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◆ Dark nights (small duty cycle)
◆ Field of view: 5-8 degrees
◆ Event Reconstruction: 

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

◆ Atmosphere = calorimetre
Simulations, assumptions

◆ Complex Metadata,
need to be structured

© DESY/Milde Science Comm./Exozet 

@ Karl Kosack

Cherenkov
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© DESY/Milde Science Comm./Exozet 

❖ Two arrays of 100 (South) et 20 (North) 
Cherenkov telescopes (4, 12 et 24 m in diametre)

❖ July 2015: site selection, Chile (ESO) and La Palma
❖ 2016: pre-production phase
❖ 2018-2013: production phase
❖ Observatory open to the Astronomy communityObservatory

Cherenkov Astronomy
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Very high energy (VHE) data

◆ Several orders of magnitude
◆ Photon counting
◆ Low count statistics, high background
◆ Event lists

(coordinates, time, energy)

HE

VHE

Images

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

Lightcurves

Time [min]

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

Energy [TeV]

Energy spectra

A&A 437 (2005) 95-99
Mkn 421

Cherenkov Astronomy
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Multi-wavelength analysis

Energy [TeV]

Energy spectra
Lightcurves

Time [min]
Images

CTA Event lists
(coordinates, time, energy)

Spectral Energy Distribution

Compatible data
at other wavelength?

Simultaneous
Calibrated
Specific Processing?
Context?
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Data levels and workflow

Calibration
(per telescope)

Reconstruction
(shower)

Analysis
(science preparation)

Data product
generation

DL1

DL2

DL3

DL0

DL4

Acquisition/
Simulations

Cherenkov Astronomy

Published
& Archived
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CTA Pipeline Requirements

◆ Identify how a data product was produced
⇒ Provenance

◆ Identify what detailed options were used
⇒ Configuration

◆ Open observatory
◆ Must ensure that data processing is 

traceable and reproducible
◆ Inform user on processing steps performed
◆ Link to progenitor to regenerate data

(DL3 to DL4)

Cherenkov Astronomy
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Master Configuration Data Model
◆ Defines structure of services, content and context of data
◆ Can be seen as a global interface

Provenance
Configuration
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Provenance in the Pipeline

◆ Ctapipe: a CTA data processing framework 
(prototype, not official, not recommended for use!)
https://github.com/cta-observatory/ctapipe

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

Provenance
information

https://github.com/cta-observatory/ctapipe
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Provenance class for ctapipe

◆ Importance of persistent identifiers
◆ Also records system configuration, state, and 

software versions → contextual information
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Ctapipe projects:
https://cta-observatory.github.io/ctapipe/

Ctapipe core classes:
https://github.com/cta-observatory/ctapipe/tree/
master/ctapipe/core 

Provenance notebook:
https://github.com/cta-observatory/ctapipe/blob
/master/examples/notebooks/provenance.ipynb 

https://cta-observatory.github.io/ctapipe/
https://github.com/cta-observatory/ctapipe/tree/master/ctapipe/core
https://github.com/cta-observatory/ctapipe/tree/master/ctapipe/core
https://github.com/cta-observatory/ctapipe/blob/master/examples/notebooks/provenance.ipynb
https://github.com/cta-observatory/ctapipe/blob/master/examples/notebooks/provenance.ipynb
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Additional Slides
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❖ 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

CTA Data Access Use cases

⇒ The Virtual Observatory (VO) framework is useful 
for all those use cases 
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Adding services for data manipulations

❖ ObsTAP service
➢ Generic description of CTA Datasets
➢ Include CTA specific columns in the results

❖ DataLink
➢ Attached to the results to point to additional services
➢ Service Descriptor for SODA or custom services
➢ Used by the client to propose a web form

❖ UWS
➢ Asynchronous execution of jobs
➢ Jobs sent to a work cluster
➢ Records provenance information

❖ ProvSAP and ProvTAP
➢ Exposes the provenance of a dataset
➢ Search datasets through their provenance



Mathieu Servillat  (Obs Paris) Data Access for CTA 29 Aug 2018

Science Gateway in the VO framework
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Science
ArchiveBulk

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

◆ Django, jQuery, BootStrap3
◆ Name resolver

(Simbad through Sesame)
◆ Builds and Sends the ADQL query
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Search Analyse
Authentication:

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

UWS

ObsCore fields
ADQL query

IVOA Standards
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Definition of the gammapy_maps job

OPUS
Observatoire de Paris 
UWS Server
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Submission of a gammapy_maps job
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❖ OPUS reads the ActivityDescription file to generate a form
❖ This form also carries the Datasets Obscore description
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Tracking of Provenance informations
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Results and Provenance
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Provides Provenance files

UWS
database

Activity
Description

(VOTable)

Provenance
Files

(VOTable, XML, 
JSON, SVG)

+ =
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What kind of queries for CTA?
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Use case Description
Cone Search Search data for a given Target
ObsCore search Search data corresponding to ObsCore keywords

(target_name, time interval, ...), e.g.: 
● search data for a given target at a given time
● search data in a given region of the sky 
● search data that contain events at energy higher than 50 TeV

ObsCore optional 
search

Search data corresponding to ObsCore optional keywords 
(target_class, data_rights, ...), e.g.:
● search public data for all blazars 
● search data for a given proposal_id

ObsConfig search Search data corresponding to ObsConfig keywords 
(sub_array_name, pointing_mode, obs_mode ...), e.g.:
● search data that include the Large Size Telescopes (LSTs) 
● search data for a given target, that do not include the divergent pointing mode

Provenance search Search data corresponding to Provenance keywords 
(calib_version, creation_date ...), e.g.:
● search data produced by a given version of the pipeline and for a given 

target
● search data produced using a given reconstruction method 
● search data for a given target produced with loose cuts
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CTA TAP Distiller prototype

UserVO ToolsVO Registry

TAP Server Web Client UWS Server Work 
Cluster

VO Data Access (OA)

Processing Services (OA)

High level
Data Files

Metadata

VO compliant service

Database

CTA Data Model
CTA Archive

OA CTA Observer Access
VO protocol

Data File Retrieval
(FITS/VOT files,

public HTTP/FTP)
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