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Atmospheric Cherenkov Telescopes Principle

ACT Data are based on reconstructed Events.
What is an Event?

“The with the atmosphere
produces an atmospheric shower, resulting in a short flash of

. The detection of such a pulse of light by a
Cherenkov telescope array is called a Cherenkov Event. For
each Event, a shower image is recorded in the cameras behind
the telescopes. A central trigger associates a time Stamp to the '

Event”

amera Fields

O




From shower footprints to astrophysical products...

* Shower/Events parametrization and complex analysis

* Images, spectra and light curves are based on series of Events
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Pseudo-UML picture (Data & metadata included)
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Processing history generic description
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Must be rewritten to be fully UML compliant ...




First efforts of implementation

* Bottom up approach:
— Start implementing ObsCore

— Evolve towards more complex DM: imageDM,
spectralDM, datalLink for Provenance Info.

* Implementation of First CTA DataChallenge
Data (CTA’s ancestor’s HESS Data)



Section of the UML model using DIA

#eventID: integer

+evtRA: double

+dety: double
+alt_pnt: double

[+az_pnt: double

+energy: double
+energy_err: double
[+l msw: double
+h11ms1: double
+hil msw_err: double
+hil ms1 err: double

[Provenance - ObsConfig]
Target Observatory < <Observatory>>
ObservingProposal - [#name: TCTA" ‘CTA','Cherenkov Telescope Array Observatory'
[#targetID: integer +description: varchar(255)
FobsPropld: integer nane: varchar (50)
ounerNane: String targetra: double
+sciProjID: integer +targetDec: double
SCiProjID +targetEpoch: float
0.1 +targetRADecsys: varchar (20) siteArrayID
Targetid 1.2
..1 SiteArray
1is the object of» [#siteArrayID: integer
describes» ObservingConfig +name: varchar(s) = 'South' not null
" +1D PR T +latitude: float
arge obsConID: integer +ongitude: loat
o.x =Nt I0 L Suparrayto: integer ubarrayIp Longtue T
sciProjIo Observation *|potntingtode: varchar(20) | % STteArrayiD
1 obs_obscont +trackingMode: varchar(20) )
,——| [#0bsTD: Integer +obstode: varchar (20) ontainse
+targetin: int
ScientificProject sciProjId _ Obs SP opso [Far9e el Time |00SID obsConfID < siteArrayID
|#sciProjID: integer [1.% 1..% . : 0..% 1 1..%
istartTine: Time -
towner: String +endTime: Time SubA SubAr rayID
[+onTime: float obsConfID u rray
iveTime: float 0.1 subirrayzp |FoUPATTaVIDT nteger Auxiliarinstrument
bsTD ConvergenceConfig 1siteArrayID: integer 9.+ [FauxInstrunentId: String
Pl i +subrrayNane: string rner sirivg
fobs Con’ : integer +nTels: integer
‘(Q"xk ﬂfia(t [+tellist: varchar(255)
+convec: floa
DATrayId
<<postgres: typenap>> +convbepth: float I aing
Integer: integer;
Tonginteger: bigint;
float: rea
double: double precision; telID
string: varchar(255); IACTelescope Camera ]‘“9““’
String: varchar(255); [#telID: integer holds» [Foanerald: integer > sumTriggerUnit
Time: timestamp; Run +telClass: varchar(20) +telID: integer T
[ telPosx: double teump oot Abedl canferaIp [#sunTriggerUnitiD: integer
[#run1D: bigint +telPosY: double T|+cameraID: integer
<postgres prem is composed of» +observer: varchar(255) +nPixels: double [+nbOTTriggersectors: integer
; ) . startTine: timestamp +pixelsize: double +thresholgs: float
drop sequence site array id_seq; create sequence site_array_id_seq; +pixelSep: doubl
drop sequence sub_array id_seq; create sequence sub array id seq; +endTine: timestamp S mchoerution: double
drop sequence cancra 14 sea; create sequence camera id s4d; +onTine: float
drop sequence obs_conf_id seq; create sequence obs_conf id seq; +liveTime: float +telFocLen: double
drop sequence sci_data id seq; create sequence sci data id seq; runid
drop sequence target_id_seq; create sequence target id seq; 1
<<postgres:post>
alter table site array add check (name in ('South','North'));
alter table site array alter column site array_id set default nextval('site array id seq');
alter table sub_array alter column sub_array id set default nextval('sub_array id seq');
alter table camera alter column camera_id set default nextval('camera_id_seq'); 0bsTD runIo runId
alter table observing_config alter column obs_conf_id set default nextval('obs_conf_id_seq'); 1% 0..1 0..1
alter table scientific data alter column sci data_id set default nextval('sci data_id_seq'); Sciencel C ol
alter table target alter column target id set default nextval('target id seq'); lenceRun alibrationRun
[#runtd: bigint Frunid: bigint
+obs1: integer
+pntRA: double
+pntDec: double
pntEpoch: float
pntRADecsys: varchar(10)
z runID
1
leads to»
runIo
1..%
[rawData] [calibratedData]  [recoData| eventList dataProducts| [tegacyProducts|
Frunto: integer




Data Model Implementation

Automatic conversion UML to SQL

Using DIA to create the UML diagram

Scripts to generate the SQL code for PostgreSQL
Ingestion of the CTA 1DC data files (Crab with HESS)
VO compatibility: ObsCore data model view

GAVO DaCHS to expose the ObsCore view

List of runs accessible with VO protocols and services
Support of ADQL queries through a web page
TopCat with TAP (Table Access Protocol)
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Structure of the PostgreSQL database
after automatic conversion
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(many to many associations in UML become association tables, encircled in blue)
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SQL code for ObsCore view

-- ObsCore view
CREATE OR REPLACE VIEW cta.vo_obscore AS
SELECT
text 'eventlist' AS dataproduct_type
,integer '2' AS calib_level

,text 'CTAIDC_' || cast(o.obs_id as text) AS obs_collection

,cast(sr.run_id as text) AS obs_id

,text 'ivo://vopdc.obspm/cta#' || cast(sr.run_id as text) AS obs_publisher_did

,text 'http://cta/run_' || lpad(cast(sr.run_id as text),8,'0') || '_eventlist.fits' AS access_url

,text 'application/fits' AS access_format
,10000 AS access_estsize
,t.name AS target_name
,cast(sr.pnt_ra as double precision) AS s_ra
,cast(sr.pnt_dec as double precision) AS s_dec
,fov(o.obs_id) AS s_fov
,cast(scircle(spoint(sr.pnt_ra*pi()/180.0, sr.pnt_dec*pi()/180.0), fov(o.obs_id)*pi()/180.0) as text) AS s_region
,cast(0.1 as double precision) AS s_resolution
,cast(0.1 as double precision) AS s_resolution_min --optional
,cast(0.1 as double precision) AS s_resolution_max --optional
,tomjd(r.start_time) AS t_min
-- ,cast(r.start_time as text) AS t_min_1iso
,tomjd(r.end_time) AS t_max
,r.on_time AS t_exptime
,cast(0.000001 as double precision) AS t_resolution
--  ,text 'em.energy' AS em_ucd --optional
-- ,text 'Tev' AS em_unit --optional
,cast(tev2meter(0.01) as double precision) AS em_min
,cast(tev2meter(100.) as double precision) AS em_max
,cast(null as text) AS em_res_power
,text 'em.energy' AS o_ucd
,cast(null as text) AS pol_states
,text 'CTA' AS facility_name
,text 'CTA' AS instrument_name
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Now possible on a test server :

http://voparis-cdpp.obspm.fr/ __system _/adql/query/form
Enter an ADQL query :

GERMAN ASTROPHYSICAL

GAVO

VIKTUAL OSSERVATORY

Help

Service info

Related
Tables available

for ADQL
Metadata

Identifier >>
Description >>
Keywords >>
Creator >>
Created >>

Data updated >>

Reference URL >>

Try ADQL to query

our data.

Please report errors and
problems to the site
‘operators. Thanks.
Privacy | Disclaimer

Login

ADQL Query

Parameters

« ADQL query: select * from cta.vo_obscore

Result
Matched: 4

| Send via SAMP | | Quick Plot |

« select * from cta.vo_obscore
» select * from cta.vo obscore as o

where
intersects(
point('ICRS', 0.s_ra, o.s_dec),
circle('ICRS', 83.633, 22.514, 0.1)
) =1

Dataproduct_type Calib_level Obs_collection Obs_id Obs_publisher_did Access_url Access_format Access_estsize Target_name Sra S _dec
[kbyte] [deg]

eventlist 2 CTA1IDC_1 23523 ivo:/ivopdc.obspm/cta#23523 http://cta/run_00023523_eventlist.fits application/fits 10000 Crab Nebula 83.6333333333 21.5144444

eventlist 2 CTA1DC_1 23526 ivo://lvopdc.obspm/cta#23526 http://cta/run_00023526_eventlist.fits application/fits 10000 Crab Nebula 83.6333333333 22.5144444

eventlist 2 CTAIDC_1 23559 ivo:/ilvopdc.obspm/cta#23559 http://cta/run_00023559_eventlist.fits application/fits 10000 Crab Nebula 85.2533333381 22.0144444

eventlist 2 CTA1IDC_1 23592 ivo:/ivopdc.obspm/cta#23592 hitp://cta/run_00023592_eventlist.fits application/fits 10000 Crab Nebula 82.0133333286 22.0144444
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Query using Topcat

VO - Table Access Protocol (TAP) Query
In Select Service, enter TAP URL at the bottom :

http://voparis-cdpp.obspm.fr/__system__ /tap/run/tap
Clic Enter Query

Select Table : cta.vo_obscore

Enter 'ADQL Text' : select * from cta.vo_obscore, clic OK

® - 0 Table Access Protocol (TAP) Query

Window Deletion Columns Registry Interop Help

# el @ x|

( Select Service | Enter Query | Resume Job | Running jobs |

-Table Metadata

ADQL Text

Service: http://voparis-cdpp.obspm.fr/__system_ /tap/run/tap (21 tables)
Table: |cta.vo_obscore w | CTA run obscore

Columns:

Name DataType| Indexed| Unit

dataproduct_type |[char L] product ty

calib level int ] calibratior

obs collection char L] name of tt

Akl iAd e 1 AheAarniatin

[v] Synchronous Examples H Clear ‘ Parse Err
select * from cta.vo_obscore
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Query using Topcat

S
9 & (=] o
Window Layers Subsets Plot Export Help
File Views Graphics Joins Windows VO |Interop Help
' ) 2 | |
s By B uile: Wledo §wa v e =
rTable List rCurrent Table Properties 22.6 @
2: TAP_2_cta.vo_obscore Label: [TAP_2 cta.vo_obscore
Location: TAP_2 cta.vo_obscore 228
Name: vo_obscore
Rows: 4 m22'2
Columns: 27 o
Sort Order: Gl |v‘ g 22.0
Row Subset: =
s
Activation Action: [JBroadcast Row
62 /3538 M
] ! 21.6
21.4
& - O TOPCAT(2): Table Browser 2
Window Subsets Help
r T 1T | gl 82 83 84 85 86
% g . X s rafdeg
Table Browser for 2: TAP_2 cta.vo_obscore 3 ”; }O’g‘ .|.||L [QQ m
access_url access_format |access...| target_name s_ra s_dec s_fov —— - —- =
1 [a/run_00023523_eventlist.fits | application/fits | 10000 | Crab Nebula | 83.6333 | 21.5144 0. <(1.4| kes [ Position | Subsets | Form |
2 [a/run_00023526_eventlist.fits | applicationffits 10000 | Crab Nebula | 83.6333 22,5144 0. =(1.4] | end = b
3 la/run_00023559_eventlist.fits | application/fits | 10000 | Crab Nebula | 85.2533 | 22.0144 0. <(1.4| 9 Table: |2 TAP_2 cta.vo_obscore | v | ‘
4 fa/run_00023592 eventlist.fits | application/fits 10000 | Crab Nebula | 82.0133 22.0144 0. =(1.4 '}':2: TAP 2 | x- Is_ra ‘v|E]E !
4 (- Is_dec ‘vIEE]
< [ Il ] [»
r on: Count: 4/4
X [z] Select Pan X/Y Zoom X/Y Zoom Iso
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Future work...

* Bottom up approach:
— Start implementing ObsCore
— Evolve towards more complex DM:
— ImageDM, SpectralDM,

— Use of the Data Link data access layer
specification for Provenance Info.

* Implementation of First CTA DataChallenge
Data (CTA’s ancestor’s HESS Data)



