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Abstract Gaia is the next space astrometry mission of the European Space Agency (ESA), building on the heritage of its predecessor Hipparcos. With a CCD-based focal plane containing ~1
billion pixels, Gaia will survey the sky and repeatedly observe the brightest ~1,000 million objects during its 5-year lifetime, down to 20th magnitude. Gaia's science data comprises absolute
astrometry, broad-band photometry, and low-resolution spectro-photometry. Medium-resolution spectroscopic data will be obtained for the brightest ~150 million sources, down to 17th magnitude.
Stellar parallaxes (distances) will be measured with standard errors below 10 micro-arcsecond (µas) for stars brighter than 13th magnitude, ~25 µas for stars at 15th magnitude, and ~300 µas at
magnitude 20. Photometric standard errors are in the milli-magnitude regime. The spectroscopic data will allow the measurement of mission-averaged radial velocities with errors at the level of 15
km s-1 at magnitude 17. Gaia's primary science goal is to unravel the kinematical, dynamical, and chemical structure and evolution of the Milky Way. In addition, Gaia's data will touch many other
areas of research, for instance stellar evolution and physics, solar-system bodies, fundamental physics, and exo-planets.
Gaia will observe thousands of open clusters in the galactic disk but will also reach clusters in the Magellanic Clouds. This poster presents a case study of the massive cluster R136 in the Large
Magellanic Cloud. Through simulations using the on-board object-detection software in combination with a cluster membership list based on deep HST images, we find that, even in this massively
dense and crowded environment, Gaia is capable of detecting stars down to 20th magnitude. The main sequence of the cluster, as well as the field-star red clump, are representatively sampled.

Poster background Gaia “image” on an astrometric AF2 CCD of the R136 cluster and
surroundings. The image measures 100'' × 350'', i.e., 1966 across-scan Gaia pixels “vertically” –
equal to the full CCD height – and 1,700 along-scan Gaia pixels “horizontally”, corresponding to 1.7
seconds of scanning time or 23.5 pc in linear dimension at the distance of the Large Magellanic
Cloud. The green boxes indicate observation windows allocated by the on-board software.
Image details The image has been generated using the Gaia Instrument and Basic Image Simulator (GIBIS, developed
within the Gaia Data Processing and Analysis Consortium – DPAC) based on a user-supplied source list. The default GIBIS
configuration has been used, with typical cosmic-ray rates, sky background, CCD noise, etc., but Gaia's secondary
telescope – which is normally superimposed at focal-plane level – has been blinded to ease the interpretation of the
simulation. The source list is based on HST WFC3/UVIS images (6848 seconds in F555W ~ V and 10,656 seconds in
F814W ~ I, 39 mas pixel-1, 162'' × 162'') taken on 20 October 2009 as part of the WFC3 Early-Release Science (ERS)
programme (HST proposal 11360 by O'Connell et al.). The source list extracted from these images extends beyond V = 25
mag and contains 22,081 stars (De Marchi et al., 2011, ApJ, submitted). The associated object density is 11 million stars
deg-2. The density of stars with G < 20 mag – which is the Gaia faint limit for astrometry and photometry – is 1.4 million
objects deg-2. We have extended the source list with a representative background sample of stars to cover an area equal to
the Gaia CCD height (1966 across-scan pixels, or 350'') and spanning 4.0 seconds of Gaia scanning time (4096 along-scan
pixels, or 240''). The extended source list contains 69,166 stars. Feeding this source list to GIBIS, 11,742 sources have
been generated, all with G < 22 mag.

LMC and SMC Gaia will observe millions of stars in the Large and Small Magellanic Clouds (LMC
and SMC). Although individual parallaxes to stars in the LMC/SMC will be imprecise (with typical
errors of ~200 µas), the large number of objects observed by Gaia will allow mapping the spatial
structure of the LMC/SMC with high resolution. The brightest stars, with G ~ 12–16 mag, will have
their transverse velocities determined to ~1-2 km s-1 (~20 µas yr-1). Gaia will hence allow kinematic
mapping as well as membership analyses of young star-forming regions in the LMC/SMC with
comparable precision to that presently available in the Milky Way. Gaia data will also revolutionise
the luminosity calibration of stellar populations and studies of the ages and metallicities of stellar
populations in the Clouds.
R136 is the central ionising star cluster of the Tarantula nebula (30 Doradus) in the LMC. It is an
extremely luminous and compact cluster – with a half-light radius of 1.7 pc and a stellar density of
1300 M pc-3 (Wolff et al., 2008, AJ, 136, 1049) – spanning the stellar mass range from ~0.1 to
~265 M (Crowther et al., 2010, MNRAS, 408, 731; Andersen et al., 2009, ApJ, 707, 1347; Siranni
et al. 2000, ApJ, 533, 203). With an age of a few Myr, R136 is very young; the stellar mass is
estimated at 55,000 M. The stellar population of R136 is diverse, with more than 100 O stars,
including several O3 and Wolf-Rayet WN5 stars, as well as low-mass pre-main-sequence stars.

Gaia “image” of the surroundings of the R136 cluster, taking the HST WFC3/UVIS mosaic
(right) as input. The image size is 26” (i.e., 430 along-scan Gaia pixels, or 6 pc). The green
boxes indicate Gaia observation windows in an AF2 CCD allocated by the on-board software.

Gaia’s on-board object-detection software successfully
assigns observation windows to 2,829 sources, corresponding
to a density of 437,000 stars deg-2. The number of sources
observed, however, is substantially larger as a result of closebye companions which are contained in the windows albeit not
counted in the number 2,829.
Left Johnson V magnitude histograms for all sources in the
field (black) and for those stars which were assigned
astrometric observation windows in the AF2 CCD (green) for
one particular transit of the field of view. Gaia's on-board
object-detection software operates in the Gaia white-light G
band, which is redder than Johnson V. The Gaia faint limit G =
20 mag hence translates into a fainter limit in V for most
(reddened) stars. The incompleteness for stars brighter than
G = 20 mag is essentially caused by the extreme stellar
density of the field. The completeness at the end of the fiveyear mission will be drastically improved since the ~70 transits
of this field occur with different scanning orientations.
Right Johnson V versus Johnson V minus Cousins I colourmagnitude diagram showing all sources in the field (black) and
those stars which were assigned astrometric observation
windows in the AF2 CCD (green). The cluster main sequence
is sampled down to G = 20 mag. Field red-clump giants –
around V = 20 mag and dispersed between V-I = 1 and 2 mag
due to differential reddening – are also reached by Gaia. The
red lines indicate loci of constant end-of-mission parallax
errors for individual stars. Typical annual-proper-motion errors
are half the size of parallax errors.

HST WFC3/UVIS UBVHαI mosaic of R136. The image measures 116’’ × 116’’. Credit: NASA,
ESA, and F. Paresce (INAF-IASF, Bologna, Italy), R. O'Connell (University of Virginia,
Charlottesville, USA), and the Wide Field Camera 3 Science Oversight Committee.

TRAPPIST (TRAnsiting Planets and PlanetesImals Small Telescope) BVR mosaic
of the Tarantula Nebula in the Large Magellanic Cloud. The image measures 1300’’
× 1300’’. Credit: TRAPPIST/E. Jehin/ESO.
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