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High Energy Astrophysics

Pulsar

Pulsar
Nebula

Supernova

Nova

Compact Binaries

Starburst

Active
Galactic Nuclei

Gamma-Ray
Burst

 Violent, transient, non-thermal
phenomena

 Matter under extreme conditions
 Particle Acceleration
 Fundamental Physics
 Role of Black Holes in the

structuration of the Universe

Cherenkov Astronomy and CTA
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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 and CTA
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Currently Operating VHE Instruments

@ Jeff Grube

Cherenkov Astronomy and CTA

MAGIC: located in La Palma, Spain
Since 2004: single 17m telescope
Since 2009: system of two 17m telescopes

VERITAS: located in Mt Hopkins, Arizona
Since 2007: four 12m telescopes
Since 2012: upgraded PMTs

H.E.S.S.: located in Khomas Higlands, Namibia
Since 2002: four 12m telescopes
Since 2012: added 32m by 24m telescope
Since 2015: camera upgrades on 12m telescopes
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© DESY/Milde Science Comm./Exozet 

 Two arrays of 100 (South) et 20 (North) telescopes
 July 2015: sites selection, Chile (ESO) and La Palma
 2016: pre-production phase
 2018-2023: production phase
 Observatory open to the communityObservatory

Cherenkov Astronomy and CTA
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CTA Consortium

 Over 1200 members
 200 institutes
 32 countries

South site

North site

Cherenkov Astronomy and CTA
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Telescope types

Low-energy section
4 x 23m (LST)

FoV: 4-5 degrees
E > 10s of GeV

Core-energy section
23 x 12m (MST)
FoV: 7-8 degrees

100 GeV < E < 10 TeV

High-energy section
30-70 x 4-6m (SST)

FoV: 10 degrees
Multi-TeV energies

Cherenkov Astronomy and CTA
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 Dark nights (small duty cycle)
 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
Principles
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Why more telescopes in an array?
 Larger collection area

for gamma-rays
 More events, more photons
 Better spectra, images,

fainter sources

 Better events
 More precise

measurements of
atmospheric cascades and
hence primary gammas

 Improved angular resolution
 Improved energy resolution
 Improved background

rejection power
@ J. Hinton

Cherenkov Astronomy and CTA
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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 and CTA

Published
(FITS)
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Reconstruction
 Hillas Parameters (1984)

 Shower images are elliptical
 A few parameters:

 Length (L) & Width (W)
 Nominal Distance (d)
 Azimuthal angle (φ)
 Orientation angle (α)
 Amplitude (size)

 Additional parameters: 
asymmetry, …

 Advanced methods
 3D model
 Fit to simulated images

L w

 d

Cherenkov Astronomy and CTA
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Analysis: producing images, spectra, light-curves

 Event lists (not necessarily gamma-rays!)

 Instrument Response Function
 TECH tables: atmosphere and data-quality

measurements, → good time intervals, ...

 Background dominated
 Even after stereo-reconstruction, hadron rejection

is not 100% efficient
 Therefore we can only talk statistically about

gamma rays!
 Use likelihood methods: model background,

source assumption, Poisson statistics...

 Source confusion
 Large PSF
 Many sources are not point-like

Cherenkov Astronomy and CTA
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Multi-wavelength analysis

Energy [TeV]

Energy spectra

Lightcurves

Time [min]
Images

Event lists
(coordinates, time, energy)

Spectral Energy Distribution

Compatible data
at other wavelength?

Simultaneous
Calibrated
Specific Processing?
Context?

Cherenkov Astronomy and CTA
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Data diffusion for CTA

Virtual
Observatory
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 European Commission's Horizon 2020 framework

 ASTERICS aims to address the cross-cutting synergies and common
challenges shared by the various Astronomy ESFRI facilities
(E-ELT, CTA, SKA & KM3NeT)

 Work Package 4: Data Access and Data Interoperability (DADI)
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Where CTA meets VO

 CTA Data Model 
 Compatibility with DatasetDM, ObsCoreDM…
 Development of ProvenanceDM

 Data Diffusion
 Compatibility with VO protocols (e.g. TAP)

 Data Processing
 Use of a work cluster with UWS pattern
 Store/retrieve Provenance metadata

 Data Access
 Authentication & Authorization solutions
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VHE Data Access

Initial developments
 High level VO data access prototypes
 H.E.S.S at Observatoire de Paris:

http://hess.obspm.fr/ 

 MAGIC at IFAE Barcelona:
http://vobs.magic.pic.es/

 VO standards vs VHE data?
 Complex hierarchy of related products
 Complex metadata to be structured
 Queryable metadata ?

CTA data access prototype
 CTA data model implementation
 Test VO compliance

http://voparis-cta-test.obspm.fr

http://hess.obspm.fr/
http://vobs.magic.pic.es/
http://voparis-cta-test.obspm.fr/
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VO data diffusion 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)

b

a2 a1

a3 c1
a0

c2d

f

g1 g2

i2

i1

i3

Archive

e

j

h
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Web client             http://voparis-cta-test.obspm.fr

 Django, jQuery, BootStrap3
 Name resolver

Simbad through Sesame
 Builds and Sends the ADQL query
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SAMP

UWS

ObsCore fields
ADQL query

Search Analyse Visualisation

Authentication:

Web client             http://voparis-cta-test.obspm.fr
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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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ObsCore fields for CTA
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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:
 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
 run_type: flatfield, science, SPE…

 Provenance:
 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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CTA data model

Provenance
Project
Obs Configuration
Data Acquisition
Ambient Conditions
Processing
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W3C Provenance model

Calibration
(per telescope)

Reconstruction
(shower)

Analysis
(science preparation)

Data product
generation

DL1

DL2

DL3

DL0

DL4

Acquisition/
Simulations

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

https://www.w3.org/TR/2013/NOTE-prov-overview-20130430/
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IVOA Provenance data model

W3C
PROV

Job description
Workflows

UWS?

VOTable PARAM
UCDs

ObscoreDM
DatasetDM

Unique
identifiers

ObscoreDM
DatasetDM

DataLink?
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Online processing (client)

 Asynchronous management of processes
 Job sent on a work cluster
 JavaScript library developped at PADC
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Online processing (server)

Main features
 IVOA standard

 Universal Worker System (UWS)
 REST architecture

 Python micro-framework: bottle.py
 Collaborative development

 Git server at PADC (gitolite)
 GitHub: 

https://github.com/ParisAstronomicalDataCentre/OPUS

 Tests and quality
 Unit tests with unittest and webtest
 Activity history with logging

Prototype available
 https://voparis-uws-test.obspm.fr

Git

https://github.com/ParisAstronomicalDataCentre/OPUS
https://voparis-uws-test.obspm.fr/
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From UWS to Provenance
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Authentication & Authorization
 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
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Summary

 CTA: the Cherenkov Telescope Array
 An open observatory for the TeV domain
 For the first time!
 Compatibility with existing VO standard?
 Evolution of current standards and new ones!

 Related IVOA working groups:
 DM: Provenance data model
 GWS: UWS pattern, A&A solutions
 Semantics, DAL, Applications…

 ASTERICS H2020 project
 Meetings, schools, working groups on those topics
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