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Abstract
An effort has been made to simulate the expected Gaia Catalogue, including the effect of
observational errors. We statistically analyse this simulated Gaia data to better understand
what can be obtained from the Gaia astrometric mission. This catalogue is used to investigate the potential yield in astrometric, photometric, and spectroscopic information and
the extent and effect of observational errors on the true Gaia Catalogue. The simulated
catalogue of one billion objects is presented, with detailed information on the 523 million
individual single stars it contains.

1

Introduction

During its five years of data collection, Gaia is expected to transmit some 150 terabytes of raw
data to Earth, leading to production of a catalogue of 109 individual objects. After on-ground
processing, the full database is expected to be in the range of one to two petabytes of data.
Preparation for acquiring this huge amount of data is essential. Work has begun to model the
expected output of Gaia in order to predict the content of the Gaia Catalogue, to facilitate
530
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the production of tools required to effectively validate the real data before publication, and
to analyse the real data set at the end of the mission.
To this end, the Gaia Data Processing and Analysis Consortium (DPAC) has been
preparing a set of simulators, including a simulator called the Gaia Object Generator (GOG),
which simulates the end-of-mission catalogue, including observational errors. Here a full
description of GOG is provided, including the models assumed for the performance of the
Gaia satellite and an overview of its simulated end-of-mission catalogue. A selection of
statistics from this catalogue is provided to give an idea of the performance and output of
Gaia.

2

The simulator

One basic component of the Gaia Simulator is its Universe Model (UM), which is used to
create object catalogues down to a particular limiting magnitude (in our case G = 20 mag for
Gaia). For stellar sources, the UM is based on the Besançon galaxy model [3]. This model
simulates the stellar content of the Galaxy, including stellar distribution and a number of
object properties. It produces stellar objects based on the four main stellar populations
(thin disk, thick disk, halo, and bulge), each population with its own star formation history
and stellar evolutionary models. Additionally, a number of object-specific properties are also
assigned to each object, dependent on its type. Possible objects are stars (single and multiple),
stellar clusters, diffuse light, planets, asteroids, comets, resolved galaxies, unresolved extended
galaxies, quasars, AGN, and supernovae. Therefore, the UM is capable of simulating almost
every object type that Gaia can potentially observe. It can therefore construct simulated
object catalogues down to Gaia’s limiting magnitude.
Building on this, the UM creates for any time, over any section of the sky (or the
whole sky), a set of objects with positions and assigns each a set of observational properties
[2]. These properties include distances, apparent magnitudes, spectral characteristics, and
kinematics. The GOG is capable of transforming this UM catalogue into Gaia’s simulated
intermediate and final catalogue data. This is achieved through the use of analytical and
numerical error models (see: [1] to create realistic observational errors in astrometric, photometric, and spectroscopic parameters. In this way, GOG transforms ‘true’ object properties
from the UM into ‘observed’ quantities that have an associated error that depends on the
object’s properties, Gaia’s instrument capabilities, and the type and number of observations
made.

3

Mock catalogue

The GOG simulator has been used to generate the simulated final mission catalogue for
Gaia, down to magnitude G = 20. The simulation was performed on the MareNostrum super
computer1 at the Barcelona Supercomputing Centre (Centre Nacional de Supercomputació),
The authors thankfully acknowledge the computer resources, technical expertise and assistance provided
by the Red Española de Supercomputación.
1
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Figure 1: Sky map (healpix) of mean parallax error for all single stars in equatorial coordinates. Colour scale is mean parallax error in µas. The red area is the location of the
bulge.

and it took 400 thousand CPU hours. An extensive set of validations and statistics have
been produced to validate performance of the simulator. Below we include some examples of
these statistics to give an overview of the expected Gaia Catalogue (further statistics can be
found in [1]).
In total, GOG has produced a catalogue of about one billion objects, consisting of 523
million individual single stars and 484 million binary or multiple systems. The total number
of stars, including the components of binary and multiple systems is 1.6 billion.
The error in parallax measurements for Gaia depends on the magnitude of the source,
the number of observations made, and the true value of the parallax. Figure 1 shows the
mean parallax error over the sky. Its shape clearly follows that of the Gaia scanning law.
The red area corresponding to the region of worst precision is due to the bulge population,
which suffers from high levels of reddening. The faint ring around the centre of the figure
corresponds to the disk of the Galaxy, remembering that the plot is given in equatorial
coordinates. The blue areas corresponding to regions of improved mean precision are areas
with a higher number of observations. The characteristic shape of this plot is due to the Gaia
scanning law.
In Fig. 2, the mean error for parallax, position, proper motion are given as a function
of G magnitude. The sharp jumps in the mean error in astrometric parameters between 8 and
12 mag are due to the activation of gates for the brighter sources in an attempt to prevent
CCD saturation.
Gaia will produce low-resolution spectra, in addition to measuring the magnitude of
each source in the Gaia bands G, GBP , GRP , and GRV S . Figure 3 shows the distribution in
the error of each photometric measurement. As can be seen in this figure, the error in G is
much lower than for the other instruments, and for all stars it is less than 8 mmag.
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Figure 2: Mean end-of-mission error as a function of G magnitude for parallax and position
(left), and proper motion (right).
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Figure 3: End-of-mission errors in photometry as a function of G magnitude. The colour
scale represents log density of objects in a bin size of 80 mmag by 0.4 mmag. Top left, G
magnitude; top right, GBP ; bottom left, GRP ; bottom right, GRV S . White area represents
zero stars.
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Conclusions

The Gaia Object Generator provides the most complete picture to date of what can be
expected from the Gaia astrometric mission. Its simulated catalogue provides useful insight
into how various types of objects will be observed and how each of their observables will
appear after including observational errors and instrument effects. The simulated catalogue
includes directly observed quantities, such as sky position and parallax, as well as derived
quantities, such as interstellar extinction and metallicity.
Additionally, the full sky simulation described here is useful for gaining an idea of the
size and format of the eventual Gaia Catalogue, for preparing tools and hardware for hosting
and distribution of the data, and for becoming familiar with working with such a large and
rich dataset.
Here we have focussed on the simulated catalogue from the inbuilt Gaia Universe Model,
based on the Besançon Galaxy model. However, GOG can alternatively be supplied with an
input catalogue generated by the user. This way, simulated data from any other model can
be processed with GOG to obtain simulated Gaia observations of specific interest to the
individual user. The input can be either synthetic data on a specific star or catalogue, or an
entire simulated survey such as those generated using Galaxia [4], provided a minimum of
input information is supplied (e.g. position, distance, apparent magnitude, and colour).
With GOG, the capabilities of the instrument can be explored, and it is possible to
gain insight into the expected performance for specific types of objects. While only a very
small subset of the available statistics have been reproduced here, more are available in [1],
and it is possible to obtain the full set of available statistics at request.
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and Aidan Fries for handling our computation and data handling needs. Additionally, thanks go to
Sergi Blanco-Cuaresma for his help with Matplotlib. I thankfully acknowledge the computer resources,
technical expertise and assistance provided by the Red Española de Supercomputación. This work was
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