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Gaia 

• Gaia is an astrometric mission
• Astrometry is the science of charting the sky

• Goal: make the largest, most precise multi-dimensional map of the Milky Way by surveying an 
unprecedented 1% of the galaxy’s population of 1.8 billion of stars

• Gaia Facts
• Fully European mission designed, built and operated by ESA
• Launched on 19 December 2013 from Kourou (French Guyana)
• Lissajous Orbit in L2 (thermal stability)
• Gaia is a survey mission; It scans the sky revisiting the stars periodically
• Data Processing entitled to the Data Processing Analysis Consortium (DPAC)
• 5 years of nominal mission -> currently in extended phase
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Unprecedented Accuracy: Microarcseconds!

• It is the angle of a euro coin on the surface of the moon seen from the Earth
• Or the width of a hair seen from 500km
• Or a 100m building in Uranus seen from the Earth



5

Multi-dimensional Map

• The parallax is an apparent movement of a foreground object with respect to its background owing to a change 
in the observer’s position

• Using multiple repeated observations of 1.8 billion of stars, Gaia determines 5 parameters:
• Star position projected on the sky
• Proper motion (projected movement on the sky of the real start movement)
• Parallax

• But not only that…
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Gaia’s Observing Techniques
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Gaia Focal Plane

106 CCDs – 1B pixel camera
2 - Basic Angle Monitoring (106.5deg)
1 - Wavefront Sensor to measure the wave front sensor errors of the two telescopes
2 strips - Sky Mappers: detection of sources 
9 strips AF, 2 Photometers (red and blue), 2 RVS 
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Data Processing

MOC (ESOC) SOC (ESAC)
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Gaia Data Releases

• First Release (DR1): 14 September 2016
• Based on observations collected between 25-Jul-2014 and 

16-Sep-2015 (14mo)

• Second Release (DR2): 25 April 2018
• Based on observations collected between 25-Jul-2014 and 

23-May-2016 (22mo)

• Third Release (DR3): EDR3 and DR3
• Based on observations collected between 25-Jul-2014 and 

28-May-2017 (34mo)
• Gaia EDR3: 3 December 2020
• Gaia DR3: 13 June 2022
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Gaia DR3 Content
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Gaia DR3 Content (II)
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DR3 published and very successful!!

> 100 papers released based in DR3 data
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DR3 Milky Way Stars
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• Detailed structures in the Sun’s vicinity, signatures of the spiral arms
• Astrophysical parameters allow to differentiate between stars: young stars (OB type and older stars).

• Older stars are more dispersed than young stars (that follow the star formation of the arms)
• Density of the stars provide insight of the structure of our Galaxy

Drimmel et al 2022 , CC BY-SA 3.0 IGO.

Milky Way structure
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Radial Velocity
• DR3 shows the rate at which more than 30millions of stars of the Milky Way are approaching or moving away 

from us.
• This is called “radial velocity” and provides the 3rd dimension of velocity on the Gaia map (in addition to the 

proper motion). It is based on the Doppler effect (shift of a star’s spectral line with respect to wavelengths at 
rest)

• The rotation of the Galactic disk – together with the Sun’s own motion –causes an alternating positive-negative 
variation in the LoS velocities

ESA/Gaia/DPAC, CC BY-SA 3.0 IGO.
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Stellar Metallicity
• Gaia provides elemental information on stars in the form of metallicity estimates and stellar abundances
• They give information of the origin of the stars and trajectories
• Redder stars are richer in metals. In the Galactic plane, the higher values of the thin disc are visible. In the 

central Galactic regions, a more metal-poor mix of bulge and thick disk populations is present (blue). 

ESA/Gaia/DPAC, CC BY-SA 3.0 IGO.
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Gaia - Enceladus
• Gaia helps astronomers to understand the origins and evolution of the Milky Way

• Helmi et al. (2018) The merger that led to the formation of the Milky Way’s inner stellar halo and thick disk
• Abstract: “The assembly of our Galaxy can be reconstructed using the motions and chemistry of individual 

stars…”
• They found out that among 7M stars sample (stars with radial velocities in DR2), ˜30000 were part of an ’odd 

collection’ moving through the Milky Way with different chemical composition
• Gaia-Enceladus: 10 billion years ago, a merge with another large galaxy plausibly created the stellar halo and 

thick disk

Helmi et al (2018)
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Interestellar Medium
• The space between the stars is not empty but mostly filled with dust and gas: star forming regions
• Light is scattered at different wavelengths, this allow to reconstruct the amount of extinction
• A sky dust map is created from the Gaia data based on 470 million stars
• Gaia allows the measure of the chemical imprints of the dispersed light of stars, like the Diffuse Interstellar 

Bands (absorption features attributed to organic molecules)
• Also, what molecules are present in the dust? What are the characteristics of the macromolecules in the gas?
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Solar System Objects
• 158,152 Solar System Objects (asteroids + 31 moons of planets)

Near-Earth, Main belt, Mars Crossers, Jupiter trojans, Centaurs, Trans-Neptunians
• Position, orbit and brightness (shape and rotation)
• Colour/composition details for 60,000 (origin and classification)

ESA/Gaia/DPAC, CC BY-SA 3.0 IGO.
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Starquakes!
• DR3 publishes ~10 millions of variable stars
• Most stars experience non-symmetrical oscillations (up-and-down motions of the gas inside the stars)
• Gaia time-series photometry allows to detect those starquakes for hot massive stars (~100,000): key to 

understand the internal physics and chemistry
• Follow-up of these stars will be made by more specific satellites

Gaia by Gaia Collaboration, De Ridder, J., et al. 2022 - CC BY-
SA 3.0 IGO

https://creativecommons.org/licenses/by-sa/3.0/igo/
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Outside our Galaxy
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Gaia DR3: a release of superlatives
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What’s next

• Two more Data Releases:
• DR4 not before end 2025
• DR5 by 2030
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Gaia Archive: https://gea.esac.esa.int/archive/

https://gea.esac.esa.int/archive/

