Gaia data release 3: exploring our multi-dimensional Milky Way
Since its launch in 2013 ESA’s Gaia observatory has been mapping our galaxy from Lagrange point 2, creating the most accurate and complete multi-dimensional map of the Milky Way. By now two full sets of data have been released, the first set in 2016 and a second one in 2018. These data releases contained stellar positions, distances, motions across the sky, and colour information, among others. Now on 13 June 2022 a third and new full data set will be released. This data release will contain even more and improved information about almost 2 billion stars, Solar System objects and extragalactic sources. It also includes radial velocities for 33 million stars, a five-time increase compared to data release 2. Another novelty in this data set is the largest catalogue yet of binary stars in the Milky Way, which is crucial to understand stellar evolution.
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	TITLE: Gaia data release 3: mapping the Milky Way 

	10:00:08:00
· the-man-stand-on-the-top-of-the-mountain-against-the-starry-sky-time-lapse-SBV-316815713-4K – Unknown date {Credit: Storyblocks}

· milky-way-stars-with-moonlight-above-pine-trees-forest-SBV-326372387-4K – unknown date {Credit: Storyblocks}

· composite: the-man-standing-on-the-mountain-on-the-starry-sky-background-time-lapse-SBV-337775498-4K – unknown date {Credit Storyblocks} + GV: Telescope at the Paris Observatory – Observatoire de Paris, PSL – Meudon, Paris, France – 01/06/2022  {Credit: ESA}

· astronomical-observatory-under-the-night-sky-stars-hyperlapse-SBV-330627293-4K – unknown date {Credit: Storyblocks}

· milky-way-galaxy-night-timelapse-passes-giant-satellite-dish-elements-of-this-image-SBV-310578823-4K – unknown date {Credit: Storyblocks}

· Gaia Mission Animation 1910_020 – 2019 {Credit: ESA}

· Animation: Zoom into the Milky Way – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}
	For eons humankind has looked at the stars trying to understand our place in Universe, wondering about distant stars and galaxies. With current technology we are now able to explore farther and more detailed than ever. With the Gaia space observatory the European Space Agency aims to create the most accurate and complete multi-dimensional map of our astonomical neighbourhood, the Milky Way. A truly herculean and ground-breaking endeavour.
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· Interview: Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}

· Interview: Paola Sartoretti, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}
	ITW Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL:
Gaia is a wonderful mission which is intended to look at the stars, determines their position, motion and the astrophysical parameters.// their ID-card in some sense
ITW Paola Sartoretti, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris - PSL:
So it is a big database containing the information, how the galaxy moves and what the galaxy is made of. And with the help of theoretical models, we will be able to reconstruct the past, the history of our galaxy and also predict its future.
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· Gaia Mission Animation 1910_020 – 2019 – {Credit: ESA}

· Asteroid_orbits_panorama_360_degrees_injected – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia SkyMapChemicalMapping – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia skymap gsppho – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia DPACP104 metallicity – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Radial Velocity Proper Motion – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· DR3INT6-radial_velocity-median – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Mapping the asymmetric disk of the Milky Way – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Orbits of the nearby stars around the galaxy–  2020 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}
	Now the mission has passed another milestone with a third full data release after two earlier releases in 2016 and 2018. With each new release the observed stars, Solar System objects and extragalactic objects increase and more details are added to what is already the most detailed overview of our galaxy. 

New in this data release are spectra for a significant number of these stars and other objects, which can be used to accurately determine luminosity, temperature, mass and chemical composition. Another important feature in the Gaia catalogue is the inclusion of the radial velocity for over 33 million stars, a five-time increase compared the previous data release and the largest radial velocity survey to date. Radial velocity is important as it tells us how fast stars are moving away from us or moving towards us. 
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· Interview: Paola Sartoretti, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}
	ITW Paola Sartoretti, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris - PSL:
The radial velocity is the velocity of the star along the line of sight. While the tangential velocity that is obtained from the astrometric measurement is, tells you how the star moves in the plane of the sky. So the combination of the radial velocity with the tangential velocity provides the three dimensional information on the star velocity.
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· Visualisation showing stars clustering in families – 2019 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia NSSInfographic Astrometry – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia Mission Animation 1910_020 – 2019 – {Credit: ESA}

· Gaia NSSInfographic AstroSpectroEclipsing - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia NSSInfographic Eclipsing - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia NSSInfographic Spectro - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia’s stellar motion for the next 1.6 Billion Years - 2020 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Exoplanets animations – 2018 – {Credit: ESA} 2 shots
	This new data release also contains for the first time information on multi-star systems when two or more objects are orbiting one another. This information was obtained by using all three observing techniques of Gaia: astrometry, photometry and spectroscopy. 
As a result this Gaia data release sees the inclusion of largest catalogue of binary stars in our galaxy. The catalogue of these stars is crucial for understanding stellar evolution and this surpasses all the work that has been done on binary stars in the last two centuries. Binary stars are also important to determine the mass of a star and to discover exoplanets.
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· - Interview: Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}


	ITW Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL:
In general, you can determine the mass only when you have a binary system. When the object is single, you need to rely on the model for that. When it's binary, then you get the precise mass of the two components. If you have enough information. So it's a way to determine it observationally it's not a model, it's an observation. So it's much more precise than what you can infer from stellar physics.

	10:04:04:15
· Animated still: Skymaps Collage - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Animation Gaia Asteroid orbits - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}
	With this new data release Gaia is once more proving its worth, helping us to understand our galaxy and pointing out new areas for scientists to research. 
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·  Interview: Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}
	ITW Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL:
The Gaia data is, I would say, a silent revolution because now you get information about the stars, for hundreds of millions of stars that no one could have dreamed before.
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· Gaia animation DPACP104 metallicity - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· GV Frédéric Arenou with large telescope, Paris Observatory, Meudon, Paris, France – 01/06/2022 {Credit: ESA}

· Animation The Milky Way, DPACP104 metallicity - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia Mission Animation 1910_020 – 2019 – {Credit: ESA}
	Gaia is an example of collaboration between ESA, European institutions and over 400 scientists. They will will soon already be working on the next data release providing ever more observations and data coming from the Gaia mission moving in sync with our planet as it scans the heavens.
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	· Interview: Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}
	Soundbites: Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL -ENGLISH
So Gaia an incredible satellite which looks at the stars, which measures 1.8 billion stars. But obviously it goes from what is nearby, asteroids up to to very distant quasars. For this 1.8 billion stars it's able to find their distance, their astrophysical parameters, their ID-card in some sense.[28.1]
Up to now Gaia had given already a lot of information about stars but now it's it going from astrometry; the position, motion of the stars, up to astrophysics; knowing the characteristics, the astrophysical parameters for nearly half a billion stars. It is able also to to find a lot of viable stars, to classify them. It's able, of course, also to to see what is variable in terms of position. And so it helps to find binary stars which move in the sky or on the spectrograph.[47.1]
So the light of a star is not constant. In general, it doesn't change or very slightly. But for some kind of objects, for instance, just imagine that you have two stars on the line of sight one going in front of the other one, so periodically the light will be dimmed. And so is that will be a way to find that this star was what we call an eclipsing binaries. But there are a lot of other kind of viable stars. When you have cataclysmic viables, when you have mass transfer from one star to the one, then the light curve changes. You can also have a lot of other kind of searches as like say it is ... Where that the physics of the star which makes our light move and that makes them able to give you the distance where the star is. So a star can be viable because of its intrinsic property, its evolution, but it can be also viable because there is something which passes in front.[68.5]
Binary stars are two stars which are together orbiting one around the other one due to gavitation. And so they are moving together periodically and from this orbit, you can derive properties of the binary stars.[18.6]
The main point from Goya is that it is a full observatory in orbit. It has an astronomic instrument which sees the motion of the star on the sky. It has photometers which helps you to see the dimming of the light with time. And it has a spectrograph which may show you is that two stars are moving around each other and periodically having radial velocity which changes. So with these three instruments, in principle, you can find three kinds of binaries what we call astrometric binaries, eclipsing binaries or spectroscopic binaries. And from this you get information on the stars because that's not the same period of the orbits that you can scan. [47.0]
For the moment, obviously binary stars are known for two centuries and obviously from ground it was not easy to discover binary stars. And obviously the number now is several thousands. But with Gaia, we are now at tens and tens of thousands of binaries of each kind astrometric, spectroscopic, eclipsing. And obviously that makes a game changer because when you have a lot of objects, then obviously you have normal stars, but also you have special stars and the larger your sample is the larger number of special objects you can find. [46.6]
Now we have much more data which allows us to determine with much more precision what is the motion of the objects. It was not possible at the start of the mission because you need many information, many observations, successive, so that you can see how this changes with time. [19.4]
In general, you can determine the mass only when you have a binary system. When the object is single, you need to rely on the model for that. When it's binary, then you get the precise mass of the two components. If you have enough information. So it's a way to determine it observationally it's not a model, it's a nova observation. So it's much more precise than what you can infer from stellar physics.[31.2]
The important point with with Gaia is that it's able to measure 1.8 billion stars and this 100 times and there is no other mission which is able to do that. So the basic goal of Gaia is finding needles in the haystack. So you observe a lot of objects. From this you find candinates, interesting candidates. And from this, you can devote time from ground based telescope, enough time, because ooviously the price to pay for Gaia is that it gives only a small amount of time per star. But once you have discovered a special object, then you can follow them up on the ground. So the main goal of Gaia is finding special objects. And that's what happened with the binary systems which have been found. When you find a large number of objects, you find normal objects, but you can find also very special ones. Amongst these special ones, you have the ones which are compact, not visible, and either of these can be very small objects, brown dwarfs, extrasolar planets, or these can be very large mass compact, maybe neutron star that you do not see, but you detect them through their gravitational motion. And so now that so data is given to the scientific community, they can be studied at length by the scientists. [111.3]
So Gaia is observing with astrometric instruments which measure the position of the objects. And from this position it gets the motion of the object with time on the sky. That's Astrometry, then Gaia measure also the light of the object, measure Spectrophotometry for the object. And from this it can infer the colour of the object, but also you can derive from that all the astrophysical parameters that you can get, like temperature effects, temperature, gravity and so on. You can also infer what is the extinction of light in the distance where it comes from the star to us. So the third instrument now is a spectrograph which is able to see the spectrum of the star. And so when you see the lines of the spectra, you see at which speed the object is going to towards us or the other way around, or when it's moving periodically, then you can detect through this motion of this radial velocity. That the three main instruments of Gaia.[80.5]
The Gaia data is, I would say, a silent revolution because now you get information about the stars, for hundreds of millions stars that no one could have dreamed before. That will be the ID card of the objects, that will go in the public domain, so to speak. And that's Gaia, which is able to give you this, and only Gaia is able to give you this.[32.1]
So Gaia, with this very, very, very large sample of 1.8 billion star, sees stars of many kinds and over the whole galaxy. So obviously its first results are about our galaxy has been formed, how it's evolving, and the various populations that you find inside. When you are able to see at which distance are the stars, at which speeds they are going, when you know their ID card in terms of astrophysics, their astrophysical parameters, then you can derive the history of the Milky Way.[40.2]
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· Interview: Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}
	Soundbites: Frédéric Arenou, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL -FRENCH
· What is the Gaia Mission?

· What is the Gaia Mission? Part 2

· What is the importance of binary stars?

· The role of the Paris Observatory in the Gaia Mission

· The importance of Binary stars for stellar research
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· Interview: Paola Sartoretti, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL – Meudon, France – 01/06/2022 {Credit: ESA}
	ITW Paola Sartoretti, CNRS Research Engineer & Gaia Collaboration Scientist, Observatoire de Paris – PSL- ENGLISH
I think our mission is a step forward in realising the dream of astronomers to understand the universe, through better understanding our home galaxy. The Gaia mission is a technological achievement, is an unprecedented catalogue of high quality data, and it is above all the work of people of so many people who have dedicated and are dedicating part of their life for making this mission a success.[43.2]
This new Gaia catalogue is very large. It contains a lot of new information. Some of this new information has been extracted from the spectra that have been obtained with the Radial Velocity Spectrometer on board Gaia, also known as RVS, this better provides radial velocity of 34 million stars, about five times more to the previvous data release

And this time we provide new measurements such as star brightness in the RVS spectral range, rotational velocities, atmospheric parameters, chemical composition and the RVS-spectra also provide information on the abundance of the interstellar material that is present between stars.[26.0]
The radial velocity is important and they tell you why. The radial velocity is the velocity of the star along the line of sight. While the tangential velocity that is obtained from the astrometric measurement is, tells you how the star moves in the plane of the sky. So the combination of the radial velocity with the tangential velocity provides the three dimensional information on the star velocity. The star velocity in the three dimensional space.[37.0]
It is, therefore, thanks to the radial velocity information that we can obtain a three dimensional map of the Milky Way motions.[8.4]
So Gaia is extremely important for all fields of astronomy. The Gaia catalogue data results contain a huge amount of information that will provide the material for the work of astronomers in around the world and for many, many years.[22.5]
The Gaia data releases are huge catalogues containing the information for each of the observed stars. So it is a sort of I.D. card for each of the stars. And these I.D. card stores, more and more information with the data release and also the number of the increase objects increase. In DR3 for example we have for the first time the extragalactic objects.[32.7]
So it is a big database containing the information, how the galaxy moves and what the galaxy is made of. And with the help of theoretical models, we will be able to reconstruct the past, the history of our galaxy and also predict its future. [22.7]
So without Gaia, you can do less because you don't have such a huge database, such a big information, big number of stars for which you have information. With the other telescopes which observe in pointing mode. So you should the you need to select a list of stars in advance and observe the star. Instead what Gaia does, it observes the entire sky, it scans the sky completely, and it observes every object that enters in the field of view of its two telescopes.

	10:28:59:00
· GV’s: Paola Sartoretti & Frédéric Arenou - Observatoire de Paris – PSL, June 2022 -  Meudon, Paris, France {Credits: ESA}
	GV’s: Paola Sartoretti & Frédéric Arenou - Observatoire de Paris - PSL
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· Animation: Zoom into the Milky Way – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}
	Animation Zoom into the Milky Way
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· Asteroid orbits– June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Asteroid_orbits_panorama_360_degrees {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

	Animation 

Gaia Asteroid data
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· Gaia NSSInfographic Astrometry – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}
· Gaia NSSInfographic AstroSpectroEclipsing - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia NSSInfographic Eclipsing - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia NSSInfographic Spectro - June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}
	Animation 

Gaia NNS Infographics
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· Gaia skymap gsppho – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Gaia SkyMapChemicalMapping – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· Radial Velocity Proper Motion – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}

· DR3INT6-radial_velocity-median – June 2022 {Credits: ESA/Gaia/DPAC, CC BY-SA 3.0 IGO}
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