The ESA Gaia mission

and its promise for cool giant planets
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You are here!

Credit: ESA/Gaia/DPAC, Stefan Payne-Wardenaar
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https://www.esa.int/ESA_Multimedia/Images/2025/02/Gaia_s_Milky_Way_map_poster

The Gaia spacecraft is 10 m wide and has 2 telescopes esa

Credit: ESAC (source)
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https://www.cosmos.esa.int/web/gaia/media-gallery/images/ig_payload

Gaia was launched to L2 in December 2013 esa

« 10.5 years of science observations from July 2014 to January 2025
« (Gaia was constantly spinning and scanning the sky
« Surveying star-like sources, e.g. stars, galaxies, quasars, asteroids, ...

« Magnitudes range G = 3-21

In orbit around
Lagrange point 2

Credit: ESA (
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https://www.cosmos.esa.int/web/gaia/launch-posters
https://www.esa.int/ESA_Multimedia/Images/2022/06/What_is_Gaia

Gaia data flow from the spacecraft to the ESA archive @ oesa
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https://www.esa.int/Enabling_Support/Operations/ESA_Ground_Stations/Cebreros_-_DSA_2
https://sci.esa.int/web/gaia/-/55638-artist-impression-of-gaia

There were 3 intermediate Gaia data releases so far Eesa

» |terative process of incremental data releases

 There is no proprietary period on science data
for the Gaia collaboration

« https://www.cosmos.esa.int/web/gaia/data

. Early DR3 (2020)
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https://www.cosmos.esa.int/web/gaia/data
https://www.cosmos.esa.int/web/gaia/data
https://www.esa.int/ESA_Multimedia/Images/2022/06/Gaia_Exploring_the_multi-dimensional_Milky_Way_portrait_version

SKY-SCANNING COMPLETEFORk% =~ | | @ esa
ESA'S MILKY WAY MAPPER GATA = @ k.
| 580 MILLION

From 24 July 2014 to 15 January 2025, Gaia made
more than three trillion observations of two billion
stars and other objects, which revolutionised the view
of our home galaxy and cosmic neighbourhood.
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Spacecraft ‘pirouettes’
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Cold nitrogen gas consumed Days in science operations = Ground station time used


https://www.esa.int/ESA_Multimedia/Images/2025/01/Sky-scanning_complete_for_Gaia
https://www.esa.int/ESA_Multimedia/Images/2025/01/Sky-scanning_complete_for_Gaia
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Gaia spacecraft was passivated on 27 March 2025

2025-12-14

Achernar

https://www.esa.int/Enabling Support
/Operations/Farewell Gaia! Spacecr
aft operations come to an end

https://www.cosmos.esa.int/web/gaia/ | -' Venus
iow 20250327 ,
https://www.cosmos.esa.int/web/gaia/ eart _ovaia

iow 20250929 the mlssmn is far from overI

Credit: ESA/Gaia/DPAC (-0«
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https://www.esa.int/Enabling_Support/Operations/Farewell_Gaia!_Spacecraft_operations_come_to_an_end
https://www.esa.int/Enabling_Support/Operations/Farewell_Gaia!_Spacecraft_operations_come_to_an_end
https://www.esa.int/Enabling_Support/Operations/Farewell_Gaia!_Spacecraft_operations_come_to_an_end
https://www.esa.int/Enabling_Support/Operations/Farewell_Gaia!_Spacecraft_operations_come_to_an_end
https://www.cosmos.esa.int/web/gaia/iow_20250327
https://www.cosmos.esa.int/web/gaia/iow_20250327
https://www.cosmos.esa.int/web/gaia/iow_20250929
https://www.cosmos.esa.int/web/gaia/iow_20250929

Gaia is a very productive science mission Eesa

Gaia yearly publication counts (in total 14739)

Updated 2025-08-22
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https://www.cosmos.esa.int/web/gaia/peer-reviewed-journals
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https://www.michaelperryman.co.uk/gaia-essays

Studying terrestrial
planets in orbits up
to the habitable zone
of Sun-like stars,
and characterising
these stars

A targeted search for First step
terrestrial and larger characterisation
seismology and planets in or near the of known Earth-
exoplanet hunting habitable zone of a to-Neptune size

mission wide variety of stars exoplanets

Performing a chemical
census of a large and
diverse sample of
exoplanets by analysing
their atmospheres

Pioneering stellar

First all-sky transit
survey satellite

Dedicated exoplanet
1930 missions

Launch (@
Exoplanet-sensitive
missions

observatories

First discoveries of
exoplanets in the 1990s
opened up the field of
exoplanet research.
New innovations and
discoveries continue
to this day

s @esa

Revealing exoplanets

Credit: ESA (

Probing the
composition of Studying exoplanet
exoplanet signatures in
atmospheres infrared light

)
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through its all-sky survey
of the position, brightness
and motion of over one
billion stars

— e EH b= N1

Detailed characterisation
of exoplanet atmospheres
through transit studies
and direct imaging
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Surveying a complete
sample of Milky Way
exoplanets, and pioneering
direct imaging of other
worlds.
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https://www.esa.int/Science_Exploration/Space_Science/Exoplanets/ESA_s_exoplanet_missions

esa

The expectations on Gaia were set high from the start
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https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.cosmos.esa.int/documents/29201/297049/report-science.pdf&ved=2ahUKEwjhxMrO9POPAxUWdqQEHQcxCSwQFnoECAcQAQ&usg=AOvVaw0TACC_yiUGAHQEjagAhTlP
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars

Gaia detects giant exoplanets with all its instruments esa

« (Gaia photometry Astrometric orbit of HD81040
L . | 4 Credit: ESA/Gaia/DPAC
+ Transit: Gaia-1b, Gaia-2b (Panahi+22) > redit: ESA/Gala/DPAC (source)

* Photometric microlensing: Gaia22dkvLb (Wu+24)

©
N

« (Gaia radial velocity spectrometer /(x
« WASP-18b (Hellier+09; Gaia-RVOI-001, Gaia

Collaboration, Arenou+23)

o
o
1

Offset in Declination (mas)
S
N

« Gaia Astrometry
* Known systems: e.g. HD 81040 b, GJ 876 b (Gaia

P

Collaboration, Arenou+23; ) o4 \}\
« Hipparcos + Gaia discoveries: e.g. HIP 99770 b N
(Currie+23); see also Brandt 21 and Kervella+22 o4 o 00 35 oa Yy

Offset in Right Ascension (mas)

» Gaia discoveries with RV confirmation: e.g. Gaia-4b
(Stefansson+25)

Contributions by Ceva, Destriez,
Franson, Kiefer, Malbet, Mireles,
Piccinini, and others

« Gaia’s all-sky astrometric exoplanet detection
capabilities are unique

13
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https://www.cosmos.esa.int/web/gaia/exoplanets
https://www.cosmos.esa.int/web/gaia/exoplanets
https://www.cosmos.esa.int/web/gaia/exoplanets
https://www.cosmos.esa.int/web/gaia/exoplanets
https://www.cosmos.esa.int/web/gaia/exoplanets
https://www.cosmos.esa.int/web/gaia/iow_20220131

Gaia astrometry can detect a planet tugging on a star @esa

ESA/Gaia/DPAC, CC BY-SA 3.0 IGO,

2 THE EUROPEAN SPACE AGENCY


https://creativecommons.org/licenses/by-sa/3.0/igo/
https://creativecommons.org/licenses/by-sa/3.0/igo/
https://creativecommons.org/licenses/by-sa/3.0/igo/
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars
https://www.cosmos.esa.int/web/gaia/dr3-non-single-stars

Gaia astrometry opens up a new exoplanet window esa

Astrometric signatures of exoplanets
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Gaia astrometry opens up a new exoplanet window esa

Astrometric signatures of exoplanets
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The Gaia collaboration is preparing Gaia Data Release 4 @esa

* High quality data releases: science-ready, calibrated, and
validated data products; extensive documentation

Gaia

PAC

00TB

Icts
‘sources /
struments
, content, and more
New Science
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https://www.cosmos.esa.int/web/gaia/data-release-4
https://www.cosmos.esa.int/web/gaia/data-release-4

Upcoming Gaia DR4 is the “nominal mission” data release

esa

Gaia DR4 covers 5.5 years (2014-2020) of Gaia data

>2 billion sources

More and new data products, including lower-level data:

Time series of astrometric data + CCD images

Lightcurves: time series of photometric data
Radial velocity time series

Time series of low- and high-resolution spectra

New non-single-source classes, source environment

information, crowded field images, and much more

Gaia DR4 will lead to another flurry of discoveries

More data, longer timespan, better precision, higher accuracy _ 3%

Median oy, [uas yr

Proper motion uncertainty
2000

—— Gaia DR4 | Gaia
10001 —— Gaia DR3 PAC
Ol
QO
| .
)
(@)
wn
200 - :)’
<
100 - g
S~
©
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G magnitude

Volume of data release 4
(5.5 years of observations)
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http://www.astro.iag.usp.br/~jorge/iau395/talks/Anthony_Brown.pdf
https://github.com/esa/gaia-bhthree/tree/main
https://github.com/esa/gaia-bhthree/tree/main

Overview of Gaia DR4 and its content is public

* Landing page: https://www.cosmos.esa.int/web/gaia/data-release-4

« Content page: https://www.cosmos.esa.int/web/gaia/dr4

« Currently incomplete list of >100 data tables and release items. Updates will be made gradually.

‘ Export ‘ Search: ’ AA Case Insensitive
New
Data Model ) ) L ) Data
Id * Gaia Archive Table Name Description Category in Label
Chapter level
DR4
Sources considered to have both high quality
. astrometry and photometry. In contrast to
Main source . . . . :
01.01 . gaia_source previous data releases, the parameters in this Main DL3 General
u
& table are consolidated from several different
processing modules.
Astrometry, photometry, and related
Main source ) ) information for sources detected by the .
01.02 gaia_source_environment ) o ) Main NEW DL3 General
catalogues SEAPipe processing in the surrounding of
sources in the main Gaia source catalogue.
) Astrometric parameters obtained for all sources
Main source - : .
01.03 o all_source_astrometry (except those in crowded_field_source and Main NEW DL3 Astrometry
catalogues
2 gaia_source_environment).
19
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https://www.cosmos.esa.int/web/gaia/data-release-4
https://www.cosmos.esa.int/web/gaia/data-release-4
https://www.cosmos.esa.int/web/gaia/data-release-4
https://www.cosmos.esa.int/web/gaia/data-release-4
https://www.cosmos.esa.int/web/gaia/data-release-4
https://www.cosmos.esa.int/web/gaia/dr4

Gaia DR4 preview: astrometric timeseries of Gaia BH3

Gaia BH3 astrometric orbit

@ 400
) [} _E,
§ 200
Preliminary astrometric timeseries of 57
Gaia BH3 and an orbit-fitting notebook © — _— - gy
are public: e
https://qgithub.com/esa/gaia-bhthree 101
. T L WL
: i éx;r,,‘* 7 s
. | u i :
GAIA é
BH 3 Q
E -5 4
{
Gaia splinter session o ‘-,\
(Ségransan & Delisle) e \_\w‘,"
o 5 0 5 o -5 30 -3
Offset in Right Ascension (mas)
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https://www.cosmos.esa.int/web/gaia/iow_20240416
https://www.esa.int/Science_Exploration/Space_Science/Gaia/Sleeping_giant_surprises_Gaia_scientists
https://github.com/esa/gaia-bhthree
https://github.com/esa/gaia-bhthree
https://github.com/esa/gaia-bhthree

Gaia DR4 astrometric timeseries are accurate enough @ esa
for exoplanet detection

Gaia DR4 astrometric timeseries “epoch_astrometry” . o

: : . Astrometric precision and accuracy
will contain all individual CCD measurements (cf. for individual CCD measurements
gaiadr3.sso_observation). 10000 —

=== [DR4 Median formal o,

CCD-level accuracy limited by calibration errors to 5000 = BRARSE-oftresiduats

=80-150 pas at bright end.
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Star motion in 10 s

Credit: ESA (source)

Unmodelled errors

Ul
o
1

etric
CCDs

AL formal precision and residuals [uas]

Combination of 9 CCD measurements limited to
= 30-50 pas per Gaia Field-of-View transit.

Credit: ESA/Gaia/DPAC (source)
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Perryman+14 assumed 34 pas for G<13 stars.
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https://zenodo.org/records/17158744
https://www.cosmos.esa.int/web/gaia/focal-plane

Gaia astrometry opens up a new exoplanet window esa

Astrometric signatures of exoplanets
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Gaia DR4 will contain an astrometric exoplanet

candidate catalog

How many exoplanets will Gaia DR4 reveal?
* Number detected by the DPAC pipelines?
* Number detectable in Gaia DR4 epoch astrometry?
« Mass and period range?
« Completeness or purity?

Twin binary stars can be astrophysical false positives. Mitigated by e.g.

» Colour-magnitude modelling (Gaia Collab., Arenou+23)

* Observations (e.g. Marcussen & Albrecht 23,
Stefansson+25)

* Ensemble analysis (e.g. Sahlmann & Goméz 25)
Most of the science will be done by the community

« (Gaia DR4 astrometric timeseries are a gamechanger

« Astrometric accelerations of long-period systems

« Combination with other techniques is very powerful

Confirmed
Exoplanets

Contributions by Bouchy, Greenfield,
Handley, Nowak, Parc, Van Zandt,
Schlaufman, and others.

Gaia splinter session
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Gaia Data Release 5 will constitute the mission’s legacy @esa

» Gaia DR5 (10.5 years of data) planned not before end of 2030

Gaia

PAC

S

instrument

content, anc : , pats

+ New Science! * New Science! ~
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https://www.cosmos.esa.int/web/gaia/data-release-4
https://www.cosmos.esa.int/web/gaia/data-release-4

Gaia and ESA resources at your fingertips esa

Gaia general information and news releases: https://www.esa.int/Science Exploration/Space_Science/Gaia

Information for Gaia scientific community: https://www.cosmos.esa.int/web/gaia

Receive Gaia data user notifications by signing up for the Gaia Bulletin emailing list:
https://www.cosmos.esa.int/web/gaia/bulletin

Interested in boosting the visibility of your Gaia-related research with an ESA news release? See
https://www.cosmos.esa.int/web/gaia/communicating-your-results

Please acknowledge the use of Gaia data in your research: https://www.cosmos.esa.int/web/gaia-users/credits

Information on ESA Archival Research Visitor Programme: https://www.cosmos.esa.int/web/esdc/visitor-
programme (next deadline 10 November 2025)

Information on ESA Research Fellowships in Space Science: https://www.cosmos.esa.int/web/space-
science-faculty/opportunities/research-fellowships (next call expected in the third quarter of 2026)
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https://www.cosmos.esa.int/web/gaia/bulletin
https://www.cosmos.esa.int/web/gaia/communicating-your-results
https://www.cosmos.esa.int/web/gaia/communicating-your-results
https://www.cosmos.esa.int/web/gaia/communicating-your-results
https://www.cosmos.esa.int/web/gaia/communicating-your-results
https://www.cosmos.esa.int/web/gaia/communicating-your-results
https://www.cosmos.esa.int/web/gaia-users/credits
https://www.cosmos.esa.int/web/gaia-users/credits
https://www.cosmos.esa.int/web/gaia-users/credits
https://www.cosmos.esa.int/web/esdc/visitor-programme
https://www.cosmos.esa.int/web/esdc/visitor-programme
https://www.cosmos.esa.int/web/esdc/visitor-programme
https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships
https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships
https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships
https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships
https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships
https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships
https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships

Conclusions esa

» (Gaia delivered on the promise to revolutionise our understanding
of the Milky Way and became a new backbone of modern

astronomy and astrophysics. bl * @esa
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+ We wave goodbye to the Gaia spacecraft, but the Gaia mission %

continues strong.
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« Gaia DR4 will be fantastic for giant exoplanet science! * 5 W

 Gaia Data Release 4 is planned for December 2026. ga|a

« (Gaia Data Releases 4 (and 5) will unleash the full scientific power Credit: ESA (source)
of the Gaia survey. The best from Gaia is ahead of us.
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https://www.cosmos.esa.int/web/gaia/media-gallery/images/ig_fairing

ESA is celebrating its 50th anniversary
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