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Introduction
� The Diffuse Flux of 

Astrophysical 
Neutrinos

� KM3NeT Detector

� Event Selection

� Statistical Analysis
● Expected median sensitivity of the full detector to the 

measurement of the diffuse flux parameters  (Master 
Thesis). Presented in ICRC2025.

● Latest results on the fit of the diffuse astrophysical neutrino 
flux parameters using data from the first 2 years of data 
(ARCA6-8-19-21).

https://pos.sissa.it/501/1073
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The Diffuse Flux of Astrophysical Neutrinos

◆ At distant astrophysical sources protons and other nuclei are accelerated at extreme energies (> 
TeV).

◆ High energy cosmic rays produce neutrinos through proton-proton (pp) and proton-photon (pγ) 
interactions.

◆ Neutrinos from a collection of other emitters that can not always be detected individually.

◆ Neutrinos originating from all directions in the celestial globe.

AGNs, GRBs, 
Super/Hypernovae 
etc.
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The KM3NeT detector

ORCA
(Oscillation Research

with Cosmics in the Abyss)

ARCA
(Astroparticle Research

with Cosmics in the Abyss)

Digital Optical 
Module (DOM): 
Pressure resistant 
glass sphere with 
31 PMTs.

Detection Unit (DU): 18 DOMs
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Data taking periods

Data are collected while KM3NeT/ARCA is constructed. Data taking periods are named based on the number of deployed 
DUs at running time.

ARCA6 ARCA8 ARCA19
September 2021 – June 2022

212 days of analysed data
May 2021 – September 2021

92 days of analysed data
June 2022 – September 2022

48 days of analysed data
September 2022 – September 2023

287 days of analysed data

ARCA21

Since 2023, data have also been collected with 28, 30 and 51 deployed DUs of the ARCA 
detector! Analysis of those datasets is ongoing

Currently 
running with 
51 DUs
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Event Selection

The main goal is to measure an excess of astrophysical neutrinos. Need a selection with high neutrino purity.

● Remove background noise coming from 40K decays in the sea.

● Atmospheric muons and neutrinos constitute the main sources of background in our analysis.

● The majority of atmospheric muons can be effectively rejected by selecting events reconstructed as upgoing tracks. The 
remaining atmospheric muons are poorly reconstructed.

● Additional selection criteria on reconstruction variables are used to suppress this background further.

atm. μ ~ 27000
atm. ν: 1208
astro. ν: 21

Still a contamination 
from atm. μ of 96%

 ~ 1 billion atm. μ 
are expected
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Event Selection

A Boosted Decision Tree (BDT) has been used for discriminating well reconstructed from poorly reconstructed events.

         Class 1: Well reconstructed events (WR)           CC events (ΔΩ< 5o)
Class 0: Badly reconstructed atmospheric muon events with (ΔΩ > 10o)

ΔΩ is the angle between the 
Monte Carlo track and the 
reconstructed one

● Input variables: selected quantities derived from the reconstruction based on the ANOVA F-test score. They should also not 
be strongly correlated.

● The hyper-parameters of the model are optimized through a grid search while monitoring several evaluation metrics (signal 
efficiency, f1-score, neutrino purity).

● Two BDTs are trained: one for ARCA6/8 and one for ARCA19/21.

https://en.wikipedia.org/wiki/F-test#One-way_analysis_of_variance
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Statistical Analysis

The diffuse astrophysical neutrino flux  is commonly parameterised as: Parameters of interest: 
φ0 and γ

For this analysis, as a baseline, the measured values of IceCube are used: φ0=1.44, γ=2.37

The goal is to compute the detector sensitivity and perform a fit of these parameters using data of 
ARCA6+8+19+21.

Before proceeding with the rest of the analysis an optimal cut on the reconstructed energy is selected, that 
minimizes the Model Rejection Factor (MRF).

Since a strict up-going cut (zenith > 90o) was 
made, the recently observed highest energy 
neutrino KM3-230213A is not included in the 

sample

https://arxiv.org/abs/astro-ph/0209350
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Statistical Analysis

Based on the Bayesian interpretation of probability, a posterior probability density function can be computed. After marginalisation 
of nuisance parameters, an estimation of the neutrino flux parameters is possible.

Upper limits on φ0 for different values of the 
spectral index γ=2.2-2.7
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Statistical Analysis

A frequentist likelihood fit is also employed to estimate the flux parameters. The best fit values and the corresponding 68% and 90% 
confidence/credible level contours can be compared with the Bayesian ones.

A paper has been prepared by Vasilis 
Tsourapis and Leonidas Kalousis 
regarding details of this analysis and is 
to be submitted for publication!

No significant excess of cosmic 
neutrino signal is observed!

➔ Same event selection as for 
the Bayesian

➔ No reconstructed energy 
cut
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Diffuse flux measurement

Despite its small instrumented volumed 
and with just 2 years of data, 
KM3NeT/ARCA demonstrates 
compatible results with the latest 
measurements for the cosmic flux 
parameters.

The measurement is still dominated by 
relatively large uncertainties.
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Potential of the full detector

Use simulated Monte Carlo data assuming a complete detector. Compute the detector sensitivity and discovery potential for the 
diffuse flux of astrophysical neutrinos.

Original Plan: 2 Building Blocks (BBs) of 
115 DUs each

New event selection criteria were refined adjusted for 
the full detector configuration.

An updated BDT was trained and thoroughly evaluated.

The analysis will need to be updated using Monte Carlo simulated data based on the recent 
construction plan of the complete detector.

Results of this analysis have been presented in ICRC2025.

https://pos.sissa.it/501/1073/
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Potential of the full detector

The sensitivity is computed using the Bayesian and frequentist approaches mentioned above.

Bayesian

For different values of the spectral index γ 
we compute the median 90% CL upper limit 
(UL) on φ0 

For IceCube’s best fit γ=2.37, the 
KM3NeT/ARCA median upper limit on φ0 is 
1.0.

We plot the sensitivity as a function of 
neutrino energy.
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Potential of the full detector

Frequentist

Define the test statistic:
Sensitivity:
Find the minimum signal 
strength μ that could be 
excluded with 90% CL 
assuming the 
background-only (H0) 
hypothesis.

3σ Discovery:
Find the minimum signal 
strength μ for which the 
background-only (H0) 
hypothesis could be rejected 
with 3σ significance.

φ0= μ * 1.44

Signal strength is just a 
redefinition of φ0
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Potential of the full detector

Frequentist

A 3σ median significance for the flux parameters as measured by IceCube could be reached within 
one year of the full detector operation.

Sensitivity Discovery potential
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Summary

● Fit results of all-sky cosmic flux parameters are reported using the first ~2 years of KM3NeT/ARCA data.

● The best fit values of the parameters are reported and upper limits are set.

● No excess of cosmic neutrinos was observed within this time period.

● The expected performance of the full detector was investigated and the sensitivity and discovery flux is 
reported.

● Inclusion of recent data in the analysis will approximately double the size of our statistical sample.

● These first results are very promising regarding the potential of the KM3NeT/ARCA detector.



17

Thank you for your attention! 
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Backup
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Event Selection

pre-BDT cuts:
� Likelihood of the best reconstructed track > 50
� TrackLength (as given by the reconstruction) > 100.0
� log(β0[rad]) < -1.5 (β0: uncertainty on the reconstructed track 

direction from the error matrix)
� log(Ereco / GeV) > 2.7
� TrackLength_2 (distance of the vertex and last emitted photon) > 

100
� TrackLength_3 (distance of first and last emitted photons) > 100
� Number of DOMs with at least one triggered hit on a PMT >= 5

● NTrees: Number of trees in the forest
● MinNodeSize: Minimum percentage of 

training events required in a leaf node
● AdaBoostBeta: Learning rate for 

AdaBoost algorithm
● NCuts: Number of grid points in 

variable range used in finding optimal 
cut in node splitting

● MaxDepth: Max depth of the decision 
tree allowed

BDT hyper-parameters

Number of events after 
the BDT selection

ARCA6 ARCA8 ARCA19 ARCA21

atm. ν 11.03 16.95 7.40 24.48

atm. μ 18.74 13.31 1.22 4.87

cos. ν 0.85 1.97 0.91 4.53

data 14 34 11 48

Number of events after the BDT 
selection & energy cut
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Bayesian Framework

Bayesian probability:

Likelihood:

Marginalize probability:
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Frequentist Framework

Frequentist probability:

χ2:

∙ d index denotes the different detector geometries and i runs over 
the energy bins.



22

Energy Distributions


