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Important points for data model ( cta

Pointed instrument: =8° FOV

arrays = many telescopes, multiple sub-arrays possible

High-Energy Astrophysics = single photon counting

Ground-based - Can't point everywhere, Earth turns

Atmosphere part of telescope = impulse response varies
» air density and aerosols
» zenith angle (atmosphere depth)
» azimuth angle (B-field)
» Night-Sky-Background light (both stars and man-made)
) ...

short duty cycle +

deep integration times = many observations combined to analyze a source
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CTA Low-Level Data s

Happens in CTA Observatory Data Center Science Tools (GammaPy)

DLO DL1 DL2 DL3

Sample 025 X o
CT10C (NectarCam), event 0000087212 . CT100 NectarCam), event QCODQET212 o NectarCam
i R - 2 | 1250 Energy
P § e x " Reconstruction A
" m y Instrumental
observationl]l Application of Image R f‘e"‘;-%f; o o] §- )
o . — . T Stereo A4 h Optimization Responses &
Calibration Processing , » Performance
Reconstruction & Discrimination _,
Time-Integration Extraction
Simulations Particle
Classification Event Lists
Big Data Machine Learning
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Science Analysis: DL3-DL5

Happens at CTA data centers (automatic) + by users on user's laptops or e.g. ESCAPE science platform

DL3 DL4 DL5

Science-Ready Science-Binned Science-Quicklook
Use Science Tools to Fit

Retrieve Event Lists Use Science Tools to

and IRFs that cover \ make intermediate " & Mmodels to binned data

region of interest Binned Data Products (forward-folding)
and make Flux cubes

ohs i1d = 84753

Exposure Cube

12351 5593330 0.03 536  -29.2 Counts Cube Sky model
| Exclusion Map Light-Curve
Spectra
12951 Flux Map/Cube
Search for data s event_ld‘ Time Energy;.

covering region of interest 12978 12351 55933.30 0.03 536  -29.2
In space, time, maybe other 12999 %99 oase sse0031 01 532 203
parameters 12378 55933.36 120 538  -29.5

VO tools? 55983.45 0.2 : - D LG

Science-Observatory
Observatory or CTAC /
produces some legacy
products

Catalogs,
Survey Products



For Context: Metadata & Low-level Data Model

«links to
or summarizes»

Observation
Observatory Configuration
Metadata >
<<DataStream>>
Simulation Simulation
«~—Configuration <<DataStreams> + sim_obs_id
Data D
Stream
L} ¢ T Instrument + obs_id
| Configuration
|
I <<DataStream>>
: L]
i Observation
i Science + obs_id
| Configuration
|
|
} _______________________ «configures»
|
|
; %
! <<Activity>>
|
I (]
eMetaDatass | Data Pro.ce.s.smg
: «generates» or AchISItIOI'I
Activity < > Activity
Provenance !
|
|
1 | A
|
I) d:<produces:»
i 0..* \I/ i«is used by»
<<MetaData>> I <<File>>
|
Reference N Low-Level
|
| l Data <>
I Product
<<MetaData>>
<<MetaData>> p d ct
Context ‘ Metadata
< 1..%
<<MetaData>>
Fixity

Sim Data R1Data DLO Data DL1 Data DL2 Data
R1-DL2 Data Model
Version: 1.0.5 Low-level 1
> Data
<l
1.*
* .
Event Monitoring Service
Data Data *— Data
L 4
1
1
1 1
0. 0.7 0.5
<<StructuredBinaryData>> <<TimeSeries>> Subarray
Subarray Event Subarray Service
Monitoring
¢
1 <<TimeSeries>> a Auxiliary
Site 0..* Service
Monitoring
0..*
<<StructuredBinaryData>> <<TimeSeries>> 0.4 Telescope
) Service

Telescope Event

Telescope
Monitoring

¢

¢

<<StructuredBinaryData>>

FRAM

0" c<structured BinaryData>>

LIDAR




For Context: Metadata & Low-level Data Model

or summarizes»

[
|
|
|
|
|
|
[
«links to I
[
|
|
[
|
|
[
|

<<MetaData>>

Activity
Provenance

<<DataStream>>

Data <+—
Stream

+ obs_id

<G

«generates»

<

A

configures»

V

1

<<MetaData>>

Reference

A
| |
d|<produces|t>
‘ 0..* \I/ l«is used by»
' |

<<DataStream>>

Simulation

+sim_obs_id

<<DataStream>>

Observation

+ obs_id




Gl

Stream

+ obs_id

For Conte

|

|

|

|

) |
«links to :
or summarizes»:
|

|

|

|

|

|

1
|

A

configures»

V

<

«generates»

L/

/N

|
|
prod ucesh

 —— R ————

CTA Data Model

<<DataStream>>

Observation

+ obs_id

l«is used by»

Karl Kosack
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What are Science-Ready Data? (DL3)

Gamma-like Event Lists (= a photon list)

» Particle parameters reconstructed from air-
shower measurements

® time of event arrival

® reconstructed position on sky + ground

® reconstructed energy

* reconstructed shower hmax or Xmax (optional)

® a background class (how likely it is a gamma)

® a reconstruction class (how well reconstructed)

» True particle parameters (if from simulations)
Instrument Monitoring Tables

Good-Time Intervals (pre-made or user)

@

Instrument Response Function (IRF):
& Background Model: B

» IRF (R) : Probability distributions that relate

Reconstructed (instrument) to True (physics)
parameters

N predicted — I true ® R+ Bpredicted

» Assumptions:

® time-invariant per "good time interval"
® pointing is much better than PSF (no bias)

® we can factor R as

R = A(E) - £ (E.E") - PSF(p, p)

effective Energy Migration
collection area  Matrix (resolution

& bias)

Point-Spread
Function



Data Stream -
<<DataStream>> <<DataStream>> <<Activity>>

D L 3 . S C i e N C e _ R e a dy Simulation <}  Observation — — — :glati;:;

Data Products

1 ?
r-—------—F-F-F-—F"-""-"-"-"-=-=-="-=-"---"------------------”-----------------------”----”r---------------»-’s —~" =" - -"=-"-""-n""---------------- - -"\"""”""”" """ ettt N\
| DL3 Context Boundary!
i i Activity
i <<MetaData> > <<VO::MOC>> <<MetaData> > i csummarizes Provenance
i IRE b CO\I\/,Ie;age Reference i VOProv?
| Metadata Instrumental <<lable>> P + instrument_id |
| - . Re:.pon(s;eRF) 1 GTI + instrument_sub _id |
unction :

I + data_product_id ,
| P 0..1 1= s t_start __:____________> Clns.:'rumetr"t
| ~—— + t_stop ) | onfiguration
: —& & : <<VO::MetaData>> :«summarizes» g
| | |
| ¢ i w ObsCore 1 i
! «generated ]
: from» : 1 1 :
| | |
i 1 . 0.1 i <<Table>> i
| _ : : I EventList ! .
| <<NonUniformDataCube>> <<NonUniformDataCube>>  <<NonUniformDataCube>> | <<MetaData>> | | Observation
i Effective Energy Point-spread i :[ tr'ﬁeﬂ:ogtme EventList i Configuration
| Area Migration | dec - fl o——— Metadata <<MetaData> > !
| : + dec : rloat __:____________>
| | + alt : float € ———  Observation |
! ! + az: float : _
| | + energy : float + obs_id :«summarlzes»
! <<NonUniformDataCube> > ! + h_max: float _ ¢ ¢ + start_time !
: : + background_class : int + stop_time ] Science
| Residual 'r‘,- + reconstruction_class : int | Confisuration
l 0..1 Bacl\lll(g:jmlmd associated | l g
| ode . . |
: In time i <<MetaData>> __:____________>
| |
| \Y ﬁ& Context |
| l«summarizes
! Instr_umgnt + calibration_id :« g
| <<MetaData>> Monitoring <<Table>> + science_configlid |__L__________>  gimulation
| Monitorin L : . , :
i Metadatag SimEventList i«summarizes» Conﬁguratlon
| + true_alt: float <<MetaData>> |
| + true_az: float Fixit |
l + true_energy : float IXIty ;
l + true_x_max : float ek ]
| <<Table>> <<Table>> + particle_type |
i Pointing Atmosphere i
| Monitoring Monitoring |

|



DL5: Science Quick-Look Products

Model
Pmmmmm = mmm e > S
i i
| |
: [ A A :
DL5 Data Model: v0.3.1 (rough draft) ! ! ! ! !
| | | | |
<<Model>> <<Model>> <<Model>> <<Model>> <<Model>>
<<MetaData>> : <<MetaData>>
<<File>> Compound Model Spatial Model Temporal Model Spectral Model Background Model
Science Product
Config <> DL5 Data Product <> Metadata
o o o
1
1 1 DataCube
Likelihood
54
<<Model>> <<DataCube>> l i <<DataCube>>
Sky Model r—————————- I  FluxDataCube L ———LikelihoodDataCube
| | | <]‘—-|
/\ Nepen S o « I I
<<FluxDataCube>> | depends on /| | <LikelihoodDataCube> ! 4& !
M I |
Flux i | Likelihood i i i
___________ > Profile <<FluxDataCube>> <<FluxDataCube>> <<FluxDataCube>>
Lightcurve Map Spectral Points
depends on

Light-Curves sSky Maps Spectra
Measured Fluxes
Need some VO metadata to be

and I or Flux MOdElS discoverable and interoperable with all

observatories!



extra info
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UML

Relationship Type Symbol
A T
A is associated with B Multiplicity | Symbol
. . . e A Exactly One | 1
A is associated with B (unidirectionally)
A e ZeroorOne | O..1
A is composed of B
P Many *
A <>
A aggregates B Zero or More | 0..7
A F--------= > *
A depends on B One or More | 1..
A >
A inherits from B
Relationship Diagram
B
Exactly One-to-One 1 1
- B
Zero or 1 to Many 0..1
* * B
Many-to-Many
+0bs_id +set_id B
One-to-Many with explicit link attributes 1 )
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