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Studying the universe with multi-messenger astrophysics

https://astro.desy.de/theory/multi_messenger_astrophysics/index_eng.html/152



Studying the universe with multi-messenger astrophysics

Force Messenger Messenger 
Detected Sources?

EM Photons 👍 Several

Weak Neutrinos 👍
Three (?)


(Sun, SN1987A, 
TXS 0506 (3𝜎))

Strong p, nuclei 👍 ?

Gravity Gravitational 

Waves 👍 Few and 

increasing

https://astro.desy.de/theory/multi_messenger_astrophysics/index_eng.html/153



Recent discoveries
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AMON: a framework to perform multi-messenger searchers

• Real-time coincidences


• Use of sub-threshold data


• Archival Studies


• Store events


• Coincidence analyses


• Triggering Observatories


• Follow-up Observatories


• Pass-Through


• Broadcast directly to GCN/TAN
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The Neutrino-Electromagnetic channel
• Coincidence analyses between high-energy gamma-ray data and 

high-energy neutrino data


• Objective: Search for sources of high-energy neutrinos (i.e. hadronic 
accelerators)
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The NuEM channel: observatories
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The NuEM channel: analyses

IceCube + HAWCANTARES +Fermi LAT

IceCube +Fermi LAT ANTARES + HAWC*

Archival Analysis

Real-time analysis

*Preliminary results in this presentation/158



The NuEM channel: pipeline
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The NuEM Channel: algorithm
Coincidence Analysis

Event Selection 
Criteria

No

Yes

Wait for 
next event

• Estimate position

• Calculate Ranking 

statistic

• Calculate FAR

FAR<Thresh.

No

Yes

Send information 
to database

Wait for 
next event

Send Alert
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The NuEM channel: how to obtain the FAR
• We perform simulations by scrambling the datasets several times.


• Build the ranking statistic distribution


• Calculate the false alarm rate

H. A. Ayala Solares et al 2021 ApJ 906 63/1511



Coincidences in the NuEM Channel
• FAR threshold is < 4 per year for real-time alerts. 


• For archival coincidences we looked at the ones with <1 per year
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Archival coincidences: HAWC-IceCube

H. A. Ayala Solares et al 2021 ApJ 906 63

• No counterpart found  in 
the SIMBAD catalog and 
the Fermi All-sky 
Variability Analysis 
(FAVA) monitoring, but 
several sources in the 
region.
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Archival coincidences: HAWC-ANTARES

• No counterpart found  in the SIMBAD catalog and the Fermi All-sky Variability 
Analysis (FAVA) monitoring

/1514



Outlook
•AMON NuEM channel is active


•Searching for high-energy gamma-ray and neutrino coincidences


•Using sub-threshold data


•We encourage follow-up observations of these coincidences


                                     


•Visit the https://amontom.science.psu.edu/ to query alerts


•Email: hgayala@psu.edu
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https://amontom.science.psu.edu/


Thank you
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