM7vkD6yfX+p7rL8=</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</latexit><latexit sha1_base64="leUrs93fazX69D0Yek7lwGjqypQ=">AAACNHicbVDLSgMxFM34tr6qLt0Ei6AL64wIuix1I7ipYK3QGUomvbWhmYfJHXEY+lFu/BA3IrhQxK3fYNrOQtseCJyccy7JPX4shUbbfrNmZufmFxaXlgsrq2vrG8XNrRsdJYpDnUcyUrc+0yBFCHUUKOE2VsACX0LD750P/MYDKC2i8BrTGLyA3YWiIzhDI7WKl67qRi0X4RGzWvWiv4/5BZiS6SHc9w+O/kQUa0+LuFoE1GkVS3bZHoJOEicnJZKj1iq+uO2IJwGEyCXTuunYMXoZUyi4hH7BTTTEjPfYHTQNDVkA2suGS/fpnlHatBMpc0KkQ/XvRMYCrdPAN8mAYVePewNxmtdMsHPmZSKME4SQjx7qJJJiRAcN0rZQwFGmhjCuhPkr5V2mGEfTc8GU4IyvPElujsuOXXauTkqVal7HEtkhu2SfOOSUVMgFqZE64eSJvJIP8mk9W+/Wl/U9is5Y+cw2+Qfr5xfru6zD</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

critical initial abundance

evaporation happens in a RD Universe

evaporation happens in a MD Universe
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�crit ⇠
MPl

MBH
<latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</latexit><latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</latexit><latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</latexit><latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</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>

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>

�
<latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit>



Populating a self-interacting dark sector by relativistic 
and far from equilibrium particles:

1 . � . 4⇡
<latexit sha1_base64="D3zILh2PX6vfir6yqd3P8o7xAEM=">AAACBXicbVDLSgMxFL1TX7W+Rl3qYrAIrsqMFHRZdOOygn1AZyiZTKYNTTJDkhHK0I0bf8WNC0Xc+g/u/BvTdgRtPRA4OeceknvClFGlXffLKq2srq1vlDcrW9s7u3v2/kFbJZnEpIUTlshuiBRhVJCWppqRbioJ4iEjnXB0PfU790Qqmog7PU5JwNFA0JhipI3Ut489nxGlFOU+M6kI/Vzrfkr7dtWtuTM4y8QrSBUKNPv2px8lOONEaMyQUj3PTXWQI6kpZmRS8TNFUoRHaEB6hgrEiQry2RYT59QokRMn0hyhnZn6O5EjrtSYh2aSIz1Ui95U/M/rZTq+DHIq0kwTgecPxRlzdOJMK3EiKgnWbGwIwpKavzp4iCTC2hRXMSV4iysvk/Z5zXNr3m292rgq6ijDEZzAGXhwAQ24gSa0AMMDPMELvFqP1rP1Zr3PR0tWkTmEP7A+vgHompjS</latexit><latexit sha1_base64="D3zILh2PX6vfir6yqd3P8o7xAEM=">AAACBXicbVDLSgMxFL1TX7W+Rl3qYrAIrsqMFHRZdOOygn1AZyiZTKYNTTJDkhHK0I0bf8WNC0Xc+g/u/BvTdgRtPRA4OeceknvClFGlXffLKq2srq1vlDcrW9s7u3v2/kFbJZnEpIUTlshuiBRhVJCWppqRbioJ4iEjnXB0PfU790Qqmog7PU5JwNFA0JhipI3Ut489nxGlFOU+M6kI/Vzrfkr7dtWtuTM4y8QrSBUKNPv2px8lOONEaMyQUj3PTXWQI6kpZmRS8TNFUoRHaEB6hgrEiQry2RYT59QokRMn0hyhnZn6O5EjrtSYh2aSIz1Ui95U/M/rZTq+DHIq0kwTgecPxRlzdOJMK3EiKgnWbGwIwpKavzp4iCTC2hRXMSV4iysvk/Z5zXNr3m292rgq6ijDEZzAGXhwAQ24gSa0AMMDPMELvFqP1rP1Zr3PR0tWkTmEP7A+vgHompjS</latexit><latexit sha1_base64="D3zILh2PX6vfir6yqd3P8o7xAEM=">AAACBXicbVDLSgMxFL1TX7W+Rl3qYrAIrsqMFHRZdOOygn1AZyiZTKYNTTJDkhHK0I0bf8WNC0Xc+g/u/BvTdgRtPRA4OeceknvClFGlXffLKq2srq1vlDcrW9s7u3v2/kFbJZnEpIUTlshuiBRhVJCWppqRbioJ4iEjnXB0PfU790Qqmog7PU5JwNFA0JhipI3Ut489nxGlFOU+M6kI/Vzrfkr7dtWtuTM4y8QrSBUKNPv2px8lOONEaMyQUj3PTXWQI6kpZmRS8TNFUoRHaEB6hgrEiQry2RYT59QokRMn0hyhnZn6O5EjrtSYh2aSIz1Ui95U/M/rZTq+DHIq0kwTgecPxRlzdOJMK3EiKgnWbGwIwpKavzp4iCTC2hRXMSV4iysvk/Z5zXNr3m292rgq6ijDEZzAGXhwAQ24gSa0AMMDPMELvFqP1rP1Zr3PR0tWkTmEP7A+vgHompjS</latexit><latexit sha1_base64="D3zILh2PX6vfir6yqd3P8o7xAEM=">AAACBXicbVDLSgMxFL1TX7W+Rl3qYrAIrsqMFHRZdOOygn1AZyiZTKYNTTJDkhHK0I0bf8WNC0Xc+g/u/BvTdgRtPRA4OeceknvClFGlXffLKq2srq1vlDcrW9s7u3v2/kFbJZnEpIUTlshuiBRhVJCWppqRbioJ4iEjnXB0PfU790Qqmog7PU5JwNFA0JhipI3Ut489nxGlFOU+M6kI/Vzrfkr7dtWtuTM4y8QrSBUKNPv2px8lOONEaMyQUj3PTXWQI6kpZmRS8TNFUoRHaEB6hgrEiQry2RYT59QokRMn0hyhnZn6O5EjrtSYh2aSIz1Ui95U/M/rZTq+DHIq0kwTgecPxRlzdOJMK3EiKgnWbGwIwpKavzp4iCTC2hRXMSV4iysvk/Z5zXNr3m292rgq6ijDEZzAGXhwAQ24gSa0AMMDPMELvFqP1rP1Zr3PR0tWkTmEP7A+vgHompjS</latexit>

Dark Sector

2 $ 2
<latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit><latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit><latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit><latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit>

2 $ 3
<latexit sha1_base64="ElMOLJxs77ABUVbjDaK61eKi6Xw=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7JbBT0WvXisYD+gXUo2zbah2WRJZtWy9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be1huGZVqyppUCaU7ITFMcMmawEGwTqIZiUPB2uH4Zua3H5g2XMl7mCQsiMlQ8ohTAlbqu+VaT7AINB+OgGitHvF53614VW8OvEr8nFRQjkbf/eoNFE1jJoEKYkzX9xIIMqKBU8GmpV5qWELomAxZ11JJYmaCbH77FJ9aZYAjpW1JwHP190RGYmMmcWg7YwIjs+zNxP+8bgrRVZBxmaTAJF0silKBQeFZEHjANaMgJpYQqrm9FdMR0YSCjatkQ/CXX14lrVrV96r+3UWlfp3HUUTH6ASdIR9dojq6RQ3URBQ9oWf0it6cqfPivDsfi9aCk88coT9wPn8As26UNA==</latexit><latexit sha1_base64="ElMOLJxs77ABUVbjDaK61eKi6Xw=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7JbBT0WvXisYD+gXUo2zbah2WRJZtWy9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be1huGZVqyppUCaU7ITFMcMmawEGwTqIZiUPB2uH4Zua3H5g2XMl7mCQsiMlQ8ohTAlbqu+VaT7AINB+OgGitHvF53614VW8OvEr8nFRQjkbf/eoNFE1jJoEKYkzX9xIIMqKBU8GmpV5qWELomAxZ11JJYmaCbH77FJ9aZYAjpW1JwHP190RGYmMmcWg7YwIjs+zNxP+8bgrRVZBxmaTAJF0silKBQeFZEHjANaMgJpYQqrm9FdMR0YSCjatkQ/CXX14lrVrV96r+3UWlfp3HUUTH6ASdIR9dojq6RQ3URBQ9oWf0it6cqfPivDsfi9aCk88coT9wPn8As26UNA==</latexit><latexit sha1_base64="ElMOLJxs77ABUVbjDaK61eKi6Xw=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7JbBT0WvXisYD+gXUo2zbah2WRJZtWy9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be1huGZVqyppUCaU7ITFMcMmawEGwTqIZiUPB2uH4Zua3H5g2XMl7mCQsiMlQ8ohTAlbqu+VaT7AINB+OgGitHvF53614VW8OvEr8nFRQjkbf/eoNFE1jJoEKYkzX9xIIMqKBU8GmpV5qWELomAxZ11JJYmaCbH77FJ9aZYAjpW1JwHP190RGYmMmcWg7YwIjs+zNxP+8bgrRVZBxmaTAJF0silKBQeFZEHjANaMgJpYQqrm9FdMR0YSCjatkQ/CXX14lrVrV96r+3UWlfp3HUUTH6ASdIR9dojq6RQ3URBQ9oWf0it6cqfPivDsfi9aCk88coT9wPn8As26UNA==</latexit><latexit sha1_base64="ElMOLJxs77ABUVbjDaK61eKi6Xw=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7JbBT0WvXisYD+gXUo2zbah2WRJZtWy9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6Be1huGZVqyppUCaU7ITFMcMmawEGwTqIZiUPB2uH4Zua3H5g2XMl7mCQsiMlQ8ohTAlbqu+VaT7AINB+OgGitHvF53614VW8OvEr8nFRQjkbf/eoNFE1jJoEKYkzX9xIIMqKBU8GmpV5qWELomAxZ11JJYmaCbH77FJ9aZYAjpW1JwHP190RGYmMmcWg7YwIjs+zNxP+8bgrRVZBxmaTAJF0silKBQeFZEHjANaMgJpYQqrm9FdMR0YSCjatkQ/CXX14lrVrV96r+3UWlfp3HUUTH6ASdIR9dojq6RQ3URBQ9oWf0it6cqfPivDsfi9aCk88coT9wPn8As26UNA==</latexit>

kinetic equilibrium: 
leads to a temperature and non-zero chemical potential

t = ⌧ : n�(⌧), ⇢�(⌧)
<latexit sha1_base64="GaQsA4jT/XD1GKxKtJl8vYl62ok=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQQcqMCIogFN24rGAf0BmGTJq2oZnMkNwRSukXuPFX3LhQxK1rd/6NmbaL2nrgwsk595J7T5gIrsFxfqzcyura+kZ+s7C1vbO7Z+8fNHScKsrqNBaxaoVEM8ElqwMHwVqJYiQKBWuGg9vMbz4ypXksH2CYMD8iPcm7nBIwUmCX4NoDkl5hGXi0z8vZ4+QUe6ofzwmBXXQqzgR4mbgzUkQz1AL72+vENI2YBCqI1m3XScAfEQWcCjYueKlmCaED0mNtQyWJmPZHk3PGuGSUDu7GypQEPFHnJ0Yk0noYhaYzItDXi14m/ue1U+he+iMukxSYpNOPuqnAEOMsG9zhilEQQ0MIVdzsimmfKELBJFgwIbiLJy+TxlnFdSru/XmxejOLI4+O0DEqIxddoCq6QzVURxQ9oRf0ht6tZ+vV+rA+p605azZziP7A+voFRt+a+Q==</latexit><latexit sha1_base64="GaQsA4jT/XD1GKxKtJl8vYl62ok=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQQcqMCIogFN24rGAf0BmGTJq2oZnMkNwRSukXuPFX3LhQxK1rd/6NmbaL2nrgwsk595J7T5gIrsFxfqzcyura+kZ+s7C1vbO7Z+8fNHScKsrqNBaxaoVEM8ElqwMHwVqJYiQKBWuGg9vMbz4ypXksH2CYMD8iPcm7nBIwUmCX4NoDkl5hGXi0z8vZ4+QUe6ofzwmBXXQqzgR4mbgzUkQz1AL72+vENI2YBCqI1m3XScAfEQWcCjYueKlmCaED0mNtQyWJmPZHk3PGuGSUDu7GypQEPFHnJ0Yk0noYhaYzItDXi14m/ue1U+he+iMukxSYpNOPuqnAEOMsG9zhilEQQ0MIVdzsimmfKELBJFgwIbiLJy+TxlnFdSru/XmxejOLI4+O0DEqIxddoCq6QzVURxQ9oRf0ht6tZ+vV+rA+p605azZziP7A+voFRt+a+Q==</latexit><latexit sha1_base64="GaQsA4jT/XD1GKxKtJl8vYl62ok=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQQcqMCIogFN24rGAf0BmGTJq2oZnMkNwRSukXuPFX3LhQxK1rd/6NmbaL2nrgwsk595J7T5gIrsFxfqzcyura+kZ+s7C1vbO7Z+8fNHScKsrqNBaxaoVEM8ElqwMHwVqJYiQKBWuGg9vMbz4ypXksH2CYMD8iPcm7nBIwUmCX4NoDkl5hGXi0z8vZ4+QUe6ofzwmBXXQqzgR4mbgzUkQz1AL72+vENI2YBCqI1m3XScAfEQWcCjYueKlmCaED0mNtQyWJmPZHk3PGuGSUDu7GypQEPFHnJ0Yk0noYhaYzItDXi14m/ue1U+he+iMukxSYpNOPuqnAEOMsG9zhilEQQ0MIVdzsimmfKELBJFgwIbiLJy+TxlnFdSru/XmxejOLI4+O0DEqIxddoCq6QzVURxQ9oRf0ht6tZ+vV+rA+p605azZziP7A+voFRt+a+Q==</latexit><latexit sha1_base64="GaQsA4jT/XD1GKxKtJl8vYl62ok=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQQcqMCIogFN24rGAf0BmGTJq2oZnMkNwRSukXuPFX3LhQxK1rd/6NmbaL2nrgwsk595J7T5gIrsFxfqzcyura+kZ+s7C1vbO7Z+8fNHScKsrqNBaxaoVEM8ElqwMHwVqJYiQKBWuGg9vMbz4ypXksH2CYMD8iPcm7nBIwUmCX4NoDkl5hGXi0z8vZ4+QUe6ofzwmBXXQqzgR4mbgzUkQz1AL72+vENI2YBCqI1m3XScAfEQWcCjYueKlmCaED0mNtQyWJmPZHk3PGuGSUDu7GypQEPFHnJ0Yk0noYhaYzItDXi14m/ue1U+he+iMukxSYpNOPuqnAEOMsG9zhilEQQ0MIVdzsimmfKELBJFgwIbiLJy+TxlnFdSru/XmxejOLI4+O0DEqIxddoCq6QzVURxQ9oRf0ht6tZ+vV+rA+p605azZziP7A+voFRt+a+Q==</latexit>

2 $ 2
<latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit><latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit><latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit><latexit sha1_base64="9lUJ1IHPZx9wcHi6ASoxHWKwc78=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIi6LHoxWMF+wFtKZvtpl26yYbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJFIY9LxvZ219Y3Nru7BT3N3bPzh0j0pNo1LNeIMpqXQ7oIZLEfMGCpS8nWhOo0DyVjC+mfmtB66NUPE9ThLei+gwFqFgFK3Ud0vVruQhajEcIdVaPZJq3y17FW8Oskr8nJQhR73vfnUHiqURj5FJakzH9xLsZVSjYJJPi93U8ISyMR3yjqUxjbjpZfPbp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66QYXvUyEScp8pgtFoWpJKjILAgyEJozlBNLKNPC3krYiGrK0MZVtCH4yy+vkma14nsV/+6iXLvO4yjACZzCOfhwCTW4hTo0gMETPMMrvDlT58V5dz4WrWtOPnMMf+B8/gCx6pQz</latexit>

��,2!2(t)

H(t)
⇠ n�(t)/Ē�(t)2

H(t)
/ a(t), ⌧ . t . tm

<latexit sha1_base64="ClTO1+U6zGRebbQ6NL8yu0yHSTI="></latexit><latexit sha1_base64="ClTO1+U6zGRebbQ6NL8yu0yHSTI="></latexit><latexit sha1_base64="ClTO1+U6zGRebbQ6NL8yu0yHSTI="></latexit><latexit sha1_base64="ClTO1+U6zGRebbQ6NL8yu0yHSTI="></latexit>

Chemical equilibrium: 
gives rise to a temperature and zero chemical potential 

populating

��,2!3(t)

H(t)
⇠

n�(t)m2
�/T

4
�(t)

H(t)
/ a3(t), tkin-eq . t . tm

<latexit sha1_base64="b9PwE38w3e1y0zkE88WAnO1jiQY="></latexit><latexit sha1_base64="b9PwE38w3e1y0zkE88WAnO1jiQY="></latexit><latexit sha1_base64="b9PwE38w3e1y0zkE88WAnO1jiQY="></latexit><latexit sha1_base64="b9PwE38w3e1y0zkE88WAnO1jiQY="></latexit>

Cannibalism/decoupling (freeze-out):

2 ! 3
<latexit sha1_base64="Zq0OAoeVmnUz3TOjQq4TJEevNpQ=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx0pHi/4AqdZqRC66xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdPkjA=</latexit><latexit sha1_base64="Zq0OAoeVmnUz3TOjQq4TJEevNpQ=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx0pHi/4AqdZqRC66xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdPkjA=</latexit><latexit sha1_base64="Zq0OAoeVmnUz3TOjQq4TJEevNpQ=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx0pHi/4AqdZqRC66xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdPkjA=</latexit><latexit sha1_base64="Zq0OAoeVmnUz3TOjQq4TJEevNpQ=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx0pHi/4AqdZqRC66xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdPkjA=</latexit>

3 ! 2
<latexit sha1_base64="eDsRMe4zyK64h2dYM4q6cNR6ZHo=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx4uOFv0BUq3ViFS6xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdckjA=</latexit><latexit sha1_base64="eDsRMe4zyK64h2dYM4q6cNR6ZHo=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx4uOFv0BUq3ViFS6xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdckjA=</latexit><latexit sha1_base64="eDsRMe4zyK64h2dYM4q6cNR6ZHo=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx4uOFv0BUq3ViFS6xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdckjA=</latexit><latexit sha1_base64="eDsRMe4zyK64h2dYM4q6cNR6ZHo=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCK5kdZmHC7M5mpldCCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrVjNeZkkq3Amq4FDGvo0DJW4nmNAokbwbD25nffOLaCBU/4DjhfkT7sQgFo2ilx4uOFv0BUq3ViFS6xZJbducgq8TLSAky1LrFr05PsTTiMTJJjWl7boL+hGoUTPJpoZManlA2pH3etjSmETf+ZH71lJxZpUdCpW3FSObq74kJjYwZR4HtjCgOzLI3E//z2imG1/5ExEmKPGaLRWEqCSoyi4D0hOYM5dgSyrSwtxI2oJoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzRk5L86787FozTnZzDH8gfP5AwdckjA=</latexit>

��,3!2(t)

H(t)
⇠

n2
�(t)/m

5
�

H(t)
, tm . t . tdec

<latexit sha1_base64="sfTach/uVdVwS/0rwe9N/SuzhX0="></latexit><latexit sha1_base64="sfTach/uVdVwS/0rwe9N/SuzhX0="></latexit><latexit sha1_base64="sfTach/uVdVwS/0rwe9N/SuzhX0="></latexit><latexit sha1_base64="sfTach/uVdVwS/0rwe9N/SuzhX0="></latexit> 7

(� ' 1)
<latexit sha1_base64="J2CdaPrnyIpP1yze1pTfdUZ2U1U=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSLUTUlE0GXRjcsK9gFNKJPJpB06mcSZiVJiP8WNC0Xc+iXu/BunbRbaemDgcM653DsnSDlT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZJJQlsk4YnsBlhRzgRtaaY57aaS4jjgtBOMrqd+54FKxRJxp8cp9WM8ECxiBGsj9e1KzeMmHWJPsZjeI/e0b1edujMDWiZuQapQoNm3v7wwIVlMhSYcK9VznVT7OZaaEU4nZS9TNMVkhAe0Z6jAMVV+Pjt9gk6MEqIokeYJjWbq74kcx0qN48AkY6yHatGbiv95vUxHl37ORJppKsh8UZRxpBM07QGFTFKi+dgQTCQztyIyxBITbdoqmxLcxS8vk/ZZ3XXq7u15tXFV1FGCIziGGrhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MoytWMXMIf2B9/gAH6JMv</latexit><latexit sha1_base64="J2CdaPrnyIpP1yze1pTfdUZ2U1U=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSLUTUlE0GXRjcsK9gFNKJPJpB06mcSZiVJiP8WNC0Xc+iXu/BunbRbaemDgcM653DsnSDlT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZJJQlsk4YnsBlhRzgRtaaY57aaS4jjgtBOMrqd+54FKxRJxp8cp9WM8ECxiBGsj9e1KzeMmHWJPsZjeI/e0b1edujMDWiZuQapQoNm3v7wwIVlMhSYcK9VznVT7OZaaEU4nZS9TNMVkhAe0Z6jAMVV+Pjt9gk6MEqIokeYJjWbq74kcx0qN48AkY6yHatGbiv95vUxHl37ORJppKsh8UZRxpBM07QGFTFKi+dgQTCQztyIyxBITbdoqmxLcxS8vk/ZZ3XXq7u15tXFV1FGCIziGGrhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MoytWMXMIf2B9/gAH6JMv</latexit><latexit sha1_base64="J2CdaPrnyIpP1yze1pTfdUZ2U1U=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSLUTUlE0GXRjcsK9gFNKJPJpB06mcSZiVJiP8WNC0Xc+iXu/BunbRbaemDgcM653DsnSDlT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZJJQlsk4YnsBlhRzgRtaaY57aaS4jjgtBOMrqd+54FKxRJxp8cp9WM8ECxiBGsj9e1KzeMmHWJPsZjeI/e0b1edujMDWiZuQapQoNm3v7wwIVlMhSYcK9VznVT7OZaaEU4nZS9TNMVkhAe0Z6jAMVV+Pjt9gk6MEqIokeYJjWbq74kcx0qN48AkY6yHatGbiv95vUxHl37ORJppKsh8UZRxpBM07QGFTFKi+dgQTCQztyIyxBITbdoqmxLcxS8vk/ZZ3XXq7u15tXFV1FGCIziGGrhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MoytWMXMIf2B9/gAH6JMv</latexit><latexit sha1_base64="J2CdaPrnyIpP1yze1pTfdUZ2U1U=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSLUTUlE0GXRjcsK9gFNKJPJpB06mcSZiVJiP8WNC0Xc+iXu/BunbRbaemDgcM653DsnSDlT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZJJQlsk4YnsBlhRzgRtaaY57aaS4jjgtBOMrqd+54FKxRJxp8cp9WM8ECxiBGsj9e1KzeMmHWJPsZjeI/e0b1edujMDWiZuQapQoNm3v7wwIVlMhSYcK9VznVT7OZaaEU4nZS9TNMVkhAe0Z6jAMVV+Pjt9gk6MEqIokeYJjWbq74kcx0qN48AkY6yHatGbiv95vUxHl37ORJppKsh8UZRxpBM07QGFTFKi+dgQTCQztyIyxBITbdoqmxLcxS8vk/ZZ3XXq7u15tXFV1FGCIziGGrhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MoytWMXMIf2B9/gAH6JMv</latexit>

L =
1

2
@µ�@

µ�� 1

2
m2

��
2 � m��

3!
�3 � �2

4!
�4,

<latexit sha1_base64="D+z5sT6IHex2mkPEm4cbvcC4HQc="></latexit><latexit sha1_base64="D+z5sT6IHex2mkPEm4cbvcC4HQc="></latexit><latexit sha1_base64="D+z5sT6IHex2mkPEm4cbvcC4HQc="></latexit><latexit sha1_base64="D+z5sT6IHex2mkPEm4cbvcC4HQc="></latexit>



non-relativistic, no cannibalism (NRNC):

non-relativistic, with cannibalism (NRC):

⌧ 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):

⌧ 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 8



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

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>

�crit ⇠
MPl

MBH
<latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</latexit><latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</latexit><latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</latexit><latexit sha1_base64="oRpCuzdRoFHFMV+TztrnOuPtyQM=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIrkoigi5L3XQjVLBVaEqYTE/aoTNJmDkRS8iLuPFV3LhQxIUb8W2cXhBvPwz8859zOJwvTAXX6LofVmlhcWl5pbxaWVvf2Nyyt3c6OskUgzZLRKKuQ6pB8BjayFHAdaqAylDAVTg6m9SvbkBpnsSXOE6hJ+kg5hFnFE0U2Md+CEiD3FcyZ4pjUfiaSz9SlOXngY9wi3lLFMXXp9EsisCuujV3Kuev8eamSuZqBfab309YJiFGJqjWXc9NsZdThZwJKCp+piGlbEQH0DU2phJ0L59eVzgHJuk7UaLMi9GZpt8nciq1HsvQdEqKQ/27Ngn/q3UzjE57OY/TDCFms0VRJhxMnAkqp88VMBRjY+iEDWcOG1JDBg3QioHg/T75r+kc1Ty35l0cV+uNOY4y2SP75JB45ITUSZO0SJswckceyBN5tu6tR+vFep21lqz5zC75Iev9E+gapEQ=</latexit>

9

�
<latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit><latexit sha1_base64="8MzdY9xWePsViGumrVRX3IPm9UE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZ/7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/v1lrXFTxFGGEziFc/DhChpwB01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8PWjqQ=</latexit>

� ⌘ ⇢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>
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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>

relativistic: cannibalism is inevitable
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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>
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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



12

���

���

Ω(β) > Ω�

�
��

=
�

χ

�� �����������

β
��� =

β
����

β��� = β����

β
��� =

β
����

������
�������

��-� ��-� � ��� ��� ��� ���� ����
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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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β
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(�

χ
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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>



Early radiation-dominated Universe:

the NRNC and NRC thermal histories can accommodate ξ less than, equal 
to, or greater than one. 

For RC thermal histories, on the other hand, only ξ < 1 is allowed.

Early matter (PBH)-dominated Universe:

an NRNC or NRC thermal history forces ξ > 1, while an RC thermal history 
forces ξ = 1. 
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⇠ =
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

- 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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- PBHs are motivated by many scenarios.


