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Maybe not a billion… but a lot for sure!

Credit: T. Roegiers. Source

https://k-poster.kuoni-congress.info/eas-2023/poster/77628391-074f-4689-867f-79d6342116fc
https://k-poster.kuoni-congress.info/eas-2023/poster/77628391-074f-4689-867f-79d6342116fc
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Solar observatory?

Gaia, a solar observatory?

How… Gaia never looks at the Sun!

Well… it does “feel” the Sun

It feels tiny temperature drops from sun spots

It detects Solar energetic particles events

References: 

• Story: Solar System fingerprints found in 

memories of ESA flotilla

• Story: Gaia spots a sun spot

Credit: screenshot of video “Gaia: launch to orbit” / credit: ESA 

https://www.esa.int/Enabling_Support/Operations/Solar_System_fingerprints_found_in_memories_of_ESA_flotilla
https://www.esa.int/Enabling_Support/Operations/Solar_System_fingerprints_found_in_memories_of_ESA_flotilla
https://www.cosmos.esa.int/web/gaia/iow_20160324
https://www.esa.int/ESA_Multimedia/Videos/2013/12/Gaia_launch_to_orbit
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On Earth

On Earth observing stellar occultations 

has become a lot easier.

Chances of actually capturing the 

occultation have increased!

What can we learn?

Shape of asteroids (e.g. Arrokoth)

Rings of asteroids (e.g. Chariklo)

Atmosphere of moons (e.g. Triton)

Yarkovsky acceleration (e.g. Apophis)

Capturing NEO (e.g. Didymos)

Occultation astrometry

Image credit: adaptation of figure 1 of Ferreira et al. 2022
Gaia ERA

https://www.hou.usra.edu/meetings/lpsc2019/pdf/3120.pdf
https://www.cosmos.esa.int/web/gaia/iow_20170707
https://sci.esa.int/web/gaia/-/60011-chasing-a-stellar-flash-with-assistance-from-gaia
https://www.cosmos.esa.int/web/gaia/iow_20210329
https://www.esa.int/Enabling_Support/Space_Engineering_Technology/Shadow_hunters_capture_Didymos_asteroid_eclipsing_stars
https://arxiv.org/pdf/2201.03892.pdf
https://arxiv.org/pdf/2201.03892.pdf
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Gaia, the L2 observatory

• Measuring the impacts of 

micrometeoroids

• Measuring a gamma-ray 

burst

• More details

Credit: ESA/ATG medialab; background: ESO/S. BrunierCredit: ESA/Gaia/DPAC, Ed Serpell

https://k-poster.kuoni-congress.info/eas-2023/poster/77628391-074f-4689-867f-79d6342116fc
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The Solar System

Directly through Gaia observations

• Mapping over 150,000 asteroids

• Follow-up on Gaia asteroid 

candidates

• Discovering new asteroids

• Spin state of 8600 asteroids

Indirectly with Gaia stars

• Improving asteroid orbits

(unseen by Gaia)

• Which allows to retrieve lost 

ones

Image credits: ESA/Gaia/DPAC

https://sci.esa.int/web/gaia/-/61325-gaia-s-first-asteroid-discoveries
https://www.cosmos.esa.int/web/gaia/dr3-solar-system-objects
https://gaiafunsso.imcce.fr/
https://gaiafunsso.imcce.fr/
https://sci.esa.int/web/gaia/-/61433-gaia-s-asteroid-discoveries
https://arxiv.org/pdf/2305.10798.pdf
https://www.esa.int/Space_Safety/Planetary_Defence/30_000_near-Earth_asteroids_discovered_and_rising
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The Solar System acceleration wrt the distant universe

Gaia’s measurement of the Solar System acceleration with respect to the distant universe

Credit: ESA/Gaia/DPAC

https://www.cosmos.esa.int/web/gaia/edr3-acceleration-solar-system
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10pc / 25pc / 100 pc  - catalogues

Composed of Gaia EDR3 + Hipparcos + ground-based IR parallax surveys (Best / Kirkpatrick)

Meet your neighbours: CNS5 - the fifth catalogue of nearby stars (within 25 pc)  

Credit: Stefan Jordan

https://www.cosmos.esa.int/web/gaia/iow_20230125
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Local Bubble (stretches 300 pc / 1000 light-years)

Local Bubble:

• Local Bubble - Source of 

star formation

• Discovery of the wave-

shaped gaseous structure: 

Radcliffe Wave

• Discovery of the Per-Tau 

shell, cavity in space

• Gaia’s view of the Cepheus 

OB2 association

• Gaia maps DIB inside the 

Local Bubble

Credit: Screenshot of animation by C. Zucker. Source

https://www.cosmos.esa.int/web/gaia/iow_20220112
https://www.cosmos.esa.int/web/gaia/iow_20220112
https://www.cosmos.esa.int/web/gaia/iow_20200108
https://www.cosmos.esa.int/web/gaia/iow_20200108
https://www.cosmos.esa.int/web/gaia/iow_20200108
https://www.cosmos.esa.int/web/gaia/iow_20210922
https://www.cosmos.esa.int/web/gaia/iow_20210922
https://academic.oup.com/mnras/article/520/1/1390/6979816
https://academic.oup.com/mnras/article/520/1/1390/6979816
https://www.cosmos.esa.int/web/gaia/dr3-what-is-in-between-the-stars
https://www.cosmos.esa.int/web/gaia/dr3-what-is-in-between-the-stars
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure1.html
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Milky Way… structure

A renaissance in Galactic 

studies!

Mapping the Milky Way is one of 

Gaia’s main goals!

An ever-evolving map. 

With more data, more structures 

are seen.

3D animation

Image credit:”Mapping the Milky Way: Galactic Cartography in the Age of High-Precision Parallaxes” workshop

https://www.cosmos.esa.int/web/gaia/iow_20230518
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Milky_Way_Mapping_Lorentz.html
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The Milky Way… face-on

Image credit: NASA/JPL-Caltech/R. Hurt (SSC/Caltech) SourceImage credit:ESA/Gaia/DPAC; CC BY-SA 3.0 IGO. Acknowledgements: Background image: 
Stefan Payne-Wardenaar. Source

https://solarsystem.nasa.gov/resources/285/the-milky-way-galaxy/
https://www.esa.int/ESA_Multimedia/Images/2022/06/You_are_here
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Milky Way… open clusters

To be or not to be

New open clusters 

found with each 

Gaia data release.

Gaia DR2: several 

hunderds

Gaia DR3: several 

thousands

Paper: census of 

open clusters by 

Hunt & Reffert 2023Image credit: Screenshot from video by ESA/Gaia/DPAC. Source
Acknowledgement: Stefan Jordan and Toni Sagrista using Gaia Sky

https://www.cosmos.esa.int/web/gaia/iow_20200514
https://www.cosmos.esa.int/web/gaia/iow_20200514
https://www.aanda.org/articles/aa/full_html/2023/05/aa46285-23/aa46285-23.html
https://www.aanda.org/articles/aa/full_html/2023/05/aa46285-23/aa46285-23.html
https://www.aanda.org/articles/aa/full_html/2023/05/aa46285-23/aa46285-23.html
https://www.cosmos.esa.int/web/gaia/iow_20200514


13

The peculiour incident of the star in the night sky

Peculiourly wobbling stars bring us interesting multi-star systems

• Black holes, like Gaia BH1 and Gaia BH2

• Exoplanets, like Gaia-Hipparcos 1b

Credit: T. Currie (Subaru/UTSA). Source Credit: El-Badry et al. 2023 MNRAS Source

https://www.esa.int/Science_Exploration/Space_Science/Gaia/Wobbling_star_found_in_Gaia-Hipparcos_data_confirmed_to_host_exoplanet
https://academic.oup.com/mnras/article/521/3/4323/7093135
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The peculiour incident of the star in the night sky

Peculiour incidents in 

the night sky:

• Microlensing events

Credit: ESA/Gaia/DPAC. Source

https://www.cosmos.esa.int/web/gaia/dr3-how-do-they-blink
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Milky Way’s stellar streams

2019

Credit: ESA/Gaia/DPAC. Source

2022

Credit: Screenshots from website Adrian-Price Whelan. Source

Explore in 3D

https://www.esa.int/ESA_Multimedia/Images/2022/02/Gaia_reveals_a_new_member_of_the_Milky_Way_family
https://adrian.pw/visualizations/mwstreams/
https://adrian.pw/visualizations/mwstreams/
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Globular clusters

Has Gaia found the link in black hole 

evolution?

Dark mass at the centre of M4

• Could be an ~800 mass black hole

• Could also be a dark population of 

stellar remnants

More information

Gaia source density. Credit: ESA/Gaia/DPAC

https://www.esa.int/ESA_Multimedia/Videos/2023/05/Has_Gaia_found_missing_link_in_black_hole_evolution
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Large and Small Magellanic Clouds

Mapped star by star

Mapped kinematically

Gaia shows the stars being pulled from the SMC

Credit: ESA/Gaia/DPAC. Source

Credit: ESA/Gaia/DPAC. Source

https://www.cosmos.esa.int/web/gaia/iow_20230131
https://sci.esa.int/web/gaia/-/bridge-of-stars
https://www.cosmos.esa.int/web/gaia/edr3-structure-magellanic-clouds
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Galaxies

Gaia’s view on M31 with Gaia DR1
Credit: ESA/Gaia/DPAC. Source

2017 2018 2022

Gaia’s view on M31 with Gaia DR3
Credit: ESA/Gaia/DPAC. Source

Gaia’s view on M31 with Gaia DR2
Credit: ESA/Gaia/DPAC. Source

Mapping some closeby galaxies star by star

Mapping millions of galaxies as extended objects

https://sci.esa.int/web/gaia/-/59025-gaias-view-of-m33
https://www.cosmos.esa.int/web/gaia/dr3-how-bright-are-the-stars
https://sci.esa.int/web/gaia/-/60229-andromeda-galaxy
https://www.cosmos.esa.int/web/gaia/dr3-galaxy-candidates
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Quasars

Quaia, an all-sky spectroscopic quasar sample

-- With help from Gaia

Looking for dual quasars?

Then it’s important to rule out gravitational lensing.

Coming up in October: Gaia Focused Product Release, 

with gravitational lens candidates.

Credit: NASA/ESA Hubble Space Telescope

https://arxiv.org/pdf/2306.17749.pdf
https://www.cosmos.esa.int/web/gaia/iow_20230405
https://www.cosmos.esa.int/web/gaia/focused-product-release
https://www.cosmos.esa.int/documents/29201/11261694/IoW_20230405_opo2302a.jpg/d30d9153-2d77-a10d-ffff-4a350cde966d?t=1680706520077


20

The Universe… expansion

A 0.9% calibration of the 

Galactic Cepheid luminosity 

scale based on Gaia DR3 data 

of open clusters and Cepheids.

Using:

• Gaia’s latest catalogue of 

Cepheids

• Open clusters

Confirms the 73 km/s/Mpc

expansion rate

Credit: ESA/ATG medialab; background: ESO/S. Brunier

https://www.aanda.org/articles/aa/full_html/2023/04/aa44775-22/aa44775-22.html
https://www.aanda.org/articles/aa/full_html/2023/04/aa44775-22/aa44775-22.html
https://www.aanda.org/articles/aa/full_html/2023/04/aa44775-22/aa44775-22.html
https://www.aanda.org/articles/aa/full_html/2023/04/aa44775-22/aa44775-22.html
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Capturing the diversity

Proper motions on the sky

Stellar ages

Difference of G and G_RVS brightnesses

Metallicity of Cepheids

Dust / Extinction

Interstellar medium

Line-of-sight velocities

Metallicities

3D motion of stars

The Milky Way in colour
Image credit: ESA/Gaia/DPAC. Source

https://www.cosmos.esa.int/web/gaia/iow_20230613
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Maybe not a billion… but a lot for sure!

Credit: T. Roegiers. Source.

https://k-poster.kuoni-congress.info/eas-2023/poster/77628391-074f-4689-867f-79d6342116fc
https://k-poster.kuoni-congress.info/eas-2023/poster/77628391-074f-4689-867f-79d6342116fc
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