
Data flow: 50Gb/day for 5-8 years;  total processed data and archives  1PByte 
Computational challenge :  1.5 x 10²¹ FLOP – and highly sophisticated algorithms 

   Gaia:    ESA’s premier astrophysics mission of the decade 
 
 
 Gaia  is transformational – the first 3-D galaxy 

precision distances and motions for 1 billion stars 

 
The heart of Gaia is a large 
camera array, 1 giga-pixel, 
sending us a video of the sky for 
5-8 years. 
 
The imaging data is being  
processed in Cambridge. 
4 billion transits processed so far 

Launch:             12/2013 
 
Work started:         1990 
Project approved:  2000 
Operations start   7/2014 
5-7.5 years data 
Project end:           2023+ 
 
Total cost:            960M€ 

2 telescopes, 1.45 x 0.5 m primary, monolithic SiC optical bench, 0.06arcsec pixels 

Gerry Gilmore, IoA Cambridge, UK Gaia PI 



Why two telescopes? 
 
One field gives only relative measures  model dependancy 
Two fields break the degeneracy allows absolute measurements. 

2 
Single field astrometry Two field astrometry 



two-telescope scanning mission is optimal 
  since across-scan data is much less important, can 
save mass and use rectangular mirrors 

Why rectangular? 



Gaia is precision: complete survey 0<G<20.6 
Light-bending: 1."75 at solar rim,   1,750,000 microarcsec 

76 103     to101 −− ××≈γσ

•in our Galaxy … 
–the distance and velocity distributions of all stellar populations 
–the spatial and dynamic structure of the disk and halo 
–its formation history 
–a detailed mapping of the Galactic dark-matter distribution 
–a rigorous framework for stellar-structure and evolution theories 
–a large-scale survey of extra-solar planets (~20,000) 
–a large-scale survey of inner Solar-system bodies (~250,000) 
•… and beyond 
–definitive distance standards out to the LMC/SMC 
–rapid reaction alerts for supernovae and burst sources (~20,000) 
–quasar detection, redshifts, lensing structures (~500,000) 
–fundamental quantities to unprecedented accuracy: e.g. relativistic 
light bending due to gravity: PPN  σγ ~2×10-6   (~2×10-5 present) 

 
4 

Precision: 50pico-rad,    human hair at 1000km,   earth-L2 dist to 1cm  
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Gaia Focal Plane 

Star motion in 10 s 
4.4s per CCD 

Total field: 
  - active area: 0.75 deg2  

  - CCDs: 14 + 62 + 14 + 12 

  - 4500 x 1966 pixels (TDI) 

  - pixel size = 10 µm x 30 µm 

     = 59 mas x 177 mas 
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Sky mapper: 
  - detects all objects to 20 mag 

  - rejects cosmic-ray events 

  - FoV discrimination 
Astrometry: 
  - total detection noise: ~6 e- 

Photometry: 
  - spectro-photometer 
  - blue and red CCDs 
Spectroscopy: 
  - high-resolution spectra 
  - red CCDs 
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Figure courtesy Alex Short 
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 The astrometric data reduction 
 • 1013  individual position measurements 

• 1010  unknowns – based on physical models 
• all connected   -  must be determined simultaneously 
• a vast modelling and parameter adjustment problem 
• Iterative, self-calibrating, needs GR metric 
• 5000 million star unknowns   (for simple stars) 
•    150 million attitude unknowns 
•     50+ million calibration unknowns 
•      a few dozen “global” unknowns 

Eg, photometric ubercalibration: 

Another order of magnitude to improve, but we are on the way 



 

05/06/2014 IoA Seminar 7 

Higher L2 dust environs will gently sand-blast JWST’s mirror…. 

CCDs, electronics, clocks, communications, 
spacecraft control, … functioning nominally 

Complete sky survey from 0 < G < 20 
Extension to G=20.5 under test (1.6 billion stars) 
Mission extension from 5 years to 7.5 years under analysis 



05/06/2014 IoA Seminar 8 

Heating cleans the  mirrors 



Scattered Light (RVS): mean level 30x expected 
adds noise to faint sources – astrometry recovered by mission extension 

6 hour period = Gaia’s spin period 

Sunlight 
diffracted 
around 
sunshield 

Astronomical 
sources 

RVS is delivering 60million spectra, R=110000, complete to V<15.3 



Gaia Performance  
(at In Orbit Commissioning Review) 

http://www.cosmos.esa.int/web/gaia/science-performance  

Astrometric Performance 

Photometric Performance: units=mmag 

Spectroscopic Performance: 60 million RVs 
Plus Spectro-Photometry,  
astrophysical parameters , light curves, … 
for all 1+ billion sources 

Complete  sky survey 0 < G < 20 

http://www.cosmos.esa.int/web/gaia/science-performance


NEO/Aten/Apollo 
(Chelyabinsk!) 

Main belt 
asteroid 

Best ground > mas accuracy  

Gaia 

Gaia is providing a  survey of NEO-threat asteroids with orbits interior to Earth 
and improved orbits for many MB asteroids, with many masses, radii,…  
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Planetary systems – Gaia will find some transiting systems, but the real value 
Is definition of  volume-complete stellar parent samples, plus direct astrometric 
discovery, and mass determinations, of nearby non-eclipsing jupiters. 
          These will be ideal for follow-up direct coronographic imaging 

Perryman etal 2014  arXiv:1411.1173 

cf Avi Shporer talk 
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RV Jupiters are easy astrometric detections 
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3 

Stellar evolution, young stars, rare objects, Galactic structure, SFR(t) 



Omega Cen: 140K stars, 1min data 

At LMC 20muas/yr=5km/s 

                    Stellar populations 
Gaia manages most of the sky uncrowded 
                ~HST spatial resolution 
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Cosmological  distance scale calibration at mmag level 
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General Relativity/Metric 

• From positional displacements: 
– γ to 5×10-7 (cf. 10 -5 presently) ⇒ scalar-tensor theories 
– effect of Sun: 4 mas at 90o;  Jovian limb: 17 mas;  Earth: ~40 µas 

• From perihelion precession of minor planets: 
– β to 3×10-4 - 3×10-5 (×10-100 better than lunar laser ranging)  

– Solar J2 to 10-7 - 10-8 (cf. lunar libration and planetary motion) 

• From white dwarf cooling curves: 
– dG/dT to 10-12 - 10-13 per year (cf.  PSR 1913+16 and solar structure) 

• Gravitational wave energy: 10-12 < f < 10-9 Hz 

• Microlensing: photometric (~1000) and astrometric (few) events 

• Cosmological shear and rotation (cf. VLBI) 
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Gaia will repeat the Eddington 1919 light-bending test 100 years 
later, with 100,000 times higher precision 

Gaia will measure light bending by Jupiter to test GR 



         Gaia science has started! 
This will support a big outreach                         
& education programme w. Las Cumbres 
              few 1000 local SNe 
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The Gaia Data Release (GDR) Scenario 
http://www.cosmos.esa.int/web/gaia/release  

● GDR1 ~7/16: positions, G-magnitudes (all sky, single stars) 
proper motions for Hipparcos stars (~50 µarcsec/yr) – the Hundred 

Thousand Proper Motions (HTPM) catalogue 
● GDR2 ~2/17: + radial velocities for bright stars, two band 

photometry and full astrometry (α, δ, ϖ, μα, μδ ) where available 
for intermediate brightness stars 

● GDR3 ~1/18: + first all sky 5 parameter astrometric results (α, δ, 
ϖ, μα, μδ ) BP/RP data, RVS radial velocities and spectra, 
astrophysical parameters, orbital solutions short period binaries 

● GDR4 ~1/19: + variability, solar system objects, updates on 
previous releases, source classifications, astrophysical 
parameters, variable star solutions, epoch photometry 

● GDR-Final: final data release (thus in 2022/23 or 2025) 

There is an interesting tension between early data release, quality control, and over-ambition 

http://www.cosmos.esa.int/web/gaia/release




summary 
• Gaia is operating and will deliver precision data across 

many astrophysical fields – reference system… 
• Incl potential coronograph planetary targets 
• WFIRST-AFTA*  (Euclid, LSST, …) is an exciting mission 

which will benefit from and go beyond Gaia.  
• Astrometry delivers fundamental advances in many 

topical fields (& serendipity) – it is a technically 
sophisticated subject, very difficult at precision limits. 
It needs precision clocks, orbit location, GR metric….  
must be designed into the mission hardware and 
operations – cannot retrofit at nano-radian level 

21 * Not the best possible name… 
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