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• Gaia Mission and Status

•  Gaia in UK: Photometric Processing

•  Gaia in UK: Science Alerts

•  Gaia Data Release 1 

•  Gaia Archive   

Outline



Gaia Mission

Astrometric Mission: positions and proper motions 

photomers -> colors
spectrograph -> radial velocities

3D map of the 
Milky Way
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 Hipparcos Gaia

Magnitude limit 12 mag 20 mag

Completeness 7.3 – 9.0 mag 20 mag

Bright limit 0 mag 3 mag 

Number of objects 120,000 47 million to G = 15 mag

  360 million to G = 18 mag

  1192 million to G = 20 mag

Effective distance limit 1 kpc 50 kpc

Quasars 1 (3C 273) 500,000
Galaxies None 1,000,000

Accuracy 1 milliarcsec 7 µarcsec at G = 10 mag
  26 µarcsec at G = 15 mag
  600 µarcsec at G = 20 mag
Photometry 2-colour (B and V) Low-res. spectra to G = 20 mag

Radial velocity None 15 km s-1 to GRVS = 16 mag

Observing Pre-selected Complete and unbiased

Gaia: Complete, Faint, Accurate 
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Gaia Mission
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Gaia Mission



• Physical properties, for example: 

✦ clean Hertzsprung–Russell diagrams throughout the Galaxy 
✦    Solar-neighbourhood mass and luminosity function, e.g., white dwarfs (~400,000) 

and brown dwarfs (~500) 
✦ initial mass and luminosity functions in star-forming regions 
✦ luminosity function for pre-main-sequence stars 
✦detection and dating of all spectral types and Galactic populations 
✦detection and characterisation of variability for all spectral types

• Comprehensive luminosity calibration, for example: 
distances to 1% for ~11 million stars to 2.5 kpc 
distances to 10% for ~150 million stars to 25 kpc 
rare stellar types and rapid evolutionary phases in large numbers 
parallax calibration of all distance indicators (e.g., Cepheids and RR Lyrae to LMC/SMC)
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Gaia Mission



• ESA-only mission 
• Launch: 19 December 2013  
• Launcher: Soyuz–Fregat from French Guiana 
• Orbit: L2 Lissajous orbit 
• Ground stations: Cebreros, New Norcia + Malargüe 
• Lifetime: 5 years (1 year potential extension)
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Gaia Mission



~3m

~10m
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Gaia: the instrument



Gaia: the instrument

Figure courtesy EADS-Astrium

Two Sic primary mirrors  
1.45 × 0.50 m2 at 106.5°

SiC torus 
(optical bench)

Basic-Angle-Monitoring (BAM) 
system

Combined 
Focal-Plane 
Assembly 

(FPA) with 106 
CCD detectors

Rotation axis (6h)

Radial-Velocity 
Spectrometer (RVS)

Superposition of two 
Fields of View (FoV)

Payload and Telescope
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Gaia: the instrument

Spin axis         45o to Sun 
Scan rate:       60 arcsec s-1 

Spin period:    6 hours 

In average every source is  
observed ~80 times

Scanning Law
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Gaia: the instrument

Scanning Law

http://www.cosmos.esa.int/documents/29201/304590/
Gaia_scanLaw_movie.mov/024d4a49-e0d5-4d47-8f80-

c1a32ead6a46
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http://www.cosmos.esa.int/documents/29201/304590/Gaia_scanLaw_movie.mov/024d4a49-e0d5-4d47-8f80-c1a32ead6a46
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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-order terms are solved 
5. More scans are added 
6. System is iterated

Figure courtesy Michael Perryman

Gaia: the instrument
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Star motion

Total field: 
  - active area: 0.75 deg2  

  - CCDs: 14 + 62 + 14 + 12 (+ 4) 
  - 4500 x 1966 pixels (TDI) 
  - pixel size = 10 µm x 30 µm 
     = 59 mas x 177 mas

Astrometric Field 
CCDs

B
lue Photom

eter C
C

D
s

Sky Mapper 
CCDs

104.26cm

R
ed Photom

eter C
C

D
s

Radial-Velocity 
Spectrometer CCDs

Basic 
Angle 

Monitor

Wave 
Front 
Sensor

Basic 
Angle 

Monitor

Wave 
Front 
Sensor

Sky mapper: 
  - detects all objects to G=20 mag 
  - rejects cosmic-ray events 
  - field-of-view discrimination 
Astrometry: 
  - total detection noise ~ 4 e-

Photometry: 
  - spectro-photometer 
  - blue and red CCDs 
Spectroscopy: 
  - high-resolution spectra 
  - red CCDs

42
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5c
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Figure courtesy Alex Short

Gaia: the instrument

Focal Plane

A billion pixel camera!
TDI mode
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Gaia: the instrument

Passbands

BP

Blue photometer: 
330 - 680 nm 

Red photometer: 
640 - 1050 nm

RP

AF

RVS

BP-RP prisms

low resolution

λ/Δλ ~ 11500
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Gaia: the instrument

Window strategy

Along scan

Ac
ro
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AC  
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Gaia: the instrument

Source detection

G<13 ;2D window
13<G<16 ;1D window
16<G<20 ;1D window
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RVS spectra of F3 giant (V = 16 mag) 
 S/N = 7 (single measurement) 

S/N = 130 (summed over mission) 

Figures courtesy David Katz

Radial Velocity Spectrograph

Gaia: the instrument

847-874 nm 
λ/Δλ ~ 11500
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Gaia: the photometric processing

OU Colloquium, Milton Keynes Oct.12 2016                                                                                               G. Busso

Data Processing Center IoA

centroid & G-band flux 
per CCD transit

 Initial Data Treatment / 
Intermediate Data Update 

Image Parameter 
Determination

bias and background correction
LSF/PSF fit 

1. Gaia Mission Overview 11

Figure 1.8: Astrometric observation examples for SM, AF1 and AF2
CCDs (top, middle and bottom pane line respectively). Total window
flux decreases from left to right pane in each CCD cases - note that first
examples for AF1 and AF2 are gated observations. Additionally, a CI

of 4 TDIs can be clearly seen in the bottom right pane

Astrometric
Field

spectral shape  
coefficients (SSCs)

BP and RP low- 
resolution spectra

integrated  
BP and RP flux

PhotPipe
bias and background correction
dispersion function



Gaia: the photometric processing
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External Calibration Internal Calibration 

large number of sources
no external reference data

smaller number of sources 
(~200 SPSS)

calibrate the average instrument to the 
external reference system



Gaia: the photometric processing
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The calibration principles
Internal Calibration bring all observations to 

the same average instrument
different CCDs

window size

different observations

2D 1D

different exposure time (gates)
4.4s

different FoVs

Large-Scale 
CCD, FoV, Gate, WinClass
Short time scale (1d)
Small-Scale
group of 4 pixel columns, Gate, WinClass
Long time scale (months)

Link Calibration

Calibration Unit



Gaia: the photometric processing
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The problems
Stray light Contamination

solved adapting 
the software

solved with 
decontamination campaigns 

and adapting 
the software

(Time-Link Calibration) 



Gaia: the photometric processing
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The results

Raw

Errors during different steps



Gaia: the photometric processing
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The results

After TimeLink Calibration

Errors during different steps



Gaia: the photometric processing
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The results

After Link Calibration

Errors during different steps



Gaia: the photometric processing
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The results

After iterations

Errors during different steps



Gaia: the photometric processing
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The results
Observed scatter



Gaia: the results (before GDR1)

Science Alerts
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http://gsaweb.ast.cam.ac.uk/alerts/homeScience Alerts
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Gaia: the results (before GDR1)

http://gsaweb.ast.cam.ac.uk/alerts/home


http://gsaweb.ast.cam.ac.uk/alerts/homeScience Alerts
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Gaia: the results (before GDR1)

http://gsaweb.ast.cam.ac.uk/alerts/home


Science Alerts: First Science Discovery Publication 

Images courtesy of H. Campbell

Gaia14aae identified as a transient by the Gaia Science 
Alerts project and independently by ASAS-SN (Shappee et 
al.) and during two separate outbursts.  

Gaia light curve BP + RP
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Gaia: the results (before GDR1)



Science Alerts: First Science Discovery Publication 

Images courtesy of H. Campbell

Spectroscopic and photometric follow-up and comparison with previous 
survey AM CVn: Gaia14aae 7

Figure 1. WHT+ACAM spectrum of Gaia14aae taken on 2014 October 13 during quiescence, showing double-peaked He emission and an absence
of H lines. The historical GALEX and SDSS photometry are also shown as red points; the fainter GALEX magnitudes probably cover an eclipse.
The blue and magenta lines are Te↵ = 12700 K and 13100 K respectively He-atmosphere models fitted to the optical flux and two different epochs
of UV flux. The top-right inset shows the spectral energy distribution (SED) fit with the WISE data included, the bottom-right inset shows a zoom
in of the He I �6678 line in velocity space.

the 4.2-m William Herschel Telescope (WHT). The data were reduced within IRAF in the standard

fashion. The extracted and calibrated spectrum has a resolution of ⇠12 Å and a S/N of ⇠20 in

the continuum. The spectrum, plotted in Fig. 1, shows clear He emission lines, but no detectable

H lines. The emission lines are broad (FWHM = 2415 ± 100 km/s) and display double-peaked

profiles, which are typical of AM CVn stars, revealing the presence of an He-dominated accretion

disc. Based on this spectrum, we classified Gaia14aae as an AM CVn system. The spectral clas-

sification and similarities to other eclipses motivated more photometry to be obtained. The peak

velocities of the two emission components are at 800 ± 50 km/s relative to rest frame, averaged

over all detected emission lines. Measurements of the peak separation of the individual double

peaked lines all agree within 3� of the average value. We do not see a sharp central spike between

the lines, which is observed in many AM CVn stars, and thought to originate on the surface of the

WD (Marsh 1999; Morales-Rueda et al. 2003; Roelofs et al. 2007, 2009). This might be due to

the low resolution of the spectrum, although it could also be because of the high inclination of this

system, as appears to be the case with SDSSJ0926+3624 (Copperwheat et al. 2011).

The historic optical and infrared fluxes of Gaia14aae in presumed quiescence are also shown

in Fig. 1. The optical fluxes are from the Sloan Digital Sky Survey (SDSS) DR 10 (Aihara et al.

c� RAS, MNRAS 000, 4–19

The historical GALEX, SDSS and WISE photometry 

WHT spectrum: double-peaked He 
emission and an absence of H lines. 

AM CVn WD accreting He from low mass degenerate companion
Third observed so far and first with total eclipse
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Campbell, H.C. et al. MNRAS 452, 1060

Gaia: the results (before GDR1)



Lunar Transit

Images Courtesy of F. Mignard and J.Hernandez

Gaia perspective
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Gaia: the results (before GDR1)
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The results

Picture of the week 

47 Tuc Omega Cen NGC 6397 NGC 6809

Gaia: the results (before GDR1)



Gaia Data Release 1 
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Data between 25 July 2014 and 16 September 2015.



Gaia Data Release 1 
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http://www.esa.int/spaceinimages/Images/2016/09/Gaia_s_first_sky_map_annotated

The Gaia Sky

http://www.esa.int/spaceinimages/Images/2016/09/Gaia_s_first_sky_map_annotated


Gaia Data Release 1 
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The Gaia Sky… zooming in

Scanning pattern is visible 
•dense regions 
•areas with poor scanning law coverage   
•filtering on number of observations



Gaia Data Release 1 
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The Gaia Sky… zooming in

OmegaCen 
saturation effects  
in dense core



Gaia Data Release 1 

OU Colloquium, Milton Keynes Oct.12 2016                                                                                               G. Busso

Astrometry Primary data set: positions, parallaxes, mean proper motions  
for ~2x10e6 stars in T-GAS 
σ ~ 0.3 mas for the positions 
σ ~ 1 mas yr for the proper motions. Only Hipparcos (~9x10e5) 0.06 mas yr−1 
σ ~ 0.3 mas for the parallaxes 

Secondary data set: positions for more than 1x10e9  sources.  
σ ∼ 10 mas 

parallax uncertainty



Gaia Data Release 1 
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Astrometry: more statistics

uncertainties

correlations

WARNING! systematic ∼ 0.3 mas to add!



Gaia Data Release 1 
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Comparison with Hipparcos B-V from Hipparcos 
G from Gaia

Selected on parallaxes and magnitude on both 
catalogues
(ω/σ)Gaia ≥ 5 
(ω/σ)Hipparcos ≥ 5 

Same selection in magnitude, 
but only selected in Gaia  
parallaxesσG < 0.05 

σB-V < 0.05

Astrometry



Gaia Data Release 1 
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Photometry mean Gaia G-band magnitudes 
for all the sources contained in Gaia DR1.  
G max = 3.2, 
99.7%  with 11.2 ≤ G ≤ 21. 
σ ~ 0.1 for G>13  
σ ~ 0.03 at G ~21 

All GDR1

K from 2-Mass 
G from Gaia 
10%, 30%, 50%, 70%, and 90% 



Gaia Data Release 1 
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Variables G-band light curves and characteristics  
for 599 Cepheid (43 new) and 2595 RR-Lyrae (343 new)  
observed during the EPSL

Cepheid RRab



Gaia Data Release 1 
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Known problems :(

• Accurate PSF modeling 
• Photometric Calibration not yet accurated  
• Source modelling:  All sources were treated as single stars 

without taking their radial velocity into account (binaries?) 
• Basic Angle Periodic Variation: ∼ 1 µas, ok for GDR1 accuracy, 

will be better calibrated in future releases in the astrometric 
solution 

• Correlated astrometric parameters: especially in certain region 
of the sky, will improve in future releases 

• Colour dependent and Spatially correlated systematics: 
caused by incomplete model of the attitude -> 0.3 mas in the 
parallaxes 



Gaia Data Release 1 
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Astrometry: comparison with Hipparcos



Gaia Data Release 1 
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The gory details

The Gaia mission,  Gaia Collaboration, Prusti, T., de Bruijne, J.H.J., et al., 2016a (arXiv 1609.04153) 

Gaia Data Release 1: Summary of the astrometric, photometric, and survey properties,Gaia Collaboration, 
Brown, A.G.A., Vallenari, A., et al., 2016b (arXiv 1609.04153), 

Gaia Data Release 1: Astrometry: one billion positions, two million proper motions and parallaxes, 
Lindegren et al. (arXiv 1609.04303) 

Gaia Data Release 1: The photometric data, van Leeuwen et al,    
Gaia Data Release 1: Data validation: procedures, statistics and conclusions, Arenou et al. 

Gaia Data Release 1: The variability processing & analysis and its application to the south ecliptic pole 
region,  Eyer et al. 

Gaia Data Release 1: The Cepheid & RR Lyrae star pipeline and its application to the south ecliptic pole 
region, Clementini et al. (arXiv 1609.04269) 

Gaia Data Release 1: Open cluster distances, Gaia Collaboration et al. 

and more… 



Gaia Data Release 1 
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The fastest paper!

First Gaia Local Group Dynamics: Magellanic Clouds Proper Motion and 
Rotation, arXiv 1609.04395, Roeland P. van der Marel, Johannes Sahlmann 

Gaia proper motions have similar accuracy 
agree to within the uncertainties with 
existing HST measurements. 
The TGAS LMC proper-motion field clearly 
shows the clockwise rotation of the disk.



Gaia: future releases
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Gaia-DR2 : Q4 2017 

• full astrometric solution (positions, parallaxes, and proper 
motions ) for 90% of the sky (single sources) 

• integrated BP/RP photometry, with appropriate standard 
errors, for sources with verified astrophysical parameter 

• mean radial velocities for objects showing no radial-
velocity variation and for which an adequate synthetic 
template could be selected

under the assumption that this can be done for 90% 
of the bright stars on the sky!



Gaia: future releases
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Data Releases Scenario

Gaia-DR3 : 2018 (TBD) : 
• Orbital solutions + radial velocity and five-parameter 

astrometric solutions for binaries with  P>2months
• Object classification and astrophysical parameters + BP/RP 

spectra and/or RVS spectra they are based on, for well-
behaved objects (non variable)

• Mean Radial velocity for non variable objects

Gaia-DR4 : Summer 2019 (TBD): 
• variable epoch spectra
• Solar System Objects
• Non single stars

Gaia-DR final : Summer 2022 (TBD): everything! 



Gaia Archive
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Where are the data:

http://gaia.ari.uni-heidelberg.de/

 http://gea.esac.esa.int/archive

http://cdsxmatch.u-strasbg.fr/xmatch

https://gaia.aip.de/

http://gaiaportal.asdc.asi.it/

http://gea.esac.esa.int/archive
http://cdsxmatch.u-strasbg.fr/xmatch


Gaia Archive
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Gaia Archive
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Download everything!



Gaia Archive
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Gaia Archive
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Simple Search



Gaia Archive
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Simple Search: input file



Gaia Archive
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ADQL

preloaded XM tables



Gaia Archive
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ADQL
https://gaia.ac.uk/science/gaia-data-release-1/adql-cookbook
http://tapvizier.u-strasbg.fr/adql/help.html

SELECT *  FROM table_name SELECT *  FROM gaiadr1.gaia_source

SELECT *  FROM gaiadr1.gaia_source WHERE phot_g_mean_mag < 10

good

bad

brightstars

https://gaia.ac.uk/science/gaia-data-release-1/adql-cookbook
http://tapvizier.u-strasbg.fr/adql/help.html


Gaia Archive
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ADQL : query results

info



Gaia Archive
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ADQL : query results

upload the table 
on the archive

download the table 



Gaia Archive
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ADQL : query results

send it 
to Topcat

send it 
to VOspace



Gaia Archive
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ADQL : query results

see 
the result

see 
the query



Gaia Archive
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ADQL Search: input file example: BHB stars



Gaia Archive

OU Colloquium, Milton Keynes Oct.12 2016                                                                                               G. Busso

ADQL Search: input file example: BHB stars

download vizier_votable.vot



Gaia Archive
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ADQL Search: input file



Gaia Archive
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Cross Match example

BHB in Gaia DR1..

1 step: edit table



Gaia Archive
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Cross Match example

BHB in Gaia DR1..

2 step: cross match



Gaia Archive
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Visualisation



Gaia Archive
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Visualisation



Gaia Archive
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Visualisation: selecting regions



Gaia Archive
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Visualisation: 2D plots



Gaia Archive
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Visualisation: 2D plots    —>  select subsets

save region



Gaia Archive
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Sign In or not Sign In

Advantages:
• save your queries
• save your results
• share your tables



Gaia Archive
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Sign In or not Sign In



Gaia Archive
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Share your results



Gaia Archive
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go and get them!


