
Enrico Peretti
enrico.peretti.science@gmail.com

High-Energy emissionsfrom 
StarburstGalaxiesand AGN

May 14 2024 ς4th EuCAPTAnnualSymposium

mailto:enrico.peretti.science@gmail.com


Why should we care about
something happening outside our

Galaxy ?
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Multimessengerpictureof the Cosmos

Fig. from Evoli2018
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ÅNo cosmicrayssource beyondPV hasbeen
observedso far
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confine particlesof energymuchlargerthan
EeVςὶὉὩὠ ρὯὴὧὄ

ÅThe flux of UHECRs, gamma-raysand HE 
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ÅAre they producedby a single source class?
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What is the origin of the most
energetic multi -messengercosmic

radiation ? 
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Powerfulextra-galacticsources: AGN and SBGs

The Pierre AugerCollaboration 2022

Fig.sfrom (IceCube collab.), Abbasi+2022 9



Starburst galaxy M82 ïNASA, ESA, CSA, STScI, A. Bolatto

Centaurus A ïESO/WFI(visible);MPIfR/ESO/APEX/A. Weiss et al. 
(microwave);NASA/CXC/CfA/R. Kraft et al. (X-ray)
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Outline

ÅStarburstnulei

ÅStarburstand AGN winds

ÅAGN coronae

ÅMulti-messengerdiffuse flux
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Starburst nuclei
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Image credit: X-ray: NASA/CXC/Tsinghua Univ./H. Feng et al.; Full-field: X-ray: NASA/CXC/JHU/D.Strickland; 
Optical: NASA/ESA/STScI/AURA/The Hubble Heritage Team; IR: NASA/JPL-Caltech/Univ. of AZ/C. Engelbracht
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Image credit: X-ray: NASA/CXC/Tsinghua Univ./H. Feng et al.; Full-field: X-ray: NASA/CXC/JHU/D.Strickland; 
Optical: NASA/ESA/STScI/AURA/The Hubble Heritage Team; IR: NASA/JPL-Caltech/Univ. of AZ/C. Engelbracht

Westmoquette+2009
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Particletransport in starburstnuclei

Star forming region

Denser ISM

Interstellarmedium

Acceleration site

outflow

18



Particletransport in starburstnuclei

Star forming region

Denser ISM

Interstellarmedium

Acceleration site

outflow

p, e

19



Particletransport in starburstnuclei

Star forming region

Denser ISM

Interstellarmedium

Acceleration site

outflow

p, e

20



Particletransport in starburstnuclei

Star forming region

Denser ISM

Interstellarmedium

Acceleration site

outflow

p, e

21



Modelingthe transport in SBNi

ὲ ρπὧά
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Electrons

Protons

Peretti+2019

Peretti+2019

Turbulenceis injectedat a given
coherencelengthand cascadesdown to 

smallerscalesĄQuasi linear theory
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Particleand photonspectrain SBNi

Peretti+2019
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Particleand photonspectrain SBNi

Peretti+2019

Particlediffusionis
subdominant
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Particleand photonspectrain SBNi

Peretti+2019
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Particleand photonspectrain SBNi

Peretti+2019
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Particleand photonspectrain SBNi

Peretti+2019

Secondariesare dominant
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Particleand photonspectrain SBNi

‎‎-abs.

Peretti+2019
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Particleand photonspectrain SBNi

‎‎-abs.

Peretti+2019
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Particleand photonspectrain SBNi

‎‎-abs.

Peretti+2019

ὴὥὭὶί

ὴὥὭὶὛὣὔ
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ModelingnearbySBGs

M82

NGC253

Arp220

Peretti+2019
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Starburst and AGN winds
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(Extra-)galacticwinds
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Scalesand power

NGC3079 - Image credit: X-ray: NASA/CXC/University of Michigan/J-T Li et al.; Optical: NASA/STSc

M82 - Image credit: Daniel Nobre

Starbursts:

ὠ ρπƪƳκǎ

ὓ ρπ ρπὓἄ/yr
Ὑ ρ ρπƪǇŎ

AGN:

ὠ ρπ ρπkm/s

ὓ ρπ ρπὓἄ/yr
Ὑ ρπὴὧρπƪǇŎ
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Wind bubblestructure

ÅDiffusive shock accelerationand Galacticaccelerators

Peretti+2022

Forwardshock 
LowMach number(<5)
Inefficientacceleration

Wind shock 
High Mach numberόҗмлύ
Efficientacceleration

Fast cool wind

Hot shockedwind

Shockedhalo
medium

Contactdiscontinuity
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Wind bubblestructure

ÅDiffusive shock accelerationand Galacticaccelerators

Peretti+2022

Forwardshock 
LowMach number(<5)
Inefficientacceleration

Wind shock 
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Transportmodel 

ÅDiffusive shock accelerationand Galacticaccelerators

ὶόὶ‬Ὢ ‬ ὶὈὶȟὴ‬Ὢ ‬ ὶόὶὴ‬Ὢ ὶὗὶȟὴ ὶɤὶȟὴ

Peretti+2022
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Transportmodel 

ÅDiffusive shock accelerationand Galacticaccelerators

ὶόὶ‬Ὢ ‬ ὶὈὶȟὴ‬Ὢ ‬ ὶόὶὴ‬Ὢ ὶὗὶȟὴ ὶɤὶȟὴ

Injection

Peretti+2022
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Transportmodel 

ÅDiffusive shock accelerationand Galacticaccelerators

ὶόὶ‬Ὢ ‬ ὶὈὶȟὴ‬Ὢ ‬ ὶόὶὴ‬Ὢ ὶὗὶȟὴ ὶɤὶȟὴ

ÅAdvection
ÅDiffusion
ÅAdiabaticlossesand gains

Peretti+2022
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Transportmodel 

ÅDiffusive shock accelerationand Galacticaccelerators

ὶόὶ‬Ὢ ‬ ὶὈὶȟὴ‬Ὢ ‬ ὶόὶὴ‬Ὢ ὶὗὶȟὴ ὶɤὶȟὴ

Escape
Ὦ Ὀ‬Ὢȿ

Peretti+2022

45



Transportmodel 

ÅDiffusive shock accelerationand Galacticaccelerators

ὶόὶ‬Ὢ ‬ ὶὈὶȟὴ‬Ὢ ‬ ὶόὶὴ‬Ὢ ὶὗὶȟὴ ὶɤὶȟὴ

Energy losses
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pp

Peretti+2022
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Maximum Energy

WR
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AGN
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High-Energy particlesin the system

Peretti+2022 Peretti+2022

Spectrumat
the wind shock
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High-Energy particlesin the system

Peretti+2022 Peretti+2022

Upstream
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High-Energy particlesin the system

Peretti+2022 Peretti+2022 Downstream
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Multi-messengerradiationfrom winds

Carulli+2024

Peretti+2023

Starburst Ultra-fast Outflow
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AGN Coronae
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Active GalacticNuclei

TorusTorus

SMBH

Accretiondisk

Broadline region

Narrowline region

Hot corona
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Credit: NASA, ESA & A. van der Hoeve
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Fig.sfrom 
(IceCube 
collab.), 
Abbasi+2022 

NGC 1068 is the 
brightesthotspot

of IceCube

Neronov+2023
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The problemof NGC 1068
ὒ ρπȢὩὶὫȾί

ὒ ρπȢὩὶὫȾί
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The problemof NGC 1068
What isgoingon here???

SB or jet

57



The problemof NGC 1068
ὒ ρπȢὩὶὫȾί

ὒ ρπȢὩὶὫȾί

ὒ ρȢυ ρυὝὩὠ ρπȢὩὶὫȾί

ὒ πȢρ ρππὋὩὠ ρπȢὩὶὫȾί
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Hiddensources

Astrophysicsof Cosmicrays, Berezinskiiet al. 1990 (textbook) 

Berezinsky& Ginzburg 1981

Berezinsky1977

Silberberg& Shapiro1979

Eichler1979
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Recentmodels
Inoue+2020

Murase+2020

Kheirandish+2021

Fiorillo+(includingEP) 2024

Inoue+2022

Eichmann+2022
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Multi -messengerdiffuse flux
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Diffuse emissionfrom starbursts
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Starburstsasdiffuse sources

Burstof star formation

Star formation
rate function

SFGs
SBGs

Peretti+2020 Peretti+2020
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Diffuse emissionfrom StarburstGalaxies

ÅSBNionly

ÅGamma raysdo not exceed
observationalconstraints

ÅNeutrino flux at the levelof 
IceCubemeasurmentPeretti+2020
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Diffuse emissionfrom StarburstGalaxies

ÅSBNionly

ÅSizeablecontribution to the diffuse 
flux observedby Fermi-LAT  
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Diffuse emissionfrom StarburstWinds

Peretti+2020

Peretti+2022
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Diffuse emissionfrom StarburstWinds

Peretti+2020

Peretti+2022
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Diffuse emissionfrom StarburstWinds

Peretti+2020

Peretti+2022
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Multimessengeremissionfrom Starburst
Galaxiesand their winds
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Multimessengeremissionfrom Starburst
Galaxiesand their winds
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