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Mission goals/requirements
• A Stereoscopic Census of Our Galaxy
• Astrometry:

– completeness to 20 mag (on-board detection) 109 stars
– parallax accuracy: 7 μas at <10 mag; 12–25 μas at 15 mag; 

and 100–300 μas at 20 mag
• Photometry (V < 20):

– astrophysical diagnostics (low-dispersion photometry) + 
chromaticity

– 8–20 mmag at 15 mag: Teff ~ 200 K, log g, [Fe/H] to 0.2 dex, 
extinction

• Radial velocity (V < 16.5–17):
– third component of space motion, perspective acceleration
– <1 km/s at 13-13.5 mag and <15 km/s at 16.5-17 mag
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Gaia principle
Two telescopes continuously scanning the sky
Lissajous orbit, Lagrangian point L2 Sun-Earth

106,5º

6h
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The scanning law provides full sky coverage

5 years: average of 80 
observations
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Scanning

Width: 0.7°

Global Astrometry: all-sky grid of large 
angular separations
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Parallax and proper motion
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Parallax and proper motion
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Mission elements

• Satellite and Payload: EADS Astrium

• Launch: Soyuz-Fregat from Kourou

• Mission Operations Centre: ESA-ESOC and
ground stations Cebreros and New Norcia

• Science Operations Centre: ESA-ESAC

• Gaia Data Processing and Analysis
Consortium (DPAC)
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The Satellite

• Mass: 2120 kg 
(instruments 743 kg)

• Power: 1631 W (solar 
panels)

• Cost: 560 M€
• Launcher: Soyuz–

Fregat from Kourou
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Thermal tend

Thermic stability:

CCDs operate at 
~ -110oC

<1mK at focal plane

~K in the torus
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Deployable solar planels
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Two SiC primary mirrors
1.45  0.50 m2 at 106.5°

SiC toroidal
structure

(optical bench)

Basic angle
monitoring system

Combined
focal plane

(CCDs)

Rotation axis (6 h)

Superposition of 
two Fields of View 

(FoV)

The scientific instrument
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Boostec, 2010
17 pieces, 3m

light-weight, robust and ultra stable
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M2, M4 and M5 mirrors
Fabricated from SiC by Boostec Tarbes, 
France

Chemical vapour deposition of a SiC layer of 
is applied by Schunk Kohlenstofftechnik in 
Heuchelheim, Germany. 

Inspection and tests at Advanced Mechanical 
and Optical Systems (AMOS) at Liège, 
Belgium

Summer 2010:
all mirrors ready

M2: 34.5 cm x 15.0 cm M4: 19 cm x 6.9 cm

M5: 54 cm x 33.6 cm
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Blue spectrum:
330–680 nm

Red spectrum:
640–1000 nm

Spectroscopy:
847–874 nm

(resolution 11,500)

Focal plane assembly
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Focal plane
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Image motion:  Delayed integration

Radial Velocity 
Spectrometer CCDs

Radial Velocity 
Spectrometer CCDs

Astrometric Field CCDs

106 CCDs , 938 million pixels,  2800 cm2

pixel size= 60 mas, angular resolution=0.12”

104.26cm

42
.3

5c
m

Sky Mapper
CCDs
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Structure of CCD 
support

90% of CCDs are
ready
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Science performances

http://www.rssd.esa.int/index.php?project=Gaia

Science performances
• astrometry
• photometry
• spectroscopy
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Gaia Astrometric Accuracy Tool (courtesy J. de Bruijne, ESA)
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Fig. by Jos de Bruijne
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Number of transits
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Red spectra of a M-dwarf (V=17.3)

Red box: extracted window sent to 
the Earth

Photometry & 
Spectrophotometry
Blue and red spectrophotometers

Resolution ~100
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Poster by Carrasco et al 

Relationships among Gaia and other phot systems
GBP-GRP vs Teff
Absorption, BC, isochrones
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end-of-mission G

Aperture photometry
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Light curves of stars in M31 Vilardell et al (2007)

Variability
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Stellar parameters
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Spectroscopy

Full size 
demonstrator of 
RVS grating

302.11 grooves per 
mm
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Spectrum of a F3 giant 
(V=16 mag)

S/N = 7 (one transit)
S/N = 130 (end of mission)

Field of view Spectrograph CCD detectors 

Figures courtesy David Katz

Spectroscopy
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Radial velocity
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1. Radiation damage (shape deformation AL)
astrometry: flux loss included 

residual bias-calibration errors not included
photometry & RVS: not included

2. Serial register charge loss (shape deformation AC)
consolidated information is lacking

3. Offset non-uniformity
residual errors or calibration errors not included
(preliminary indications yield errors < 3 e-
astrometric degradations < 1%)

4. Laser frequency variation
Monitoring of basic angle more complex

PLM CDR (March 2010) and s/c CDR (Summer 2010)

Main caveats
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Schedule
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• Design ready: EADS Astrium focusing on
assembly, integration and testing

some problems (under control or being studied)

• DPAC focusing on calibrating Gaia
new instrumental effects require more complex 
processing

• Scientific Community getting ready and
GREAT is there to help

for instance, this meeting

Conclusions


