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The Gaia Mission
A billion star map of the galaxy 



Take Home Message:

Gaia is a game changer in  
astrophysics and exoplanets



!
!
Sky Position 
Distance (parallax) 
!
Proper motion 
Doppler RV 
!
Stellar characteristics: 

• Teff 
• log(g) 
• Metallicity

What is the Gaia Mission ?

3D position

3D velocity

additional 
“dimensions”

A Multidimensional 1 billion star survey:





• Astrometric Field (AF), 330-1050 nm, G~20 mag 
• Spectro-photometry, 62 pix spectroscopy:  

‣ Blue Photometer (BP), 330-680 nm  
‣ Red Photometer (RP), 640-1050 nm  

• Radial Velocity Spectrometer (RVS), R=11500, 847-871 nm, V~16 mag
object 

detectionAFRP  BP    RVS   

Gaia focal plane



Gaia Performance

Photometry: 
Noise level in milli-magnitude

Radial velocity:

Astrometry:



Gaia Mission Trivia

• Launch: December 2013 

• 50-110 epochs in 5 years (2014-2019) 

• Possible extended mission: up to 5 years 

• 2 x 0.7 m2 rectangular mirrors 

• L2 orbit 

• Price: 940 M Euro (ESA + member states) 

• 106 CCDs, ~1 billion pixels 

• Diameter: 3.5 m (10 m with Sun shield) 

• Weight: ~2.0 Tons 

• FOV: 0.85 x 0.66 deg 

• Gaia, not GAIA…



Science with Gaia
Solar system

Variable and  
binary stars

Image: ESO/L. Calçada

Stellar evolution

Image: Richard Powell

Supernovae

Image Credit: High-Z Supernova Search Team, HST, NASA

Galactic structure

Image: X. Luri & DPAC-CU2

Exoplanets

Image: NASA Ames/JPL-Caltech/T. Pyle



What can Gaia do for me?!…

Exoplanets with Gaia



Exoplanets with Gaia

For bright stars:  
• single measurement σfov ≈ 30 μas,  
• parallax σω ≈ 10 μas

Astrometric signal:
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Perryman et al. 2014Unknown distances assumed to be 1,000 pc 
Circle radius proportional to planet mass 



Winn & Fabrycky 2015, Sozzetti 2011
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“Astrometric exoplanet detection with Gaia” 
Perryman, Hartman, Bakos, Lindegren 2014, ApJ, 797, 14



Simulated detections:
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“Astrometric exoplanet detection with Gaia” 

Perryman, Hartman, Bakos, Lindegren 2014, ApJ, 797, 14



0 5 10 15

0 5 10 15 20

20
G (mag)

0 200 400 600 800
d (pc)

Mp (MJ)
0 5 10 15 20

Mp (MJ)

a (AU) e
0 2 4 6 0 0.2 0.4 0.6 0.8 1.0

(a) (b)

(c) (d)

(e) (f )

N
um

be
r

0

500

1000

1500

N
um

be
r

0

500

1000

1500

N
um

be
r

0

500

1000

1500

N
um

be
r

0

500

1000

2000

1500

2500

2000

N
um

be
r

N
um

be
r

0

500

1000

1500

2000

1

10

100

1000

10000

“Astrometric exoplanet detection with Gaia” 
Perryman, Hartman, Bakos, Lindegren 2014, ApJ, 797, 14

Simulated detections: Simulated population:

NASA Exoplanet Archive
Mp

Mp sin(i)

Planet mass



•Accurate mass: no Mp and sin(i) degeneracy 
!
•Wide range of host star properties: 
‣Mass, Metallicity, Evolutionary stage 

!
•Transit: 
‣Astrometrically predicted 
‣Directed follow-up (Dzigan & Zucker 2011, 2012, 2013)

Astrometry you use, 
mass and inclination degeneracy 

no more!

Exoplanet hunting with Gaia

RV, 1D Astrometry, 2D



• Stellar characterization: 
‣ Improved known planet hosts parameters 

➡Re-calculate known planet properties 
‣Future targets for transit surveys 

!
!
• Astrometric companions to known planetary systems 
!
!
• Brown dwarf companions 
‣Wide range in host star parameters

Gaia contributions to exoplanet science 



PLATO
LSST

Astronomy in the 2020’s
Gaia

Euclid

TESS

Emerging (synergetic) science

“The whole is larger than the sum of its parts” 

WFIRST



“The whole is larger than the sum of its parts” 

WFIRST
Gaia

Emerging (synergetic) science
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Exoplanets
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Coronagraph

Simulating Gaia data for bright stars  
Courtesy Michael Perryman et al.

•G < 7 mag 
•0.5 < M2 < 15 MJ 
•5-year mission  
•0.1” resolution

+

Reflected-light low-res spectrum of planets with measured mass

0 0.05 0.1 0.15 0.20

10

20

30

40

50

60

70

80

90

αp [arcsec]

Np   

Np( ap(1+e)/d > 0.1” ) = 33

a/
d=

0.
1”



Take Home Message:

Gaia is a game changer in  
astrophysics and exoplanets

Data release schedule:

Mid-2016: Positions, G magnitude. 
Early 2017: RV, photometry, astrometry.



The Gaia Mission

SSW 2015, Pasadena

July 31, 2015

Resources: 
Perryman et al. 2014 
Sozzetti et al. 2014 
Sozzetti 2011 
sci.esa.int/gaia 
cosmos.esa.int/web/gaia/ 
blogs.esa.int/gaia 
gaia.ub.edu/Twiki/bin/view/GREATITNFC/

A billion star map of the galaxy 

http://adsabs.harvard.edu/abs/2014ApJ...797...14P
http://adsabs.harvard.edu/abs/2014MNRAS.437..497S
http://adsabs.harvard.edu/abs/2011EAS....45..273S
http://sci.esa.int/gaia
http://cosmos.esa.int/web/gaia/
http://blogs.esa.int/gaia
https://gaia.ub.edu/Twiki/bin/view/GREATITNFC/ProgramFinalconference


Extra 
Slides



Sozzetti 2011
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Gaia
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Courtesy Alessandro Sozzetti



WFIRST Coronagraph

• 400 - 1000 nm 
• 10-9 contrast 
• 0.1 arcsec @ 400 nm 
• IFS: R~70

Gas and ice giant planets in reflected light 
Characterize planetary atmospheres 

Test technology for future terrestrial planet imaging mission



WFIRST-2.4 coronagraph





Gaia 2D stellar density sky map (not an image!)

Image credits: ESA/Gaia-CC BY-SA 3.0 IGO

http://www.esa.int/Services/Creative_Commons_Attribution-ShareAlike_3.0_IGO_CC_BY-SA_3.0_IGO_licence

