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WIMPs’ Astrophysical Signatures

• Look for stable SM byproducts of WIMP annihilation or decay

• Neutrinos can escape dense astrophysical environments

• Look towards places where WIMPs are expected to accumulate
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So you wanna do an indirect detection search…

• IceCube

• Sun - WimpSim, Earth - WimpSim, 

GC - PYTHIA, DM decay - PPPC, 
IC+ANTARES combined PPPC


• Super-K

• Sun- WimpSim, GC - DarkSUSY


• ANTARES

• Sun - WimpSim, Earth - WimpSim, 

GC - PPPC
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So you wanna do an indirect detection search…
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• Monte Carlo approach

• Restricted to supported models

• Hard-coded cross sections

• Need to produce a lot of simulation to 

fill tails of distribution



So you wanna do an indirect detection search…
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• Precomputed tables with interpolation 
functions

• All stable SM particles available for a 

number of common source

• You get what you get: no custom 

fluxes, cross sections, new source, 
etc….



So you wanna do an indirect detection search…
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• Monte Carlo simulator of hadronization, 
decays, interactions, etc


• Usually only used in vacuum-like 
environments



Motivation
• Vanilla WIMP scenario looking less likely

• More exotic BSM scenarios may modify the spectrum, cross sections, oscillation 

parameters, etc.
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χαρων

https://github.com/IceCubeOpenSource/charon
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             Monte Carlo�aro⌫

<latexit sha1_base64="htSvnOXe8Dv4fMRR1MANRE8E644=">AAACN3icdVC7TsMwFHV4lvAKMLJYVEgsVElVCdgqWJhQkehDaqLKcZzWqu1EtoNURf0rFn6DDRYGEGLlD3DbDNDCla17dO659r0nTBlV2nWfraXlldW19dKGvbm1vbPr7O23VJJJTJo4YYnshEgRRgVpaqoZ6aSSIB4y0g6HV5N6+55IRRNxp0cpCTjqCxpTjLShes6Nn0Yxo5pIxHLoQReaM0lViPnY9vGA2v9JTmca6EueI5mMfZH1nLJbcacBF4FXgDIootFznvwowRknQmOGlOp6bqoD85ymmBEzQKZIivAQ9UnXQIE4UUE+3XsMjw0TwTiR5goNp+zPjhxxpUY8NEqO9EDN1ybkX7VupuPzIKcizTQRePZRnDGoEzgxEUZUEqzZyACEJTWzQjxAEmFjkrKNCd78yougVa14tcrFba1cvyzsKIFDcAROgAfOQB1cgwZoAgwewAt4A+/Wo/VqfVifM+mSVfQcgF9hfX0DGminUA==</latexit>

PYTHIA 8.2 mχ < 500 GeV
BRW EW correction 


 mχ ≥ 500 GeV
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             Monte Carlo�aro⌫

<latexit sha1_base64="htSvnOXe8Dv4fMRR1MANRE8E644=">AAACN3icdVC7TsMwFHV4lvAKMLJYVEgsVElVCdgqWJhQkehDaqLKcZzWqu1EtoNURf0rFn6DDRYGEGLlD3DbDNDCla17dO659r0nTBlV2nWfraXlldW19dKGvbm1vbPr7O23VJJJTJo4YYnshEgRRgVpaqoZ6aSSIB4y0g6HV5N6+55IRRNxp0cpCTjqCxpTjLShes6Nn0Yxo5pIxHLoQReaM0lViPnY9vGA2v9JTmca6EueI5mMfZH1nLJbcacBF4FXgDIootFznvwowRknQmOGlOp6bqoD85ymmBEzQKZIivAQ9UnXQIE4UUE+3XsMjw0TwTiR5goNp+zPjhxxpUY8NEqO9EDN1ybkX7VupuPzIKcizTQRePZRnDGoEzgxEUZUEqzZyACEJTWzQjxAEmFjkrKNCd78yougVa14tcrFba1cvyzsKIFDcAROgAfOQB1cgwZoAgwewAt4A+/Wo/VqfVifM+mSVfQcgF9hfX0DGminUA==</latexit>

PYTHIA 8.2 mχ < 500 GeV
BRW EW correction 


 mχ ≥ 500 GeV

Internal aro  MCχ ν



5

             Monte Carlo�aro⌫

<latexit sha1_base64="htSvnOXe8Dv4fMRR1MANRE8E644=">AAACN3icdVC7TsMwFHV4lvAKMLJYVEgsVElVCdgqWJhQkehDaqLKcZzWqu1EtoNURf0rFn6DDRYGEGLlD3DbDNDCla17dO659r0nTBlV2nWfraXlldW19dKGvbm1vbPr7O23VJJJTJo4YYnshEgRRgVpaqoZ6aSSIB4y0g6HV5N6+55IRRNxp0cpCTjqCxpTjLShes6Nn0Yxo5pIxHLoQReaM0lViPnY9vGA2v9JTmca6EueI5mMfZH1nLJbcacBF4FXgDIootFznvwowRknQmOGlOp6bqoD85ymmBEzQKZIivAQ9UnXQIE4UUE+3XsMjw0TwTiR5goNp+zPjhxxpUY8NEqO9EDN1ybkX7VupuPzIKcizTQRePZRnDGoEzgxEUZUEqzZyACEJTWzQjxAEmFjkrKNCd78yougVa14tcrFba1cvyzsKIFDcAROgAfOQB1cgwZoAgwewAt4A+/Wo/VqfVifM+mSVfQcgF9hfX0DGminUA==</latexit>

PYTHIA 8.2 mχ < 500 GeV
BRW EW correction 


 mχ ≥ 500 GeV

SQuIDSνInternal aro  MCχ ν



5

             Monte Carlo�aro⌫
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PYTHIA 8.2 mχ < 500 GeV
BRW EW correction 


 mχ ≥ 500 GeV

SQuIDSνInternal aro  MCχ ν



BRW Calculation
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µ

<latexit sha1_base64="H3XVO+pvvRpczx88tX9E/FUcrOE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMaB6SLGF2MpsMmZld5iGEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VpZxp4/vfXmFtfWNzq7hd2tnd2z8oHx61dGIVoU2S8ER1IqwpZ5I2DTOcdlJFsYg4bUfjm5nffqJKs0Q+mElKQ4GHksWMYOOk+56w/XLFr/pzoFUS5KQCORr98ldvkBArqDSEY627gZ+aMMPKMMLptNSzmqaYjPGQdh2VWFAdZvNTp+jMKQMUJ8qVNGiu/p7IsNB6IiLXKbAZ6WVvJv7nda2Jr8KMydQaKsliUWw5Mgma/Y0GTFFi+MQRTBRztyIywgoT49IpuRCC5ZdXSeuiGtSq13e1Sv0xj6MIJ3AK5xDAJdThFhrQBAJDeIZXePO49+K9ex+L1oKXzxzDH3ifP2gpjfk=</latexit>

m�

<latexit sha1_base64="oD9v9nDwyKNkzyJ8DmiefQTZOuc=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvHisYD+kXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMnGqKWvSWMS6ExLDBFesabkVrJNoRmQoWDsc38z89hPThsfq3k4SFkgyVDzilFgndWQ/69ERn/bLFa/qzYFXiZ+TCuRo9MtfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2v3eKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM+exwOuGbVi4gihmrtbMR0RTah1EZVcCP7yy6ukdVH1a9Xru1ql/pDHUYQTOIVz8OES6nALDWgCBQHP8Apv6BG9oHf0sWgtoHzmGP4Aff4AVKKQQQ==</latexit>

q+W

<latexit sha1_base64="y6m0LQHukmqmo1BjNFVxcLVM+WE=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQkmkoO4KblxWsA9pY5hMJ+3QySTO3AglFNz4K25cKOLWn3Dn3zhts9DWA/dyOOdeZu4JEsE1OM63tbC4tLyyWlgrrm9sbm3bO7sNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsHgcuw3H5jSPJY3MEyYF5Ge5CGnBIzk2/v3ftbRVPEE8g5DwXBzdHfi2yWn7EyA54mbkxLKUfPtr043pmnEJFBBtG67TgJeRhRwKtio2Ek1SwgdkB5rGypJxLSXTW4Y4SOjdHEYK1MS8ET9vZGRSOthFJjJiEBfz3pj8T+vnUJ47mVcJikwSacPhanAEONxILjLFaMghoYQk4D5K6Z9oggFE1vRhODOnjxPGqdlt1K+uK6Uqrd5HAV0gA7RMXLRGaqiK1RDdUTRI3pGr+jNerJerHfrYzq6YOU7e+gPrM8fw5iYUQ==</latexit>

q�W

<latexit sha1_base64="FL1fZww18KQ269L+i9+3j1BfgJI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSRSUHcFNy4r2Ie0MUymk3boZBJnboQSCm78FTcuFHHrT7jzb5y2WWjrgXs5nHMvM/cEieAaHOfbWlhcWl5ZLawV1zc2t7btnd2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwOfabD0xpHssbGCbMi0hP8pBTAkby7f17P+toqngCeYehYLg5ujvx7ZJTdibA88TNSQnlqPn2V6cb0zRiEqggWrddJwEvIwo4FWxU7KSaJYQOSI+1DZUkYtrLJjeM8JFRujiMlSkJeKL+3shIpPUwCsxkRKCvZ72x+J/XTiE89zIukxSYpNOHwlRgiPE4ENzlilEQQ0OIScD8FdM+UYSCia1oQnBnT54njdOyWylfXFdK1ds8jgI6QIfoGLnoDFXRFaqhOqLoET2jV/RmPVkv1rv1MR1dsPKdPfQH1ucPxqCYUw==</latexit>

0

<latexit sha1_base64="S91OdTov+6jMIKdIa5f1PCpy64A=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kEO0CNpYJmA9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFSw+0XS27ZnYOsE29JSrBEvV/86g1ilkYoDRNU667nJsbPqDKcCZwWeqnGhLIxHWLXUkkj1H42P3RKLqwyIGGsbElD5urviYxGWk+iwHZG1Iz0qjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynYELzVl9dJ66rsVco3jUqpVntaxJGHMziHS/CgCjW4gzo0gQHCM7zCm/PgvDjvzseiNecsIzyFP3A+fwCiX40+</latexit>

. . .

<latexit sha1_base64="6bg2tmaeToul/XXt9EJ3WXbZgAs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QLGF2djYZM7uzzPQKYQn4CV48KOLV//Hm3zh5HDSxoKGo6qa7K0ilMOi6305hbX1jc6u4XdrZ3ds/KB8etYzKNONNpqTSnYAaLkXCmyhQ8k6qOY0DydvB6Gbqtx+5NkIl9zhOuR/TQSIiwShaqdWToULTL1fcqjsDWSXeglRggUa//NULFctiniCT1Jiu56bo51SjYJJPSr3M8JSyER3wrqUJjbnx89m1E3JmlZBESttKkMzU3xM5jY0Zx4HtjCkOzbI3Ff/zuhlGV34ukjRDnrD5oiiTBBWZvk5CoTlDObaEMi3srYQNqaYMbUAlG4K3/PIqaV1UvVr1+q5Wqdef5nEU4QRO4Rw8uIQ63EIDmsDgAZ7hFd4c5bw4787HvLXgLCI8hj9wPn8A5WWPwg==</latexit>

. . .

<latexit sha1_base64="6bg2tmaeToul/XXt9EJ3WXbZgAs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QLGF2djYZM7uzzPQKYQn4CV48KOLV//Hm3zh5HDSxoKGo6qa7K0ilMOi6305hbX1jc6u4XdrZ3ds/KB8etYzKNONNpqTSnYAaLkXCmyhQ8k6qOY0DydvB6Gbqtx+5NkIl9zhOuR/TQSIiwShaqdWToULTL1fcqjsDWSXeglRggUa//NULFctiniCT1Jiu56bo51SjYJJPSr3M8JSyER3wrqUJjbnx89m1E3JmlZBESttKkMzU3xM5jY0Zx4HtjCkOzbI3Ff/zuhlGV34ukjRDnrD5oiiTBBWZvk5CoTlDObaEMi3srYQNqaYMbUAlG4K3/PIqaV1UvVr1+q5Wqdef5nEU4QRO4Rw8uIQ63EIDmsDgAZ7hFd4c5bw4787HvLXgLCI8hj9wPn8A5WWPwg==</latexit>

�

<latexit sha1_base64="HgX5Ajbu0rqs3869VS3+0Ao/A8g=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXjxWsB/QLiWbZruhSXZJskJZCv4CLx4U8eof8ua/Mdv2oK0PBh7vzTAzL0wFN9bzvlFpbX1jc6u8XdnZ3ds/qB4etU2SacpaNBGJ7obEMMEVa1luBeummhEZCtYJx7eF33lk2vBEPdhJygJJRopHnBJbSH0a80G15tW9GfAq8RekBgs0B9Wv/jChmWTKUkGM6fleaoOcaMupYNNKPzMsJXRMRqznqCKSmSCf3TrFZ04Z4ijRrpTFM/X3RE6kMRMZuk5JbGyWvUL8z+tlNroOcq7SzDJF54uiTGCb4OJxPOSaUSsmjhCqubsV05hoQq2Lp+JC8JdfXiXti7p/Wb+5v6w1Gk/zOMpwAqdwDj5cQQPuoAktoBDDM7zCG5LoBb2jj3lrCS0iPIY/QJ8/KQCOvA==</latexit>

X

<latexit sha1_base64="QkPGpSQzP4B7MzfbQVdR59+zCI4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kEO0CNpYJmA9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFSo9MvltyyOwdZJ96SlGCJer/41RvELI1QGiao1l3PTYyfUWU4Ezgt9FKNCWVjOsSupZJGqP1sfuiUXFhlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpVW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+T1lXZq5RvGpVSrfa0iCMPZ3AOl+BBFWpwB3VoAgOEZ3iFN+fBeXHenY9Fa85ZRngKf+B8/gDe/41m</latexit>

X̄

<latexit sha1_base64="sDjfmhzieFIHZdGVLj2cgTIVBGM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN4CXjxGMA9IljA7mU2GzM4sM71CWAL+ghcPinj1e7z5N04eB00saCiquunuilIpLPr+t1dYW9/Y3Cpul3Z29/YPyodHTaszw3iDaalNO6KWS6F4AwVK3k4Np0kkeSsa3U791iM3Vmj1gOOUhwkdKBELRtFJrW5ETd6e9MoVv+rPQFZJsCAVWKDeK391+5plCVfIJLW2E/gphjk1KJjkk1I3szylbEQHvOOoogm3YT47d0LOnNInsTauFJKZ+nsip4m14yRynQnFoV32puJ/XifD+DrMhUoz5IrNF8WZJKjJ9HfSF4YzlGNHKDPC3UrYkBrK0CVUciEEyy+vkuZFNbis3txfVmq1p3kcRTiBUziHAK6gBndQhwYwGMEzvMKbl3ov3rv3MW8teIsIj+EPvM8fnJ6QKw==</latexit>

W

<latexit sha1_base64="9WJapuV5ml/gRpaKpMHNpHJ3t0E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YD+gDWWznbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzwkRwbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkg1Ci6xabgR2EkU0igU2A4nd3O//YRK81g+mGmCQURHkg85o8ZKjXa/XPFcbwGyTvycVCBHvV/+6g1ilkYoDRNU667vJSbIqDKcCZyVeqnGhLIJHWHXUkkj1EG2OHRGLqwyIMNY2ZKGLNTfExmNtJ5Goe2MqBnrVW8u/ud1UzO8CTIuk9SgZMtFw1QQE5P512TAFTIjppZQpri9lbAxVZQZm03JhuCvvrxOWleuX3VvG9VKzc3jKMIZnMMl+HANNbiHOjSBAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPshGM0w==</latexit>

q

<latexit sha1_base64="r2t+IYyiv9C2Dy5gEAa2B44FlA8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YFuhDWWznbRrN5u4uxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk4yxbDJEpGo+5BqFFxi03Aj8D5VSONQYDsc3cz89hMqzRN5Z8YpBjEdSB5xRo2VGo+9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap73ahWam4eRxFO4BTOwYdLqMEt1KEJDBCe4RXenAfnxXl3PhatBSefOYY/cD5/ANl5jO0=</latexit>

q̄0

<latexit sha1_base64="Ou6kO/yjNPh8Mmj2pSp/qLqLstg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoN4KXjxWsLXQhjLZbtqlm026uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRVmTxiJW7QA1E1yypuFGsHaiGEaBYI/B6HbmPz4xpXksH8wkYX6EA8lDTtFYqd0NUGXj6XmvXHGr7hxklXg5qUCORq/81e3HNI2YNFSg1h3PTYyfoTKcCjYtdVPNEqQjHLCOpRIjpv1sfu+UnFmlT8JY2ZKGzNXfExlGWk+iwHZGaIZ62ZuJ/3md1ITXfsZlkhom6WJRmApiYjJ7nvS5YtSIiSVIFbe3EjpEhdTYiEo2BG/55VXSuqx6terNfa1Sr+ZxFOEETuECPLiCOtxBA5pAQcAzvMKbM3ZenHfnY9FacPKZY/gD5/MH+jeP4w==</latexit>

fL

<latexit sha1_base64="J86upnB2nwrvmBeWdnSHJUQZP+0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgddxJQO0CNhYWEc0HJEfY2+wlS/b2jt05IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz88JUCoOe9+0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HZIDZdC8QYKlLydak7jUPJWOLqZ+a0nro1I1COOUx7EdKBEJBhFKz1EvbteueK53hxklfg5qUCOeq/81e0nLIu5QiapMR3fSzGYUI2CST4tdTPDU8pGdMA7lioacxNM5qdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0FUyESjPkii0WRZkkmJDZ36QvNGcox5ZQpoW9lbAh1ZShTadkQ/CXX14lzQvXr7rX99VKzc3jKMIJnMI5+HAJNbiFOjSAwQCe4RXeHOm8OO/Ox6K14OQzx/AHzucPFwyNoQ==</latexit>

fR
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• Above electroweak scale— —  and 
 can be radiated


• PYTHIA well-vetted below EW scale by collider data

• Evolve from DM scale down to EW scale  with 

DGLAP equations

• Matches calculation onto PYTHIA calculations

≳ 250 GeV W±

Z0

+ϵ



aro  Productionχ ν

• Flavor-wise neutrinos at production for different 
annihilation channels for 


• Option to include neutrinos from DAR turned on

• No electroweak correction

mχ = 100 GeV

7

10°5 10°4 10°3 10°2 10°1 100

x = E∫/m¬

10°5

10°4

10°3

10°2

10°1

100

101

dN
∫
/d

lo
g
x

£ an
n°

1§

Sun ∫eSun ∫eSun ∫eSun ∫eSun ∫e

µ

Kº

10°5 10°4 10°3 10°2 10°1 100

x = E∫/m¬

Sun ∫µSun ∫µSun ∫µSun ∫µSun ∫µµ K

ø W b u e

10°5 10°4 10°3 10°2 10°1 100

x = E∫/m¬

Sun ∫øSun ∫øSun ∫øSun ∫øSun ∫ø

10°5

10°3

10°1

101

dN
∫
/d

x
£ an

n°
1§

Sun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫e Sun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µ

ø t W b u e ∫e ∫µ ∫ø

Sun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫ø

0.0 0.2 0.4 0.6 0.8 1.0
x = E∫/m¬

10°5

10°3

10°1

101

dN
∫
/d

x
£ an

n°
1§

Halo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫e

0.0 0.2 0.4 0.6 0.8 1.0
x = E∫/m¬

Halo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µ

0.0 0.2 0.4 0.6 0.8 1.0
x = E∫/m¬

Halo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫ø

10°5

10°3

10°1

101

dN
∫
/d

x
£ an

n°
1§

Sun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫eSun ∫e Sun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µSun ∫µ

ø t W b u e ∫e ∫µ ∫ø

Sun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫øSun ∫ø

0.0 0.2 0.4 0.6 0.8 1.0
x = E∫/m¬

10°5

10°3

10°1

101

dN
∫
/d

x
£ an

n°
1§

Halo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫eHalo ∫e

0.0 0.2 0.4 0.6 0.8 1.0
x = E∫/m¬

Halo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µHalo ∫µ

0.0 0.2 0.4 0.6 0.8 1.0
x = E∫/m¬

Halo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫øHalo ∫ømχ = 100 GeV mχ = 1 TeV

• Flavor-wise neutrinos at production for different 
annihilation channels for 


• Option to include neutrinos from DAR turned off

• Electroweak correction turned on

mχ = 1 TeV

We are happy to add a flux to the defaults if you like 
Also support user input if you don’t like our options !
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w. EWC

wo. EWC

Production Comparison
• Order of magnitude 

changes in  spectra; 
spectra harder


• Moderate changes in 
 and  channels 

lead to softer spectra

bb̄

W+W− τ+τ−



• SQuIDS software allows easy 
modifications of prop. parameters, 
including:

• Oscillation parameters (NuFit 5.0) 
• Cross sections (nusigma or 

Cooper-Sarkar)

• Solar models 

(struct_b16_agss09, bs05_gsop, 
or struct_b16_gs98)


• Earth models (PREM)

ν
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aro  Propagationχ ν
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Once again user can provide their own !



Secluded Dark Matter
• Dark matter annihilates to meta-stable 

mediator, which decays to SM particles

• Electroweak correction not available. 

Working on implementing it
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Other Features
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Comparison
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(Yet)



Conclusions
• aro  is a flexible, Python-based package for speculating neutrinos form 

DM annihilation and decay

• Can be extended to new BSM scenarios easily

• Coupled to electroweak correction which can drastically change spectra, 

agrees with previous calculations when EWC turned off

• Many options currently supported, and almost all settings may be 

modified by users

χ ν
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Thank
You
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