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Convolution Kernel
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SDSS Star Catalog SDSS Galaxy Catalog

MW Satellite Galaxies

Abell Clusters
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100% completeness 0%
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8 < D <16

512 < D <1024

64 < D <128

32 < D <64

16 < D <32

256 < D <512128 < D <256

NB: Rvir (MW Halo)~250kpc
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Via Lactea Simulations

Vmax for ~50% of ‘SDSS satellites’

Vmax for faintest known satellites
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PanSTARRS image of Andromeda
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ESO/MPG wide-
field imager

Hubble 
Space  

Telescope
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3� : gri~23.5, z~23, y~21, 6 epochs

PanSTARRS surveys

Medium Deep: gr~27, i~28, z~26, y~25

M31 
microlensingTransiting planets

WMAP extinction

D
E

C

RA

-30°
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PS1 enclosure, Haleakala/Maui GPC 1: 1.4 Gpix, 60 OTAs

Orthogonal
Transfer
Array
(on-chip tip/tilt)

600x600 pix
x 8x8 cells
x 60 OTA devices
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Gaia: ESA’s big space mission to map the Milky Way

• Astrometry (V < 20):
– completeness to 20 mag (on-board detection) � 109 stars
– accuracy: 10–25 �éarcsec at 15 mag (Hipparcos: 1 milliarcsec at 9 mag)
– scanning satellite, two viewing directions

� global accuracy, with optimal use of observing time
– principles: global astrometric reduction (as for Hipparcos)

• Photometry (V < 20):
– astrophysical diagnostics (low-dispersion photometry) + chromaticity

� DTeff ~ 200 K, log g, [Fe/H] to 0.2 dex, extinction

• Radial velocity (V < 16–17):
– application:

• third component of space motion, perspective acceleration

• dynamics, population studies, binaries
• spectra: chemistry, rotation

– principles: slitless spectroscopy using Ca triplet (847–874 nm)
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Gaia: Complete, Faint, Accurate

 Hipparcos Gaia 

Magnitude limit 12 20 mag 
Completeness 7.3 – 9.0 20 mag 
Bright limit 0 6 mag 
Number of objects 120 000     26 million to V = 15 
    250 million to V = 18 
  1000 million to V = 20 
Effective distance 
limit 

1 kpc 50 kpc 
Quasars None 5 x 105 

Galaxies None 106 – 107 
Accuracy 1 milliarcsec 7 µarcsec at V = 10 
  10-25 µarcsec at V = 15 
  300 µarcsec at V = 20 
Photometry 
photometry 

2-colour (B and V) Low-res. spectra to V = 20 
Radial velocity None 15 km/s to V = 16-17   
Observing 
programme 

Pre-selected Complete and unbiased 
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Payload and Telescope

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)

Figure courtesy EADS-Astrium

Superposition of 
two Fields of View 

(FoV)
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Sky Scanning Principle

Spin axis         45o to Sun
Scan rate:       60 arcsec/s
Spin period:    6 hours

45o

Figure courtesy Karen O’Flaherty
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Spectroscopy:
847–874 nm

(resolution 11,500)

Radial Velocity Measurement Concept (1/2)
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Radial Velocity Measurement Concept (2/2)

RVS spectra of F3 giant (V=16)
S/N = 7 (single measurement)

S/N = 130 (summed over mission) 

Field of view RVS spectrograph CCD detectors

Figures courtesy David Katz
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Data Reduction Principles

Sky scans
(highest accuracy

along scan)

Scan width: 0.7°

1. Object matching in successive scans
2. Attitude and calibrations are updated
3. Objects positions etc. are solved
4. Higher terms are solved
5. More scans are added
6. System is iteratedFigure courtesy Michael Perryman
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Schedule

Catalogue

2000 2004 2008 2012 2016 2020

ESA Acceptance

Technology 
Development Design,   Build, Test

Launch

Observations

Data 
Analysis

Early Data

Concept & Technology Study (ESA)

Re-assessment:
Ariane-5 ®®®® Soyuz

Cruise to L2
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