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Multimessenger astrophysics is focused on solving the most enigmatic 
open questions in astroparticle physics by combining the knowledge 
from the messengers of the fundamental forces obtianed with different 
observatories and telescopes.  
 
The Astrophysical Multimessenger Observatory Network (AMON) [1] 
enables real-time and archival searches of coincident events of those by 
using joint correlation analysis techniques, with the goal of finding signal 
events that are indistinguishable from background events in the 
detectors due to their sensitivity and promote them to be statistically 
significant through correlations. 
 

Connecting the four fundamental forces 

Outlook 

Joint coincidence analysis framework 

Large FoV observatories monitoring the sky 

HAWC – Very High Energy Photons
•  Energies: ∼	30 GeV-100 TeV. 
•  High duty cycle: >95%. 
•  Large instantaneous FoV: ~2 sr of the sky constantly 

(2/3 sky in 24h) 
•  0.2,	1,	10	and	100	s	GRB	search	running	online	[2]		
 

LIGO-Virgo (LVC) – Gravitational Waves 
•  3 interferometers with different high duty cycles.  
•  LIGO/Virgo NS range suits HAWC horizon and VHE 

EBL absorption horizon: during O3, 120/65 Mpc. 
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Expectations utlook 

Subthreshold opportunities 

The proposed ranking method checks for coincident events that are unlikely coming from background. 
A priori restrictions in sky location and time of the independently reported candidates are applied, in 
consistency with the science case.  
 
 
 
 

Background coincidence estimates 

The succesful subthreshold candidates would follow the following  
flow diagram. Input information from the GW candidate includes 
the posterior probability skymap, observation time and false alarm 
rate while for the HAWC hotspot, 
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Area [deg2]   

Estimates of the expected percentage of background events passing spatial and 
temporal cuts yield to rate ULs of  Noise-Noise: 1 per 10 days (10-4 sec-1 FAR LV) 
to 1 per 100 years (10-8 sec-1 FAR LV) and Noise-Signal: 1 per 108 years. 

time, coordinates, false alarm rate 
and background counts, to set the 
angular resolution, are required  

 
The joint likelihood ratio (JLR) between signal and background hypothesis is found for every direction 
(E1). The pspatial value is obtained by comparing the JLR distribution of time-scrambled data (TSD). 
Following Fisher’s method in Equation E2, the Χ2	value is computed.  

The p-value statistic of the 
coincident search of gravitational 
wave and VHE-photons, pGWγ, is 

False Alarm Rate (FAR) can be significantly lowered by 
studying coincidences of several sub-threshold data. 
•  HAWC: The expected number of GRB detections at very 

high energies suffer of large uncertainties [5]. Estimates of 
1.65 yr-1 have been derived [6] 

•  LVC: The average probability [%] of GW alerts being actual 
GW events depency on FAR [7] in shown on the table below.  
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•  Combined S-T estimate ULs :  

•  After first NSM detection during O2 [3], 
estimated BNS detections during O3: 1-50 
NSM [4] 
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(E2)	

(E3)	

Pastro<	90%	OPAs	

obtained by 
comparison 
to TSD using 
Equation E3.  


