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The Cherenkov Telescope ArrayObservatory (CTAO)
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Cherenkov Astronomy
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The Cherenkov Telescope Array
CTAO Telescopes in Southern Hemisphere RenderingCredit: Gabriel Pérez Diaz (IAC)/Marc-André Besel (CTAO)/ESO/ N. Risinger (skysurvey.org)

CTAO Northern Hemisphere Array Rendering - Credit: Gabriel Pérez Díaz, IAC

• Next generation ground-based gamma-rayobservatory• More than 60 telescopes(4m to 23m)• South: 150 GeV to 300 TeV• North: 20 GeV to 5 TeV

https://www.ctao.org
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Cherenkov Telescope observations

Credit: R. White (MPIK) / K. Bernlohr (MPIK) / DESY

• Detection of "events"
• Each event is probably due tothe interaction of a particle(photon, hadron, lepton) in theupper atmosphere (10 km altitude)
• This interaction emitsCherenkov light for a few ns
• Indirect detection
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High Energy Astrophysics
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Several orders of magnitude - Event counting→ Event lists (coordinates, time, energy)

+ multi-messenger data (photons, cosmic rays, neutrinos, gravitational waves...)

VHEHE



Data processing for imaging Cherenkov data
Data Level 3 (DL3) event lists

● TeV “candidate” photons(coordinates, time, energy)
● Low count statistics
● High background

Science products (DL5):
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CTAO and the VO
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The FAIR data principles. Image: https://book.fosteropenscience.eu/

Open Science and data management

https://www.go-fair.org/fair-principles
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A long way...
It’s a Long Way... from Private Ground-based Gamma-ray
Data to Public Release: Open-data, Open-source Tools,
First Real TeV Data Release from H.E.S.S.
[C. Boisson et al. 2020, ADASS XXVII Santiago, ASPC 522 497B]

● Imaging Atmospheric Cherenkov Telescopes
● Gamma data format initiative
● Open tools for analysis
→ A story of the relations

between Cherenkov observatories and the IVOAvia European projects

2012-2014

2015-2019

2019-2023
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A long way…
● Provenance of astronomy data products

○ Complex data processing, assumptions, statistics...
○ CTAO as a major use case
○ Several OV-France workshops
○ IVOA Provenance Data Model v1.0

● OSTrails : Plan-Track-Assess and Open Science
○ CTAO as a sub-pilot (see B. Cecconi presentation)
○ maDMP, SKG, FAIR assesment

● High Energy in the VO
○ Role of OV-France, workshops
○ Creation of an IVOA Interest Group in 2025
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First HE dedicated workshop
● October 2022 in Strasbourg

○ https://indico.obspm.fr/event/1489
● Continue activities of the ESCAPE European project thatfocused on High Energy Facilities (2019-2023 H2020 project)
● Bring together representatives of high energy observatories

(VHE, HE, GW, neutrino)
● Presentations of HE observatory operations and data:

○ CTA (Mathieu Servillat)
○ Ligo Virgo Kagra (Pierre Chanial)
○ Neutrino (Damien Dornic)
○ XMM & SVOM (Laurent Michel)
○ GADF/VODF (Bruno Khelifi)
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HE meeting at IVOA Interop
● May 2023 at the IVOA Bologna

○ Dedicated talk at the DM session by M. Servillat:
■ https://wiki.ivoa.net/internal/IVOA/IntropMay3023DM/2023-05-11_IVOA_meeting_-_VOHE.pdf

○ Fruitful splinter IVOA meeting

● Creation of HE “Club”
○ IVOA mailing list and wiki page

■ https://wiki.ivoa.net/twiki/bin/view/IVOA/HEGroup
○ Several online meetings

■ IVOA data models (cube, dataset)
■ Detailed of HE data, with a focus on Instrument Response Functions
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● June 2023 in Paris
○ IVOA standards forHigh Energy Astrophysics
○ https://indico.obspm.fr/event/1963

● Review of documents since 2021
● Focus on user scenarios in HE

○ Access and Analysis of HE data
○ Used IVOA standards
○ What specific developments are needed

● Prepare an IVOA Note to justify a HE Interest Group
○ https://github.com/ivoa/HighEnergyDataNote

Second HE workshop enlarged to IVOA
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IVOA High Energy Interest Group (HEIG)
• HEIG web page: charter & meeting notes

• Official IG created at the Malta IVOA meeting in Nov 2024
• https://wiki.ivoa.net/twiki/bin/view/IVOA/HEGroup

• High Energy IVOA Note v1.0
• Servillat et al. 2024 (with ~16 co-authors from ~10 Institutions)
• https://www.ivoa.net/documents/Notes/VOHE

• Focus
• Event-list level data access in the VO, and description
• ObsCore extension for HE astronomy
• Alerts and Time Domain relations (VOEvent)

• Next Workshop: 29-30 April 2025 in Paris !
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IVOA standards, from TAP to Provenance,for Cherenkov Astronomy
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FAIR data management for Cherenkov Astronomy ?
FAIR high level data for Cherenkov astronomyServillat, Boisson, Fuessling, Khelifi, ASPC 2021https://arxiv.org/abs/2201.03247

Re-usable vs Re-producible
● Totally different concepts
● Trust is key:

● licences, certifications
● metadata and provenance!

● Also: Re-executable

FAIR solutions for a science platformto analyse Cherenkov data onlineServillat, Boisson, Kornecki, ASPC 2023Link to poster
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F = Findable
    International Virtual Observatory Alliance (IVOA) standards tailored to make data findable:

● IVOA Observation Data Model Core Components (ObsCore)[link to IVOA REC] → adapted to Cherenkov data
● IVOA Table Access Protocole (TAP)[link to IVOA REC]
● Deployed service at ObsParishttps://hess-dr.obspm.fr
● Registered in the VO Registry via PADC(Paris Astronomical Data Centre)

→ Data widely findablee.g. Aladin, TOPCAT, TapHandle, PyVO…+ dedicated web pages
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F = Findable : generation of an ObsCore Table
Module ivoa.py now included in GammaPy
Export of the DataStore into an IVOA ObsCore tablewith proper metadata to build an IVOA TAP service
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A = Accessible
● IVOA ObsCore access_url

○ Direct download link to the FITS file
● IVOA DataLink:

○ URL returning a list of connecteddataset and services
○ Access to different storage services
○ Access to analysis services, previews

● Access rights
○ Public data: no restrictions
○ Anticipating need for permissions:

■ PI proprietary period
■ Federation authentication
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IVOA HiPS (Hierarchical Progressive Survey) – here from Fermi
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IVOA Registry (search for distribution services)
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IVOA ObsCore description obtained via IVOA TAP
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IVOA ObsCore access_url (or DataLink)
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IVOA MOC (Multi-Order Coverage map)
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I = Interoperable

A community initiative to define common dataformats for gamma-ray astronomy based on FITShttps://vodf.readthedocs.iohttps://gamma-astro-data-formats.readthedocs.io
● Includes formats for: event lists, effective area,energy resolution, point spread function,instrumental background…
● More and more used by current instruments:Fermi-LAT, HESS, VERITAS, MAGIC, FACT, ...

[A&A 625, A10, 2019] [A&A 632, A72, 2019] [A&A 632, A102, 2019]

Open-source Python package (Astropy affiliated
package)

● Core library for the Science Tools of CTA
● Used in the analysis of existing gamma-ray

instruments, such as H.E.S.S., MAGIC,
VERITAS, HAWC...

FAIR4RS: FAIR Principles for Research Software
→ https://doi.org/10.15497/RDA00065
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From F-A-I to FAIR
F-A-I

● Use the Virtual Observatory standards, protocols and services
● Define community standards where required
● To be discussed soon in projects, but technical solutions exist

Reusability?
● Based on the quality / reliability / trustworthiness of the products
● What calibration was applied? What tools were used and how?What assumptions were made during the data preparation?
● Sustainability: with time, key information may disappear...

Provenance information as an answer to reusability
● Need for the origin, trace, and detailed manipulations
● Need to structure this information
● Need to keep it and link it to the data→ IVOA Provenance standard data model!

https://www.ivoa.net/documents/ProvenanceDM/
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IVOA Provenance Data Model story
https://wiki.ivoa.net/twiki/bin/view/IVOA/ObservationProvenanceDataModel

https://wiki.ivoa.net/twiki/bin/view/IVOA/ObservationProvenanceDataModel


CTAO Master Configuration Data Model Servillat et al. 2019 (link)
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IVOA Provenance (Processing)

IVOA ObsCore metadata

IVOA Provenance (Last-step)CTAO Top-level Data Model
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Implementing the IVOA standards
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CTAO web portal prototypes
Cherenkov Data Explorer• FastAPI + React.js using PyVO package• Metadata hosted by VO compatible DaCHS server
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Online data analysis in the VO
OPUS

OP UWS Service (OPUS at Observatoire de Paris)• Flask/Bottle.py, Bootstrap, SLURM cloud• https://voparis-uws-test.obspm.fr – [ADASS XXX proceedings]• Based on IVOA UWS (Universal Worker Service Pattern)• Connection to IVOA Provenance
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Thank you for your attention !
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