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Ground based IACTs
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Dark nights —» small duty cyde._ e

Event reconstruction:

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

Atmosphere = calorimet'e__]; . o

Simulations, assumptions

Complex metadata:
need to be structured
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Very high enerqgy data
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H.E.S.S. AGN

Only a few hours of useful data
summed over a long time

HESS Jo152+4017

Close

Observation

Curation
name comments pointing pointing pointing pointing pointing pointing publisher curation version rights contact contact email title creator creation creation
alpha alpha dela delta dela date name date type
sYS stat sYysS stat
HESS October to 1:5 1.3 5.3 4.. 00 20e 107 WigrFaris 02-08-2008 . Fublic C. catherine boisson@obspm.fr Extragalactic C. 2B8-07-2008 Archival
JO0152+017 Movember plxe S u assyl I Ietrlc Boisson Boisson
2007
summed b .
energy bins
significance
Time Axis Spectral Axis Spectral Data Flux Data
(E in TeV) (dN/dE incm-2.s-1.V-1)
bounds start bounds stop livetime nergy threshold wvalue error
412.075 E3504.895 0.3 0.30847% — 1 BE7404e-12
0.484509 5.644482-12 1.63425e-12
0.760992 1.203262-12 5.01844=-13
1.19525 3.12378e-13 2.16144e-13
1.87731 1.18592e-13 B.50016=-14
29486 4.0974e-14 3.51122e-14
Segment Quality Cuts Bac kground
length clata imgrfile comments bac kground hypothesis hypothesis hypothesis hypothesis hypothesis mean name description description
type power law gamma ngamma chi2 dof zenith
angle
51 Spectrum - Aharonianet Reflected Single 295 173 216 4 26.9 Hillas Soft Cuts: 2 e cuts but Feflected Technique used in
al., A&A 481 mode| soft optimized for a 1% Crab flux (=100 model standard wobble
(2008) L103 cuts G2V source with a photon index of observation mode. See
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5.0.* a5/M10cleaning * acharge
cutat 40 p.e. * a nominal distance
cut at 2 degrees * a Mean Scaled
Width between -2 and 0.9 * a Mean
Scaled Length between -2 and 1.3
* aTheta®2 cutof 0.02

enance & data access in the cont

Aharonian et al.
(HES.S
Collaboration), ASA

457, B99 [2006)

Close
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Multi-wavelength analysi
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H.E.S.S. Galactic plane survey

__ Planck CO(1-0) map
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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 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 detalils, ...)

% 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

10
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Science Gateway in the VO framework

__|--» Client: submits a query
Browser | __.---"° e VO tools (Topcat, Aladin, scripts...)
(query system) B e Dedicated Web Client
____________ - - Protocol: standard for query exchange
-t e ADQL (Astronomical Data Query Language)
e TAP (Table Access Protocol
f 2 ( )
Science Server: computes gquery results
_____ - =" .
Gateway T e TAP Service
Metadata l( e VO Data Models (ObsCore, DataSet, ...)
: © RA -sra
Enrlcr|1ed for | o Dec — s_dec
R compiex queries © obs id,t min, t max, access_url, ...
T ~o e = ObsTAP Service
N N e
Bulk Science ™ Retrieval System:
Archive ——> Archive e VO ObsCore access_url + DataLink
Any service at the access_url
Metadata * -
\ / l( © FTP, HTTP server
For Archive o VO Space
management e e.g. https://archive.cta.org/retrieve?id=###

11



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

CTA Data Distiller = Q Search Form  « Results 2 Signin

# Cone Search

Target Name PKS 2155-304 Used to query Simbad with Sesame and set RA/Dec.

Source RA (deg) 329.717 Right Ascension.

Source Decfdeg) | 90225 ¢ Django, jQuery, BootStrap3
Search radus oa) | 000 ¢ Name resolver
= - (Simbad through Sesame)
¢ Builds and Sends the ADOL query

¥ ObsCore Search
proposal_id Proposal ID
dataproduct_type Nothing selected - Data product (file content) primary type
dataproduct_level Nothing selected - DLO-5 12



Authentication & Authorization

Sign in through eduGAIN & -+

OR ¢ EdJuGAIN federation
¢ SAMLZ
OR * IDM
OpenlID Connect OAuth2 OAuth ¢ Uses OpenlD Connect
I 4+ L L (- By
RS O | f Y . .
mservillat.pip.verisignlabs.com \ 4 GOOQ'G as an IdP
OpenlID 2.0 m ‘
¢ Github, Google,
OR Facebook, ...
Username admin ’
¢ Twitter, ...
Password Ll
= o ¢ OpenlD 2.0 (deprecated)
¢ Local account
13



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

CTA Data Distiller Q Search Form  «*Resuits  £FJobList  { Selected Job Authentication: % signout user

Search Analyse

Interop (samP)

Results ' shownie quey IVOA Standards

SELECT * FROM cta.vo_obscore as

ADQL query

Send Result Table
RE 1 = intersects{o.s_regiony circle{'ICRS’, 329.717000, - 6000, 0.001000)

Sand Selectad Data

- ObsCore fields — g o= Analysis tools
‘/ i \ Count Map(s)
dataproduct_type obs_collection abs_id target_name s_ra (deg)
Fit Spectrum
eventlist 2 47802 PKS 2155-304 330.285 -30.2256
Plotting tools
= eventlist 2 47803 PKS 2155-304 329.138 -30.2256
@ TOPCAT
avantlist 2 47804 PKS 2155-304 329.717 -28.7256
&7 Aladin
evantlist 2 47827 PKS 2155-304 330.295 -30.2256
Vo VOSpec
eventlist 2 47828 PKS 2155-304 329.138 -30.2256
w5 SPLAT

Showing 1to5of 6rows 5. records per page o




Pipeline requirements Accquisitiony

Simulations

¢ Open observatory DLO T
¢ A-USER-0110 : must ensure that data SetlllC L
: : _ (per telescope)
processing is traceable and reproducible

DL1 1

¢ Inform user on processing steps performed
Reconstruction

¢ Link to progenitor to regenerate data (shower)
(DL3 to DL4)

DL2 1

Analysis

¢ |ldentify how a data product was produced (science preparation)
= Provenance

DL3 1

¢ |ldentify what detailed options were used
_ _ Data product
= Configuration generation

DL4 l 15



Data requirements

¢ 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.

[ = Covered by using the IVOA Provenance data model ]
16




Master Configuration Data Model

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

Scheduler

Provenance
Configuration




All you need is metadata !

“Extended” Provenance w o U e




What kind of queries ?

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.:
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

ObsCore optional Search data available corresponding to ObsCore optional keywords
search (target_class, data_rights, ...), e.g.:

e search public data for all blazars

e 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.:
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

Provenance search Search data available 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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Provenance from W3C PROV

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”.

WasAssociatedWith Activity

+ role : AgentRole o
* 1

* 1 1
1 * *
Agent WasGeneratedBy | Used
1
* 1 1
WasAttributedTo | Entity
+ role : AgentRole e

W3C PROV Ontology : hitps://www.w3.0rg/TR/2013/NOTE-prov-overview-20130430/

20



IVOA Provenance Data Model

Link with Activity
Activity - - ActivityDescription
configuration
WasAssociatedWith * 0.1
@
* 1
* ‘1 1 ’1 ,1 ’1 1
Parameter ParameterDescription
—
Party * 0.1
1
<— @ Agent Used ‘ UsedDescription
0.1 1 €
oi]
WasGeneratedBy y WasGeneratedByDescription
1 A 0.1 2 1
0.1 0.1

1 .1 1 01

WasAttributedTo Entity EntityDescription
>
: ! * 0.1
. 1
Blue : W3C core components I
Green : IVOA data models and concepts Ve

. Description side
. relations

IVOA ProvenanceDM: hitp://www.ivoa.net/documents/ProvenanceDM/
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Description of a gammapy_spectra jOb

OPUS

Job Definition

Name

Description

URL

Contact name

Contact email

& Job Definition

i= Job List

gammany.3he

Use gammapy to generate spectra from a list of observations

2 Signed in as user~

https://luthgitlab.obspm.fr/jlefaucheur}

Julien Lefaucheur

Load JDL Get JDL Job name.
Job description.
Input obsids = | 47802 47803 47804 47827 47 | imageffits - + 3 List of input entities (e.g. files) used
with their name and content type.
Desc. List of runs

Generated results

Parameters

File( )or value

Add input

spectrum

Desc.

spectrum_preview =

Desc.

Add result

configfile
Desc.
Options

Attr.

RA
Desc.

Options

or ID@ + access URL

Remove all input

= | spectrum.fits

Description

spectrum.png

Description

Remove all results

E make_spectra.cfg Req.?
Configuration file (generated by the script)
List of possible choices (comma-separated values)

unit=... ucd=... utype=... min=... max=...

= | 329.7169379 Req.?
Target Right Ascencion

List of possible choices (comma-separated values)

http://url_to_the_input_file?id=$ID

image/fits |t ey

image/png A R 2

xs:string >[4 &

xs:double ha! IS v B

The input is a File or an ID, possibly
with a URL to resolve the ID and
download the file (use $ID in the URL
template). If no URL is specified, the
script itself should be able to resolve
the ID and get the file.

Note that an input can refer to a
parameter (if it has the same name),
e.g. the name of an input file used in
the script.

List of possible results with their name
and content type. A default name can
be provided.

Note that a result can refer to a
parameter (if it has the same name),
e.g. the name of an output file
generated by the script.

List of parameters, with name, default
value, type and description.

Specify if the parameter is required by
checking the box (if not, the
parameters won't be shown by the
client and the default value will always
be used).

A list of options can be specified
(comma-separated values).

Additional attributes can be defined
(unit, ucd, utype, min, max).
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Web client working prototype

OPUS

Type

gammapy_spectra

gammapy_spectra

gammapy_spectra

gammapy_spectra

gammapy_spectra

& Job Definition

Job List for | gammapy_spectra

iE Job List

2 Signed in as user~

_' obsids
.. [mmapy_mectmrobeids

AFTOE 1795 IR0 IX0T IATUE AT FIRN 11801

y_Sprra;hin_methd
gy_ipectraccafifile
AR T
FARMEpY_SpecTLemin
parmmy_spesrashin
vopEsonian_emaill

Y LTI _TT

—

- Refresh Job List | Create Test Job = Create New Job
Start Time Destruction Time Phase Details Control
2017-10-02 10:47:07  2017-11-01 10:47:05 O Properties (& Parameters § X Resulis b Start O Abort T Delste
2017-11-01 10:47:03 O Prod  + 4ob Resutts l
2017-09-29 15:07:52  2017-10-29 15:07:51 O Proj )
spectrum: Download [Imagefits]
2017-09-29 14:55:10 2017-10-28 14:55:09 ° Finy spactrum_preview: Download [image/png|
2017-09-29 14:21:20  2017-10-29 14:21:19 COMPLETED 9 Proj
Tracking of Provenance informations
1078 1
[ admin } I &
ctanadn 10—=
§ 1010 4
o
provilabed  admin x 10-21 4
- £
T— et s ki T E 10-22
o T 5 10713 5
'y -
. 10-14 5
T LE20TI 72825 . 1(}';5
Sz i
3207169379 | e i 1.0
spectrum_preview specamum
ke, geeinicty T eV oy e e w D5
il T _ Em i £ oo - 2 = . N
10 l._‘\l .|
Tulien Lefanchear £ —0.5 4
-1.0 .
10" 10!

provishel  spoctm_jeview
prOvEype  insgeTeg

prurclabe]  spectrum
pounype g

Energy [TeV]




Provenance in the pipeline

¢ Ctapipe: a CTA data processing framework
https://github.com/cta-observatory/ctapipe

¢ Tool Python class providing configuration, logger,metadata,
/O management... and Provenance information

) ¥

c " Teel
|
Configuration Logger Metadata 1o P rovenance
Management Management Management = =
9 J 9 information
T T T T T T T T T T T T T Loop over Events or Chunks of Events|
| |
Component
deserializer /
\ serializer
Component ====3» Component
deserializer

Component == Component




Provenance class for ctapipe

from ctapipe.core import Provenance
prov = Provenance()
prov.start_activitity("some_activity")
prov.add_input_file("test.txt")
prov.add_output_file("out.txt")

prov.start_activity("some_sub_activity")

prnv.add_outpuf_file{”0ut2.txt“]

prov.finish_activity() +
prov.finish_activity() 4

¢ Importance of persistent identifiers
¢ Also records system configuration, state, software versions

25
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Behind the scene

< IVOA Provenance (CTAis a major use case)

< formats (W3C compatible, JSON/XML/...)

“* Centralized Provenance (prototypes available)

< services (ProvDAL and ProvTAP developed within the VO)

% To be discussed:
> Definition of a for CTA (events + IRF + ... for DL3?)
> for this dataset?

> Data access

> Provenance and (e.g. what prov info for DL3?)




Science Archive and Science Gateway

Conception of a CTA Master
Configuration Data Model

Containing detailed

. B

provenance metadata stored in | [f 1.

the Archive

— T

CTA Data Distiller ~ Q Search Datasets
L

Results | shownide query

Compatibility with Virtual
Observatory standards

dataproduct_type

Science Gateway =

collection of interconnected =
web services with common —

Authentication/Authorization | -
system

CTA Data Distiller https:/Ivoparis-cta-tes

Data Archive

t.obspm.fr
m ,'! =

« Results  £JoblList O Selected Job
>4 4, 7

SELECT * FROM cta.vo_obscore as o WHERE 1 = intersects(o.s_region, circle('ICRS', 83.63308333, 22.0145, 0.001))

X

Send Result Table
Send Selected Data

Analysis tools

/ 4 b e g | 2.

r Count Map(s

obs_collection obs_id target_name s_ra (deg) s_dec (deg) Extract Spectrum

1 23592 Crab Nebula 82.01333618164062 22.01444435119629 Plomng tools

1 23559 Crab Nebula 85.25333404541016 22.01444435119629 @ TOPCAT

1 23526 Crab Nebula 83.63333129882812 22.51444435119629 & Nadin

1 23523 Crab Nebula 83.63333129882812 21.51444435119629 Vo VOSpec
5003499 CrabNebula 83.28087615966797 21.784133911132812 s+ SPLAT

End user

=ik g

Publications
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Gammapy

* Python package

* Open development on
Github

e Currently used for H.E.S.S.,
CTA preparation and
oLy ey S Fermi-LAT

Counts N

* lterative method: 2 minutes

. — * Scope: science tools
DL4 Very fast test statistic TS image computation: 5 minutes

S;gmf;canee P R s - DL3 (eventS, IRF,...)

Peak finder: ~ 1 mini
v Source catalog:
DL5

- DL4 (images, spectra,...)
— DL5 (catalogs)

https://github.com/gammapy/gammapy
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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.
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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

Preservation Planning

(ISO 14721:2012)

\

/

P e e C
Descriptive D Descriptive
R Info Mana;;?nent Info O
O queries N
D : result sets s
U : A > U
c Archival : ccess orders M
E Storage ; - E
R SIP AIP i D T DIP R

Administration

SIP: Submission Information Pack

MANAG EM ENT AIP: Archive Information Pack

DIP: Dissemination Information Pack
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