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Introduction
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Such high energy gamma-rays could be detected by 

high altitude gamma observatories like HAWC or 

LHAASO, while the neutrino component could be 

studied by neutrino telescopes as KM3NeT.

Neutrino sources are cosmic ray accelerators.

The two main mechanisms of high-energy neutrino 

production are:

1)when cosmic rays interact with matter (hadro-nuclear

interactions):

𝑝 + 𝑝 → 𝑝 + 𝑛 + 𝜋+

→ 𝑝 + 𝑝 + 𝜋0

𝑝 + 𝑛 → 𝑝 + 𝑝 + 𝜋0

→ 𝑝 + 𝑝 + 𝜋−

2) when cosmic rays interact with photons (photo-

hadronic interactions):

𝑝 + 𝛾 → ∆+→ 𝑛 + 𝜋+

→ 𝑝 + 𝜋0

Neutrinos are produced in the decay of the charged

pions:

𝜋+ → 𝜇+ + 𝜈𝜇 𝜋−→ 𝜇− +𝜈𝜇
𝜇+→ 𝑒+ + 𝜈𝑒 + 𝜈𝜇 𝜇−→ 𝑒− +ഥ𝜈𝑒 + 𝜈𝜇

While the neutral pions decay into γ-rays: 𝜋0 → γ + γ
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Gamma-rays Neutrino connection
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• In Villante-Vissani (2008)*, it is developed a model to 

estimate the neutrino flux from astrophysical sources, 

using the measured gamma-ray flux.  in case of p-p 

collisions.

• Such model assumed a full hadronic scenario (p-p 

collisions).

• The model was later refined by Mascaretti-

Vissani(2019)** through the inclusion of the most 

recent neutrino oscillation parameters

Φ𝜈(𝐸𝜈) = න
𝑑𝐸𝛾
𝐸𝛾

Φ𝛾(𝐸𝛾)𝐾𝜈𝛾(
𝐸𝜈
𝐸𝛾
)

*F.Villante F.Vissani (2008) Phys. Rev. D.78.103007

*F.Villante F.Vissani (2008) Phys. Rev. D.78.103007

**C.Mascaretti F.Vissani (2019) JCAP 08  004

**C.Mascaretti F.Vissani (2019) JCAP 08  004  

https://arxiv.org/abs/0807.4151
https://arxiv.org/abs/1904.11938
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Gamma-rays absorption
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Φ𝜈(𝐸𝜈) = න
𝑑𝐸𝛾
𝐸𝛾

Φ𝛾
𝑠𝑟𝑐 𝐸𝛾 𝐾𝜈𝛾(

𝐸𝜈
𝐸𝛾
)

Φ𝛾
𝑜𝑏𝑠 𝐸𝛾 = Φ𝛾

𝑠𝑟𝑐 𝐸𝛾

Φ𝜈 𝐸𝜈 = න
𝑑𝐸𝛾
𝐸𝛾

Φ𝛾
𝑜𝑏𝑠 𝐸𝛾
𝑒−𝜏

𝐾𝜈𝛾 (
𝐸𝜈
𝐸𝛾
)

Φ𝛾
𝑜𝑏𝑠 𝐸𝛾 = Φ𝛾

𝑠𝑟𝑐 𝐸𝛾 × 𝑒−𝜏

γ𝑠𝑟𝑐 + γ𝑐𝑚𝑏/𝑖𝑠𝑟𝑓 → 𝑒+ + 𝑒−

Villante-Vissani model can be 

modified to take into account 

gamma-ray absorption dued to 

pair-production mechanism
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Absorption Factor Parameterization
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• The optical depth τ for pair
production mechanism dued
to the interaction with 
photon from Cosmic Micro-
wave Background or from the 
Inter Stellar Radiation Field .

• It could be parameterized 

as done by Lipari-Vernetto

(2016)  as a function of the 

source position and 

distance.

𝑒−𝜏 → 𝜏 = 𝜏(E, δ, RA, D)
E = energy

δ = declination
RA = Right Ascension

D =Distance

*P.Lipari S.Vernetto Phys. Rev. D 94, 063009 (2016)

*P.Lipari S.Vernetto Phys. Rev. D 94, 063009 (2016)

https://arxiv.org/abs/1608.01587v2
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KM3NeT Network

7/13D.Dornic “The KM3NeT neutrino telescope: status and recent results” ICRC25 (Talk Plen 21/07).

KM3NeT/ARCA51

footprint

Location = Mediterranean Sea

It will consits of building blocks of 115 

strings each, with 18 Digital Optical 

Modules per string. In every DOM, are 

located 31 Photo-multipliers (PMT)

• 2 BBs for neutrino astronomy (located

near Capo Passero, Italy).  

• Vertical distance between OMs of 36 

m, lateral distance between adjacent

strings of 90 m.     

• Neutrino energy range TeV-PeV

KM3NeT/ARCA

https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
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Data sample and Event selection
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R.Muller V.Parisi PoS(ICRC2025)1124.

R.Muller V.Parisi PoS(ICRC2025)1124
.

https://indico.cern.ch/event/1258933/contributions/6485801/
https://indico.cern.ch/event/1258933/contributions/6482221/
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Full ARCA detector prospects

• The ARCA230 performance can be studied using the most updated simultaion*.

• Theoretical methods are used to modelize the signal. 

• For this work, only track-like events are considered.

9/13

𝜈𝜇

𝜇

*T. van Eeden Eur. Phys. J. C 84, 885 (2024)

*T. van Eeden Eur. Phys. J. C 84, 885 (2024)

https://arxiv.org/abs/2402.08363
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Candidate sources
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• 26 sources selected from 

the first LHAASO 

catalogue*.

• 6 sources selected from the 

third HAWC catalogue**.

*LHAASO coll. ApJ Supplement Series, 271 (2024) 25

*LHAASO coll. ApJ Supplement Series, 271 (2024) 25

**HAWC coll. (2020) ApJ 905 76

**HAWC coll. (2020) ApJ 905 76

https://arxiv.org/abs/2305.17030
https://arxiv.org/pdf/2007.08582
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The analysis

A binned analysis is performed for each candidate sources. It is checked in a 5 degree cone around each source 

whether the position, and energy distributions are in line with a cosmic neutrino excess. The log-likelihood is the 

Poisson probability of the bin-contents.

11/14
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Results:
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Using KM3NeT/ARCA6-21 DATA , no significant signal 

evidence is found. The flux upper limits are computed as 

the energy range where 90% of the signal is expected: 

• With/without absorption correction 

(dashed/continuous lines).

• 10 sources from the LHAASO catalogue with the best 

upper limits, the best 3 are J1825-1418, J1814-

1719u* and J1825-1337.

• The best 3 HAWC sources: J1849+001, J1857+027

and J1803-211. 

• “Taking into account gamma-ray absorption” could 

have an impact of 25% for some of the sources. 

KM3NeT/ARCA preliminary

KM3NeT/ARCA preliminary
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Results:

13/14

The KM3NeT/ARCA230 Performance: time to make a 3 

sigma significant observation is computed  for the full 

detector.

• For 5 sources, a 3σ observation could be made in 5 

years, taking into account absorption

• For 10 sources, a 3σ observation could  be made in 

10 years, taking into account absorption.

• For 16 sources, a 3σ observation could be made in 20 

years, taking into account absorption.

KM3NeT/ARCA preliminary
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Conclusions
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Gamma-ray observation are used to modelize the neutrino signal from galactic sources

Search in the available data: In the point source search no significant neutrino source was found among
the list of 32 checked candidate sources. Upper limits are then computed

• The best 3 sources from the LHAASO catalogue: J1825-1418, J1814-1719u* and J1825-1337.

• The best 3 sources from the HAWC catalogue: J1849+001, J1857+027 and J1803-211. 

Complete detector prospects: in the future KM3NeT/ARCA230 would be able to make significant 
observation for many of the considered sources.   

With the rapid growth of KM3NeT/ARCA, and data of sept 2023-today still to be included in the analysis, 
the results are expected to significantly improve in the near future.

Thanks for the 

attention.
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Backup Slides
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The KM3NeT/ARCA detector

KM3 Neutrino Telescope / Astroparticle Research with Cosmics in the Abyss is a neutrino observatory, currently 

being built at the bottom of the Mediterranean Sea. It can do multi-flavour astronomy (𝜈𝑒, 𝜈𝜇, 𝜈𝜏), will have sub-

degree angular resolution, is sensitive in a large energy range [MeV - PeV], and can probe many different type of 𝜈-

sources. Its location in the Northern hemisphere provides a good view of the Galactic Region.

16/13

𝜈𝜇

𝜇

D.Dornic “The KM3NeT neutrino telescope: status and recent results” ICRC25 (Talk Plen 21/07).

https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
https://indico.cern.ch/event/1258933/contributions/6482221/
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Event Topology in a Neutrino 
Telescope:
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Track-like Shower-like 
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Data sample after event selection

Data are taken with 6 - 21 lines, between May 2021 and Sept. 2023. After event selection, the dominant ARCA19-21 

data sample has a muon contamination of 15%. A cosmic neutrino flux of ϕ ν+ ̅ν = 1.2 ⋅ 10-4 (Eν / GeV)2 per flavour 

yields 21.4 cosmic neutrino events in the full ARCA6-21 sample, of which 12.1 contain a muon and are reconstructed 

with <1° accuracy.

18/13

The selection keeps xxx% of the 

reconstructed background

events, while the efficiency for 

cosmic neutrinos with an E^(-2)

spectrum is xxx%. A cosmic flux 

of ϕcos = 0.6 ⋅ 10-4 (Eν / GeV)2

yields 20.5 cosmic neutrino 

events in this sample, of which 

xx.x among them contain a muon 

and are reconstructed with <1 

degree accuracy.

KM3NeT dataset
No

events

ARCA 6 4205

ARCA 8 11537

ARCA 19 182

ARCA 21 1361*

* KM3-230213A removed

Preliminary Preliminary
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Detector performance

The median angular uncertainty for ARCA6-8 is < 2° above 100 TeV, this improved significantly to < 0.3° for 

ARCA19-21, and is expected to improve further down to < 0.1° for the full detector (ARCA230[*])

19/13* KM3NeT Collaboration: "Astronomy potential of KM3NeT/ARCA." The European Physical Journal C 84.9 (2024): 885.

https://link.springer.com/content/pdf/10.1140/epjc/s10052-024-13137-2.pdf
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Binned Likelihood: basic idea
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