
Gaia use case in Spoke 3
Sara Gelsumini, Enrico Licata, Deborah Busonero

Missione 4 • Istruzione e Ricerca ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

Spoke 3 III Technical Workshop, Perugia,  26-29 May  2025



● Capacity for ad hoc recalibrations of astrometric and photometric data for the 
reclassification and redetermination of the fundamental properties (motions and 
magnitudes) of classes of objects of particular astrophysical interest;

● Interoperability and integration of metadata from non-astronomical databases, i.e. 
engineering and orbital data, data from service modules or payloads, or data coming, e.g., 
from Space Weather and/or  surveillance of space debris (space debris surveillance);

● Generation of a deep and complete sky, on 4π sterrad, as a reference tool and therefore 
interoperable for the integration of multiband data (from radio to high energies) and multi 
messenger data (e.g. sources of gravitational waves, neutrinos, ...) for efficient data mining 
aimed at fast multidimensional scientific data exploitation;

● Operations of telescopes from Earth and space and support for studying new missions/projects.
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Scientific Rationale beyond the Spoke 3 goals



Final Spoke 3 goal: study and implement a prototype open-source platform tailored for 
supporting and allowing scientific analysis on subsets of extracted Gaia data and metadata, 
alongside the Gaia database and data lake at DPCT, e.g. Gaia GW use case on a different 
platform (see Busonero talk’s 1° Tech Meeting 10/10/23).

Beyond the Spoke 3 goal: an infrastructure for archiving, management, processing, visualization, 
reprocessing, and analysis of Gaia data from raw data to processed data, not only for astrophysical 
exploitation but also for space science technological exploitation to enable large-scale 
reprocessing.

To create a database and filesystem platform capable of extracting all sources within 
different specific areas of the sky simultaneously and associating with each source the 
information regarding its transits and its calibration data.
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Technical Objectives

https://indico.ict.inaf.it/event/2532/contributions/16038/attachments/7296/14813/icsc_Trieste2023-busonero.pdf


We need fast queries and analysis of data from different 
perspectives:
● Run queries at billions of rows (sources) per second
● Switching between a source-oriented search by row 

(space) to a columnar search by transit (time) leveraging 
both indexing methods without the need to duplicate the 
DB volume;

We also need to pre-aggregate and pre-calculate the 
information in the database before delivering it to the users.

The GAIA operations DM is not suitable for technical/scientific 
exploitation.
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Technical Objectives

Credits: ESA/DPAC
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Data overview

● AstroElementary: 
transit information (33 attributes), ~ 70 TB with     
99.9 x 109 elements.

● CompleteSource: 
source information (180 attributes), ~ 4.8 TB with 
2.793 x 109  elements. 

● CrossMatch: 
association of sources and transits (8 attributes), 
~ 1.4 TB with 88.997 x 109  elements.



● DM and metadata definition to be queried in an efficient way;
● Blob attributes as links to other tables;

● The data are covered by an NDA - NO PUBLIC DATA;

● We experience some delay retrieving data from DPCT because of the HW infrastructure 
update.

Each of the billion astronomical objects is observed on average 200 times over the 
10 years of the mission's duration!
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Challenges
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GBIN

● Requires specialized 
tools for interpretation

● Converted gbin to 
another format for 
easier usage

● GBIN files can contain 
multiple CS/XM/AE 
entries

Disclaimer: example with fake data
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GBIN

● Requires specialized tools for 
interpretation

● Converted gbin to another format for 
easier usage

● GBIN files can contain multiple 
CS/XM/AE entries

Disclaimer: example with fake data

FITS

● Initially considered FITS format but 

faced challenges

● Created FITS files for each gbin, defining 

expected structures.

● Challenges with FITS rigid structure for 

dynamic needs.



● Considered HDF5 for a more 

flexible structure

● Intuitive search 

● Better blob integration
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HDF5



● Given a specific source;
● Find all the transit information associated with this source.

● Given an area of the sky;
● Find all the source within this area;
● Associate all the transit information to each source.

● Given a direction, a cone radius and the half amplitude of meridian band;
● Find all the source in the band perpendicular to the direction and within the 

cone;
● Associate all the transit information to each source.
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Possible queries
EASY

INTERM
EDIATE

COMPLEX



SELECT * FROM completesource
JOIN crossmatch ON completesource.sourceId = crossmatch.sourceId
JOIN astroelementary ON astroelementary.transitId = crossmatch.transitId
WHERE sourceId = 3425096028968232832;

SELECT * FROM completesource
JOIN crossmatch ON completesource.sourceId = crossmatch.sourceId
JOIN astroelementary ON astroelementary.transitId = crossmatch.transitId
WHERE alpha < 1.61835 AND alpha > 1.61815 
AND delta < 0.40205 AND delta > 0.40185;
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Possible queries

EA
SY

IN
TERM

ED
IATE



α = 0 [rad]
δ = π/4 [rad] = 45 [deg]

cone radius: ε = 0,0017453 [rad] = 1/10 [deg]

half amplitude meridian band: 2,91 10-4 [rad] = 1/60 [deg]
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Possible queries

A generic source of coordinates (α’,δ’) is inside the cone search if:
cos(θ) ≥ cos(ε)      where:

cos(θ) = [ cos(δ) cos(δ’) cos(α’ - α) + sin(δ) sin(δ’) ]
While it fall within the plane of half amplitude ε and perpendicular to the direction (α,δ) if:

- sin(ε) ≤ cos(θ) ≤ sin(ε)

α = 0 [rad] ± ε
δ = π/4 [rad] ± ε

C
O
M
P
L
E
X
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Timescale, Milestones and KPIs
MILESTONE KPI TARGET

M10 - August 2025 proceeding proceeding @ PDP 2025 DONE

M10 - August 2025 conversion final conversion in hdf5 of the data DONE

M10 - August 2025 queries definition final assessment of the queries for 
the final dataset DONE

M10 - August 2025 dataset delivery delivery of the final dataset ON GOING

 Percentage:    75 % 
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Final steps

● Delivery the final dataset;

● Verify that the output results are consistent with the DPCT Oracle system to ensure data 
integrity;

● Perform validation and performance tests on OPS4 platform (Oracle + ZFS + customized 
data lake) and Spoke 3 platform across all query types, with particular focus on the most 
complex query.
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Thanks for your attention!


