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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 Astronomy

Cherenkov
Imaging
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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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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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Data Processing Pipeline

 Open observatory
 Must ensure that data processing is

traceable and reproducible (A-USER-0110)
 Inform user on processing steps performed
 Link to progenitor to regenerate data

(DL3 to DL4)

 Identify how a data product was produced
⇒ Provenance

 Identify what detailed options were used
⇒ Configuration

Calibration
(per telescope)

Reconstruction
(shower)

Analysis
(science preparation)

Data product
generation

DL1

DL2

DL3

DL0

DL4

Acquisition/
Simulations
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High level data model

 Defines structure of services, content and context of data
 Can be seen as a global interface
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High level data model

 Proposals → Targets + requirements and constraints
 Scheduling Blocks 

(sequence of observations planned for a given Target)
 Observation Blocks

(effective start and stop times with a given configuration)
 ObsConfig

 Defines sky positions (set of coordinates), strategy, sub-array,
type of observation, pointing and trigger modes...

 InstrumentDescription
 Static part of the ObsConfig → simply point to a description file
 SubArray: fixed set of telescopes, list of active telescopes

 Acquisition
 Raw Data then processed to higher Data Levels
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Acquisition as a stream of  data
 Scheduling Blocks (SB) definition

 a unit of observation that includes all necessary calibration
observations/procedures for the Observatory and the Guest
Observers needed for reduction and analysis. They include
descriptions of configurations and calibrations.

 Observation Block (OB) definition
 a part of the acquisition data stream with a start time, a stop time

and a persistent unique identifier. An OB uses one and just one
ObsConfig (sky position, sub-array, pointing mode, ...).

 Time Intervals (TI) definition
 a part of an OB with a start time, a stop time, and common

characteristics (slewing, calibration, high background, ...). Different
TIs could require different processing or extra MC simulations.
TIs may be defined from a list of events occurring during the OB,
e.g.: start slewing, stop slewing, hardware failure, high trigger rate
suggesting high NSB...
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Acquisition as a stream of  data

Stop
slewing

High night sky
background

Start
slewing

Change
ObsConfig
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Proposal and Targets
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ObsConfig and InstrumentDescription
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Acquisition and Data Processing
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Extended ObsCore fields for CTA
 Optional ObsCore fields:

 dataproduct_subtype: show DL0-5?
 obs_release_date
 data_rights (Public/Secure/Proprietary)
 s_resolution min, s_resolution max (as it is dependent on energy)
 proposal_id

 ObsConfig (project specific):
 site: North or South site.
 sub_array_name (or directly in instrument_name)
 pointing_mode: parallel, divergent, convergent, custom...
 obs_mode: wobble, scan, on, off
 obs_type: flatfield, science, SPE…

 Provenance keywords (project specific):
 data_quality: flag giving information on the data quality
 calib_version: version of the calibration stage of the Pipeline
 reco_version: version of the reconstruction stage of the Pipeline
 reco_method: reconstruction method used to obtain DL2 data
 applied_cuts: selection criteria used to obtain e.g. a DL3 photon event list
 spectral_model: spectral model assumed to obtain spectrum
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Data mining use cases for CTA
Use case Description

Cone Search Search data available for a given Target

ObsCore search Search data available 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 available 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 available 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 available 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 Data 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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Provenance from W3C PROV

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”.

https://www.w3.org/TR/2013/NOTE-prov-overview-20130430/
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IVOA Provenance
http://www.ivoa.net/documents/ProvenanceDM/

http://www.ivoa.net/documents/ProvenanceDM/
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IVOA Provenance data model

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

Link with Activity
configuration
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Example 1: analysis step with OPUS
 OPUS (Observatoire de Paris UWS Server) is a light job controller for

the Paris Observatory work cluster developped in Python :
https://github.com/ParisAstronomicalDataCentre/OPUS

 Follows the IVOA UWS pattern
 REST web service
 Job definition editor
 Job manager

 Stores job properties (start, stop time…)
 Parameter also kept
 Access to results
 Visualization of logs and Provenance information

https://github.com/ParisAstronomicalDataCentre/OPUS
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Collecting Provenance information

 Using UWS
 Database

 Jobs
 Parameters
 Results

 Need a job
description
to expose
Provenance
information

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

http://www.ivoa.net/documents/UWS/
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ActivityDescription serialization
 VOTable based on Datalink service descriptor

 Adding information on used/generated entities
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Provides Provenance files

UWS
database

Activity
Description

(VOTable)

Provenance
Files

(VOTable, XML, 
JSON, SVG)

+ =
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prov and voprov packages

 prov Follows the W3C standard
 voprov adds VOTable and ActivityDescription features

See on Github
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Output files (PROV-XML and PROV-JSON)
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VOTable serialization
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Example 2: CTA 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


28Mathieu Servillat (Obs Paris) CTA Data Diffusion 22 Mar. 2017

Provenance class for ctapipe

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

versions
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Manipulating Provenance

Storing Provenance:
 Write to files
 Store with data product (header, fits-plus...)
 Store in a database (using data model)

Retrieving Provenance:
 Request Provenance path

 From files
 From database (API)

 Search data products based on Provenance
 A given Activity was performed (with given version)...
 A given input parameter was set to...
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Next steps

 High level data model to be completed
 Interactions with CTA working groups

 Use ProvenanceDM to define a database
 UWS pattern
 Project specific

 I/O package for this database
 Using descriptions: activity/data/parameters
 Based on prov: voprov

 Will be included in the CTA framework
 ctapipe project in Python
 Fills the Provenance info from DL0 to DL3
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