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Another reason to study Star-forming galaxies
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Motivations for studying Star-forming Galaxies
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Outline

* Observations of Star-forming galaxies
* Particle Transport in Starburst Nuclei
* Starburst-driven winds

* Multi-messenger diffuse flux
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* Observations of Star-forming galaxies
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 Star-forming observed at GeV
* Most nearby at TeV (<4 Mpc)

* Most distant: Arp 220 (77 Mpc)
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Observation of Star-forming Galaxies - Neutrinos
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Observation of Star-forming Galaxies - Correlations
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Observation of Star-forming Galaxies - Correlations
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Diffuse radiation from Star-forming galaxies
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Diffuse radiation from Star-forming galaxies

Energy [J]

S * SFGs are expected to shine on
SN Credit: C. Evoli e /s .
N M gamma rays and neutrinos

NE_2'7

7 10 . .

K At which level can they contribute
& .

> to the observed diffuse fluxes?
S

E

53 1

i




Diffuse radiation from Star-forming galaxies
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Test statistic, TS=2AInL

Diffuse radiation from Star-forming galaxies
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Outline

* Particle Transport in Starburst Nuclei
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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

( Particle diffusion is
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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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Open questions in the TeV band - Turbulence
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Open questions in the TeV band — Dark Matter
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Upcoming gamma-ray observations
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Outline

e Starburst-driven winds



Starburst galaxy M82 — APOD - Image credit: Daniel Nobre
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Powering a starburst wind
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Acceleration and transport in starburst winds
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Acceleration and transport in starburst winds
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Acceleration and transport in starburst winds
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Acceleration and transport in starburst winds
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cceleration and transport in starburst winds
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Transport model
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Transport model
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Transport model
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Transport model
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Particles in the system
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{ » Standard DSA valid at low Energy
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High-Energy SED and Neutrinos
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* Multi-messenger diffuse flux
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Diffuse emission from Starburst Galaxies
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Take home messages

1. Star forming galaxies (SFGs) are cosmic-ray factories
2. Starburst nuclei (SBNi) can approach calorimeteric conditions
3. Starburst winds can accelerate cosmic rays up to 100 PV in rigidity
4. We expect y-rays and neutrinos both from SBNi and SB-winds
5. SFGs can provide a sizeable contribution to the multi-messenger diffuse flux

6. New observatories = promising observation perspectives!



Starburst galaxy M82 — APOD - Image credit: Daniel Nobre
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The issue of the maximum energy
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Particles in the system
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Particles in the system
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Particles in the system
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The starburst of NGC 1068

R =2 kpc

T,p(GeV) = 5-10° (102:m_3)‘1 yr

H |9 D _1
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le-ff(GeV) =~ 105 (
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yr
Calorimetry is possible but not trivial



The starburst of NGC 1068
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