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Neutrino data: short outline

KM3NeT Open Science: Current system
● Example: CTA & KM3NeT analysis
● Example: ANTARES legacy data

Data format examples

Overview

2
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Example files of KM3NeT ROOT files:
https://github.com/KM3NeT/km3net-testdata

Low countrate experiments!

Neutrino data in VHE Cherenkov telescopes

3

https://github.com/KM3NeT/km3net-testdata
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Education & 
knowledge base

Interfaces

Software & analysis 
repositories

Data types

Repositories

4

The KM3NeT Open Science System

https://git.km3net.de/
https://git.km3net.de/
https://open-data.pages.km3net.de/openscienceportal/articles/software/#docker
https://open-data.pages.km3net.de/openscienceportal/articles/software/#docker
http://openscience.km3net.de
http://openscience.km3net.de
https://edu.km3net.de
https://edu.km3net.de
https://open-data.pages.km3net.de/openscienceportal/articles/getting-started/
https://open-data.pages.km3net.de/openscienceportal/articles/getting-started/
https://zenodo.org/communities/km3net/
https://zenodo.org/communities/km3net/
https://github.com/KM3NeT
https://github.com/KM3NeT
http://vo.km3net.de
http://vo.km3net.de
https://open-data.pages.km3net.de/openscienceportal/articles/science/#sea-science
https://open-data.pages.km3net.de/openscienceportal/articles/science/#sea-science
https://open-data.pages.km3net.de/openscienceportal/articles/science/#event-simulation-derivatives-as-service
https://open-data.pages.km3net.de/openscienceportal/articles/science/#event-simulation-derivatives-as-service
https://open-data.pages.km3net.de/openscienceportal/articles/science/#multi-messenger-astrophysics
https://open-data.pages.km3net.de/openscienceportal/articles/science/#multi-messenger-astrophysics
https://open-data.pages.km3net.de/openscienceportal/articles/data/
https://open-data.pages.km3net.de/openscienceportal/articles/data/
http://opendata.km3net.de/
http://opendata.km3net.de/
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Current data dissemination - Prototyping

5

Virtual Observatory
● ANTARES data as test data set (vo.km3net.de)

● Registered as data provider to the VO 
(ivo://km3net.org)

●

Open Data Center
● Server for all “non-VO” data 

(opendata.km3net.de)
● Self-defined formats, currently hdf5 for events

Future: ESCAPE data lake in EOSC

http://vo.km3net.de/
https://www.ivoa.net/
http://opendata.km3net.de
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Example 1: CTA + KM3NeT common sources

Current material
Publication: Models of Galactic Source Emissions 
with CTA and KM3NeT (common analysis, not 
published yet), performed for 4 sources

● Paper & public git repository at same time

○ Notebooks to create pseudo data sets 
and sensitivities from IRFs

○ using gammapy & GADF
○ Pushing to Zenodo for publication

● Basis for further development also in EOSC 
future
○ Pseudodata generation for KM3NeT 

computing intensive -> environment?
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Workflow steps & Challenges

7

MC simulation of detector 
response

● TB of data
● Different neutrino 

flavours
● Different background 

models

Not (yet) public

IRFs in 
gammapy-compatible 
format (like CTA DL3)

● Effective area
● Energy dispersion
● Point Spread Function
● Background 

atmospheric muons
● Background 

atmospheric neutrinos

Public in repository
Future: python package

Generation of pseudo 
data sets from visible 
area of sources

● Assuming 10 yrs
● Maps for binned 

zenith angles and 
energy from IRFs

● Data ~1GB per 
source

Generation per source 
O(day) - notebook & 

data sets offered

Likelihood 
analysis

Scan at HPC 
with many 

jobs

Script available, 
no notebook
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For format development: VODF integration

8

VODF Steering committee

one representative per experiment, 
defining roadmap & goals

VODF Lead Editors
Format development

Documentation: 
https://vodf.readthedocs.io
Source & Community: 
https://github.com/VODF/

Conveners
Organization & 
Coordination of work

established 
2022

Validation of standardized data formats 
and tools for ground-level particle-based 
gamma-ray observatories
doi:10.1051/0004-6361/202243527

GADF @gammapy

Models of Galactic Source Emissions 
with CTA and KM3NeT (in preparation)

From IVOA interop

https://vodf.readthedocs.io
https://github.com/VODF/
https://doi.org/10.1051/0004-6361/202243527
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EOSC Future: Integration in VRE

9

From Misha Smirnov
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ANTARES decommissioned, 
roughly 2 decades of data

● Keep legacy data sets
○ Fully reconstructed events 

(data productions)
○ Corresponding Monte Carlo 

simulations
○ Acoustic data

● Ensure access to data 
through KM3NeT 
computing facilities

● Provide high-level data in 
data format with current 
standard

Example 2: ANTARES legacy data

10
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Current status of ANTARES data

11

Data available on webpage as plots, “send e-mail”
-> integrated in current status of OS system

https://antares.in2p3.fr/data/
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get as table

Information is provided via ODC as 
annotated text files, containing

● extended header with content identifier
● tabulated data (e.g. bin content, 

function values …)
● ready for use in python environment 

get as dataframe get as plot get metadata

Example: Effective 
area for ANTARES 
2007-17 Point 
Source search

“Old” ANTARES data in the KM3NeT OS system

12
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Short aside: Data management plan as tool for all

13

Using the DMP as tool to develop strategy and 
include basic setup of data dissemination

● First DMP defined in 2017 in INFRADEV 
project

● Outline of old DMP following Horizon 
2020 DMP Template (partially useful)

● Having review process in 2023 to rewrite, 
with external review panel

What is the purpose of the exercise for us?

● Use as reference document for
○ Resource requests at HPCs
○ Future requests for HR
○ Internal development strategy

● Illustrating
○ Data types and volumes
○ Integration of computing sites
○ High-level interfaces
○ Management strategy
○ Resource requirements (Computing 

& HR)

https://drive.google.com/file/d/1Sql2J82nncrsPW9tEt7QDvsj3tsrtFs7/view?usp=drive_link
https://drive.google.com/file/d/1Sql2J82nncrsPW9tEt7QDvsj3tsrtFs7/view?usp=drive_link
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Summary

Requirements for making neutrino data available

● Neutrino event lists can (more or less) easily (VOTable) be provided BUT
○ accompanied by IRFs -> proper linking needed

● For the future: Backlink to full data sets and MC simulations

● For specific analysis targets: “preprocessed” material (like pseudo data sets)

● Further processing from IRFs needed to make data well usable
○ Needs example workflows
○ Needs larger computing resources

14
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Comparing CTA and KM3NeT IRFs: Effective Area

16

KM3NeT

CTA
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Energy Dispersion

17

KM3NeT

CTA
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Point Spread Function

18

KM3NeT

CTA



08,70

06,00

05,00

00,00

07,70

08,90

15
,5

0

00
,3

0

00
,3

0

15
,5

0

High-energy neutrino data, J. Schnabel, Paris, 28/06/2023

Background

19

KM3NeT CTA
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● Running server with DaCHS software

● Registered as data provider to the VO 
(ivo://km3net.org)

● Can publish data sets to the VO registry - done with 
Antares 2007-2017 data

● Data accessible through widely used tools in 
astrophysics (Aladin, Topcat …)

Virtual observatory server
http://vo.km3net.de/

Current status on VO-compliant data

20

http://vo.km3net.de/
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Providing detector response functions
● Detector responses for full detector created as ROOT-Files with 

histograms from simulation sets

● separated for different neutrino types with a generic flux model

● relying on a fixed preselection of data (cut levels)

● shown as function of energy and zenith/azimuth

Event Rate Calculator
● Webservice based on IRFs

● returns effective area and number of events over energy for given 
declination, flux and source type (diffuse / point source)

● currently only as (inofficial) web display, no API
Event rate calculator
https://www.nikhef.nl/~7Et61/aeffwe
b/

IRF service in KM3NeT

21

https://www.nikhef.nl/%7Et61/aeffweb/
https://www.nikhef.nl/%7Et61/aeffweb/

