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The multi-messenger cosmic flux
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The multi-messenger cosmic flux
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Galactic diffuse: Coincident with Galactic disc
Isotropic diffuse: Probably extragalactic
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The multi-messenger cosmic flux
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Credit: Evoli Energy [GeV]
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& Cosmic rays 2> 90% H, 9% He, 1% other;

Galactic origin: below the Knee

Extragalactic origin: above the Ankle

& Gamma rays =2 Two diffuse components:

Galactic diffuse: Coincident with Galactic disc
Isotropic diffuse: Probably extragalactic

& Neutrinos - Isotropic and likely
extragalactic




Galactic cosmic rays

Nuclear abundance: cosmic rays compared to solar system

& The nuclear abundances of cosmic rays
| approximately follow those found in the
Solar Systere Solar system

& The major difference 1s found in the relative
0 15 20 abundancies of L1, Be and B and sub-Fe

Nuclear charge




Spallation and cosmic clocks

He nucleus
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Spallation and cosmic clocks

He nucleus

ISMpri*/
SR A

Light CR
Heavy CR element

element

& L1, Be and B result from spallation of
heavier cosmic rays (C, N, O, Ne)

Aguillar+2016

Rigidity [GV]
® B/C 2t = 10 Myr



Galactic cosmic rays
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Galactic cosmic rays
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Galactic cosmic rays

H
& tpay *—~ 1.3 - LOSS i

& tball < 10 MyT' < t‘res
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Galactic cosmic rays

SR MU Rt

_H
& tpay = =

& tball < 10 MyT' < t‘res

& The motion of cosmic rays in the
magnetized Galactic halo cannot be
ballistic
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Galactic cosmic rays
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Galactic cosmic rays

H
& tpay ® <~ 1k S AU E Rt

& tball < 10 MyT' < t‘res

& The motion of cosmic rays in the
magnetized Galactic halo cannot be
ballistic

& Cosmic rays can be detected directly
or indirectly [...] 13




Non-thermal radiation — hadronic processes

& Inelastic collisions with gas or radiation
are the most common interaction

Aaes * mechanism of high-energy protons
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Non-thermal radiation — hadronic processes

X i e , .
& Inelastic collisions with gas or radiation
are the most common interaction
Aaes * mechanism of high-energy protons
/ \ ;

& The typical result 1s a leading pion

X (retaining ~20% of the parent proton
p energy)

R e

"

15



Non-thermal radiation — hadronic processes

X : e ; el
& Inelastic collisions with gas or radiation
are the most common interaction
mechanism of high-energy protons
F & The typical result is a leading pion

X (retaining ~20% of the parent proton
p energy)

s *
/ 0 O B / T & Gamma rays and neutrino are
[

byproducts of inelastic cosmic-ray
interactions
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Non-thermal radiation — hadronic processes

& High-energy particles in sources
typically have non-thermal
energy distributions — power-laws
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Non-thermal radiation — hadronic processes

P TTOLQW

& High-energy particles in sources
typically have non-thermal
energy distributions — power-laws

& The photon spectra from
hadronic and photo-hadronic
interactions are typically

observed in gamma-ray above
100 MeV 18



Non-thermal radiation — leptonic processes

& Synchrotron: high-energy electrons in a
magnetic field (radio to X-ray)

el
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Non-thermal radiation — leptonic processes

el

e

& Synchrotron: high-energy electrons in a
magnetic field (radio to X-ray)

& Bremsstrahlung: high-energy electrons
emit photons when deflected by the
electric field of a nucleus (hard X-ray to
soft gamma rays)
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Non-thermal radiation — leptonic processes

el

& Synchrotron: high-energy electrons in a
magnetic field (radio to X-ray)

& Bremsstrahlung: high-energy electrons
emit photons when deflected by the

electric field of a nucleus (hard X-ray to
soft gamma rays)

& Inverse-Compton: high energy electrons

upscatter low energy radiation (gamma-
ray domain)

21



Non-thermal radiation — multiwavelength
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Non-thermal radiation — multiwavelength
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Non-th+th radiation — multiwavelength
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Multi-messenger — photons and neutrinos
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Example: Starburst galaxy M3&2
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Multi-messenger astronomy: the basic 1dea

A Particlesare acceleratecat sources

A Magnetic fields A directionality







