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Why should we care about
something happeningoutside our
Galaxy ?



Multimessengepicture of the Cosmos
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What Is the origin of the most
energetic multl -messengercosmic
radiation ?



Powerfulextra-galacticsources AGN ancbBGs

Galaxies > 1 Mpc (IR) - W =25° Starburst galaxies (radio) - W = 25°

750 Galactic 750 Galactic

NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky
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Starburst galaxy M821 NASA, ESA, CSASc¢IA. Bolatto
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X-RAY, INFRARED & OPTICAL
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X-RAY

Image credit: Xay: NASA/CXC/Tsinghua Univ./H. Feng et al-fiEldl Xray: NASA/CXC/JHDStricklang
Optical: NASA/ESBTSEAURA/The Hubble Heritage Team; IR: NASAZHMech/Univ. of AZ/Engelbracht
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X-RAY, INFRARED & OPTICAL

Westmoquette+2009

Image credit: Xay: NASA/CXC/Tsinghua Univ./H. Feng et alfiEldl %ray: NASA/CXC/JHDIStrickland
Optical: NASA/ESBTSEAURA/The Hubble Heritage Team; IR: NASAZHMech/Univ. of AZ/Engelbracht
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Particletransportin starburstnuclel
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Particleandphoton spectrain SBNI
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p? f(p) [arbitrary units]

Particleandphoton spectrain SBNI
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Particleandphoton spectrain SBNI
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Particleandphoton spectrain SBNI
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Particleandphoton spectrain SBNI
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Particleandphoton spectrain SBNI
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ModelingnearbySBGs
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Starburst and AGN winds



(Extra-)galacticwinds
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High-Energyparticlesin the system
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NEUTRINOS AS A PROBE FCR THE RATURE OF
§9. Hidden sources

AND PROCESSES IN ACTIVE GALACTIC NUCLEIL
In the example of a massive black hole in a cocoon we encountered a model of a

. - . . . . 11 ¥
hidden source: an object which contains particles accelerated to high energies, but R, Silberberg and M. M. Shapiro
F g . : e Labharatory for Cosmie Ray Physics
is not seen in high-energy electromagnetic radiation (X-ray and (or) gamma-ray Naval Resesrch Leboratory
radiation).

Washington, D. C. 20375, U.B.A.

Eichler1979

HIGH-ENERGY NEUTRINO ASTRONOMY: A PROBE OF GALACTIC NUCLEI?

Davip EICHLER
Enrico Fermi Institute, University of Chicago
Received 1978 April 24; accepted 1979 February 13

ABSTRACT

The powerful infrared emission from active galactic nuclei may be driven, directly or indirectly,
by nonthermal processes, in which case the power of high-energy particle production
may be as high as the IR luminosity. The nuclei of active galaxies contain, on various scales,
enough matter to stop high-energy protons before they diffuse out of the nuclear region via pion-
producing collisions. Thus, the luminosity of the nucleus in high-energy neutrinos (£, 2 102 eV)
(the primary decay product of charged pions) may in turn be comparable to the total power
radiated by the nucleus,

If such a hypothesis is true, then many active galactic nuclei may be detectable as point sources
in high-energy neutrinos with the neutrino *telescopes™ that are being discussed. The overall

cosmic neutrino background due to active galaxies may be orders of magnitude above the
detection threshold.

£ AT
RV EAVREE

Fig. 8.3. Black hole in a cocoon: (a) disc accretion, (b) quasispherical accretion. The acceleratio
takes place in the vacuum cavity.

Astrophysicsof Cosmiaays, Berezinskiet al. 1990 {extbook)
Berezinsky& Ginzburg 1981

EXTRATERRESTRIAL NEUTRINO SOURCES AND HIGH ENERGY NEUTRINO ASTROPHYSICS

V.5 .Berezinsky
Institute for Nuclear Research of the USSR Academy of Sciences
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