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Main Performances and Capabilities 
Accuracies: 

–      20 µas at V = 15      0.2 mas at V = 20 
– radial velocities to <10 km/s complete to V ~ 16.5   
– sky survey at ~0.2 arcsec spatial resolution to V = 20 (mmag)  
– multi-colour multi-epoch spectrophotometry to V = 20 (20 samples) 
– dense quasar link to inertial reference frame 

Capabilities: 
– 10 µas ≡ 10% at 10 kpc     [~1cm on the Moon] 
– 100 µas/yr at 20 kpc ≡ 10 km/s 
 
⇒ GAIA will quantify 6-D phase space for over 300 million stars, 
   and 5-D phase-space for over 109 stars 
– Two orders of magnitude improvement over current best precision 
– 13 magnitudes improvement in sample completeness 
– First large-area high-spatial resolution survey 
– Unbiased sample of 1% of Galactic stars 
– Fundamental physics, GR, cosmology, NEOs, planets, transients,... 
 



my view of Gaia 
ESA’s premier astrophysics mission of the decade 

 
 
 
 

The first stage of scientific discovery is knowing 
an object exists, and where it is - IMAGING 

2-D 3-D 5-D 12+ D 6-D 

position parallax proper 
motions 

spectrum Astrophysical 
parameters 

Ultra-precision, 
over years 

distance Transverse 
velocities 

Radial velocity 
+  chemistry 

Ages, histories, 
astrophysics 

Stellar orbits, star formation history, origin of the elements, Galaxy assembly,.... 
Dark Matter, Cosmological initial conditions, fundamental physics, solar system(s) 

Imaging over time determines movement, and 
hence transverse speed 

Low dispersion spectroscopy provides radial velocity, and 
some chemical elemental information 

High dispersion spectroscopy provides detailed multi-
element chemical abundances  intrinsic properties 



Structure of Star Forming Regions 
Parallaxes of OB association members (Hipparcos) 

Positions and proper motions of selected members 

GAIA will allow: 
• detection of stellar groups across the Galaxy 
• tracing back of orbits to time and location of formation 
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• Two telescopes - time between subsequent FOVs: 106.5m 
• Time between successive scans: 6 h 
• Field revisited every ~70 days 
• Each object measured ~80 times (200 at the nodes) 
• [Single CCD = 4.4secs – 9 repeats; +spectrophotom; +RV] 

Sky Scanning Principle 



 



How Gaia works 

Data flow: 50Gb/day for 5-6 years;  total processed data and archives  1PByte 
Computational challenge :  1.5 x 10²¹ FLOP – and highly sophisticated algorithms 



The heart of Gaia is the largest focal plane ever built.  106 large (e2v) CCDs, 1m x 0.4m 
What will they see? This is R136 , a star cluster at 50Kpc, as seen by one Gaia CCD 
Green box = Gaia will measure that source.   [4secs integration, 1/106 CCDs] 

Single bright star proper motion accuracy in LMC ~ 10km/s 



GAIA is the ideal Nemesis survey 
a different type of dark matter..... 



Gaia will produce  astrometry, photometry, spectra, spectrophotometry, RVs,  
periods for variables, orbits for NEOs, abundances, astrophysical parameters, Av,..... 

These stellar data will allow reliable identification of clean tracer samples 
 Multiple DF analyses for consistency/systematics analyses 



Galaxies, Quasars, and the Reference Frame 

• Parallax distances, orbits, and internal dynamics of nearby galaxies 

• Galaxy survey, including large-scale structure 

• ~500,000 quasars: kinematic and photometric detection 

• ~10,000  supernovae  [few/day  real-time alerts] 

• ΩM, ΩΛ from multiple quasar images (3500 to 21 mag) 

• Galactocentric acceleration: 0.2 nm/s2 ⇒ ∆(aberration) = 4 µas/yr  

• Globally accurate reference frame to ~0.4 µas/yr 



• Will Gaia contribute to cosmology and fundamental physics? 

Gaia will discover 500,000 quasars, all with high-resolution imaging to quantify strong-
lensing structure (11 qso lenses known in DR3…),  
[discovery: spectrophotometry, emission lines, astrometry] 
2000 new strong-lensed QSO expected, under standard CDM 

ΩM, ΩΛ from multiple quasar images 
The separation DF is also a measure of the small-scale perturbation spectrum 



• Will Gaia contribute to cosmology and fundamental physics? 

•Gaia MAY detect?/constrain very low frequency gravitational waves, 
from coherence/stability of reference frame. a la VLBI 

•Gravitational wave energy: 10-12 < f < 10-9 Hz 
•This range – well below LISA – is a sensitive test of inflation models, and 
later neutrino effects  eg PRD 75 104009 2007 
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Gravitational Wave Spectrum 

Hobbs, 2008 



Summary: 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) 



Precision Cosmology with Gaia 
 
Gaia  
Precision calibration from 
parallaxes 
of 4400 local Cepheids 
 
Gaia Alerts  
Find 5-10,000 nearby supernovae 
within Cepheid overlap regime 

Gaia  -  will deliver precision calibration of cosmological distances 



Photometry 

LMC/SMC Cepheids 

SNae, z=0.1 





Science Alerts: published through 
VOEvent with no restrictions 

aims:  
•detect unexpected and rapid changes in the flux, spectrum or position 

•or appearance of new objects 

•trigger ground-based follow-up  tested with PTF 

•provide targets to the community to be studied at peculiar states  

methods: 

•run in near-real-time: between couple of hours and 24h after observation 

•use photometric, spectroscopic and astrometric Gaia data 

•cross-match against existing information  

•Gaia spatial resolution makes for a real challenge – crowded fields 

•Motivation 

•Collaboration interests in special cases, esp rare objects 

•Excellent outreach potential via public robotic telescopes 



All data are released to whole community – no GTO, no restrictions 

20x improvement, need RVs 

DR3 will probe kinematics out to ~few kpc: radial velocities are limiting 
Map inner galaxy through low-dust windows, local disk, some halo 



Post DR3 – RV’s will get fainter,  eventually reach ~10kpc 

All data are released to whole community – no GTO, no restrictions 



Local dark matter density: 
a remarkably stable result?: Kuijken & Gilmore 1989/91   

• Galactic structure rho(z):      Gilmore & Reid 1983 

• Gaia will provide direct distances, and precise 3-D kinematics 

John Magorrian – density profile from digital survey data matches G&R photographic…. 

south north 



Olivier Bienayme – kinematic profile from digital survey data matches  K&G…. 

Local dark matter: 
most recent analysis: RAVE 500,000 star survey  



Gaia will very substantially improve data on intermediate scales 
is this poor data or a more complex situation? 

Sofue in vol5 of Planets, Stars and Stellar systems, ed Gilmore 2013 

Current Galactic rotation curve data 



Work to learn how to model Gaia dynamics 
is now actively underway – more needed!! 

Hattori et al, Gaia-ESO Survey 

Local disk dynamics 



Local disk dynamics 
New Astronomy Reviews 2013 

Distribution Function modelling RAVE 500000 star data 



A few example analysis approaches from a recent 
workshop at Surrey:  1) streams => potential 

Halo dynamics: streams as probes.  
BUT Gaia will not deliver the radial velocities 



Halo dynamics: streams as probes.  
BUT Gaia will not deliver the radial velocities 



Disk potentials… 



The Gaia legacy for DM 

• Quantifying the Galactic potential within ~5kpc will be 
limited only by our ability to analyse kinematics 

• At larger distances Gaia’s calibration of secondary 
calibrators (eg RRLyrae) will quantify the potential, 
given RV data and suitable analyses..... 

• Mapping the central kpc will be challenging 
• Finding pure DM halos will be challenging 

 
• Gaia will NOT: resolve orbits in faint dSph 

 
• We’ll know a lot about the potential in 2017..... 
 



Gaia:  mapping Dark Matter, forming the Galaxy 

10 µas = 10% distances at 10 kpc 10 µas/yr = 1 km/sec at 20 kpc 



Outreach with Science Alerts 
• Science Alerts can be exciting not only for professionals 
• a platform will be built to provide alerts to the general public 
• not only alerts, but also tools for observing, data reduction, studying 
• cool projects, e.g. “Adopt a Supernovae” 
• amateurs, schools, universities... 
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