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A.  La mission
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•Cornerstone  mission of the European 
Space Agency

•Observations  of ~1.5 billion objects          
2 mag < V < 20.7 mag, 

•Astrometry,  photometry, 
spectrophotometry, and spectroscopy 
(radial velocities)

•Launched 19/12/2013 (Soyuz rocket, 
French Guyana)

•Duration: 5 (+1) years (~70 times all sky)

•Final Catalog: 2021-2022

The Gaia mission
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E. Hoeg 2003

The Gaia mission - Astrometric performance
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Focal Plane

1.45x0.5 m2

106.5°

The instruments
Two fields of view
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The instruments
Primary mirror
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Gaia - Taking the Galactic Census Astrometric Instrument

The Gaia focal plane (left) and instruments (right). Figures courtesy of EADS Astrium.

Gaia has two telescopes with two associated viewing directions of size 0.7�� 0.7� (along scan � across scan)
each. The two viewing angles are separated by a highly-stable ‘basic angle’ of 106.5�. The two field of views are
combined into a single focal plane covered with CCD detectors. By measuring the instantaneous image centroids
from the data sent to ground, Gaia measures the relative separations of the thousands of stars simultaneously
present in the combined fields. The spacecraft operates in a continuously scanning motion, such that a constant
stream of relative angular measurements is built up as the fields of view sweep across the sky. High angular
resolution (and hence high positional precision) in the scanning direction is provided by the primary mirror of
each telescope, of dimension 1.45 � 0.5 m2 (along scan � across scan). The wide-angle measurements provide
high rigidity of the resulting reference system.

The whole sky is systematically scanned such that observations extending over several years yield some 70 sets of
relative measurements for each star. These permit a complete determination of each star’s five basic astrometric
parameters: two specifying the angular position, two specifying the proper motion, and one – the parallax –
specifying the star’s distance. A 5-year mission permits the determination of additional parameters, for example
those relevant to orbital binaries, extra-solar planets, and solar-system objects.

In practice, the a posteriori on-ground data processing is a highly complex task, linking all relative measurements
and transforming the location (centroiding) measurements in pixel coordinates to angular field coordinates through
a geometrical calibration of the focal plane, and subsequently to coordinates on the sky through calibrations
of the instrument attitude and basic angle. Moreover, corrections for systematic chromatic shifts need to be
made, as well as aberration corrections and corrections for general-relativistic light bending due to the Sun, the
major planets, some of their moons, and the most massive asteroids. Centroid shifts caused, under the influence
of radiation damage, by stochastic charge trapping and de-trapping in CCDs also need to be understood and
calibrated with high precision.

The astrometric field (AF) in the focal plane is sampled by an array of 62 CCDs, each read out in TDI
(time-delayed integration) mode, synchronised to the scanning motion of the satellite. In practice, stars entering
the combined field of view first pass across dedicated CCDs which act as a ‘sky mapper’ (SM) – each object is
detected on board, and information on its position and brightness is processed in real-time to define the windowed
region read out by the following CCDs. Gaia’s limiting magnitude is about 20-th magnitude, and all objects
brighter than this limit at the epoch of observation will be measured. Gaia’s observations are thus not limited to
stars but also cover quasars, near-Earth objects, asteroids, supernovae, etc.

Before stars leave the field of view, spectra are measured in three further sets of dedicated CCDs. The BP
and RP CCDs – BP for Blue Photometer and RP for Red Photometer – record low-resolution prism spectra
covering the wavelength intervals 330–660 and 650–1000 nm, respectively. These simultaneous semi-photometric
measurements of the spectral energy distribution yield key astrophysical information, such as temperatures,
gravities, metallicities, and reddenings, for each of the vast number of objects observed. In addition to the
low-resolution photometric instrument, Gaia features a high-resolution integral-field spectrograph, the so-called
Radial Velocity Spectrometer (RVS) instrument. The RVS provides the third component of the space velocity of
each star (down to about 17-th magnitude).
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Source: Michael Perryman For more about Gaia visit the Gaia web site:
http://www.rssd.esa.int/Gaia

2006-02-13 (Rev. 2)

Image courtesy ESA

The instruments
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The instruments
Focal plane
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Spectro-photometry
Low-resolution spectra

BP :  320 - 660 nm
  RP :  650 - 1000 nm

The instruments - the focal plane

106 CCDs  (4500 x 1966 pixels each;  pixel size = 10 µm x 30 µm = 59 mas x 177 mas)

Image courtesy ESA - A. ShortAstrometric Field CCDs
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Transit observations

Courtesy B. Holl
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Transit observations

Faint stars      windows 
transmitted:

~4.4 sec
~100 sec

50 GB / day

Courtesy B. HollAlternative ESA video: http://sci.esa.int/gaia/53281-inside-gaias-billion-pixel-camera/
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Courtesy B. Holl

tl → t1, t2, t3, ...
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Jordi et al. (2010)

The instruments - spectral coverage
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J. de Bruijne / ESA

in 6 hours

106.5°

The scanning law
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L.LindegrenL.Lindegren

Sun

Gaia

1. Sun motion

The scanning law
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Sun

Constant angle to 
the Sun: 45°

L.Lindegren

1. Sun motion 

2. Gaia rotation axis
     precession in 63 days

The scanning law



N. Mowlavi       Collaborations PRO/AM en astronomie, Giron   06/2014 Gaia et l’exploration des objets variables 20

1. Sun motion 

2. Gaia rotation axis
     precession in 63 days

3. One astrometric FOV
     rotation in 6 hours

L.Lindegren

The scanning law
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Mean of 70 measurements (40 - 250)

The scanning law

Courtesy B. Holl

On youtube: https://www.youtube.com/watch?v=lRhe2grA9wE

https://www.youtube.com/watch?v=lRhe2grA9wE
https://www.youtube.com/watch?v=lRhe2grA9wE
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The scanning law

+ Ecliptic Pole Scanning Law
during 1 month commissioning
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The Data Processing and Analysis Consortium (DPAC)

Two main concepts: 1. Coordination Units (CU)

~500 people (scientists + software engineers)

Data processing

2. Data Processing Centers (DPC)
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The Data Processing and Analysis Consortium (DPAC)

Two main concepts: 1. Coordination Units (CU)

Variability processing

2. Data Processing Centers (DPC)

Variability charact.
➙ Gaia catalogues

Transients handling
➙ Alerts

DPC
Cambridge

CU5
Photometric
Processing
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γDor (g mode)

SR

δSct (p mode)

M
SPB (g mode)

ZZ Ceti
DAV (g mode)

β Cep (p mode)

ESA SP-1200 (1997)

Cep

RR

Be stars

Fraction of variables (Hipparcos precision)

Variability processing

Gaia: Extremely good 
statistical description

Variability movie!

Limited to 
“good” parallaxes
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~50-150 million variable objects for Gaia

• 0.5 or 4 or 7 million Eclipsing Binaries
(Söderhjelm 2004, Eyer etal. 2013, Zwitter 2002)

•  few 100s to few 1000s or 5,000-30,000 Planetary transits
(Dzigan & Zucker 2012, Robichon 2002)

• 60,000-240,000 δ Scuti stars (Eyer&Cuypers 2000)

• 70,000 RR Lyrae stars (Eyer&Cuypers 2000)

• 2,000-8000 or 9,000 Cepheids (Eyer&Cuypers 2000,  Windmark et al. 2011)

• 6,000 SuperNovae to G=19 for alert system (Gilmore, Belokurov 2009)

• 1,000 Micolensing events 

• 500,000 Quasars

Variability processing
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Estimations (Eyer et al. 2013)

→ 30 million astrometric non-single stars

→ 8 million spectroscopic binaries (with 59% SB2)

→ 4 million eclipsing binaries (with 12% spectroscopic binaries)

The case of binaries
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B.  Statut
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Current status

•19/12/2013
Launch
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Current status

•19/12/2013
Launch

•08/01/2014
@ L2

http://sci.esa.int/gaia/53280-gaia-from-launch-to-orbit/

http://sci.esa.int/gaia/53280-gaia-from-launch-to-orbit/
http://sci.esa.int/gaia/53280-gaia-from-launch-to-orbit/


N. Mowlavi       Collaborations PRO/AM en astronomie, Giron   06/2014 Gaia et l’exploration des objets variables

NGC 1818

212” x 212’’

32

Current status

•19/12/2013
Launch

•08/01/2014
@ L2

•06/02/2014
Comes into focus

<1% of Gaia Field Of View

http://www.esa.int/spaceinimages/Images/2014/02/Gaia_calibration_image

http://www.esa.int/spaceinimages/Images/2014/02/Gaia_calibration_image
http://www.esa.int/spaceinimages/Images/2014/02/Gaia_calibration_image
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Credit L. Wyrzykowski
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Credit L. Wyrzykowski
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Gaia (not with best focus) HST
NGC 1818
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Current status

V=6.64 cool red star (K5 spectral type)

http://sci.esa.int/gaia

•19/12/2013
Launch

•08/01/2014
@ L2

•06/02/2014
Comes into focus

•05/06/2014
Gaia spectra

http://sci.esa.int/gaia/
http://sci.esa.int/gaia/
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Current status

•19/12/2013
Launch

•08/01/2014
@ L2

•06/02/2014
Comes into focus

•05/06/2014
Gaia spectra

http://sci.esa.int/gaia

http://sci.esa.int/gaia/
http://sci.esa.int/gaia/
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The instruments - accuracies

5-16 μas
Astrometric accuracy 

(G2V) : 25 μas 540 μas

10 mmag

1 mmag

0.1 mmag
18 2015

G mag
6

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

10

26 million stars 250 106 1000 106Number of stars :

1 km/sRV accuracy (G2V) : 15 km/s

http://www.cosmos.esa.int/web/gaia/fov
http://www.cosmos.esa.int/web/gaia/fov
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C.  Les premiers résultats

http://www.cosmos.esa.int/web/gaia/image-of-the-week

http://www.cosmos.esa.int/web/gaia/image-of-the-week
http://www.cosmos.esa.int/web/gaia/image-of-the-week
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http://www.esa.int/spaceinimages/Images/2015/07/Stellar_density_map

Map of the Galaxy (with Sky Mapper)

http://www.esa.int/spaceinimages/Images/2015/07/Stellar_density_map
http://www.esa.int/spaceinimages/Images/2015/07/Stellar_density_map
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Cat’s Eye Nebula (on-board detection algorithm)
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H S T i m a g e 
cred i t : NASA, 
ESA, HEIC, and 
T h e H u b b l e 
Heritage Team 
(STScI/AURA) 
G a i a i m a g e 
c r e d i t : E S A /
Gaia/DPAC/UB/
IEEC

http://www.esa.int/spaceinimages/Images/2015/08/The_Cat_s_Eye_Nebula

http://www.esa.int/spaceinimages/Images/2015/08/The_Cat_s_Eye_Nebula
http://www.esa.int/spaceinimages/Images/2015/08/The_Cat_s_Eye_Nebula
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http://www.esa.int/spaceinimages/Images/2015/08/Gaia_s_asteroid_detections

Gaia's detections of asteroids in eight months' worth of data, compared with the positions on the sky of a sample of 50 000 known asteroids. The colour of the data 
points is an indication of the accuracy of the detections, showing the separation on the sky between the observed position of Gaia's detection and the expected 
position of each asteroid: blue indicates higher accuracy, whereas green and red indicate lower accuracy.

Asteroids detection (8 months detection)

http://www.esa.int/spaceinimages/Images/2015/08/Gaia_s_asteroid_detections
http://www.esa.int/spaceinimages/Images/2015/08/Gaia_s_asteroid_detections
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Parallax	

	

 	

 	

 :  Tycho (1989-1993) + Gaia (2014-2015) → proper motions
Luminosity & color	

 : Hipparcos + ground-based observations

http://www.esa.int/spaceinimages/Images/2015/08/Gaia_s_first_Hertzsprung-Russell_diagramFirst HR diagram

http://www.esa.int/spaceinimages/Images/2015/08/Gaia_s_first_Hertzsprung-Russell_diagram
http://www.esa.int/spaceinimages/Images/2015/08/Gaia_s_first_Hertzsprung-Russell_diagram


GAIA OGLE

Credits:	
  ESA/Gaia/DPAC/CU5/CU7/INAF-­‐OABo,	
  
Gisella	
  Clemen@ni,	
  Dafydd	
  Evans,	
  Laurent	
  Eyer,	
  

Krzysztof	
  Nienartowicz,	
  Lorenzo	
  Rimoldini	
  and	
  the	
  
Geneva	
  CU7/DPCG	
  and	
  CU7/INAF-­‐OACN	
  teams.

To	
  get	
  the	
  data	
  “flavour”
Comparison	
  with	
  OGLE



Results: Classification of
RR Lyrae and Cepheid stars
Gisella	
  Clemen>ni,	
  Silvio	
  Leccia,	
  Vincenzo	
  Ripepi,	
  Nami	
  Mowlavi,	
  Isabelle	
  Lecoeur

Credits: ESA/Gaia/DPAC/CU5/DPCI/CU7/INAF-OABo/INAF-OACn Gisella Clementini, Vincenzo 
Ripepi, Silvio Leccia, Laurent Eyer, Lorenzo Rimoldini, Isabelle Lecoeur-Taibi, Nami Mowlavi, 
Dafydd Evans, Geneva CU7/DPCG and the whole CU7 team. The photometric data reduction 
was done with the PhotPipe pipeline at DPCI; processing data were received from the IDT 
pipeline at DPCE.

Classical	
  overtone	
  Cepheid
3	
  candidate	
  anomalous	
  Cepheids
Type	
  2	
  Cepheid



Results:	
  ClassificaBon	
  of	
  Eclipsing	
  binaries
Eclipsing	
  binaries	
  go	
  to	
  a	
  dedicate	
  treatment	
  (Université	
  Libre	
  de	
  Bruxelles)	
  for	
  a	
  full	
  modelling
Here,	
  a	
  simple	
  modelling	
  is	
  performed
The	
  solu<ons	
  enable	
  a	
  ranking

Highest	
  rank

Phase

G
 m

ag

Credits: Geneva CU7/DPCG team.
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D.  Participations à la mission
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D1. Gaia Science Alerts (Cambridge University)

As	
  of	
  9	
  June	
  15:	
  274	
  alerts	
  of	
  which	
  80	
  SN	
  (confirmed	
  or	
  candidate)

http://gaia.ac.uk/alerts

http://gaia.ac.uk/alerts
http://gaia.ac.uk/alerts
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AM CVn star discovered!
Fourth only known such eclipsing systems (only one with total eclipse)

Based on additional observations made by amateur astronomers

Campbell	
  et	
  al.	
  2015,	
  MNRAS	
  452,	
  1060

D1. Gaia Science Alerts (Cambridge University)

55
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Gaia14aae

Time

B
rig

ht
ne

ss

Credit: Fraser/Hodgkin/Campbell/BINSIM

Ec
lip

se

http://www.cosmos.esa.int/web/gaia/iow_20150717

D1. Gaia Science Alerts (Cambridge University)

http://www.cosmos.esa.int/web/gaia/iow_20150717
http://www.cosmos.esa.int/web/gaia/iow_20150717
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http://gaia.ac.uk/alerts

D1. Gaia Science Alerts (Cambridge University)

http://gaia.ac.uk/alerts
http://gaia.ac.uk/alerts
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https://gaiafunsso.imcce.fr
Institut de Mécanique Céleste de Calcul des Ephémérides - Paris Obs.

D2. Gaia Follow-Up Network for Solar System Objects

React on alerts of moving objects (e.g asteroids)

→ Coordinate ground-based observations for:
    - confirmation
    - orbit determination/refinement

(Gaia FUN-SSO)

https://gaiafunsso.imcce.fr
https://gaiafunsso.imcce.fr
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https://gaiafunsso.imcce.fr

D2. Gaia Follow-Up Network for Solar System Objects

https://gaiafunsso.imcce.fr
https://gaiafunsso.imcce.fr
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Credit Sergi Blanco-Cuaresma, Geneva Observatory
with the Mercator telescope, La Palma, Spain

D2. Gaia Follow-Up Network for Solar System Objects

Example: asteroid confirmed on 8/11/2015
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D3. GBOG: ground-based observations for Gaia

• Une douzaine de télescopes (1-2 m) disponibles dans le GBOG

- Initialement pour préparer la mission

- Durant la mission pour valider / confirmer des observations

• Données non publiques → activités coordonnées au sein du 
Gaia DPAC (Data Processing and Analysis Consortium)

• Acquisition et réduction des données (courbes de lumière, ...)

• Ouverture pour des amateurs chevronnés:
- Signature d’une ‘Non-Disclosure Agreement’



nominal
mission	
  end

extended
mission	
  end?

Release	
  1:

‣ α	
  and	
  δ,	
  mean	
  G-­‐magnitude

‣ Commissioning	
  data

‣ 	
  100K	
  proper	
  moBon	
  stars	
  (Hipparcos
+Gaia)

Release	
  2:

‣ 5-­‐parameter	
  astrometric	
  soluBons	
  for	
  
single	
  star	
  (parallax)

‣ Integrated	
  BP/RP	
  +	
  Astrophysical	
  
parameters

‣ Mean	
  Vrad	
  (for	
  non	
  variable)

spacecraft	
  
operations	
  start

Release	
  scenario

2014 20222021202020192018201720162015

Release	
  3:

‣ Mean	
  Vrad

‣ 5-­‐par	
  astrometry

‣ Object	
  classifica>ons	
  and	
  
Astrophysical	
  Parameters

‣ Orbital	
  soluBon	
  of	
  binaries

‣ Mean	
  RVS	
  spectra

Release	
  4:

‣ Variable	
  stars	
  classificaBon
‣ Non-­‐single	
  star	
  catalogue

‣ Solar	
  system	
  objects

Final	
  release:

‣ everything	
  !

‣ +	
  (?)	
  Groups	
  of	
  
variables:	
  RR	
  Lyrae	
  
stars	
  +	
  Cepheids	
  +	
  
Short	
  Bmes	
  scales

Courtesy of B.Holl

‣ +	
  (?)	
  TGAS:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Tycho+Gaia	
  
astrometric	
  soluBon	
  
(2	
  million	
  stars)
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Conclusions

- Gaia : mission unique, en très bonne voie

- Milliard d’étoiles

- Contributions d’amateurs chevronnés bienvenus 


