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1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>


� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1804.10249	w/	Yang	Bai	
1810.04360	w/	Yang	Bai	&	Sida	Lu	

1812.00211	w/	Daniel	Chung	&	Rocky	Kolb	

this talk recent work 

1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>


� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>

���� �!��� �!��� �

��� ���
$�������
�����

1804.10249	w/	Yang	Bai	
1810.04360	w/	Yang	Bai	&	Sida	Lu	

1812.00211	w/	Daniel	Chung	&	Rocky	Kolb	

this talk recent work 
© A. Long @LWD 

Dark Matter



1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>


� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1804.10249	w/	Yang	Bai	
1810.04360	w/	Yang	Bai	&	Sida	Lu	

1812.00211	w/	Daniel	Chung	&	Rocky	Kolb	

this talk recent work 

1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>


� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>


� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1804.10249	w/	Yang	Bai	
1810.04360	w/	Yang	Bai	&	Sida	Lu	

1812.00211	w/	Daniel	Chung	&	Rocky	Kolb	

this talk recent work 

1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>


� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>
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What if there are many DMs ?

https://cajohare.github.io/AxionLimits/ Nadler ++ (2020)



Why did we loose the sensitivity ? 
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Hard to sample parameter space with simulations
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

CMB isn’t very sensitive to DM fluctuations

Weinberg DM decoupling theorem



We can do better with Galaxies!
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Imagine two DM components, one is not exactly cold
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

~ there’s a Jeans scale beyond which it won’t cluster!
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Mass

Abundance



Application to axions
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where t is proper time, the spatial derivative is with
respect to comoving coordinates, a is the scale factor,
H ⌘ ȧ/a is the Hubble parameter and � is the gravita-
tional potential, obeying:

r
2� = 4⇡Ga2⇢̄� (4)

where ⇢̄ is the cosmic mean mass density and � is the
overdensity. We use ˙ to denote a derivative with respect
to proper time t. Note that:

⇢̄ = m ̄2 , ⇢ = m| |
2 , � ⌘ (⇢� ⇢̄)/⇢̄ , (5)

where  ̄ is chosen to be real without loss of generality.
The Schrödinger-Poisson system of wave dynamics (3)

and (4) can be recast as fluid dynamics (known as the
Madelung formulation [19], see the Feynman lectures for
a discussion [20]). The field  is related to the fluid mass
density ⇢ as above, and the fluid velocity v as follows:
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r
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m
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~
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r✓ . (6)

With this mapping, the conservation associated with the
U(1) symmetry of the Schrödinger equation (which orig-
inates from particle number conservation in the non-
relativistic limit) becomes mass conservation:

⇢̇+ 3H⇢+
1

a
r · (⇢v) = 0 , (7)

and the conjugate part of the Schrödinger equation gives
the analog of the Euler equation:
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The quantity p is often referred to as “quantum pres-
sure”. This is a bit of a misnomer (which we adopt
nonetheless, following convention) — it is in fact not a
pressure, but arises from some particular combination of
stress i.e. the stress tensor in general has non-vanishing
o↵-diagonal terms.3

In the fluid formulation, ~ can be grouped together
with m to define a length scale (the Compton scale ~/m),
after which ~ does not appear in the rest of the equa-
tions (7) and (8). In the applications we are interested
in, the relevant particle number occupancy is large, mak-
ing quantum fluctuations very small. The Schrödinger
equation, despite its appearance, should be interpreted
as an equation for a classical complex scalar  (though
we will adhere to the common terminology of  as the

3
The stress tensor takes a special form such that its divergence

divided by density takes the form of the spatial gradient of p.

wave function). Wave mechanics e↵ects such as inter-
ference are still present, since ⇢ = m| |

2, but they are
classical in nature, much like the interference of waves in
classical electromagnetism.
In the literature, there are investigations of struc-

ture formation in the FDM model using both the wave
formulation [10, 13, 15, 21] and the fluid formulation
[12, 14, 18, 22]. Our goal is to build on and extend
these investigations in a number of ways. (1) We investi-
gate the strengths and weaknesses of solvers based on the
wave and fluid formulations by studying test cases. (2)
We carry out perturbative computations (in the fluid for-
mulation, for reasons that will become clear) up to third
order in perturbation theory, and compare the results
against numerical solutions. (3) As an application, we
numerically compute the Lyman-alpha forest flux power
spectrum in the FDM model, and compare the prediction
from solving the Schrödinger-Poisson system versus the
prediction from a pure gravity solver (starting from the
same initial conditions). Current constraints on the FDM
mass from the Lyman-alpha forest use N-body simula-
tions (i.e. a gravity solver) to approximate the dynamics
[23, 24]4, and we address the question of how the predic-
tions are sensitive to the presence/absence of quantum
pressure.
The paper is organized as follows. In Sec. II, we sum-

marize perturbation theory results that are presented in
more details in the Appendix. The perturbative com-
putation provides a number of insights that are useful
for interpreting the numerical results. In Sec. III, we de-
scribe our code SPoS, a second order Schrödinger-Poisson
solver and compare it with a grid-based fluid solver that
incorporates quantum pressure. We go over the pros and
cons of both, and show the fluid formulation fails in cases
where the density vanishes due to chance destructive in-
terference (which seem to generically occur in the highly
nonlinear regime). Certain details of the fluid solver are
relegated to the Appendix. In Sec. IV, we apply the
Schrödinger-Poisson solver to compute the Lyman-alpha
forest flux power spectrum, and quantify how the predic-
tions di↵er if one were to approximate the dynamics as
purely gravitational (i.e. FDM versus CDM dynamics,
from the same initial conditions).
In sample cosmological calculations, the parameters

used are: density parameters for dark matter ⌦m,0 =
0.268, dark energy ⌦⇤,0 = 0.732, the Hubble constant in
unit 100 /km/s/Mpc H0 = 0.704, the fluctuation ampli-
tude �8 = 0.811, the spectral index ns = 0.961 and the
CMB temperature today TCMB = 2.726 K. Our cosmo-
logical numerical simulations start at z = 100.

As this article was under preparation, a paper by Nori
et al. [25] appeared that has some overlap with this one,
in particular regarding the Lyman-alpha forest.

4
An exception is [22] who incorporated quantum pressure in their

simulations. As we will see below, incorporating quantum pres-

sure in a fluid formulation has issues that need to be addressed.
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DM - baryon interactions: apparent evidence ?

3

that remains constant for z > 103 and scales linearly
with z for z . 103 is used to reproduce the e↵ect of
V

2
RMS on R� with a precision adequate for cosmolog-

ical analyses (Tseliakhovich & Hirata (2010); Dvorkin
et al. (2014)). To solve the Boltzmann equations of
presence of IDM, we use a modified version of the Boltz-
mann solver CLASS, which allows for DM-baryon scatter-
ing parameterized by a momentum transfer cross section
as � = �0v

n (Gluscevic & Boddy (2018); Boddy et al.
(2018)), where n = 0, in the case of velocity-independent
scattering.

In order to make a prediction for late-time evolution
of the matter power spectrum, on scales corresponding
to galaxy clustering, weak lensing, and related LSS ob-
servables, we merge the modified IDM CLASS code with
a CLASS-PT module, previously developed as a tool for
computation of the LSS power spectra in mildly non-
linear regime Baumann et al. (2012); Carrasco et al.
(2012); Cabass et al. (2022).1 CLASS-PT is a non-linear
perturbation theory extension of CLASS that calculates
non-linear 1-loop corrections to the linear matter power
spectrum, and outputs the redshift-space galaxy power
spectrum (Chudaykin et al. (2020)).

The formalism implemented in CLASS-PT rests on the
e↵ective theory of LSS, which should, in principle, be
modified in the presence of non-gravitational interac-
tions between baryons and DM (see e.g. Senatore & Zal-
darriaga (2017); Lewandowski et al. (2015) for cases of
massive neutrinos and the baryon-DM fluid, in the ab-
sence of direct coupling). However, in case of velocity-
independent interaction, DM-baryon scattering only af-
fects the evolution of matter perturbations at very high
redshifts, where non-linear e↵ects are entirely negligi-
ble. At redshifts relevant to galaxy surveys, the mean
free path associated with the DM-baryon interactions
exceeds particle horizon, and the evolution of structure
proceeds as in ⇤CDM, with a suppressed initial power
spectrum, shown in Figure 1.2,3 This means the stan-
dard implementation of CLASS-PT is entirely applicable
to predicting late-time LSS observables in our scenario
of interest.

3. DATA AND ANALYSIS METHODS

1
https://github.com/Michalychforever/CLASS-PT

2
We show that DM-baryon interactions only impact the evolu-

tion of matter perturbations at redshifts before recombination in

Appendix A.

3
In Figure 1, the residual of the linear matter power spectrum

lies higher than that of the total matter power spectrum in some

cases–this is because the linear and total IDM spectra are normal-

ized to their respective CDM counterparts, and the total CDM

spectrum sometimes experiences more enhancement than IDM.
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Figure 1. Percent di↵erence between the matter power
spectrum for an IDM cosmology with DM-baryon scattering
and collisionless CDM cosmology. The linear power spec-
trum is shown in green, and the total power spectrum is
shown in orange. The lines are generated with the best-
fit parameter values from a joint Planck + BOSS + DES
analysis of the IDM model with a DM mass of 1 MeV, and
interacting fraction f� = 10%. The shaded bands designate
the uncertainty in reconstructed matter power spectrum that
corresponds to a 1� uncertainty around these best-fit param-
eter values. An increase in the interaction cross section and
in the interacting fraction lead to a greater suppression in
P (k), while the former also shifts the onset of suppression to
larger scales. VG: lets consider cutting o↵ this figure at the
end of teh grey shaded region and removing footnote related
to it.

VG: title of sec 3 is hanging at the bottom of the page,
see if you can change formatting. removing footnote 3
might resolve this.

We analyze the full Planck 2018 TT, TE, EE, and
lensing power spectra (Aghanim et al. (2020a)), along
with anisotropic galaxy clustering data from BOSS
DR12 at z = 0.38 and 0.61 (Ivanov et al. (2020b,c), see
also Zhang et al. (2022); Chen et al. (2022)). As in Chu-
daykin et al. (2021); Philcox & Ivanov (2022), our anal-
ysis is performed up to kmax = 0.2 h/Mpc for the galaxy
power spectrum multipoles, from 0.2 < k < 0.4 h/Mpc
for the real-space power spectrum proxy Q0 (Ivanov
et al. 2022b), and up to kmax = 0.08 h/Mpc for the
bispectrum monopole (Ivanov et al. 2022a; Philcox &
Ivanov 2022).4 We also add the post-reconstructed
BOSS DR12 BAO data to this dataset following Philcox
et al. (2020). We stress that our EFT-based full-
shape analysis is quite conservative as we consistently

4
Our BOSS full-shape likelihood for CLASS-PT is publicly available

at https://github.com/oliverphilcox/full shape likelihoods.
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Figure 3. 68% and 95% confidence-level marginalized
posterior distributions of relevant parameters for ⇤CDM
from Planck (black) and our fractional DM-baryon interact-
ing model (colored) from di↵erent combinations of Planck,
BOSS, and DES data. The gray bands show the DES
measurement of S8. The bottom right-hand panel shows
a 2.6� preference for non-zero interactions between DM and
baryons under a combined Planck, BOSS, and DES analysis.

In particular, Figure 3 shows that the combined Planck
+ BOSS + DES analysis returns a mean �0 value of
1.34+0.51

�0.67 ⇥ 10�25 cm2.
In Table 1, we show the mean and best-fit values of

relevant parameters from a Planck + BOSS + DES anal-
ysis of the f� = 10%, m� = 1 MeV model, as well as the
�

2 statistics. The mean value of a given parameter is
taken to be the maximum of the marginalized posterior
distribution for that parameter, and the best-fit value
is the value of that parameter at the global maximum
of the likelihood. We present the full list of constraints
on all cosmological parameters for this scenario in Ap-
pendix B, and we show full posterior distributions for
this model in Appendix D. The f� = 10%, m� = 1 MeV
IDM model and ⇤CDM present similar �

2 values when
analyzed under Planck only; however, we find ��

2 =
�3.48 once we include BOSS data, and ��

2 = �6.7
once we include the DES prior on S8, corresponding to a
2.6� preference for non-zero interactions. We note that
the preference for non-zero DM-baryon interactions is
present even in the BOSS data alone: the IDM fit that
contains a single additional free parameter reduces �

2

by 3.02, compared to the CDM model. We find that
our fractional IDM model shows a consistent preference
over CDM, regardless of DM interacting fraction; this is
discussed further in Appendix C. Finally, we note that
the best-fit value of �0 in Table 1 is somewhat shifted

with respect to the posterior mean, due to inherent lim-
itations of the MCMC sampler; we discuss this further
in Appendix D.

5. DISCUSSION

Our results have general implications in the search
for a model that may restore concordance between cos-
mological data sets. Firstly, we the initial power spec-
trum capable of alleviating the S8 tension H0 tension
the same. This power spectrum is shown in Figure 1,
generated with the best-fit parameter values from a joint
Planck, BOSS, and DES analysis of our fractional IDM
model. We show both the linear matter power spectrum
and the total matter power spectrum, each normalized
to their respective ⇤CDM counterpart. An increase or
decrease in �0 shifts the cuto↵ in the power spectrum
to larger or smaller scales, respectively. This feature is
what allows this model to fit both LSS and CMB data
so well, as it seems that both datasets are very sensitive
to the position of this cuto↵. It is also worth noting that
the shape of our best-fit power spectrum looks similar
to those found in other proposed solutions to S8, such as
the DM-DE drag in Poulin et al. (2022). However, our
model is much more robust against the data analyzed;
in IDM, interactions between dark matter and baryons
a↵ect the early universe and still fit LSS and CMB data,
whereas in DM-DE drag, late universe edits resolve the
S8 tension without any modifications to the CDM im-
print on the CMB. Because our model must fit both
CMB and LSS data, we have less degrees of freedom in
our analysis, which makes our marked improvement in
��

2
min especially noteworthy.

Secondly, we stress that all of our posteriors over-
lap regardless of data combination except for the IDM
BOSS posteriors, as seen in Appendix D where we dis-
play full posterior distributions for the m� = 1 MeV,
f� = 10% model. The same cannot be said for ⇤CDM;
in ⇤CDM, posteriors for As and �8 do not fully over-
lap when comparing a Planck analysis to a BOSS +
DES analysis (Ivanov et al. (2020b); Philcox & Ivanov
(2022)). Therefore, our fractional IDM model provides
a better fit to both Planck and LSS data than ⇤CDM.
This result is extremely meaningful for DM detection
e↵orts–while we do not claim to have detected DM, our
results indicate that fractional DM-baryon interactions,
or models with similar physics, show promise of being
the new concordant cosmological model that replaces
⇤CDM. In fact, the shape of the power spectrum we
obtain with our model is characteristic for cosmologies
in which a fraction of DM interacts with other parti-
cles (neutrinos, photons, etc.). Future work should un-
doubtedly explore these interacting scenarios–given our
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<latexit sha1_base64="8CNV4cd7ASQyYKH4lhb/7oaegbc=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXuJKhl0MZGiGA+IBfC3maSLNm9O3bnxHDEwr9iY6GIrT/Dzn/j5qPQxAcDj/dmmJkXxFIYdN1vJ7O0vLK6ll3PbWxube/kd/dqJko0hyqPZKQbATMgRQhVFCihEWtgKpBQDwZXY79+D9qIKLzDYQwtxXqh6ArO0Ert/IFq+7wvfCMU9R59hAdMb6A2aucLbtGdgC4Sb0YKZIZKO//ldyKeKAiRS2ZM03NjbKVMo+ASRjk/MRAzPmA9aFoaMgWmlU4eGNFjq3RoN9K2QqQT9fdEypQxQxXYTsWwb+a9sfif10ywe9FKRRgnCCGfLuomkmJEx2nQjtDAUQ4tYVwLeyvlfaYZR5tZzobgzb+8SGqnRe+sWLotFcqXsziy5JAckRPikXNSJtekQqqEkxF5Jq/kzXlyXpx352PamnFmM/vkD5zPH8iJlos=</latexit>

m� ⇠ 1 MeV

Gluscevic, Boddy (2018)
Slatyer, Wu (2018)

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

motivated by direct detections

Dvorkin, Blum, Kamionkowski ++ (2014)

Adam He, MI, Rui, Gluscevic (2023)



DM - baryon interactions

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Assumptions! e.g.100% DM interacts w/ baryons

we are here

Nadler ++ (2020)



Summary

More DM science with future galaxy surveys

Intriguing results with BOSS

Galaxy Power Spectrum  - unique probe of DM



Thank you! 


