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Very-high energy Gamma-ray Astronomy
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Mitchell 2021 (arxiv:2109.13753)

T. Kleiner for the VERITAS Collaboration (2024)
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The VERITAS Observatory
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The Very Energetic Radiation Imaging Telescope Array System 



VERITAS Collaboration
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In operation since 2007: collected more than 20,000 hours of observations 
How to ensure long-term access to VERITAS data?



VERITAS Data levels and data products
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Nigro, C., Tarek, H, Olivera-Nieta, L. 
(2021) 

• Ideally all data and software should be public  
(but infrastructure, collaboration effort, property rights, funding of 
data preparation) 

• Data and software interlinked and hard to separated. 
• Data processing chain developed in 2003-2005  
• Findable, Accessible, Interoperable, Reusable



VERITAS DL0 - Raw data.
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Nigro, C., Tarek, H, Olivera-Nieta, L. 
(2021) 

• Proprietary data format (VBF) internal 
• MC Simulations: software plus containers public  
• Calibration/instrument configuration: mySQL DB internal 

• Data: 1.5 PB at UCLA; simulations: 500 TB at DESY/NERSC internal

https://github.com/VERITAS-Observatory/VTS-SimPipe


VERITAS DL1 - Images
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Nigro, C., Tarek, H, Olivera-Nieta, L. 
(2021) 

• Calibrated images and image parameters (ROOT-format) 
• Reconstruction code Eventdisplay public 

• Code, containers, scripts, workflows, configuration files 

• DL1 from data (stored at UCLA and DESY): ~50 TB internal 
• DL1 from simulations (stored at DESY): ~250 TB internal

https://github.com/VERITAS-Observatory/EventDisplay_v4


VERITAS DL2 - Showers
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Nigro, C., Tarek, H, Olivera-Nieta, L. 
(2021) 

• Shower parameters (ROOT-format) 

• DL2 from data (stored at UCLA and DESY): 10 TB  internal 
• DL2 from simulations: not stored transient



VERITAS DL3 - Events and response functions
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Nigro, C., Tarek, H, Olivera-Nieta, L. 
(2021) 

• Community standardized data format implemented as FITS. public 
• Event lists, instrument response functions 

• Community developed science software (gammapy); software for CTAO. public 
• Converters from internal VERITAS format to DL3-FITS. public 

• DL3 for data: ~ 4GB per gamma/hadron cut (5-7 cuts). internal 
• “Internal publication” in private Zenodo repository in progress.  almost (!) public
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Data formats for gamma-ray astronomy GDAF

• Community developed data format 
• Close to NASA / OGIP / HEASARC FITS standards 

• Per observation (run) 
• Tables 

• Event list with energy, direction, time, gamma/hadron separator 
• Instrument response functions (effective areas, energy / angular 

migration matrix, background) 
• Good time intervals 

• Header 
• Data quality information (e.g., weather, rates) 
• Metadata (including pointing)
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250 kB per observation including all necessary information 
for a gamma-ray analysis
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VERITAS DL3 - Metadata
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Try to be as generous as possible 
In terms of what data required for data 
quality selection might be required



VERITAS Catalogue VTSCat - DL4
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Nigro, C., Tarek, H, Olivera-Nieta, L. 
(2021) 

• Science products consist of spectra, light curves, sky maps, … 
• every single result of VERITAS is available in machine readable format  
• VERITAS Catalogue VTSCat. public 
• Simple human-readable text files in (e)CSV and YAML 
• (Not a catalogue)

Paper: https://arxiv.org/pdf/2301.04498 
HEASARC: https://heasarc.gsfc.nasa.gov/W3Browse/veritas/verimaster.html 
Zenodo: https://zenodo.org/records/8386703 
GitHUB: https://github.com/VERITAS-Observatory/VERITAS-VTSCat

https://arxiv.org/pdf/2301.04498
https://heasarc.gsfc.nasa.gov/W3Browse/veritas/verimaster.html


VTSCat Example
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https://github.com/gammapy/gamma-cat
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Conclusions - VERITAS Data Publication

• Notable progress in publication of data and software. 
• Prepare most data/software for data publication (even without 

decision on publication) 

• Long-term software and data preservation challenging for 
data from “old” collaborations.  
• Drain of expertise. 
• Cases of unclear licenses. 
• Data not free of systematics and expert knowledge hard to replace. 

• CTAO is a driver for the development of community 
standards.  
• Simplification of data analysis for newcomers.
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