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Motivations for the Principia Program on Multi-Messenger Astrophysics

• Fast-growing field worldwide

• Opportunities for discoveries and new physics

• New instruments, new experiments, new data — new theories?

• Combination of different data sets & physical observables

• Increasing need for coordination between different instruments/experiments

• Trend for larger, transnational efforts present challenges & opportunities

• The importance of networks

• How to train a new generation of physicists & astronomers?
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Motivations for the Principia Program on Multi-Messenger Astrophysics

• Not a “pipe dream” anymore:

! Diffuse astrophysical neutrinos detected by IceCube

! Gravitational waves detected by LIGO/Virgo

! Joint detections of GWs and photons (Kilonova)

! Joint detections of neutrinos and photons (Supernova 1987a, blazar TXS 0506+056)

• With MM observations, “astrophysics is fundamental physics ” (2203.10074)
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Goals of the Program

• Identify key areas of fundamental physics that may be impacted

• Focus on main new experimental efforts that look promising, and how local 
instrumentation expertise could help us become part of those collaborations

• Prepare and support local research community to meet these challenges

• Come up with medium- and long-term plans

• Produce a record of the conclusions of the Program
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Key messengers and their detectors (as of today)

Gravity waves
Cosmic rays

EM waves/photons

Neutrinos
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Facilities: 
past & present

1906.10212
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Facilities: past & present

2203.10074

GMT



Principia Program on 
Multi-Messenger Astrophysics

Facilities: past & present

2203.10074



Principia Program on 
Multi-Messenger Astrophysics

Main candidates for astrophysical emitters/progenitors

• But we should expect to discover new phenomena

Mergers of compact objects
(BHs/NSs)

Active galactic nuclei
(esp. quasars/blazars)

Supernovas
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Multi-messenger aspect
• Two or more messengers from the same sources

• Coincidence in time or space — or, even better, both

• Complementarity between probes of physical mechanisms behind emissions

Keys for future MM efforts
• Larger fields of view

• Better directional resolution for tracing events

• Greater time domain discrimination

• Greater depth/sensitivity

• Tools to identify events on top of backgrounds/foregrounds

• Better coordination between instruments
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The obvious example: GW170817
• LIGO & Fermi-GBM both critical for zooming into the area for the candidate

• SWOPE Supernova Survey had previously mapped the nearby galaxies in that area

• Their survey uses two small (1m) wide FoV (30’x30') telescopes (@California and @Chile)

First release: 16 October 2017  www.sciencemag.org  (Page numbers not final at time of first release) 6 
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But what are we still missing?
• Mechanisms for -ray emissions in Kilonovas?

• Where did “Bert”, “Ernie" and “Big Bird” (~PeV neutrinos) 
come from? Could it be a blazar, like TXS 0506+056…?

• Still not clear what are the progenitors of most HECRs

• What are the acceleration mechanisms deep inside AGNs?

• What are the sources of -ray bursts and fast radio bursts?

!

!
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What else could we possibly find? 

An interesting example:
• Presently there are no -ray instruments with 

good time-domain capabilities

• BATSE was able to resolve -ray detections in 
real time, but it died in ~2000

• Cecilia Chirenti et al. analyzed archival data 
from BATSE looking for the “quasi-periodic” 
signals characteristic of mergers of compact 
objects (NS-NS, BH-NS).

• They found two good candidates! (See talk by 
Cecilia on Wednesday)

!

!

Chirenti et al., Nature 2023
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And, of course, we need to talk about …

• The “tension" between local/late measurements 
(SHoES) and early measurements (Planck) is at 

:

! Local/late:   
(Riess et al. 2022, Scolnic et al. 2022)

! Early:  
(Aghanim et al. 2018)

• NS-NS and NS-BH mergers are probably the 
ultimate standard candles

• It may be possible to improve the constraints on 
the inclination angle of the merger through -ray 
(Guidorzi et al., ApJ 2017 ) or radio observations 
(Hotokezaka et al., Nature Astron. 2019)
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2203.10074

Fundamental 
physics questions

Astrophysical
sources

With present 
facilities

With new 
facilities
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Participants
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Offices

Week #1: May 22-26

#4
Raul, Miguel, Rita, 

Carlos, Enrico, 
Ulisses

#3
Brian, Mario, 

Riccardo 

#2
Peter, Maris & 

Vitor

#1
Juan, Edivaldo 

& Martin

Common area

But… feel free to tweak with these arrangements
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Offices

Week #2: May 29-June 2 (Program + School)

#4
Raul, Rita, Carlos, 

Enrico, Vitor & 
Ulisses

#3
Mario, 

Riccardo, Irene

#2
Brian, Aion &

Alicia

#1
Edivaldo, 
Martin & 

Emille

Common area
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Offices

Week #3: June 4-June 7 (Program + School)

#4
Raul, Edivaldo, 

Enrico, Riccardo, 
Orlando

#3
Zoltan

#2
Alicia

#1
Carlos

Common area
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Offices

Week #4: June 12-June 16

#4
Raul, Miguel, 

Edivaldo, Enrico, 
Riccardo, Vitor

#3
Zoltan & 
Rodrigo

#2
Ivone & João

#1
Carlos & 
Arman

Common area
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Week #1
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Week #2
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Week #3
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Week #4


