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Astrometry and spectrophotometry for > 2 billion
objects (~1.8 billion in Data Release 3)

Radial velocities for > 100 million objects

Survey complete to G=20.7 (V=20-22)

Observing programme autonomous with onboard
detection and unbiased

Quasi regular time sampling (~ 70 obs in 5 yrs)
Launched Dec 2013

10+ years of operation at L2: final data release ~2030

RVS: Spectroscopy

The Gaia Payload Instruments

Blue photometer:
330 -680 nm

Red photometer:
640 — 1000 nm

Spectroscopy:
847 — 874 nm
(resolution 11,500)

Image credits EADS-Astrium/ ESA/ DPAC



In flight operations ended
15 Jan 2025
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Gaia: Processing is complex

‘Gaia:UK at www.gaia.ac.uk
a pan European effort

Significant UK involvement:
UK Cambridge Gaia Data Processing Centre
Lead Photometric processing and Flux alerts

Contribute to pre-processing, RVS, archive

UK

UK
3.2 Trillion observations
made during the 3827
UK UK days of inflight operations!


http://www.gaia.ac.uk/

The People Behind Gaia Data Releases

Gaia UK responsible for the processing and analysis of the

spectroscopic data

photometric data, the spectrophotometric data, photometric
science alerts and with essential contributions to the O

DPAC8 @ Cambridge
Excited to bring Gaia
DR4/5 to the World
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Gaia: Currently at
Release Gaia DR3

Over 3.2 Trillion observations

Gaia data leads to insight
across astrophysics

Gaia EDR3/ DR3: with larger to come

Stellar velocities

Credit: ESA/ Gaia/ DPAC Stellar abundances

Credit: ESA/
Gaia/ DPAC



11/07/2025 Walton - Gaia Mission @ NAM 2025, Durham



14,000 peer reviewed papers to date: Gaia is ESA’s most

Sam pl i ng Ga i a,S SC i e n Ce productive space science mission

See https://www.esa.int/Science Exploration/Space Science/Gaia/(archive)/0



https://www.esa.int/Science_Exploration/Space_Science/Gaia/(archive)/0

Sampling Gaia’s Science

Gaia BH3: 33 solar masses, heaviest black hole of
stellar origin

See https://www.esa.int/Science Exploration/Space Science/Gaia/(archive)/0



https://www.esa.int/Science_Exploration/Space_Science/Gaia/(archive)/0

The morphology of the
Before Gaia M”ky Way: With Gaia
We now see that it's
more complex than we
thought!

—)

NASA/JPL-Caltech/R. Hurt (SSC/Caltech) Artistic impression of the Milky Way - face-on, based on the latest Gaia data.
Credits: ESA/Gaia/DPAC, Stefan Payne-Wardenaar - CC BY-SA 3.0 IGO



Before Gaia

The morphology of the
Milky Way: With Gaia
it's way more complex!

—)

Artistic impression of the Milky Way - edge-on
Credits: ESA/Gaia/DPAC, Stefan Payne-Wardenaar - CC BY-SA 3.0 IGO

NASA/JPL-Caltech/R. Hurt (SSC/Caltech)

https://www.esa.int/Science Exploration/Space_Science/Gaia/Gaia_s decade_of discoveries_unravellin
g_the intricacies_of our_galaxy

Artistic impression of the Milky Way - face-on, based on the latest Gaia data
Credits: ESA/Gaia/DPAC, Stefan Payne-Wardenaar - CC BY-SA 3.0 IGO



Revealing our Milky Way’s Mergers

Credit: V. Belokurov (Cambridge, UK and CCA, New York, US) based on the

image by ESO/Juan Carlos Mufioz Credit: ESA (artist’s impression and composition); Koppelman, Villalobos and

Helmi (simulation); NASA/ESA/Hubble (galaxy image)
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Gaia and the Solar System

Jupiter

N[=O]
Earth

ESA/Gaia/DPAC/P. Tanga

Main belt

Jupiter trojans

Each asteroid observed by Gaia on 13 June 2022 (DR3 day) All asteroid orbits in Gaia DR3 out to the Trojans at the
and 10 days of motion distance of Jupiter




Gaia and the Solar System

Accurate orbits for all asteroids, including for ones that pass close to the Earth

ESA/Gaia/DPAC/P. Tanga

Each asteroid observed by Gaia on 13 June 2022 (DR3 day) All asteroid orbits in Gaia DR3 out to the Trojans at the
and 10 days of motion distance of Jupiter




Towards Gaia DR4:

® Gaia in-flight operations completed Jan 2025 (no more cold gas propellant)
Nominal mission ended in 2019
Post operations phase until the release of Gaia DR5.

(] Gaia DR4 : December 2026

® Gaia DR4 is the final release for the nominal mission, 66 months of data

Including a 6 months period of reverse direction of the satellite precession
(mitigates degeneracy between AC stellar motion and parallax

Full Epoch data: astrometry, broad band photometry, radial velocity, BP/RP, RVS

Full astrometric, photometric, and radial-velocity catalogues, variable-stars and non-
single-star solutions, classification, exoplanet list, RB/RP and RVS spectra

® Gaia DR5 : will include the extended mission data.



Gaia Performance from DR1 to DR5 | ® Basic mission results improve as t©-

Positions, parallaxes, photometry and
radial velocities - factor 1.4 (DR4),
1.9(DR5)

® Proper motion improves as t1-

Rapidly increasing gain in kinematics and
dynamics - factor 2.7 (DR4), 6.6 (DR5)

® Higher order terms scale more! e.g.
improvement in unambiguous
determination of orbital period, mass
and distance of a perturbing body
scales as t™#

Gaia Collab, Vallenari et al (2022)



Gaia DR4: Epoch data for 2.5 Billion Sources
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Figure credits: DPAC/ CU3/ AGIS/ DPCE teams

Parallax

Gaia DR4
Astrometric
Uncertainties

Proper motion

For G<13 the
improvement is better
than the V2 expected

Expected V8
improvement for all
magnitudes

Per CCD uncertainties

e Gaia DR4 formal per CCD
astrometric uncertainties ~ 50 pas at
Gs13

(~ 15 pas averaged over 9 CCDs)

e But: total uncertainties limited by
calibration errors to ~ 80—-150 uas
(30-50 pas averaged over 9 CCDs)



Gaia DR and the Exoplanet Discovery Space

10%-107 stars, unbiased across
spectral type, age, chemical
composition of the primary
Thousands of giant planet (< 15
M,,,) discoveries predicted around A
to M type stars

Number could triple for the 10 year
observation time span of Gaia DR5
Possibly ~ 103 transiting hot Jupiters
(see Gaia-1b and Gaia-2b)

Gaia DR3 exoplanet contents: see
Holl et al (2023), Gaia Collaboration,
Arenou et al (2023) and the Gaia
exoplanet candidate list

Assuming estimated 50 pas per epoch uncertainty



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

EVD: Validators CSACT-277

Scaled log error

(Spectro)-Photometry

Improvements with each
release.

DR4 bright G<13
calibration significantly
improved.

~or2| | | Example XP spectra, fit
"~ DR3

ora| | | tO Spectrophotometric

standard stars (yellow
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Credit: DPAC/ CU5/ DPCIl team
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Approximately 6 million faint (GRVS
> 14) combined spectra. The colour
scale shows the number density of
the fluxes at each wavelength bin.
Credit: DPAC/ CU6/ DPCC team

Spectroscopy

Many lines in addition to Ca seen, high S/N spectrum shown for comparison

Pulsational RV variations for a Cepheid variab
Credit: DPAC/ CU6/ DPCC team

Gaia DR4 includes time series for all bright
sources (GRVS < 14) = 650 million reliable
epoch RVs (1.3 billion total)




Extended Objects

Credit: DPAC/ CU8/ DPCC team

® QSOs: 4.5 million candidates,
163 000 surface brightness

profiles for host galaxies (z <
0.4, 10x Gaia DR3)

® Galaxies: 6.6 million
candidates, 3.9 million surface
brightness profiles (3x Gaia
DR3)

® Gravitational lenses: more
robust lens identification,
including spectral similarity;
time delay measurements as a
new data product



GREAT Plenaries
slides on-line at: http://great.ast.cam.ac.uk/Greatwiki/GreatMeet-PM18

Last GREAT plenary was held at
the EAS Annual Meeting 2025 in
Cork as Symp S1 (26-27 Jun 2025)

https://eas.unige.ch/EAS2025/session.jsp?id=S1

Programme

= Gaia DR3: Highlight Science including a review of recent major science highlights from Gaia DR3,
Gaia FPR and science discovery enabled by Gaia, with attention to the potential of Gaia DR4.

= Gaia / GREAT/MW-Gaia / Gaia Unlimited Status

= Gaia EDR3/DR3/FPR: Highlight Science (The Milky Way as a Galaxy)

= Gaia EDR3/DR3/FPR: Highlight Science (The Birth, Life and Death of Stars)

= Gaia EDR3/DR3/FPR: Highlight Science (from Solar system to reference frames)
= Gaia networking and ground based synergies with Gaia

= Lunch session with an update on the Gaia Archive, and update on the ESA Voyage 2050 L
mission concept (GaiaNIR), and also an opportunity for poster presenters to deliver a 'lightening'
talk of their (e-)poster.


http://great.ast.cam.ac.uk/Greatwiki/GreatMeet-PM18
http://great.ast.cam.ac.uk/Greatwiki/GreatMeet-PM18
http://great.ast.cam.ac.uk/Greatwiki/GreatMeet-PM18
https://eas.unige.ch/EAS2025/session.jsp?id=S1
https://eas.unige.ch/EAS2025/session.jsp?id=S1
https://eas.unige.ch/EAS2025/session.jsp?id=S1
https://eas.unige.ch/EAS2025/session.jsp?id=S1
https://eas.unige.ch/EAS2025/session.jsp?id=S1

WWW.COSmos.esa.int/web/gaia/data-release-3

https://www.cosmos.esa.int/web

Get the data:https://gea.esac.esa.int/archive/ .
/gaia/data-release-4



https://www.cosmos.esa.int/web/gaia/data-release-
https://www.cosmos.esa.int/web/gaia/data-release-
https://www.cosmos.esa.int/web/gaia/data-release-
https://www.cosmos.esa.int/web/gaia/data-release-
https://gea.esac.esa.int/archive/
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/data-release-4
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