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In a wide range of Dark Matter mass 
<latexit sha1_base64="CQjqT1KixJZJRNhoAGjiuge639I="></latexit>

10�22 eV� 10�12MSun ,
Various DM candidates has been suggested. 

<latexit sha1_base64="FkmRWY49xUl6/258gpdfQUEmqK4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwYtgNQT0GvXiMYB6QxDA76SRDZh/M9IphWX/FiwdFvPoh3vwbJ8keNLGgoajqprvLi6TQ6Djf1srq2vrGZm4rv72zu7dvHxw2dBgrDnUeylC1PKZBigDqKFBCK1LAfE9C0xtfT/3mAygtwuAOJxF0fTYMxEBwhkbq2QXXuU/OyuWUdhAeMaHQSHt20Sk5M9Bl4makSDLUevZXpx/y2IcAuWRat10nwm7CFAouIc13Yg0R42M2hLahAfNBd5PZ8Sk9MUqfDkJlKkA6U39PJMzXeuJ7ptNnONKL3lT8z2vHOLjsJiKIYoSAzxcNYkkxpNMkaF8o4CgnhjCuhLmV8hFTjKPJK29CcBdfXiaNcsk9L1VuK8XqVRZHjhyRY3JKXHJBquSG1EidcDIhz+SVvFlP1ov1bn3MW1esbKZA/sD6/AEcspPO</latexit>

10�22 eV
<latexit sha1_base64="SeAZL8uTXtsinMpxq57VvPeiqQY=">AAAB/HicbVDJSgNBEO1xjXEbzdFLYxC8GGYkLsegF48RzALJGHo6laRJz0J3jRiG+CtePCji1Q/x5t/YSeagiQ8KHu9VUVXPj6XQ6Djf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eT/zGAygtovAORzF4AeuHoic4QyN17ILr3Kcn7tmYthEeMaVQH3fsolNypqCLxM1IkWSoduyvdjfiSQAhcsm0brlOjF7KFAouYZxvJxpixoesDy1DQxaA9tLp8WN6ZJQu7UXKVIh0qv6eSFmg9SjwTWfAcKDnvYn4n9dKsHfppSKME4SQzxb1EkkxopMkaFco4ChHhjCuhLmV8gFTjKPJK29CcOdfXiT105J7XirflouVqyyOHDkgh+SYuOSCVMgNqZIa4WREnskrebOerBfr3fqYtS5Z2UyB/IH1+QMf0ZPQ</latexit>

10�15 eV
<latexit sha1_base64="LCO2fYCXkvuPxQnjpBc/fP8Xu6g=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJMxpBa9ovV9yqOwddJV5OKiRHo1/+6g1inkagkEtmTNdzE/QzplFwCdNSLzWQMD5mQ+haqlgExs/mJ0/pmVUGNIy1LYV0rv6eyFhkzCQKbGfEcGSWvZn4n9dNMbz2M6GSFEHxxaIwlRRjOvufDoQGjnJiCeNa2FspHzHNONqUSjYEb/nlVdK6qHqX1dp9rVK/yeMokhNySs6JR65IndyRBmkSTmLyTF7Jm4POi/PufCxaC04+c0z+wPn8AV4nkVI=</latexit>

meV
<latexit sha1_base64="GRv5C2AA1L+mjNZ53mDKL1tzWr8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJMzqG1rRfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfUuq7X7WqV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5A1sZkVA=</latexit>

keV
<latexit sha1_base64="LDFGv4iVKjxHPLCWNG5jsc0VffE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRgx4r2A9oQ9lsJ+3STTbsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rEbQRKn7AcQJ+xAaxCAVnaKVOF+EJM3oLzUmvXHGr7gx0mXg5qZAc9V75q9tXPI0gRi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjacwiMH42O3lCT6zSp6HStmKkM/X3RMYiY8ZRYDsjhkOz6E3F/7xOiuGVn4k4SRFiPl8UppKiotP/aV9o4CjHljCuhb2V8iHTjKNNqWRD8BZfXibNs6p3UT2/P6/UrvM4iuSIHJNT4pFLUiN3pE4ahBNFnskreXPQeXHenY95a8HJZw7JHzifPyQdkSw=</latexit>

GeV
<latexit sha1_base64="LDadnnlFUYccFifI0L9iuTHbGEE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM120i7dbMLuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6eaQ5PHMtadgBmQQkETBUroJBpYFEhoB+O7md9+BG1ErBo4ScCP2FCJUHCGVur2EJ4wow1oTfvlilt156CrxMtJheSo98tfvUHM0wgUcsmM6Xpugn7GNAouYVrqpQYSxsdsCF1LFYvA+Nn85Ck9s8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophjd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tSyYbgLb+8SloXVe+qevlwWand5nEUyQk5JefEI9ekRu5JnTQJJzF5Jq/kzUHnxXl3PhatBSefOSZ/4Hz+ADf4kTk=</latexit>

TeV
<latexit sha1_base64="C2zQoN0fdqsaA/VgsiyEi0HVqQg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBLdShAQQkPMMrvHnGe/HevY95a8HLZw7hD7zPHzf0kKI=</latexit>

MPl

<latexit sha1_base64="bJD5IwfgEgzVh/RS7gj4XrcYMsE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwY0mkPpZFN26EivYBbQyT6aQdOjMJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hPEjCrtON/W3PzC4tJyYaW4ura+sWlvbTdUlEhM6jhikWwFSBFGBalrqhlpxZIgHjDSDAaXI7/5QKSikbjTw5h4HPUEDSlG2ki+ves69+mRe5LBaz/tSA5vE5H5dskpO2PAWeLmpARy1Hz7q9ONcMKJ0JghpdquE2svRVJTzEhW7CSKxAgPUI+0DRWIE+Wl4+szeGCULgwjaUpoOFZ/T6SIKzXkgenkSPfVtDcS//PaiQ7PvZSKONFE4MmiMGFQR3AUBexSSbBmQ0MQltTcCnEfSYS1CaxoQnCnX54ljeOye1qu3FRK1Ys8jgLYA/vgELjgDFTBFaiBOsDgETyDV/BmPVkv1rv1MWmds/KZHfAH1ucPrBqUGw==</latexit>

10�15MSun
<latexit sha1_base64="rtlT6M1jhLr2e7xpE9Y1dWH84vE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJM9qA1rRfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfUuq7X7WqV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AzHckTU=</latexit>

PeV

WIMP

Light DM

Sterile <latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

Decaying 
DM

QCD axion
Ultralight boson,

Ultralight (wave-like) DM

Primordial BH

in a point of view of particle physics
DM candidates

SIMP/ 
ELDERS

Super 
heavy 

DM

<latexit sha1_base64="XfuDOUKUl1iAA/EFYbzEUGP+K48=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRT0W9eBFqGA/sF1KNs22oUl2SbJCWfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHF1P/dYTVZrF8sGMExoIPJAsYgQbKz2KXtZVAt3cTXpu2at4M6Bl4uekDDnqPfer249JKqg0hGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmF0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroMMiaT1FBJ5ouilCMTo+n7qM8UJYaPLcFEMXsrIkOsMDE2pJINwV98eZk0zyr+eaV6Xy3XrvI4inAEx3AKPlxADW6hDg0gIOEZXuHN0c6L8+58zFsLTj5zCH/gfP4AKDGQlw==</latexit>mDM



In a wide range of Dark Matter mass 
<latexit sha1_base64="CQjqT1KixJZJRNhoAGjiuge639I="></latexit>

10�22 eV� 10�12MSun ,
Various DM candidates has been suggested. 

<latexit sha1_base64="FkmRWY49xUl6/258gpdfQUEmqK4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwYtgNQT0GvXiMYB6QxDA76SRDZh/M9IphWX/FiwdFvPoh3vwbJ8keNLGgoajqprvLi6TQ6Djf1srq2vrGZm4rv72zu7dvHxw2dBgrDnUeylC1PKZBigDqKFBCK1LAfE9C0xtfT/3mAygtwuAOJxF0fTYMxEBwhkbq2QXXuU/OyuWUdhAeMaHQSHt20Sk5M9Bl4makSDLUevZXpx/y2IcAuWRat10nwm7CFAouIc13Yg0R42M2hLahAfNBd5PZ8Sk9MUqfDkJlKkA6U39PJMzXeuJ7ptNnONKL3lT8z2vHOLjsJiKIYoSAzxcNYkkxpNMkaF8o4CgnhjCuhLmV8hFTjKPJK29CcBdfXiaNcsk9L1VuK8XqVRZHjhyRY3JKXHJBquSG1EidcDIhz+SVvFlP1ov1bn3MW1esbKZA/sD6/AEcspPO</latexit>

10�22 eV
<latexit sha1_base64="SeAZL8uTXtsinMpxq57VvPeiqQY=">AAAB/HicbVDJSgNBEO1xjXEbzdFLYxC8GGYkLsegF48RzALJGHo6laRJz0J3jRiG+CtePCji1Q/x5t/YSeagiQ8KHu9VUVXPj6XQ6Djf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eT/zGAygtovAORzF4AeuHoic4QyN17ILr3Kcn7tmYthEeMaVQH3fsolNypqCLxM1IkWSoduyvdjfiSQAhcsm0brlOjF7KFAouYZxvJxpixoesDy1DQxaA9tLp8WN6ZJQu7UXKVIh0qv6eSFmg9SjwTWfAcKDnvYn4n9dKsHfppSKME4SQzxb1EkkxopMkaFco4ChHhjCuhLmV8gFTjKPJK29CcOdfXiT105J7XirflouVqyyOHDkgh+SYuOSCVMgNqZIa4WREnskrebOerBfr3fqYtS5Z2UyB/IH1+QMf0ZPQ</latexit>

10�15 eV
<latexit sha1_base64="LCO2fYCXkvuPxQnjpBc/fP8Xu6g=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJMxpBa9ovV9yqOwddJV5OKiRHo1/+6g1inkagkEtmTNdzE/QzplFwCdNSLzWQMD5mQ+haqlgExs/mJ0/pmVUGNIy1LYV0rv6eyFhkzCQKbGfEcGSWvZn4n9dNMbz2M6GSFEHxxaIwlRRjOvufDoQGjnJiCeNa2FspHzHNONqUSjYEb/nlVdK6qHqX1dp9rVK/yeMokhNySs6JR65IndyRBmkSTmLyTF7Jm4POi/PufCxaC04+c0z+wPn8AV4nkVI=</latexit>

meV
<latexit sha1_base64="GRv5C2AA1L+mjNZ53mDKL1tzWr8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJMzqG1rRfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfUuq7X7WqV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5A1sZkVA=</latexit>

keV
<latexit sha1_base64="LDFGv4iVKjxHPLCWNG5jsc0VffE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRgx4r2A9oQ9lsJ+3STTbsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rEbQRKn7AcQJ+xAaxCAVnaKVOF+EJM3oLzUmvXHGr7gx0mXg5qZAc9V75q9tXPI0gRi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjacwiMH42O3lCT6zSp6HStmKkM/X3RMYiY8ZRYDsjhkOz6E3F/7xOiuGVn4k4SRFiPl8UppKiotP/aV9o4CjHljCuhb2V8iHTjKNNqWRD8BZfXibNs6p3UT2/P6/UrvM4iuSIHJNT4pFLUiN3pE4ahBNFnskreXPQeXHenY95a8HJZw7JHzifPyQdkSw=</latexit>

GeV
<latexit sha1_base64="LDadnnlFUYccFifI0L9iuTHbGEE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM120i7dbMLuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6eaQ5PHMtadgBmQQkETBUroJBpYFEhoB+O7md9+BG1ErBo4ScCP2FCJUHCGVur2EJ4wow1oTfvlilt156CrxMtJheSo98tfvUHM0wgUcsmM6Xpugn7GNAouYVrqpQYSxsdsCF1LFYvA+Nn85Ck9s8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophjd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tSyYbgLb+8SloXVe+qevlwWand5nEUyQk5JefEI9ekRu5JnTQJJzF5Jq/kzUHnxXl3PhatBSefOSZ/4Hz+ADf4kTk=</latexit>

TeV
<latexit sha1_base64="C2zQoN0fdqsaA/VgsiyEi0HVqQg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBLdShAQQkPMMrvHnGe/HevY95a8HLZw7hD7zPHzf0kKI=</latexit>

MPl

<latexit sha1_base64="bJD5IwfgEgzVh/RS7gj4XrcYMsE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwY0mkPpZFN26EivYBbQyT6aQdOjMJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hPEjCrtON/W3PzC4tJyYaW4ura+sWlvbTdUlEhM6jhikWwFSBFGBalrqhlpxZIgHjDSDAaXI7/5QKSikbjTw5h4HPUEDSlG2ki+ves69+mRe5LBaz/tSA5vE5H5dskpO2PAWeLmpARy1Hz7q9ONcMKJ0JghpdquE2svRVJTzEhW7CSKxAgPUI+0DRWIE+Wl4+szeGCULgwjaUpoOFZ/T6SIKzXkgenkSPfVtDcS//PaiQ7PvZSKONFE4MmiMGFQR3AUBexSSbBmQ0MQltTcCnEfSYS1CaxoQnCnX54ljeOye1qu3FRK1Ys8jgLYA/vgELjgDFTBFaiBOsDgETyDV/BmPVkv1rv1MWmds/KZHfAH1ucPrBqUGw==</latexit>

10�15MSun
<latexit sha1_base64="rtlT6M1jhLr2e7xpE9Y1dWH84vE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKVuD+EJM9qA1rRfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfUuq7X7WqV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AzHckTU=</latexit>

PeV

WIMP

Light DM
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In the ranges of keV-GeV masses, DM can be actively upscattered by 
energetic cosmic rays and neutrinos in our universe.



The limits on light DM direct detection

 Conventional searches on halo DM using nuclear/electron recoils     
 usually have the cliffs around 10-100 MeV, 
 due to tiny kinetic energies which are lower than E thresholds.
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One way to probe light DM (< MeV-GeV, depending on 
interaction strength) ==> is to find the boosted DM?
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One way to probe light DM (< MeV-GeV, depending on 
interaction strength) ==> is to find the boosted DM?
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How many electrons?:  
Observed spectrum of electron CR

A caveat: All of these observation is in the local region.

[Fig. from arXiv:2006.12767[hep-ph].]



[Raffelt, Tamborra, Vitagliano et al. 19']

How many neutrinos?:  
Spectrum of neutrinos in our universe
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How many neutrinos?:  
Spectrum of neutrinos in our universe

[Raffelt, Tamborra, Vitagliano et al. 19']

• The solar neutrino spectrum has 
maximum around 300 keV 

• & Includes several bumps/peaks from 
each nuclear channels. 

• Dominant contributions to fluxes are 
very well measured by experiments 
(e.g. Borexino, Gemma)



How many neutrinos?:  
Spectrum of neutrinos in our universe

A direct detection of DSNB suggested by [Beacom. 10']

[Fig. from arXiv:2007.13748 [hep-ph]]

• Thermally produced from neutronization in 
proto-neutron stars 

• Usually has Boltzmann peaks around 5-10 
MeV (depending on flavor 

• The amount of flux is determined by star-
formation-rate (SFR) including high redshift. 

• Extragalactic origin & almost isotropic



Boosting keV-GeV DM with
• Electron Cosmic rays (based on observed data)
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Boosting keV-GeV DM with

• DSNB (extragalactic origin)

• Stellar neutrinos (Galactic/Extragalactic origin, Our work)

• Electron Cosmic rays (based on observed data)
Electron CR (2 MeV - 90 GeV for the observed data)

Neutrino (O(1)-O(100) MeV) & normalization predicted by SFR 

Neutrino (O(100) keV - 20 MeV) & precisely measured by solar neutrino detection exp. 

first suggested by Y. Ema et al. (18')

first suggested by A. Das et al. (21')



DM halo

Galactic Disk
Earth
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eCR-Boosted Dark Matter (BDM) &  
Observation of BDM at DM Direct detection

XENON Collaboration 
PRD 102 (2020) 072004 

[2006.09721] [hep-ex]

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
PLB 811 (2020) 135863 [2006.13910] [hep-ph]
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Charged Cosmic ray (electron) BDM 
provides an interesting possibility in 

DM direct detection/neutrino 
observatories.

Caveat) Large e-DM interaction can be suffered from 
the constraints by cosmology and SN.



• The flux of DM, boosted by CR electron

electron 
CR flux

e�CR + �halo ! e� + �Boosted
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• Boosted DM-electron (in the detector) cross section with light mediator X

eCR-Boosted Dark Matter (BDM) &  
Observation of BDM at DM Direct detection



• Favored parameters

eCR-Boosted Dark Matter (BDM) &  
Observation of BDM at DM Direct detection

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
PLB 811 (2020) 135863 [2006.13910] [hep-ph]



• Constraints (mediator mass/coupling)
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1�
all
ow
ed

(Sc
en
ari
o 2

)

<latexit sha1_base64="tCqIZ3sCNqXU6t7fVdBjM7u0spI="></latexit>

g⌫ = 0

<latexit sha1_base64="c6fxjgkSz8tCx5W+LQ0pxcUnMhE=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoB6EohePFeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyaCG+t536iwsrq2vlHcLG1t7+zulfcPmiZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9up33pi2vBYPdhxwgJJBopHnBLrpMdBr6tSfI29XrniVb0Z8DLxc1KBHPVe+avbj2kqmbJUEGM6vpfYICPacirYpNRNDUsIHZEB6ziqiGQmyGYHT/CJU/o4irUrZfFM/T2REWnMWIauUxI7NIveVPzP66Q2ugwyrpLUMkXni6JUYBvj6fe4zzWjVowdIVRzdyumQ6IJtS6jkgvBX3x5mTTPqv559er+vFK7yeMowhEcwyn4cAE1uIM6NICChGd4hTek0Qt6Rx/z1gLKZw7hD9DnD36Rj5I=</latexit>

g� = 1.5

<latexit sha1_base64="eEKvLOpv0FzyEgOA8FH7A3NrNUI=">AAAB83icbVBNS8NAEJ2tX7V+VT16WSyCp5CIoh6EohePFewHNKFstpt26WYTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpgKro3rfqPSyura+kZ5s7K1vbO7V90/aOkkU5Q1aSIS1QmJZoJL1jTcCNZJFSNxKFg7HN1N/fYTU5on8tGMUxbEZCB5xCkxVvIHPZ8OOb7BnnPRq9Zcx50BLxOvIDUo0OhVv/x+QrOYSUMF0brruakJcqIMp4JNKn6mWUroiAxY11JJYqaDfHbzBJ9YpY+jRNmSBs/U3xM5ibUex6HtjIkZ6kVvKv7ndTMTXQU5l2lmmKTzRVEmsEnwNADc54pRI8aWEKq4vRXTIVGEGhtTxYbgLb68TFpnjnfuXD+c1+q3RRxlOIJjOAUPLqEO99CAJlBI4Rle4Q1l6AW9o495awkVM4fwB+jzBwlBkGU=</latexit>

eCR-Boosted Dark Matter (BDM) &  
Observation of BDM at DM Direct detection

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
PLB 811 (2020) 135863 [2006.13910] [hep-ph]



Q1: Can Cosmic "Neutrinos" 
boost light Dark Matter in the halo?

Q2: Cosmic-Neutrino-Boosted Dark Matter 
can be probed at  

various ground experiments/observatories?

Then, How about neutrinos?



Q1: Can Cosmic "Neutrinos" 
boost light Dark Matter in the halo?

Q2: Cosmic-Neutrino-Boosted Dark Matter 
can be probed at  

various ground experiments/observatories?

Then, How about neutrinos?



Q1: Can Cosmic "Neutrinos" 
boost light Dark Matter in the halo?

(d�, 0, 0)

<latexit sha1_base64="zs9aONuIqizQIfpzmmL5srAPv4g=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJUKGVXCuqt6MVjBfsB7Vqy2Wwbmk2WJKuU0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBQln2rjut7Oyura+sZnbym/v7O7tFw4Om1qmitAGkVyqdoA15UzQhmGG03aiKI4DTlvB8Gbqtx6p0kyKezNKqB/jvmARI9hY6aEU9roy4akuu2X3rFcouhV3BrRMvIwUIUO9V/jqhpKkMRWGcKx1x3MT44+xMoxwOsl3U00TTIa4TzuWChxT7Y9nV0/QqVVCFEllSxg0U39PjHGs9SgObGeMzUAvelPxP6+TmujSHzORpIYKMl8UpRwZiaYRoJApSgwfWYKJYvZWRAZYYWJsUHkbgrf48jJpnle8auXqrlqsXWdx5OAYTqAEHlxADW6hDg0goOAZXuHNeXJenHfnY9664mQzR/AHzucPzlKRbQ==</latexit>

DM halo

~y

<latexit sha1_base64="djNgVbPuLJkUq3v0Hvq/eHsp2UY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZTtulm03Y3RRC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4m93O/PUWleSSfTBqjH9KR5EPOqLFSuzdFlqWzfrniVt0FyDrxclKBHI1++as3iFgSojRMUK27nhsbP6PKcCZwVuolGmPKJnSEXUslDVH72eLcGbmwyoAMI2VLGrJQf09kNNQ6DQPbGVIz1qveXPzP6yZmeONnXMaJQcmWi4aJICYi89/JgCtkRqSWUKa4vZWwMVWUGZtQyYbgrb68TlpXVa9WvX2sVep3eRxFOINzuAQPrqEOD9CAJjCYwDO8wpsTOy/Ou/OxbC04+cwp/IHz+QO3SI/X</latexit>

~z � ~y

<latexit sha1_base64="Kkp5WjfAM/0XXCtlBg68Zlmj7S4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5ZECuqu6MZlBfuANpTJdNIOnTyYmRTSkC9x40IRt36KO//GaZqFth643MM59zJ3jhtxJpVlfRuljc2t7Z3ybmVv/+Cwah4dd2QYC0LbJOSh6LlYUs4C2lZMcdqLBMW+y2nXnd4v/O6MCsnC4EklEXV8PA6YxwhWWhqa1cGMknSeXeY9yYZmzapbOdA6sQtSgwKtofk1GIUk9mmgCMdS9m0rUk6KhWKE06wyiCWNMJniMe1rGmCfSifND8/QuVZGyAuFrkChXP29kWJfysR39aSP1USuegvxP68fK+/GSVkQxYoGZPmQF3OkQrRIAY2YoETxRBNMBNO3IjLBAhOls6roEOzVL6+TzlXdbtRvHxu15l0RRxlO4QwuwIZraMIDtKANBGJ4hld4M+bGi/FufCxHS0axcwJ/YHz+AFvAk5E=</latexit>

~x� ~z

<latexit sha1_base64="gvvYRV8FYLI82zTu7eTjn8Ijn/4=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0mkoO6KblxWsA9oQ5lMb9qhk0mYmRTbkC9x40IRt36KO//GaZuFth643MM59zJ3jh9zprTjfFtr6xubW9uFneLu3v5ByT48aqookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/dDfzW2OQikXiUU9i8EIyECxglGgj9exSdww0fcou5n2a9eyyU3HmwKvEzUkZ5aj37K9uP6JJCEJTTpTquE6svZRIzSiHrNhNFMSEjsgAOoYKEoLy0vnhGT4zSh8HkTQlNJ6rvzdSEio1CX0zGRI9VMveTPzP6yQ6uPZSJuJEg6CLh4KEYx3hWQq4zyRQzSeGECqZuRXTIZGEapNV0YTgLn95lTQvK261cvNQLddu8zgK6ASdonPkoitUQ/eojhqIogQ9o1f0Zk2tF+vd+liMrln5zjH6A+vzB1ork5A=</latexit>

~x

<latexit sha1_base64="zu+qbv1+5ENWXj4CH4mXP//7pL0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsJ+3SzSbsbool9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy56mvXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/m5U3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeO1nXCapQckWi8JUEBOT2e+kzxUyIyaWUKa4vZWwIVWUGZtQyYbgLb+8SpoXVe+yevNwWand5nEU4QRO4Rw8uIIa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w+1w4/W</latexit>

Galactic Disk
Earth

<latexit sha1_base64="HqJ5gGv/SuElk6EXNPdHixy5WUg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VRfBYwX5At5Rsmm1Ds9klmRXL0r/hxYMiXv0z3vw3pu0etPXBwOO9mWTmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwnvBvRgRKhYBSt5PvInzC7pRqHk1654lbdGcgy8XJSgRz1XvnL78csjbhCJqkxHc9NsJvZxwSTfFLyU8MTykZ0wDuWKhpx081mO0/IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzsZkIlKXLF5h+FqSQYk2kApC80ZyjHllCmhd2VsCHVlKGNqWRD8BZPXibNs6p3Xr26P6/UrvM4inAEx3AKHlxADe6gDg1gkMAzvMKbkzovzrvzMW8tOPnMIfyB8/kDjgiSCw==</latexit>

DM

<latexit sha1_base64="akNueN022yT9Yv6hWBnehYWKOFY=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoPgKeyKoN6CevAiRDAPSZYwO+kkQ2Zml5leMSz5Ci8eFPHq53jzb5wke9DEgoaiqpvurjAW3KDnfTu5peWV1bX8emFjc2t7p7i7VzdRohnUWCQi3QypAcEV1JCjgGasgcpQQCMcXk38xiNowyN1j6MYAkn7ivc4o2ilhzbCE6bXt+NOseSVvSncReJnpEQyVDvFr3Y3YokEhUxQY1q+F2OQUo2cCRgX2omBmLIh7UPLUkUlmCCdHjx2j6zSdXuRtqXQnaq/J1IqjRnJ0HZKigMz703E/7xWgr3zIOUqThAUmy3qJcLFyJ1873a5BoZiZAllmttbXTagmjK0GRVsCP78y4ukflL2T8sXd6elymUWR54ckENyTHxyRirkhlRJjTAiyTN5JW+Odl6cd+dj1ppzspl98gfO5w/4a5CK</latexit>

✓̄0

<latexit sha1_base64="wxvkV5LanFyhh/fOivJtG4DfYBY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oYtlst+3SzSbsTpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWObqZ+65FrI2J1j+OEBxEdKNEXjKKVHvyQ6szHIUc66brdcsWtujOQZeLlpAI56t3yl9+LWRpxhUxSYzqem2CQUY2CST4p+anhCWUjOuAdSxWNuAmy2dUTcmKVHunH2pZCMlN/T2Q0MmYchbYzojg0i95U/M/rpNi/DDKhkhS5YvNF/VQSjMk0AtITmjOUY0so08LeStiQasrQBlWyIXiLLy+T5lnVO69e3Z1Xatd5HEU4gmM4BQ8uoAa3UIcGMNDwDK/w5jw5L8678zFvLTj5zCH8gfP5A58ekpw=</latexit>

<latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

✓

<latexit sha1_base64="31u2RSDESCMXkZMAAFZDRI+qOKs="></latexit>

BDM
<latexit sha1_base64="xCS66/7rmcbDVQx4vLNkG+orN9k="></latexit>

Star

<latexit sha1_base64="zuP3dknFXT0IoHkz9g21wGdsKUM=">AAACHnicbVDLSgMxFM3UV62vUZduBovgQkqmdLTdFd24rGAf0BlKJk3b0MyD5I5QhvkSN/6KGxeKCK70b0wfC209EDicc25yc/xYcAUYfxu5tfWNza38dmFnd2//wDw8aqkokZQ1aSQi2fGJYoKHrAkcBOvEkpHAF6ztj2+mfvuBScWj8B4mMfMCMgz5gFMCWuqZTurOLunKoe+luITLVadSvsClsoNrdk0TB9u1y0rm+kSmLowYkCzrmUUdncFaJfaCFNECjZ756fYjmgQsBCqIUl0bx+ClRAKngmUFN1EsJnRMhqyraUgCprx0tllmnWmlbw0iqU8I1kz9PZGSQKlJ4OtkQGCklr2p+J/XTWBQ9VIexgmwkM4fGiTCgsiadmX1uWQUxEQTQiXXu1p0RCShoBst6BLs5S+vkla5ZDslfFcp1q8XdeTRCTpF58hGV6iOblEDNRFFj+gZvaI348l4Md6Nj3k0ZyxmjtEfGF8/y5KfNA==</latexit>

✓̄

<latexit sha1_base64="kQXvlJ4iRs/YitrRFhz6bdFZWjU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKosdgDnqMYB6SLGF2MkmGzMwuM71iWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEU1ankYh0KySGCa5YHTkK1oo1IzIUrBmOqlO/+ci04ZG6x3HMAkkGivc5JWilhw6yJ0xvqpNuseSVvRncZeJnpAQZat3iV6cX0UQyhVQQY9q+F2OQEo2cCjYpdBLDYkJHZMDalioimQnS2cET98QqPbcfaVsK3Zn6eyIl0pixDG2nJDg0i95U/M9rJ9i/ClKu4gSZovNF/US4GLnT790e14yiGFtCqOb2VpcOiSYUbUYFG4K/+PIyaZyV/Yuyd3deqlxnceThCI7hFHy4hArcQg3qQEHCM7zCm6OdF+fd+Zi35pxs5hD+wPn8Aes9kHs=</latexit>

GC

<latexit sha1_base64="txQjAE234XFXDbP8B8qw5MZ6fgE=">AAACFXicdVBLSwMxGMzWV62vVY9egkXwUMpuXdt6K3rxWME+YHcp2TRtQ7PZJckKZemf8OJf8eJBEa+CN/+N2T5ARQcCw8x8yZcJYkalsqxPI7eyura+kd8sbG3v7O6Z+wdtGSUCkxaOWCS6AZKEUU5aiipGurEgKAwY6QTjq8zv3BEhacRv1SQmfoiGnA4oRkpLPbOUerNLXDEM/NQqX9SrFadassqWVbMrdkYqNefMmXo8mfbM4jIBlwm4TEBbKxmKYIFmz/zw+hFOQsIVZkhK17Zi5adIKIoZmRa8RJIY4TEaEldTjkIi/XS20BSeaKUPB5HQhys4U79PpCiUchIGOhkiNZK/vUz8y3MTNaj7KeVxogjH84cGCYMqgllFsE8FwYpNNEFYUL0rxCMkEFa6yIIuYflT+D9pV8r2edm6cYqNy0UdeXAEjsEpsEENNMA1aIIWwOAePIJn8GI8GE/Gq/E2j+aMxcwh+AHj/QupKJta</latexit>⌫



Galactic Neutrino-Boosted 
Dark Matter

<latexit sha1_base64="fcG33JWBXckWIZX6PyUvdTlTBos=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NXrJk73bZnRNCyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMv0lJY9P1vr7Cyura+UdwsbW3v7O6V9w8ercoM4w2mpDKtiFouRcobKFDyljacJpHkzWh4O/WbT9xYodIHHGkeJrSfilgwik5qdrRRGlW3XPGr/gxkmQQ5qUCOerf81ekpliU8RSapte3A1xiOqUHBJJ+UOpnlmrIh7fO2oylNuA3Hs3Mn5MQpPRIr4ypFMlN/T4xpYu0oiVxnQnFgF72p+J/XzjC+Dsci1RnylM0XxZkkqMj0d9IThjOUI0coM8LdStiAGsrQJVRyIQSLLy+Tx7NqcFk9v7+o1G7yOIpwBMdwCgFcQQ3uoA4NYDCEZ3iFN097L9679zFvLXj5zCH8gff5A6V3j8g=</latexit>/

(It is valid in the point source limit,           )<latexit sha1_base64="qLxMs3gV+1165SwcR4dDbxzd0EA=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KoqMeiF48VjC20oWy2L+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtg4sDDPvsW8mTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZMQt1etuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaLsk4bM1N8bOY21HsehnYypGepFbyr+53UyE10HOZdpZlCy+UdRJoiNOE1O+lwhM2JsCWWK21sJG1JFmbH9VGwJ3mLkZfJ4Vvcu6+f3F7XGTVFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HfLTkFDuH8AfO5w8nRI5D</latexit>! 0

Dark Matter boosted by neutrinos emitted from the Sun



(The volume integration for DM coordinates)
For a single neutrino source (here, our Sun) contribution!

Dark Matter boosted by neutrinos emitted from the Sun

Galactic Neutrino-Boosted 
Dark Matter



The expectation of total Galactic Star neutrino BDM

(d�, 0, 0)

<latexit sha1_base64="zs9aONuIqizQIfpzmmL5srAPv4g=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJUKGVXCuqt6MVjBfsB7Vqy2Wwbmk2WJKuU0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBQln2rjut7Oyura+sZnbym/v7O7tFw4Om1qmitAGkVyqdoA15UzQhmGG03aiKI4DTlvB8Gbqtx6p0kyKezNKqB/jvmARI9hY6aEU9roy4akuu2X3rFcouhV3BrRMvIwUIUO9V/jqhpKkMRWGcKx1x3MT44+xMoxwOsl3U00TTIa4TzuWChxT7Y9nV0/QqVVCFEllSxg0U39PjHGs9SgObGeMzUAvelPxP6+TmujSHzORpIYKMl8UpRwZiaYRoJApSgwfWYKJYvZWRAZYYWJsUHkbgrf48jJpnle8auXqrlqsXWdx5OAYTqAEHlxADW6hDg0goOAZXuHNeXJenHfnY9664mQzR/AHzucPzlKRbQ==</latexit>

DM halo

~y

<latexit sha1_base64="djNgVbPuLJkUq3v0Hvq/eHsp2UY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZTtulm03Y3RRC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4m93O/PUWleSSfTBqjH9KR5EPOqLFSuzdFlqWzfrniVt0FyDrxclKBHI1++as3iFgSojRMUK27nhsbP6PKcCZwVuolGmPKJnSEXUslDVH72eLcGbmwyoAMI2VLGrJQf09kNNQ6DQPbGVIz1qveXPzP6yZmeONnXMaJQcmWi4aJICYi89/JgCtkRqSWUKa4vZWwMVWUGZtQyYbgrb68TlpXVa9WvX2sVep3eRxFOINzuAQPrqEOD9CAJjCYwDO8wpsTOy/Ou/OxbC04+cwp/IHz+QO3SI/X</latexit>

~z � ~y

<latexit sha1_base64="Kkp5WjfAM/0XXCtlBg68Zlmj7S4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEN5ZECuqu6MZlBfuANpTJdNIOnTyYmRTSkC9x40IRt36KO//GaZqFth643MM59zJ3jhtxJpVlfRuljc2t7Z3ybmVv/+Cwah4dd2QYC0LbJOSh6LlYUs4C2lZMcdqLBMW+y2nXnd4v/O6MCsnC4EklEXV8PA6YxwhWWhqa1cGMknSeXeY9yYZmzapbOdA6sQtSgwKtofk1GIUk9mmgCMdS9m0rUk6KhWKE06wyiCWNMJniMe1rGmCfSifND8/QuVZGyAuFrkChXP29kWJfysR39aSP1USuegvxP68fK+/GSVkQxYoGZPmQF3OkQrRIAY2YoETxRBNMBNO3IjLBAhOls6roEOzVL6+TzlXdbtRvHxu15l0RRxlO4QwuwIZraMIDtKANBGJ4hld4M+bGi/FufCxHS0axcwJ/YHz+AFvAk5E=</latexit>

~x� ~z

<latexit sha1_base64="gvvYRV8FYLI82zTu7eTjn8Ijn/4=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0mkoO6KblxWsA9oQ5lMb9qhk0mYmRTbkC9x40IRt36KO//GaZuFth643MM59zJ3jh9zprTjfFtr6xubW9uFneLu3v5ByT48aqookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/dDfzW2OQikXiUU9i8EIyECxglGgj9exSdww0fcou5n2a9eyyU3HmwKvEzUkZ5aj37K9uP6JJCEJTTpTquE6svZRIzSiHrNhNFMSEjsgAOoYKEoLy0vnhGT4zSh8HkTQlNJ6rvzdSEio1CX0zGRI9VMveTPzP6yQ6uPZSJuJEg6CLh4KEYx3hWQq4zyRQzSeGECqZuRXTIZGEapNV0YTgLn95lTQvK261cvNQLddu8zgK6ASdonPkoitUQ/eojhqIogQ9o1f0Zk2tF+vd+liMrln5zjH6A+vzB1ork5A=</latexit>

~x

<latexit sha1_base64="zu+qbv1+5ENWXj4CH4mXP//7pL0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsJ+3SzSbsbool9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfGqPSPJaPZpKgH9GB5CFn1Fip1R0jy56mvXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/m5U3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeO1nXCapQckWi8JUEBOT2e+kzxUyIyaWUKa4vZWwIVWUGZtQyYbgLb+8SpoXVe+yevNwWand5nEU4QRO4Rw8uIIa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w+1w4/W</latexit>

Galactic Disk
Earth

<latexit sha1_base64="HqJ5gGv/SuElk6EXNPdHixy5WUg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VRfBYwX5At5Rsmm1Ds9klmRXL0r/hxYMiXv0z3vw3pu0etPXBwOO9mWTmBYkUBl332ymsrK6tbxQ3S1vbO7t75f2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwnvBvRgRKhYBSt5PvInzC7pRqHk1654lbdGcgy8XJSgRz1XvnL78csjbhCJqkxHc9NsJvZxwSTfFLyU8MTykZ0wDuWKhpx081mO0/IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzsZkIlKXLF5h+FqSQYk2kApC80ZyjHllCmhd2VsCHVlKGNqWRD8BZPXibNs6p3Xr26P6/UrvM4inAEx3AKHlxADe6gDg1gkMAzvMKbkzovzrvzMW8tOPnMIfyB8/kDjgiSCw==</latexit>

DM

<latexit sha1_base64="akNueN022yT9Yv6hWBnehYWKOFY=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoPgKeyKoN6CevAiRDAPSZYwO+kkQ2Zml5leMSz5Ci8eFPHq53jzb5wke9DEgoaiqpvurjAW3KDnfTu5peWV1bX8emFjc2t7p7i7VzdRohnUWCQi3QypAcEV1JCjgGasgcpQQCMcXk38xiNowyN1j6MYAkn7ivc4o2ilhzbCE6bXt+NOseSVvSncReJnpEQyVDvFr3Y3YokEhUxQY1q+F2OQUo2cCRgX2omBmLIh7UPLUkUlmCCdHjx2j6zSdXuRtqXQnaq/J1IqjRnJ0HZKigMz703E/7xWgr3zIOUqThAUmy3qJcLFyJ1873a5BoZiZAllmttbXTagmjK0GRVsCP78y4ukflL2T8sXd6elymUWR54ckENyTHxyRirkhlRJjTAiyTN5JW+Odl6cd+dj1ppzspl98gfO5w/4a5CK</latexit>

✓̄0

<latexit sha1_base64="wxvkV5LanFyhh/fOivJtG4DfYBY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oYtlst+3SzSbsTpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWObqZ+65FrI2J1j+OEBxEdKNEXjKKVHvyQ6szHIUc66brdcsWtujOQZeLlpAI56t3yl9+LWRpxhUxSYzqem2CQUY2CST4p+anhCWUjOuAdSxWNuAmy2dUTcmKVHunH2pZCMlN/T2Q0MmYchbYzojg0i95U/M/rpNi/DDKhkhS5YvNF/VQSjMk0AtITmjOUY0so08LeStiQasrQBlWyIXiLLy+T5lnVO69e3Z1Xatd5HEU4gmM4BQ8uoAa3UIcGMNDwDK/w5jw5L8678zFvLTj5zCH8gfP5A58ekpw=</latexit>

<latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

✓

<latexit sha1_base64="31u2RSDESCMXkZMAAFZDRI+qOKs="></latexit>

BDM
<latexit sha1_base64="xCS66/7rmcbDVQx4vLNkG+orN9k="></latexit>

Star

<latexit sha1_base64="zuP3dknFXT0IoHkz9g21wGdsKUM=">AAACHnicbVDLSgMxFM3UV62vUZduBovgQkqmdLTdFd24rGAf0BlKJk3b0MyD5I5QhvkSN/6KGxeKCK70b0wfC209EDicc25yc/xYcAUYfxu5tfWNza38dmFnd2//wDw8aqkokZQ1aSQi2fGJYoKHrAkcBOvEkpHAF6ztj2+mfvuBScWj8B4mMfMCMgz5gFMCWuqZTurOLunKoe+luITLVadSvsClsoNrdk0TB9u1y0rm+kSmLowYkCzrmUUdncFaJfaCFNECjZ756fYjmgQsBCqIUl0bx+ClRAKngmUFN1EsJnRMhqyraUgCprx0tllmnWmlbw0iqU8I1kz9PZGSQKlJ4OtkQGCklr2p+J/XTWBQ9VIexgmwkM4fGiTCgsiadmX1uWQUxEQTQiXXu1p0RCShoBst6BLs5S+vkla5ZDslfFcp1q8XdeTRCTpF58hGV6iOblEDNRFFj+gZvaI348l4Md6Nj3k0ZyxmjtEfGF8/y5KfNA==</latexit>

✓̄

<latexit sha1_base64="kQXvlJ4iRs/YitrRFhz6bdFZWjU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKosdgDnqMYB6SLGF2MkmGzMwuM71iWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEU1ankYh0KySGCa5YHTkK1oo1IzIUrBmOqlO/+ci04ZG6x3HMAkkGivc5JWilhw6yJ0xvqpNuseSVvRncZeJnpAQZat3iV6cX0UQyhVQQY9q+F2OQEo2cCjYpdBLDYkJHZMDalioimQnS2cET98QqPbcfaVsK3Zn6eyIl0pixDG2nJDg0i95U/M9rJ9i/ClKu4gSZovNF/US4GLnT790e14yiGFtCqOb2VpcOiSYUbUYFG4K/+PIyaZyV/Yuyd3deqlxnceThCI7hFHy4hArcQg3qQEHCM7zCm6OdF+fd+Zi35pxs5hD+wPn8Aes9kHs=</latexit>

GC

<latexit sha1_base64="txQjAE234XFXDbP8B8qw5MZ6fgE=">AAACFXicdVBLSwMxGMzWV62vVY9egkXwUMpuXdt6K3rxWME+YHcp2TRtQ7PZJckKZemf8OJf8eJBEa+CN/+N2T5ARQcCw8x8yZcJYkalsqxPI7eyura+kd8sbG3v7O6Z+wdtGSUCkxaOWCS6AZKEUU5aiipGurEgKAwY6QTjq8zv3BEhacRv1SQmfoiGnA4oRkpLPbOUerNLXDEM/NQqX9SrFadassqWVbMrdkYqNefMmXo8mfbM4jIBlwm4TEBbKxmKYIFmz/zw+hFOQsIVZkhK17Zi5adIKIoZmRa8RJIY4TEaEldTjkIi/XS20BSeaKUPB5HQhys4U79PpCiUchIGOhkiNZK/vUz8y3MTNaj7KeVxogjH84cGCYMqgllFsE8FwYpNNEFYUL0rxCMkEFa6yIIuYflT+D9pV8r2edm6cYqNy0UdeXAEjsEpsEENNMA1aIIWwOAePIJn8GI8GE/Gq/E2j+aMxcwh+AHj/QupKJta</latexit>⌫

In a realistic estimation, 
Production of BDM is highly 
anisotropic, and depends on 
spectrum of injected neutrinos.

Individual star contribution

Total Galaxy contribution

-Assumption in the evaluation- 
1. Symmetric population of Stars&DM 
2. All stars have same luminosity as the Sun

Galactic Neutrino-Boosted 
Dark Matter



YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Total BDM flux at the Earth

At the Earth, one can expect ∼ 10−15 − 10−16 ⋅
dΦSolarν

dEν

The expectation of total Galactic Star neutrino BDM

Galactic Neutrino-Boosted 
Dark Matter



YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Total BDM flux at the Earth
Bump structures 
from original solar 
neutrino spectrum

The expectation of total Galactic Star neutrino BDM

Galactic Neutrino-Boosted 
Dark Matter



YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Total BDM flux at the Earth
Bump structures 
from original solar 
neutrino spectrum

heavy 
mDM

light 
mDM

The expectation of total Galactic Star neutrino BDM

Galactic Neutrino-Boosted 
Dark Matter



YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Total BDM flux at the Earth
Bump structures 
from original solar 
neutrino spectrum

heavy 
mDM

light 
mDM

heavy 
mediator

light 
mediator

The expectation of total Galactic Star neutrino BDM

Galactic Neutrino-Boosted 
Dark Matter



Expectation of Galactic 
neutrino BDM distribution

GC Earth
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<latexit sha1_base64="Cu8h0ONdONu5xIcHUibbbU4S3/M="></latexit>

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="JcslO6Ke+6bnhcjopH7mHjShfPY=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArSrwIQS8eI5gHJMsyO+kkQ2YfzPSKYQn4K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEihUbH+baWlldW19YLG8XNre2dXXtvv6HjVHGo81jGqhUwDVJEUEeBElqJAhYGEprB8GbiNx9AaRFH9zhKwAtZPxI9wRkaybcPQ79Fr2jFcWgH4REzOoTG2LdLTtmZgi4SNyclkqPm21+dbszTECLkkmnddp0EvYwpFFzCuNhJNSSMD1kf2oZGLATtZdPzx/TEKF3ai5WpCOlU/T2RsVDrURiYzpDhQM97E/E/r51i79LLRJSkCBGfLeqlkmJMJ1nQrlDAUY4MYVwJcyvlA6YYR5NY0YTgzr+8SBpnZfei7Nydl6rXeRwFckSOySlxSYVUyS2pkTrhJCPP5JW8WU/Wi/Vufcxal6x85oD8gfX5A/hElDg=</latexit>

mX = 700 keV

<latexit sha1_base64="uCmpq+niUjFtXTaB/b+Okyw64SY=">AAACHHicbVDLSgMxFM3UV62vqks3wSK4KjM+0GVRF4IIFewDOqVk0ts2NPMwuSOWoR/ixl9x40IRNy4E/8a0nYWtHgicnHMuyT1eJIVG2/62MnPzC4tL2eXcyura+kZ+c6uqw1hxqPBQhqruMQ1SBFBBgRLqkQLmexJqXv985NfuQWkRBrc4iKDps24gOoIzNFIrf+jY1EV4wIT2oTqkroQ7etVKXOXTi+v07thToVa+YBftMehf4qSkQFKUW/lPtx3y2IcAuWRaNxw7wmbCFAouYZhzYw0R433WhYahAfNBN5PxckO6Z5Q27YTKnADpWP09kTBf64HvmaTPsKdnvZH4n9eIsXPaTEQQxQgBnzzUiSXFkI6aom2hgKMcGMK4EuavlPeYYhxNnzlTgjO78l9SPSg6x0X75qhQOkvryJIdskv2iUNOSIlckjKpEE4eyTN5JW/Wk/VivVsfk2jGSme2yRSsrx+zKZ/n</latexit>

10 keV  KDM  100 keV

GC Earth
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<latexit sha1_base64="Cu8h0ONdONu5xIcHUibbbU4S3/M="></latexit>

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="JcslO6Ke+6bnhcjopH7mHjShfPY=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArSrwIQS8eI5gHJMsyO+kkQ2YfzPSKYQn4K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEihUbH+baWlldW19YLG8XNre2dXXtvv6HjVHGo81jGqhUwDVJEUEeBElqJAhYGEprB8GbiNx9AaRFH9zhKwAtZPxI9wRkaybcPQ79Fr2jFcWgH4REzOoTG2LdLTtmZgi4SNyclkqPm21+dbszTECLkkmnddp0EvYwpFFzCuNhJNSSMD1kf2oZGLATtZdPzx/TEKF3ai5WpCOlU/T2RsVDrURiYzpDhQM97E/E/r51i79LLRJSkCBGfLeqlkmJMJ1nQrlDAUY4MYVwJcyvlA6YYR5NY0YTgzr+8SBpnZfei7Nydl6rXeRwFckSOySlxSYVUyS2pkTrhJCPP5JW8WU/Wi/Vufcxal6x85oD8gfX5A/hElDg=</latexit>

mX = 700 keV

-��

-��

-��

-��<latexit sha1_base64="RAOELaoHATNoJGV90xZd7A+KiJ4=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZUYUXRZ1IUihgn1Ap5RMetuGZh4md8Qy9Dvc+CtuXCjiTtz4N6btLGrrgcDJOeeS3ONFUmi07R9rYXFpeWU1s5Zd39jc2s7t7FZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LN61+O/NoDKC3C4A4HETR91g1ER3CGRmrlHIe6CI+Y0BJUh9SVcE9vWomrfHpVSu+OPZ1p5fJ2wR6DzhMnJXmSotzKfbntkMc+BMgl07rh2BE2E6ZQcAnDrBtriBjvsy40DA2YD7qZjFcb0kOjtGknVOYESMfq9ETCfK0HvmeSPsOenvVG4n9eI8bOeTMRQRQjBHzyUCeWFEM66om2hQKOcmAI40qYv1LeY4pxNG1mTQnO7MrzpHpccE4L9u1JvniR1pEh++SAHBGHnJEiuSZlUiGcPJEX8kberWfr1fqwPifRBSud2SN/YH3/Al76nzc=</latexit>

1 MeV  KDM  10 MeV

� �� �� �� ��
����

����

����

����

����

����

��	�

� [
���]

<latexit sha1_base64="CjnPXI2rzenLlemaEN4rQobanVI="></latexit>

d�BDM

d✓dKDM

���
(KDM,mX)=(10 keV,700 keV)

(unit normalized)

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="yVOVmvP5lMAQmfnmYuT38u9vTgc=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbgTgzZCUAsbIYL5gCSEvc0kWbJ7d+zOieFIY+NfsbFQxNb/YOe/cfNRaOKDgcd7M8zM8yMpDLrut5NaWFxaXkmvZtbWNza3sts7FRPGmkOZhzLUNZ8ZkCKAMgqUUIs0MOVLqPr9y5FfvQdtRBjc4SCCpmLdQHQEZ2ilVnZftZKGVvTqZkjPacF1aQPhARPah8qwlc25eXcMOk+8KcmRKUqt7FejHfJYQYBcMmPqnhthM2EaBZcwzDRiAxHjfdaFuqUBU2CayfiLIT20Spt2Qm0rQDpWf08kTBkzUL7tVAx7ZtYbif959Rg7Z81EBFGMEPDJok4sKYZ0FAltCw0c5cASxrWwt1LeY5pxtMFlbAje7MvzpHKc9wp59/YkV7yYxpEme+SAHBGPnJIiuSYlUiacPJJn8krenCfnxXl3PiatKWc6s0v+wPn8ARQVlwg=</latexit>

mDM = 500 keV
<latexit sha1_base64="QoVn+z3SAtPLX+1BCr0xa5mdPzw=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJQRshqIWNEMF8QBLC3maSLNm9O3bnxHCksPGv2FgoYuuPsPPfuPkoNPHBwOO9GWbm+ZEUBl3320ktLa+srqXXMxubW9s72d29qgljzaHCQxnqus8MSBFABQVKqEcamPIl1PzB5div3YM2IgzucBhBS7FeILqCM7RSO5tT7aSpFb26GdFzWnRpE+EBEzqA6qidzbsFdwK6SLwZyZMZyu3sV7MT8lhBgFwyYxqeG2ErYRoFlzDKNGMDEeMD1oOGpQFTYFrJ5IkRPbRKh3ZDbStAOlF/TyRMGTNUvu1UDPtm3huL/3mNGLtnrUQEUYwQ8OmibiwphnScCO0IDRzl0BLGtbC3Ut5nmnG0uWVsCN78y4ukelzwigX39iRfupjFkSY5ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsf09aUM5vZJ3/gfP4Anz2Wzg==</latexit>

mDM = 50 keV
<latexit sha1_base64="kVo4lM7P0f5Y90zroTSgrAuxYjY=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArBr0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJzWqANhAdMaB8qw1Y25+bdMeg88aYkR6YotbJfjXbIYwUBcsmMqXtuhM2EaRRcwjDTiA1EjPdZF+qWBkyBaSbjH4b00Cpt2gm1rQDpWP09kTBlzED5tlMx7JlZbyT+59Vj7Jw1ExFEMULAJ4s6saQY0lEgtC00cJQDSxjXwt5KeY9pxtHGlrEheLMvz5PKcd4r5N3bk1zxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcqppaU</latexit>

mDM = 5 keV

<latexit sha1_base64="rErR1i4Qu3whVJ5CZRxk0o05rjw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHbFoBchqAcvgQjmAUkIs5NOMmRmd5npFcMS8OKvePGgiFd/wpt/4+Rx0MSChqKqm+4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/NfKr96CNCIM7HETQVKwbiI7gDK3UyuyrVtLQil4Xh/SC5mkD4QETWoTKsJXJujl3DDpPvCnJkilKrcxXox3yWEGAXDJj6p4bYTNhGgWXMEw3YgMR433WhbqlAVNgmsn4hyE9skqbdkJtK0A6Vn9PJEwZM1C+7VQMe2bWG4n/efUYO+fNRARRjBDwyaJOLCmGdBQIbQsNHOXAEsa1sLdS3mOacbSxpW0I3uzL86RykvPyOff2NFu4nMaRIgfkkBwTj5yRArkhJVImnDySZ/JK3pwn58V5dz4mrQvOdGaP/IHz+QP8xZZ2</latexit>

mDM = 5 MeV
<latexit sha1_base64="yVOVmvP5lMAQmfnmYuT38u9vTgc=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbgTgzZCUAsbIYL5gCSEvc0kWbJ7d+zOieFIY+NfsbFQxNb/YOe/cfNRaOKDgcd7M8zM8yMpDLrut5NaWFxaXkmvZtbWNza3sts7FRPGmkOZhzLUNZ8ZkCKAMgqUUIs0MOVLqPr9y5FfvQdtRBjc4SCCpmLdQHQEZ2ilVnZftZKGVvTqZkjPacF1aQPhARPah8qwlc25eXcMOk+8KcmRKUqt7FejHfJYQYBcMmPqnhthM2EaBZcwzDRiAxHjfdaFuqUBU2CayfiLIT20Spt2Qm0rQDpWf08kTBkzUL7tVAx7ZtYbif959Rg7Z81EBFGMEPDJok4sKYZ0FAltCw0c5cASxrWwt1LeY5pxtMFlbAje7MvzpHKc9wp59/YkV7yYxpEme+SAHBGPnJIiuSYlUiacPJJn8krenCfnxXl3PiatKWc6s0v+wPn8ARQVlwg=</latexit>

mDM = 500 keV
<latexit sha1_base64="QoVn+z3SAtPLX+1BCr0xa5mdPzw=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJQRshqIWNEMF8QBLC3maSLNm9O3bnxHCksPGv2FgoYuuPsPPfuPkoNPHBwOO9GWbm+ZEUBl3320ktLa+srqXXMxubW9s72d29qgljzaHCQxnqus8MSBFABQVKqEcamPIl1PzB5div3YM2IgzucBhBS7FeILqCM7RSO5tT7aSpFb26GdFzWnRpE+EBEzqA6qidzbsFdwK6SLwZyZMZyu3sV7MT8lhBgFwyYxqeG2ErYRoFlzDKNGMDEeMD1oOGpQFTYFrJ5IkRPbRKh3ZDbStAOlF/TyRMGTNUvu1UDPtm3huL/3mNGLtnrUQEUYwQ8OmibiwphnScCO0IDRzl0BLGtbC3Ut5nmnG0uWVsCN78y4ukelzwigX39iRfupjFkSY5ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsf09aUM5vZJ3/gfP4Anz2Wzg==</latexit>

mDM = 50 keV
<latexit sha1_base64="kVo4lM7P0f5Y90zroTSgrAuxYjY=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArBr0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJzWqANhAdMaB8qw1Y25+bdMeg88aYkR6YotbJfjXbIYwUBcsmMqXtuhM2EaRRcwjDTiA1EjPdZF+qWBkyBaSbjH4b00Cpt2gm1rQDpWP09kTBlzED5tlMx7JlZbyT+59Vj7Jw1ExFEMULAJ4s6saQY0lEgtC00cJQDSxjXwt5KeY9pxtHGlrEheLMvz5PKcd4r5N3bk1zxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcqppaU</latexit>

mDM = 5 keV
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(unit normalized)<latexit sha1_base64="UQNNYMf8ABGIO778f23H1M7t+Qk="></latexit>

d�BDM

d✓dKDM

���
(KDM,mX)=(1 MeV,700 keV)

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng  
[2101.11262] [hep-ph]

Galactic Disk 
distribution

Arrival direction 
distribution of BDM

Non-trivial distribution of BDM arrival 
direction could help to probe nuBDM 
scenario.



Arrival direction distribution  
of Galactic Neutrino-BDM

•                           : Large-angle scatterings are allowed (large effective volume)
<latexit sha1_base64="0Ru8oh9tyHYze3i3p5YYxW+wTqU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGiros6kIQoYJ9QGcYMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtoNo64ELJ+fcS+49YcKo0o7zZRUWFpeWV4qrpbX1jc0te3unqeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uBj7rXsiFY3FnR4mxOeoJ2hEMdJGCuy96yDzJIeXNyPoMQb5zzOwy07FmQDOEzcnZZCjHtifXjfGKSdCY4aU6rhOov0MSU0xI6OSlyqSIDxAPdIxVCBOlJ9NThjBQ6N0YRRLU0LDifp7IkNcqSEPTSdHuq9mvbH4n9dJdXTmZ1QkqSYCTz+KUgZ1DMd5wC6VBGs2NARhSc2uEPeRRFib1EomBHf25HnSPK64J5XqbbVcO8/jKIJ9cACOgAtOQQ1cgTpoAAwewBN4Aa/Wo/VsvVnv09aClc/sgj+wPr4BuuuWYA==</latexit>

KDM ⌧ mDM

<latexit sha1_base64="Zz9GV92uzZxbGbgARYntj4f9S7w=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGiros6kIQoYJ9QGcYMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtoNo64ELJ+fcS+49YcKo0o7zZRUWFpeWV4qrpbX1jc0te3unqeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uBj7rXsiFY3FnR4mxOeoJ2hEMdJGCuy96yDzJIeXNyPo9XqQ/zwDu+xUnAngPHFzUgY56oH96XVjnHIiNGZIqY7rJNrPkNQUMzIqeakiCcID1CMdQwXiRPnZ5IQRPDRKF0axNCU0nKi/JzLElRry0HRypPtq1huL/3mdVEdnfkZFkmoi8PSjKGVQx3CcB+xSSbBmQ0MQltTsCnEfSYS1Sa1kQnBnT54nzeOKe1Kp3lbLtfM8jiLYBwfgCLjgFNTAFaiDBsDgATyBF/BqPVrP1pv1Pm0tWPnMLvgD6+Mbq1CWVg==</latexit>

KDM � mDM•                           : Forward scattering is dominant (small effective volume)
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<latexit sha1_base64="ahpOjUBMKwy2+2OeUo3P3E8jW9Q=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIVdCcaLEPTiMYJ5QLKE2UknGTL7YKZXDEvAX/HiQRGvfoc3/8ZJsgdNLGgoqrrp7vJjKTQ6zreVW1ldW9/Ibxa2tnd29+z9g4aOEsWhziMZqZbPNEgRQh0FSmjFCljgS2j6o5up33wApUUU3uM4Bi9gg1D0BWdopK59FHRb9IpWHId2EB4xpSNoTLp20Sk5M9Bl4makSDLUuvZXpxfxJIAQuWRat10nRi9lCgWXMCl0Eg0x4yM2gLahIQtAe+ns/Ak9NUqP9iNlKkQ6U39PpCzQehz4pjNgONSL3lT8z2sn2L/0UhHGCULI54v6iaQY0WkWtCcUcJRjQxhXwtxK+ZApxtEkVjAhuIsvL5PGecm9KJXvysXqdRZHnhyTE3JGXFIhVXJLaqROOEnJM3klb9aT9WK9Wx/z1pyVzRySP7A+fwD54JQ9</latexit>

mX = 700 keV
<latexit sha1_base64="j8M4IQ/rH2aRkOOdb1Ggo8SPI2o=">AAACBXicbVDJSgNBEO1xjXGLetRDYxA8hRmJy0UI6sGLEMEskITQ06kkTbpnhu4aMQy5ePFXvHhQxKv/4M2/sbMcNPFBweO9Kqrq+ZEUBl3325mbX1hcWk6tpFfX1jc2M1vbZRPGmkOJhzLUVZ8ZkCKAEgqUUI00MOVLqPi9y6FfuQdtRBjcYT+ChmKdQLQFZ2ilZmZPNZO6VvTqZkDP6bHr0jrCAya0B+VBM5N1c+4IdJZ4E5IlExSbma96K+SxggC5ZMbUPDfCRsI0Ci5hkK7HBiLGe6wDNUsDpsA0ktEXA3pglRZth9pWgHSk/p5ImDKmr3zbqRh2zbQ3FP/zajG2zxqJCKIYIeDjRe1YUgzpMBLaEho4yr4ljGthb6W8yzTjaINL2xC86ZdnSfko553k8rf5bOFiEkeK7JJ9ckg8ckoK5JoUSYlw8kieySt5c56cF+fd+Ri3zjmTmR3yB87nDxWxlw0=</latexit>

mDM = 500 keV

<latexit sha1_base64="JjHMRp1uv7higqGJh732KCtvSk8="></latexit>

KDM = 10 keV

<latexit sha1_base64="uti+4ajIgLLXatWmqXWMnkWPHRc="></latexit>

KDM = 1 MeV
<latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

<latexit sha1_base64="VDWfw20P3eHpgLG1cEu+TMgqzz0="></latexit>

⌫BDM

Effective volume



Dominant contributions coming from the region 
in which both neutrino and DM are populated.

Extragalactic contribution 
to Neutrino-BDM

• Main contribution to EG-nuBDM YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
(work in preparation)



"Extragalactic" contribution 
to Cosmic-Neutrino-BDM

• Schematic pictures for main contribution to EG-nuBDM
<latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

<latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

<latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

Distant Galaxies

Distant Galaxies

Distant Galaxies

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
(work in preparation)

<latexit sha1_base64="VDWfw20P3eHpgLG1cEu+TMgqzz0="></latexit>

⌫BDM
Earth

Earth

Earth

<latexit sha1_base64="VDWfw20P3eHpgLG1cEu+TMgqzz0="></latexit>

⌫BDM

<latexit sha1_base64="VDWfw20P3eHpgLG1cEu+TMgqzz0="></latexit>

⌫BDM

Milky Way

Milky Way

Milky Way

"EG-near"

"EG-med"

"EG-far"



"Extragalactic" contribution 
to Cosmic-Neutrino-BDM

<latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

<latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

<latexit sha1_base64="ADh4sGoWYyE9M6GZTSl637fasP4=">AAACFXicdVDNS8MwHE3n15xfVY9egkPwMErXzW3ehl48TnCb0JWRZukWlqYlSYVR9k948V/x4kERr4I3/xvTfYCKPgg83nu/5Jfnx4xKZdufRm5ldW19I79Z2Nre2d0z9w86MkoEJm0csUjc+kgSRjlpK6oYuY0FQaHPSNcfX2Z+944ISSN+oyYx8UI05DSgGCkt9c1S2ptd4oqh76W2dd6oOWdOybZsu+5Uahlx6lWnMu3xZNo3i8sEXCbgMgHLWslQBAu0+uZHbxDhJCRcYYakdMt2rLwUCUUxI9NCL5EkRniMhsTVlKOQSC+dLTSFJ1oZwCAS+nAFZ+r3iRSFUk5CXydDpEbyt5eJf3luooKGl1IeJ4pwPH8oSBhUEcwqggMqCFZsognCgupdIR4hgbDSRRZ0Ccufwv9Jx7HKNat6XS02LxZ15MEROAanoAzqoAmuQAu0AQb34BE8gxfjwXgyXo23eTRnLGYOwQ8Y71+wvJtj</latexit>⌫

<latexit sha1_base64="VDWfw20P3eHpgLG1cEu+TMgqzz0="></latexit>

⌫BDM
Earth

Earth

Earth

<latexit sha1_base64="VDWfw20P3eHpgLG1cEu+TMgqzz0="></latexit>

⌫BDM

<latexit sha1_base64="VDWfw20P3eHpgLG1cEu+TMgqzz0="></latexit>

⌫BDM

Milky Way

Milky Way

Milky Way

Distant Galaxies

Distant Galaxies

Distant Galaxies

• Schematic pictures for main contribution to EG-nuBDM
YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  

(work in preparation)

"EG-near"

"EG-med"

"EG-far" Each galaxies can be  
good sources of boosted DM!



Recipes to evaluate 
Extragalactic contribution

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
(work in preparation)

107 108 109 1010 1011 1012
10-14

10-13

10-12

10-11

10-10

MGal[MSun]

1 n G
al

dn
EG

(M
G
al
,z

�
0)

dM
G
al

1010 1011 1012 1013 1014 1015
-3.0

-2.5

-2.0

-1.5

MDMhalo[MSun]

Lo
g 1

0(
M
St
el
la
r/M

D
M
ha
lo
)

0 1 2 3 4 5 60.02

0.05

0.10

0.20

z

n E
G
(z
)[
M
pc

-3
]

Mass composition 
of Galaxies (based on obs.)

Stellar-to-Halo Mass ratio
Distribution of Galaxies 
for each redshift (based on obs.)

<latexit sha1_base64="qgtSkZmvs5cZVJg8pnrGPDmag5M=">AAACDXicbVDLSgNBEJyNrxhfqx69DEbBU9iVYDxJ0INehIjmAUkMs5NJMmR2dpnpFcOyP+DFX/HiQRGv3r35N04eiCYWNBRV3XR3eaHgGhzny0rNzS8sLqWXMyura+sb9uZWRQeRoqxMAxGomkc0E1yyMnAQrBYqRnxPsKrXPxv61TumNA/kDQxC1vRJV/IOpwSM1LL3LltxA9g9xOdEJAk+wa5zW8A/6nUkk6RlZ52cMwKeJe6EZNEEpZb92WgHNPKZBCqI1nXXCaEZEwWcCpZkGpFmIaF90mV1QyXxmW7Go28SvG+UNu4EypQEPFJ/T8TE13rge6bTJ9DT095Q/M+rR9A5bsZchhEwSceLOpHAEOBhNLjNFaMgBoYQqri5FdMeUYSCCTBjQnCnX54llcOce5TLX+WzxdNJHGm0g3bRAXJRARXRBSqhMqLoAT2hF/RqPVrP1pv1Pm5NWZOZbfQH1sc33OKbdA==</latexit>

MGal > 107MSun

The estimation of Halo/Stellar Mass ratio, Size of 
Halo/Disk are mostly based on observation data.



Extragalactic contribution of 
neutrino-BDM flux

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
(work in preparation)
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<latexit sha1_base64="Y/V2UCmijOZ9dqojTosc/MRSD8w=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQb0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJz6tEGwgMmtA+VYSubc/PuGHSeeFOSI1OUWtmvRjvksYIAuWTG1D03wmbCNAouYZhpxAYixvusC3VLA6bANJPxD0N6aJU27YTaVoB0rP6eSJgyZqB826kY9sysNxL/8+oxds6aiQiiGCHgk0WdWFIM6SgQ2hYaOMqBJYxrYW+lvMc042hjy9gQvNmX50nlOO+d5Au3hVzxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcmApaV</latexit>

mDM = 1 keV

<latexit sha1_base64="Y/V2UCmijOZ9dqojTosc/MRSD8w=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQb0IQT14ESKYByQhzE46yZCZ3WWmVwxLwIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7/EgKg6777aQWFpeWV9KrmbX1jc2t7PZOxYSx5lDmoQx1zWcGpAigjAIl1CINTPkSqn7/cuRX70EbEQZ3OIigqVg3EB3BGVqpld1TraShFb26GdJz6tEGwgMmtA+VYSubc/PuGHSeeFOSI1OUWtmvRjvksYIAuWTG1D03wmbCNAouYZhpxAYixvusC3VLA6bANJPxD0N6aJU27YTaVoB0rP6eSJgyZqB826kY9sysNxL/8+oxds6aiQiiGCHgk0WdWFIM6SgQ2hYaOMqBJYxrYW+lvMc042hjy9gQvNmX50nlOO+d5Au3hVzxYhpHmuyTA3JEPHJKiuSalEiZcPJInskreXOenBfn3fmYtKac6cwu+QPn8wcmApaV</latexit>

mDM = 1 keV

<latexit sha1_base64="SMgZf7+l9CMhzVgSMeHU0k9ao9c=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwCncS1EYIamETiGA+IAlhbzNJluzeHbtzYjjS2PhXbCwUsfU/2Plv3HwUmvhg4PHeDDPz/EgKg6777SwsLi2vrKbW0usbm1vbmZ3digljzaHMQxnqms8MSBFAGQVKqEUamPIlVP3+1civ3oM2IgzucBBBU7FuIDqCM7RSK3OgWklDK3pdHNIL6rkubSA8YEKLUBm2Mlk3545B54k3JVkyRamV+Wq0Qx4rCJBLZkzdcyNsJkyj4BKG6UZsIGK8z7pQtzRgCkwzGX8xpEdWadNOqG0FSMfq74mEKWMGyredimHPzHoj8T+vHmPnvJmIIIoRAj5Z1IklxZCOIqFtoYGjHFjCuBb2Vsp7TDOONri0DcGbfXmeVE5y3mkuf5vPFi6ncaTIPjkkx8QjZ6RAbkiJlAknj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AOGIlus=</latexit>

mDM = 100 MeV

<latexit sha1_base64="SMgZf7+l9CMhzVgSMeHU0k9ao9c=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwCncS1EYIamETiGA+IAlhbzNJluzeHbtzYjjS2PhXbCwUsfU/2Plv3HwUmvhg4PHeDDPz/EgKg6777SwsLi2vrKbW0usbm1vbmZ3digljzaHMQxnqms8MSBFAGQVKqEUamPIlVP3+1civ3oM2IgzucBBBU7FuIDqCM7RSK3OgWklDK3pdHNIL6rkubSA8YEKLUBm2Mlk3545B54k3JVkyRamV+Wq0Qx4rCJBLZkzdcyNsJkyj4BKG6UZsIGK8z7pQtzRgCkwzGX8xpEdWadNOqG0FSMfq74mEKWMGyredimHPzHoj8T+vHmPnvJmIIIoRAj5Z1IklxZCOIqFtoYGjHFjCuBb2Vsp7TDOONri0DcGbfXmeVE5y3mkuf5vPFi6ncaTIPjkkx8QjZ6RAbkiJlAknj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AOGIlus=</latexit>

mDM = 100 MeV
<latexit sha1_base64="7l7pGAgztYX+NrRfasgTAGn7Hyw=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgTBKtyJqI0QtLERIpgPSELY20ySJbt3x+6cGI70Nv4VGwtFbP0Ddv4bN8kVmvhg4PHeDDPz/EgKg6777WSWlldW17LruY3Nre2d/O5ezYSx5lDloQx1w2cGpAigigIlNCINTPkS6v7wauLX70EbEQZ3OIqgrVg/ED3BGVqpky+oTtLSiiroCoahHtML6rkubSE8YEJvoDbu5ItuyZ2CLhIvJUWSotLJf7W6IY8VBMglM6bpuRG2E6ZRcAnjXCs2EDE+ZH1oWhowBaadTH8Z00OrdGkv1LYCpFP190TClDEj5dtOxXBg5r2J+J/XjLF33k5EEMUIAZ8t6sWSYkgnwdCu0MBRjixhXAt7K+UDphlHG1/OhuDNv7xIascl77R0cntSLF+mcWTJASmQI+KRM1Im16RCqoSTR/JMXsmb8+S8OO/Ox6w146Qz++QPnM8fQeWZ6w==</latexit>

mmediator = 100 MeV
<latexit sha1_base64="7l7pGAgztYX+NrRfasgTAGn7Hyw=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgTBKtyJqI0QtLERIpgPSELY20ySJbt3x+6cGI70Nv4VGwtFbP0Ddv4bN8kVmvhg4PHeDDPz/EgKg6777WSWlldW17LruY3Nre2d/O5ezYSx5lDloQx1w2cGpAigigIlNCINTPkS6v7wauLX70EbEQZ3OIqgrVg/ED3BGVqpky+oTtLSiiroCoahHtML6rkubSE8YEJvoDbu5ItuyZ2CLhIvJUWSotLJf7W6IY8VBMglM6bpuRG2E6ZRcAnjXCs2EDE+ZH1oWhowBaadTH8Z00OrdGkv1LYCpFP190TClDEj5dtOxXBg5r2J+J/XjLF33k5EEMUIAZ8t6sWSYkgnwdCu0MBRjixhXAt7K+UDphlHG1/OhuDNv7xIascl77R0cntSLF+mcWTJASmQI+KRM1Im16RCqoSTR/JMXsmb8+S8OO/Ox6w146Qz++QPnM8fQeWZ6w==</latexit>

mmediator = 100 MeV

<latexit sha1_base64="FLxEFQgiJfoHp8632sI1CBu6Np0=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1EYI2lhGMB+QHMfeZpIs2b07dufEcKS18a/YWChi6z+w89+4+Sg08cHA470ZZuaFiRQGXffbyS0tr6yu5dcLG5tb2zvF3b26iVPNocZjGetmyAxIEUENBUpoJhqYCiU0wsH12G/cgzYiju5wmICvWC8SXcEZWikoUhVkba2ogo5gGOsRvaQebSM8YEYHUB8FxZJbdiegi8SbkRKZoRoUv9qdmKcKIuSSGdPy3AT9jGkUXMKo0E4NJIwPWA9alkZMgfGzyScjemSVDu3G2laEdKL+nsiYMmaoQtupGPbNvDcW//NaKXYv/ExESYoQ8emibiopxnQcC+0IDRzl0BLGtbC3Ut5nmnG04RVsCN78y4ukflL2zsqnt6elytUsjjw5IIfkmHjknFTIDamSGuHkkTyTV/LmPDkvzrvzMW3NObOZffIHzucPgLCZlQ==</latexit>

mmediator = 1 keV
<latexit sha1_base64="FLxEFQgiJfoHp8632sI1CBu6Np0=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1EYI2lhGMB+QHMfeZpIs2b07dufEcKS18a/YWChi6z+w89+4+Sg08cHA470ZZuaFiRQGXffbyS0tr6yu5dcLG5tb2zvF3b26iVPNocZjGetmyAxIEUENBUpoJhqYCiU0wsH12G/cgzYiju5wmICvWC8SXcEZWikoUhVkba2ogo5gGOsRvaQebSM8YEYHUB8FxZJbdiegi8SbkRKZoRoUv9qdmKcKIuSSGdPy3AT9jGkUXMKo0E4NJIwPWA9alkZMgfGzyScjemSVDu3G2laEdKL+nsiYMmaoQtupGPbNvDcW//NaKXYv/ExESYoQ8emibiopxnQcC+0IDRzl0BLGtbC3Ut5nmnG04RVsCN78y4ukflL2zsqnt6elytUsjjw5IIfkmHjknFTIDamSGuHkkTyTV/LmPDkvzrvzMW3NObOZffIHzucPgLCZlQ==</latexit>

mmediator = 1 keV

<latexit sha1_base64="2HckKmmTCtW6+JmHb5a9oT9QW/c=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCWBIp1Y1Q1IUboYJ9QBPDZDpph04mYWYilJCPcOOvuHGhiFsX7vwbp20WtvXAhTPn3Mvce/yYUaks68dYWFxaXlktrBXXNza3ts2d3aaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVyG89EiFpxO/VMCZuiHqcBhQjpSXPPO55BPa81BEhvL7N4IV+ODyZlmzrIT2pZp5ZssrWGHCe2DkpgRx1z/x2uhFOQsIVZkjKjm3Fyk2RUBQzkhWdRJIY4QHqkY6mHIVEuun4qAweaqULg0jo4gqO1b8TKQqlHIa+7gyR6stZbyT+53USFZy7KeVxogjHk4+ChEEVwVFCsEsFwYoNNUFYUL0rxH0kEFY6x6IOwZ49eZ40T8t2tVy5q5Rql3kcBbAPDsARsMEZqIEbUAcNgMETeAFv4N14Nl6ND+Nz0rpg5DN7YArG1y/tHZw6</latexit>

gegDM = g⌫gDM = 10�6



Q1: Can Cosmic "Neutrinos" 
boost light Dark Matter in the halo?

Q2: Cosmic-Neutrino-Boosted Dark Matter 
can be probed at  

various ground experiments/observatories?
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<latexit sha1_base64="wW4p31GxvkZ3cBDkiFczzNZ5MAs="></latexit>

XENON1T, 0.63 tonne · yr (mX = 1 keV)

<latexit sha1_base64="UVWfw48s+d+FVntM5TQ6gaD0n5s="></latexit>

XENON1T, 0.63 tonne · yr (mX = 1 MeV)

<latexit sha1_base64="ucm58zSGwWdQi97jNJfUj5ESZ68=">AAACIXicbVDJSgNBEO1xN25Rj14ag6AgYUaC5iKIXkRwAxMDSQg9nYo26ekeumvEMMyvePFXvHhQxJv4M3aWg9uDgsd7VVTVC2MpLPr+hzc2PjE5NT0zm5ubX1hcyi+vVK1ODIcK11KbWsgsSKGgggIl1GIDLAolXIfdo75/fQfGCq2usBdDM2I3SnQEZ+ikVr7cQLjH9KRydr5Nd3zaRa2yBm9rHBo9Q7PNqFWj+zSgQ4meQjXbauULftEfgP4lwYgUyAgXrfx7o615EoFCLpm19cCPsZkyg4JLyHKNxELMeJfdQN1RxSKwzXTwYUY3nNKmHW1cKaQD9ftEyiJre1HoOiOGt/a31xf/8+oJdsrNVKg4QVB8uKiTSIqa9uOibWGAo+w5wrgR7lbKb5lhHF2oORdC8Pvlv6S6Uwx2i6XLUuHgcBTHDFkj62STBGSPHJBjckEqhJMH8kReyKv36D17b977sHXMG82skh/wPr8AcHCicQ==</latexit>

JUNO, 20 kton · yr (mX = 1 MeV)

<latexit sha1_base64="X4B9yflN25PzZXY/Btpm4CE8kO4=">AAACIXicbVDJSgNBEO1xjXGLevTSGAQFCTNB1IsQ9CIeXMDEQBJCT6eiTXq6h+4aMQzzK178FS8eFPEm/oyd5eD2oODxXhVV9cJYCou+/+FNTE5Nz8zm5vLzC4tLy4WV1ZrVieFQ5VpqUw+ZBSkUVFGghHpsgEWhhOuwdzzwr+/AWKHVFfZjaEXsRomu4Ayd1C4cNBHuMT2tnp3v0LJPe6hV1uQdjSOjb2i2FbXr9JAGdCTRHtSy7Xah6Jf8IehfEoxJkYxx0S68NzuaJxEo5JJZ2wj8GFspMyi4hCzfTCzEjPfYDTQcVSwC20qHH2Z00ykd2tXGlUI6VL9PpCyyth+FrjNieGt/ewPxP6+RYPeglQoVJwiKjxZ1E0lR00FctCMMcJR9Rxg3wt1K+S0zjKMLNe9CCH6//JfUyqVgr7R7uVusHI3jyJF1skG2SED2SYWckAtSJZw8kCfyQl69R+/Ze/PeR60T3nhmjfyA9/kFnmCijw==</latexit>

JUNO, 20 kton · yr (mX = 1 keV)

Sensitivity limits on DM/
neutrino experiments

<latexit sha1_base64="QPb12EdKJc4I/0oj0lOEkSDVeBM=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1I1QdOOygn1AG8JkOkmHTiZhZqKU2k9x40IRt36JO//GaZqFth643MM59zJ3TpByprTjfFulldW19Y3yZmVre2d3z67ut1WSSUJbJOGJ7AZYUc4EbWmmOe2mkuI44LQTjG5mfueBSsUSca/HKfViHAkWMoK1kXy7GvkUXaHI74ss713frjl1JwdaJm5BalCg6dtf/UFCspgKTThWquc6qfYmWGpGOJ1W+pmiKSYjHNGeoQLHVHmT/PQpOjbKAIWJNCU0ytXfGxMcKzWOAzMZYz1Ui95M/M/rZTq89CZMpJmmgswfCjOOdIJmOaABk5RoPjYEE8nMrYgMscREm7QqJgR38cvLpH1ad8/rZ3dntcZ1EUcZDuEITsCFC2jALTShBQQe4Rle4c16sl6sd+tjPlqyip0D+APr8wcmsJKm</latexit>ge = g⌫ = gX

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
(work in preparation)



Sensitivity limits on DM/
neutrino experiments

<latexit sha1_base64="QPb12EdKJc4I/0oj0lOEkSDVeBM=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1I1QdOOygn1AG8JkOkmHTiZhZqKU2k9x40IRt36JO//GaZqFth643MM59zJ3TpByprTjfFulldW19Y3yZmVre2d3z67ut1WSSUJbJOGJ7AZYUc4EbWmmOe2mkuI44LQTjG5mfueBSsUSca/HKfViHAkWMoK1kXy7GvkUXaHI74ss713frjl1JwdaJm5BalCg6dtf/UFCspgKTThWquc6qfYmWGpGOJ1W+pmiKSYjHNGeoQLHVHmT/PQpOjbKAIWJNCU0ytXfGxMcKzWOAzMZYz1Ui95M/M/rZTq89CZMpJmmgswfCjOOdIJmOaABk5RoPjYEE8nMrYgMscREm7QqJgR38cvLpH1ad8/rZ3dntcZ1EUcZDuEITsCFC2jALTShBQQe4Rle4c16sl6sd+tjPlqyip0D+APr8wcmsJKm</latexit>ge = g⌫ = gX

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  
(work in preparation)
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<latexit sha1_base64="4WqF3AtScJM5G1/yasMOg7KyvYo=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Arol6EoBePEcwDkhBmJ51kyMzuMtMrLkv8FS8eFPHqh3jzb5w8DppY0FBUddPdFcRSGPS8bye3srq2vpHfLGxt7+zuufsHdRMlmkONRzLSzYAZkCKEGgqU0Iw1MBVIaASjm4nfeABtRBTeYxpDR7FBKPqCM7RS1y2qbpNeUZ+2ER4xoyOoj7tuySt7U9Bl4s9JicxR7bpf7V7EEwUhcsmMaflejJ2MaRRcwrjQTgzEjI/YAFqWhkyB6WTT48f02Co92o+0rRDpVP09kTFlTKoC26kYDs2iNxH/81oJ9i87mQjjBCHks0X9RFKM6CQJ2hMaOMrUEsa1sLdSPmSacbR5FWwI/uLLy6R+WvbPy2d3Z6XK9TyOPDkkR+SE+OSCVMgtqZIa4SQlz+SVvDlPzovz7nzMWnPOfKZI/sD5/AEMUJPD</latexit>

mX = 1 keV

<latexit sha1_base64="MrWq77uz2alRwBWAR+fRKLp1xR0=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5iRoF6EoBePEcwCyRB6OpWkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPT+WQqPjfFu5peWV1bX8emFjc2t7x97dq+soURxqPJKRavpMgxQh1FCghGasgAW+hIY/vJ74jXtQWkThHY5i8ALWD0VPcIZG6tgHQadJL6nr0DbCA6Z0CPVxxy46JWcKukjcjBRJhmrH/mp3I54EECKXTOuW68TopUyh4BLGhXaiIWZ8yPrQMjRkAWgvnV4/psdG6dJepEyFSKfq74mUBVqPAt90BgwHet6biP95rQR7F14qwjhBCPlsUS+RFCM6iYJ2hQKOcmQI40qYWykfMMU4msAKJgR3/uVFUj8tuWel8m25WLnK4siTQ3JETohLzkmF3JAqqRFOHskzeSVv1pP1Yr1bH7PWnJXN7JM/sD5/AH5Jk/0=</latexit>

mX = 10 keV

<latexit sha1_base64="LOfztS06lgZ4r11mdOoVHA8K1Pc=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArQb0IQS8eI5gHJMsyO+kkQ2YfzPSKYQn4K148KOLV7/Dm3zhJ9qCJBQ1FVTfdXUEihUbH+baWlldW19YLG8XNre2dXXtvv6HjVHGo81jGqhUwDVJEUEeBElqJAhYGEprB8GbiNx9AaRFH9zhKwAtZPxI9wRkaybcPQ79Fr6jrOLSD8IgZHUJj7Nslp+xMQReJm5MSyVHz7a9ON+ZpCBFyybRuu06CXsYUCi5hXOykGhLGh6wPbUMjFoL2sun5Y3pilC7txcpUhHSq/p7IWKj1KAxMZ8hwoOe9ifif106xd+llIkpShIjPFvVSSTGmkyxoVyjgKEeGMK6EuZXyAVOMo0msaEJw519eJI2zsntertxVStXrPI4COSLH5JS45IJUyS2pkTrhJCPP5JW8WU/Wi/Vufcxal6x85oD8gfX5A/B0lDc=</latexit>

mX = 100 keV

<latexit sha1_base64="ovXBD1Wv5+HYxP6DtH16N6sF/jE=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArQb0IQS9ehAjmAckSZiedZMjsg5leMSzxV7x4UMSrH+LNv3GS7EETCxqKqm66u/xYCo2O823lVlbX1jfym4Wt7Z3dPXv/oKGjRHGo80hGquUzDVKEUEeBElqxAhb4Epr+6HrqNx9AaRGF9ziOwQvYIBR9wRkaqWsXg26LXlKXdhAeMaW30Jh07ZJTdmagy8TNSIlkqHXtr04v4kkAIXLJtG67ToxeyhQKLmFS6CQaYsZHbABtQ0MWgPbS2fETemyUHu1HylSIdKb+nkhZoPU48E1nwHCoF72p+J/XTrB/4aUijBOEkM8X9RNJMaLTJGhPKOAox4YwroS5lfIhU4yjyatgQnAXX14mjdOye1au3FVK1assjjw5JEfkhLjknFTJDamROuFkTJ7JK3mznqwX6936mLfmrGymSP7A+vwB3m+TpQ==</latexit>

mX = 1 MeV

<latexit sha1_base64="RJs8s3Ko4Nb9hM7z3yicnGl3Xfo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS1IsQ9OJFiGAWSIahp1NJmvQsdNeIcQj+ihcPinj1P7z5N3aWgyY+KHi8V0VVvSCRQqPjfFsLi0vLK6u5tfz6xubWtr2zW9NxqjhUeSxj1QiYBikiqKJACY1EAQsDCfWgfzXy6/egtIijOxwk4IWsG4mO4AyN5Nv7od+gF9R1aAvhATN6A7WhbxecojMGnSfulBTIFBXf/mq1Y56GECGXTOum6yToZUyh4BKG+VaqIWG8z7rQNDRiIWgvG18/pEdGadNOrExFSMfq74mMhVoPwsB0hgx7etYbif95zRQ7514moiRFiPhkUSeVFGM6ioK2hQKOcmAI40qYWynvMcU4msDyJgR39uV5UjspuqfF0m2pUL6cxpEjB+SQHBOXnJEyuSYVUiWcPJJn8krerCfrxXq3PiatC9Z0Zo/8gfX5A1B3k98=</latexit>

mX = 10 MeV

<latexit sha1_base64="8N1T9Th/TI4MZGo00fYtEw4s9Mk=">AAACEHicbVDLSgMxFM3UV62vqks3wSJW0GFGS9VdUQQX4gP6graUTJq2oZnMkNwRy9BPcOOvuHGhiFuX7vwb09qFWg8EDufcy805Xii4Bsf5tBJT0zOzc8n51MLi0vJKenWtrINIUVaigQhU1SOaCS5ZCTgIVg0VI74nWMXrnQ79yi1TmgeyCP2QNXzSkbzNKQEjNdPbdWB3EFfPLq8u3eIuduz8AYZA7vUVzh479S18al/YO4NmOuPYzgh4krhjkkFjXDfTH/VWQCOfSaCCaF1znRAaMVHAqWCDVD3SLCS0RzqsZqgkPtONeBRogLeM0sLtQJknAY/Unxsx8bXu+56Z9Al09V9vKP7n1SJoHzViLsMImKTfh9qRMInxsB3c4opREH1DCFXc/BXTLlGEgukwZUpw/0aeJOV9283buZtcpnAyriOJNtAmyiIXHaICOkfXqIQoukeP6Bm9WA/Wk/VqvX2PJqzxzjr6Bev9C/4smWI=</latexit>

XENON1T, 0.63 ton-yr (90% C.L.)
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<latexit sha1_base64="/I8GJMlHOC/hYtpB29h5EJEk+3A="></latexit>

JUNO (BDM, 20 kton · yr)

<latexit sha1_base64="OsCCNPo4KzxycVmAqX5rpN4s+nM="></latexit>

XEN
ON1T

(BD
M, 0.6

3 tonn
e · yr)

<latexit sha1_base64="Oo0ay4cj94zUHa9vfyrCBPlgUW4="></latexit>

Freeze-In scenario

<latexit sha1_base64="odlU4/Y8iiEzkzmJKpYAsywfgXo=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzIjRV0W7cJlBfuAdiiZ9E4bmnmQ3BHLUDf+ihsXirj1L9z5N6aPhbYeCDmccy/JOX4ihUbH+baWlldW19ZzG/nNre2dXXtvv67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4HrsN+5BaRFHdzhMwAtZLxKB4AyN1LEP2wgPmFWEAo60AmguY+hRxy44RWcCukjcGSmQGaod+6vdjXkaQoRcMq1brpOglzGFgksY5duphoTxAetBy9CIhaC9bJJgRE+M0qVBrMyJkE7U3xsZC7Uehr6ZDBn29bw3Fv/zWikGl14moiRFiPj0oSCVFGM6roN2J8Hl0BDGlTB/pbzPFONoSsubEtz5yIukflZ0z4ul21KhfDWrI0eOyDE5JS65IGVyQ6qkRjh5JM/klbxZT9aL9W59TEeXrNnOAfkD6/MHDPKXSg==</latexit>

Direct Detections

Sensitivity limits on DM/
neutrino experiments

<latexit sha1_base64="H5dXeE0TPB5fG6PRDlWs16N3Tg0=">AAAB+3icbVDJSgNBEO2JW4xbjEcvjSEQL8OMBJdbMBcPHiKYBZIQejo9SZOenqG7RhKG+RUvHhTx6o9482/sLAdNfFDweK+KqnpeJLgGx/m2MhubW9s72d3c3v7B4VH+uNDUYawoa9BQhKrtEc0El6wBHARrR4qRwBOs5Y1rM7/1xJTmoXyEacR6ARlK7nNKwEj9fKELbAJJ+cbplnDNvrfP036+6NjOHHiduEtSREvU+/mv7iCkccAkUEG07rhOBL2EKOBUsDTXjTWLCB2TIesYKknAdC+Z357iklEG2A+VKQl4rv6eSEig9TTwTGdAYKRXvZn4n9eJwb/uJVxGMTBJF4v8WGAI8SwIPOCKURBTQwhV3NyK6YgoQsHElTMhuKsvr5Pmhe1e2pWHSrF6u4wji07RGSojF12hKrpDddRAFE3QM3pFb1ZqvVjv1seiNWMtZ07QH1ifP3diksc=</latexit>

(90% C.L.)
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<latexit sha1_base64="odlU4/Y8iiEzkzmJKpYAsywfgXo=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzIjRV0W7cJlBfuAdiiZ9E4bmnmQ3BHLUDf+ihsXirj1L9z5N6aPhbYeCDmccy/JOX4ihUbH+baWlldW19ZzG/nNre2dXXtvv67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4HrsN+5BaRFHdzhMwAtZLxKB4AyN1LEP2wgPmFWEAo60AmguY+hRxy44RWcCukjcGSmQGaod+6vdjXkaQoRcMq1brpOglzGFgksY5duphoTxAetBy9CIhaC9bJJgRE+M0qVBrMyJkE7U3xsZC7Uehr6ZDBn29bw3Fv/zWikGl14moiRFiPj0oSCVFGM6roN2J8Hl0BDGlTB/pbzPFONoSsubEtz5yIukflZ0z4ul21KhfDWrI0eOyDE5JS65IGVyQ6qkRjh5JM/klbxZT9aL9W59TEeXrNnOAfkD6/MHDPKXSg==</latexit>

Direct Detections

<latexit sha1_base64="/I8GJMlHOC/hYtpB29h5EJEk+3A="></latexit>

JUNO (BDM, 20 kton · yr)

<latexit sha1_base64="OsCCNPo4KzxycVmAqX5rpN4s+nM="></latexit>

XENON1T (BDM, 0.63 tonne · yr)

<latexit sha1_base64="DE3db/b9jEM/AlekceXannmxoL4=">AAACIHicdVBJSwMxGM3UrdZt1KOXYBE8aJmR2uVW9FLwUsEu0A4lk6ZtaGYh+UYsw/wUL/4VLx4U0Zv+GtMNVPRB4PG+9y15bii4Asv6MFJLyyura+n1zMbm1vaOubvXUEEkKavTQASy5RLFBPdZHTgI1golI54rWNMdXU7qzVsmFQ/8GxiHzPHIwOd9TgloqWsW4850SFsOXCe2cmXLLp8XT2aklJ+TQjnpALuDuKpHyNOrJOma2YUZL8x4YcZ2zpoii+aodc33Ti+gkcd8oIIo1batEJyYSOBUsCTTiRQLCR2RAWtr6hOPKSee3pbgI630cD+Q+vmAp+r3jph4So09Vzs9AkP1uzYR/6q1I+iXnJj7YQTMp7NF/UhgCPAkLdzjklEQY00IlVzfiumQSEJBZ5rRISx+iv8njbOcXcjlr/PZysU8jjQ6QIfoGNmoiCqoimqojii6R4/oGb0YD8aT8Wq8zawpY96zj37A+PwC2u+gYw==</latexit>

Hyper-K

<latexit sha1_base64="rTsP6dJU8A0IHXCzrXljOd4AQfg="></latexit>

Super-K (eCR-BDM, Beacom et al.)

<latexit sha1_base64="L2GI/ZW6qFYlGzG7c2O0nMqdOWA="></latexit>

Freeze-Out scenario

Sensitivity limits on DM/
neutrino experiments

<latexit sha1_base64="H5dXeE0TPB5fG6PRDlWs16N3Tg0=">AAAB+3icbVDJSgNBEO2JW4xbjEcvjSEQL8OMBJdbMBcPHiKYBZIQejo9SZOenqG7RhKG+RUvHhTx6o9482/sLAdNfFDweK+KqnpeJLgGx/m2MhubW9s72d3c3v7B4VH+uNDUYawoa9BQhKrtEc0El6wBHARrR4qRwBOs5Y1rM7/1xJTmoXyEacR6ARlK7nNKwEj9fKELbAJJ+cbplnDNvrfP036+6NjOHHiduEtSREvU+/mv7iCkccAkUEG07rhOBL2EKOBUsDTXjTWLCB2TIesYKknAdC+Z357iklEG2A+VKQl4rv6eSEig9TTwTGdAYKRXvZn4n9eJwb/uJVxGMTBJF4v8WGAI8SwIPOCKURBTQwhV3NyK6YgoQsHElTMhuKsvr5Pmhe1e2pWHSrF6u4wji07RGSojF12hKrpDddRAFE3QM3pFb1ZqvVjv1seiNWMtZ07QH1ifP3diksc=</latexit>

(90% C.L.)



• A noble mechanism to boost light DM by neutrinos emitted from stars 
in our/distant galaxies is proposed.


• Future neutrino exp (JUNO) and Direct detection (XENON/LUX) & 
distribution of arrival direction will help to probe neutrino-BDM scenario 
in near future.


• Extragalactic contribution to neutrino-BDM also has interesting features 
and depends on DM/mediator masses.

Conclusion
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<latexit sha1_base64="/I8GJMlHOC/hYtpB29h5EJEk+3A="></latexit>

JUNO (BDM, 20 kton · yr)

<latexit sha1_base64="OsCCNPo4KzxycVmAqX5rpN4s+nM="></latexit>

XEN
ON1T

(BD
M, 0.6

3 tonn
e · yr)

<latexit sha1_base64="Oo0ay4cj94zUHa9vfyrCBPlgUW4="></latexit>

Freeze-In scenario

<latexit sha1_base64="odlU4/Y8iiEzkzmJKpYAsywfgXo=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzIjRV0W7cJlBfuAdiiZ9E4bmnmQ3BHLUDf+ihsXirj1L9z5N6aPhbYeCDmccy/JOX4ihUbH+baWlldW19ZzG/nNre2dXXtvv67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4HrsN+5BaRFHdzhMwAtZLxKB4AyN1LEP2wgPmFWEAo60AmguY+hRxy44RWcCukjcGSmQGaod+6vdjXkaQoRcMq1brpOglzGFgksY5duphoTxAetBy9CIhaC9bJJgRE+M0qVBrMyJkE7U3xsZC7Uehr6ZDBn29bw3Fv/zWikGl14moiRFiPj0oSCVFGM6roN2J8Hl0BDGlTB/pbzPFONoSsubEtz5yIukflZ0z4ul21KhfDWrI0eOyDE5JS65IGVyQ6qkRjh5JM/klbxZT9aL9W59TEeXrNnOAfkD6/MHDPKXSg==</latexit>

Direct Detections
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<latexit sha1_base64="odlU4/Y8iiEzkzmJKpYAsywfgXo=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzIjRV0W7cJlBfuAdiiZ9E4bmnmQ3BHLUDf+ihsXirj1L9z5N6aPhbYeCDmccy/JOX4ihUbH+baWlldW19ZzG/nNre2dXXtvv67jVHGo8VjGqukzDVJEUEOBEpqJAhb6Ehr+4HrsN+5BaRFHdzhMwAtZLxKB4AyN1LEP2wgPmFWEAo60AmguY+hRxy44RWcCukjcGSmQGaod+6vdjXkaQoRcMq1brpOglzGFgksY5duphoTxAetBy9CIhaC9bJJgRE+M0qVBrMyJkE7U3xsZC7Uehr6ZDBn29bw3Fv/zWikGl14moiRFiPj0oSCVFGM6roN2J8Hl0BDGlTB/pbzPFONoSsubEtz5yIukflZ0z4ul21KhfDWrI0eOyDE5JS65IGVyQ6qkRjh5JM/klbxZT9aL9W59TEeXrNnOAfkD6/MHDPKXSg==</latexit>

Direct Detections

<latexit sha1_base64="/I8GJMlHOC/hYtpB29h5EJEk+3A="></latexit>

JUNO (BDM, 20 kton · yr)

<latexit sha1_base64="OsCCNPo4KzxycVmAqX5rpN4s+nM="></latexit>

XENON1T (BDM, 0.63 tonne · yr)

<latexit sha1_base64="DE3db/b9jEM/AlekceXannmxoL4=">AAACIHicdVBJSwMxGM3UrdZt1KOXYBE8aJmR2uVW9FLwUsEu0A4lk6ZtaGYh+UYsw/wUL/4VLx4U0Zv+GtMNVPRB4PG+9y15bii4Asv6MFJLyyura+n1zMbm1vaOubvXUEEkKavTQASy5RLFBPdZHTgI1golI54rWNMdXU7qzVsmFQ/8GxiHzPHIwOd9TgloqWsW4850SFsOXCe2cmXLLp8XT2aklJ+TQjnpALuDuKpHyNOrJOma2YUZL8x4YcZ2zpoii+aodc33Ti+gkcd8oIIo1batEJyYSOBUsCTTiRQLCR2RAWtr6hOPKSee3pbgI630cD+Q+vmAp+r3jph4So09Vzs9AkP1uzYR/6q1I+iXnJj7YQTMp7NF/UhgCPAkLdzjklEQY00IlVzfiumQSEJBZ5rRISx+iv8njbOcXcjlr/PZysU8jjQ6QIfoGNmoiCqoimqojii6R4/oGb0YD8aT8Wq8zawpY96zj37A+PwC2u+gYw==</latexit>

Hyper-K

<latexit sha1_base64="rTsP6dJU8A0IHXCzrXljOd4AQfg="></latexit>

Super-K (eCR-BDM, Beacom et al.)

<latexit sha1_base64="L2GI/ZW6qFYlGzG7c2O0nMqdOWA="></latexit>

Freeze-Out scenario



Thank you for your attention



Boosted DM flux
YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,  

(work in preparation)



Ly-alpha constraints 
on neutrino-DM interactions

[0812.0010] [hep-ph]

• >~10% fraction of 
light DM component 
can be constrained by 
Ly-alpha.



Constraints on light mediator
R. Harnik et al.  [JCAP 07 (2012) 026] [1202.6073] [hep-ph]
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Constraints on light mediator
R. Harnik et al.  [JCAP 07 (2012) 026] [1202.6073] [hep-ph]
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