
Multi -messenger

(astro)physicstheory

Enrico Peretti

enrico.peretti@inaf.it

IDPASC 

Saclay, 23/07/2025

mailto:enrico.peretti@inaf.it


The multi-messengercosmicflux

Cosmic rays Ą 90% H, 9% He, 1% other;

Galactic origin: below the Knee

Extragalacticorigin: abovethe Ankle

Credit: Evoli
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The multi-messengercosmicflux

Cosmic rays Ą 90% H, 9% He, 1% other;

Galactic origin: below the Knee

Extragalacticorigin: abovethe Ankle

Gamma raysĄ Two diffuse components:

Galactic diffuse: Coincident with Galactic disc

Isotropic diffuse: Probablyextragalactic

Neutrinos Ą Isotropic and likely

extragalactic

Credit: Evoli
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Galactic cosmicrays

The nuclearabundancesof cosmicrays 

approximately follow thosefound in the 

Solar system

The major differenceis found in the relative 

abundanciesof Li, Be and B and sub-Fe
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Spallation and cosmicclocks

Heavy CR 
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ISM proton

He nucleus

Light CR 

element
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Spallation and cosmicclocks

Li, Be and B result from spallation of 
heaviercosmicrays (C, N, O, Ne)

B/C Ąὸ ṃρπὓώὶ

Heavy CR 

element

ISM proton

He nucleus

Light CR 

element

Aguillar+2016
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Galactic cosmicrays

H ~ 4 kpc

Credit: Evoli
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Galactic cosmicrays

ὸ ρȢσẗρπώὶὌ

H ~ 4 kpc
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Galactic cosmicrays
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The motion of cosmicrays in the 
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Galactic cosmicrays
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The motion of cosmicrays in the 

magnetizedGalactic halo cannotbe 
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Cosmic rays can be detecteddirectly

or indirectly [é] 

H ~ 4 kpc
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Galactic cosmicrays
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Non-thermal radiationðhadronic processes

Inelastic collisions with gas or radiation

are the most common interaction 

mechanismof high-energy protons
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Non-thermal radiationðhadronic processes

Inelastic collisions with gas or radiation

are the most common interaction 

mechanismof high-energy protons

The typical result is a leadingpion

(retaining ~20% of the parentproton

energy) 
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Non-thermal radiationðhadronic processes

Inelastic collisions with gas or radiation

are the most common interaction 

mechanismof high-energy protons

The typical result is a leadingpion

(retaining ~20% of the parentproton

energy) 

Gamma rays and neutrino are 

byproductsof inelasticcosmic-ray 

interactions‎
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Non-thermal radiationðhadronic processes
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High-energy particlesin sources 

typically havenon-thermal

energy distributionsðpower-laws
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Non-thermal radiationðhadronic processes
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High-energy particlesin sources 

typically havenon-thermal

energy distributionsðpower-laws

The photon spectrafrom 

hadronic and photo-hadronic

interactions are typically

observedin gamma-ray above
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Non-thermal radiationðleptonic processes

Synchrotron: high-energy electronsin a 

magneticfield (radio to X-ray)
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Non-thermal radiationðleptonic processes

Synchrotron: high-energy electronsin a 

magneticfield (radio to X-ray)

Bremsstrahlung: high-energy electrons

emit photonswhen deflectedby the 

electric field of  a nucleus(hard X-ray to 

soft gamma rays)
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Non-thermal radiationðleptonic processes

Synchrotron: high-energy electronsin a 

magneticfield (radio to X-ray)

Bremsstrahlung: high-energy electrons

emit photonswhen deflectedby the 

electric field of  a nucleus(hard X-ray to 

soft gamma rays)

Inverse-Compton: high energy electrons

upscatterlow energy radiation (gamma-

ray domain)
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Non-thermal radiationðmultiwavelength
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Non-thermal radiationðmultiwavelength

ὉὊὉ

Ὁ

ὴ‎

ὴὴ

ρππὓὩὠ

Ὓὣὔ

ὄὙὉὓὛὛ

Ὅὅ

23



Non-th+th radiationðmultiwavelength
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Multi -messengerðphotonsand neutrinos
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Example: Starburstgalaxy M82
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Peretti+2019

M82 Galaxy

Peretti+2019
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Multi -messengerastronomy: the basicidea
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ÅParticlesareacceleratedat sources

ÅMagnetic fieldsĄ directionality

Å Inelastic hadronic collisionsĄ‎ȟ’
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