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WHY SHOULD WE CARE ABOUT
SOMETHING HAPPENING OUTSIDE OUR
GALAXY?



Multimessenger picture of the Cosmos
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Multimessenger picture of the Cosmos
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Multimessenger picture of the Cosmos
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WHAT IS THE ORIGIN OF THE MOST
ENERGETIC MULTI-MESSENGER COSMIC
RADIATION?



Powerful extra-galactic sources: AGN and SBGs

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 M82 — NASA, ESA, CSA, STScl, A. Bolatto

Optical: NASA/STScl;
X-ray: NASA/CXC/U. Michigan/J-T Li et al.
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‘Non-Jetted AGN

Starburst galaxy M82 — NASA, ESA, CSA, STScl, A. Bolatto

e Several sites with shocks
e Gas acting as target material

B - Several sites with shocks
e Strong radiation fields
* @Gas acting as target material
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* Several sites with shocks
e @Gas acting as target material
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Outline
* Starburst nulei
* Starburst and AGN winds
* AGN coronae

* Multi-messenger diffuse flux



STARBURST NUCLEI



X-RAY, INFRARED & OPTICAL
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X-RAY

Imége credit: X-ray: NASA/CXC/Tsinghua Univ./H. Feng et al.; Full-field: X-ray: NASA/CXC/JHU/D.Strickland;
Optical: NASA/ESA/STScl/AURA/The Hubble Heritage Team; IR: NASA/JPL-Caltech/Univ. of AZ/C. Engelbracht
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X-RAY, INFRARED & OPTICAL

Imége credit: X-ray: NASA/CXC/Tsinghua Univ./H. Feng et al.; Full-field: X-ray: NASA/CXC/JHU/D.Strickland;
Optical: NASA/ESA/STScl/AURA/The Hubble Heritage Team; IR: NASA/JPL-Caltech/Univ. of AZ/C. Engelbracht
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Particle transport in starburst nuclei

Star forming region

Denser ISM

outflow

Interstellar medium
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Particle transport in starburst nuclei
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Particle transport in starburst nuclei
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Particle transport in starburst nuclei

Star forming region

Denser ISM

Interstellar medium

Acceleration site
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Modeling the transport in SBNi
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Particle and photon spectra in SBNi
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Particle and photon spectra in SBNi
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Particle and photon spectra in SBNi
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Particle and photon spectra in SBNi
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Particle and photon spectra in SBNi
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Particle and photon spectra in SBNi
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Modeling nearby SBGs
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STARBURST AND AGN WINDS



(Extra-)galactic winds

JOURNAL ARTICLE
Electromagnetic extraction of energy from Kerr
black holes @

R. A. Chevalier & A. W. Clegg R. D. Blandford, R. L. Znajek

Letter | Published: 05 September 1985

Wind from a starburst galaxy nucleus

Monthly Notices of the Royal Astronomical Society, Volume 179, Issue 3, July 1977, Pages

Nature 317, 44-45 (1985) | Cite this article ;
433-456, https://doi.org/10.1093/mnras/179.3.433

(d)
AMBIENT

x Hydromagnetic flows from accretion discs and the
INTERSTELLAR GAS SHOCKED

INTERSTELLAR GAS production of radio jets @
R. D. Blandford, D. G. Payne

(b)
SHOCKED Monthly Notices of the Royal Astronomical Society, Volume 199, Issue 4, August 1982,

STELLAR WIND Pages 883-903, https://doi.org/10.1093/mnras/199.4.883

THE ASTROPHYSICAL JOURNAL, 218:377-395, 1977 December 1
© 1977. The American Astronomical Society. All rights reserved. Printed in U.S.A.

INTERSTELLAR BUBBLES. II. STRUCTURE AND EVOLUTION

ROBERT WEAVER, RICHARD MCCRAY, AND JOHN CASTOR

Department of Physics and Astrophysics, University of Colorado;
and Joint Institute for Laboratory Astrophysics, University of Colorado and National Bureau of Standards

AND
PAuL SHAPIRO* AND ROBERT MOORE

Center for Astrophysics, Harvard College Observatory and Smithsonian Astrophysical Observatory
Received 1977 March 21; accepted 1977 May 26
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Scales and power e
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Scales and power e
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Wind bubble structure

Shocked halo
medium

RFS"' Resc Forward shock
35,944 Ne— Low Mach number (<5)
A ) Inefficient acceleration

Hot shocked wind

Contact discontinuity

Wind shock
High Mach number (>10)
Efficient acceleration

Fast cool wind
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Termination shock (kpc)
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Transport model
r2u(r)o,f = 0,[r2D(r, p)o,f1 + 30, [r*u(r)lpd,f + r2Q(r,p) — r*A(r, p)
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Transport model

r’u(r)o,f = 0,[r*D(r,p)o, f %ar réu(r) PO, f @ r?A(r,p)

Teessssans

Injection
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Transport model

7u(r)o,f = 0,[r2D(r,p)d, f1+ 20, [r*u()pd, D+ r2Q(r,p) — r*A(r, p)
R =R

FS esc

,,,,,,,,

* Advection
e Diffusion
* Adiabatic losses and gains
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Transport model
r2u(r)o,f = 0,[r2D(r, p)o,f1 + 30, [r*u(r)lpd,f + r2Q(r,p) — r*A(r, p)
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Transport model
r2u(r)o,f = 0,[r2D(r, p)o,f1 + 30, [r*u(r)Ipd,f + r2Q(r,p)

esc

Energy losses
A =n(r) Opp (P)v(p)f
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p° F(p) [arbitrary units]

Peretti+ 2022

High-Energy particles in the system
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The problem of NGC 1068
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The problem of NGC 1068

1077
Ly
N
N 10°°
-
Q
) 11
T 10
m
— -13
T 10
o
LLI

lD—lE-

Dust /A

What IS gomg on h

AGN corona

Fermi-LAT

lceCube

ere???

| I|I —'—-——-—'—'_'_-_._' —
.' ‘I‘
LU . UD-T IllII ! Hﬂ!' ‘T’
i .' MAGIC
/ Ir TT
SBor jet| |
10° 10° 10° 10° 10° 10° 1012

Energy [eV]

57



The problem of NGC 1068
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H I d d e N SO U rces Silberberg & Shapiro 1979

NEUTRINOS AS A PROBE FCR THE RATURE OF
§9. Hidden sources

AND PROCESSES IN ACTIVE GALACTIC NUCLEI
In the example of a massive black hole in a cocoon we encountered a model of a
- - . . . . = 7 -
hidden source: an object which contains particles accelerated to high energies, but R, Silberhierg and M. M. Shapira
F 3 . : e Labharatory for Cosmie Ray Physics
is not seen in high-energy electromagnetic radiation (X-ray and (or) gamma-ray

Naval Research Laboratory
radiation). Washington, D. C. 20375, U.5.A.

Eichler 1979

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

Davip EICHLER
Enrico Fermi Institute, University of Chicago
1% Received 1978 April 24; accepted 1979 February 13
s o Gl ABSTRACT
B0 _paetan Sttt Wy e 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
Fig. 8.3. Black hole in a cocoon: (a) disc accretion, (b) quasispherical accretion. The acceleratio in high-energy neutrinos with the neutrino “telescopes™ that are being discussed. The overall

takes place in the vacuum cavity. cosmic neutrino background due to active galaxies may be orders of magnitude above the

detection threshold.
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MULTI-MESSENGER DIFFUSE FLUX
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Diffuse emission from Starburst Galaxies
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Diffuse emission from Starburst Winds
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Alternative scenario: Echoes of Cen A activity
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Take home messages

1. Starburst galaxies (SBGs) and AGN are cosmic-ray factories
2. Starburst nuclei (SBNi) can approach calorimeteric conditions
3. Starburst and AGN winds can accelerate respectively up to 100 PV and EV
4. We expect y-rays and neutrinos both from SBGs and AGN
5. SFGs and AGN can dominate the multi-messenger diffuse flux

6. Which are the sources of UHECRS?
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STARBURST GALAXIES



Starburst galaxy M82 — NASA, ESA, CSA, STScl, A. Bolatto - ; .
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Starburst galaxy M82 — NASA, ESA, CSA, STScl, A. Bolatto

FIR

| Webb

83




Starburst galaxy M82 — NASA, ESA, CSA, STScl, A. Bolatto
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ACTIVE GALACTIC NUCLEI
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Active Galactic Nuclei
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Active Galactic Nuclei
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Active Galactic Nuclei
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Active Galactic Nuclei
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Active Galactic Nuclei
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The starburst of NGC 1068
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The starburst of NGC 1068
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The AGN wind of NGC 1068
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Observation of Star-forming Galaxies - Gamma
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Observation of Star-forming Galaxies - Correlations
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High-Energy SED and Neutrinos
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Starbursts and Ultra-High-Energy cosmic rays
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