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Scientific impact of the Gaia mission

A. Brown (1)

F. Mignard(2)

(1) Leiden Observatory

(2) Observatory of the  Côte d'Azur, Nice.



Heidelberg, Monday August 31 2009 2

Outline

ƴPerformances

Èaccuracies

Èastrophysical parameters

ƴScience impact

Èstellar physics

ÈGalactic physics

Èsolar system

Èexoplanets
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Gaia Performances

Astrometry

Photometry

Spectroscopy
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10 µas: Incredibly small !

ƴDisplacement of a 100 mas/yr star in one hour

ƴMotion of a fast moving minor planet in 100 µs

ƴa coin on the Moon

400 000 km

10 µas
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Expected astrometric accuracies

Sky-averaged standard errors for G0V stars (single stars, no extinction)

Notes:

È Estimates calculated with the Gaia Accuracy Tool (courtesy J. de Bruijne, ESA)

È Radiation-damage effects on CCDs not fully taken into account

È Estimates include a 20% margin (factor 1.2) for unmodelled errors

V magnitude 6 - 13 14 15 16 17 18 19 20 mag

Parallax 8 13 21 34 55 90 155 275 mas

Proper motion 5 7 11 18 30 50 80 145 mas/ yr

Position @2015 6 10 16 25 40 70 115 205 mas
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Single transit astrometric accuracy

ƴIntegration over 9 AF CCDs ð40 s

ƴ1D (AL) astrometry

100 µas
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Photometric accuracy

ƴIllustration with the white - light band (G -band)

Èhighest time resolution
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Photometric Accuracy - G band
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Radial velocity accuracy

RAVE : <Vr>  ~  2 km/s,  9<I<12

P. Sartoretti et al., 2007

B5V
F0V

A0V K0V

K1IIIG0V
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Transverse velocity accuracy

1 km/s

10 km/s
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Astrophysics: photometry

Teff Av log g [M/H] [a/Fe]

G<16 <5% 0.05-0.2 0.2-0.3 0.2-0.4 0.2

G=18 5-15% 0.05-0.3 0.2-0.5 0.5-0.7 ?

ƴRanges in errors reflect the influence of the spectral type, metallicity

dwarfs, G = 15,  T < 7000 K, [Fe/H] > -2 C. Bailer-Jones, GAIA-C8-TN-MPIA-CBJ-043
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Astrophysics: spectroscopy

ƴStellar and interstellar parameters (conservative estimates)

ÈRadial velocities V Ò 17.0 ~ 150x106 *

ÈRotational velocities VÒ13 ~ 5x10 6

ÈAtmospheric parameters. VÒ13 ~ 5x10 6

ÈAbundances VÒ12 ~ 2x10 6

ÈInterstellar reddening VÒ13 ~ 5x10 6

ƴDiagnostics

ÈBinarity/multiplicity, variability

È~ 106 spectroscopic binaries

È~ 105 eclipsing binaries (~25% SB 2 Ÿ masses)

ÈLong period classical cepheids svr< 7 km/s Č 20-30 kpc
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Assets of Gaia

ƴA single mission with three nearly synchronous data taking modes

ƴSurvey complete and limited to G = 20

ƴScanning mission with Quasi -regular time sampling over 5 years (~ 80 
observations)

ƴGlobal astrometry of 
staggering precision

ƴExperienced and motivated 
community in Europe after 
Hipparcos
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Assets of Gaia

ƴA single mission with three nearly synchronous data taking modes

ƴSurvey complete and limited to G = 20

ƴScanning mission with Quasi -regular time sampling over 5 years (~ 80 
observations)

ƴGlobal astrometry of 
staggering precision

ƴExperienced and motivated 
community in Europe after 
Hipparcos

J. De Bruijne, ESA
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Gaia Science Return

Reference frame
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Stellar physics
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MV kpc   sv£v

V=15

temperature

metallicity

reddening

luminosity

K0 IV      +3.2 2    0.04

K0 III     +1.2 6    0.13

K0 II    -2.0 25   0.55

ARI

From U. Munari

Stellar and Galactic Physics
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Stellar physics

to 2.5 kpc
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Stellar physics

ƴAccurate distances across the HR diagram
Èluminosity calibration

¶calibration photometric and spectroscopic distance indicators

Èastrometric detection of stellar, sub -stellar and planetary companions

¶10 000 stars with masses to 1%

Èfundamental parameters for rare stellar type

Ètests of stellar interior models and stellar evolution

È3-D mapping of interstellar extinction
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Stellar physics: variable stars

ƴObjective for  Gaia

È~ 70 epoch survey over 5 years

Èmmag accuracy per single observation

ƴQuantitative impact

È20x10 6 classical variables

È1 ð5 million eclipsing binaries

È~ 5000 Cepheids, 70,000 RR Lyr

È6,000 SNe Ia to G =19

Eyer & Mignard, 2005

Science alerts!
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Stellar physics: Cepheids with Gaia

ƴ15  d < 0.5 kpc, 65 d< 1 kpc,  165 d < 2 kpc

Èbright enough ( V < 14)

ƴIn the plot : 400 galactic cepheids from David Dunlap DB

Èdistance and magnitude Č Gaia predicted accuracy for parallax

F. Mignard 2002, 2009
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Stellar physics: small stellar systems

S. Söderhjelm15 < V < 17.5

ƴPower of Gaia

ÈSurvey mode, sensitivity to non linear motion

È~ regular time sampling over 5 yrs

ÈLarge range of separations and Dm

ÈSpectroscopic measurements

ƴExpected results

Èvarious categories of binaries

¶107 resolved within 250 pc (long period)

¶107 astrometric binaries

¶106-7 eclipsing binaries, 10 6 spectro

È50% complete census to 250 pc

Èmasses to 1% for 10 4 stars

Èconstraints on evolutionary models


