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Astrophysical Multimessenger Observatory Network: a 
Multimessenger approach

• Discover transient multi-
messenger sources 

• Trigger follow-up observations 
to identify and study 
counterparts 

• Analyze archival data in 
search of multi-messenger 
activity
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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 

• Partners: 

• Triggering Observatories 

• Follow-up Observatories 

• Pass-Through 

• Broadcast directly to GCN/TAN and SCIMMA
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AMON Network
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The Neutrino-Electromagnetic Channel
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The Neutrino-Electromagnetic channel

• Coincidence analyses between very-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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IceCube + HAWC 
H. A. Ayala Solares et al  

2021 ApJ 906 63

ANTARES +Fermi LAT 
H. A. Ayala Solares et al 

2019 ApJ 886 98

IceCube +Fermi LAT 
C. F. Turley et al 2018 

ApJ 863 64

ANTARES + HAWC 
H. A. Ayala Solares et al  

2023 ApJ 944 166

Archival Analysis

Real-time analysis
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The NuEM channel: analyses



The NuEM channel: analyses

IceCube + HAWCANTARES +Fermi LAT

IceCube +Fermi LAT ANTARES + HAWC*

Archival Analysis

Real-time analysis

10

ANTARES has ceased operations



The NuEM Channel: selection criteria
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Neutrino event 

tracks (cascades)


And photons


A HAWC event and

Neutrino events


Δt ± 1000s

Δθ < 5∘(10∘)

Δθ < 3.5∘

Δt ∼ HAWCtransit

A neutrino event 

and all photons 


Δθ < 5∘

Δt ± 100s IceCube + HAWC 
H. A. Ayala Solares et al  

2021 ApJ 906 63

ANTARES +Fermi LAT 
H. A. Ayala Solares et al 

2019 ApJ 886 98

IceCube +Fermi LAT 
C. F. Turley et al 2018 

ApJ 863 64

ANTARES + HAWC 
H. A. Ayala Solares et al  
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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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A HAWC event and

Neutrino events


Δθ < 3.5∘

Δt ∼ HAWCtransit



Archival coincidences: HAWC-ANTARES

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

Neutrino events


Δθ < 3.5∘

Δt ∼ HAWCtransit

H. A. Ayala Solares et al 2023 ApJ 944 166



Coincidences in the NuEM Channel

• FAR threshold is < 4 per year for 
real-time alerts.  

• 18 alerts sent to GCN
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More Comments on NuEM Channel
•AMON NuEM channel is active 

•Using sub-threshold data 

•We encourage follow-up observations of these coincidences 

                                     

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


Future Projects
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Future of the NuEM Channel: Outlier detection

• So far we have combined data 
from 2 detectors. 

• Looking to incorporate several 
detectors to find coincidences 

• Using Outlier Detection 
methods: 

• Currently focusing on 
forecasting methods 

• Example with mock data —>
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Future of AMON: 

• Ligo Virgo Kagra O4 is coming up.  

• Working towards a GW-Nu-EM 

• Follow-up the sub threshold events 
from LVK using SCiMMA 

• Use IceCube data from the NuEM 
Channel 

• Use new stream from HAWC data that 
follow-ups GW events.  

• Using a Bayesian Approach
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Thank you


