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Now, we can collect a large number of the pieces of 
the MW puzzle….



Gaia satellite 
(positions, proper motions, 

parallaxes, magnitudes)
+

LSST
(extension of Gaia at fainter 

magnitudes)

Ground based 
spectroscopy

(radial velocities, spectroscopic 
stellar parameters, chemical 

abundances)

(Planet-hunter) 
Asteroseismic space 

missions
(fundamental stellar  parameters: 

radius, mass, age)

Theoretical models of galaxy 
formation and evolution

(distances, ages, abundances, etc.)
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• ESA mission
• Launch: 19 December 2013
• Launcher: Soyuz–Fregat from French Guiana
• Orbit: L2 Lissajous orbit
• Lifetime: 5 years (1 year potential extension)
• Downlink rate: 4 - 8 Mbps

Figure Soyuz: Arianespace; figure Gaia: ESA - C. Carreau

Gaia Satellite and System
First release: 14 September 2016

Gaia DR1 contents

Gaia DR1 overview page

Second release: 25 April 2018

Gaia DR2 contents

Gaia DR2 overview page

Third release: 

Early Gaia EDR3: Q3 2020 

Gaia DR3: H2 2021
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■ Astrometry (G < 20 mag):
v completeness to 20 mag  Þ >109 stars
v accuracy: 26 µarcsec at G=15 mag (Hipparcos: 1 milliarcsec at 9 mag)
Þ global accuracy, with optimal use of observing time

■ Photometry (G < 20 mag):
v astrophysical diagnostics (low-dispersion photometry) + chromaticity

Þ DTeff ~ 100 K, log g, [Fe/H] to 0.2 dex, extinction (at G=15 mag)

■ Radial velocity (GRVS < 16 mag):
v accuracy: 15 km s-1 at GRVS=16 mag
v application:

■ third component of space motion, perspective acceleration
■ dynamics, population studies, binaries
■ spectra for GRVS < 12 mag: chemistry, rotation
■ Ca triplet (845-872 nm) at R = ~10,800

Gaia: products



The Milky Way as seen by Gaia



From Hipparcos to Gaia



Gaia DR2



Deeper than Gaia: LSST
Observation period: 2022-2032

Sky coverage: 25 000 deg2

Telescope: 8.4 m (6.5m)  

FoV: 9.6 degree2

Website: https://www.lsst.org/

(Ivezic et al. 2008)

Multiband photometry: u, g, r, i, z, y

Number of objects: 37 x 10 9

Limiting magnitudes: 26.1, 27.4, 27.5, 26.8, 26.1, 24.9

Limiting magnitudes  single visit: 23.4, 24.6, 24.3, 23.6, 

22.9, 21.7

N. visits: 56, 80, 184, 184, 160, 160

Astrometry: mag limit 24

Parallaxes: 0.6-2.9 mas (21-24 mag in r band)

Proper motion: 0.2-1.2 mas/yr (21-24 mag in r band)



Deeper than Gaia: LSST

~10 kpc ~60 kpc

• Variability

• Transients

• Deep photometry

• Proper motions and parallaxes



Gaia satellite 
(positions, proper motions, 

parallaxes, magnitudes)
+

LSST
(extension of Gaia at fainter 

magnitudes)

Ground based 
spectroscopy

(radial velocities, spectroscopic 
stellar parameters, chemical 

abundances)

(Planet-hunter) 
Asteroseismic space 

missions
(fundamental stellar  parameters: 

radius, mass, age)

Theoretical models of galaxy 
formation and evolution

(distances, ages, abundances, etc.)



The large spectroscopic surveys

Courtesy of S. Randich



The observed fields
APOGEE Gaia-ESO

GALAH

1 million stars 77% thin-disk stars, 22% thick-disk 
stars, 0.8% bulge stars, and 0.2% halo stars

100000 red giant stars in the 
thin and thick discs

100000 stars in the thin and 
thick discs, bulge, halo + 
many clusters



Future spectroscopic surveys: 

WEAVE,  4MOST, MOONS and  MSE (MaunasKea

Spectroscopic Explorer) 

• Large number of objects

• Large fields of view

• Towards the near infrared

• Medium/low spectral resolution



How to put together all these surveys? 

■ Intra-survey calibration samples

■ Inter-calibration samples

From Pancino et al. 2018

• Gaia benchmark stars

• Photospheric parameters 

independent of 

spectroscopy

• Observed by several 

surveys

• Star clusters: observed by 

several surveys



How to put together all these surveys? 

■ Intra-survey calibration samples

■ Inter-calibration samples

From Pancino et al. 2018

• Open and globular star 

clusters

• Internal consistency

• Covering the whole 

metallicity range

Courtesy C. C. Worley



Extending our horizon in the MW

• New surveys go towards lower spectral resolution

• Fitting the full spectra is a necessity to get more information

• The farther stars that can be observed are cool giant stars, and they have blended 

features Courtesy of Y. Ting



Going to medium/lower resolution

Sample lower mass stars à Higher sampling rate 

Courtesy of Y. Ting
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(positions, proper motions, 

parallaxes, magnitudes)
+

LSST
(extension of Gaia at fainter 

magnitudes)

Ground based 
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stellar parameters, chemical 

abundances)
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The fundamental parameter 
of stars

Exoplanets 
characterization

Fundamental 
stellar 

parameters

Space missions: 
CoRoT, Kepler (K2), TESS, PLATO



The fundamental parameter 
of stars

Asteroseismology allows to see inside stellar interiors by observing global oscillation

modes.

The field of asteroseismology has experienced a prolific two decades resulting from the

influx of data from ground-based networks such as WET, OGLE, ASAS, DSN, and space

missions such as MOST, BRITE, CoRoT, Kepler, K2, soon to be followed by TESS and

PLATO

à Ages and Masses of stars

à Very difficult to measure from ground based observations

à Fundamental constraints to understand the formation and evolution of the MW



The space missions: 
CoRoT (Convection, Rotation and planetary Transits)

was the first space mission dedicated to exoplanetary

research and designed for this purpose (2006-2012)

The two main objectives were: 

• to search for extrasolar planets with short orbital 

periods (more massive than the Earth)

• to perform asteroseismology by measuring solar-

like oscillations in stars.

K2 (Kepler 2)

Together with the search fro exoplanets, the aim of K2

is to characterize the internal stellar structure and

fundamental properties of stars with

astereoseismology:

• The on-board instrument is a photometer to

monitor the brightness of main sequence stars in a

fixed field of view



The space missions: 
The Transiting Exoplanet Survey Satellite (TESS) is a

space telescope for NASA's Explorers program (2018),

designed to search for exoplanets using the transit

method in an area 400 times larger than the Kepler

mission

• The TESS covers 85% of the sky

• G, K, and M-type stars with apparent magnitudes

brighter than magnitude 12.[

• 500,000 stars, including astereoseismology.

PLAnetary Transits and Oscillations of stars (PLATO)

is a space telescope (ESA, launch in 2026)

• search for planetary transits for up to one million

stars (magnitudes between 4 and 11)

• to study stellar oscillations or seismic activity in

stars to measure stellar masses and evolution and

enabling the precise characterization of the planet

host star, including its age.



Gaia satellite 
(positions, proper motions, 

parallaxes, magnitudes)
+
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magnitudes)
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The main goal of Galactic 

Archaeology is understanding 

the formation and evolution of 

the basic Galactic components.



Let’s have a try!
What we need: 

■ Installing Topcat

■ Topcat is a popular astronomical tool for manipulating tables of data. It started 

under the UK Starlink project, was extensively developed under AstroGrid, and 

now continues to be developed by Mark Taylor in Bristol. You can read about 

and download Topcat at the official website

■ http://www.star.bristol.ac.uk/~mbt/topcat

■ Tutorial: Exploring Gaia DR2 data with TOPCAT and STILTS Available as PDF script or 

LaTeX source code (github). 



What we need: All data from large spectroscopic 
survey are public!!!

■ Downloading data from spectroscopic surveys: 

■ APOGEE:

https://www.sdss.org/dr15/data_access/bulk/#APOGEECatalogData

■ GaiaESO: 

https://www.eso.org/qi/catalogQuery/index/121

■ GALAH:

https://docs.datacentral.org.au/galah/



Esercitazione 1

■ Combining the APOGEE data with the Gaia dr2 data

■ Computing the distances (from parallaxes)

■ Compute [Alpha/Fe]

■ Separate thin and thick disc stars

■ Computed Galactocetric distances 

■ Build the MDFs (thin vs thick disc, at different Rgc) 



What we need: cross-match with the Gaia DR2 
catalogue

■ Cross-match with Topcat: 

■ Gaia DR2

■ Gaia DR2 distances



Comparing distances: 

■ Distances computed inverting parallaxes

■ Distances that account for the nonlinearity of the transformation and the 
asymmetry of the resulting probability distribution model (from Bailer-Jones et 
al. 2018)



Selecting stars in the thin and thick discs



MDF of solar neighborhood stars in the thin and 
thick discs



MDF in different part of the Galaxy: computing 
the R gc

■ Compute the Galactocentric distances

■ D(Sun)=8.00 kpc

■ Distance projected on the galactic disk

■ d = D(Sun) – Distance x cos(b) x cos(l)

■ Deprojected on the sun-Galactic-centre line

■ Rgc = (Distance2 +  (d*cos(b)*sin(l))2 )0.5

■ If we know the distance (Distance) and the Galactic coordinate (l and b), we can 
compute the Galactocentric distance



MDF in different part of the Galaxy: computing 
the R gc

• Add new columns where we can insert algebrical expressions



Esercitazione 2

■ Measuring ages with [C/N] as a chemical clock

■ [C/N]=[C/Fe]-[N/Fe]

■ Select stars with 2.4 < log g < 3.4

■ Select stars with -0.4<[Fe/H]<+0.4

■ Apply the relationship in the [alpha/Fe vs [Fe/H] plane

■ What can we say about the ages of stars in the thin and thick discs? 



Esercitazione 3
■ Elements for which IRA is not valid

■ Select elements that are not immediately recycled in the ISM

■ Can you find elements produced similarly to iron (iron-peak elements)? 
How are their[X/Fe] vs [Fe/H] diagrams? 

■ Elements produced by SNII and SNIa (e.g. Si, Ca, Ti, how do they behave 
with respect to O and Mg? 


