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The multimessenger energy-distance scale

Bartos and Kowalski



Future of MMA: rich in observational data
● More sensitive detectors across all messenger types

○ More triggers from more detectors at all levels

● Proliferation of open science
○ Public data for multiple observatories
○ Multitudes of open-source software 

● Proliferation of real-time analysis capabilities
○ Receive information from MMA cyberinfrastructures
○ Multitudes of open-source software 
○ Even subthreshold triggers are released publicly

=>Coincident observation of triggers for two or more messengers (gravitational-waves, 
electromagnetic, neutrinos) will become increasingly frequent

24

High-significance 
GWs
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Ingredients of an MMA search

• detector data for each messenger (arrival time, localization ..)
• understanding the detector’s behavior (sensitivity – distance reach, noise 

trigger rate ..)

• source model (emission delay between messengers, distribution of sources 
in the Universe, source energetics) or no model (unknown unknown) 

Time of the transient
Localization of the transient

Find spatial  and temporal overlap

Understand the detectors’ behavior 
(sensitivity – distance reach, noise trigger 
rate ..)

Energetics of the observed excess
-signalness of GW trigger candidate
-neutrino energy
-GRB energetics
-optical signatures



BEYOND TWO MESSENGERS

Model independent optimal multimessenger search doesn’t exist!

Common source relation through a source parameter:

Model dependent optimal test statistic with Bayesian statistics:

GRB
1 GRB trigger

- Sky position
- Angular uncertainty
- Time
- Duration, Significance, Fluence

Veske et al., The Astrophysical Journal 
(2021), Volume 908, Number 2, 216

GW+HEN+GRB example



Multi-messenger is not just joint/coincident observations.

● GW170817 was of course, a watershed event. 

But we should not limit ourselves to looking at 

‘joint’ observations. 

● We should be thinking about what 

Supernova/GRB/kilonova observations 

independently tell us about  CBCs.

● Long GRBs with kilonova pointing suggestive 

of merger origin 

○ GRB211211A, GRB230307A

■ How do you actually get the long 

duration?

■ Same feature as AT2017gfo at 

2.1 micron, but at 30 days. 

Should that happen?

■ What element is it?

Nikhil Sarin (Nordita/Stockholm 
University) 

Levan+ (incl NS) 2024



Multi-messenger is not just joint/coincident observations.

● SN2018ibb - Best candidate of a 

pair-instability supernova. Can we extract 

things like rates/properties and relate it to 

BBH population?

● What can we extract from other CCSNs?

● What do galactic pulsars/neutron stars tell us 

about neutron star evolution/formation? 

● Gaia

● What does the GRB + DNS population tell us?

● What does chemical properties of stars + 

expectations of kilonovae yields tell us?

Nikhil Sarin (Nordita/Stockholm 
University) 

Sarin+ 2023

Salafia+ 2022

Sarin+ 
2022

Hsin-Yu Chen+ 2024



What is the diversity of counterparts to a merger?

● How do properties of 

kilonovae/GRB/afterglow change as a function 

of progenitor mass/spin, viewing angle?

Nikhil Sarin (Nordita/Stockholm 
University) 

Sarin and Lasky  2022

Rowlinson+13 

Rosswog+ (incl NS) 2024

Sarin+ 2022



What can we actually “robustly” extract from current/future 
observations?
● A number of works have pointed out that ‘inferring’ these 

from observations is fraught with difficulty/systematics.

○ Viewing angle/core angle degeneracy in afterglows 

e.g., Nakar and Piran 2020

○ Heating rate uncertainties in kilonovae e.g., Zhu+ 

2021, Barnes+2022, Shenar+2024.

● GW side already covered/will be covered by other panels.

Nikhil Sarin (Nordita/Stockholm 
University) 

Nakar and Piran 2021

Sarin and Rosswog 2024



What EM facilities do we need/require in 3G era?

● What does multi-messenger science look like in 

ET/CE era when we have too many things to 

follow-up.

○ Most events are too far so we only 

expect to see GRB emission (if on axis)

○ What can we extract from just the GRB 

+ GW signal?

Nikhil Sarin (Nordita/Stockholm 
University) 


