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Archiving data from a software telescope
Catherine Boisson, Mathieu Servillat 
Observatoire de Paris

Travail historique d'un groupe de personnes sur plusieurs instituts 
(OP, CDS, LUPM, CEA) 











 



The case of 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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RX J1713.7-3946
Nature 432 (2004) 75

PKS 2155-304
ApJ 664 (2007) L71-L74

A&A 437 (2005) 95-99
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Not pixels but assymetric 
energy bins

Only a few hours of useful data  
summed over a long time

Complex info to be stored for high level data to be fully understood 

H.E.S.S.  AGN  - DL5 - IVOA spectral DM ?
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IVOA DMs
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● No standard yet to archive high level high energy astronomical data
○ SSAP protocol defines a uniform interface to remotely discover and access simple 1-dimensional spectra 

→ OGIP standard PHA format of X-ray spectra not accepted, so difficult for VHE
○ Spectral Data Model does not describe completely the HE data
○ HE spectra are not physical units but in instrument counts - calibration needed and a model should be 

assumed to obtain a spectrum in physical units
○ missing keywords (Utypes) to the Spectral Data Model to describe High Energy astronomical data: e.g. 

calibration version, model used to extract spectrum, PSF instead of aperture model, time boundaries of 
observation together with live time

● Not initially foreseen by IVOA 

○ DL3 : event list + IRFs

● ObsTAP 
○ makes it possible to discover and access the whole dataset of the observation
○ But doesn’t access the calibration files needed for the analysis





DL3 metadata and  IVOA standard data models

● DL3 files in FITS format

– EVENTS frame ( time, sky position, energy)

– Additional frames
● TELARRAY : list of telescopes
● GTI : Good Time Intervals (list of start and 

stop)
● POINTING : time stamp with pointing position 

in different coordinate systems

– Some metadata
● obs_id 
● Telescope type list
● Start, stop times

● mean zenithal angle, pointing
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● IRF files

– From simulations

● Aeff : effective area

● Edisp : energy dispersion

● Psf : point spread function after reconstruction  
(variation function of t, E, position across image)

– From observations

● bkg estimation of the hadronic background noise

● Index of observations

– Collections are stored on disk for gammapy DataStore

– obs-index et hdu-index tables per data subset

– Contain characteristics for requests and data selection

Explore existing metadata descriptions to map to ObsCore metadata
Identify data descriptions uncovered by IVOA data models at the time
—> proposition for updates



● What scientists generally have in mind:

A provenance management system
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VO access to H.E.S.S. public data  
Virtual Observatory (VO) standards tailored to make 
data findable:

● H.E.S.S. experiment first public data release
→ https://zenodo.org/record/1421099 

● VO ObsTAP Service implemented at the 
Observatoire de Paris:

○ IVOA Observation Data Model Core Components 
(ObsCore) [link to IVOA REC]

→ adapted to Cherenkov data
○ IVOA Table Access Protocole (TAP) [link to IVOA REC]

○ Registered to the VO Registry via PADC 
(Paris Astronomical Data Centre) 

● Data widely findable
○ e.g. Aladin, TOPCAT, TapHandle, PyVO…
○ + dedicated web pages
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https://hess-dr.obspm.fr 

Aladin

TapHandle

TOPCAT

https://zenodo.org/record/1421099
https://www.ivoa.net/documents/ObsCore
https://www.ivoa.net/documents/TAP
https://hess-dr.obspm.fr/


Obtaining the data

● ObsCore access_url
○ Direct download link to the FITS file
○ IVOA DataLink (to be implemented):

■ Associated calibration data
■ Service that packages the requested 

collection of data + calibration for 
analysis

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

■ PI proprietary period
■ Federation authentication
■ e.g. IAM ESCAPE service

→ https://indigo-iam.github.io/escape-docs 
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 Accessible :

DL3 event list directly opened in Aladin
(each black dot is an event)

https://indigo-iam.github.io/escape-docs


Common data format and FAIR software

https://gamma-astro-data-formats.readthedocs.io
A community initiative to define common DL3 data 
formats for gamma-ray astronomy based on FITS

● Work and discussions in progress 
● Includes formats for: event lists, effective area, 

energy resolution, point spread function, instrumental 
background

● A prototype data format for CTA 
● Used for the H.E.S.S. public data release
● Partially in use by current instruments:

Fermi-LAT, HESS, VERITAS, MAGIC, FACT, ...

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

● 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 

● ESCAPE OSSR: open-access repository to share 
scientific software and services
→ https://escape2020.pages.in2p3.fr/wp3/ossr-pages   
→ [ADASS XXX poster]

→ [ADASS XXX poster]
→ https://gammapy.org 

https://gamma-astro-data-formats.readthedocs.io/
https://ui.adsabs.harvard.edu/abs/2019A%26A...625A..10N/abstract
https://ui.adsabs.harvard.edu/abs/2019A%26A...632A..72M/abstract
https://ui.adsabs.harvard.edu/abs/2019A%26A...632A.102K/abstract
https://doi.org/10.15497/RDA00065
https://escape2020.pages.in2p3.fr/wp3/ossr-pages
https://schedule.adass2020.es/adass2020/talk/UK9LAW
https://schedule.adass2020.es/adass2020/talk/XCQ3KB
https://gammapy.org/


Provenance 
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● Complexity in the detection process
○ need structured and detailed provenance information
○ Provenance information of data products are necessary to the user to perform a correct scientific 

analysis
○ capture of relevant provenance along the processing/analysis workflow

● Provenance concepts are relevant for different aspects of CTA
○ Data diffusion: the data products have to contain all the relevant context information with the 

assumptions made as well as a description of the methods and algorithms used during the data 
processing.

○ Pipeline : the CTA Observatory must ensure that data processing is traceable and reproducible.
○ Instrument Configuration : the characteristics of the instrument at a given time have to be available and 

traceable (hardware changes, measurements of e.g. a reflectivity curve of a mirror, …)

●  To be studied :

○ chaining, concatenation provenance: DL0 -> DL5
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Entity

Activity

Usage Generation

Communication

Derivation

Agent

Association

Attribution

http://www.w3.org/TR/prov-overview

Provenance glossary : designed around 3 poles
 Reusable :

Prov Speaking: we want to describe the activities leading to the entities

http://www.w3.org/TR/prov-overview
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Full IVOA Provenance graph

http://www.ivoa.net/documents/ProvenanceDM 

text/plain
media-type:text/plain

■  ActivityDescription
 EntityDescription⬬

■  Configuration

■  Activity
 Entity⬬
 Agent⬟

 Reusable :

http://www.ivoa.net/documents/ProvenanceDM


Some terminology
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● full provenance: graph/tree/chain that traces activities and entities up to the raw data. This 

information is not hosted by the entities themselves, it should be stored in a central database, or 
as separate files.

● end-user/specific “provenance”: can be embedded into an entity, keywords or data that 

provides project specific key information to use/analyse the entity (e.g. for CTA: event 
class/type, telescope configuration, sky conditions, reco method...)

● last-step provenance: embedded into an entity as a list of keywords that gives some context 

and info on last activity (general workflow, software, versions, contact…), including the list of 
generated and used entity ids, so that a full provenance may be reconstructed from this minimum 
provenance.

See ADASS XXX BoF proceedings : https://arxiv.org/abs/2101.08691 

ESCAPE workshop on provenance : https://indico.in2p3.fr/event/21913/page/2641-summary  

 Reusable :

https://arxiv.org/abs/2101.08691
https://indico.in2p3.fr/event/21913/page/2641-summary


● What scientists generally have in mind:

A provenance management system
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Science portal for FAIR Cherenkov data
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● Making data FAIR requires discussions and anticipation
○ VO compliance as a requirement
○ Capture of relevant metadata along the processing

● Towards a Science portal
○ Advanced search dedicated to Cherenkov data
○ Data preview and selection
○ Online post processing (with provenance tracing!)
○ User management and space

● Test implementations
○ TAP Distiller → https://voparis-cta-test.obspm.fr 
○ OPUS → https://voparis-uws-test.obspm.fr 

→ [ADASS XXX proceedings]

○ ESCAPE ESAP (data + software + resource) 
→ [ADASS XXXI poster X0-010]

OPUS

https://voparis-cta-test.obspm.fr/
https://voparis-uws-test.obspm.fr/
https://arxiv.org/abs/2101.08683
https://adass2021.ac.za/uploads/X0-010/upload/X0-010_latest.pdf
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