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Multi-Messenger Astronomy
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Thermal Radiation from Stars
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Normal Stars surface temperature ~3000 to 30000K
thermal radiation: radio ® ultra -violet

non-thermal radiation: X-rays, gamma rays
( higher in energy more extreme is the source)



Multi-Wavelength Photons
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Production Mechanisms of Photons
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Non-Photonic Astronomy
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Acceleration Mechanism of Charged Particles

Simulations indicate can get

~ 50% of energy of supernova explosion
P Cosmic Rays by ~1000 yrs

Example of Supernova Remnants
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Production Mechanism of Neutrinos

p accelerated in shock waves:
non-relativistic supernova remnants
relativistic quasars/microguasars

p interact with interstellar matter and produce showers :
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Types of Cosmic Ray Detectors
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Charged Cosmic Ray Energy Spectrum
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Features of Cosmic Ray Spectrum
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Source cut-offE <1018Z [kpc][rr% ] eV

Diffusion models d=-0.3t0-0.6

GZK cut-off on CMB gE » 7/ 1019 eV

< > ~E-28 ‘Conventional Wisdom’:

Isotropic
Mass composition ?
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Galactic SNR E <3 1018eV
Galactic losses E > 4 1014 eV

p.:  Extragalactic E >3 108 eV
exotic E>710"eV
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Cosmic Rays Spectrum:
Knee and Ankle
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Explanations of knee (E~3.10%°¢V)

Astronomy type explanations

« (Galactic de-confinement

 Single dominant source

« Single SNR acceleration ® multiple SNR acceleration

Particle Physics type explanations
e Absorption on massive neutrinos in galaxy

Various interactions invoked to give threshold at E = 3 10®eV.
eg.p+n,® n+e, withM(n)=0.1eV

p+n,® D+n,, with M(n,) =100 eV

( not very convincing due to various problems: mass, rates)

* New Interaction effects in atmosphere



Mass composition from shower depth
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flux I(E ,) xE*® [m2srs’ Ggev™’]

Mass composition at knee

Average shower depth and ratio N,/ N, sensitive to primary mass
(NB. Mass composition extracted is very sensitive to Monte Carlo simulation)
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KASCADE b series of knees at different energies: p,He,..,C,..,Fe.
E(Knee) u Z b knee due to source confinement cut-off ?
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Explanations of Ankle/ E > 10%°eV events

Astronomy type explanations

e ‘Bottom-Up’ : acceleration
- pulsars in galaxy,
- radio lobes of AGN (proximity a problem due to GZK, also should see source)

Particle Physics type explanations

e ‘Top-Down’ . decay of massive particles
- GUT X particles with mass > 10%° eV and long lifetimes
- Topological defects
- Neutrinos as messenger particle

e New Physics



