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Star-forming environments such as star-forming and Starburst Galaxies (SFGs and SBGs) expe-
rience intense phases of stellar formation activity, which is expected to increase the amount of
gas and magnetic turbulence leading to confinement of high-energy cosmic rays (CRs) and high
probability of proton-proton (pp) collisions. Therefore, these environments are expected to be
powerful emitters of high-energy gamma-rays and neutrinos. In this contribution, using 15 years
of public Fermi-LAT data, I will discuss the correlation between these emissions with the star
formation rate and I quantify that the SFG and SBG contribution cannot saturate the the isotropic
gamma-ray background (IGRB) measured by Fermi-LAT while being consistent with a ∼ 20%
contribution to the 6-year Cascade diffuse neutrino flux measured by the IceCube Neutrino Ob-
servatory.

12th Neutrino Oscillation Workshop (NOW2024)
2-8, September 2024
Otranto, Lecce, Italy

∗Speaker

https://pos.sissa.it/

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License (CC BY-NC-ND 4.0) All rights for text and data mining, AI training, and similar technologies for
commercial purposes, are reserved. ISSN 1824-8039 . Published by SISSA Medialab

mailto:antonio.ambrosone@gssi.it
https://pos.sissa.it/


P
o
S
(
N
O
W
2
0
2
4
)
0
7
3

P
o
S
(
N
O
W
2
0
2
4
)
0
7
3

Extra-galactic Star-forming Environments as Sources of High-Energy Neutrinos Antonio Ambrosone

1. Introduction and Mathematical Framework

Extra-galactic star-forming environments such as SFGs and SBGs are usually characterised by
intense stellar forming activity as well as large interstellar medium density witnessed by a larger
supernovae explosion (SNe) rate than in the Milky-way, see for instance [1–5]. Therefore, since
supernova remnants (SNRs) are supposed to power CRs up to ∼ PeV energies, SFGs and SBGs are
expected to produce high-energy gamma-rays and neutrinos produced by the decays of pions after
proton-proton collisions [4]. The CR proton spectrum can be approximated using the leaxy-box
model [4]

𝑁𝐶𝑅 (𝐸) =
𝐹cal · 𝜏𝑝𝑝

𝐸

∫ +∞

𝐸

𝑄(𝐸)𝑑𝐸 (1)

where 𝜏𝑝𝑝 is the proton-proton timescale, 𝐹cal is the so called calorimetric fraction, namely the
fraction of CRs actually losing energy by proton-proton collisions and producing gamma-rays and
neutrinos. 𝑄(𝐸) is the injection spectrum of SNRs given by a power-law with an exponential
cut-off 𝑄(𝐸) ∝ 𝐸−𝛾𝑒−𝐸/𝐸max normalised to a fraction of the kinetic energy of SNRs. The final
gamma-ray and neutrino fluxes can be evaluated using the semi-analytical approach of Ref. [6].
Here, we stress that the gamma-ray and neutrino spectra are strictly connected in hadronic collision
and they can be linked according to the multi-messenger relations with 𝜙𝜈 (𝐸𝜈) = 2𝜙𝛾 (2𝐸𝛾) [7].
This is because, on average, after each pp collisions a neutrino carry 5% of the parent high-energy
proton while a gamma-ray carry 10%. Therefore, gamma-rays become a powerful tool with which
constrain the neutrino budgets of SBGs. In Ref. [4], we have analysed a catalogue of 70 sources
using the publicly-avaiable fermitools (you can find details on the catalogue in [4, 8]) and obtained
strong constraints on 𝐹cal. In particular, we have calculated 𝐹cal for each source by matching the
gamma-ray spectrum measured with the theoretical one. Only ∼ 16 sources provide a clear excess
into the Fermi-LAT data. Results suggest that 𝐹cal increases with the rate of supernovae explosions
and it approaches 1 for very powerful sources.
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Figure 1: Diffuse 2𝜎 𝛾-ray (red) and neutrino (blue) bands predicted with the fit over the 70 sources. the
fluxes are compared with the Isotropic Gamma-Ray Background (IGRB) measured by Fermi-LAT [9], the 6
year Cascade neutrino flux [10] and 7.5 year HESE data [11] measured by the IceCube neutrino Observatory.
Image taken from Ref. [4].
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2. Neutrinos and Conclusions

The result outlined in the previous section indirectly constrain the neutrino contributions from
SBGs. In particular, we calculate the diffuse emission of all SBGs in the Universe (see [4] for more
details). Fig. 1 show the final contribution to the diffuse gamma-ray and neutrino fluxes from SFGs
and SBGs. The gamma-ray observations constrain the neutrino spectrum to be below ∼ 20% of
total IceCube flux. This means that Multi-Messenger Astronomy is an invaluable tool with which
unveil the origin of high-energy neutrinos.
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