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The Cherenkov Telescope Array Cld

CTAO Telescopes in Southern Hemisphere Rendering
Credit: Gabriel Pérez Diaz (IAC)/Marc-André Besel (CTAO)/ESO/ N. Risinger (skysurvey.org)

Next generation ground-based
gamma-ray observatory

More than 60 telescopes

(4m to 23m)

South: 150 GeV to 300 TeV
North: 20 GeV to 5 TeV




Cherenkov Telescope observations Cld

y-ray enters the
atmosphere

Electromagnetic cascade

Primary y

<

10 nanosecond snapshot

0.1 km? “light pool” — a few photons per m?

Credit: R. White (MPIK) / K. Bernlohr (MPIK) / DESY

Detection of "events"

Each event is probably due
to the interaction of a
particle (photon, hadron,
lepton) in the upper
atmosphere (10 km altitude)
This interaction emits
Cherenkov light for a few ns




Open Observatory and Open Science ( Cta

CTA will operate as an open observatory and will provide data to
the scientific community.

In the context of Open Science, the data provided by CTA must
follow the FAIR Guiding Principles for scientific data
management:

 Findable

 Accessible
See e.g. Servillatet al. 2022
* Interoperab le "FAIR high level data for Cherenkov astronomy"
ADASS XXXI , ASP Conference Series
Y 7
Reusable https://hal-obspm.ccsd.cnrs.fr/obspm-03516688
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CTAO Operations
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CTAO Data Model group ( Cta

« Karl Kosack, CTAO DPPS Coordinator (Chair)

« Matthias FuBling, CTAO SUSS/SOSS Coordinator
« Igor Oya, CTAO ACADA Coordinator

« Catherine Boisson, Secondee from Obs. Paris omnutne
« Mathieu Servillat, Secondee from Obs. Paris Department
« Maximillian Linhoff, Secondee from TU Dortmund

Computing Systems
(ACADA, DPPS, SUSS, etc.)

Tasked with coordinating data model documentation
Release and change procedures IKE Pareass
Maintain a Data Model Document Tree
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CTAO Data Model specifications

DL3 pata Model Specification
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Top-Level Data Model
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Observing Program

@ Karl Kosack
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DL Data Acquisition
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Observing Program
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Science Operations model Cta

Covers the main SciOps
processes:

» Instrument description and options

ObservatoryState
SchedulingState \ ObservationState \ DataProcessingState \ ’ Si m u l ati 0 n
) ) )
» The Observing Program
DataProductState ScienceProgramState . . . e e e
\ ) 0g \ l DataProcessingReport ScienceAnalysisReport ’ D ata Acq u IS I_tl 0 n

ObservatoryConfiguration \ ’ O bse rVI ng

ObservingProgramConfiguration \ ObservationConfiguration \ InstrumentDescription \ ’ D ata P ro ceSSi n g
) ) )

Each has aspects of:

AcquisitionConfiguration \ ProcessingConfiguration \ | SimulationConfiguration \

) ) | ) » Configuration

» State

» Reporting
CTAO Data Model group - Mathieu Servillat 14



ﬂhsewaturrCunfiguratiun\

| ObservingProgramConfiguration',

| |$ ScienceTarget SchedulingBlockTarget

| ObservationConfiguration',

T
‘ i

SchedulingBlockConfiguration

¢
| AcquisitionConfiguration |, e e SchedulingBlock Schedule
| |EE -sb_id : uint32
II
| InstrumentDescription . Suharr; ObservationBlock 1 * |DataProduct
‘ w : -obs_id : uint64
¢
 SimulationConfiguration', T ——

Cld

T
‘ T

| DataPrnt:essingEnnﬁguratinn"-.,l

DataProcess
| N

In

conceptsalready defined
in the Scheduling Block
Data Model
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Science Data Levels

Observatory internal User-oriented

Flux maps, Catalogs,

Event-lists light-curves,  All-sky

Science / [Data Level] IRFs, Counts, spectra, bad(gr.o "Pd
.. Exposure, Output and Emission
: : Monitoring
Simulations Input Models Models. Models
tables

Telescopes
DL2 DL3 DL4 DL5 DL6
Calibrated Reconstructed
Instrument Air-Shower Science-Ready Binned Advanced Observatory
Data Data Data Science Data Science Data Catalogs
Sub-package Sub-package
Event Monitoring Service BinnedData Models Catalogs
periodic instrument service data tables Astrophysical Collections of
data associated with or analysis monitoring needed for subsequent N-dimensional and Instrumental sources/ source

each event/trigger data (time-series) data processing data cubes models characeristics

CTAO Data Model group - Mathieu Servillat



PbservatoryConfiguratio n\

o
SimulationConfiguration|
J event usts
DL3
DL3.Service)
PSF3Gauss
scale - NDArray <enum» : : :
ProcessingConfiguration gmp:gﬂgg_g : :Bx:? SpatialSelection| EnergyDispersion EffectiveArea
mplitude_s - Y NONE dispersion - NDArray effective_area - NDArray
sigma_1 : NDArray POINT LIKE
sigma_2 - NDArray =
sigma_3 - NDArray
DL3.Event) InstrumentResponse
spatial_selection : SpatialSelection
EventStream - primary_particle : Particle
=" StableTimelnterval i effective_area : EffectiveArea
ObservationConfiguration s 1 0.|* | start : LowResolutionTimestamp PSFTabie Poi ‘;abs";ﬁf” S o_.11 [EReYEISISIIEETE VIS IEEION
0bS_|d - uinte4 S <L R |utionTi 1 - NDA —D oint preai unction up”onﬂl
e o e e stop : LowResolutionTimestamp psf: rray - plionak -
| (v EsEEhl,_) - (Ee irfs - InstrumentResponse poini_spread_function - PointSpreadFunction
1 rima article : Particle P 0
BT ARYEY : A background_rate : BackgroundRate
[8) rad_max : RadMax
1 spt'! b le tl m e background_event_types : Set<uints>
L quality_event_types : Set<uinta>
1 1
o
Intervals
Event
1
obs_id : uinte4
event_id - uinte4
sUSS) P time - LowResolutionTimestamp o 0.1
) reco_ra : floata2 PSFKIng
InstrumentDescription Scien{:eAnalysis} reco_dec - floata2 “NDA IR SRR
\ Teco_energy - floataz2 gamma - fray rad_max - NDArray background_rate : NDArray
] optional sigma : NDArray
reco_alt : float32
reco_az : floata2
reco_x_max : float32
background_event_type : uints
S Monitoring (instrument, atmosphere, quality)
g u , P , QU '
DL3.Monitoring)
SimulatedEvent -
true_particle_type : Particle FEmITE paaqually
true_energy . float32 time : LowResolutionTimestamp DeadTime {:mg—‘:ﬁ]{?,iLL[]%"HR;SSD()IL%:&"%:?:;?[ITp
true_alt : float32 right_ascension : floata2 - X p— =5 - p
- L h time_start - LowResolutionTimestamp | | E 1 tual tent TBD- e
true_az : float32 declination : float32 time_end ° LowResolutionTimestam xamples, actual conien
L o e - e p atmospheric_transmission_mean : float32
optional optionat dead_time_fraction : float32 trigger rate _mean - float32
true_ra - floats2 altitude - floata2 o o oaias
true_dec : fioat32 azimuth : float32 v :
true_x_max : float32
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Activities model Cta

CTAO \

Common models used in multiple SciOps

DataProducts

Activities \

categories

Defines:

» Atomic activities
(e.g. command-line tool or running process)

» «uses/produces»

Definitions !

—

«defines»

Provenance

» Composite activities like Workflows
(directed graph of atomic activities)

«outputs»

Logging

C—\ » Activity and data product provenance *
onfigurations
] » Activity Configurations (input)
» Logging (output)

Strong link with IVOA

Provenance Data Model

CTAO Data Model group - Mathieu Servillat
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Data Products model Cta

CTAO \

= Defines the relationship between Science and Sciops
- 3 data models and data products
« sorializess » serialized data and metadata
Sonceogerstons | Document contains from previous "top-level" spec:
» product naming scheme

a DataProducts \ . IVOA ObsCore | °* Reference metadata model
“Obsewaﬂommma ) » Data product categories (Cat-A/B/C) See Apps I

DataProduct ;

Metadata M ContexiMetadsta » Recommendations for serialization

presentation
by Jutta

—which all share the same data model!

Serialization format will be coordinated with

FixityMetadata

» VODF (DL3-DL6) - open standard for the serialization of our
model (plus extensions to it to support other instruments)

[ r— » IVOA (metadata, particularly ObservationMetadata

' IVOA Last-Step Provenance ObsCore)

CTAO Data Model group - Mathieu Servillat 22



Summary ( Cta

« CTAO develops data model specifications
« Compatibility with IVOA is a requirement

« Several topics of discussion with IVOA experts:
— Metadata mapping for products from DL3 to DL6 (e.g. ObsCore)
« VODF effort (talk in Apps I1), ESCAPE meetings discussions
— Compatibility of data model base/common (coord, time...)
— CTAO provenance/activities links to the IVOA provenance model
— CTAO will exchange observaton schedules (ObsLocVis, ObsLocTAP)
— CTAO will exchange Science Alerts (VOEvent explored)

CTAO Data Model group - Mathieu Servillat 23
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