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The universe in which we live… 



    Gaia will make our Milky Way a Rosetta Stone  
• When and how do galaxies form?  
• What is the Dark Matter which dominates over visible matter? 
• When and where do stars and planets form?  
• Where are chemical elements created? 
• What do we look like?                            Why?                       What does the future hold? 
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Position 
Distance 
Size 
Colour 
Motion 
Rotation 
Shape 
Texture 
Brightness 
Changes 
… 
Taste 
Sound 
Touch 
Smell… 



 What does Gaia see as stars move?  

Trend: stellar orbit  Galactic dynamics, dark matter, assembly history, ... 
Cycloid: parallax  =  1/distance  Galactic structure, star formation history 

Loops:  high frequency motion  massive planetary systems 

Gaia accuracy 10 to 100  times better 

47 UMa 
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 Star counting has a distinguished history 

Challenges:  Newton’s  “stellae fixae” notes 
for Principia  2nd ed.   1686                 CU Library 

Success! 

Phil Trans 
75  213-266 



Another dimension: adding kinematics 
 

• Stellar velocities are the information to weigh the Galaxy. The stellar 
velocities provide a pressure  which balances gravity. We can deduce the 
gravitational field and mass. 

• This leads to an anomaly:  there is more mass locally than is visible  

 

       dark matter  
 

      dark matter is none of the things 
      we know... 
 
The Copernican principle has gone extreme 
              not only do we not matter,  
              our matter doesn’t matter 
 



4-D data: The nature of reality 
• The matter of which we are made, the matter we study, is insignificant in 

the Universe – reality is “Dark Matter”. Discovered only in astrophysics, 
moving beyond the particle physics Standard Model.  

• What is it? This is the biggest question in physics. 
• We measure it by kinematics/dynamics/weighing – structure on all scales 
• Challenge – extend the precision of kinematics in distance 

Image courtesy M Roberts 



   Gaia 
 
 
 

The goddess who came into being after Chaos and generated the starry sky  
 

a contrast to the unintelligible and generator of the explorable 
 
 

Gaia  is transformational – the first 3-D galaxy 
precision distances and motions for 1 billion stars 

• Astrometry, photometry, spectroscopy, spectrophotometry, 
Teff, log g, Av, [Fe/H], binarity, planets, periods for variables,…  

The heart of Gaia is a large 
camera array, 1 giga-pixel, 
sending us a video of the 

sky for 5-9 years. 
 

The imaging data is being  
processed in Cambridge. 

Launch                 12/2013 
Work started          ~1993 
Project approved     2000 
Operations start   7/2014 

5-9.5 years data 
Project end             2026+ 
Total cost               960M€ 

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

(Hesiod, Theogony 116/117 and 126/127)  



Gaia is a 2-telescope optical bench 
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Gaia's L2 Orbit 



Gaia is a pico-radian machine 
• We measure pixel-flux at a measured time  
• Need spacecraft position, attitude, velocity, structure … 

to convert time to sky coordinate 
• pico-radian = one part in 1012,  
•  Special, General Relativity  are dominant terms 
•  velocity to mm/sec [c= 3.1011mm/s] 
•  position at L2 to ~km 
•  instantaneous spin rate 
• Solar light bending at 90deg from Sun = milli-as 
• The wonderful engineers who built Gaia kindly left 

some operational complexity to retain our interest 
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Gaia meets a Perseid meteorite 

Gaia’s spin rate is corrected after a hit. 
The hit was near a temperature sensor,  
so location and momentum known. 
This deposited 84J.  
A Perseid travels at 59km/s, so this  
weighed 48 micro-gram. 
84J is half the muzzle momentum of a 
.22 rifle bullet. 

18 August 2015 



Two million stellar distances 
eye telescope  photograph  CCD 

Colour-magnitude relation 
Accurate distances define the way stars evolve 

Science applications: stellar evolution, structure of the Milky Way, spiral arm dynamics, 
Dark Matter distribution,  stellar mass function, planet host properties, history of the 
chemical elements, solar siblings, star cluster evolution and dissolution……  
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Testing stellar evolution 

Pleiades 

Gaia’s first all-sky-map 

Combine distance and apparent brightness 
to determine intrinsic properties of the 
stars in a single-age cluster: 
 
Observe the effects of mass on otherwise  
similar stars 





The scale of the Universe: calibrating the calibrators 
The Henrietta Leavitt law for Cepheid variable stars 



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,…  

    NEO/Atira 
Earth-crossing? 
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The Sun and stars distort space-time and the path of 
light. This deflection was first measured by Eddington 
 in 1919, establishing General Relativity. 
 
Gaia sees that in every measurement it makes 
so we can test Relativity to much improved 
accuracy  

Eddington’s 1919 measurements 



Gaia16aye – a background star whose light is lensed by the space-time distortion 
of a binary – two stars exactly lined up between us the star. 
The changing star brightness and positions are mapping the space-time distortion 
caused by the foreground binary star 



Ambitions for the next steps 



   Tracking stardust: origins of the chemical elements 

• H, He & Li are ashes from the Big Bang. All other elements are created in 
(or by) stars, becoming available to form new stars, planets, and people. 

• the elements form a cosmic clock, which allows us to decode the sequence 
of events which began  13Gyr ago, and which continues today 



gaia.ac.uk 
This is home for the 
Gaia Science Alerts 
outreach effort 
• Gaia Alerts 
• Educational Materials 
• Background and 

Context 
• Activities 
• Download our app! 

 
 



Gaia science:  learning how to learn  
Science results – new sources, supernovae 
directly to the public.  
For schools, amateurs, anyone…. 
• gaia.ac.uk is a simple interface  
              to all Gaia science 
 
We are working with global robotic 
telescopes available for school educational 
use to follow-up Gaia discoveries. 
 
School classes can learn science by doing 
original science. “Adopt a Supernova” 
 
follow Copernicus: 
learn from data, 
 not preconceptions. 

http://www.gaia.ac.uk/




Gaia Gaia Gaia 
GAiaGaia gaia gaia 
gaia 

 
• Airbus D&S: Electrical Service Module  
• Selex Systems: Spacecraft documentation, 

configuration, schedule support  
•  e2v Technologies: CCD detectors  
•  Airbus D&S: Payload module & focal plane 

assembly structural pieces  
• Airbus D&S: Video processing unit  
• MSSL: Focal plane assembly: CCD/Proximity 

electronics module coupling  
• Airbus D&S: Chemical propulsion system  
•  ABSL: Battery  
• Aerostanrew Ltd: Avionics model bench structure  
• SIRA: CCD radiation testing.  

This text will now 
make sense so it does 
not annoy us 



What technology does science need next? 
• How complex is the Dark Sector? Physics beyond the standard 

model motivates CERN/LHC, many ground and space experiments.  
• Quantifying gravitating structure in galaxy cores and halos is the 

information to quantify the physical properties of dark matter 
particles 

• Challenge – precision kinematics beyond Gaia. An optimal system!! 
• To do better needs baseline – nano-astrometry  100+m baselines 

The light sector is complex:  
      is the dark sector? 

Does this lumpy model 
     match reality? 



Gaia Statistics @ 6-Apr-2017 11:50 UT 

 
 
 
 
 
 
 
  during this talk Gaia measured     ≈3,000,000 objects 
  (…including 0.5M spectra, 6M photometry, 25M astrometry points) 
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https://gaia.ac.uk            get the app!            http://www.cosmos.esa.int/web/gaia     

https://gaia.ac.uk/
http://www.cosmos.esa.int/web/gaia
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