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Quick projects overview

Gaia

GW

Future
missions
and
NewSpace
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Team overview (1 year ago)
• Core team of TU / Software & Data:

– 16 people at PCB – Torre D, 4th floor

• Involved in ~14 projects!

• Funding:

– National grants:
Gaia, B2CATS, Virgo

– Plan Complementario AstroHEP:
Gaia, PLATO, Virgo, ET, LISA, data fusion, 
PhotSat, nanosats, cloud, other missions

– ESA/PRODEX: Gaia

– European programs: Spacious
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Pablo Barneo X X o

Sergi Bartolomé X x o o

Javier Castañeda X · o x · o o · ·

Ignasi de José X

Claus Fabricius X · ·

Aniol Garcia X

Maria Garcia X

Victor Gregori X

Joel Hurtado X

Pradeep Jasal · X X ·

Joan Maller · X

Albert Masip X o o ·

Jordi Portell X x o o · o · o X o o · ·

Julien Poyatos X o

Georgy Skorobogatov · X X

Èlia Villar X X

Scale (from more to less involvement): [X] [x] [o] [·]
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Team overview (now)
• Core team of TU / Software & Data:

– 10 people at PCB – Torre D, 4th floor

• Involved in ~11 projects!

• Funding:

– National grants:
Gaia

– MdM: LISA, ET, Virgo

– ESA PRODEX+EXPRO: Gaia, PLATO

– European programs: Spacious

• Many thanks to ICCUB Secretariat for the 
HUGE support on bureaucracy,
and to FQA/ICCUB + Gaia IT Support
to keep our machines up and running
(despite the very, very few workforce 
available…)
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Pablo Barneo X X o

Sergi Bartolomé X o o o

Javier Castañeda X · o x · o · · ·

Ignasi de José X

Claus Fabricius X o ·

Aniol Garcia X ·

Maria Garcia X

Victor Gregori X

Joel Hurtado X

Pradeep Jasal · X X ·

Joan Maller · X

Albert Masip X o o ·

Jordi Portell X o · o · · · x · o · ·

Julien Poyatos X ·

Georgy Skorobogatov x o X

Èlia Villar X X

Scale (from more to less involvement): [X] [x] [o] [·]
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Contributions to Gravitational Waves

Virgo (and LIGO+KAGRA):

• Loss of manpower at the Tech Unit

• Now just ~0.3 FTE aiming at contributions on Computing and Software

Einstein Telescope (ET):

• Also loss of manpower;
we don’t even have a PI for the ET Research Unit at ICCUB!

• Still contributing ~0.2 FTE on Computing and Software

LISA:

• Just technical contributions from ICCUB,
to the Distributed Computing Center of Barcelona and the GlobalFit pipeline
(under coordination by IEEC/ICE)
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• IEEC’s astrophysical nanosatellite
– Visible + UV photometry from space (LEO)

– All-sky monitoring of ~10M stars

– Short revisit time: ~2 days

– Launch now planned for mid’2027

– Project Scientist at ICCUB

• ICCUB-Tech contributions:
– Currently quite on-hold… (funding)

– Support to on-board data handling

– On-ground raw data handling,
repository and data access framework
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PLATO

ESA mission, launch expected beg’2027

ICCUB contribution: Ground-based follow-up of exoplanet candidates
(GOP, Ground-based Observation Programme):

• Definition of subsystems architecture and requirements

• GOP Operational Center, hosted at ICCUB

• Interfaces and protocols with other
PLATO centers and with Observatories

• Database, repository, metadata

• Data-driven tasks self-orchestration

• Observational constraints

• Software implementation and tests

Close cooperation with ICE/IEEC

Recently passed GS Implementation Review,
now approaching GS Readiness Review!



8

Other projects and activities

• GaiaNIR:
– Support to initial definition

– On-board data handling, on-ground raw data processing and initial data treatment, …

– Voyage 2050 science case white paper for now

– Big meeting last week in AEE-Seville

• Jasmine:
– Being defined: perhaps support to some PSF models, simulations,

and eventually data processing/analysis including onboard data compression

– Launch ~2028
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Gaia
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Gaia spacecraft passivation: 27-March-2025

The spacecraft is over, but the mission keeps going on until DR5!
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Gaia: Data processing, validation and coordination

Most activities within the frame of the Gaia DPAC (Data Processing and Analysis Consortium):

• CU3 (Core Processing), IDU (Intermediate Data Updating) incl. Cross-Matching

– Algorithms + software development, mainly on attitude, calibrations, spurious detections, cross-matching

– Finished our work for DR4 (Dec’2026); now working hard towards DR5 (2030!)

• DPCB (Data Processing Centre of Barcelona)

– Operational runs at BSC (MareNostrum). Latest full runs: on 10.5 years of mission data (DR5), ~265E9 observations processed

– Official backup of DPAC (MainDB, Telemetry Archive, Subversion, …)

– Data visualization and data mining tools

• CU9 (Catalogue Preparation)

– Catalogue validation for DR4: many new data types, tables, parameters…

– Development of software tools for statistics and validation, e.g. the Gaia Analysis Tool (GAT)

• Project Office

– Technical interfaces between Units and Centres; technical support to other Units

– Estimation of database and transfer sizes

– Curation of Operational Event Logs, support to visualization tools

– Support to additional (often cross-unit) investigations



12

Interesting experiments on Gaia data at ICCUB

Machine Learning experiments using Google Compute Cloud’s AutoML:

• “Machine Learning for dummies”

• Train a model using some of the DR3-GaiaSource fields

• Estimate spectral types, distances, or even radial velocities for more sources than those in DR3

• Some interesting result: estimation of absolute magnitude just from GaiaSource fields (no XP spectra)

– HR diagram (abs. mag vs. BP-RP) for the training set (160M sources),
using GaiaDR3 absolute magnitudes (left) and AutoML estimations (right), r2=0.94
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Even Bigger Data approaching

• DR4 highlights (vs. DR3):
– 5.5 years of data (vs. 2.8 yr)

– 2.7 billion sources (vs. 1.8 B), including low-SNR sources

– Epoch data for all sources (vs. just a subset, e.g. variable stars), including
epoch astrometry, epoch spectra, epoch photometry, …

– Epoch tables with over 100 billion records

– Nearly 500 TB of data (vs. 10 TB)

– Over 100 data tables

– …and DR5 will be ~10.5 years of data!

• Science exploitation approach must change
– Gaia Archive queries, programmatic (typ. Python,

e.g. AstroQuery), VO/TAP, ESA DataLabs…

– Preparatory efforts like SPACIOUS: BigData platform based on
Apache Spark, Parquet files and Jupyter notebooks

Two sources (perhaps a binary) observed during

the 5.5 years time span of Gaia DR4. The proper

motions and parallaxes are clearly visible.

One of the many plots and diagnostics implemented for the

DR4 catalogue validation.
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Gaia DR3 – J-PLUS DR3 catalogue fusion

• Gaia DR3: 1.8 billion sources
(pre-selection of 620 million sources: J-PLUS coverage)

• J-PLUS DR3: 47.4 million sources

• Proof-of-concept: improve star/galaxy classification

– Gaia more complete, all-sky and with spectroscopy;
J-PLUS with imaging + exquisite photometry
Ą combine both
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Gaia DR3 – J-PLUS DR3 catalogue fusion

Method: LSDB tool, HATS format

• Used by (developed for?) LSST / Vera Rubin, ZTF, …

• Query to J-PLUS Archive + retrieval of the 3 classifiers
available: SExtractor, morphology, BANNJOS ANN

• Gaia DR3 GaiaSource (bulk / query) + classifiers from
DSC and UGC, incl. back-propagation to J2000 and
adequate use of formal errors

• Python/Dask, HATS format + margin, cross-match

– Gaia Ą J-PLUS + J-PLUS Ą Gaia

– 1 arcsec radius (2 arcsec for tile boundaries),
just nearest-neighbour

• 23.3 million matches

– 1.3 million less than in the official J-PLUS – Gaia XM

– We cleanup duplicates in the tile boundaries

• Work done by Èlia Villar
– Detailed document in preparation (perhaps paper?)
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Gaia DR3 – J-PLUS DR3 catalogue fusion

XM results:

• Median match distance: 123 mas

• Most unmatched J-PLUS sources are very faint (below r=20)
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Gaia DR3 – J-PLUS DR3 catalogue fusion

Galaxy classification results:

• 3 J-PLUS classifiers agree on Galaxy, Gaia says Star: 663.8 k

• 2 Gaia classifiers agree on Galaxy, J-PLUS says Star: 15.1 k

• 3 J-PLUS + 2 Gaia agree on Galaxy: 285 k Ą “bona fide” galaxies?

• It may allow improving the Gaia all-sky classifiers:
reduce false positives, improve completeness

• …within limits: most J-PLUS-only galaxies
are a bit too faint for Gaia
(e.g.: poor SNR in XP spectra)
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The Gaia-Javalambre DR3-Plus catalogue and service

Combined catalogue with Gaia DR3 and J-PLUS DR3 (“GJDR3-Plus”):

• Gaia DR3: 1.8 billion sources, full GaiaSource table

– Also: EpochPhotometry (variables + Gaia Andromeda Photometric Survey), HEALPix at level 16 + neighbours, density indicators

– …and Weiler’s distance estimator from inflated parallax+errors

• J-PLUS DR3: the 23.3 million matched sources

– 12 photometric bands + star/galaxy classifications

– Match distance

• Available for download
at https://gaiaarchive.bsc.es/

– Hive-partitioned
Zstandard-compressed
Parquet files

– Only 587 GB (vs. 757 GB of the
official GaiaSource.csv.gz files)

https://gaiaarchive.bsc.es/
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The Gaia-Javalambre DR3-Plus catalogue and service

Data mining service for GJDR3-Plus:

• Based on DuckDB and a JupyterHub service, with example notebooks

• Running under OpenStack at the Barcelona Supercomputing Centre

• VM with 32 cores, 110 GB RAM, 4 TB disk for data, 1 TB disk for users

• Using our “Gaia MagicDuck” package (available in GitHub)

– Simplify some queries

– Provide a fast and more versatile skymap plotting function (using DataShader)

– Partly funded through ESA PRODEX

• Fast queries and plots, e.g. full-scale high-resolution skymap in less than a minute

• Creation of source lists, export of subsets to Parquet, joins with your data…

• Portable: you can download the Parquet files and deploy this service at your institution

• Accessible, ready-to-use: feel free to test it!

– Register at https://gaiamduck.bsc.es

– Then, inform us (to authorize your user) and
briefly tell us about your use case to gaiamdservice@fqa.ub.edu

• It can be seen as a portable, “mini-SPACIOUS” or “mini ESA DataLabs”

– Good for practicing towards Gaia DR4!

https://gaiamduck.bsc.es/
mailto:gaiamdservice@fqa.ub.edu
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GJDR3-Plus catalogue and service: examples

Simple histograms: magnitude distribution in different bands (obtained with a single query, 36 seconds)
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GJDR3-Plus catalogue and service: examples

Density plots: parallax error vs. G-band magnitude with some filters (1.5 minutes)
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GJDR3-Plus catalogue and service: examples

Skymaps: source counts (33 seconds)
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GJDR3-Plus catalogue and service: examples

Skymaps: source counts with rotated galactic coordinates (e.g. to focus on LMC/SMC or anticenter)
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GJDR3-Plus catalogue and service: examples

Skymaps: source counts with different parallax cuts
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GJDR3-Plus catalogue and service: examples

Skymaps: count of sources having epoch photometry (3 seconds: data was cached)
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GJDR3-Plus catalogue and service: examples

Skymaps: “isolated“ sources
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GJDR3-Plus catalogue and service: examples

Skymaps: transits per source, for sources with epoch photometry and a J-PLUS match
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GJDR3-Plus catalogue and service: examples

Light curves from epoch photometry

(in this example, a Seyfert-1 galaxy
that we found just by chance,
when looking at a few “bona fide”
Gaia + J-PLUS galaxies)
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GJDR3-Plus catalogue and service: examples

Density plots:
HR diagram of sources with J-PLUS match,
all classifiers indicating “star”,
and 3-sigma parallax
(8.4 million sources)

Just G-magnitude corrected with 1/parallax
vs. BP-RP colour

Quite a nice one!
J-PLUS images in low-extinction regions?
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Conclusions and future work

New (Big) Data requires new approaches

• Get ready for Gaia DR4 (December 2026)

• ESA and other projects (e.g. SPACIOUS) will provide excellent tools

Publication of Gaia-Javalambre DR3-Plus catalogue and services:

• You can now easily test the kind of tools (approx!) that you’ll need to use

Future:

• Update GJDR3-Plus with some more scientific content:

– Perhaps more/revised estimations of extinction and reddening

– Include J-PLUS synthetic photometry from XP Spectra + GaiaXPy?

• Update the Gaia-Javalambre catalogue with J-PLUS DR4 (and later with Gaia DR4)

• Study and discuss the galaxy classification

– Useful input for Gaia DR5 processing?

• Further ML experiments (preferably in local, more controlled resources)
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Thank you

Jordi Portell (jportell@icc.ub.edu)

on behalf of the ICCUB-Tech Computing Division

mailto:jportell@icc.ub.edu
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