Cherenkov data access and
HE ObsCore implementation

Mathieu Servillat
Onur Ates e
Catherine Boisson
\ Pierre Cristofari
N Tomas Bylund
Brice Lamiré

- Renaud Savall -

\Poris Astronomical Data Cenfre/

Journées ASOV 2026 LUX (©) Qeservatoire | pg)

s //




Detection of y-rays covering
several orders of magnitude in
energy (~ 0.1to 100 TeV) " >

Indirect observation via 1
Cherenkov light (particle shower)

10km




Detection of y-rays covering

Telescope field of view

several orders of magnitude in v
energy (~ 0.1to 100 TeV) < >
Indirect observation via 1

Cherenkov light (particle shower)
Event counting
Low count statistics 10km

High background




Detection of y-rays covering

Telescope field of view

several orders of magnitude in | 3
energy (~ 0.1to 100 TeV) p >
Indirect observation via 1

Cherenkov light (particle shower)
Event counting
Low count statistics 10km

High background | - CT.I\O
CTAO: Cherenkov Telescope Array it

Big data era (PB of data per year)



Open Science

» « Maoke scientific research
accessible to everyone for the
benefits of scientists and
society as a whole » [uNEsco]

* FAIR principles for data access
[Wilkinson et al. 2016]

» International Virtual
Observatory Alliance (IVOA)

See e.g. [Servillat et al. 2022]
"FAIR high level data for Cherenkov astronomy”
ADASS XXXI, ASP Conference Series
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Findable Accessible Interoperable Reusable

PADC

Paris Astronomical Data Centre



https://www.unesco.org/en/open-science/about
https://www.nature.com/articles/sdata201618
https://hal-obspm.ccsd.cnrs.fr/obspm-03516688

Cherenkov data preparation

» Data Levels (DL)

From camera to science
data products

» Event lists (DL3)
(coordinates, time, energy)
* Requires:
o Calibration
e Reconstruction
o Filtering
* Instrument Response

Function (IRFs) needed
for DL3
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Description of data, assumptions
and context of observations

» [VOA ObsCore

spatial coordinates, time, energy...
[IVOA Recommendation, Louys et al. 2017]

.......

» High Energy specific [lvoa HEIG]
counts, instrument modes, IRFs

» Cherenkov specific
atmosphere, statistics, filtering, analysis

» [VOA Provenance

due to complex data preparation
[IVOA Recommendation, Servillat et al. 2020]
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that will be included in each CTAO data product
(credits: Karl Kosack and CTAO Data Model group)
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https://www.ivoa.net/documents/ObsCore
https://wiki.ivoa.net/twiki/bin/view/IVOA/HEGroup
http://www.ivoa.net/documents/ProvenanceDM

IVOA High Energy (HE) Interest Group

* Formed in 2024 (IVOA Malta)

aofter several dedicated meetings
(PADC, OV-France, IVOA)

» Different HE observatories
represented

X-ray, Y-ray, Cherenkov, neutrinos...

» Commonalities for data
dissemination and analysis

» Current work on ObsCore
extension for HE astrophysics
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https://www.ivoa.net/documents/Notes/VOHE/
https://github.com/ivoa/HighEnergyObsCoreExt

HE ObsCore extension S

“unitless | integer  Number of events in an event list
oV double Energy at which the ObsCore spatial characterization attributes s_ fov,
s_region, s_resolution arc defined

H . em_ref energy | eV double Energy at which the ObsCore spectral characterization attributes
* \rRejoerine Jala Proouct types. cm_s_pouer, em_resoution are deived
s_ref_oaa deg double Off-axis angle (i.e., the angular separation of the target or source from

the telescope optical axis) at which the ObsCore spatial characterization

« event-list (instead of event) , | B =y o iy

em_ref oaa T deg double Off-axis angle (i.e., the angular separation of the target or source from
t the telescope optical axis) at which the ObsCore spectral characterization
Y —_ b d | attributes em_res power, em_resolulion are defined
eve n U n e t_ntervals ‘ unitless | string List of observation intervals or stable/good time intervals describing the

exact observation time coverage as a TMOC

° re S p O n S e —_ fU n C‘t i O n energy_ min T ‘ eV double ﬁnuzgznf;ci;t::e tt;:tl;;(t)bsCore attribute em_ maz, describing the mini-

energy_ max ‘ &Y double Energy associated to the ObsCore attribute em_min, describing the maxi-
P ' ; mum cnergy of the datasct
(X obs mode " unitless | string Observation mode of an observation
tracking_ type ~ unitless | string Tracking type of an observation
R R scan_ mode " unitless | string Scan mode of an observation
pomting_mode " unitless | string Pointing modec of an observation
 Discuss ObsCore attributes mete-mete | 10> | s | e | e s

event_ type | unitless | string Event subset indicator (e.g., data quality flag for the events)

* Propose new attributes
« Evolution of UCD list NATURAL JOIN  ivon. obscore.hes
o = ’BL Lac’ OR

© DOtQ Link with COﬂteﬂt_QUOHﬁGF é;;i;;;(l:::lﬂ'(s_ra, s_dec), CIRCLE, 330.680338, +42.27777, 0.083333) = 1)

AND (dataproduct_type = ’event-list’)

AND (calib_level >= 2)
¢ Use CO Ses AND (em_calib_status = ’calibrated’)
AND (ev_xel >= 10000)
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VO SerVices Web Portals
fOI’ Cheren kOV data VO compatible tools

Scripts (Pyvo, ..)

User
Interfaces
Query
Processor

Metadata
Catalog
/

ngestion of metadata
from data products

Data
Storage
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https://docs.g-vo.org/DaCHS/tutorial.html

H.E.S.S. DL3 Public data [l S

« ADQL query: select
dataproduct_type dataproduct_subtype,obs_collection,obs_id target_name,s_ra,s_dec,t_min,t_max,access_url
from hess_dr.obscore

2004-03-
20136, MSH1552 26T02:57:462

20137 MSH15-52

2004-03-
26T03:28:252Z

2004-03-
27T02:28:16Z

2004-04-
14719:51:40Z

2004-04-
14723:32:13Z

2004-04-
15T00:02:31Z

2004-04-
15723:35:42Z

Links for 20275

V the data itself
the primary (as opposed to related) data of the identified resource

The event-list dataset

V Applicable Calibration

Data products that can be used to remove instrumental signatures from #this. Note that the calibration steps such data products
feed have not been applied to #this yet.

IREs

V Single Download Package
All file-like items related to #this and #this itself packaged together in a single downloadable archive.

Event bundle including IRE

LUX O gegsere



https://hess-dr.obspm.fr/

CTAOQO Science Portal c-r

SUSS (Science User Support System)

SW Landing
. . Page
Portal objectives and use cases: oof“zad
Information
» Get documentation and links (UC1)
o Authenticati d Authorization (UC2) e [
uthentication and Authorization -y [
 Find data (UC3) =
T User Dashboards
e Download data (UC4) T— -
» Process data (optional) A AN ¢ " 50
Scheduling @ '\‘ \\ =
* Interactive analysis (UC5) imopeten
» Batch mode analysis (UC6) Supoon
|_Foum |
| Watiog s
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F

» FastAPI: speed, flexibility, and modern
features like async functions

» Postgres with SQLAIchemy: Backend
Non private user info and history @ FastAPlusers

» Redis: Cache app and user dataq, session id

» Authlib with FastAPI Users: OpenlD Connect ®
» React.js: @

Interactive, responsive user interface.
» Aladin Lite: A sky atlas to show targets
¢ Plotly: Visualisation library

v
Frontend

» Bootstrap: Navigation and style of frontend

» PyTest: Testing the backend

* Prometheus & Grafana:
Monitoring production & staging with metrics




Cone Search

Searching data

crab

SIMBAD  NED

Coordinate system:
Equatorial (hms/dms) Galactic (I/b deg)
RA (deg) Dec (deg)

83.632400 22.017400
e.g., 83.6324 e.g., 22.0174

Radius (deg)
5

Time Search

Time System: ﬁ

Epoch for MET seconds: 2001-01-01 00:00:00 TT
Observation Start

2004-01-C 00:00:00 Q@ MJD 53005.0000000 MET 946079
Observation End

2005-01-C  00:00:00 ©  MJD 53371.0000000 MET 12623€

Energy Search

Observation Configuration
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Viewing the results

* Visualisation:

Sky map with markers
Timeline
Electromagnetic range

* Results Table:

Metadata (ObsCore extended)
Buttons to add to Basket
Download / Datalink services
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BB 5. 240 % 25.31°
Toggle Columns ~ Add 0 selected Filter results.

Action DatalLink Collection

Add DataLink ~ HESS-DL3-DR1

Add DatalLink ~ HESS-DL3-DR1

Add Datalink ~ HESS-DL3-DR1

Add DataLink ~ HESS-DL3-DR1
Showing 1-4 of 4 tota \

23523

23526

23559

23592

Observation Timeline

Product type Subtype

event-list GADF DL3
event-list GADF DL3
event-list GADF DL3
event-list GADF DL3

ra_obj

83.63333

83.63333

83.63333

83.63333

15



For logged-in users

* Authentication /

OpenlD Connect standard
CTAQO |AM for Identity Management

* Query Store

History of queries & results
Traceability

» Baskets
Selected Datasets

* Basket Preview
- via asynchronous job
- using IVOA UWS standard
- traceability of jobs (provenance)
[OPUS software]

CTAD

/

Welcome to ctao
Sign in with your ctao credentials

2 oates

Forgot your password?

Or sign in with

eduGAIN

Not a member?

Apply for an account

Register an account with eduGAIN

Info and Privacy Policy

CTND pataExplore

 —

Search Results My Basket Preview Jobs Query Store Profile

Active = pon
Crab Run Preview Job J Duplicate
basket >

Obs. id: 23523 | Target: Crab Nebula | T_min: 04/12/2004 22:04:48 TT
Obs. id: 23526 | Target: Crab Nebula | T_min: 04/12/2004 22:52:19 TT
Obs. id: 23559 | Target: Crab Nebula | T_min: 06/12/2004 23:02:24 TT

Obs. id: 23592 | Target: Crab Nebula | T_min: 08/12/2004 21:56:09 TT

Other baskets
Switch your active basket

PKS
‘ Aython package for
Create a new basket ma-ray aStronomy

Give it a short, descriptive name

New basket name

Delete Basket

Delete

Delete

Delete

Delete
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—> Assess the relevance of the basket


https://opus-job-manager.readthedocs.io/

Panel A1 — Requests per second by status (©

4 ops/s
3 ops/s
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We expose app metrics to ot

== ctao-data-explorer-prod 2xx == ctao-data-explorer-prod 3xx

Prometheus and visualize them e e
in Grafana for live health,

Panel C1— VO p95 latency by host/service
latency, and errors

400 ms

Using Pytest, we validated

auth/session lifecycle, query-

history writes, basket flows, and oot
UWS job utilities end-to-end, eTrT—
catching regressions with

minimal fixes

1.28 MiB

hE

1.27 MiB 3 ‘ |-| I (

10/30 1/01 n/o3 11/05

== redis-staging == redis-prod
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https://github.com/aopy/ctao-data-explorer
https://aopy.github.io/ctao-data-explorer

