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Cherenkov Astronomy

s Two arrays of 100 (South) et 20 (North)

h k
Cta :eérsecr:,p%v Cherenkov telescopes (4, 12 et 24 m in diametre)
array July 2015: site selection, Chile (ESQO) and La Palma

2016: pre-production phase
2018-2013: production phase
Observatory open to the Astronomy community

Observatory

© DESY/Milde Science Comm./Exozet
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Cherenkov Astronomy

Very high energy (VHE) data
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Cherenkov Astronomy

Multi-wavelength analysis |
PN TN - _% E Energy spectra '\ .

Lightcurves | ! 10
i Energy [TeV]

Illll

!lITIIlIITIIITTTI

\||11|||

LI
111

T

lera(> 50 GeV) [ 107 cm2s]

PSF
17h|15m 17h|12m

el

Images a0 0 B 0 120

Time [min]

| Compatible data

e \w:m ikl - at other wavelength?
: _ t | RXTE 4l

e e 7 L 19 120 12t 22 L2 I 12 1028 02?7
Hz

erysen

Mathieu Servillat (Obs Paris) Data Access for CTA 31 May 2018



Data levels and workflow

Data Level Short Name _, Data reduction factor
Description

Level O (DLO)

DAQ-RAW Data from the Data Acquisition
hardware/software.

Level 1 (DL1) CALIBRATED Physical quantities measured in
each separate camera: pho-
tons, arrival times, etc., and per-
telescope parameters derived
from those quantities.

VIR (B2 RECONSTRUCTED  Reconstructed shower parame-
ters (per event, no longer per-
telescope) such as energy, di-
rection, particle ID, and re-
lated signal discrimination pa-

rameters.
Level 3 (DL3) @ Sets of selected (e.g. gamma-
ray-candidate) events, along

Published with associated instrumental
o Al e response characterizations and
rchive any technical data needed for

P — science analysis.
Level 4 (DL4) \SCIENCE/ High Level binned data products
— like spectra, sky maps, or light

_— curves.

R OBSERVATORYY) Legacy observatory data, such
e R as CTA survey sky maps or the
CTA source catalog.

1-0.2
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102

10—3
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DL3 *

Data product
generation

DL4 Y
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CTA Pipeline Requirements

¢ 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)

+ |ldentify how a data product was produced
= Provenance

+ |dentify what detailed options were used
= Configuration

Acquisition/
Simulations

DLO *

Calibration
(per telescope)

DL1 *

Reconstruction
(shower)

DL2 *

Analysis
(science preparation)

DL3 *

Data product
generation

DL4 Y
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Cherenkov Astronomy

Master Configuration Data Model

¢ Defines structure of services, content and context of data
+ Can be seen as a global interface

Scheduler

Provenance
Configuration ‘ :

+ IVOA ProvenanceDM

---------------------------
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N
CTA Data Access Use cases

 The PI of a successful proposal wants to retrieve the data
> Simple query by obs id (or Pl 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

CTA Data Access

Browser
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In the Virtual Observatory Framework

_» Client: submits a query
e VO tools (Topcat, Aladin, scripts...)
e Dedicated Web Client

L -» Protocol: standard for query exchange
e ADAQL (Astronomical Data Query Language)

e TAP (Table Access Protocol)

-» Server: computes query results
e TAP Service
e VO Data Models (ObsCore, DataSet, ...)
o RA—>sra
o Dec—s dec
o obs_id,t min,t max, access_url, ...
e = ObsTAP Service

~ ™ Retrieval System:
e VO ObsCore access_url + DataLink
e Any service at the access_url
o FTP,HTTP server
o VO Space
e e.g. https://archive.cta.org/retrieve?id=###

Mathieu Servillat (Obs Paris)
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CTA Data Distiller

« Cone Search

Target Name

Source RA (deg)

Source Dec (deg)

Search radius (deg)

¥ ObsCore Search

proposal_id

dataproduct_type

dataproduct_level

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

Q Search Form  « Results L Signin

PKS 2155-304
329.717
-30.226

0.001

Nothing selected

Nothing selected

Used to query Simbad with Sesame and set RA/Dec.

¢ Django, jQuery, BootStrap3
¢ Name resolver
(Simbad through Sesame)
+ Builds and Sends the ADQL query

Proposal ID
- Data product (file content) primary type
- DLO-5

Mathieu Servillat (Obs Paris)
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-
CTA TAP Distiller https://voparis-cta-test.obspm.fr

CTA Data Distiller Q Search Form + Results £+ Job List 2> Selected Job Authentication: x Sign out user
Search Analyse

Results ' shownide query IVOA Standards | — SAMP Interop (sAMP)

Send Result Table

SELECT * FROM cta.vo_obscore as 26000, 0.001000))

ADQL query

RE 1 = intersects(o.s_regio;éircle('ICRS', 329.717000, -

Send Selected Data

4 Obscore fleldS Search 5= . Ana[ysis tools
/ * \ Count Map(s)
dataproduct_type obs_collection obs_id target_name s_ra (deg) c (deg)
Fit Spectrum
() eventlist 2 47802 PKS 2155-304 330.295 -30.2256
Plotting tools
() eventlist 2 47803 PKS 2155-304 329.138 -30.2256
& TOPCAT
() eventlist 2 47804 PKS 2155-304 329.717 -29.7256
&? Aladin
() eventlist 2 47827 PKS 2155-304 330.295 -30.2256
Vo VOSpec
[ eventlist 2 47828 PKS 2155-304 329.138 -30.2256
s'5 SPLAT
Showing 1to 50of 6rows 5. records per page | 2 | & |4
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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 31 May 2018




Provenance ActivityDescription serialization

<DESCRIPTION>Use gammapy to generate a
<!— Service Descriptor —>

<!— Activity Description —>

<PARAM name="doculink" datatype="char"

<!— UWS job attributes —>

<GROUP name="InputParams">

<RESOURCE ID="gammapy maps" name="gammapy_ maps" type="meta" utype="voprov:ActivityDescription">

<PARAM name="accessURL" datatype="char" arraysize="x" value="https://voparis-uws-test/rest/gammapy_maps" />
<PARAM name="standardID" datatype="char" arraysize="x" value="ivo://ivoa.net/std/SODA#1.0" />

<PARAM name="type" datatype="char" arraysize="x" value="None" utype="voprov:ActivityDescription.type"/>
<PARAM name="subtype" datatype="char" arraysize="x" value="None" utype="voprov:ActivityDescription.subtype"/>

<PARAM name="annotation" datatype="char" arraysize="x" value="Use gammapy to generate a count map from a list o
<PARAM name="version" datatype="char" arraysize="x" value="None" utype="voprov:ActivityDescription.version"/>

<PARAM name="executionDuration" datatype="int" value="600" utype="uws:Job.executionDuration" VOTabIe
<PARAM name="quote" datatype="int" value="120" utype="uws:Job.quote"/>

<!—— UWS parameters (Provenance Entities or Parameters) ——>

<PARAM ID="obs_ids" arraysize="x" datatype="char" name="obs_ids" value="47802 47803 4780

<DESCRIPTION>List of runs</DESCRIPTION> Provenance Act|v|tyDe SCri pt| on
</PARAM>
<PARAM ID="RA" datatype="double" name="RA" value="329.7169379" unit="deg"...> |

count map from a list of observations</DESCRIPTION>

arraysize="x" value="https://luthgitlab.obspm. fr/jlefaucheur/hess_releas

<PARAM name="contact_name" datatype="char" arraysize="x" value="Julien Lefaucheur" utype="voprov:Agent.name"/>
<PARAM name="contact_email" datatype="char" arraysize="x" value="" utype="voprov:Agent.email"/>

DataLink Service Descriptor
UWS Job Description Language

<PARAM ID="Dec" datatype="double"
<PARAM ID="nxpix" arraysize="x" d
<DESCRIPTION>Number of pixels
<VALUES>
<MIN value="0"/>
<MAX value="1000"/>
</VALUES>
</PARAM>
<PARAM ID="nypix" arraysize="x" dq
<PARAM ID="binsz" datatype="float'
</GROUP>

<!— Used Entities —>
<GROUP name="Used">
<GROUP name="obs_ids" utype="voprov:UsedDescription" ref="obs_ids">
<PARAM arraysize="x" datatype="char" name="role" utype="voprov:UsedDescription.role" value="DL3"/>
<PARAM arraysize="x" datatype="char" name="location" utype="voprov:EntityDescription.location" value=""
<PARAM arraysize="x" datatype="char" name="content_type" utype="voprov:EntityDescription.content_type" W
</GROUP>
</GROUP>

<!— Generated Entities / UWS results —>
<GROUP name="Generated" utype="voprov:WasGeneratedBy">
<GROUP name="count_map" utype="voprov:EntityDescription">
<DESCRIPTION>Count map</DESCRIPTION>
<PARAM arraysize="x" datatype="char" name="role" utype="voprov:UsedDescription.role" value="DL4 image"/>
<PARAM arraysize="x" datatype="char" name="default" utype="voprov:Entity.id" value="count_map.fits"/>
<PARAM arraysize="x" datatype="char" name="content_type" utype="voprov:EntityDescription.content_type" W
</GROUP>
<GROUP name="count_preview" utype="voprov:EntityDescription">
<DESCRIPTION>Count map preview</DESCRIPTION>
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-
Definition of the gammapy maps job

OPUS @ Job Definition

Job Definition

Name

Description

URL

Contact name

Contact email

i= Job List

2L Signed in as testuser~

OPUS

Observatoire de Paris

UWS Server

gammapy_maps Load JDL = Get JDL Job name.
Use gammapy to generate a count map from a list of observations Job description.
Parameters obs_ids = | 4780247803 47804 47t = Req.? ¥  xs:string AR AR 2R List of parameters, with name, default
i value, type and description.
Desc. List of runs Specify if the parameter is required by
Options List of possible choices (comma-separated values) checking the box (if not, the
parameters won't be shown by the
https://luthgitlab.obs/i Attr. unit=... ucd=... utype=... min=... max=... client and the default value will always
be used).
RA = | 320.7169379 Req.? @  xs:double -+ ¥ x A list of options can be specified
(comma-separated values).
Julien Lefaucheur Desc. Target Right Ascencion Additional attributes can be defined
Options List of possible choices (comma-separated values) (unit, ucd, utype, min, max).
Attr. unit=deg
Used obs_ids = | 47802 47803 47804 47827 47 | image/fits v 4+ ¥ % List of input entities (e.g. files) used
with their name and content type.
Desc.  Listofruns The input is a File or an ID, possibly
File © or value O or ID ® + access URL | http://url_to_the_input_file?id=$ID with 2 URL to resolve the ID and
download the file (use $ID in the URL
Generated count_map = | count_map.fits image/fits v + ¥ x List of possible results with their name
and content type. A default name can
Desc.  Countmap be provided.
Note that a result can refer to a
count_preview = | count_map.png image/ong v | t+ ¥ | X parameter (if it has the same name),
Desc P ) e.g. the name of an output file
’ ountmap preview generated by the script.
_— _ - ; : g —t X

Mathieu Servillat (Obs Paris)
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-
Submission of a gammapy maps job

s OPUS reads the ActivityDescription file to generate a form

7/

% This form also carries the Datasets Obscore description

OPUS (@ Job Definition  i= Job List 2 Signed in as testuser~
Create new gammapy_maps job <= Back to job list
obs_ids 47802 47803 47804 47827 47828 47829 33787 33788 33789 3379 List of runs
RA 329,7169379 Target Right Ascencion
Dec -30,2255883 Target Declination
nxpix 400 Number of pixels on the X axis
nypix 400 Number of pixels on the Y axis
binsz 0,02 Pixel size
Add control parameters Chose parameter v
m Reset Show optional parameters

Mathieu Servillat (Obs Paris) Data Access for CTA 31 May 2018 16



.
Results and Provenance

OPUS (@ Job Definition = Job List

Job List for | gammapy_spectra -

Type Start Time Destruction Time

gammapy_spectra  2017-10-02 10:47:07  2017-11-01 10:47:05
gammapy_spectra 2017-11-01 10:47:03
gammapy_spectra  2017-09-29 15:07:52  2017-10-29 15:07:51

gammapy_spectra  2017-09-29 14:55:10  2017-10-29 14:55:09

gammapy_spectra  2017-09-29 14:21:20 2017-10-29 14:21:19

Tracking of Provenance informations

2 Signed in as user~

Refresh Job List =~ Create Test Job = Create New Job

Phase Details Control

COMP @ Properties & Parameters @ p Start = O Abort | T Delete

LETED
S O pProf VY Job Results
ETED

COMPLI O Pro spectrum: Download [image/fits]

ABORTED O Pro spectrum_preview: Download [image/png]

@ Pro

1078 4

admin
ctao:admin

obsids

gammapy_spectra:obsids prov:label admin

wasAssociatedWith

33794 33795 33796 33797 33798 33799 33800 33801

10-9 4

10-10 4

10-11 4

10-12 4

dnde (1/(cm2 s TeV))

10-13 4

10-14 4

prov:startTime 2017-12-20T17:28:35

prov:label gammapy_spectra

‘gammapy_spectra:Dec 302255883

‘gammapy_spectraRA 3297169379

‘gammapy_spectra:bin_method auto_emin P
gammapy_spectra:emax 10 =
gammapy_spectra:emin 0.1

gammapy_spectra:nbins 10

voprov:contact_email

'voprov:contact_name Julien Lefaucheur

provilabel  spectrum_preview
provitype  image/png

10-15 4

1.0
0.5

spectrum
gammapy_spectra:spectrum

0.0 T A v

Residuals

—-0.5 4

-1.0

-
10°

prov:label ~ spectrum

provitype  imagelfits Energy [TeV]

10!
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.
Provides Provenance files

r N s —\ e N
UWS Activity Provenance

T I
database Description | Files
(VOTable)
\. / \. N

(VOTable, XML,

= JSON, SVG)
\_ Y

obsids

gammapy_spectra:obsids prov:label admin

wasAssociatedWith

‘gammapy_spectra
33794 33795 33796 33797 33798 33799 33800 33801 G i i e e i S

3
wasGeneratedBy wasGeneratedBy
prov:startTime 2017-12-20T17:28:35
prov:label gammapy_spectra
gammapy_spectra:Dec -30.2255883
gammapy_spectra:RA 329.7169379
gammapy_spectra:bin_method auto_emin &
gammapy_spectra:configfile make_spectra.cfg spectrum_preview s spectrum
gammapy_spectra:spectrum_preview gammapy_spectra:spectrum

gammapy_spectra:emax 10
gammapy_spectra:emin 0.1
gammapy_spectra:nbins 10
voprov:contact_email
voprov:contact_name Julien Lefaucheur

prov:label spectrum_preview prov:label spectrum

prov:itype  image/png prov:itype  image/fits

Mathieu Servillat (Obs Paris) Data Access for CTA 31 May 2018 18



.
Conclusions

% The CTA Data Access use case is a challenge for the VO

>

>

>

>

ObsTAP with additional fields
DataLink: {links} but also SODA and custom services

UWS for asynchronous job execution
ProvSAP and ProvTAP

< Prototypes in development
> TAP Distiller

>

m Project specific search form to submit an ADQL query

m Access to a TAP server with ObsCore fields (and project specific fields)
OPUS

m Light job controller based on UWS

s Enables the tracking of Provenance information

Mathieu Servillat (Obs Paris) Data Access for CTA 31 May 2018
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-
What kind of queries for CTA?

Use case
Cone Search
ObsCore search

ObsCore optional
search

ObsConfig search

Provenance search

Description
Search data for a given Target

Search data corresponding to ObsCore keywords
(target_name, time interval, ...), e.g.:

e search data for a given target at a given time

e search data in a given region of the sky

e search data that contain events at energy higher than 50 TeV

Search data corresponding to ObsCore optional keywords
(target_class, data_rights, ...), e.q.:

e search public data for all blazars

e search data for a given proposal_id

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

Search data corresponding to Provenance keywords
(calib_version, creation_date ...), e.g.:
e search data produced by a given version of the pipeline and for a given
target
e search data produced using a given reconstruction method
e search data for a given target produced with loose cuts
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CTA TAP Distiller prototype

N, a0
\0

S User
’ h
a3 c1

S
\.

d g1

N\,
Web Client

Data File Retrieval

N

J

Processing Services (OA) )

Work
Cluster

(FITS/VOT files,
public HTTP/FTP)

VO Data Access (OA) Yy

- VO compliant service

<@~ VO protocol

B Database

Data Access for CTA
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- CTA Data Model
I CTA Archive
OA CTA Observer Access
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