
Open-Science Integration 
of a Combined Analysis 

of KM3NeT and CTA 
into the EOSC Infrastructure

Mikhail
Smirnov

On behalf of the KM3NeT collaboration 

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research 
Infrastructures has received funding from the European Union’s Horizon 2020 research and 
innovation programme under Grant Agreement no. 824064.



29 August 2023M. Smirnov 2

Motivation

❖ Limitation of a single-experiment analysis in astrophysics

❖Follow FAIR principles: 

o findable 

o accessible 

o interoperable 

o reusable 

❖ Creation of the first open-science enabled repository with 

scientific analysis from KM3NeT

❖ Provide integration with European Open Science Cloud (EOSC) 

ESCAPE cell services

https://www.go-fair.org/fair-principles/
https://eosc-portal.eu/
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Raising a scientific problem

Multi-messenger particles (ν and γ) carry 

information about the origin of  distant sources

Emission 
scenario

proton

neutrino

gamma

Leptonic

Hadronic

𝒑 + 𝑵 → 𝝅𝟎 → 𝟐𝜸
↳ 𝝅± ⟶ 𝒆± + 𝝂𝝁 + 𝝂𝝁 + 𝝂𝒆

( )

𝒆± + 𝜸 → 𝒆± + 𝜸∗

No neutrinos!

Inverse Compton (IC)

Pions Decay (PD)Neutrinos play a key role 
to disentangle two 
emission scenarios
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Astrophysical telescopes 
KM3NeT (neutrino)

KM3NeT (cubic kilometer neutrino telescope) J.Phys. G43 (2016) 084001 
KM3NeT/ARCA (Astroparticle Research with Cosmics in the Abyss) 
discovery and observation of HE cosmic neutrino sources 
(Eν ~ GeV-PeV) high energy neutrinos
Depth – 3500 m – offshore Sicily (Italy)

KM3NeT/ORCA (Oscillation Research with Cosmics in the Abyss) 
determination of the neutrino mass hierarchy 
(Eν ~ MeV - GeV) low energy neutrinos
Depth – 2500 m – offshore Toulon (France)

ORCA

ARCA

Parameter ARCA ORCA

DU distance 90 m 20 m

DOM spacing 36 m 9 m

DU height ~ 800 m ~ 200 m

Instrumented
mass

2*500 
Mton

7 Mton

Amount of DUs 115*2 115

Current status 21 19

Digital Optical 
Module (DOM) 31 

of 3’’ PMTs

Detection Unit (DU) aka 
string has 18 DOMs

https://iopscience.iop.org/article/10.1088/0954-3899/43/8/084001
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Astrophysical telescopes 
CTA (gamma)

CTAO (Cherenkov Telescope Array Observatory) ICRC21

CTA Northern site La Palma in the Canary Islands, Spain. 
Altitude 2180 m. Low and mid Eγ (20 GeV – 5 TeV)
Extragalactic physics
• 4 large-sized telescopes (low gammas)
• 9 medium-sized telescopes (mid gammas)

CTA Southern site Paranal Observatory in the Atacama 
Desert, Chile. Altitude 2150 m, several km². Mid and high Eγ
(150 GeV – 300 TeV). Galactic sources
• 37 small-sized telescopes (high gammas)
• 14 medium-sized telescopes (mid gammas
• 4 large-sized ???

Arrays
distribution

Status of the CTA Project

https://arxiv.org/pdf/2108.04512.pdf
https://indico.in2p3.fr/event/28466/contributions/121574/
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Gammapy python package

https://gammapy.org/
Data access & selection

IR Fs

Data reduction

Sky maps

Datasets

Modelling & Fitting

Estimators

Open-source software for CTA

https://gammapy.org/
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Structure of the analysis
Performed by Tim Unbehaun et. al 

Create KM3NeT IRF (MC data)

Take CTA IRF (public)

Generation flux input model

Creation of data sets

Likelihood analysis

Results production

Sources

Vela X

RX J1713.7-3946

Westerlund 1

eHWC J1907+063
Leptonic

Hadronic

10 years

𝑇𝑆 = −2 lnℒ 𝜉 = −2

𝑖=1

𝑁

ln
𝜈𝑖 𝜉

𝑛𝑖

𝑛𝑖!
∙ exp −𝜈𝑖(𝜉)

Combined Analysis of KM3NeT and CTA data with Gammapy. Neutrino 2022

https://zenodo.org/record/6785224#.ZBm7p3bMKBw
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EOSC/ESCAPE introduction

Science Clusters in 

Social sciences

Environmental sciences

Life sciences

Materials Health Energy

Astronomy Particle physics HPC

https://projectescape.eu/

Particle & 
nuclear physics

Astrophysics

https://projectescape.eu/
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EOSC/ESCAPE test science 
projects (TSPs)

ESCAPE AAI
AAI Federated with EOSC

Virtual 
Research 

Environment 
(old VRE)

Cloud computing 
using EOSC Exchange 

provisioned compute, 

& HPC

Software 

Repository
Archive of reusable pipelines:

Onboarded to EOSC marketplace

ESCAPE 

Data Lake 
(Federated 

storage)
Includes EOSC 

Exchange 

provisioned storage

TSPs
o Dark Matter
o Extreme 

Universe and 
Gravitational 
Waves

https://vre-hub.github.io/

https://escape2020.pages.in2p3.fr/virtual-environment/home/index.html
https://vre-hub.github.io/
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Repository with combined 
analysis CTA plus KM3NeT

Analysis is based on gammapy v0.17 and python 3.8

analysis

Jupyter notebooks, 
analysis_config.yml

Outcome: plots, 
intermediate data

data

IRFs (.fits), 

tables in .csv,

bkg of km3net .dat

src
Python scripts

perform_scan.py
env

environment.yml,

conda and venv Numpy files
from likelihood

https://github.com/KM3NeT/Analysis-galactic-sources-CTA-KM3NeT

DOI 10.5281/zenodo.8298096

https://github.com/KM3NeT/Analysis-galactic-sources-CTA-KM3NeT
https://doi.org/10.5281/zenodo.8298096
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Integration 
with EOSC/ESCAPE

REANA

DataLake

Rucio

Deployment 

VRE github

https://reanahub.io/

Reproducible research data analysis platform

https://reanahub.io/
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DataLake

Rucio

Deployment 

VRE github

https://reanahub.io/

https://reanahub.io/
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Integration 
with EOSC/ESCAPE

REANA

DataLake

Rucio

Deployment 

VRE github

https://github.com/vre-hub

Old VRE

https://github.com/vre-hub
https://escape2020.pages.in2p3.fr/virtual-environment/home/
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km3irf package
Available in PYPI   pip install km3irf

o IRF generation for 

point-like sources

o Compatible with 

gammapy

o Output

oDL3 format with 

EventList and IRFs

oDataSet
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km3irf: example №1
Production of combined IRF .fits file

D e s c r i b i n g  w o r k f l o w

Input dst.root files

Create DataContainerobject

Processing Aeff .fits

Processing PSF .fits

Processing Edisp .fits

Merge in combined .fits

Check content with gammapy
Example of track event simulation

https://doi.org/10.1016/j.cpc.2020.107477

Neutrino 
and  Cosmic 

Rays 
generators

Light 
generators

Light 
propagation 

and 
collection

Reconstruction

Data 
production

https://doi.org/10.1016/j.cpc.2020.107477
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km3irf: example №1
Production of combined IRF .fits file

D e s c r i b i n g  w o r k f l o w

Input dst.root files

Create DataContainerobject

Processing Aeff .fits

Processing PSF .fits

Processing Edisp .fits

Merge in combined .fits

Check content with gammapy
Example of track event simulation

https://doi.org/10.1016/j.cpc.2020.107477

Neutrino 
and  Cosmic 

Rays 
generators

Light 
generators

Light 
propagation 

and 
collection

Reconstruction

Data 
production

https://doi.org/10.1016/j.cpc.2020.107477


Thank you 
for your attention!

More: Open Science in KM3NeT
Jutta Schnabel, 31.08, Outreach 
and Education 4

https://indico.cern.ch/event/1199289/contributions/5493547/
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Backup / analysis scheme in 
gammapy

Analysis Workflow

EventList
IRFs
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