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Abstract. The study of variable phenomena (periodic, irregular or transient) provides a unique
way to acquire knowledge about objects in our Universe. Currently, we are going through a
rapid expansion of time-domain astrophysics. One reason for this expansion is the technological
developments materialised in small to medium size observational projects such as HAT, OGLE,
Catalina, PTF and upcoming very large projects such as Gaia or LSST.

In this article, we are focusing on the ESA cornerstone mission Gaia. This spacecraft will
provide astrometric, photometric and spectroscopic measurements for one billion stars. Among
the existing and planned multi-epoch projects Gaia is unique because it will provide exquisite
astrometric measurements for all objects it observes. We provide a brief overview of the literature
concerning this mission and its expected contribution to variability studies.
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1. Introduction

The domain of variable stars will be deeply impacted by the Gaia mission. A general
description of this topic has already been covered in several contributions (e.g., Eyer
et al. 2009, 2011) and will therefore not be repeated here. Instead, we highlight a few
points concerning Gaia and variable stars, and refer to other articles in the literature for
more details.

First some basic aspects of Gaia and its operations are presented in Sect. 2. Signal
processing of the photometric time series within the Data Processing and Analysis Con-
sortium (DPAC) is then briefly presented in Sect. 3, after which a short discussion on
variable stars is given in Sect. 4.

2. Gaia

We will start by describing a few basic concepts directly related to Gaia:

e The Gaia spacecraft has been built by EADS/Astrium and will be operated by the
European Space Agency. At the time of writing, the satellite is soon to be transferred
from Toulouse (France) to French Guiana where it will be launched by a Soyuz-Fregat
rocket during the last trimester of 2013. The mission length is 5 years (with a possible
one year extension).

e The currently expected end-of-mission performance can be found on the Gaia web-
page (http://www.rssd.esa.int/Gaia), as well as in de Bruijne 2012, Eyer et al. 2012b
and Vallenari (these proceedings).

e The data reduction will be done by the Gaia DPAC. We refer to Mignard et al. 2008
for its detailed structure.

e The catalogue will be delivered in several releases, the content of which is presented
in Vallenari (these proceedings) and Eyer et al. 2013 (see references therein).
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e A comparison of astrometric and photometric performance between Gaia and LSST
is given in Eyer et al. 2012a. These two major surveys are completing each other very
well.

3. Signal processing of the photometric time series within the DPAC
consortium

The Gaia catalogue will include a part dedicated to variable objects, which will be
prepared by the DPAC variability processing and analyses Coordination Unit 7 (CU7
for short). This group is composed of 70 active members across Europe and has an
associated Data Processing Center located in Geneva. Within CU7 there is a vast effort
across Europe to be able to detect, characterize and classify the variable objects that
Gaia will observe. The catalogue products are variability properties and classification of
the variable objects (variable stars and quasars).

Due to the particular scanning law motion of Gaia the number of observation epochs
varies as a function of position on the sky. Over the 5 year nominal mission this number
of epochs will be between 40 and 250, with the most scarcely sampled positions lying
within 45 deg of the ecliptic plane. However, the semi-regular sampling of Gaia makes it
performant for detection of periodic objects (Eyer & Mignard 2005). The performance is
dropping when strict periodicity is not holding, see Distefano et al. 2012.

The developed CU7 software pipeline has been tested on real or simulated data. For
example, the automatic classification of Hipparcos variable objects into 26 types using
several algorithms has been studied by Dubath et al. 2011. In their article, the method
of Random Forest obtained remarkable good results. Similar conclusions were obtained
independently by Richards et al. 2011. A second study focusing on the ‘unsolved’ part
of the Hipparcos variable star catalogue was done by Rimoldini et al. 2012.

In addition to the official variable catalogue releases information about variability, there
will be an alert system for objects that require rapid action (to avoid loss of science).
This photometric alert system is run at the Institute of Astronomy in Cambridge under
the responsibility of the photometric processing Coordination Unit and is presented in
Wyrzykowski et al. 2012.

4. Variable stars with Gaia

A general review of variable stars was given in Eyer & Mowlavi 2008. Gaia will lead
to an impressive improvement of most diagrams that were presented in this review. For
example, the period-amplitude and Hertzsprung-Russell diagrams will benefit from the
large number of stars and from the accurate distances provided by Gaia. In some diagrams
that are populated by only hundreds or thousands of objects, Gaia will populate them
with millions of objects. On one hand observational properties of most variability types
will be characterized precisely, and on the other hand these large numbers will allow
to discover extremely rare objects. Gaia will also be an unprecedented gold mine for
pointing out potentially interesting variable objects and trigger follow-up studies.

We proceed by highlighting some specific groups of objects:

e Standard Candles: A general review can be found in Eyer et al. 2012b with esti-
mated numbers within the different classes of standard candles. However, we should note
that some surface brightness asymmetries in giants and supergiants may perturb the
parallactic measurements, e.g. Sacuto et al. 2011.

e The impact of Gaia on binary stars can be found in Eyer et al. 2012a and Eyer
et al. 2013. In the latter study new estimations of the number of binaries were given.
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These estimates were obtained thanks to simulations based on the Besangon Galactic
Model (Robin et al. 2012). Within DPAC, the foreseen automated treatments of eclipsing
binaries is based on a ”"Wilson-Devinney” type code to obtain the physical properties of
binaires (see Siopis & Sadowski 2012).

e A review on exo-planets to be detected by Gaia has been presented in Sozzetti
(2011), this concern principally the astrometric signal of such systems. Studies on the
number of systems with planetary transits to be detected, as well as the methodology to
detect them, have been published in Tingley (2011), Dzigan & Zucker (2012, 2013), and
Voss et al. (2013).
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Discussion

BIRGITTA NORDSTROM: How and when will you alert the community about SN detec-
tions?

LAURENT EYER: The supernovae detection is dealt within the photometric alert system
coordinated by S. Hodgking and L. Wyrzykowski (Cambridge University). After a trial
period, the alerts will be published through regular alert channels as quickly as possible.
The estimated number of Supernovae reaches 6,000 over 5 years, with one third being
before the maximum.

BIRGITTA NORDSTROM: You talked only about visual binaries, but what about spectro-
scopic binaries?
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LAURENT EYER: s Some numbers have been estimated from (small scale) simulated Gaia
data containing visual, spectroscopic and eclipsing binaries, which have been rescaled to
the full Gaia sample. These numbers can be found in Eyer et al. 2013. For the spectro-
scopic binaries these estimations reach 8 million (of which 59% will be SB2).

NicorLAs MARTIN: How far or how faint can you reliably classify an RR Lyrae star?

LAURENT EYER: I remind that in principle the G-band photometry is very good, even
at the faint limit of the Gaia survey (G=20) the estimated uncertainty is only about
0.02 mag. As RR Lyrae stars have large amplitudes, especially RRac, we just have to
detect their variability and obtain correct variability attributes to assure a correct clas-
sification. An RR Lyrae of mean magnitude 19.5 should be detected and classified very
reliably. However, some miss-classification of RRc type with eclipsing binaries may occur.

JORGE MELENDEZ: What about preliminary data releases on variability? It would be
important to have a quick (~1 year) whole sky data release with magnitude, o (scatter)
and Amag (total variation).

LAURENT EYER: For the moment what is in place is a scenario with a total of 5 releases.
We should insist on the word ”scenario”. In particular the precise content in each release
is not defined yet. In my opinion, it is indeed important to release data as soon as
the estimations of the errors are reliable and ‘reasonable’. For the moment the global
variability catalogue is planned to become available as part of the 4th release. Note that
due to the scanning law the sampling on the sky after one year of observations is still
very inhomogeneous, and the proposed variability map will be difficult to construct for
the whole sky (some positions will be observed at only 5-10 epochs). However, our goal
is to be able to add variability attributes and classes in earlier releases.
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