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High Energy Astrophysics

Starburst

*

Violent, transient, non-thermal
phenomena

Matter under extreme conditions Active
Particle Acceleration Galactic Nuclei
Fundamental Physics

Role of Black Holes in the
structuration of the Universe

* & O o

Compact Binaries
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Cherenkov Astronomy and CTA
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Cherenkov Astronomy and CTA

Cgrrently Operating VHE Instruments

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

Wi 2N - . located in Mt Hopkins, Arizona
edthest ” sam Since 2007: four 12m telescopes
;;H Since 2012: upgraded PMTs

. 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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Cherenkov Astronomy and CTA

cta

Two arrays of 100 (South) et 20 (North) telescopes
July 2015: sites selection, Chile (ESO) and La Palma

2018-2023: production phase
Observatory open to the community

&
o
cherenkov telescope array ¢ 2016: pre-production phase
&
<

Observatory

© DESY/Milde Science Comm./Exozet
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Cherenkov Astronomy and CTA

CTA Consortium

North site @

South site

¢ Over 1200 members
¢ 200 institutes
¢ 32 countries
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Cherenkov Astronomy and CTA

Telescope types

Core-energy section

Low-energy section 23 x12m (MST) High-energy section
4 x 23m (LST) FoV: 7-8 degrees 30-70 x 4-6m (SST)
FoV: 4-5 degrees 100 GeV <E <10 TeV FoV: 10 degrees
E > 10s of GeV Multi-TeV energies
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Cherenkov
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(et, e-)

. (small duty cycle)

Cherenkov

photon, particle shower, B Radiation

Cherenkov light

(faint, few nanoseconds)
'S =

Simulations, assumptions

Energy << total signal

(Calorimeter)

need to be structured

- -~
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Cherenkov Astronomy and CTA

Why more telescopes in an array?

¢ Larger collection area
for gamma-rays
. , more photons

+ Better spectra, images,
fainter sources

¢ Better events

¢ More precise
measurements of
atmospheric cascades and
hence primary gammas

¢ Improved resolution
¢ Improved resolution
¢ Improved
power Simulation:

Superimposed images
from 8 cameras @ J. Hinton
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Cherenkov Astronomy and CTA

Data levels and workflow

Level 0 (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.

VIRl 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
(FITS) response characterizations and
any technical data needed for

- . a science analysis.
Level 4 (DL4) RN SCIENCE - High Level binned data products
" m= like spectra, sky maps, or light

w ™ = m o Curves.

Level 5 (DL5) # OBSERVATORY # Legacy observatory data, such
Camm=- as CTA survey sky maps or the

CTA source catalog.
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Data Level Short Name Data reduction factor
Description

1-0.2

10t

2

10—3

Acquisition/
Simulations

DLO *

Calibration
(per telescope)

DL1 *

Reconstruction
(shower)

DL2 *

Analysis
(science preparation)

DL3 *

10—3

Data product
generation

DL4 Y
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Cherenkov Astronomy and CTA

Reconstruction

L4 (1984)
¢ Shower images are elliptical

+ A few parameters:
¢ Length (L) & Width (W)
+ Nominal Distance (d)
¢+ Azimuthal angle (o)
¢ Orientation angle (o)
¢ Amplitude (size)
¢ Additional parameters:
asymmetry, ...

¢ 3D model
¢ Fit to simulated images

Mathieu Servillat
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Cherenkov Astronomy and CTA

Analysis: producing images, spectra, light-curves

t 27, Dec az alt E

¢ vent lists (not necessarily gamma-rays!) 501 | 1282 | 974 | 3211 | 45 [ 02
. 600 130.23 -36.2 322.1 45.1 0.242

¢ Instrument Response Function 620 |120124| 3333 | 312 | 457 | 0.434
. 640 1211 -34.1 323.4 43.0 35.0

L 4 TECH tableS: atmOSphere and data—quallty 720 | 12323 | -281 | 3221 | 435 | 0.401
measurements, — good time intervals, ... e ot e R

¢ 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

E° dN/JE (erg cm?®s)

¢ Large PSF
+ Many sources are not point-like
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Cherenkov Astronomy and CTA
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Data diffusion for CTA

Virtual
Observatory

Mathieu Servillat Cherenkov data diffusion 15 June 2016
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Asfronomy ESFRI & Reseqrch Infrastruciurd Cluster

¢ 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)

Mathieu Servillat Cherenkov data diffusion 15 June 2016
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S
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

Mathieu Servillat Cherenkov data diffusion 15 June 2016
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-
VHE Data Access

I Help

a2 @ X

Initial developments

¢ High level VO data access prototypes ~*

¢ H.E.S.S at Observatoire de Paris: [ 2 i
http://hess.obspm.fr/ dra | E ke

+ MAGIC at IFAE Barcelona: H.E.S.S.

http://vobs.magic.pic.es/

¢ VO standards vs VHE data?

¢ Complex hierarchy of related products
¢ Complex metadata to be structured T e T AT
¢ Queryable metadata ?

CTA data access prototype
¢ CTA data model implementation

M ¥ Llog _ Flip

Ii;w_"iuhuu—-
‘I Al m

¢ Test VO compliance

http://voparis-cta-test.obspm.fr
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VO data diffusion prototype

\/

~N

ve Data File Retrieval Processing Services (OA))
(FITS/VOT files,
public HTTP/FTP) i2

VO Data Access (OA))

- VO compliant service [l CTA Data Model
<#=> VO protocol I CTA Archive
S Database OA CTA Observer Access

Mathieu Servillat Cherenkov data diffusion 15 June 2016 18



Web client http://voparis-cta-test.obspm.fr
‘ S,ngm, Monte Carlo simulations ~ Data Distiller ~ Data Reduction  INAF CTA portal Mathieu.Servillat@obspm.fr () logout

- - =! w == ! S e S T T
J* . /L lel
Y A == : '

S \ . g
BrssDochn!rc : . -

Credits: DESY/Milde Science Comm./Exozet

CTA Data Distiller  QSearch Form £ Job List ¥ Sign out Mathieu.Servillat@obspm.fr

v Cone Search

Target Name Crab Nebula Used to query Simbad with Sesame and set RA/Dec.

Source RA (deg) 83633 r'S Django, jQuery, BootStrap3

Source Dec (deg) 22.514 ‘ Name reSOIVer
Search radius (deg) 0,001 Simbad through Sesame

[ suomi [JE ¢ Builds and Sends the ADQL query

¥ ObsCore Search

proposal_id Proposal ID

Mathieu Servillat Cherenkov data diffusion 15 June 2016 19



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

v ) po i N T
Y R i s
! = " — -
3 = » — - )

L Wi, ) 2 {.: 4 P - -‘,V:'/ ﬂ [ r__.- o A———

erls an()Ccn?ro

Credits: DESY/Milde Science Comm./Exozet

CTA Data Distiller ~ Q Search Datasets =~ «’Results % JobList O Selected Job  EdJS9 Authentication: x sign out user
v~ a'e
Search Analyse Visualisation

SAMP Interop (samP)

Send Result Table

Results ' shownide query

SELECT * FROM cta.vo_obscore as 0o WHERE 1 = intersects(o.s_region, circle('ICRS', 83.63308333, 22.0145, 0.001))

Send

ADQL query _

- ObsCore fields e

Y / ' \ Search B #y 2~

Create Count Map(s)
dataproduct_type obs_collection obs _id target_name s_ra (deg) s_dec (deg) U W S

] eventlist 1 23592 Crab Nebula 82.01333618164062 22.01444435119629 Plottin g tools

(1 eventlist 1 23559 Crab Nebula 85.25333404541016 22.01444435119629 @ TOPCAT

T eventlist 1 23526 Crab Nebula 83.63333129882812 22.51444435119629 & Aadin

[ eventlist 1 23523 Crab Nebula 83.63333129882812 21.51444435119629 Vo VOSpec

[ eventlist 3 5003499 CrabNebula 83.28087615966797 21.784133911132812 s~ SPLAT
Showing 1to 5of 10 rows | 5a records per page - o[ s [
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.
Data mining use cases for CTA

Use case
Cone Search

ObsCore search

ObsCore optional
search

ObsConfig search

Provenance search

Description

(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

(target_class, data_rights, ...), e.g.:
» search public data for all blazars
» search data for a given proposal_id

(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

(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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S
ObsCore fields for CTA

dataproduct_type: has to be one of the following: image, cube, spectrum, sed, timeseries, visibility, event.
Set to "event” in the prototype, has it exposes the 1DC DL3 files.

calib_level: one of the following integer values: 0 (instrumental or raw data in a non-standard/proprietary
format), 1 (instrumental data in a standard format, e.g. FITS), 2 (calibrated data in standard format,
with instrument signature removed), and 3 (more highly processed data product). CTA defines 5
data level, for example DL3 data are calibrated data in scientific units but still include an instrument
signature, hence its calib_level would be between 1 and 2.

access_url: to be defined by the Archive, however the CTA 1DC data should not be accessible to the public.
We thus include simulated data hosted on http://voplus.obspm.fr/cta/ and always point to this
URL in the prototype. In the VO context, the access URL is generally a public link. To handle data
rights, this may point to a retrieval system with the ID of the requested data product.

em_min, em_max: The spectral coordinates are in TeV for us and should be converted to meters to follow

the ObsCore standard. This could lead to precision issues in spectral data (though it is not an issue
for discovery purposes).

facility_name: we use the observatory name, e.g. "CTA”.

instrument_name: As our test data comes from several experiments, we describe them here: HESS,
MAGIC, VERITAS or CTOOLS (for simulated data with the ctools). This could be use to expose the
CTA SubArray used to acquire the data?
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S
Extended ObsCore fields for CTA

*

+ dataproduct_subtype: show DL0O-57?
¢ obs_release date
+ data_rights (Public/Secure/Proprietary)
¢ s_resolution_min, s_resolution_max (as it is dependent on energy)
¢ proposal_id
.
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...

* 6 6 o o

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

Mathieu Servillat Cherenkov data diffusion 15 June 2016
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[ << Obsarvatory> »

CTA data model =

CTA Oramnkon Wlescops Ay Ol anvatory

SLwArcnde
1.2

[#eiwio: mteger
enamm; sarchar(S) = ‘South’ st aull
slatitude: float
lomgitete: float
Loaf LglD saltitede: float
T ObsConfig
Target
[FTametT0) Integer
oname: varchar(ae)
v Strim +LaspethA: doubl,
PreilD: Lntuger

s tametoec: double
P +tametgpach: float
1 [+ Large tRADRC Sy 4 : varchar (28)

LLal, dhva mant , anve gt (uston
scanan aff

Targerts
0.1
descrives

saddastuantll
[#arrayll: integer - A
+4L1a10: integer Auxiliarinstrument
+comissioningbate: date
2 sdecormissioninglute: date plesastrunsatin: String
snam: String
& 3l ID: integer
L toll0: integer = Mt
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selro)to L
o b [#rellD: Lnteger
targetto RunTypeConfig T m : i
o. [srunType: string = Observation SPE flateiald, a0MF o e
et rackingMode: string = ALLAZ RADec slew
ot rigqe rThressold: dauble
[eeiin: Tnteger
stametio: integer

earraylDd: Lot
sconfiglD: Late
s talio: integer

Provenance
— Project

Obs Configuration e
Data Acquisition

__ Ambient Conditions

Camera

Tetager
ecammraTyme = LST,MECTAY, Flawn, 5CT T, ASTRE, DG
PO imteger

vares: dowsle
splmlSize: Seable
splmlSep: destle
stimResolatics: double

cabMirrors

triggersectesIn

(o2 LmiL10: Lnteger
ecamrald: Lntes

woank o rUnl thus: (e teger
Al
u
P "
mklnllltil
configld
i
R—
SlowControl ‘ Run
s LaCant rol1a: miglat oruatt: Bigiat | CalibrationRun| ProcessingActivity
o LSt rusent - scoafigL0: Lnteger :
o startTiee etartTioe facuieinm TaityD: Bigiat :
rendl Lee sandl Lew edtartTion: tisestang ewariian.
TunlD ToRID tieestame otyme: strin
' ' string
+90RADO< 478 - varehar
Srunls. (ateger
] 1 siring
Contact
[ParameterList
[+ tempe ratere pdatalo: sigint
s naem
+trm
sélaudCoves L datavts
dusc ritian
[sdatabesin: Lt
lD: Blgint
TechData] SdenceData valew: string
jetarat; Wigint
do: Bigint
flewt: integer

string
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W3C Provenance model

wasDerivedFrom

wasAttributedTo

wasGenerated By
Agent ‘\sed
actedOnBehalfOf
wasAssociatedWith
Activity
startedAtTime endedAtTime
xsd:dateTime wasInformedBy xsd:dateTime
W3C PROV Ontology

https://www.w3.0rg/TR/2013/NOTE-prov-overview-20130430/

15 June 2016 25

Mathieu Servillat Cherenkov data diffusion



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

S
IVOA Provenance data model

Job description

ActivityDescription
Workflows -
Activity e
= UWS?2 [ e,
AgentActivityMap| o..* 1 #activityIC . +description
+role +startTime +version
- +endTime +type
0.. b +subtype
1 1 +url
- 0 Parameter ParameterDe
Agent - 7
name name
fagentI[: +value +group
e +description

+email
Igi}zgggg'::on Organizatio W3 VOTabIe PARAM
ype = r PR V UCDs

1..% 1..%
ActiVltyEntityMap =»| ActivityEntityDescriptionMap
T +role

+datatype
+unit
+ucd

Unique ObscoreDM

1 . . e EntityDescription
0..» i identifiers DatasetDM S
AgentEntityMap | o..* .n kY +g::§ription
rgET #entityIC +type
+creationDate +subtype
+url
0..* Q.. * :
CollectionMap ~. | CollectionDescriptionMap
DataSet ToTe “TFrote
ObscoreDM o -
+s1ze
D ata S etD M +publicReleaseDate i

—Collection | CollectionDescription |-

DataLink?
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On

Iy

Paru'.anoConrrc

line processing

= - e

e =

LWy

£* Job List

Phase

2016-04-12 15:08:00 2016-05-12 15:07:30 m © Properties

CTA Data Distiller =~ Q Search Form
Job List

Type Start Time Destruction Time
ctbin

ctbin 2016-01-28 16:06:28  2016-02-27 16:06:29
ctbin  2016-01-28 14:57:32  2016-02-27 14:57:32
ctbin  2015-11-05 15:11:09  2015-12-05 15:11:09
ctbin  2015-11-05 15:11:06  2015-12-05 15:11:06
Athin | ON1R_11.NK 14:90:48  SN4E_19_N& 14-9N-48

© Properties
© Properties

© Properties

© Properties

..lJ.l-u!-. fA o i

(client)

q——

Q

Q

Q

Q

Q

(vl

i

Details

Parameters

Parameters

Parameters

Parameters

Parameters

D

2 Results

2 Results

2 Results

2 Results

2 Results

4 Daciilte

¢ Asynchronous management of processes
+ Job sent on a work cluster
+ JavaScript library developped at PADC

Mathieu Servillat
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Credits; DESY/Milde Science Comm./Exozet

¥ Sign out Mathieu Servillat

Start

Start

Start

Start

Start

Qiart

15 June 2016

Control

O Abort

O Abort

O Abort

O Abort

® Abort

M Annv

Job list loaded

il Delete
il Delete
i Delete
il Delete

i Delete

T Nalata
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-
Online processing (server)

Main features
¢ |[VOA 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 1ogging
Prototype available
https://voparis-uws-test.obspm.fr

github

python

Mathieu Servillat Cherenkov data diffusion 15 June 2016
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S
From UWS to Provenance

UWS Server @ Job Definition = Job Manager % Sign out admin
Job Description Back to job list
Type Start Time Destruction Time Phase Details Control
copy 2016-04-13 14:28:45 2016-05-13 14:23:39 m © Properties (& Parameters & Resuits P Start O Abort i Delete
2 Job Properties
9 Job Parameters provxmil: https://voparis-uws-test.obspm.fr/get_result_file/bc3ac123-82a0-4036-9d06-9880cc196f4f/provxml/provenance.xml
¥ Job Results Provsvg: https://voparis-uws-test.obspm.fr/get_result_file/bc3ac123-82a0-4036-9d06-9880cc196f4f/provsvg/provenance.svg
¥ Job Details

uwsdata:parameters/infile

prov:itype  Organization T

wasAssociatedWith

wasGeneratedBy | wasDerivedFrom

proviendTime  2016-04-13T14:28:46 uwsdata:results/outfile

provistartTime  2016-04-13T14:28:45 T

provjson: https://voparis-uws-test.obspm.fr/get_result_file/bc3ac123-82a0-4036-9d06-9880cc196f4f/provjson/provenance.json

Cherenkov data diffusion 15 June 2016
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S
Authentication & Authorization

+ Shibboleth+Grouper

OR ¢ EdJuGAIN federation
o SAML2
. ¢ Unity IDM
OpeniD Connect OAuth2 OAuth ¢ Uses OpenlD Connect

@3:3 ® :3] ﬁ D ¢ OpenID Connect

¢ Google as an IdP
OpeniD 2.0 Mservillat.pip.verisignlabs.com m VS OAuth2

¢ Github, Google,

o Facebook, ...
Username admin ‘ OA U t h
pusancid BB ¢ Twitter, ...
=3 - ¢ OpenlD 2.0 (deprecated)

¢ Local account

Mathieu Servillat Cherenkov data diffusion 15 June 2016 30



.
Summary

4

¢ An open observatory for the TeV domain

¢ For the first time!

¢ Compatibility with existing VO standard?

¢ Evolution of current standards and new ones!

¢ DM: Provenance data model
+ GWS: UWS pattern, A&A solutions
¢ Semantics, DAL, Applications...

¢ Meetings, schools, working groups on those topics
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