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Ground based IACTs

4x12m + 
1x28m
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● Dark nights  small duty cycle→

● Event reconstruction : 

photon, particle shower, 
Cherenkov light (faint, few 
nanoseconds)

● Atmosphere = calorimeter 
Simulations, assumptions

● Complex metadata :                 
need to be structured
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Very high energy data

@ M. Servillat

Images

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

Lightcurves

Time [min]

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

VHE

HE

● Several orders of magnitude
● Photon counting
● Low count statistics, high 

background
● Event lists

(coordinates, time, energy)

Energy [TeV]

Energy spectra

A&A 437 (2005) 95-99
Mkn 421
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H.E.S.S. AGN
 

Not pixels but assymetric 
energy bins

Only a few hours of useful data  
summed over a long time
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Energy [TeV]

Energy spectra

Lightcurves

Time [min]
Images

Spectral Energy Distribution

Multi-wavelength analysis
Event lists
(coordinates, time, energy)

Compatible data
at other wavelength?

Simultaneous
Calibrated
Specific Processing?
Context?
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H.E.S.S. Galactic plane survey

HESS Collab.,  A&A 612, A1 (2018)

3000 hr of observations,3000 hr of observations,
sensitivity better than sensitivity better than 
2% of Crab nebula flux2% of Crab nebula flux

extended and point-like extended and point-like 
sourcessources
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Northern and Southern Hemisphere Site Rendering; credit: Gabriel Pérez Diaz, IAC, SMM
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CTA data access use cases

❖ The PI of a successful proposal wants to retrieve the data
➢ Simple query by obs_id (or PI name, or direct link sent to the PI)
➢ Need user authentication and authorization

❖ A CTA Science User wants to find a specific data set
➢ Complex query
➢ Using Cone Search (RA, Dec) and/or other information (time range, 

spectral range, instrument configuration, nature of the target, keywords 
in the proposal, data processing details, …)

❖ A Science User wants to gather more information on a source 
detected at other wavelengths
➢ No knowledge about CTA a priori
➢ Query limited to “generic” information sent to several archives

 ⇒ The Virtual Observatory (VO) framework is useful 
for all those use cases 
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Science Gateway in the VO framework

Science
Archive

Bulk
Archive

Science
Gateway

Browser
(query system)

Metadata

Metadata

For Archive
management

Enriched for 
complex queries

CTA Data Access

Client: submits a query
● VO tools (Topcat, Aladin, scripts…)
● Dedicated Web Client

Server: computes query results
● TAP Service
● VO Data Models (ObsCore, DataSet, ...)

○ RA  → s_ra
○ Dec → s_dec
○ obs_id, t_min, t_max, access_url, …

●  ⇒ ObsTAP Service

Protocol: standard for query exchange
● ADQL (Astronomical Data Query Language)
● TAP (Table Access Protocol)

In the Virtual Observatory Framework

Retrieval System:
● VO ObsCore access_url + DataLink
● Any service at the access_url

○ FTP, HTTP server
○ VO Space

● e.g. https://archive.cta.org/retrieve?id=###
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◆ Django, jQuery, BootStrap3
◆ Name resolver

(Simbad through Sesame)
◆ Builds and Sends the ADQL query

CTA Data Distiller   https://voparis-cta-test.obspm.fr
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◆ Shibboleth + Grouper
◆ EduGAIN federation
◆ SAML2

◆ Unity IDM
◆ Uses OpenID Connect

◆ OpenID Connect
◆ Google as an IdP

◆ OAuth2
◆ Github, Google, 

Facebook, ...

◆ OAuth
◆ Twitter, ...

◆ OpenID 2.0 (deprecated)

◆ Local account

mservillat.pip.verisignlabs.com
13

Authentication & Authorization
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Searc
h

Analys
e

Authenticati
on:
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SAM
P

UWS

ObsCore 
fields

ADQL 
query

IVOA 
Standards

CTA Data Distiller   https://voparis-cta-test.obspm.fr



15

Calibration
(per telescope)

Reconstruction
(shower)

Analysis
(science preparation)

Data product
generation

DL1

DL2

DL3

DL0

DL4

Acquisition/
Simulations
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Pipeline requirements          

◆ Identify how a data product was produced
 Provenance⇒

◆ Identify what detailed options were used
 Configuration⇒

◆Open observatory

◆ A-USER-0110 : must ensure that data 
processing is traceable and reproducible

◆ Inform user on processing steps performed

◆Link to progenitor to regenerate data
(DL3 to DL4)
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◆ C-DATA-MODEL-ALL-000050 : 
Data Model Processing history, software: The versions of the 
software release used for data taking, calibration and processing, etc of 
the data contained in a file will be stored as meta-data in the same file.

◆ C-DATA-MODEL-ALL-000052 : 
Data Model Processing history, characterization data: It will be 
possible to find the data which a file depends on, by using the metadata 
contained in the file itself. E.g. the previous data levels or the calibration 
data used to generate a file will be identifiable in this way.

◆ C-DATA-MODEL-ALL-000054 : 
Data Model Processing history, provenance: The provenance 
information of a file (creation center, creation date, etc) will be stored as 
metadata in the file. 
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  ⇒ Covered by using the IVOA Provenance data model

Data requirements
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◆ Defines structure of services, content and context of data
◆ Can be seen as a global interface

Provenance
Configuration

Master Configuration Data Model
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All you need is metadata !
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What kind of queries ?



20
W3C PROV Ontology : https://www.w3.org/TR/2013/NOTE-prov-overview-20130430/

Provenance is “information about entities, activities, and people 
involved in producing a piece of data or thing, which can be used to 
form assessments about its quality, reliability or trustworthiness”.

Provenance from W3C PROV
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Blue : W3C core components
Green : IVOA data models and concepts
Orange : Description side
Grey : relations

Link with Activity 
configuration
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IVOA ProvenanceDM: http://www.ivoa.net/documents/ProvenanceDM/

IVOA Provenance Data Model

https://www.w3.org/TR/2013/NOTE-prov-overview-20130430/
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Description of a gammapy_spectra job

http://www.ivoa.net/documents/ProvenanceDM/
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Web client working prototype
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◆ Ctapipe: a CTA data processing framework 
https://github.com/cta-observatory/ctapipe

◆ Tool Python class providing configuration, logger,metadata, 
I/O management… and Provenance information

Provenance
information

@ Karl Kosack

Provenance in the pipeline
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◆ Importance of persistent identifiers
◆ Also records system configuration, state, software versions

Provenance class for ctapipe

https://github.com/cta-observatory/ctapipe
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Behind the scene
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❖ IVOA Provenance data model (CTA is a major use case)

❖ Serialization formats (W3C compatible, JSON/XML/…)

❖ Centralized Provenance database (prototypes available)

❖ Access services (ProvDAL and ProvTAP developed within the VO)

❖ To be discussed:

➢ Definition of a dataset for CTA (events + IRF + … for DL3?)

➢ Unique identifier for this dataset?

➢ Data access queries

➢ Provenance queries and views (e.g. what prov info for DL3?)
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Science Archive and Science Gateway

• Conception of a CTA Master 
Configuration Data Model

• Containing detailed 
provenance metadata stored in 
the Archive

• Compatibility with Virtual 
Observatory standards

• Science Gateway = 
collection of interconnected 
web services with common 
Authentication/Authorization 
system

Publications

Data 
Centers

Archive

End user
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Gammapy

● Python package

● Open development on 
Github

● Currently used for H.E.S.S., 
CTA preparation and 
Fermi-LAT

● Scope: science tools
– DL3 (events, IRF,…)

– DL4 (images, spectra,…)

– DL5 (catalogs)
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It’s a long way...

●  H.E.S.S,  MAGIC & VERITAS have been operating independently for 
the last decade

● Variety of data formats and proprietary software, developed for 
each specific experiment.

● Field originally developed by particle scientists with a background 
biased towards particle physics rather than astronomy, and therefore 
with a different tradition regarding the data distribution formats.

My data are too complicated for non expert users

My institute paid for building the experiment

May be there is more to get out of my original data

Want to know what is happening to my  original data (keep an eye on 
science) 
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Open Archival Information System (OAIS)

Standard design for an archive to preserve information and make it available for a Designated Community 
(ISO 14721:2012)
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