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Two arrays of 100 (South) et 20 (North) Cherenkov telescopes
(4, 12 et 24 m in diametre)

cherenkov telescope aray ~ * End of 2015: Site Selection, Namibia or Chile (under negociations)
¢ 2016: Construction

¢ Current experiments: H.E.S.S., MAGIC, VERITAS

Observatory H.E.S.S.: experiment with 4+1 telescopes (4 x 12 m + 1 x 28 m)

© DESY/Milde Science Comm./Exozet
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N
CTA Data Access at Observatoire de Paris

Knowledge in Very High Energies and VO N\«
+ H.E.S.S. experiment |
+ High level VO data access prototype =~ “*

http://hess.obspm.fr/

indra

e i i)

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

|_r' an [I]

CTA data access prototype

+ CTA data model implemetation ,_

¢ Test VO compliance (.ta
http://voparis-cta-client.obspm.fr ‘ cherenkov telecope arty
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CTA Data Model

sciProjIn
1

#targetID: integer
+name: varchar(58)
+targetRA: double
stargetDec: double
+targetEpoch: float

+targetRADecsys: varchar(28)

8..1

ScientificProject

Frovenance -

#5ciProjID: integer
+owner: String

sciProfIb

1

targetin

is gbserveds

Observation
#obs1D: Integer

TlestartTine: Time

+endTime: Time
sonTime: flog

+LiveTima

targetID
6..*

+targetID: integer
T

is decomposed intok

obsID
1..*

Run

#runID: bigint
+configlD: integer
+abserver: varchar(255)
+startTime: timestamp
sendTime: timestamp
+onTime: float
+liveTime:

float

Agent LI
[#agentID

DataCollection

Fdatall

+version

DataEntity

#datall: bigint 4
+dateCreation: timestanp

ScienceRun

#runID: bigint

+obsID: integer
+ptRA: double

+patDec: double
+pntEpoch: float

+pntRADecsys: varchar(18)

CalibrationRun

onvergenceConfig

#configID: integer
+convitA: float
+convbec: float
+convilepth: float

DivergenceConfig

@configlD: integer
+divRA: Tloat
+divDec: float
+divDepth: float

ArrayConfig

= #configlD: integer

+subArrayID: integer

+trackingMode: varchar{20)

subArrayID
+pointingMede: varchar{20) i 1

+obsHode: varchar({28)

+activit
+datall

+role

Execution

[+activitylD
+version
+startTime
+endTime
[+duration
+status
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EventList

#datalD: bigint
FeventID: integer
+evtTine: double
+flags: bit(8)
+multip: smallint
+telmask: bit{168)
+eviRA: double
+evtDec: double
+dir_err: double
+oetx: double
+dety: double
+alt_pnt: double
+az_pnt: double
+alt: double

+az: double
+corex: double
+coray: double

+core_err: double

.
runID runid
1..* 1..*
ScienceData CalibData
bigint
srunlD: bigint +runID
slevel: integer +lavel

CTA Data Model

Observatory

#name: string = 'CTA"
+description: varchar(255)

atory ==
renkov Telescope Array Obsen

siteArrayID
1..2

SiteArray

#siteArrayID: integer

+name: varchar(5) = ‘South® not null
+latitude: float

+longitude: float

+altitude: float

siteArrayID
1

containse
siteArraylD
1..%

SubArray
subArraylD |#FsubArrayID: integer

SubArrayID
g..*

L 4
L 4
L 4
L 4
L 4

T[|+sitearrayID: integer
[+subdArrayName: string
+nTels: integer
subArraylD
1. :*

SA TEL®

#telID: integer

+telPosX: double

Provenance
Project

Array Configuration
Ambient Conditions
Processing

Analysis
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CTA DM - Project

- Target
ObservingProposal #targetID: integer
#obsPropID: integer +name: wvarchar(58)
+ownerName: 5tring +targetRA: double
+5CiProjID: integer +targetDec: double
sciProjID +targetEpoch: float
B..1 +targetRADecsys: varchar(20)
targetID
g..1
describeswe

15 observede

sciProjID
1

targetID
ScientificProject sc1ProjID o

#sciProjID: integer [71..*

+owner: String Observation

[Obs SP

#obsID: Integer
+targetID: integer
DHSIE +ownershipEndDate: Time
1.. +startTime: Time

—| +endTime: Time

+onTime: float
+liveTime: float

<<postgres: typemap=>>

obs ID

___1 1

<<postgres:pre>=
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CTA DM - ArrayConfig

Provenance - ArrayCanigl

configID
e..1

ConvergenceConfig

Observatory

I-J—| <<=0bservatory>=>

#name: string = 'CTA'

#configID: integer
+convRA: float
+convDec: float
+convDepth: float

+description: warchar(255)

configID
9..1

DivergenceConfig

#configID: integer
+divRA: float
+divDec: float
+divDepth: float

configID
L

ArrayConfig

=
(=}

|

#configID: integer
+subArrayID: integer
+pointingMode: varchar(20)
+trackingMode: varchar(20)
+obsMode: varchar(20)

subArrayID

Bne

ratese
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1..

name
L..™
Obsry SAe

1..2

; 'CTA","Cherenkov Telescope Array Observatory’

siteArraylID

SiteArray

#siteArrayID: integer

+latitude: float
+longitude: float
+altitude: float

+name: varchar(5) = 'South' not null

siteArrayID
1
containse
siteArrayID

1..*

subArrayID
SubArray 5 »
subArrayID |[#subArrayID: integer SA_AI»
1|+siteArrayID: integer Tkt 1D Auxiliarinstrument
+SubArrayName: string Alxingtrmen _
silTala:  integer 0..*|#auxInstrumentID: 5tring
i +name: Stri
subArrayID —
1..%
SA TEL»
tellD
1..*
tellD
Telescope —— Camera

#telID: integer holds®™ I+ omeralD: integer

+telClass: varchar(28) +telID: integer

+telPosX: double tellD +area: double

+telPosY: double
+telPosZ: double
+telFoV: double
+telMIArea: double
+telFNum: double
+telFocLen: double

+nPixels: double
+pixelSize: double
+pixelSep: double

+timeResolution: double

cameralD

1
>

=11

cameralID |#sumTri

+Camera
+nb0fTr
+thresh

=

CTA Data Model
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CTA Data Model — Processing Provenance?

Provenance -

#targetID: integer
+name: varchar(58)
+targetRA: double
stargetDec: double
+targetEpoch: float

+targetRADecsys: varchar(28)

targetID

el

atory ==
nkov Telescope Array Obsen

{ ConvergenceConfig Fname: string - 'CTA'
#configID: integer +description: varchar(255)
+convitA: float
+comDec: float
+convilepth: float

is gbserveds

siteArrayID
DivergenceConfig 1.2
#configld: integer SiteArray

sciProjIn
1

““‘f:= "-‘lN“ #siteArrayID: integer

targetiD +dlvDec: float +name: varchar(5) = 'South’ not null
ScientificProject| _ .. .., 4. saivDepth: float +latitude: float

#sciProjID: integer [T, * +longitude: float

e _— Observation Run

#obsID: Integer
stargetID: integer

+altitude: fleat

#runID: bigint
+configlD: integer
+abserver: varchar(255)
+startTime: timestamp
sendTime: timestamp
+onTime: float
+liveTime: float

siteArrayID
1

" |estartTine: T4

ArrayConfi,
L4 9 siteArraylD
o[Feontigld: integer 1,..

bArrayID

+subArrayID: integer _'js”

+pointingMode: varchar(2e) |1 SubArray
FLFNCkingHone; A r:ari2e) subArraylD |#FsubArrayID: integer
+cbsMode: varchar(28) 1[+sitearrayID: integer
[+subdArrayName: string
+nTels: integer

subArraylD
1. :*

containse

SubArrayID
g..*

is decomposed intok

SA TEL®

obsID
1.."
ScienceRun

#telID: integer
+telClass: varchar (20,
+telPosX: double

CalibrationRun

#runlD: bigint

#runID: bigint

+obsID: integer

+ptRA: double

+patDec: double
+pntEpoch: float
+pntRADecsys: varchar(18)

Frovenance -

DataEntity

S — - Provenance
:ﬁ:z;:aw‘; tinestanp lmfm 1“":10
ScienceData CalibData ;
bigint
srunlD: bigint +runID rOJ eC
+level: integer +level
RoleMap

8.4 activit
Agent +datald

#agent ID +role

+email
+a¢ knowl edgement

Array Configuration
Ambient Conditions
Processing

Analysis

EventList

#datalD: bigint
FeventID: integer
+eviTime: double
+flags: bit(8)
+multip: smallint
+telmask: bit{168)
+eviRA: double
+evtDec: double
+dir_err: double
+oetx: double
+dety: double
+alt_pnt: double
+az_pnt: double
+alt: double

+az: double
+corex: double
+coray: double
+core_err: double
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Execution

[+activitylD
+version
+startTime
+endTime
[+duration
+status
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.
CTA VO data access prototype

¢ CTA Data Model (not complete, still evolving)
¢ Automatic Conversion UL to SOL
+ Relational database implemented (PostgreSQL)

¢ Data Ingestion: CTA 1DC data/metadata

¢ VO Compliance
¢ ObsCore Data Model
¢ GAVO DaCHS server: TAP, ADOQL

¢ Web Client (Django, jQuery, BootStrap)
¢ Online Analysis: UWS, SAMP
¢ Single Sign On with SAML2/Shibboleth

» Complete solution based on VO standards/protocols

Mathieu Servillat (Obs Paris) CTA Data Model 15 June 2015 11
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\/
<4 Web Client | <> Work Cluster}
[\
\_ VO Data Access (OA) /) \ Processing Services (OA) )

Data File Retrieval (e.g. through a URL)

- VO compliant Service [l CTA Data Model
<> VO protocol I CTA Archive
5 Database OA CTA Observer Access
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e
Web Client http://voparis-cta-client.obspm.fr

m:_ i b A Vi  ———

; . __'_f"'E'h: o | :__I___:_ = — -.'_'__. -

——

- e
B

*;-- e e

= E:ria Dﬂannhtr

Credits: DESY/Milde Science Comm./Exozet

CTA Data Distiller =~ Q Search Form £t Job List % Sign out user

¥ Cone Search

Target Name Crab Nebula ¢ DjangO, JQuery, BOOtStrap3

Source RA (deg) 83.633 'S Name reso|ver
Source Dec (deg) | 22514 Simbad through Sesame

Search radius (deg) | 0.001 ¢ Builds and Sends the ADOL query
Reset

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

Mathieu Servillat (Obs Paris) CTA Data Model 15 June 2015 13



t* A

E:ri'-} Dﬂannrrn

Credits; DESY/Milde Science Comm./Exozet

CTA Data Distiller = Q Search Datasets = «” Results ¥ JobList 2 Selected Job [l JSO Authentication: % sign out user
\\ J \L J \ J
4 4
Search Analyse Visualisation
Y SAM P Interop (samP)

HSSUltS show/hide query
Send Result Table
SELECT * FROM cta.vo_obscore as o WHERE 1 = intersects{o.s_region, circle('ICRS', 83.63308333, 22.0145, 0.001))

ADQL quel‘y Send Send Selected Data
v ObsCore fields T SE R i ——

B |
/ ' \ Create Count Map(s)
dataproduct_type obs_collection obs id target_name s ra(deg) s dec (deg) UWS Extraict Specirum
1 eventlist 1 23592 Crab Nebula 82.01333618164062 22.01444435119629 Plotting tools
1 eventlist 1 23559 Crab Nebula 85.25333404541016 22.01444435119629 @L TOPCAT
[l eventlist 1 23526 Crab Nebula 83.63333129882812 22.51444435119629 & Aladin
1 eventlist 1 23523 Crab Nebula 83.63333129882812 21.51444435119629 Yo VOSpec
|| eventlist 3 5003499 CrabNebula 83.28087615966797 21.784133911132812 s~ SPLAT
Showing 1to 5of 10 rows 5 . | records per page o5 | @ & | w0 |

© Observatoire de Paris 2014. Based on Django, jQuery and Bootstrap. Glyphs from the Glyphicons Halflings setl
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2. VO diffusion for CTA

Plrl Dtﬂ(lCNtlrﬂ

Credits; DESY/Milde Science Comm./Exozet

CTA Data Distiller Q, Search Position + Search Results  #FJoblist 2 Selected Job % Sign out user

Job List

Type Start Time Phase Actions Control

ctbin 2014-10-07 21:32:58 © Detals & Edit X Resulis p Start O Abort | % Delete

ctbin 2014-10-06 17:12:03 m © Details '@ Edit X Results b Start O Abort | % Delete

ctbin 2014-10-04 14:05:12 m © Details @ Edit X Results b Start O Abort | % Delete

ctbin 2014-10-03 13:22:46 ABORTED © Details & Edit X Resulis b Start | O Abort | % Delete

(S = =

+ « ctbin » processes DL3 data to create an image
+ However Provenance / Data links have been lost

Mathieu Servillat (Obs Paris) CTA Data Model 15 June 2015 15



CTA Data Model — Processing Provenance?

Provenance -

#targetID: integer
+name: varchar(58)
+targetRA: double
stargetDec: double
+targetEpoch: float

+targetRADecsys: varchar(28)

targetID

el

atory ==
nkov Telescope Array Obsen

{ ConvergenceConfig Fname: string - 'CTA'
#configID: integer +description: varchar(255)
+convitA: float
+comDec: float
+convilepth: float

is gbserveds

siteArrayID
DivergenceConfig 1.2
#configld: integer SiteArray

sciProjIn
1

““‘f:= "-‘lN“ #siteArrayID: integer

targetiD +dlvDec: float +name: varchar(5) = 'South’ not null
ScientificProject| _ .. .., 4. saivDepth: float +latitude: float

#sciProjID: integer [T, * +longitude: float

e _— Observation Run

#obsID: Integer
stargetID: integer

+altitude: fleat

#runID: bigint
+configlD: integer
+abserver: varchar(255)
+startTime: timestamp
sendTime: timestamp
+onTime: float
+liveTime: float

siteArrayID
1

" |estartTine: T4

ArrayConfi,
L4 9 siteArraylD
o[Feontigld: integer 1,..

bArrayID

+subArrayID: integer _'js”

+pointingMode: varchar(2e) |1 SubArray
FLFNCkingHone; A r:ari2e) subArraylD |#FsubArrayID: integer
+cbsMode: varchar(28) 1[+sitearrayID: integer
[+subdArrayName: string
+nTels: integer

subArraylD
1. :*

containse

SubArrayID
g..*

is decomposed intok

SA TEL®

obsID
1.."
ScienceRun

#telID: integer
+telClass: varchar (20,
+telPosX: double

CalibrationRun

#runlD: bigint

#runID: bigint

+obsID: integer

+ptRA: double

+patDec: double
+pntEpoch: float
+pntRADecsys: varchar(18)

Frovenance -

DataEntity

S — - Provenance
:ﬁ:z;:aw‘; tinestanp lmfm 1“":10
ScienceData CalibData ;
bigint
srunlD: bigint +runID rOJ eC
+level: integer +level
RoleMap

8.4 activit
Agent +datald

#agent ID +role

+email
+a¢ knowl edgement

Array Configuration
Ambient Conditions
Processing

Analysis

EventList

#datalD: bigint
FeventID: integer
+eviTime: double
+flags: bit(8)
+multip: smallint
+telmask: bit{168)
+eviRA: double
+evtDec: double
+dir_err: double
+oetx: double
+dety: double
+alt_pnt: double
+az_pnt: double
+alt: double

+az: double
+corex: double
+coray: double
+core_err: double

Mathieu Servillat (Obs Paris) CTA Data Model 15 June 2015 16
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[+activitylD
+version
+startTime
+endTime
[+duration
+status
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e
CTA data levels and workflow & (&=

Data RﬂduTion Pipeline
Data Level Short Name o
Description

Level 0 (DLO) DAQ-RAW Data from the Data Acquisition Calibration
)

hardware/software.
Level 1 (DL1 CALIBRATED Physical quantities measured in (per telescope)

each separate camera: pho-

tons, arrival times, etc., and per- !

telescope parameters derived

from those quantities. D L1 |

EVCAD 2 RECONSTRUCTED  Reconstructed shower parame-
ters (per event, no longer per-
telescope) such as energy, di- Reconstruction
rection, particle ID, and re- (shower)
lated signal discrimination pa-
rameters.

Level 3 (DL3) REDUCED Sets of selected (e.g. gamma- |
ray-candidate) events, along DL2
with associated instrumental
response characterizations and l

any technical data needed for

science analysis. Analysis
Level 4 (DL4) SCIENCE High Level binned data products (Science prep)

like spectra, sky maps, or light

curves.

Level 5 (DL5) OBSERVATORY Legacy observatory data, such
as CTA survey sky maps or the ¥ ' r
CTA source catalog. DL3 ( o O ( o 0 ( TE“”EO

Mathieu Servillat (Obs Paris) CTA Data Model 15 June 2015 17




.
IVOA Provenance DM (based on W3C)

Agent

-role

wasAssociatedWith

Organization

Person

Softwarefigent

Mathieu Servillat (Obs Paris)

wasAttributedTo

CTA Data Model

Activity
-id
-startTime
-endTime
f §
used wasGeneratedBy
Y
Entity _
id MY hadMember
0..%
-collection
Collection
15 June 2015
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.
IVOA Provenance DM (with prototypes)

Agent Activity Method
-method
-id -id ~-id
gent 1 < |-ucd
0
0.
-agent -associatedMethod
1
0. *
DataMap DataDescriptionMap
~
—* -role
DataComponent 1 e DataDe pt
Sd - string [1] e
-dataComponent -ucd

0. 0. .#*
-dataCollection
i DataCollection DataCollectionDescription

W

Mathieu Servillat (Obs Paris) CTA Data Model
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CTA DM - Processing Provenance

|Provenance - Processinﬂ

+pNTKA: doupLe
+pntDec: double

DataCollection

#datalD

DataEntity

#datalD: bigint

+dateCreation: timestamp

Agent

+pntEpoch: float
+pntRADecsys: wvarchar(10)

runID

geperatocm

1

queratesb

|m

#agentID

+name

+role

+email
+acknowledgement

+version lT?EID
ScienceData
#dataID: bigint
| +runID: bigint
+level: integer
RoleMap
+activityID
+datalD
+role
>
Activity Eventlist
#datalD: bigint
#activityID #eventID: integer
1..#% +evtTime: double
+flags: bit(8)
+multip: smallint
+telmask: bit(10@)
1 +evtRA: double
+ :
Execution Method ijEﬁfr;dgﬁﬁEfe
+activityID +name +detx: double
+version +type +dety: double
+startTime +version +alt_pnt: double
+endTime +description +az_pnt: double
+duration +webpage +alt: double
+status +az: double
+corex: double

+corey: double
+core_err: double

Mathieu Servillat (Obs Paris)

CTA Data Model 15 June 2015

1..

runID
*

CalibData

#datalD
+runID
+level

20



.
Use Cases

¢ Users:
¢ astronomer, quality control, database managers

¢ Examples :
¢ Create an image (DL3 — DL4)
+ All datasets with run_id = ...
¢ From DL4 image, go back to DL3 and redo
¢ All products using Pipeline version ...

+ Questions :

+ Metadata propagation
+ Access to Provenance (Obscore fields, DataLink)

Mathieu Servillat (Obs Paris) CTA Data Model 15 June 2015
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