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1. The Gaia mission
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2. Gaia: parallaxes è distances

https://socratic.org/questions/how-stellar-parallax-is-measured
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2. Parallax + proper motion

https://socratic.org/questions/how-stellar-parallax-is-measured
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Scientific Mission Goals
Astrometry (G < 20 mag)

completeness to 20 mag (on-board detection) Þ 109 stars
accuracy: 26 µarcsec at G=15 mag (Hipparcos: 1 milliarcsec at 9 mag)
scanning satellite, two viewing directions

Þ global accuracy, with optimal use of observing time
principle: global astrometric reduction (as for Hipparcos)

Photometry (G < 20 mag)
astrophysical diagnostics (low-dispersion photometry) + chromaticity

ÞDTeff ~ 100 K, log g, [Fe/H] to 0.2 dex, extinction (at G=15 mag)

Radial velocity (GRVS < 16 mag)
accuracy: 15 km s-1 at GRVS=16 mag
application:

third component of space motion, perspective acceleration
dynamics, population studies, binaries
spectra for GRVS < 12 mag: chemistry, rotation

principle: slitless spectroscopy in Ca triplet (845-872 nm) at R = ~10,800
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Gaia mission status
Gaia spacecraft is fine and operating nominally
Nominal 5 yr mission finished. Could be extended up to 2023+ (9+ yr)

Large scientific production: ~4000 ADS publications (S. Jordan library)
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Gaia DR2 in numbers
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New items in Gaia DR3 (2022) 
Astrometric non-single star solution types
• acceleration, 7 and 9 parameters
• orbital solutions, 12 parameters
• stochastic solutions

• single star source model or basic binary star model
does not fit

• NOTE: no epoch astrometry or epoch radial velocities will be 
released as part of Gaia DR3 

Astrophysical parameters based on BP/RP/RVS spectra
• Teff, AG, E(GBP − GRP), log g, metallicity, abundances, 

distances, radii, masses, activity index
• solutions from multiple algorithms will be provided
• rotational velocity for bright subset of stars (TBC)

• Extinction map
• Sourceclassification(star,binary,galaxy,...) 

Mean BP/RP/RVS spectra
• For subset of sources only
• Tool to handle BP/RP spectra will be provided

Solar system objects
• Orbits
• Reflectance spectra



ESA UNCLASSIFIED - For Official Use A. Mora et al. | The Gaia Archive | ESLAB #53. ESTEC | 2019-04-09 | Slide  9

Gaia DR4 
• Final release for the nominal misión

• 60 months input data; schedule TBD
• Foreseen data products

• Full astrometric, photometric, and radial-velocity
catalogues

• All variable-star and non-single-star solutions

• Source classifications (probabilities) plus multiple
astrophysical parameters (derived from BP/RP, RVS, and 
astrometry) for stars, unresolved binaries, galaxies, and 
quasars

• Catalogue of binaries and exo-planets

• Image reconstruction results
• All epoch and transit data for all sources, including all

BP/RP/RVS spectra

Overall gain in precision for DR3 and DR4: factors 1.2  and 1.7 with
respect to DR2

• proper motions improve by factors 1.9 and 4.5 

Image credits: ESA/Gaia/DPAC, Mowlavi et al. 
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2. The Gaia Archive
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Gaia Archive: Data and components
Catalogues: TAP service. VO+. ADQL queries

Most popular service. Most queried catalogue ever

Ancillary data: DataLink service. VO + own API. Feasible for DR4+?
Less frequently used. Vast legacy value

Bulk download. Files. Everything. Feasible for DR4+?
Comprehensive users and data centres

Visualisation: DPAC product, integrated by ESDC
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2.1 The Gaia Archive: catalogues
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Main catalogue: gaia_source

Columns

Units

Data: one entry (row) per object

Data model
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SELECT pmra, pmdec
FROM gaiadr2.gaia_source
WHERE 1 = CONTAINS(

POINT('', 56.75, 24.1167),
CIRCLE('', ra, dec, 2))

ADQL: query language
• SQL dialect. Essential in large surveys (SDSS, LSST, Euclid, …)
• Gentle learning curve (0.5 day for starters)
• Basic tutorial: Help è Tutorials è White dwarfs exploration
• Many resources (Topcat, GAVO reference sheet, DPAC cookbook)

pmra

pmdecPleiades 2º cone search
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Catalogues I/F : web GUI
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Catalogues I/F: Python Astroquery
• Very popular. Only interface for many users
• Free format manipulation. To be upgraded (authenticated access, DataLink, …)
• Jupyter tutorial: Help è Tutorials è Cluster analysis (Python)

ADQL query

Module
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Catalogues I/F : 3rd party VO
Topcat (M. Taylor): Data query (TAP), reception (SAMP) & plotting
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2.2 The Gaia Archive: ancillary
NB. All data shown are fake. Used in preparation for DR3
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Source list è Ancillary data
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Ancillary data: structure x format
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Ancillary data: availability flags
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Sources of interest can be obtained from a query
Example: Bright LMC cepheids (3 deg radius, G < 15)

Source list: from ADQL query

select source_id from gaiadr2.vari_cepheid
join gaiadr2.gaia_source using(source_id)
where 1 = contains(

point('', 80.89, -69.76),
circle('', ra, dec, 3.)

)
and phot_g_mean_mag < 15
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Unfolded calibrated light curves: flux vs time

Plain data model: sparse cube

Light curves: G, BP, RP
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• DR3+ Astrophysical parameters are distributions, not single values

MCMC samples (non-Gaia example)

Sharma 2017 ARA&A
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XP spectra: PCA + samples

https://gea.esac.esa.int/archive/documentation/GDR2/Data_processing/chap_cu5pho/sec_cu5pho_intro/ssec_cu5pho_intro_ssc.html
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RVS spectra: average
• Several million spectra

• Largest spectroscopic survey!

• Classical grating spectra
• Heritage: formats, VO protocols

https://www.cosmos.esa.int/web/gaia/iow_20140605
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Light curve: plain (sparse cube)
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XP sampled: VO fields è header
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Raw: XP continuous PCA
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No header, just columns
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2.3. Gaia Archive: bulk download
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Bulk download: file repository

100 TB

DR1

DR2

• Few comprehensive users

• 3rd party service (CDN)

• Reduces ESAC traffic
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3. Usage statistics
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~2/3 IAU members

DR1

DR2

Users per month (different IPs)
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~20% IAU members

DR2

Registered users. Active 1+ times

Most queries are anonymous
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Queries per month

15 M
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Cumulative queries

150 M

CDS: most popular catalogue ever
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Global science
Archive usage just after DR2
Unweighted Google Analytics
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4. Feedback from this Group
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Priorities? Feedback welcome!
Non-exhaustive list. Some for Gaia, some for ESDC as a whole
1. Integration between archives
2. Single object exploration
3. Look & Feel: technology obsolescence
4. Visualisation: query output
5. Visualisation: general improvement, binary orbits
6. ESASky. Add data. Add HIPS. Binary orbits?
7. Jupyter notebook repository
8. Massive computing: DataLabs, SOC, Cloud
9. Cross-match assistant
10.ADQL: contribution toward 2.1 and beyond

Needed: What? Priorities?
Not needed: Who? How?
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Integration between archives
~10-20 different ESA astronomical archives
Single entry point at e.g. ESA planetary, CDS, IRSA, MAST
Lots of duplication, e.g. How many ALLWISE versions?

Replicate Gaia within Euclid and viceversa? 
Cross-mission queries are difficult
Change of focus: Archives è Services

TAP (catalogues), DataLink (ancillary), Visualisation, …
Each mission could use a selection of services

Resources might be optimized
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TAP: Gaia vs Euclid vs Herschel
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TAP: Gaia vs Euclid vs Herschel
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TAP: Gaia vs Euclid vs Herschel
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Single object: inspired by Simbad
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Gaia single object: proof of concept
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Gaia single object: RVS
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Gaia single object: Light curve
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Gaia SO: stellar parameters MCMC
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Gaia SO: stellar parameters MCMC
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Look & feel: improve GUI experience

• ESDC tech GWT: obsolete?

• Tabs è Icons

• Simgle authentication

• Cosmos, TAP, DataLink, …
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In-house vs Consortium: ESDC cannot do everything
Gaia visualisation workpackage: Lisbon University

ESDC already has a prototype solution for Euclid

Visualisation: query output
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ESA Sky: collaboration
Different projects and objectives

DR2: data available on day 1

EDR3+: repeat agreement?

Gaia does not have images

Could HIPS maps be added?

ESASky is adding visualisations

Might use spectra, light curves

Non-single star trajectories
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Jupyter notebook repository
Lots of code in different places

Help, Astroquery, ESA DataLabs

Centralized repository

Visibility, indexing

How to seamlessly share code

Big problem: Licenses

License board difficult for users
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Cross-match: great CDS service

No need to replicate!
Limited data sets and customization
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Cross-match assistant
XM is science!

Ad-hoc problem

• User tables

• Extra conditions

• Proper motion

…

Queries are difficult

Tutorial available

Assistant?

Gaia vs external table
Cone search + V-G + RUWE
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Priorities? Feedback welcome!
Non-exhaustive list. Some for Gaia, some for ESDC as a whole
1. Integration between archives
2. Single object exploration
3. Look & Feel
4. Visualisation: query output
5. Visualisation: general improvement, binary orbits
6. ESASky. Add data. Add HIPS. Binary orbits?
7. Jupyter notebook repository
8. Massive computing: DataLabs, SOC, Cloud
9. Cross-match assistant
10.ADQL: contribution toward 2.1 and beyond
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Thank you for your attention!!
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EXTRA SLIDES
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TAP+: user tables + xmatch

Persistent Upload

Server Crossmatch

Table sharing
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DataLink

TAP+
Ø Catalogue Database

• Catalogues, source classification, 
SSOs.

• Efficiently “indexable” data
• Benefits from storage in RDBMS

Ø Cluster Storage
• Associated data products 

(Spectra, Light Curves). 
• Scales to DR3/4 data volumes

• ADQL query

• Source ID retrieval
• Future extensions
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2.4. The Gaia Archive: visualisation
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Visualisation: canvas + plots

Customizable canvas

Plots can be added and formatted
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Visualisation: linked views + layers

Variety of precomputed plots
Object selection across multiple windows
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Visualisation: adaptive resolution
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Visualisation: zoom on CDS object
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Visualisation: Selected Aladdin HiPS
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Vis: JS9 source count image
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Visualisation: Light curves

• Can be folded for periodic variables
• Source selection is difficult
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Visualisation: 3D (experimental)


