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Cosmic Particles' Olympic
• Proton & Heavy Nuclei UHE Cosmic Rays

<latexit sha1_base64="RrwXAUFPAvHXYSunxaEXDSe80zA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0Wi+Cxiv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvBuD7z209UaRbJBzOJqS/wULKQEWys9HjTT3tKoPr9tF8suWV3DrRKvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5xVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCa/8lMk4MVSSxaIw4chEaPY+GjBFieETSzBRzN6KyAgrTIwNqWBD8JZfXiWti7JXKVfuLku16yyOPJzAKZyDB1WowS00oAkEJDzDK7w52nlx3p2PRWvOyWaO4Q+czx/w0ZB1</latexit>

ECR

<latexit sha1_base64="PzV11itpKxSSb6qGIOa3lZCa/RE=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGZEot6CHvQYwSyQjKGnU5M06VnorgmGIX/ixYMiXv0Tb/6NneWgiQ8KHu9VUVXPT6TQ6DjfVm5ldW19I79Z2Nre2d2z9w/qOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4Q9uJn5jCEqLOHrAUQJeyHqRCARnaKSObbvO4xVtIzxhRm+hPu7YRafkTEGXiTsnRTJHtWN/tbsxT0OIkEumdct1EvQyplBwCeNCO9WQMD5gPWgZGrEQtJdNLx/TE6N0aRArUxHSqfp7ImOh1qPQN50hw75e9Cbif14rxeDSy0SUpAgRny0KUkkxppMYaFco4ChHhjCuhLmV8j5TjKMJq2BCcBdfXib1s5JbLpXvz4uV63kceXJEjskpcckFqZA7UiU1wsmQPJNX8mZl1ov1bn3MWnPWfOaQ/IH1+QMMX5Kp</latexit>

109 GeV
<latexit sha1_base64="LdV96VyUpUJzLj2TU5p3jVlRdX4=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcyIRI9BD3qMYBZIxtDTqSRNeha6a8QwjL/ixYMiXv0Qb/6NneWgiQ8KHu9VUVXPj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w8aOkoUhzqPZKRaPtMgRQh1FCihFStggS+h6Y+uJn7zAZQWUXiH4xi8gA1C0RecoZG6dtF17lPXyWgH4RFTeg2NrGuXnLIzBV0m7pyUyBy1rv3V6UU8CSBELpnWbdeJ0UuZQsElZIVOoiFmfMQG0DY0ZAFoL50en9Fjo/RoP1KmQqRT9fdEygKtx4FvOgOGQ73oTcT/vHaC/QsvFWGcIIR8tqifSIoRnSRBe0IBRzk2hHElzK2UD5liHE1eBROCu/jyMmmclt1KuXJ7VqpezuPIk0NyRE6IS85JldyQGqkTTsbkmbySN+vJerHerY9Za86azxTJH1ifP0Imk+c=</latexit>

1010 GeV
<latexit sha1_base64="/dMXWHa4zVlfpPbaAOXh/l6TmZg=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcyIRI9BD3qMYBZIxtDTqSRNeha6a8QwjL/ixYMiXv0Qb/6NneWgiQ8KHu9VUVXPj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w8aOkoUhzqPZKRaPtMgRQh1FCihFStggS+h6Y+uJn7zAZQWUXiH4xi8gA1C0RecoZG6dtF17lPXzWgH4RFTeg2NrGuXnLIzBV0m7pyUyBy1rv3V6UU8CSBELpnWbdeJ0UuZQsElZIVOoiFmfMQG0DY0ZAFoL50en9Fjo/RoP1KmQqRT9fdEygKtx4FvOgOGQ73oTcT/vHaC/QsvFWGcIIR8tqifSIoRnSRBe0IBRzk2hHElzK2UD5liHE1eBROCu/jyMmmclt1KuXJ7VqpezuPIk0NyRE6IS85JldyQGqkTTsbkmbySN+vJerHerY9Za86azxTJH1ifP0O3k+g=</latexit>

1011 GeV
<latexit sha1_base64="4y4rb+G6R4f9CyXTcpuNSbk72lI=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHaDRI9BD3qMYB6QxDA76SRDZh/M9IphWX/FiwdFvPoh3vwbJ8keNLGgoajqprvLi6TQ6Djf1srq2vrGZm4rv72zu7dvHxw2dBgrDnUeylC1PKZBigDqKFBCK1LAfE9C0xtfTf3mAygtwuAOJxF0fTYMxEBwhkbq2QXXuU/ccko7CI+Y0GtopD276JScGegycTNSJBlqPfur0w957EOAXDKt264TYTdhCgWXkOY7sYaI8TEbQtvQgPmgu8ns+JSeGKVPB6EyFSCdqb8nEuZrPfE90+kzHOlFbyr+57VjHFx0ExFEMULA54sGsaQY0mkStC8UcJQTQxhXwtxK+YgpxtHklTchuIsvL5NGueRWSpXbs2L1MosjR47IMTklLjknVXJDaqROOJmQZ/JK3qwn68V6tz7mrStWNlMgf2B9/gBFSJPp</latexit>

1012 GeV

"OMG" particle (1991) / Proton-like / Fly's Eye
<latexit sha1_base64="LKMd6Pz7XkmdX7vgnmMpsU7lGh8=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7UaLegiJ4jGASIVnC7KQ3GTL7YKZXDGsO/ooXD4p49Te8+TdOHgdNLGi6qOpmesqLpdBo299WZmFxaXklu5pbW9/Y3Mpv79R1lCgONR7JSN15TIMUIdRQoIS7WAELPAkNr3858hv3oLSIwlscxOAGrBsKX3CGRmrn945LNm3FAT03DeEBU3oF9WE7X7CL9hh0njhTUiBTVNv5r1Yn4kkAIXLJtG46doxuyhQKLmGYayUaYsb7rAtNQ0MWgHbT8f1DemiUDvUjZSpEOlZ/b6Qs0HoQeGYyYNjTs95I/M9rJuifuakI4wQh5JOH/ERSjOgoDNoRCjjKgSGMK2FupbzHFONoIsuZEJzZL8+TeqnolIvlm5NC5WIaR5bskwNyRBxySirkmlRJjXDySJ7JK3mznqwX6936mIxmrOnOLvkD6/MHSDiUYg==</latexit>

320± 90 EeV

<latexit sha1_base64="a62+j9ynQBo14bSg5GpB1U+q5RY=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEogscI5gHJEmYnnWTI7Ow60xsMS77DiwdFvPox3vwbJ8keNLGgoajqprsriKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyjRHGo8kpFuBsyAFApqKFBCM9bAwkBCIxjeTP3GCLQRkXrAcQx+yPpK9ARnaCXfo22EJ0zpLdQnnULRLbkz0GXiZaRIMlQ7ha92N+JJCAq5ZMa0PDdGP2UaBZcwybcTAzHjQ9aHlqWKhWD8dHb0hJ5apUt7kbalkM7U3xMpC40Zh4HtDBkOzKI3Ff/zWgn2rvxUqDhBUHy+qJdIihGdJkC7QgNHObaEcS3srZQPmGYcbU55G4K3+PIyqZ+XvHKpfH9RrFxnceTIMTkhZ8Qjl6RC7kiV1Agnj+SZvJI3Z+S8OO/Ox7x1xclmjsgfOJ8/6hWRkQ==</latexit>

1 EeV

"Amaterasu" (2021) / Proton-like / Telescope Array
<latexit sha1_base64="sOBuhEC+DlVDJgCDT/TqJyqV+1c=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5iJIXoMiuAxglkgGUJPpyZp0rPQXSOGMQd/xYsHRbz6G978GzvLQRMfFPV4r4qufl4shUbb/raWlldW19YzG9nNre2d3dzefl1HieJQ45GMVNNjGqQIoYYCJTRjBSzwJDS8wdXYb9yD0iIK73AYgxuwXih8wRkaqZM7LJZs2o4DemYawgOm9Brqo04ubxfsCegicWYkT2aodnJf7W7EkwBC5JJp3XLsGN2UKRRcwijbTjTEjA9YD1qGhiwA7aaT+0f0xChd6kfKVIh0ov7eSFmg9TDwzGTAsK/nvbH4n9dK0L9wUxHGCULIpw/5iaQY0XEYtCsUcJRDQxhXwtxKeZ8pxtFEljUhOPNfXiT1YsEpF8q3pXzlchZHhhyRY3JKHHJOKuSGVEmNcPJInskrebOerBfr3fqYji5Zs50D8gfW5w9AaZRd</latexit>

240± 30 EeV

"Super-big" event (1993) / Iron-like / AGASA
<latexit sha1_base64="UTzTm5FKmgtGqO8jSEIBXHIwdQA=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsJukOgxKILHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+4uP5ZCo+N8W7m19Y3Nrfx2YWd3b79oHxw2dZQoDg0eyUi1faZBihAaKFBCO1bAAl9Cyx9fz/zWAygtovAeJzF4ARuGYiA4QyP17GLFcWgX4RFTegPNac8uOWVnDrpK3IyUSIZ6z/7q9iOeBBAil0zrjuvE6KVMoeASpoVuoiFmfMyG0DE0ZAFoL50fPqWnRunTQaRMhUjn6u+JlAVaTwLfdAYMR3rZm4n/eZ0EB5deKsI4QQj5YtEgkRQjOkuB9oUCjnJiCONKmFspHzHFOJqsCiYEd/nlVdKslN1quXp3XqpdZXHkyTE5IWfEJRekRm5JnTQIJwl5Jq/kzXqyXqx362PRmrOymSPyB9bnD0QGkjc=</latexit>

200 EeV

PAO070114 (2007) / Iron-like / Auger
<latexit sha1_base64="0nFgcTqoRheRfDBNGY0QAbyyRPg=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuaPQYFMFjBPOAJITZSW8yZPbBTK8Y1hz8FS8eFPHqb3jzb5wke9DEgqaLqm6mp7xYCo2O820tLC4tr6zm1vLrG5tb2/bObk1HieJQ5ZGMVMNjGqQIoYoCJTRiBSzwJNS9wdXYr9+D0iIK73AYQztgvVD4gjM0Usfed0tntBUH1DUN4QFTeg21UccuOEVnAjpP3IwUSIZKx/5qdSOeBBAil0zrpuvE2E6ZQsEljPKtREPM+ID1oGloyALQ7XRy/4geGaVL/UiZCpFO1N8bKQu0HgaemQwY9vWsNxb/85oJ+hftVIRxghDy6UN+IilGdBwG7QoFHOXQEMaVMLdS3meKcTSR5U0I7uyX50ntpOiWiqXb00L5MosjRw7IITkmLjknZXJDKqRKOHkkz+SVvFlP1ov1bn1MRxesbGeP/IH1+QNOoZRm</latexit>

165± 15 EeV

Volcano Ranch (1962) / Proton-like
<latexit sha1_base64="YdkP2suCCPyevuulqnp/sYT+ZZc=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gViR6DIniMYB6QLGF20psMmX0w0yvGJV/ixYMiXv0Ub/6Nk2QPmljQUFR1093lJ1JodJxva2V1bX1js7BV3N7Z3SvZ+wdNHaeKQ4PHMlZtn2mQIoIGCpTQThSw0JfQ8kfXU7/1AEqLOLrHcQJeyAaRCARnaKSeXXIdh3YRHjGjN9Cc9OyyU3FmoMvEzUmZ5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hUuymGhLGR2wAHUMjFoL2stnhE3pilD4NYmUqQjpTf09kLNR6HPqmM2Q41IveVPzP66QYXHqZiJIUIeLzRUEqKcZ0mgLtCwUc5dgQxpUwt1I+ZIpxNFkVTQju4svLpHlWcauV6t15uXaVx1EgR+SYnBKXXJAauSV10iCcpOSZvJI368l6sd6tj3nripXPHJI/sD5/AEJ0kjY=</latexit>

100 EeV



Cosmic Particles' Olympic
• High & Ultra-High energy Neutrinos

KM3-230213A / muon-track / KM3NeT

Glashow Res. Candidate / cascade / IceCube

IC-200208A / muon-track / IceCube

"Ernie" (2011) / casc./ IC

"Bert" (2010) / casc. / IC

<latexit sha1_base64="7jkMNzvf9sSxCR/31BQF2DW9g0k=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY9ELx4xkUcCGzI7NDBhdnad6SWSDd/hxYPGePVjvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nfnNMWgjIvWAkxj8kA2U6AvO0Eq+RzsIT5jSGjSm3WLJLbtz0FXiZaREMtS6xa9OL+JJCAq5ZMa0PTdGP2UaBZcwLXQSAzHjIzaAtqWKhWD8dH70lJ5ZpUf7kbalkM7V3xMpC42ZhIHtDBkOzbI3E//z2gn2r/1UqDhBUHyxqJ9IihGdJUB7QgNHObGEcS3srZQPmWYcbU4FG4K3/PIqaVyUvUq5cn9Zqt5kceTJCTkl58QjV6RK7kiN1Aknj+SZvJI3Z+y8OO/Ox6I152Qzx+QPnM8f+uKRnA==</latexit>

1 PeV
<latexit sha1_base64="FSB2s21N9EqFO7QXiVpYbOtpvOA=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY9ELx4xkUcCK5kdGpgwO7uZ6VXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3nks7CE+Y0ho0Jt1iyS27M9Bl4mWkRDLUusWvTi/iSQgKuWTGtD03Rj9lGgWXMCl0EgMx4yM2gLalioVg/HR29YSeWKVH+5G2pZDO1N8TKQuNGYeB7QwZDs2iNxX/89oJ9i/9VKg4QVB8vqifSIoRnUZAe0IDRzm2hHEt7K2UD5lmHG1QBRuCt/jyMmmclb1KuXJ7XqpeZXHkyRE5JqfEIxekSm5IjdQJJ5o8k1fy5jw6L8678zFvzTnZzCH5A+fzB2sekdY=</latexit>

10 PeV
<latexit sha1_base64="xspjSIDe8F3M7d5AJ2JyR9j5I2Q=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuSPQY9OIxgnlAsoTZSW8yZPbBTK8Yl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXn0ih0XG+rcLa+sbmVnG7tLO7t1+2Dw5bOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9vZn77AZQWcXSPkwS8kA0jEQjO0Eh9u+w6Du0hPGJGG9Ca9u2KU3XmoKvEzUmF5Gj07a/eIOZpCBFyybTuuk6CXsYUCi5hWuqlGhLGx2wIXUMjFoL2svnhU3pqlAENYmUqQjpXf09kLNR6EvqmM2Q40sveTPzP66YYXHmZiJIUIeKLRUEqKcZ0lgIdCAUc5cQQxpUwt1I+YopxNFmVTAju8surpHVedWvV2t1FpX6dx1Ekx+SEnBGXXJI6uSUN0iScpOSZvJI368l6sd6tj0VrwcpnjsgfWJ8/U0GSQQ==</latexit>

100 PeV

<latexit sha1_base64="YDhAXnbPqCWvxOSOBTw7mT9qLIk=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4Crsi0WPQgx4jmAcka5id9CZDZh/M9AbDkj/x4kERr/6JN//GSbIHTSxoKKq66e7yEyk0Os63tbK6tr6xWdgqbu/s7u3bB4cNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9Ic3U785AqVFHD3gOAEvZP1IBIIzNFLXtl3nsUI7CE+Y0VtoTLp2ySk7M9Bl4uakRHLUuvZXpxfzNIQIuWRat10nQS9jCgWXMCl2Ug0J40PWh7ahEQtBe9ns8gk9NUqPBrEyFSGdqb8nMhZqPQ590xkyHOhFbyr+57VTDK68TERJihDx+aIglRRjOo2B9oQCjnJsCONKmFspHzDFOJqwiiYEd/HlZdI4L7uVcuX+olS9zuMokGNyQs6ISy5JldyRGqkTTkbkmbySNyuzXqx362PeumLlM0fkD6zPHwevkqY=</latexit>

106 GeV
<latexit sha1_base64="2gjyufu62f+nhpnjglTvO1dWwxQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiCB4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaZJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHtzO/9cS1EYl6xHHKg5gOlIgEo2gl/67XVVmvXHGr7hxklXg5qUCORq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0HUyESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqV6vWHi4r9Zs8jiKcwCmcgwdXUId7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fpxeOmg==</latexit>

Eω
<latexit sha1_base64="MRB9sCxkPObjz2ytH+0++EUR3w8=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gNEj0GvXiMYB6QLGF20psMmX0w0yvGJV/ixYMiXv0Ub/6Nk2QPmljQUFR1093lJ1JodJxva219Y3Nru7BT3N3bPyjZh0ctHaeKQ5PHMlYdn2mQIoImCpTQSRSw0JfQ9sc3M7/9AEqLOLrHSQJeyIaRCARnaKS+XapWHdpDeMSMNqA17dtlp+LMQVeJm5MyydHo21+9QczTECLkkmnddZ0EvYwpFFzCtNhLNSSMj9kQuoZGLATtZfPDp/TMKAMaxMpUhHSu/p7IWKj1JPRNZ8hwpJe9mfif100xuPIyESUpQsQXi4JUUozpLAU6EAo4yokhjCthbqV8xBTjaLIqmhDc5ZdXSatacWuV2t1FuX6dx1EgJ+SUnBOXXJI6uSUN0iScpOSZvJI368l6sd6tj0XrmpXPHJM/sD5/AFf1kkQ=</latexit>

220 PeV

<latexit sha1_base64="LjuhFdyL3WJJw20Q30tbs/KkCZc=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gViR6DXjxGyAuSJcxOepMhsw9mesW45Eu8eFDEq5/izb9xkuxBEwsaiqpuurv8RAqNjvNtra1vbG5tF3aKu3v7ByX78Kil41RxaPJYxqrjMw1SRNBEgRI6iQIW+hLa/vh25rcfQGkRRw2cJOCFbBiJQHCGRurbJddxaA/hETPagNa0b5edijMHXSVuTsokR71vf/UGMU9DiJBLpnXXdRL0MqZQcAnTYi/VkDA+ZkPoGhqxELSXzQ+f0jOjDGgQK1MR0rn6eyJjodaT0DedIcORXvZm4n9eN8Xg2stElKQIEV8sClJJMaazFOhAKOAoJ4YwroS5lfIRU4yjyapoQnCXX14lrYuKW61U7y/LtZs8jgI5IafknLjkitTIHamTJuEkJc/klbxZT9aL9W59LFrXrHzmmPyB9fkDWV2SRQ==</latexit>

100 TeV

<latexit sha1_base64="foNpWROwzUm2i3XxSgWEzaw9hqg=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY9ELx4xkUcCGzI7NDBhdnad6SWSDd/hxYPGePVjvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nfnNMWgjIvWAkxj8kA2U6AvO0Ep+hXYQnjClNWhMu8WSW3bnoKvEy0iJZKh1i1+dXsSTEBRyyYxpe26Mfso0Ci5hWugkBmLGR2wAbUsVC8H46fzoKT2zSo/2I21LIZ2rvydSFhozCQPbGTIcmmVvJv7ntRPsX/upUHGCoPhiUT+RFCM6S4D2hAaOcmIJ41rYWykfMs042pwKNgRv+eVV0rgoe5Vy5f6yVL3J4siTE3JKzolHrkiV3JEaqRNOHskzeSVvzth5cd6dj0VrzslmjskfOJ8/AsGRoQ==</latexit>

6 PeV

<latexit sha1_base64="nNoemXNk73cALquXUGCT/04z284=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbB07KrEj0GvXiMYB6QLGF20kmGzD6Y6RXjki/x4kERr36KN//GSbIHTSxoKKq66e4KEik0uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoc5jGatWwDRIEUEdBUpoJQpYGEhoBqObqd98AKVFHN3jOAE/ZINI9AVnaKSuXao457SD8IgZrUFj0rXLruPOQJeJl5MyyVHr2l+dXszTECLkkmnd9twE/YwpFFzCpNhJNSSMj9gA2oZGLATtZ7PDJ/TEKD3aj5WpCOlM/T2RsVDrcRiYzpDhUC96U/E/r51i/8rPRJSkCBGfL+qnkmJMpynQnlDAUY4NYVwJcyvlQ6YYR5NV0YTgLb68TBpnjldxKncX5ep1HkeBHJFjcko8ckmq5JbUSJ1wkpJn8krerCfrxXq3PuatK1Y+c0j+wPr8AVypkkc=</latexit>

6.3 PeV

"Big Bird" (2012) / casc. / IC

<latexit sha1_base64="dXPNr+5iiDNwx6QWEHOvZ+8SOXo=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9iVED0GvXiMYB6QLGF20psMmX0w0xsMS/7EiwdFvPon3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFjc2t7p7hb2ts/ODyyj09aOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y/v5n57AkqLOHrEaQJeyIaRCARnaKS+bbsVt0p7CE+Y0Qa0Zn277FScBeg6cXNSJjkaffurN4h5GkKEXDKtu66ToJcxhYJLmJV6qYaE8TEbQtfQiIWgvWxx+YxeGGVAg1iZipAu1N8TGQu1noa+6QwZjvSqNxf/87opBjdeJqIkRYj4clGQSooxncdAB0IBRzk1hHElzK2Uj5hiHE1YJROCu/ryOmldVdxapfZQLddv8ziK5Iyck0vikmtSJ/ekQZqEkwl5Jq/kzcqsF+vd+li2Fqx85pT8gfX5A8iekn4=</latexit>

1.14 PeV
<latexit sha1_base64="y+tocKhAofqqqXKGx/s9PrLP7Ek=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9iVED0GvXiMYB6QLGF20psMmX0w0xsMS/7EiwdFvPon3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFjc2t7p7hb2ts/ODyyj09aOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y/v5n57AkqLOHrEaQJeyIaRCARnaKS+bbsVp0p7CE+Y0Qa0Zn277FScBeg6cXNSJjkaffurN4h5GkKEXDKtu66ToJcxhYJLmJV6qYaE8TEbQtfQiIWgvWxx+YxeGGVAg1iZipAu1N8TGQu1noa+6QwZjvSqNxf/87opBjdeJqIkRYj4clGQSooxncdAB0IBRzk1hHElzK2Uj5hiHE1YJROCu/ryOmldVdxapfZQLddv8ziK5Iyck0vikmtSJ/ekQZqEkwl5Jq/kzcqsF+vd+li2Fqx85pT8gfX5A8cNkn0=</latexit>

1.04 PeV

<latexit sha1_base64="DSdojPXRl7wDopx58xAVchNBJ/k=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gNEj0GvXiMYB6QLGF20psMmX0w0yvGJV/ixYMiXv0Ub/6Nk2QPmljQUFR1093lJ1JodJxva219Y3Nru7BT3N3bPyjZh0ctHaeKQ5PHMlYdn2mQIoImCpTQSRSw0JfQ9sc3M7/9AEqLOLrHSQJeyIaRCARnaKS+XapWarSH8IgZbUBr2rfLTsWZg64SNydlkqPRt796g5inIUTIJdO66zoJehlTKLiEabGXakgYH7MhdA2NWAjay+aHT+mZUQY0iJWpCOlc/T2RsVDrSeibzpDhSC97M/E/r5ticOVlIkpShIgvFgWppBjTWQp0IBRwlBNDGFfC3Er5iCnG0WRVNCG4yy+vkla14tYqtbuLcv06j6NATsgpOScuuSR1cksapEk4SckzeSVv1pP1Yr1bH4vWNSufOSZ/YH3+AFsRkkY=</latexit>

2.6 PeV

<latexit sha1_base64="/SVs5g9KZU1/juAs31low2oLbdM=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgsRAlChbGChbFI9CE1oXLcm9aq40S2g1RFXVn4FRYGEGLlD9j4G9w2A7QcyfLROffKPidMOVPadb+tpeWV1bX10kZ5c2t7Z9fe22+qJJMUGjThiWyHRAFnAhqaaQ7tVAKJQw6tcHg98VsPIBVLxJ0epRDEpC9YxCjRRura2A+JzH2RjbuA4f4U+zrBreIekJ7TtSuu406BF4lXkAoqUO/aX34voVkMQlNOlOp4bqqDnEjNKIdx2c8UpIQOSR86hgoSgwryaZIxPjZKD0eJNEdoPFV/b+QkVmoUh2YyJnqg5r2J+J/XyXR0GeRMpJkGQWcPRRnHJuWkFtxjEqjmI0MIlcz8FdMBkYRqU17ZlODNR14kzTPHqzrV2/NK7aqoo4QO0RE6QR66QDV0g+qogSh6RM/oFb1ZT9aL9W59zEaXrGLnAP2B9fkDSpeYzQ==</latexit>

ω̄ee
→ → W→ → had.
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• KM3NeT collaboration recently reported an analysis of Ultra-High-
Energy event (KM3-230213A) with 
 
 - 3,672 triggered PMTs in the detector region 
 
 - The reconstructed energy of the muon track ~ 120 PeV 
    -> The median neutrino energy ~ 220 PeV 
 
 
- The most energetic neutrino event ever measured. 
- The only neutrino event candidate with >O(10) PeV so far.

KM3-230213A: UHE event

<latexit sha1_base64="6LH6FeDi/0Rw70Kd33pHV6RjpDM=">AAACG3icbZBNSwMxEIazflu/qh69BIvgQcpukdajKAWPFWwVukvJptM2mM0uyaxYlv4PL/4VLx4U8SR48N+Yfgja+kLg5ZkZJvOGiRQGXffLmZtfWFxaXlnNra1vbG7lt3caJk41hzqPZaxvQmZACgV1FCjhJtHAolDCdXh7Pqxf34E2IlZX2E8giFhXiY7gDC1q5UvVlq9S6ps0NIC0WSlRH+EeM1qDxuCI+rRULP+gqkU0aOULbtEdic4ab2IKZKJaK//ht2OeRqCQS2ZM03MTDDKmUXAJg5yfGkgYv2VdaFqrWAQmyEa3DeiBJW3aibV9CumI/p7IWGRMPwptZ8SwZ6ZrQ/hfrZli5yTIhEpSBMXHizqppBjTYVC0LTRwlH1rGNfC/pXyHtOMo40zZ0Pwpk+eNY1S0SsXy5fHhdOzSRwrZI/sk0PikQo5JRekRuqEkwfyRF7Iq/PoPDtvzvu4dc6ZzOySP3I+vwFScZ8b</latexit>

Eω → [72 PeV, 2.6 EeV]
<latexit sha1_base64="2BilfryPA0Bx9awZ/8+Py8zX0jk=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoMhYLXsikTtgmksLCKYB2SXMDuZJENmH8zcFcOyjb9iY6GIrZ9h5984SbbQxAOXezjnXmbu8WPBFdj2t1FYWV1b3yhulra2d3b3zP2DlooSSVmTRiKSHZ8oJnjImsBBsE4sGQl8wdr+uD712w9MKh6F9zCJmReQYcgHnBLQUs88qmEXX9luRTcX2COkdQvfWlnPLNuWPQNeJk5OyihHo2d+uf2IJgELgQqiVNexY/BSIoFTwbKSmygWEzomQ9bVNCQBU146OyDDFa308SCSukLAM/X3RkoCpSaBrycDAiO16E3F/7xuAoNLL+VhnAAL6fyhQSIwRHiaBu5zySiIiSaESq7/iumISEJBZ1bSITiLJy+T1pnlVK3q3Xm5dp3HUUTH6ASdIgddoBq6QQ3URBRl6Bm9ojfjyXgx3o2P+WjByHcO0R8Ynz//lpQi</latexit>

@ 90% C. L.



KM3-230213A: UHE event



KM3-230213A: UHE event

• The source of the neutrino is not clearly identified.


• Many intriguing interpretations have been investigated so far: 
 
- Transient astrophy. high-E phenomena (GRB, Blazar, AGN, etc.) 
 
- Cosmogenic (GZK) neutrinos from UHECRs 
 
- Neutrinos from decaying heavy DM 
 
- Sterile/Heavy Neutrinos and its oscillation and decays 
 
- Primordial Black Hole burst/steady evaporation signals


• None of them are confirmed yet



• The origin of UHE event seems to be Extragalactic, and there is 
no similar signature near the Galactic Center.


• The energy O(100-1000) PeV of the neutrino is even extremely 
high for various astrophysical transient processes.


• The origin of UHE neutrino and the spectral structure of the flux 
is still very mysterious.


• We have only a single event at ~ O(100-1000) PeV for now. 


• DM interpretation could be attractive and naturally realize Ultra-
High-Energy in signals?

Superheavy Dark Matter  
for KM3-230213A?



Q: Decaying DM signatures can be Extragalactic-dominated? 

Our answer:  
It's in general possible with  
 
 - a O(1-10) Gyr lifetime for Heavy-to-Light decays between  
   DM components 
 
 - Nearly degenerated spectrum in Dark Matter sector.

Decaying superheavy DM for 
KM3-230213A



• Nearly degenerate heavy DM scenario 

• Decay channels relevant for UHE neutrinos 

• Expected signal in a landscape of nu/gamma observations 

• Prospects & Conclusion

Outline on our analysis



DM Scenario
DM candidates are given as a 
chiral multiplet:

<latexit sha1_base64="JcV7/T5aHcKans9eeNxvQpaKeyQ=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiDES5wRiR6DevAiRjALZELo6VSSJj0L3TViGPIZXvwVLx4U8Zqbf2NnOWjig4LHe1VU1fMiKTTa9reVWlpeWV1Lr2c2Nre2d7K7e1UdxopDhYcyVHWPaZAigAoKlFCPFDDfk1Dz+ldjv/YISosweMBBBE2fdQPREZyhkVrZE/caJDJ623J5T1BXC5+6PsMeZzK5G+Yd2z6mLsITJrQM1WErm7ML9gR0kTgzkiMzlFvZkdsOeexDgFwyrRuOHWEzYQoFlzDMuLGGiPE+60LD0ID5oJvJ5LEhPTJKm3ZCZSpAOlF/TyTM13rge6ZzfLOe98bif14jxs5FMxFBFCMEfLqoE0uKIR2nRNtCAUc5MIRxJcytlPeYYhxNlhkTgjP/8iKpnhacYqF4f5YrXc7iSJMDckjyxCHnpERuSJlUCCfP5JW8kw/rxXqzPq2vaWvKms3skz+wRj+C/Z7W</latexit>

!Mω → O(100) PeV
<latexit sha1_base64="Wj/VxtonDTr56jKW/RuPXniWj3s=">AAACC3icbVDJSgNBEO2JW4xb1KOXJkHwYpgJEj0GPehFiGAWyMTQ06kkTXoWumvEMOTuxV/x4kERr/6AN//GznLQxAcFj/eqqKrnRVJotO1vK7W0vLK6ll7PbGxube9kd/dqOowVhyoPZagaHtMgRQBVFCihESlgvieh7g0uxn79HpQWYXCLwwhaPusFois4QyO1s7nrtsv7grpa+NSx7xKneOyURtRFeMCEXkJt1M7m7YI9AV0kzozkyQyVdvbL7YQ89iFALpnWTceOsJUwhYJLGGXcWEPE+ID1oGlowHzQrWTyy4geGqVDu6EyFSCdqL8nEuZrPfQ90+kz7Ot5byz+5zVj7J61EhFEMULAp4u6saQY0nEwtCMUcJRDQxhXwtxKeZ8pxtHElzEhOPMvL5JaseCUCqWbk3z5fBZHmhyQHDkiDjklZXJFKqRKOHkkz+SVvFlP1ov1bn1MW1PWbGaf/IH1+QMVWJk0</latexit>

Mω → 1012→16 GeV

SUSY breaking scale is 
characterized by a spurion M as



• Estimation of the Flux from DM decays

UHE neutrinos from DM decays



Multi-component Dark sector 
and extragalactic-dominated signatures

z=0 high z

production of decaying 
signal most populated here



• Relevant scenarios for DM decays

UHE neutrinos from DM decays

• Scenario I : 3-body decay case with a heavy RH neutrino.

<latexit sha1_base64="bHnS6DK8Z4G8Xjda1SuArgPDG8Q=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFCUpCUtWwULY5HoRWqiyHHd1qrjRLaDVEV9CxZehYUBhFhh421w2g7QciRLn/7/HPv4DxNKhLSsb62wtr6xuVXcLu3s7u0f6IdHbRGnHOEWimnMuyEUmBKGW5JIirsJxzAKKe6E45vc7zxgLkjM7uUkwX4Eh4wMCIJSSYFuZt7skh4fhn5mmVd117l0LizTsmpOxc3BqVWdytRjaSCmgV7OrbyMVbAXUAaLagb6l9ePURphJhGFQvRsK5F+BrkkiOJpyUsFTiAawyHuKWQwwsLPZitNjTOl9I1BzNVh0pipvycyGAkxiULVGUE5EsteLv7n9VI5qPsZYUkqMUPzhwYpNWRs5CEZfcIxknSiACJO1K4GGkEOkVRRllQI9vKXV6HtmLZrunfVcuN6EUcRnIBTcA5sUAMNcAuaoAUQeATP4BW8aU/ai/aufcxbC9pi5hj8Ke3zB/EfnAc=</latexit>ωs
<latexit sha1_base64="aXRLz9LzQYawbMtVz4rqRVKRiQY="></latexit>ωheavy

<latexit sha1_base64="k3cvTGFGTQvj+GbmNuRC07omR5g=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiF48V7Ac0IWy2m2bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBNcg+N8W5WNza3tnepubW//4PDIPj7p6jRXlHVoKlLVD4lmgkvWAQ6C9TPFSBIK1gvH93O/N2FK81Q+wTRjfkJGkkecEjBSYNsejXlQeCrBgo9imAV23Wk4C+B14pakjkq0A/vLG6Y0T5gEKojWA9fJwC+IAk4Fm9W8XLOM0DEZsYGhkiRM+8Xi8hm+MMoQR6kyJQEv1N8TBUm0niah6UwIxHrVm4v/eYMcolu/4DLLgUm6XBTlAkOK5zHgIVeMgpgaQqji5lZMY6IIBRNWzYTgrr68TrpXDbfZaD5e11t3ZRxVdIbO0SVy0Q1qoQfURh1E0QQ9o1f0ZhXWi/VufSxbK1Y5c4r+wPr8AaWuk7A=</latexit>ωlight

<latexit sha1_base64="oUtDNGHrVSgFRd/BoPu0aTzPpoo=">AAACGXicbZC7TsMwFIYdrqXcAowsERUSA6qcQkO7VbAwFolepCaqHNdtrTpOZDtIVZTXYOFVWBhAiBEm3gYn7QAtR7L06f/PsY9/P2JUKgi/jZXVtfWNzcJWcXtnd2/fPDhsyzAWmLRwyELR9ZEkjHLSUlQx0o0EQYHPSMef3GR+54EISUN+r6YR8QI04nRIMVJa6pswcfNLemLkewksQ6dah/VzWK5Cu5YDhE6tcpG6PO67QZz2zVKmZWUtgz2HEphXs29+uoMQxwHhCjMkZc+GkfISJBTFjKRFN5YkQniCRqSnkaOASC/Jl0qtU60MrGEo9OHKytXfEwkKpJwGvu4MkBrLRS8T//N6sRrWvITyKFaE49lDw5hZKrSymKwBFQQrNtWAsKB6VwuPkUBY6TCLOgR78cvL0K6Ubafs3F2WGtfzOArgGJyAM2CDK9AAt6AJWgCDR/AMXsGb8WS8GO/Gx6x1xZjPHIE/ZXz9AI87nOk=</latexit>ωµ

<latexit sha1_base64="uWozfUlVvGxzV9/REcCVW6sGUn4=">AAACE3icbVDLSsNAFJ34rPUVdekmWAQRCUlMa7orunFZwT4gDWUynbRDJw9mJkIJ+Qc3/oobF4q4dePOv3GadqGtBwbOnHPvnTvHTyjhwjC+lZXVtfWNzdJWeXtnd29fPThs8zhlCLdQTGPW9SHHlES4JYiguJswDEOf4o4/vpn6nQfMOImjezFJsBfCYUQCgqCQUl89z3rFEJcNfS8z9HrdsG3nwtCrhmXZVUmMS8txzHyU99WKvBXQlok5JxUwR7OvfvUGMUpDHAlEIeeuaSTCyyATBFGcl3spxwlEYzjErqQRDDH3smKdXDuVykALYiZPJLRC/d2RwZDzSejLyhCKEV/0puJ/npuKwPEyEiWpwBGaPRSkVBOxNg1IGxCGkaATSSBiRO6qoRFkEAkZY1mGYC5+eZm0Ld2s6bU7u9K4nsdRAsfgBJwBE1yBBrgFTdACCDyCZ/AK3pQn5UV5Vz5mpSvKvOcI/IHy+QOvN5o8</latexit>

h
<latexit sha1_base64="AStIN3hG4fxweUEftnb15j3TUFY=">AAACCXicbVBLSwMxGMzWV62vVY9egkUQrMuuSPVY9OKxgn1Ady1Jmm1Ds9klyQpl6dWLf8WLB0W8+g+8+W9Mtz1o60DIMPN9JDM44Uxp1/22CkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7KNkaKcCdrQTHPaTiRFEea0hYfXE7/1QKVisbjTo4QGEeoLFjKCtJG6NhxAX8cQ+xjJDI8rvkbp/QnMr9MKdJyuXXYdNwdcJN6MlMEM9a795fdikkZUaMKRUh3PTXSQIakZ4XRc8lNFE0SGqE87hgoUURVkeZIxPDJKD4axNEdomKu/NzIUKTWKsJmMkB6oeW8i/ud1Uh1eBhkTSaqpINOHwpRDk31SC+wxSYnmI0MQkcz8FZIBkohoU17JlODNR14kzTPHqzrV2/Ny7WpWRxEcgENwDDxwAWrgBtRBAxDwCJ7BK3iznqwX6936mI4WrNnOPvgD6/MHzwKYfg==</latexit>

h → bb̄, ω+ω→, ..

<latexit sha1_base64="XRX1yJwIzEYQPGlLGHY5z9Tqux4=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8SElEqseiF48V7Ac2oUy2m3bp7ibsboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8KOVMG8/7dlZW19Y3Ngtbxe2d3b390sFhUyeZIrRBEp6odoSaciZpwzDDaTtVFEXEaSsa3k791hNVmiXywYxSGgrsSxYzgsZKj4HMzoM+CoHdUtmreDO4y8TPSRly1Lulr6CXkExQaQhHrTu+l5pwjMowwumkGGSapkiG2KcdSyUKqsPx7OKJe2qVnhsnypY07kz9PTFGofVIRLZToBnoRW8q/ud1MhNfh2Mm08xQSeaL4oy7JnGn77s9pigxfGQJEsXsrS4ZoEJibEhFG4K/+PIyaV5U/Gqlen9Zrt3kcRTgGE7gDHy4ghrcQR0aQEDCM7zCm6OdF+fd+Zi3rjj5zBH8gfP5A0+BkLM=</latexit>ω, ε

<latexit sha1_base64="bJ6eN65AgxAwL6wpyPmhfpHbRQs=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFchUSkuiy6ceGign1AE8JkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8ZJm4W2Hhg4nHMvc88JUsEV2Pa3sbS8srq2Xtmobm5t7+yae/ttlWSSshZNRCK7AVFM8Ji1gINg3VQyEgWCdYLRdeF3HphUPInvYZwyLyKDmIecEtCSbx65kGA3IjCkROS3Ez/nMVgT7KosVQx8s2Zb9hR4kTglqaESTd/8cvsJzSIWAxVEqZ5jp+DlRAKngk2qbqZYSuiIDFhP05hETHn5NMcEn2ilj8NE6hcDnqq/N3ISKTWOAj1ZXKzmvUL8z+tlEF56OlmaAYvp7KMwE1hnL0rBfS4ZBTHWhFDJ9a2YDokkFHR1VV2CMx95kbTPLKdu1e/Oa42rso4KOkTH6BQ56AI10A1qohai6BE9o1f0ZjwZL8a78TEbXTLKnQP0B8bnD2SKmas=</latexit>

→ Lint. ↑



• Relevant scenarios for DM decays

UHE neutrinos from DM decays

• Scenario II : 2-body decay case with a light sterile neutrino.
<latexit sha1_base64="XtP4niHsIwnmHE6jQlMbyeA1FK4=">AAACIXicbVBNSwMxEM36bf2qevQSLIIglN0i6kUQBfFY0bZCty7ZdNqGZrNrMiuUpX/Fi3/FiwdFehP/jOnHQasPBl7emyEzL0ykMOi6n87M7Nz8wuLScm5ldW19I7+5VTVxqjlUeCxjfRcyA1IoqKBACXeJBhaFEmph92Lo1x5BGxGrW+wl0IhYW4mW4AytFORPbugp9VHIJmS+SvuBoQfUNw8as1LfGh1ARq0x1kfP+xK9DEyQL7hFdwT6l3gTUiATlIP8wG/GPI1AIZfMmLrnJtjImEbBJfRzfmogYbzL2lC3VLEITCMbXdine1Zp0lasbSmkI/XnRMYiY3pRaDsjhh0z7Q3F/7x6iq2TRiZUkiIoPv6olUqKMR3GRZtCA0fZs4RxLeyulHeYZhxtqDkbgjd98l9SLRW9o+LR9WHh7HwSxxLZIbtkn3jkmJyRK1ImFcLJE3khb+TdeXZenQ9nMG6dcSYz2+QXnK9vMYmiUA==</latexit>

S = ω̃s +
→
2εωs + ε2Fs

<latexit sha1_base64="A/nap9FR4uKTdy+PG9y4ihAkCLU="></latexit>

→ Lint. ↑ ωsε̃εϑs + ...

<latexit sha1_base64="bHnS6DK8Z4G8Xjda1SuArgPDG8Q=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFCUpCUtWwULY5HoRWqiyHHd1qrjRLaDVEV9CxZehYUBhFhh421w2g7QciRLn/7/HPv4DxNKhLSsb62wtr6xuVXcLu3s7u0f6IdHbRGnHOEWimnMuyEUmBKGW5JIirsJxzAKKe6E45vc7zxgLkjM7uUkwX4Eh4wMCIJSSYFuZt7skh4fhn5mmVd117l0LizTsmpOxc3BqVWdytRjaSCmgV7OrbyMVbAXUAaLagb6l9ePURphJhGFQvRsK5F+BrkkiOJpyUsFTiAawyHuKWQwwsLPZitNjTOl9I1BzNVh0pipvycyGAkxiULVGUE5EsteLv7n9VI5qPsZYUkqMUPzhwYpNWRs5CEZfcIxknSiACJO1K4GGkEOkVRRllQI9vKXV6HtmLZrunfVcuN6EUcRnIBTcA5sUAMNcAuaoAUQeATP4BW8aU/ai/aufcxbC9pi5hj8Ke3zB/EfnAc=</latexit>ωs
<latexit sha1_base64="aXRLz9LzQYawbMtVz4rqRVKRiQY="></latexit>ωheavy

<latexit sha1_base64="k3cvTGFGTQvj+GbmNuRC07omR5g=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiF48V7Ac0IWy2m2bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBNcg+N8W5WNza3tnepubW//4PDIPj7p6jRXlHVoKlLVD4lmgkvWAQ6C9TPFSBIK1gvH93O/N2FK81Q+wTRjfkJGkkecEjBSYNsejXlQeCrBgo9imAV23Wk4C+B14pakjkq0A/vLG6Y0T5gEKojWA9fJwC+IAk4Fm9W8XLOM0DEZsYGhkiRM+8Xi8hm+MMoQR6kyJQEv1N8TBUm0niah6UwIxHrVm4v/eYMcolu/4DLLgUm6XBTlAkOK5zHgIVeMgpgaQqji5lZMY6IIBRNWzYTgrr68TrpXDbfZaD5e11t3ZRxVdIbO0SVy0Q1qoQfURh1E0QQ9o1f0ZhXWi/VufSxbK1Y5c4r+wPr8AaWuk7A=</latexit>ωlight

<latexit sha1_base64="oUtDNGHrVSgFRd/BoPu0aTzPpoo=">AAACGXicbZC7TsMwFIYdrqXcAowsERUSA6qcQkO7VbAwFolepCaqHNdtrTpOZDtIVZTXYOFVWBhAiBEm3gYn7QAtR7L06f/PsY9/P2JUKgi/jZXVtfWNzcJWcXtnd2/fPDhsyzAWmLRwyELR9ZEkjHLSUlQx0o0EQYHPSMef3GR+54EISUN+r6YR8QI04nRIMVJa6pswcfNLemLkewksQ6dah/VzWK5Cu5YDhE6tcpG6PO67QZz2zVKmZWUtgz2HEphXs29+uoMQxwHhCjMkZc+GkfISJBTFjKRFN5YkQniCRqSnkaOASC/Jl0qtU60MrGEo9OHKytXfEwkKpJwGvu4MkBrLRS8T//N6sRrWvITyKFaE49lDw5hZKrSymKwBFQQrNtWAsKB6VwuPkUBY6TCLOgR78cvL0K6Ubafs3F2WGtfzOArgGJyAM2CDK9AAt6AJWgCDR/AMXsGb8WS8GO/Gx6x1xZjPHIE/ZXz9AI87nOk=</latexit>ωµ



Neutrino & Gamma-ray signals
• Neutrino Flux

Only Redshifted
<latexit sha1_base64="fQC5+lBey8Ff0nF17cdvnLN+Omk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1jEilASkeqyKILLCvYBTQiT6bQdOpnEmUmhhuLGX3HjQhG3foU7/8ZpmoW2HrhwOOde7r3HjxiVyrK+jdzC4tLySn61sLa+sbllbu80ZBgLTOo4ZKFo+UgSRjmpK6oYaUWCoMBnpOkPriZ+c0iEpCG/U6OIuAHqcdqlGCkteebetefw+Ag65D6mQ1iyTx6OYap5ZtEqWyngPLEzUgQZap755XRCHAeEK8yQlG3bipSbIKEoZmRccGJJIoQHqEfamnIUEOkm6QtjeKiVDuyGQhdXMFV/TyQokHIU+LozQKovZ72J+J/XjlX3wk0oj2JFOJ4u6sYMqhBO8oAdKghWbKQJwoLqWyHuI4Gw0qkVdAj27MvzpHFativlyu1ZsXqZxZEH++AAlIANzkEV3IAaqAMMHsEzeAVvxpPxYrwbH9PWnJHN7II/MD5/AJ0Alao=</latexit>

E→
ω → (1 + z)Eω



Neutrino & Gamma-ray signals
• Gamma-ray Flux

Redshift 
+Attenuation 
+Cascade

<latexit sha1_base64="AztfHBovfaj1fR4fue0w5j2zLiM=">AAACEXicbVDLSgMxFM34rPVVdekmWIRCscyIVJdFNy4r2Ad0pkMmvW1Dk5khyQhl6C+48VfcuFDErTt3/o1pOwttPRA4nHMvN+cEMWdK2/a3tbK6tr6xmdvKb+/s7u0XDg6bKkokhQaNeCTbAVHAWQgNzTSHdiyBiIBDKxjdTP3WA0jFovBej2PwBBmErM8o0UbyCyV3QIQguIznxE9dKXAw6lUm2NURhm7ZeNA98wtFu2LPgJeJk5EiylD3C19uL6KJgFBTTpTqOHasvZRIzSiHSd5NFMSEjsgAOoaGRIDy0lmiCT41Sg/3I2leqPFM/b2REqHUWARmUhA9VIveVPzP6yS6f+WlLIwTDSGdH+onHJuo03pwj0mgmo8NIVQy81dMh0QSqk2JeVOCsxh5mTTPK061Ur27KNauszpy6BidoBJy0CWqoVtURw1E0SN6Rq/ozXqyXqx362M+umJlO0foD6zPHxiHm0g=</latexit>

ω + ωbkd. → e+ + e→
<latexit sha1_base64="9ZjfJUw/AEmFC5oGaDIv1UAqigs=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQlJCIVJdFNy4r2Ac0MUwmk3boTBJmJkIJ/Qk3/oobF4q4Fdz5N07TLLT1wMDhnHu5c06QMiqVbX8blaXlldW16nptY3Nre8fc3evIJBOYtHHCEtELkCSMxqStqGKklwqCeMBINxhdT/3uAxGSJvGdGqfE42gQ04hipLTkm6fk3k05PIHuAHGO/NwVHAaj0JpAVyWlqu1izDfrtmUXgIvEKUkdlGj55pcbJjjjJFaYISn7jp0qL0dCUczIpOZmkqQIj9CA9DWNESfSy4tUE3iklRBGidAvVrBQf2/kiEs55oGe5EgN5bw3Ff/z+pmKLr2cxmmmSIxnh6KMQZ13WhEMqSBYsbEmCAuq/wrxEAmElS6ypktw5iMvks6Z5TSsxu15vXlV1lEFB+AQHAMHXIAmuAEt0AYYPIJn8ArejCfjxXg3PmajFaPc2Qd/YHz+ABeZnYo=</latexit>

e± + ωbkd. → ω + e±



Neutrino/Gamma-ray signals
• Gamma-ray Flux

Redshift 
+Attenuation 
+Cascade

<latexit sha1_base64="AztfHBovfaj1fR4fue0w5j2zLiM=">AAACEXicbVDLSgMxFM34rPVVdekmWIRCscyIVJdFNy4r2Ad0pkMmvW1Dk5khyQhl6C+48VfcuFDErTt3/o1pOwttPRA4nHMvN+cEMWdK2/a3tbK6tr6xmdvKb+/s7u0XDg6bKkokhQaNeCTbAVHAWQgNzTSHdiyBiIBDKxjdTP3WA0jFovBej2PwBBmErM8o0UbyCyV3QIQguIznxE9dKXAw6lUm2NURhm7ZeNA98wtFu2LPgJeJk5EiylD3C19uL6KJgFBTTpTqOHasvZRIzSiHSd5NFMSEjsgAOoaGRIDy0lmiCT41Sg/3I2leqPFM/b2REqHUWARmUhA9VIveVPzP6yS6f+WlLIwTDSGdH+onHJuo03pwj0mgmo8NIVQy81dMh0QSqk2JeVOCsxh5mTTPK061Ur27KNauszpy6BidoBJy0CWqoVtURw1E0SN6Rq/ozXqyXqx362M+umJlO0foD6zPHxiHm0g=</latexit>

ω + ωbkd. → e+ + e→
<latexit sha1_base64="9ZjfJUw/AEmFC5oGaDIv1UAqigs=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQlJCIVJdFNy4r2Ac0MUwmk3boTBJmJkIJ/Qk3/oobF4q4Fdz5N07TLLT1wMDhnHu5c06QMiqVbX8blaXlldW16nptY3Nre8fc3evIJBOYtHHCEtELkCSMxqStqGKklwqCeMBINxhdT/3uAxGSJvGdGqfE42gQ04hipLTkm6fk3k05PIHuAHGO/NwVHAaj0JpAVyWlqu1izDfrtmUXgIvEKUkdlGj55pcbJjjjJFaYISn7jp0qL0dCUczIpOZmkqQIj9CA9DWNESfSy4tUE3iklRBGidAvVrBQf2/kiEs55oGe5EgN5bw3Ff/z+pmKLr2cxmmmSIxnh6KMQZ13WhEMqSBYsbEmCAuq/wrxEAmElS6ypktw5iMvks6Z5TSsxu15vXlV1lEFB+AQHAMHXIAmuAEt0AYYPIJn8ArejCfjxXg3PmajFaPc2Qd/YHz+ABeZnYo=</latexit>

e± + ωbkd. → ω + e±

<latexit sha1_base64="i04byur+VES9ON+X5H5lwl5WQMg=">AAACDnicbVA9SwNBEN3z2/gVtbRZDAGrcCeilqKIFhYK5gOS49jbTJIlu3fH7pwYjvsFNv4VGwtFbK3t/DduPgqNPhh4vDfDzLwwkcKg6345M7Nz8wuLS8uFldW19Y3i5lbNxKnmUOWxjHUjZAakiKCKAiU0Eg1MhRLqYf9s6NfvQBsRR7c4SMBXrBuJjuAMrRQUyy2Ee8yu4m4eZJ6b0/Og1WVKMdocOxdQy/2gWHIr7gj0L/EmpEQmuA6Kn612zFMFEXLJjGl6boJ+xjQKLiEvtFIDCeN91oWmpRFTYPxs9E5Oy1Zp006sbUVIR+rPiYwpYwYqtJ2KYc9Me0PxP6+ZYufYz0SUpAgRHy/qpJJiTIfZ0LbQwFEOLGFcC3sr5T2mGUebYMGG4E2//JfU9iveYeXw5qB0cjqJY4nskF2yRzxyRE7IJbkmVcLJA3kiL+TVeXSenTfnfdw640xmtskvOB/fKKycMQ==</latexit>

Log10Eω [GeV]
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<latexit sha1_base64="hCThaSxPsYcx0kdUIBz6cstDFA4=">AAACKXicbVBLSwMxEM76tr6qHr0Ei+DFsitSPRZF9FjBVqG7lmw6bYPJ7pLMimXp3/HiX/GioKhX/4hpu4KvgcD3mGEyX5hIYdB135yJyanpmdm5+cLC4tLySnF1rWHiVHOo81jG+jJkBqSIoI4CJVwmGpgKJVyE10dD/+IGtBFxdI79BALFupHoCM7QSq1i9bjld5lS7GqX+rWeyBlt+gi3mJ1AY0DHkKvBVbbjfVEzZkGrWHLL7qjoX+DloETyqrWKT3475qmCCLlkxjQ9N8EgYxoFlzAo+KmBhPFr1oWmhRFTYIJsdOmAblmlTTuxti9COlK/T2RMGdNXoe1UDHvmtzcU//OaKXYOgkxESYoQ8fGiTiopxnQYG20LDRxl3wLGtbB/pbzHNONowy3YELzfJ/8Fjd2yVylXzvZK1cM8jjmyQTbJNvHIPqmSU1IjdcLJHXkgz+TFuXcenVfnfdw64eQz6+RHOR+fGiSnNA==</latexit> E
2 ω
!

ω
[G

eV
cm

→
1
s→

1
]

Redshifted

Redshifted 
+Attenuated

Redshifted 
+Attenuated 
+Cascade



illustrative parameter examples



• Neutrino astronomy above O(10) PeV is very interesting and still 
mysterious for UHE neutrinos.


• Various astrophysical and cosmological scenarios for the production 
of UHE neutrinos (and BSM particles) are going to be investigated.


• Recently, KM3NeT collaboration reported analysis on UHE event 
KM3-230213A.


• In decaying heavy DM scenarios, relatively short lifetime and nearly 
degenerated spectrum in DM spectrum robustly compatible with the 
observation of KM3-230213A.


• Next-generation UHE neutrino and cosmic ray observatories will 
reveal the detailed features of UHE neutrino physics.

Conclusion



Thank you


