
2016Publication Year

2020-05-06T13:22:54ZAcceptance in OA@INAF

The GAPS Project: First ResultsTitle

BENATTI, SERENA; CLAUDI, Riccardo; DESIDERA, Silvano; GRATTON, 
Raffaele; LANZA, Antonino Francesco; et al.

Authors

10.22323/1.269.0069DOI

http://hdl.handle.net/20.500.12386/24550Handle

POS PROCEEDINGS OF SCIENCEJournal

269Number



P
o
S
(
F
R
A
P
W
S
2
0
1
6
)
0
6
9

The GAPS Project: First Results

S. Benatti∗1�, R.Claudi1, S. Desidera1, R. Gratton1, A.F. Lanza2, G. Micela3, I.
Pagano2, G. Piotto4, A. Sozzetti5, C. Boccato1, R. Cosentino6, E. Covino7, A.
Maggio3, E. Molinari6, E. Poretti8, R. Smareglia9 and the GAPS Team
1 INAF - Astronomical Observatory of Padova
2 INAF - Astrophysical Observatory of Catania
3 INAF - Astronomical Observatory of Palermo
4 University of Padova, Dep. of Physics and Astronomy
5 INAF - Astronomical Observatory of Torino
6 INAF - TNG, Fundación Galileo Galilei
7 INAF - Astronomical Observatory of Capodimonte
8 INAF - Astronomical Observatory of Brera
9 INAF - Astronomical Observatory of Trieste
E-mail: serena.benatti@oapd.inaf.it

The GAPS programme is an Italian project aiming to search and characterize extra-solar planetary
systems around stars with different characteristics (mass, metallicity, environment). GAPS was
born in 2012, when single research groups joined in order to propose a long-term multi-purpose
observing program for the exploitation of the extraordinary performances of the HARPS-N spec-
trograph, mounted at the Telescopio Nazionale Galileo. Now this group is a concerted community
in which wide range of expertise and capabilities are shared in order to reach a more important
role in the wider international context. We present the results achieved up to now from the GAPS
radial velocity survey: they were obtained in both the two main objectives of the project, the
planet detection and the characterization of already known exoplanetary systems. With GAPS
we detected, for instance, the �rst con�rmed binary system in which both components host plan-
ets [1], the �rst planetary system around a star in an open cluster [2], a system of Super-Earths
orbiting an M-dwarf star [3].
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1. Introduction

Since 2012, after the installation of the high resolution echelle spectrograph HARPS-N [4],
the Italian telescope TNG (La Palma, Canary Islands) became one of the key facilities for the study
of the extrasolar planets. The opportunity to exploit the great capabilities of this instrument encour-
aged a large fraction of Italian scientists working in the exoplanets �eld to set-up a collaboration
and to propose a long-term observing program with speci�c themes and objectives. The "Global
Architecture of Planetary Systems" (GAPS) Project is the result of this collaboration. It gathers
more than 60 astronomers from several institutes of the Italian National Institute for Astrophysics
(INAF) and Italian Universities (Padova, Torino and Milano). A technical and scienti�c support is
also provided by a few collaborators from European and American Institutions.

The main purpose of GAPS is the study and the characterization of the architectural proper-
ties of planetary systems through the radial velocity technique, by analyzing the distributions of
planetary parameters and their correlations with those of the host star. The opportunity to extend
our knowledge of the planetary systems will help to understand the most debated aspects of the
exoplanet research, such as their formation and evolution.

1.1 Scienti�c scenario

The results of the NASA-Kepler mission show that our Solar System is not a model for other
exoplanetary systems, but a large variety of planetary sizes and systems architectures actually exists
([5], [6], [7]). In particular, low-mass planets (in the range between Super-Earths and Neptunes)
appear to be ubiquitous and are generally found in multiple systems, tightly packed close to their
central star [8]. The improvements in the technological capabilities, together with the complemen-
tarity of the techniques, played a crucial role in the discovery of such a diversity, allowing to push
the detection limits toward planets with lower masses and wider orbits. In this framework the ra-
dial velocity (RV) technique, which measures the re�ex motion of the star induced by a planet, has
provided a large number of discoveries and represents an essential tool for the follow-up of transit
candidates.

The radial velocity of the star orbiting the barycenter of the planet - star system changes as a
function of time with a period equal to the orbital period of the planet, P, and a semiamplitude, K,
de�ned as follows:

K =

(
2πG

P

)1/3 Mp sin i
(Mp +M?)2/3

1
(1− e2)1/2

Mp being the planetary mass (since the real mass depends on the unknown inclination, i, of the
orbit, the RV technique only provides a value for the minimum mass), M? the stellar mass and e the
orbital eccentricity of the planet. This method is more sensitive to high planetary mass and short
orbital period: a Jupiter-like planet orbiting at 1 AU from its host star produces a RV semiamplitude
of about 30 m s−1, while an Earth-like planet at the same distance induces a RV modulation of only
9 cm s−1. The detection of multiple systems with low-mass components requires a particular
observational effort (∼ 100 RV epochs) in order to separate the single signals. Moreover, the RV
modulation due to the contribution of the stellar activity can mimic the presence of a planetary
companion, hampering the interpretation of the time series.
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An accurate observing strategy, focused on an intensive monitoring, the adoption of new so-
phisticated techniques for proper treatment and mitigation of activity-induced signals, and the use
of high resolution spectrographs are the key points to successfully detect and con�rm the presence
of low mass planetary companions in a multi-planet system.

2. The contribution of GAPS

The GAPS observing programme started in September 2012. Since then ∼ 2500 observing
hours were allocated and about 7000 spectra have been collected for the targets of our sample
(∼ 300 stars). For 16 interesting objects we have obtained 90 or more RV data points. The GAPS
observations are performed with HARPS-N, the twin instrument in the northern hemisphere of
HARPS at the 3.6m ESO-La Silla telescope. These two spectrographs are �ber-fed and work in the
the visible range (400-600 nm) with a resolution of 114,000. They represent the state of the art for
the measure of high precision radial velocities: thanks to the simultaneous calibration technique
[9] and the extreme instrumental stability, ensured by a series of control systems, they can reach
a RV accuracy better than 1 m s−1. In the framework of the GAPS project, HARPS-N spectra
are also supported by a coordinated photometric monitoring, in particular for M dwarf stars, per-
formed through the APACHE (Astronomical Observatory of the Autonomous Region of the Aosta
Valley, [10]) and EXORAP1 (Serra la Nave Observatory) surveys, from the INAF�Astrophysical
Observatory of Asiago and by a number of amateur astronomers.

Thanks to the wide expertise of the GAPS members (high-resolution spectroscopy, stellar
activity and pulsations, crowded stellar environments, planetary systems formation, planetary dy-
namics, data handling) our data are carefully analyzed and discussed within the community, aiming
to produce scienti�c results with a quality as high as possible. We have developed robust RV data
analysis tools (DE-MCMC, Gaussian processes) which are in use to analyze RV data affected by
astrophysical noise and to enable the detection of very small amplitude planetary signals. These
tools showed their effectiveness also in the international context, as in the "RV challenge" experi-
ment (see [11]) and in the collaboration with the HARPS-N GTO program, allowing a preliminary
mass estimate for the �rst transiting habitable-zone Super-Earth (in a multiple system) around the
M0 dwarf K2-3 [12].

The scienti�c objectives of GAPS, which are pursued by six sub-programs focused on different
type of stars, can be separated into two main aspects:

• Planet detection:

� determination of the frequency of exoplanets around M stars2, metal poor stars and
stars in open clusters;

� search for additional low mass companions in systems that already host giant planets.

• System characterization:

� Rossiter-McLaughlin effect;

1See e.g., http://chiantitopics.it/wp-content/uploads/2016/05/Leto.pdf
2See [13] for a description of the M dwarf sub-program.
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� Asteroseismology;

� star-planet interaction;

� orbital re�nement of already known planetary systems.

In the following Sections we summarize the �rst results of the GAPS survey.

3. GAPS Results

3.1 Planet detections

• XO-2 S b and c
In 2007 [14] claimed the presence of a transiting Hot Jupiter around the northern component
of the XO-2 binary system, composed by two K0 stars with similar characteristics (∆R∼ 0.04
mag, both super-metal-rich in composition). We performed an intensive monitoring of the
southern component with HARPS-N and found evidence of a planetary system composed
by a Saturn-mass planet with orbital period of 18.16± 0.03 days and a Jupiter-like planet
with Porb = 120.80±0.34 days, as presented by [1]. This is the �rst con�rmed case of a bi-
nary system in which both the components host planets. Moreover, a linear long-term trend
is present in the RV residuals of XO-2 S, revealing the possible presence of an additional
companion in wide orbit. This system is an interesting laboratory for planet formation and
evolution, since the two stellar companions show very similar characteristics but they host
two different planetary systems (see Fig. 1). In order to investigate and explain such a con�g-
uration, a dedicated study ([15]), including the analysis of the Rossiter-McLaughlin3 (RML)
effect of XO-2 N b, showed that XO-2 N has a larger level of stellar activity with respect
to the companion, perhaps due to the presence of the Hot Jupiter, while [16] has shown a
signi�cant difference of the chemical abundance between the stars probably correlated with
the condensation temperature. A further analysis of this system is ongoing.

• Kelt-6 c
A moderately eccentric giant planet (Msin i = 3.7 MJup) with an orbital period of 1276±
74 days has been detected with GAPS observations, as reported by [17], as an additional
companion to the Hot Jupiter, discovered by [18], around the F star Kelt-6 (see Figure 2, left
panel). In [17], besides the re�nement of the orbital solution, the analysis of the RML effect
for the inner transiting planet is also presented, Kelt-6 b, showing a slight misalignment of
the orbit, with a projected spin-orbit angle, λ , of −36±11 degrees.

• Pr 0211 c
The search for planetary companions around stars in crowded environment is another objec-
tive of the GAPS project. [2] report the RV monitoring with HARPS-N in addition to TRES
data available in literature, which allowed to detect a massive planet characterized by high
eccentricity (e > 0.60) and long period (Porb > 3500 days) around the target Pr 0211 in the
M44 open cluster, already known to host a Hot Jupiter ([19]), see Figure 2 (right panel). In
this case a deep analysis of the stellar activity has been performed through a dedicated code

3see Section 3.2.
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