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Motivation: search for sources of  neutrinos with the help of  
gamma-ray data
• Physics: photo-hadronic interactions or hadronic 

interactions
• Possible sources: 

• GRBs 

• Active Galactic Nuclei: 

• Blazars 

• Radio Galaxies 

• Something else?

http://chandra.harvard.edu/photo/2007/agns/
http://chandra.harvard.edu/resources/illustrations/grb.html
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Motivation: search for sources of  neutrinos with the help of  
gamma-ray data.

Coincidence between high-energy neutrino and gamma-rays from Blazar TXS 0506+056. First 
evidence of  source of  neutrinos (>3𝜎). AMON contributed to the distribution of  the event IC170922A. 
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Use the AMON Framework to do coincidence analysis
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• Real-time coincidences 

• Sub-threshold data 

• Data that is below the detection threshold 
from each observatory.  

• Careful coincident analysis can bring a 
sub-threshold event into a possible 
detection 

• Streams:  

• IceCube Gold/Bronze.  

• HAWC GRB-like alerts. 

• ANTARES-Fermi alerts
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Real-time searches for transients help advance the field of  multimessenger astrophysics. 
The Astrophysical Multimessenger Observatory Network (AMON) has been built for this 
purpose.

Ayala Solares et al., Astro. Part., 114, (2020), 68-76



Data description: 
HAWC events are “hotspots” of  significant excesses above background identified 
during one full transit of  that sky location above the detector. 
IceCube events are single through-going track events from muons/muon-neutrinos. 

• Position  
• Uncertainty in 

position 
• Significance (>2.75) 
• Start time of  transit  
• End time of  transit

• Position  
• Uncertainty in 

position 
• Time of  event  
• False positive rate 

density (FPRD) 
• Signalness

Information sent to AMON from both observatories:
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• Temporal selection: Time of  IceCube event inside of  HAWC monitoring transit 
time 

• Spatial selection: Distance from IceCube event and HAWC hotspot is less than 3.5º

Coincidence criteria of  the analysis

tIceCube
<latexit sha1_base64="hVClivPPjMdxnLTkuZfVC2Jd4UU=">AAAB8XicbVBNS8NAEN34WetX1aOXYBE8lUQE9VbsRW8VjC2koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvTgU36Hnfzsrq2vrGZmmrvL2zu7dfOTh8NCrTDAKmhNLtmBoQXEKAHAW0Uw00iQW04lFj6reeQBuu5AOOU4gSOpC8zxlFK4XYze8YNLIYJt1K1at5M7jLxC9IlRRoditfnZ5iWQISmaDGhL6XYpRTjZwJmJQ7mYGUshEdQGippAmYKJ+dPHFPrdJz+0rbkujO1N8TOU2MGSex7UwoDs2iNxX/88IM+1dRzmWaIUg2X9TPhIvKnf7v9rgGhmJsCWWa21tdNqSaMrQplW0I/uLLyyQ4r13X/PuLav2mSKNEjskJOSM+uSR1ckuaJCCMKPJMXsmbg86L8+58zFtXnGLmiPyB8/kDu/6RFw==</latexit><latexit sha1_base64="hVClivPPjMdxnLTkuZfVC2Jd4UU=">AAAB8XicbVBNS8NAEN34WetX1aOXYBE8lUQE9VbsRW8VjC2koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvTgU36Hnfzsrq2vrGZmmrvL2zu7dfOTh8NCrTDAKmhNLtmBoQXEKAHAW0Uw00iQW04lFj6reeQBuu5AOOU4gSOpC8zxlFK4XYze8YNLIYJt1K1at5M7jLxC9IlRRoditfnZ5iWQISmaDGhL6XYpRTjZwJmJQ7mYGUshEdQGippAmYKJ+dPHFPrdJz+0rbkujO1N8TOU2MGSex7UwoDs2iNxX/88IM+1dRzmWaIUg2X9TPhIvKnf7v9rgGhmJsCWWa21tdNqSaMrQplW0I/uLLyyQ4r13X/PuLav2mSKNEjskJOSM+uSR1ckuaJCCMKPJMXsmbg86L8+58zFtXnGLmiPyB8/kDu/6RFw==</latexit><latexit sha1_base64="hVClivPPjMdxnLTkuZfVC2Jd4UU=">AAAB8XicbVBNS8NAEN34WetX1aOXYBE8lUQE9VbsRW8VjC2koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvTgU36Hnfzsrq2vrGZmmrvL2zu7dfOTh8NCrTDAKmhNLtmBoQXEKAHAW0Uw00iQW04lFj6reeQBuu5AOOU4gSOpC8zxlFK4XYze8YNLIYJt1K1at5M7jLxC9IlRRoditfnZ5iWQISmaDGhL6XYpRTjZwJmJQ7mYGUshEdQGippAmYKJ+dPHFPrdJz+0rbkujO1N8TOU2MGSex7UwoDs2iNxX/88IM+1dRzmWaIUg2X9TPhIvKnf7v9rgGhmJsCWWa21tdNqSaMrQplW0I/uLLyyQ4r13X/PuLav2mSKNEjskJOSM+uSR1ckuaJCCMKPJMXsmbg86L8+58zFtXnGLmiPyB8/kDu/6RFw==</latexit><latexit sha1_base64="hVClivPPjMdxnLTkuZfVC2Jd4UU=">AAAB8XicbVBNS8NAEN34WetX1aOXYBE8lUQE9VbsRW8VjC2koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvTgU36Hnfzsrq2vrGZmmrvL2zu7dfOTh8NCrTDAKmhNLtmBoQXEKAHAW0Uw00iQW04lFj6reeQBuu5AOOU4gSOpC8zxlFK4XYze8YNLIYJt1K1at5M7jLxC9IlRRoditfnZ5iWQISmaDGhL6XYpRTjZwJmJQ7mYGUshEdQGippAmYKJ+dPHFPrdJz+0rbkujO1N8TOU2MGSex7UwoDs2iNxX/88IM+1dRzmWaIUg2X9TPhIvKnf7v9rgGhmJsCWWa21tdNqSaMrQplW0I/uLLyyQ4r13X/PuLav2mSKNEjskJOSM+uSR1ckuaJCCMKPJMXsmbg86L8+58zFtXnGLmiPyB8/kDu/6RFw==</latexit>

tHAWC0
<latexit sha1_base64="2qflRRPIeS5yfbqH3NIjef55xaQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40A2caVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AUI8kC8=</latexit><latexit sha1_base64="2qflRRPIeS5yfbqH3NIjef55xaQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40A2caVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AUI8kC8=</latexit><latexit sha1_base64="2qflRRPIeS5yfbqH3NIjef55xaQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40A2caVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AUI8kC8=</latexit><latexit sha1_base64="2qflRRPIeS5yfbqH3NIjef55xaQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40A2caVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AUI8kC8=</latexit>

tHAWCf
<latexit sha1_base64="L055pzm4D0BJoETVsa9QK5nRleM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40g2gaVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AZQUkGU=</latexit><latexit sha1_base64="L055pzm4D0BJoETVsa9QK5nRleM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40g2gaVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AZQUkGU=</latexit><latexit sha1_base64="L055pzm4D0BJoETVsa9QK5nRleM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40g2gaVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AZQUkGU=</latexit><latexit sha1_base64="L055pzm4D0BJoETVsa9QK5nRleM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLdqLz1WMLbYhrDZbtqlm03YnQgl9F948aDi1Z/jzX/jts1Bqw8GHu/NMDMvTAXX6DhfVmlldW19o7xZ2dre2d2r7h/c6yRTlHk0EYnqhkQzwSXzkKNg3VQxEoeCdcJxc+Z3HpnSPJF3OEmZH5Oh5BGnBI30gEHeuu40g2gaVGtO3ZnD/kvcgtSgQDuofvYHCc1iJpEKonXPdVL0c6KQU8GmlX6mWUromAxZz1BJYqb9fH7x1D4xysCOEmVKoj1Xf07kJNZ6EoemMyY40sveTPzP62UYXfo5l2mGTNLFoigTNib27H17wBWjKCaGEKq4udWmI6IIRRNSxYTgLr/8l3hn9au6e3tea9wUaZThCI7hFFy4gAa0oA0eUJDwBC/wamnr2Xqz3hetJauYOYRfsD6+AZQUkGU=</latexit>
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<latexit sha1_base64="tz+s+GcI3BfsBHXP5uEiUXA9rNY=">AAAB9HicbVBNT8JAEJ36ifiFevTSSEw8kdaYqDeUC0dMrJBAJdtlgA3bbbO7xZCm/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMwLYs6Udpxva2V1bX1js7BV3N7Z3dsvHRw+qCiRFD0a8Ui2AqKQM4GeZppjK5ZIwoBjMxjVpn5zjFKxSNzrSYx+SAaC9Rkl2kiPnTHSVGbdtH7TrGXdUtmpODPYy8TNSRlyNLqlr04vokmIQlNOlGq7Tqz9lEjNKMes2EkUxoSOyADbhgoSovLT2dWZfWqUnt2PpCmh7Zn6eyIloVKTMDCdIdFDtehNxf+8dqL7V37KRJxoFHS+qJ9wW0f2NAK7xyRSzSeGECqZudWmQyIJ1SaoognBXXx5mXjnleuKe3dRrt7maRTgGE7gDFy4hCrUoQEeUJDwDK/wZj1ZL9a79TFvXbHymSP4A+vzB/KHklg=</latexit><latexit sha1_base64="tz+s+GcI3BfsBHXP5uEiUXA9rNY=">AAAB9HicbVBNT8JAEJ36ifiFevTSSEw8kdaYqDeUC0dMrJBAJdtlgA3bbbO7xZCm/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMwLYs6Udpxva2V1bX1js7BV3N7Z3dsvHRw+qCiRFD0a8Ui2AqKQM4GeZppjK5ZIwoBjMxjVpn5zjFKxSNzrSYx+SAaC9Rkl2kiPnTHSVGbdtH7TrGXdUtmpODPYy8TNSRlyNLqlr04vokmIQlNOlGq7Tqz9lEjNKMes2EkUxoSOyADbhgoSovLT2dWZfWqUnt2PpCmh7Zn6eyIloVKTMDCdIdFDtehNxf+8dqL7V37KRJxoFHS+qJ9wW0f2NAK7xyRSzSeGECqZudWmQyIJ1SaoognBXXx5mXjnleuKe3dRrt7maRTgGE7gDFy4hCrUoQEeUJDwDK/wZj1ZL9a79TFvXbHymSP4A+vzB/KHklg=</latexit><latexit sha1_base64="tz+s+GcI3BfsBHXP5uEiUXA9rNY=">AAAB9HicbVBNT8JAEJ36ifiFevTSSEw8kdaYqDeUC0dMrJBAJdtlgA3bbbO7xZCm/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMwLYs6Udpxva2V1bX1js7BV3N7Z3dsvHRw+qCiRFD0a8Ui2AqKQM4GeZppjK5ZIwoBjMxjVpn5zjFKxSNzrSYx+SAaC9Rkl2kiPnTHSVGbdtH7TrGXdUtmpODPYy8TNSRlyNLqlr04vokmIQlNOlGq7Tqz9lEjNKMes2EkUxoSOyADbhgoSovLT2dWZfWqUnt2PpCmh7Zn6eyIloVKTMDCdIdFDtehNxf+8dqL7V37KRJxoFHS+qJ9wW0f2NAK7xyRSzSeGECqZudWmQyIJ1SaoognBXXx5mXjnleuKe3dRrt7maRTgGE7gDFy4hCrUoQEeUJDwDK/wZj1ZL9a79TFvXbHymSP4A+vzB/KHklg=</latexit><latexit sha1_base64="tz+s+GcI3BfsBHXP5uEiUXA9rNY=">AAAB9HicbVBNT8JAEJ36ifiFevTSSEw8kdaYqDeUC0dMrJBAJdtlgA3bbbO7xZCm/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMwLYs6Udpxva2V1bX1js7BV3N7Z3dsvHRw+qCiRFD0a8Ui2AqKQM4GeZppjK5ZIwoBjMxjVpn5zjFKxSNzrSYx+SAaC9Rkl2kiPnTHSVGbdtH7TrGXdUtmpODPYy8TNSRlyNLqlr04vokmIQlNOlGq7Tqz9lEjNKMes2EkUxoSOyADbhgoSovLT2dWZfWqUnt2PpCmh7Zn6eyIloVKTMDCdIdFDtehNxf+8dqL7V37KRJxoFHS+qJ9wW0f2NAK7xyRSzSeGECqZudWmQyIJ1SaoognBXXx5mXjnleuKe3dRrt7maRTgGE7gDFy4hCrUoQEeUJDwDK/wZj1ZL9a79TFvXbHymSP4A+vzB/KHklg=</latexit> �✓
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~rIceCube
<latexit sha1_base64="gwKR75eYdp3GBwav6KxGyF5S25Y=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0lEUG/FXvRWwdhCG8JmO2mXbjZhd1MsIX/FiwcVr/4Sb/4bN20O2vpg4PHezO7MCxJGpbLtb6Oytr6xuVXdru3s7u0fmIf1RxmngoBLYhaLXoAlMMrBVVQx6CUCcBQw6AaTduF3pyAkjfmDmiXgRXjEaUgJVlryzfpgCiQTuZ/dEWinAeQ132zYTXsOa5U4JWmgEh3f/BoMY5JGwBVhWMq+YyfKy7BQlDD94CCVkGAywSPoa8pxBNLL5rvn1qlWhlYYC11cWXP190SGIylnUaA7I6zGctkrxP+8fqrCKy+jPEkVcLL4KEyZpWKrCMIaUgFEsZkmmAiqd7XIGAtMlI6rCMFZPnmVuOfN66Zzf9Fo3ZRpVNExOkFnyEGXqIVuUQe5iKAn9Ixe0ZuRGy/Gu/GxaK0Y5cwR+gPj8wdPKpQo</latexit><latexit sha1_base64="gwKR75eYdp3GBwav6KxGyF5S25Y=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0lEUG/FXvRWwdhCG8JmO2mXbjZhd1MsIX/FiwcVr/4Sb/4bN20O2vpg4PHezO7MCxJGpbLtb6Oytr6xuVXdru3s7u0fmIf1RxmngoBLYhaLXoAlMMrBVVQx6CUCcBQw6AaTduF3pyAkjfmDmiXgRXjEaUgJVlryzfpgCiQTuZ/dEWinAeQ132zYTXsOa5U4JWmgEh3f/BoMY5JGwBVhWMq+YyfKy7BQlDD94CCVkGAywSPoa8pxBNLL5rvn1qlWhlYYC11cWXP190SGIylnUaA7I6zGctkrxP+8fqrCKy+jPEkVcLL4KEyZpWKrCMIaUgFEsZkmmAiqd7XIGAtMlI6rCMFZPnmVuOfN66Zzf9Fo3ZRpVNExOkFnyEGXqIVuUQe5iKAn9Ixe0ZuRGy/Gu/GxaK0Y5cwR+gPj8wdPKpQo</latexit><latexit sha1_base64="gwKR75eYdp3GBwav6KxGyF5S25Y=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0lEUG/FXvRWwdhCG8JmO2mXbjZhd1MsIX/FiwcVr/4Sb/4bN20O2vpg4PHezO7MCxJGpbLtb6Oytr6xuVXdru3s7u0fmIf1RxmngoBLYhaLXoAlMMrBVVQx6CUCcBQw6AaTduF3pyAkjfmDmiXgRXjEaUgJVlryzfpgCiQTuZ/dEWinAeQ132zYTXsOa5U4JWmgEh3f/BoMY5JGwBVhWMq+YyfKy7BQlDD94CCVkGAywSPoa8pxBNLL5rvn1qlWhlYYC11cWXP190SGIylnUaA7I6zGctkrxP+8fqrCKy+jPEkVcLL4KEyZpWKrCMIaUgFEsZkmmAiqd7XIGAtMlI6rCMFZPnmVuOfN66Zzf9Fo3ZRpVNExOkFnyEGXqIVuUQe5iKAn9Ixe0ZuRGy/Gu/GxaK0Y5cwR+gPj8wdPKpQo</latexit><latexit sha1_base64="gwKR75eYdp3GBwav6KxGyF5S25Y=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0lEUG/FXvRWwdhCG8JmO2mXbjZhd1MsIX/FiwcVr/4Sb/4bN20O2vpg4PHezO7MCxJGpbLtb6Oytr6xuVXdru3s7u0fmIf1RxmngoBLYhaLXoAlMMrBVVQx6CUCcBQw6AaTduF3pyAkjfmDmiXgRXjEaUgJVlryzfpgCiQTuZ/dEWinAeQ132zYTXsOa5U4JWmgEh3f/BoMY5JGwBVhWMq+YyfKy7BQlDD94CCVkGAywSPoa8pxBNLL5rvn1qlWhlYYC11cWXP190SGIylnUaA7I6zGctkrxP+8fqrCKy+jPEkVcLL4KEyZpWKrCMIaUgFEsZkmmAiqd7XIGAtMlI6rCMFZPnmVuOfN66Zzf9Fo3ZRpVNExOkFnyEGXqIVuUQe5iKAn9Ixe0ZuRGy/Gu/GxaK0Y5cwR+gPj8wdPKpQo</latexit>
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HAWC Transit Time



Ranking the coincidences is based on Fisher’s method.  
Due to the fact that the DoF are different depending on the number of  neutrinos 
we add an extra step to get the ranking value

P-value from 
Maximum likelihood, 

Spatial Selection

HAWC hotspot 
 significance

Probability of more 
Than one neutrino  
In the transit time

P-value of the IceCube 
Neutrino based on energy

Ranking statistic (R.S.) value. 
It has taken into account the number 

Of DoF

pCluster = 1�
PN�2

i=0 Pois(i;�)
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χ2
6+2nν

= − 2 ln[p
λ
p

HAWC
p

cluster

ν

∏
i

p
IC,i

]

R . S . = − log p( > χ2
6+2nν

)



Ranking statistic distribution. Comparison between expected distribution from 
scrambling the data and actual result from data taken during 2016 and 2017. 
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R.S. = 7.3



Coincidences with the highest ranking statistic values. 

Dec [deg] RA [deg] Time 
(End of HAWC transit)

Angular 
Uncertainty [deg] Num. Neutrinos Ranking Statistic FAR 

[per year]

2.96 4.93 2016-12-12 04:38:41 0.16 4 7.34 0.99

24.97 339.52 2017-06-07 15:38:15 0.15 3 7.27 1.1
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Coincidence with the highest ranking statistic
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Sources found in the Simbad catalog inside 
the coincidence region



Coincidence with the highest ranking statistic
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Interesting radio galaxies found in this 
coincidence. 

But the coincidence’s FAR agrees with the 
background expectation (~1 per year)



Coincidence with the second highest ranking statistics
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Sources found in the Simbad catalog inside 
the coincidence region



Conclusion and Future plans 
• We presented a coincidence analysis between a gamma-ray detector (HAWC) and neutrino 

detector (IceCube). 

• Search for sources of  neutrinos: GRBs, AGNs (Blazars, Radio galaxies), etc. 

• Show archival results of  2 years of  data from HAWC and IceCube.  

• In a lifetime of  1.85 years we found one coincidence event with a FAR of  0.99 per year.  

• Aim: run analysis in realtime. 

• Proposal currently under consideration in the collaborations 

• Plan is to send alerts with a false alarm rate of  ≤1 per year.
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Back-up Slides
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Calibration of  false alarm rate: scrambled 2 years of  data from 
both detectors to construct the false alarm rate of  the analysis

FAR 
(yr-1) R.S.

10 6.0

1 7.3

0.5 7.7

0.1 8.7
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