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High Energy Astrophysics
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Several orders of magnitude - Photon counting - Low count statistics - High background
 → Event lists (coordinates, time, energy)

+ multi-messenger data (photons, cosmic rays, neutrinos, gravitationnal waves...) 

HE
VHE
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Virtual Observatory and IVOA      www.ivoa.net  
The Virtual Observatory (VO) 
is the vision that astronomical 
datasets and other resources 
should work as a seamless 
whole.

The International Virtual 
Observatory Alliance (IVOA) 
is an organisation that debates 
and agrees the technical 
standards that are needed to 
make the VO possible.
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http://www.ivoa.net
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An event in VO
https://www.ivoa.net/documents/ObsCore 

event: An event-counting (e.g. X-ray or other high energy) dataset of 
some sort. Typically this is instrumental data, i.e., "event data". An 
event dataset is often a complex object containing multiple files or 
other substructures. An event dataset may contain data with spatial, 
spectral, and time information for each measured event, although the 
spectral resolution (energy) is sometimes limited. Event data may be 
used to produce higher level data products such as images or spectra.
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https://www.ivoa.net/documents/ObsCore
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Cherenkov Astronomy
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Atacama, Chile

La Palma, Spain

Alpha configuration

CTAO Southern array 
51 telescopes over a ~3 km2 area 

14 Medium-Sized Telescopes (MST) 
37 Small-Sized Telescopes (SST)

CTAO Northern array
13 telescopes distributed over an 
area of about 0.5 km2

4 Large-Sized Telescopes (LSTs) 
9 Medium-Sized Telescopes (MSTs)
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CTA Master Configuration Data Model
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Reconstruction phase
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Analysis: producing images, spectra, light-curves
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FAIR Principles for data
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https://www.go-fair.org/fair-principles

https://www.go-fair.org/fair-principles
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VO access to H.E.S.S. public data  
Virtual Observatory (VO) standards tailored to 
make data findable:

● H.E.S.S. experiment first public data release
→ https://zenodo.org/record/1421099 

● VO ObsTAP Service implemented at the 
Observatoire de Paris:

○ IVOA Observation Data Model Core Components 
(ObsCore) [link to IVOA REC]

→ adapted to Cherenkov data
○ IVOA Table Access Protocole (TAP) [link to IVOA REC]

○ Registered to the VO Registry via PADC 
(Paris Astronomical Data Centre) 

● Data widely findable
○ e.g. Aladin, TOPCAT, TapHandle, PyVO…
○ + dedicated web pages
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 Findable :  

https://hess-dr.obspm.fr 

Aladin

TapHandle

TOPCAT

https://zenodo.org/record/1421099
https://www.ivoa.net/documents/ObsCore
https://www.ivoa.net/documents/TAP
https://hess-dr.obspm.fr
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Obtaining the data
● IVOA ObsCore access_url

○ Direct download link to the FITS file
○ IVOA DataLink (to be implemented):

■ Associated calibration data
■ Service that packages the 

requested collection of data + 
calibration for analysis

● Access rights
○ Public data: no restrictions
○ Anticipating need for permissions:

■ PI proprietary period
■ Federation authentication
■ e.g. IAM ESCAPE service

→ https://indigo-iam.github.io/escape-docs 
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 Accessible :

DL3 event list directly opened in Aladin
(each black dot is an event)

https://indigo-iam.github.io/escape-docs
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Common data format and FAIR software
https://gamma-astro-data-formats.readthedocs.io
A community initiative to define common DL3 data 
formats for gamma-ray astronomy based on FITS

● Work and discussions in progress !
● Includes formats for: event lists, effective 

area, energy resolution, point spread function, 
instrumental background

● A prototype data format for CTA 
● Used for the H.E.S.S. public data release
● Partially in use by current instruments:

Fermi-LAT, HESS, VERITAS, MAGIC, FACT, ...

[A&A 625, A10, 2019]
[A&A 632, A72, 2019]
[A&A 632, A102, 2019]
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 Interoperable :

● Open-source Python package 
(Astropy affiliated package)

● Core library for the Science Tools of CTA
● Used in the analysis of existing gamma-ray 

instruments, such as H.E.S.S., MAGIC, 
VERITAS, HAWC...

● FAIR4RS: FAIR Principles for Research Software
→ https://doi.org/10.15497/RDA00065 

● ESCAPE OSSR: open-access repository to 
share scientific software and services
→ https://escape2020.pages.in2p3.fr/wp3/ossr-pages   

→ https://gammapy.org 

https://gamma-astro-data-formats.readthedocs.io
https://ui.adsabs.harvard.edu/abs/2019A%26A...625A..10N/abstract
https://ui.adsabs.harvard.edu/abs/2019A%26A...632A..72M/abstract
https://ui.adsabs.harvard.edu/abs/2019A%26A...632A.102K/abstract
https://doi.org/10.15497/RDA00065
https://escape2020.pages.in2p3.fr/wp3/ossr-pages
https://gammapy.org
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From F-A-I to FAIR
● Findable-Accessible-Interoperable

○ Use the Virtual Observatory standards, protocols and services
○ Define community standards where required
○ To be discussed early in projects, but technical solutions exist

● Reusability?
○ Based on the quality / reliability / trustworthiness of the products
○ What calibration was applied? What tools were used and how? 

What assumptions were made during the data preparation?
○ Sustainability: with time, key information may disappear...

● Provenance information as an answer to reusability
○ Need for the origin, trace, and detailed manipulations
○ Need to structure this information
○ Need to keep it and link it to the data
○ IVOA Provenance data model!
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 Findable :  
 Accessible :

 Interoperable :
 Reusable? :

→ ADASS XXXI https://hal.archives-ouvertes.fr/obspm-03516688v1 
    “FAIR high level data for Cherenkov astronomy”

https://hal.archives-ouvertes.fr/obspm-03516688v1
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 + Authn&Authz (SAML, OpenID, SCIM, …)

Use of standards and modularity to increase development speed
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Search form

TAP server

Result page Analysis job 
configuration

UWS server
(REST interface)

Visualize job 
results

Work cluster
(SLURM)

ADQL
+

TAP
+ 

ObsCore

VOTable

UWS
request
(POST)

UWS job
in XML

+
Provenance

PROV file

IVOA standard
W3C standard
other pattern or standard

VO Registry

Web application

SAMP

other app
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Use case Description

Cone Search Search data available for a given Target

ObsCore search Search data available corresponding to ObsCore keywords
(target_name, time interval, ...), e.g.:
search data for a given target at a given time
search data in a given region of the sky
search data that contain events at energy higher than 50 TeV

ObsCore optional search Search data available corresponding to ObsCore optional keywords
(target_class, data_rights, ...), e.g.:
search public data for all blazars
search data for a given proposal_id

ObsConfig search Search data available corresponding to ObsConfig keywords
(sub_array_name, pointing_mode, obs_mode ...), e.g.:
search data that include the Large Size Telescopes (LSTs)
search data for a given target, that do not include the divergent pointing mode

Provenance search Search data available corresponding to Provenance keywords
(calib_version, creation_date ...), e.g.:
search data produced by a given version of the pipeline and for a given target
search data produced using a given reconstruction method
search data for a given target produced with loose cuts
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