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RESUMEN

VISTA Variables in the Via Lictea (VVV) es un survey publico de la ESO para el estudio en el infrarrojo
cercano de objectos variables del bulbo de la Via Lactea y de una seccién adyacente del plano del disco. El
survey empleard 1929 horas de observaciones con el telescopio de 4 m VISTA durante cinco anos (2010 —2014),
abarcando ~10° fuentes puntuales en una area de 520 grados?. A continuacién se muestran los primeros
resultados obtenidos por el VVV Survey, asi como una vision de las posibilidades para el uso de un atlas
profundo en cinco bandas en el infrarrojo cercano y un catdlogo de méas de 10° fuentes variables. Esperamos
utilizar los datos para encontrar transitos planetarios en estrellas de secuencia principal de tipo tardio. Se
discuten también la busqueda de planetas y las futuras observaciones de seguimiento.

ABSTRACT

VISTA Variables in the Via Lactea (VVV) is a public ESO near-IR variability survey scanning the Milky Way
Bulge and an adjacent section of the mid-plane. The survey will take 1929 hours of observations with the 4 m
VISTA telescope during five years (2010-2014), covering ~10% point sources across an area of 520 deg?. Here
we address the first results obtained from the VVV Survey as well as a glimpse into the possibilities for using
a deep near-IR atlas in five passbands and a catalogue of more than 10 variable point sources. We expect to
use the data to find planetary transits of late-type main-sequence stars. We discuss the planet searches and
future follow-ups.
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1. INTRODUCTION

VISTA Variables in the Via Lactea (VVV) is an
ESO Public Survey selected to operate with the new
4-meter Visible and Infrared Survey Telescope for
Astronomy (VISTA, Emerson & Sutherland 2010).
VVYV is scanning the Milky Way Bulge and an adja-
cent section of the mid-plane, where star formation
activity is high. The survey will take 1929 hours of
observations during five years (2010-2014), covering
~10? point sources across an area of 520 deg?. The
final product will be a deep near-IR atlas in five pass-
bands (Z,Y, J, H and Kj) and a catalogue of more
than 10° variable point sources in K -band (Minniti
et al. 2010a). Detailed information about the VVV
Survey can be found at http://vvvsurvey.org/.

1Departamento de Astronomifa y Astrofisica, Pontificia
Universidad Catélica de Chile, Vicuna Mackenna 4860, Casilla
306, Santiago 22, Chile.

2Vatican Observatory, Vatican City State V-00120, Italy.

3Centre for Astrophysics Research, Science and Technology
Research Institute, University of Hertfordshire, Hatfield AL10
9AB, UK.

4 Astronomy Unit, School of Mathematical Sciences, Queen
Mary, University of London, Mile End Road, London E1 4NS;,
UK.

2. CURRENT STATUS AND FIRST RESULTS

While some VVV data were obtained on Octo-
ber 2009, during ESO Science Verification of VISTA
(Arnaboldi et al. 2010), the regular observations for
the first year started in February 2010 and are cov-
ering the total survey area in the five passbands. An
additional five Ks-band epochs are also being taken
for the whole area. About 60% of the observations
scheduled for the 1st year are already secured. The
data calibration is performed by the VISTA Data
Flow System (VDFS) pipeline at the Cambridge As-
tronomy Survey Unit (CASU)%, using unsaturated
2MASS stars present in the VVV images, even for
Z and Y filters (not observed by 2MASS), for which
colour equations are applied.

Among the first results obtained to date for the
VVYV Survey we can cite the analysis of known open
clusters (Penaloza et al. 2011); the discovery of new
open and globular clusters (Minniti et al. 2010b;
Borissova et al. 2011); and the study of the Galactic
disk edge (Minniti et al. 2011).

5VISTA Surveys page at the Cambridge Astronom-
ical Survey Unit (CASU): http://casu.ast.cam.ac.uk/
surveys-projects/vista.
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TABLE 1
JOURNAL OF THE VVV VARIABILITY CAMPAIGN
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Fig. 1. Examples of VVV light curves obtained from
the Science Verification data. In the top we show the
light curve of OGLE-518211, a fundamental-mode RR
Lyrae with a period of P = 0.62838 days. The bottom
panel shows the light curve of V1005 Sgr, an Algol-type
eclipsing binary with an orbital period of Py, = 0.826985
days. The data points are shown twice in phase for better
visualization.

3. VARIABILITY CAMPAIGN

The VVV variability campaign is being con-
ducted in Kg-band and will cover a total of five years,
with a total of 89 phase epochs for the Bulge area
and 88 points for the disk. Table 1 shows the ob-
servational strategy of the variability campaign. Ex-
tra observations of a few selected fields over a short
timescale (i.e., 10-40 times per night) will also be
taken during the fifth year. These observations will
allow us to find short period variables, planetary
transits and microlensing events. Our survey will
give the most complete catalogue of variable objects
in the inner Milky Way, with ~10° variables.

Figure 1 shows light curves made from the VVV
data. The data used were obtained during the
VISTA Science Verification, in a total of 14 K -band
phase points. In the top panel we show the light

K, [mag]

Fig. 2. Photometric accuracy as a function of magnitude
for the Science Verification area and for an outer Bulge
field observed during the first year of the VVV variability
campaign.

curve of OGLE-518211, a fundamental-mode RR
Lyrae with a period of P = 0.62838 days. The ob-
ject shows a minimum magnitude of K ~ 13.6 mag,
with an amplitude of Ax_, ~ 0.24 mag. The bottom
panel shows the light curve of V1005 Sgr, an Algol-
type eclipsing binary with Ky ~ 12.4 and an orbital
period of P,y = 0.826985 days.

In order to properly classify the variable stars
an automated classification scheme is currently be-
ing developed (Catelan et al. 2011). This requires
high-quality, well-sampled template light curves for
the many different types of variable stars that are
present in the surveyed fields. Unfortunately, since
the VVV Survey is the first of its type to be car-
ried out in the near-IR, light curve templates in this
wavelength range are, for the most part, not avail-
able. Thus, in parallel with the main survey, we are
also building a large database of high-quality light
curves for different variability classes in the K¢-band,
using a variety of other telescopes.

4. PERSPECTIVES ON EXTRASOLAR
PLANETS STUDIES

The VVV observations will also allow us the de-
tection of a large number of extrasolar planets, tran-
sits and microlensing events. Our simulations show
that >10% microlensing events and >102 planetary
transits should be detected using the five years vari-
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Fig. 3. Simulation of a planetary transit in the VVV
five years variability campaign. The planet has a pe-
riod of P,,, = 2.8 days and produces an eclipse depth
of 1.7%. The photometric accuracy is the typical shown
by a Ks = 14.5 mag stars in the Science Verification
field (or Ks = 16.0 mag in the outer Bulge area, see
Figure 2). Top panel: light curve as a function of time,
corresponding to the schedule of the K observations in
the Bulge. The bottom-left panel shows the power spec-
tra of the simulated data and the bottom-right panel the
phase-folded light curve with the period of the transit.

ability campaign plus the extra observations in the
fifth year (see § 3).

The typical transiting planets detected to date
are “hot Jupiters” orbiting Sun-like stars, showing
short orbital periods (Po, ~ 3 days), and eclipses
depth >1.5%. Beside the large area covered by the
VVV Survey (520 deg?), that will allow us to de-
tect a large number of planetary transits; our ob-
servations will extend the planetary hunting ground
beyond to 1 kpc, while the current searches using
small aperture telescopes are, in general, limited to
few hundred parsecs. Moreover, a large aperture IR
telescope such as VISTA will even allow us to detect
planets around faint low-mass stars, including late
K- and M-dwarfs.

To demonstrate the high quality of the photomet-
ric data, Figure 2 shows the photometric accuracy
of the VVV K -band observations as a function of
magnitude for the Science Verification area, one of
the most crowded fields in the Galactic Bulge (Saito
et al. 2010), and for an outer Bulge field observed
during the first year of the variability campaign. In
order to detect a planetary transit, the signal (differ-
ence in brightness) produced by the planet transiting
in front the stellar disk must be greater than the ac-
curacy at the given star magnitude.

In Figure 3 we show the in the top panel the simu-
lated light curve as a function of time for a planetary

_ onf . . . RS - . .
> 001} .
I ! « 8, .o o D
E ool L ' g M A
0.01 | ‘e * o .
£ : i
4 oo2f o e . o ]
003, . . . . . . . o
0 200 400 600 800 1000 1200 1400 1600
time [d]
1.0F i
08}
o L
& 06
04}
02

0 0.2 0'.4 0’.6 0'.3 IU 0'.2 0'.4 0'.6 0'.8 I1
frequency [d'] phase

Fig. 4. Simulation of a planetary transit in the VVV five
years variability campaign plus the extra observations
during the fifth year (see text). The notation is similar
to that of Figure 3.

transit of period P = 2.8 days, 1.7% deep, and the
typical photometric accuracy of a Ky = 14.5 mag
star in VVV observations of the inner Bulge (e.g.,
Science Verification area), or a Ky = 16.0 mag star
in outer Bulge area (see Figure 2). The data points
correspond to the schedule of the VVV observations
in the Bulge, taking into account the seasonal change
in visibility. The transit signals were simulated with
pure Gaussian noise, and a frequency analysis of
these signals was performed using the Box-fitting
Least-Squares (BLS) method (Kovécs et al. 2002), in
order to test their detectability. The bottom panels
of Figure 3 show the power spectra of the simulated
data (bottom-left) and the phase-folded light curve
with the period of the transit (bottom-right).

Figure 4 shows the simulation of the same plan-
etary transit shown in Figure 3, but taking into ac-
count a double data points coverage, corresponding
to the five years variability campaign plus the extra
observations during the fifth year. A double cover-
age is also present on Bulge and Disk areas, in the
overlapping regions between the VVV “tiles” (see
Minniti et al. 2010a), in a total of ~25 deg?.

The magnitude and depth used in the simulations
would correspond to a Jupiter size planet around a
G2-dwarf (e.g., Sun) at the distance of ~1.4 kpc. In-
terestingly, these parameters would also correspond
to a Super-Earth planet around a M6-dwarf at the
distance of ~100 pc, showing the potential of the
VVV survey in finding rocky planets.

Since the detection limit of the VVV observa-
tions is K > 18 mag (single epoch), planets around
more distant stars will be detected if the relation
planet/star size is greater than that the photomet-
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ric accuracy at the given magnitude (e.g., a Jupiter
size planet around a M-dwarf). On other hand,
VVV observations saturate at Ky < 10, that allow
the detection of even smaller rocky planets, such as
Earth analogs around dwarfs in the Solar vicinity
(d < 100 pce).

5. FOLLOW-UP OBSERVATIONS

Follow-up observations are mandatory in order to
confirm the planet candidates detected by the VVV
Survey. These studies can be done using the as-
tronomical facilities located in Chile. High-cadence
photometry combined with radial velocities measure-
ments are able to define all the basics planet parame-
ters (i.e., mass, radius, period, inclination and semi-
major axis). In order to characterize faint objects
the upcoming Extremely Large Telescopes (ELT’s)
may be used. One example is the use of the SIM-
PLE spectrograph for the European ELT, designed
to detect atmospheric features of exoplanets during
eclipses (Origlia et al. 2010).
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