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• Detection of γ-rays covering 
several orders of magnitude in 
energy (~ 0.1 to 100 TeV) 

• Indirect observation via  
Cherenkov light (particle shower) 

• Event counting 

• Low count statistics 

• High background 

• CTAO: Cherenkov Telescope Array 

• Big data era (PB of data per year)



Open Science
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• « Make scientific research 
accessible to everyone for the 
benefits of scientists and 
society as a whole » [UNESCO] 

• FAIR principles for data access 
[Wilkinson et al. 2016] 

• International Virtual 
Observatory Alliance (IVOA) 

 
See e.g. [Servillat et al. 2022] 
"FAIR high level data for Cherenkov astronomy"  
ADASS XXXI, ASP Conference Series

https://www.unesco.org/en/open-science/about
https://www.nature.com/articles/sdata201618
https://hal-obspm.ccsd.cnrs.fr/obspm-03516688


Cherenkov data preparation
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• Data Levels (DL) 
From camera to science 
data products 

• Event lists (DL3) 
(coordinates, time, energy)  

• Requires: 
• Calibration 

• Reconstruction 

• Filtering 

• Instrument Response 
Function (IRFs) needed 
for DL3
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Associated metadata
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Description of data, assumptions 
and context of observations 

• IVOA ObsCore 
spatial coordinates, time, energy… 
[IVOA Recommendation, Louys et al. 2017] 

• High Energy specific [IVOA HEIG] 
counts, instrument modes, IRFs 

• Cherenkov specific 
atmosphere, statistics, filtering, analysis 

• IVOA Provenance 
due to complex data preparation 
[IVOA Recommendation, Servillat et al. 2020] Context and Reference metadata (provenance) 

that will be included in each CTAO data product 
(credits: Karl Kosack and CTAO Data Model group)

https://www.ivoa.net/documents/ObsCore
https://wiki.ivoa.net/twiki/bin/view/IVOA/HEGroup
http://www.ivoa.net/documents/ProvenanceDM


IVOA High Energy (HE) Interest Group
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• Formed in 2024 (IVOA Malta) 
after several dedicated meetings 
(PADC, OV-France, IVOA) 

• Different HE observatories 
represented 
X-ray, γ-ray, Cherenkov, neutrinos… 

• Commonalities for data 
dissemination and analysis 

• Current work on ObsCore 
extension for HE astrophysics

[Servillat et al. 2024]

Work in progress

https://www.ivoa.net/documents/Notes/VOHE/
https://github.com/ivoa/HighEnergyObsCoreExt


HE ObsCore extension
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• (Re)define data product types: 
• event-list (instead of event) 

• event-bundle 

• response-function 

• … 

• Discuss ObsCore attributes 

• Propose new attributes 

• Evolution of UCD list 

• DataLink with content_qualifier 

• Use cases



VO Services  
for Cherenkov data
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• Provide web access endpoints  
for metadata 

• Following IVOA standards 

• Query Processor 

• DaCHS software [Demleitner et al.] 

• Resource descriptor 

• Described metadata 
(UCDs, units…) 

• Ensures Interoperability

Web Portals 
VO compatible tools 
Scripts (PyVO, …)

Ingestion of metadata  
from data products

Data 
Storage

https://docs.g-vo.org/DaCHS/tutorial.html


H.E.S.S. DL3 Public data
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• Published in the VO 
https://hess-dr.obspm.fr/ 

• Simple Cone Search service 

• ObsCore table 

• Including HE extension fields 

• FITS GADF header 

• DataLink service 

• #this —> event-list 

• #calibration —> IRFs 

• #package —> event-bundle 

https://hess-dr.obspm.fr/


CTAO Science Portal
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SUSS (Science User Support System) 

Portal objectives and use cases: 

• Get documentation and links (UC1) 

• Authentication and Authorization (UC2) 

• Find data (UC3) 

• Download data (UC4) 

• Process data (optional) 

• Interactive analysis (UC5) 

• Batch mode analysis (UC6)



Web development tools
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• FastAPI: speed, flexibility, and modern 
features like async functions 

• Postgres with SQLAlchemy:  
Non private user info and history 

• Redis: Cache app and user data, session id 

• Authlib with FastAPI Users: OpenID Connect  

• React.js:  
Interactive, responsive user interface. 

• Aladin Lite: A sky atlas to show targets 

• Plotly: Visualisation library 

• Bootstrap: Navigation and style of frontend 

• PyTest: Testing the backend 

• Prometheus & Grafana:  
Monitoring production & staging with metrics

Backend

Frontend



Searching data
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• Cone Search 
RA/Dec or galactic coordinates 
Resolve object via SIMBAD/NED 

• Time Search 
Different time fields (Gregorian, MJD, MET) 
Auto conversion 

• Energy Search (TeV) 

• Observation and Context 
• Proposal ID 
• Tracking type/mode: Sidereal 
• Pointing mode: Parallel 
• Observation mode: Wobble, On/Off… 
• Scan mode (similar to Radio extension) 
• Analysis mode 
• Moon level / Sky brightness: None, Dark, Moderate 

• More criteria to come 
• Dataproduct type (images, spectra…) 
• Data Level (DL3, DL4...) 
• Science Target ID 
• Object type 
• Average azimuth, elevation 
• Livetime 
• Quality



Viewing the results
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• Visualisation:  
Sky map with markers  
Timeline 
Electromagnetic range 

• Results Table:  
Metadata (ObsCore extended) 
Buttons to add to Basket 
Download / DataLink services 

Add to a selection basket
Download / DataLinks

Visualise field of view 
on a Sky Map

Visualise 
Timeline



For logged-in users
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• Authentication 
OpenID Connect standard 
CTAO IAM for Identity Management  

• Query Store 
History of queries & results 
Traceability 

• Baskets 
Selected Datasets 

• Basket Preview 
- via asynchronous job 
- using IVOA UWS standard 
- traceability of jobs (provenance) 
   [OPUS software]

—> Assess the relevance of the basket

https://opus-job-manager.readthedocs.io/


Monitoring & Testing
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• We expose app metrics to 
Prometheus and visualize them 
in Grafana for live health, 
latency, and errors 

• Using Pytest, we validated 
auth/session lifecycle, query-
history writes, basket flows, and 
UWS job utilities end-to-end, 
catching regressions with 
minimal fixes

Traffic & health: requests and their status

Latency for TAP/SIMBAD/OPUS requests

Redis cache footprint over time



Observatoire de Paris – PSL

Cherenkov Data Access
• Based on standards for Open Science 

and IVOA standards 
• Next steps: 

• Extend form with additional query criteria 
• Improve job previews for users 
• Integration to the CTAO Portal and Archive 

• Open Source: MIT License 

• GitHub:  
https://github.com/aopy/ctao-data-explorer  

• Documentation:  
https://aopy.github.io/ctao-data-explorer   

https://github.com/aopy/ctao-data-explorer
https://aopy.github.io/ctao-data-explorer

