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Starburst galaxies (SBGs)
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The Starburst Galaxy M82

Properties of SBGs 

✦ Galaxies with high star-formation rate (~100 M⊙/yr, to be 
compared with ~3 M⊙/yr in the Milky Way) 

✦ Dense interstellar gas (nISM > 100 cm-3)  

✦ Not very brilliant in 𝛾-rays (only a few currently observed) 

✦ Cosmic reservoirs: protons confined for about ~105 yr 

✦ Hadronic production:

✦ Neutrinos and 𝛾-rays from pions decays: ⇡± ! e± ⌫e ⌫µ ⌫µ
⇡0 ! � �
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Cosmic accelerator 
inside the galaxy 
(e.g. SN, AGN, …) p+ p ! ⇡+ ⇡� ⇡0 ...
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Interstellar gas as the target

Injected CRs with power-law spectrum Q(p) / p�↵e�p/pp,max
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In the calorimeter scenario, three main parameters: 

✦ Cut-off energy 

✦ Spectral index 

✦ Rate of SuperNovae explosions

Modelling SBGs point-like emission

2

Peretti+, MNRAS 487 (2019), MNRAS 493 (2020)

Leaky-box-like model for CR transport
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✦ Prototype model: all the SBGs are equal to a galaxy with “known” parameters (e.g. M82) 

M82

SBGs distributed in redshift 
(Schecter function)

z

<latexit sha1_base64="TdIlFfUMFO1zbnKxCyove6GwSsA=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJREKkxIrOl0045Xy27vaQgpUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6bXmX/3ANqISN3iLAY/ZBMlxoIzTKX247Bac+tuDrpMvILUSIHWsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYM782il4n/eX2L40s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6Z7VvUb9vN2oNa+KZsrkiByTU+KRC9IkN6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BjD+Riw==</latexit>

�⌫

<latexit sha1_base64="h/TI4swWRTKYa3Th+lkplWwfG6k=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYcUW9H5sklOOZ9Pd2ukyOQnaKGiQ7T8DAX/gmNcQMJUo5ld7eyEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHbxonh0OKxjE03ZBakUNBCgRK62gCLQgmdcHIz9zsPYKyI1T1ONQQRGykxFJxhJnV9PRZ9XyX9as2tuznoMvEKUiMFmv3qlz+IeRKBQi6ZtT3P1RikzKDgEmYVP7GgGZ+wEfQyqlgENkjzvDN6kliGMdVgqJA0F+H3Rsoia6dRmE1GDMd20ZuL/3m9BIdXQSqUThAUnx9CISE/ZLkRWRFAB8IAIpsnByoU5cwwRDCCMs4zMcmaqWR9eIvfL5P2Wd07r1/cndca10UzZXJEjskp8cglaZBb0iQtwokkT+SZvDiPzqvz5rz/jJacYueQ/IHz8Q3lH5SS</latexit>

��

<latexit sha1_base64="/OXc2GQi3Srm7HygrksporTtvSI=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYfkWNH6sklOubOtuzVSFEV8BS1UdIiWb6HgX3BMCkiYajSzq52dMFHSkut+OoWV1bX1jeJmaWt7Z3evvH/QtHFqBDZErGLTDsGikhE2SJLCdmIQdKiwFY5uZn7rAY2VcXRP4wQDDYNI9qUAyiS/kwxltzMAraFbrrhVNwdfJt6cVNgc9W75q9OLRaoxIqHAWt9zEwomYEgKhdNSJ7WYgBjBAP2MRqDRBpM88pSfpBYo5gkaLhXPRfy9MQFt7ViH2aQGGtpFbyb+5/kp9a+CiYySlDASs0MkFeaHrDAy6wJ5Txokglly5DLiAgwQoZEchMjENCunlPXhLX6/TJpnVe+8enF3Xqldz5spsiN2zE6Zxy5Zjd2yOmswwWL2xJ7Zi/PovDpvzvvPaMGZ7xyyP3A+vgEfyZXQ</latexit>

Modelling SBGs diffuse emission
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✦ Prototype model: all the SBGs are equal to a galaxy with “known” parameters (e.g. M82) 

✦ Blending model: each SBGs have its own parameters (e.g different spectral indexes)

M82

3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0
Spectral index, Æ

0

1

2

3

P
D

F

N (4.2, 0.04)

M82 (prototype)

<latexit sha1_base64="5KUMfLsmaseUQZHp2WBoj4ExDqA="></latexit>D
�⌫,�

�
E|pmax,↵

�E

↵
=

Z
d↵�⌫,�

�
E|pmax,↵

�
p(↵)

�⌫

<latexit sha1_base64="h/TI4swWRTKYa3Th+lkplWwfG6k=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYcUW9H5sklOOZ9Pd2ukyOQnaKGiQ7T8DAX/gmNcQMJUo5ld7eyEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHbxonh0OKxjE03ZBakUNBCgRK62gCLQgmdcHIz9zsPYKyI1T1ONQQRGykxFJxhJnV9PRZ9XyX9as2tuznoMvEKUiMFmv3qlz+IeRKBQi6ZtT3P1RikzKDgEmYVP7GgGZ+wEfQyqlgENkjzvDN6kliGMdVgqJA0F+H3Rsoia6dRmE1GDMd20ZuL/3m9BIdXQSqUThAUnx9CISE/ZLkRWRFAB8IAIpsnByoU5cwwRDCCMs4zMcmaqWR9eIvfL5P2Wd07r1/cndca10UzZXJEjskp8cglaZBb0iQtwokkT+SZvDiPzqvz5rz/jJacYueQ/IHz8Q3lH5SS</latexit>

��

<latexit sha1_base64="/OXc2GQi3Srm7HygrksporTtvSI=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYfkWNH6sklOubOtuzVSFEV8BS1UdIiWb6HgX3BMCkiYajSzq52dMFHSkut+OoWV1bX1jeJmaWt7Z3evvH/QtHFqBDZErGLTDsGikhE2SJLCdmIQdKiwFY5uZn7rAY2VcXRP4wQDDYNI9qUAyiS/kwxltzMAraFbrrhVNwdfJt6cVNgc9W75q9OLRaoxIqHAWt9zEwomYEgKhdNSJ7WYgBjBAP2MRqDRBpM88pSfpBYo5gkaLhXPRfy9MQFt7ViH2aQGGtpFbyb+5/kp9a+CiYySlDASs0MkFeaHrDAy6wJ5Txokglly5DLiAgwQoZEchMjENCunlPXhLX6/TJpnVe+8enF3Xqldz5spsiN2zE6Zxy5Zjd2yOmswwWL2xJ7Zi/PovDpvzvvPaMGZ7xyyP3A+vgEfyZXQ</latexit>

Ajello+, ApJ 894 (2020)

Empirical distribution from 12 SFGs/SBGs 
resolved in 𝛾-ray

Modelling SBGs diffuse emission Ambrosone+, 2011.02483

SBGs distributed in redshift 
(Schecter function)

z
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Blending versus prototype
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Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483
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Blending versus prototype
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The diffuse gamma contributions (prompt + EM cascades) are almost the same!

Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483
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Blending versus prototype
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Larger contribution to diffuse neutrinos at ~100 TeV, alleviating the neutrino-gamma tension

Up to 40% of 
IceCube HESE 
neutrinos from 

SBGs

Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483
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Diffuse multi-messenger analysis
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SBGs contribution to the neutrino flux obtained by analyzing Fermi-LAT+IceCube diffuse data 
(including the emission from blazars and radio galaxies)

Up to 40% << 10%

Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483
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Diffuse multi-messenger analysis
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1𝝈 contour closed: preference 
for a non-zero SBG component Higher maximal energies 

Up to 40% << 10%

SBGs contribution to the neutrino flux obtained by analyzing Fermi-LAT+IceCube diffuse data 
(including the emission from blazars and radio galaxies)

Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483
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Point-like emission from nearby galaxies
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Can we probe the calorimetric model with high-energy point-like observations?

Ambrosone+, 2106.12348

Analyzing the spectral energy distributions (SEDs)

✦ HE gamma-rays: Fermi-LAT and IACTs data

Ajello+, ApJ 894 (2020)Ajello+, ApJ 894 (2020)

https://arxiv.org/abs/2106.13248
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Point-like emission from nearby galaxies

6

Can we probe the calorimetric model with high-energy point-like observations?

Analyzing the spectral energy distributions (SEDs)

✦ HE gamma-rays: Fermi-LAT and IACTs data

✦ IR+UV data: prior on the star-formation rate Ṁ⇤ ' 100M� RSN

<latexit sha1_base64="nCgcJ3OPlkhJABawgM/Q3MmecEo="></latexit>

Ambrosone+, 2106.12348

https://arxiv.org/abs/2106.13248
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Point-like emission from nearby galaxies

6

Can we probe the calorimetric model with high-energy point-like observations?

Analyzing the spectral energy distributions (SEDs)

nISM = 175

 
Ṁ⇤

5 M� yr�1

!2/3

cm�3
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Urad = 2500

 
Ṁ⇤

5M� yr�1

!
eV cm�3
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Gas density as target 
for p-p interactions

Photon energy density as target 
for secondary production

✦ HE gamma-rays: Fermi-LAT and IACTs data

✦ IR+UV data: prior on the star-formation rate

✦ Scaling Kennicutt’s relations:

Ṁ⇤ ' 100M� RSN

<latexit sha1_base64="nCgcJ3OPlkhJABawgM/Q3MmecEo="></latexit>

Kennicutt, ARA&A 36 (1998); Inoue+, PASJ 52 (2000); Hirashita+, A&A 410 (2003); Yuan+, PASJ 
63 (2011); Kennicutt and Evans, ARA&A 50 (2012); Kennicutt & De Los Reyes, ApJ 908 (2021) 

Ambrosone+, 2106.12348

https://arxiv.org/abs/2106.13248


Marco Chianese | Unina & INFN

Bayesian analysis

7

This allows us to predict the neutrino and VHE gamma-rays emission from these sources!

Ambrosone+, 2106.12348

https://arxiv.org/abs/2106.13248
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Point-like forecast

8

°1.0 °0.5 0.0 0.5 1.0
sin ±

10°16

10°15

10°14

10°13

10°12

10°11

10°10

©
∫ µ

+
∫

µ

1T
eV

£ T
eV

°
1 c

m
°

2 s
°

1§

SMC

Circinus

NGC4945

NGC253

NGC1068

ARP220

M33

NGC3424

M31

A
R

P
29

9

NG
C24

03

M82

N
G

C
21

46

6-yr KM3NeT/ARCA

10-yr IceCube

10-yr IceCube-Gen2

101 102 103 104 105 106

Energy [GeV]

10°11

10°10

10°9

10°8

E
2
©

∞
[G

eV
cm

°
2
s°

1 ]

50-h CTA south

SMC

Circinus

NGC4945

NGC253

NGC1068

101 102 103 104 105 106

Energy [GeV]

10°11

10°10

10°9

10°8

E
2
©

∞
[G

eV
cm

°
2
s°

1 ]

50-h CTA north

M82

NGC2403

M31

ARP299

VHE GAMMA-RAYS

NEUTRINOS

✦ Objective test for the calorimetric model 

✦ Compelling evidence of star-forming activity as a 
tracer of neutrino production.

Future joint 𝜈-𝛾 observations

Ambrosone+, 2106.12348

[see also Mancina’s talk - Neutrino VI]

https://arxiv.org/abs/2106.13248
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Cosmic-ray physics inside SBGs
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MODEL A: ADVECTION-DOMINATED Peretti+, MNRAS 487 (2019)

MODEL B: DIFFUSION-DOMINATED Krumholz+, MNRAS 493 (2020)

Ambrosone+, 2203.03642

The relation between neutrino and gamma-ray emissions is however model-dependent!
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When TeV gamma-rays are crucial
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✦ Generation of 104 
mock data sets for 
the CTA telescope

✦ CTA info from:

✦ SWGO info from:
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Acharya+, 1709.07997

Albert+, 1902.08429 
Hinton, PoS ICRC2021 023

We test Krumholz+ model (B) by means of CTA mock data simulations assuming Peretti+ model (A)

Ambrosone+, 2203.03642

https://arxiv.org/abs/2203.03642
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CTA forecast: Circinus
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p-value  7.2⇥ 10�2
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Implications for the diffuse emission
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Roth+, Nature 597 (2021)

The two models for the CRs transport inside the SBGs lead to very different scenarios.

MODEL A: ADVECTION-DOMINATED MODEL B: DIFFUSION-DOMINATED

✦ Large gamma-ray emission saturating DIGB 
✦ Negligible contribution to HESE neutrino

✦ 33% EGB gamma-ray above 50 GeV 
✦ 25% of HESE neutrino

Ambrosone+, 2203.03642

https://arxiv.org/abs/2203.03642
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Conclusions

13

✦ SBGs are promising high-energy emitters: they contribute up to 40% to the IceCube 
astrophysical neutrino signal. 

✦ Upcoming gamma-ray telescopes will allow for a better constrain of the spectral cut-off 
and cosmic-ray transport inside these sources. 

✦ Global Neutrino Network + CTA/SWGO surveys of the closer SBGs can solve the puzzle.

Antonio Ambrosone Damiano F.G. Fiorillo Antonio Marinelli Gennaro Miele Ofelia Pisanti

Thanks for listening
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Multi-messenger analysis

Gamma-ray contributions 

✦ Starburst Galaxies 

✦ Blazars (prompt + EM cascades) 

✦ Radio Galaxies
Ajello et al., ApJL 800 (2015)

Neutrino contributions 

✦ Starburst Galaxies 

✦ Blazars (resolved and unresolved)
Palladino et al., ApJ 871 (2019)

Extragalactic Gamma-ray Background 7.5-yr HESE and 6-yr cascades

χ2
ν+γ(NSBG, NRG, NBlazars, pmax) = χ2

ν + χ2
γ + (NBlazars − 1

0.26 )
2

+ (NRG − 1
0.65 )

2

+ (NBlazars − 0.80
0.11 )

2

joint 𝜸-𝜈 chi-square 
with 4 free parameters

uncertainties affecting theoretical estimations

Positional limit of resolved point sources above 50 GeV 
(see Lisanti et al., ApJ 832 2016)

Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483
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Comparison between best-fit scenarios

The blending scenario is allowed to give a greater contribution than the 
prototype scenario…but it is not enough…other contributions at 100 TeV?

Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483
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Upper limit on the SBG component Ambrosone+, 2011.02483

https://arxiv.org/abs/2011.02483

