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Entering a new era where we can detect the 
messengers of  the four forces of  nature.

https://astro.desy.de/theory/multi_messenger_astrophysics/index_eng.html!2

GW



Real-time searches for transients can continue to advance multimessenger astrophysics. 
AMON has been built with this idea and with the use of  sub-threshold data

• Triggering Observatories 

• Follow-up Observatories 

• Archival Studies 

• Store events 

• Coincidence analyses 

• Real-time coincidences 

• Use of  sub-threshold data 

• Pass-Through 

• Broadcast directly to GCN/TAN
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Another approach to multimessenger astrophysics is real-time searches. AMON 
has been built with this idea and with the use of  sub-threshold data

• Real-time coincidences 

• Receive the event after it is built in each 
observatory and do the coincidence 
analysis right away in the AMON 
servers. 

• Sub-threshold data 

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

• HAWC significance hotspots below 
5 sigma 

• IceCube singlets with low signal ness
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Focusing on high-energy astrophysics. We want to help 
solve some of  the current questions in the field

• Acceleration mechanisms

• Sources of UHECRs

• Sources of neutrinos

• New fundamental physics

• etc.

!5 https://astro.desy.de/theory/multi_messenger_astrophysics/index_eng.html



Large span of  transient events that we can look for:

Figure from Chandra/Harvard webpage

http://chandra.harvard.edu/photo/2007/agns/

http://chandra.harvard.edu/resources/illustrations/grb.html

https://aasnova.org/2017/10/16/neutron-star-merger-detected-by-
many-eyes-and-ears/ !6

GRB

AGN

Merger Binaries

SN

•Long GRBs 

•Short GRBs 

•SN 

•Choked jet supernova 

•Blazars 

•PBHs 

•Binary Mergers 

•…



AMON members and prospective* members. 

GW

𝝂

CR 𝜸

𝜸

GCN/TAN
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Pierre 
Auger

IceCube 
ANTARES

SWIFT 
VERITAS 

HESS 
MAGIC

LMT 
Palomar Transient Factory 

MASTER 

FACT 
Fermi 
HAWC

*LIGO- 
Virgo



AMON receives sub-threshold data events and sends alerts to GCN/TAN which then are 
distributed to partner observatories/public. Interesting follow-ups are sent back to AMON 
and AMON then broadcasts alert revisions

GW

𝝂

CR 𝜸

𝜸

GCN/TAN
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TWISTED

COMET
AmonPy software in GitHub:https://github.com/AMONCode/Analysis

Technical Implementation: AMON uses an asynchronous distribution system to 
calculate coincidence searches in real-time. Using the VOEvent protocol. 
Software is written in Python. Uses Celery, Twisted and Comet.

https://github.com/AMONCode/Analysis


AMON Database resides in two servers at Penn State. 
Anticipate 1TB/yr of  data.  

• Servers are mirrored and redundant for safety.  

• Uptime of  99.99% (<1 hr of  downtime per year) 

• The database is designed with MySQL 

• It currently contains: 

• Public: 

• IC 40/59 and 1 year of  IC 86, SWIFT and Fermi data  

• Private: 

• ANTARES, Auger data, HAWC Daily Monitoring and HAWC 
GRB-Like data
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AMON Database resides in two servers at Penn State. 
Anticipate 1TB/yr of  data.  

• The database is designed with MySQL 

• It currently contains: 

• IC 40/59 and 1 year of  IC 86 (public) 

• SWIFT and Fermi data (public) 

• ANTARES, Auger data 

• HAWC Daily Monitoring and HAWC GRB-Like data 
(private)
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–Each observatory retains full rights over use of  
its data (see AMON MoU) 

–All coincidence analyses require explicit 
permission of  each participating collaboration

http://sites.psu.edu/amon/join-amon/


Example Analysis in the AMON Framework
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Gamma-Ray ObservatoryGamma-Ray Observatory



Summary of  analysis. Coincidence criteria for 
analysis is divided in two parts. 

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>

~rHAWC
<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> �✓

<latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit><latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit><latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit><latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit>

~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>

!13

HAWC Transit Time

• Selection: 

• Temporal selection: Time of  IceCube event 
inside of  HAWC monitoring transit time 

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



Data description: 
HAWC events are “hotspots” of  significant excesses above background averaged over 
1 transit of  the event above the detector. 
IceCube events are single through-going track events. 

• 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) 
• Signal acceptance

From both observatories we got 1-month of  data that we scramble several times to get enough statistics. 
Future plots are based on that. 



HAWC-IC Coincidence Analysis
• Selection: 

• Temporal selection: Time of  IceCube event inside of  HAWC monitoring transit 
time 

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

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>

~rHAWC
<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> �✓

<latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit><latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit><latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit><latexit sha1_base64="PzZUQT7Z5d3I4Rlvi9Cr5syHw6g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FPXisYGyhiWWznbZLNx/sTpQS+j+8eFDx6o/x5r9x0+agrQ8GHu/NMDMvSKTQaNvfVmlpeWV1rbxe2djc2t6p7u7d6zhVHFwey1i1A6ZBighcFCihnShgYSChFYyucr/1CEqLOLrDcQJ+yAaR6AvO0EgP3jVIZNTDISCrdKs1u25PQReJU5AaKdDsVr+8XszTECLkkmndcewE/YwpFFzCpOKlGhLGR2wAHUMjFoL2s+nVE3pklB7tx8pUhHSq/p7IWKj1OAxMZ8hwqOe9XPzP66TYP/czESUpQsRni/qppBjTPALaEwo4yrEhjCthbqV8yBTjaILKQ3DmX14k7kn9ou7cntYal0UaZXJADskxccgZaZAb0iQu4USRZ/JK3qwn68V6tz5mrSWrmNknf2B9/gACcpG8</latexit>

~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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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 Search (see next slide)

Significance from 
The HAWC Hotspot

Probability of more 
Than one neutrino

P-value of the IceCube 
Neutrino

Ranking coincidence value. 
It has taken into account the number 

Of DoF

pCluster = 1�
PN�2

i=0 Pois(i;�)

!16



We maximize the spatial likelihood calculation.  
This is the histogram used to generate the 𝜆 p-value.  
Data was scrambled several times such that the search period is ~900 years

λ( ⃗x ) =
N

∑
i=1

(ln(Si( ⃗x )) − ln(Bi))

!17

Preliminary



Final ranking statistic value after combining the information that we have. Built 
from scrambling both datasets several times (corresponds to a ~900 years).

!18

Preliminary



False alarm rate vs ranking statistic:

!19

FAR 
(yr-1) Chi2

10 6.4

1 7.9

0.5 8.4

0.1 9.4

NEXT STEPS 
• Working on getting the analysis vetted by collaborations: 

• Running analysis on 2 years of  unblinded archival data from HAWC and IceCube. 
• Alerts will be sent after unblinding analysis is done. 

Preliminary



Other On-going analysis

GW + 𝜸

𝜸 + 𝝂

!20

Pass-Through

Turley, et al 2018

https://iopscience.iop.org/article/10.3847/1538-4357/aad195


Synergies

!21

At least one server always up

Exchange analyses techniques

Combine databases



AMON server is up and running

• AMON using sub-threshold data for multimessenger searches in real-time. 

• AMON greatly simplifies  multimessengers searches: 

• Common data format, transfer protocol,  event database, MoUs.  

• New participants are always welcome! 

• Webpage: http://www.amon.psu.edu/ 

• MoU: http://www.amon.psu.edu/join-amon/

!22

http://www.amon.psu.edu/
http://www.amon.psu.edu/join-amon/


Back-Up

!23

Gamma-Ray ObservatoryGamma-Ray Observatory



Entering a new era where we can detect the 
messengers of  the four forces of  nature

https://astro.desy.de/theory/multi_messenger_astrophysics/index_eng.html

Force Messenger Messenger 
Detected Sources?

EM Photons ! Several

Weak Neutrinos !
Three  

(Sun, SN1987A, 
TXS 0506 (3.5𝜎 *))

Strong p, nuclei ! ?

Gravity Gravitational  
Waves ! Few and 

increasing

!24
*Science  13 Jul 2018: Vol. 361



Each messenger has advantages and disadvantages. 

Messenger Sample 
Size

Straight 
Trajectory

Pointing 
Res. Cutoff

𝜸 <<1º

𝝂 ~1º

p, nuclei - GZK cutoff  
Ep<30EeV

GW 2obs: ~1000 
sq.deg.

⃗B

σν,matter < 1

Eγ < 50 TeV
γγIR → e−e+

!25 https://astro.desy.de/theory/multi_messenger_astrophysics/index_eng.html


