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2. Executive summary 
HARPS-N will likely be the best instrument worldwide for high precision radial velocities in the 
next five years. The attainable precision should be of the order of 20 cm/s, a factor 3 to 4 better than 
what is possible with SARG. Furthermore, HARPS-N allows better exploitation of photons arriving 
from stars, leading to a significant improvement on exposure times and limiting magnitude. With 
HARPS-N, TNG will be highly competitive for the quest for extra-solar planets, down to Earth-like 
masses, and asteroseismology.  

Furthermore, HARPS-N is likely to play a basic role in the scientific exploitation of data from other 
instruments like KEPLER, GAIA, SPHERE-GPI, and in a farther perspective, PLATO and EPICS. 
All these projects are of the highest relevance for extra-solar planet and stellar science. 

In addition, the groups having a vast experience in use of HARPS-N will have a clear advantage in 
the use of future highly performing facilities like ESPRESSO and CODEX.  

The Italian community is deeply involved in all these projects, including groups at several INAF 
Institutes (OOAA Pino Torinese, Brera, Padova, Trieste, Bologna, Arcetri, Roma, Teramo, 
Capodimonte, Catania and Palermo) and Universities (Padova, Catania). These groups include more 
than 50 researchers. They already constitute a national community, with extensive collaborations in 
a number of projects (e.g. PRIN INAF 2008, SPHERE, PLATO, GAIA, asteroseismology with 
COROT and KEPLER. 

All these items indicate the large interest to have HARPS-N at TNG. The first and more extensive 
part (Sections 3 for extra-solar planets and Section 4 for asteroseismology) of this document 
describes the scientific goals of this project. They include the Kepler follow-up (which is the basic 
reason to construct HARPS-N), as well as a number of high profile scientific projects on extra-solar 
planets (search of low mass planets, planet characterization, better understanding of the planet-star 
connection, synergies with important projects like SPHERE, GAIA, PLATO, and EPICS, 
understanding of the impact of the environment on planet formation) and asteroseismology (for 
stars both with and without planets). The second part is devoted to a number of items to be 
considered in the present discussion: technological issues related to use of HARPS-N (Section 5); 
the general context of the use of European 4m telescopes (section 6); and finally a few points 
concerning the management of HARPS-N at TNG (Section 7). 
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3. Scientific Programs – Extrasolar Planets 

3.1 Kepler follow-up  

3.1.1 The Kepler Mission  

Kepler is a Discovery-class mission designed to determine the frequency of Earth-size planets in 
and near the habitable zone of solar-type stars. The instrument consists of a 0.95 m aperture 
photometer designed to obtain ultra-high precision photometric measurements (� ph~10 ppm) of > 
100,000 stars to search for patterns of transits. The focal plane of the Schmidt-type telescope 
contains 42 CCDs with a total of 95 megapixels that cover 115 square degrees of sky. Kepler was 
launched into an Earth-trailing heliocentric orbit on March 6, 2009, finished its commissioning in 
May 2009, and is now in science operations mode. Further details of the Kepler Mission and 
instrument can be found in Koch et al. (2010), Jenkins et al. (2010), and Caldwell et al. (2010). 

3.1.2 First Kepler Data Release  

                             
Figure 1: magnitudes and effective temperatures of faint (V>13) targets in the Kepler field hosting candidate 
transiting planets. 
 
During commissioning in the spring of 2009, Kepler conducted high precision photometry on 
nearly 156,000 stars to detect the frequency and characteristics of small exoplanets. An initial set of 
five new exoplanets with sizes between 0.37 and1.6 Jupiter radii and orbital periods from 3.2 to 4.9 
days was confirmed by radial velocity observations (see references in Borucki et al. 2010). A first 
data release in June 2010 (Borucki et al. 2010) encompassed ~300 candidate transiting planets out 
of a total of ~700 (the second batch to be released in early 2011). Figure 1 shows the range of 
magnitudes (approximately R-band) and estimated effective temperatures of the candidate planet 
hosts.  
The detected candidate transiting planets (distinguished from false-positive events based on detailed 
analysis of the Kepler light-curves, e.g., Batalha et al. 2010) encompass a range or radii between 
that of Jupiter and that of the Earth, with orbital periods up to about 1 month (see right panel of 
Figure 2). The observed distribution of planetary radii follows approximately a ~ 2/1 pR  law (see left 

panel of Figure 2), distinctively different from that of transiting planets detected in ground-based 
photometric surveys (see, e.g., http://exoplanet.eu). The released targets include 5 candidate multi- 
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planet systems, whose characteristics are summarized in Table 1. The first batch of Kepler results, 
based on the candidates in the released list, allow deriving already a number of relevant 
considerations on their statistical properties: 
 

 
Figure 2: Left: Number of Kepler candidates vs. planet radius compared with those in the Extrasolar Planet 
Encyclopaedia (EE). The results shown in the lower panel are from the EE and represent only those found by 
transit photometry. Right: The number of candidates vs. semi-major axis. 
 
1) Most candidate planets are significantly smaller than Jupiter.  
2) “Quasi-flat” multiple planet systems (with mutual inclinations close to zero) are not uncommon. 
2) There is a broad maximum in the frequency of candidates with orbital period in the range from 2 
to 5 days. This peak is more prominent for large candidate planets than it is for small candidates. 
3) The measured occurrence frequencies of Super-Earth-, Neptune-, Jupiter-, and Super-Jupiter-size 
candidates in short period orbits are 2.5x10-3, 1.0x10-3, 0.9x10-3, and 2.0x10-4, respectively. 
4) The distributions of orbital period and magnitude of the candidates larger than Jupiter appear to 
be quite different from those of smaller candidates and might represent small stellar companions or 
errors in the size estimation of the dimmest stars in the Kepler planet search programme.  
Such conclusions must however be taken with caution, as the false alarm rate in this sample could 
be near 50%. Indeed, a suite of ground-based follow-up observations must be undertaken in order to 
really ascertain the nature of the detected transits (Gautier et al. 2010). False positives can be 
revealed by means of high-spatial resolution adaptive optics observations, medium-precision radial-
velocity (RV) measurements combined with Kepler photometry to identify blend configurations, 
and finally high-precision RV measurements to verify the phase and period of the most promising 
candidates and ultimately to determine the mass and eccentricity of the companion. The released list 
of ~300 candidates includes only targets for which the ground-based observation follow-up process 
has not been carried out. The detailed vetting process is being mostly conducted on the ~400 targets 
brighter than V~13 that will be released in early 2011.  
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3.1.3 Spectroscopic Follow-Up of Kepler Candidates: The HARPS-N Legacy 

Kepler will monitor photometrically a single field in Cygnus/Lyra (RA=19:23, Dec=+44.5) for at 
least 3.5 years and has already identified nearly a thousand transiting planet candidates orbiting 
preselected main sequence stars (F to M type) of V= 11-16 mag.  Kepler is capable of detecting 
dozens of Earth-sized planets in orbits with periods up to about one year, as well as several hundred 
super-Earths.  To confirm and characterize the rocky planets identified by Kepler, it is critical to 
determine orbital solutions so that the planetary masses can be established. The HARPS-N 
instrument is an ultra-stable, visible-light (�  = 378-691 nm) high-resolution (R=120000) 
spectrograph, equivalent to the existing HARPS on the 3.6-m ESO telescope in Chile. With its 
ability to measure velocities with a precision better than 1 m/s, HARPS-N will provide a unique 
capability for determining the masses of Kepler planets similar to the Earth. Its achievable 
performance on a 4-m class telescope such as TNG exceeds that of HIRES on the 10-m Keck 1 
telescope, thus confirming it as an unique facility in the northern hemisphere. HARPS-N in the 
Doppler domain is a true match to Kepler in the photometric domain, thus providing vastly 
improved planetary mean densities for a meaningful comparison to interior models.  

3.1.4 The HARPS-N Consortium: GTO Program 

The Primary Project of the HARPS-N Consortium has three broad scientific goals that can be 
achieved by delivering planetary masses of certain precision: 
 
1) Primary project 1: confirming an Earth-twin planet in the habitable zone of a G5V star or later, 
with a precision of 30% in mass;  
2) Primary project 2: characterizing Earth-like planets of 2-5 Earth masses (“super-Earths”) in 
various orbits with enough precision to distinguish between water-rich and dry planets;  
3) Primary project 3: characterizing the transition between super-Earths and Ice Giants (hot 
Neptunes, for example) near 10 Earth masses, with a precision of 5% in mass, or better.  
 
This three-tiered program will utilize a large fraction of the presently envisaged total of 80 nights/yr 
for five years to be secured for the GTO program. In order to gauge the actual amount of observing 
time to achieve the three goals above, we can use the specifications of HARPS @ ESO as 
guidelines. The expected precision achieved will be � RV = 1 m/s for a V=12 mag star in 1 hr 
integration. As a reference, assuming period and phase known from Kepler light-curve information, 
in order to achieve a 10% accuracy in the mass determination 10 ME planet @ 0.1 AU around a 
chromospherically quiet 1 MSUN star (inducing an RV semi-amplitude K = 3 m/s) a total of 25 
measurements is required. In order to accomplish the three goals of the Primary Project, the number 
of effective clear nights is thus as follows: 
 
1) for 2 planets  (over 3 years)                       - 160 h = 16 nights per year; 
2) for 20 planets in various orbits (over 5 years)     - 250 h = 25 nights per year; 
3) for 20 planets in various orbits (over 5 years)     - 210 h = 20 nights per year. 
 
This is equivalent to a grand total of 60 nights/yr, for 5 years.  

3.1.5 Additional Exoplanet Science in the Kepler Field 

It will be possible for the Italian community interested in exoplanets at large to extract a large 
number of important scientific programs related to exoplanets from the treasure chest of Kepler 
data. As an example, Italy’s strong involvement in the Kepler Asteroseismic Science Consortium 
(KASC) will allow its community to carry out cutting-edge studies on stellar pulsations, stellar 
structure and stellar evolution. Asteroseismic studies will allow to accurately characterizing masses 
and radii of bright transiting planet hosts discovered by Kepler.  



HARPS-N at TNG  pag. 8/38 

As a second example, Italy’s leading role in the exploitation of Gaia data on exoplanets will open 
the possibility to use HARPS-N as an ideal bridge between Kepler and Gaia. In particular, the long-
term monitoring of a sample of bright (V < 12) nearby (d < 200 pc) dwarf stars with transiting 
planets detected by Kepler, searching for additional long-period components that might or might not 
transit, will be a fundamental preparatory step ahead of the release of Gaia data with astrometric 
sensitivity to giant planets out to a few AUs around the same targets in the Kepler field. The 
screening for long-period planets could be carried out with HARPS at somewhat reduced precision 
(3-5 m/s), distributing a few tens of measurements over a time scale of > 5 years (but allowing for 
adaptive scheduling if complex signals induced by multiple systems were to be uncovered). Such a 
program could be undertaken for ~100 Kepler targets and an estimated number of ~10 observing 
nights/yr.  

3.1.6 Experience 

The Italian team that will participate to the activities of the HARPS-N Consortium has decade-long 
experience in the determination of precise stellar radial velocities for the purpose of planet detection 
(with SARG/TNG, Keck/HIRES), in the analysis and interpretation of photometric datasets 
(including those coming from transit surveys), it is involved in a variety of characterization 
observations of transiting planet systems, it has a wide range of expertise in the fields of 
asteroseismology (including Kepler asteroseismology programs) and stellar variability, and it is 
fully engaged, occupying several key roles, in a number of relevant activities related to several 
ground-based as well space-borne projects (ongoing, under development, and under study) having 
exoplanets astrophysics (and thus, a potentially strong synergy with HARPS-N) as (one of the) 
primary focus(es), such as Gaia, SPHERE/EPICS, PLATO, THESIS, ground-based transit searches 
for low-mass planets around cool stars. 

3.1.7 References  

Batalha, N.M., et al., 2010, ApJ, 713, L103 
Borucki, W., et al.  2010, ApJ submitted (arXiv:1006.2799) 
Caldwell, D.A., et al., 2010, ApJ, 713, L92 
Gautier, T.N., et al., ApJ submitted (arXiv:1001.0352) 
Jenkins, J.M., et al., 2010, ApJL, 713, L87 
Koch, D.G. et al., 2010a, ApJ, 713, L79 
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3.2 Search for low-mass planets 
After the first serendipitous discoveries of the so-called Hot Neptunes (Santos et al. 2004; 
McArthur et al. 2004), some systematic searches for this class of objects started, leading to the 
identification of few Neptune mass planets (1 MNeptune=17 MEarth) and super Earths. These represent 
only a minor fraction of the planets known today, because of the excellent instrument performances 
and large amount of telescope time needed for detection. Instead, their frequency is probably larger 
than giant planets with masses larger than Jupiter and Saturn, possibly as much as 30% of the stars 
hosting super Earth and Neptune-mass planets in close orbits (Udry et al. 2008, Torun conference).   

The limited number of detected low-mass planets allows some very preliminary analysis of their 
properties (Udry & Santos 2007). There are some hints of differences with respect to Jupiter mass 
planet, in terms of period and eccentricity distributions and properties of host stars (mass, 
metallicity). However, they need confirmation with significantly enlarged sample of objects.  

From the theoretical point of view Neptune-mass planets have a specific role in constraining the 
scenarios of planet formation, and in particular to quantify the migration and disk dissipation 
timescales. A large number of low-mass planets in close orbits is also mandatory to identify 
transiting planets, required to determine the radius and density (and then composition) of these 
planets. Bright targets discovered with RV technique are better targets for detailed follow-up 
observations than the fainter ones being discovered by on-going space projects.  

Therefore new detections of planets with masses below 20~MEarth are a very high priority in the 
exoplanets science and indeed the search for low-mass planets is currently involving a significant 
fraction of the time of the best instruments for planet search (e.g. HARPS at ESO). The large 
amount of telescope time required for this kind of project can be understood considering that the 
RV amplitude of a Neptune mass planet is below 10 m/s and then very small RV errors are 
required. Furthermore, the intrinsic RV stability of the stars at such extreme levels is critical. 
Averaging of several exposures over several tens of minutes is needed to reduce the impact of 
stellar oscillation and granulation (O'Toole et al. 2007, Fig. 1). Such an observing strategy is needed 
also for bright stars for which a photon noise limit of 1 m/s or less would be achieved with a much 
smaller integration time. 

Most of the discoveries of this kind of planets were performed with HARPS at ESO 3.6m.  
Northern targets are still waiting instrumentation with similar performances. While a pilot campaign 
was performed with SARG a couple of years ago with promising results, the availability of 
HARPS-N would represent a unique opportunity for the Italian community to enter in this high-
priority branch of exoplanet science. The best targets for such a program are late G and K dwarfs, 
because the richness of spectral lines allows the achievement of small RV errors while these stars 
are not too faint. Furthermore, empirically, it has been shown that the activity jitter is lower for K 
dwarfs. In the following we will consider the sample originally considered for the SARG program. 
They were selected from the Hipparcos catalog,  main sequence or slightly evolved stars with B-
V>0.70, V<7.0 within 25 parsec, declination >0, with  activity level lower than the Sun. Stars in 
close binaries  and few stars with observations suitable for detection of Hot Neptunes available in 
the literature were excluded, leading to a sample of 25 stars. Detailed simulations of planet search 
surveys applicable to this project using Lomb-Scargle periodogram and bootstrap technique show 
that with 30 exposures over 8 consecutive months we would achieve 50% completeness for planets 
with RV semi-amplitude 1.6 times the RV error (including stellar jitter) with period 2-20 days and 
about 90% completeness for planets with RV semi-amplitude about 2 times the RV error. 
Detectability is significantly worse with 20 epochs and/or distributing observations in two 
observing seasons. A noise below 1 m/s (HARPS + sample selection of inactive stars + observing 
strategy to average out oscillations), would imply >90% completeness for massive super-Earths 
with period shorter than 20 days, and detectability with some incompleteness in the domain of 
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Earths-mass planets (see Fig. 2). We then foresee on average 30 visits of 40-45 minutes (including 
overheads) for each target, i.e. 20-23 hours/target, about 2.2-2.4 nights/target, mostly concentrating 
the observations of a given target on a single observing season. For a sample of 25 stars this yields a 
request of about 60 nights over two years.  

 
Figure 1: Reduction of the noise due to stellar oscillation increasing integration time from the 
simulations by O'Toole et al. 2008 for stars of different spectral types. The case of �  Cen B  is the 
most suitable case  for our targets (K dwarfs). Panel (a): ninety-five percent confidence ranges 
(nosc) for four bright stars as a function of simulated integration time (tint). (b) Data from the panel 
(a) normalised to produce n'osc and averaged. From O'Toole et al. 2008 
 

The program can be further extended considering that the number of targets accessible with 
HARPS-N at extremely high precision is larger for HARPS-N then for SARG (large efficiency + 
use of the whole spectrum instead of only the portion with iodine lines) and that current results from 
HARPS-S show that a very high fraction (>50%) of low mass planets are in multiple systems and 
that a much larger number of observations is required to properly characterizing such systems (cfr. 
GJ 581 system, Mayor et al.).  

The search for low mass planets is an optimal program for the first years of HARPS-N at TNG 
(2012-2014), completing the Kepler follow-up and other less demanding programs. A smaller 
amount of time (e.g. follow-up of multi-planet systems) can be devoted after 2015 when additional 
programs like GAIA and then PLATO follow-up will start. 
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Figure2. Expected detectability of planets with different ratio of RV semi-amplitude K to RV error 
sigma (this latter including both the measurement error and intrinsic stellar noise), for different 
observing strategies in terms of number and distribution of observations (assumed in bright time 
only). The detection probabilities have been estimated using Lomb-Scargle periodogram and 
bootstrap simulations on time series built using a Monte Carlo procedure. These time series were 
obtained sampling a sinusoidal radial velocity signal (with random period between 2 to 20 days 
and semi-amplitude K) to which a Gaussian distributed error with a standard deviation sigma was 
summed. Temporal sampling was obtained by assuming for all possible nights of observations (the 
14 nights around full moon available each month) a probability of observations equal to o/(14 
m/yr) where o is number of observations which are on average planned for each target, m is the 
number of months per year and y the number of years over which the survey is planned. 
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3.3 Rossiter effect  

Our understanding of the formation and evolution of exoplanets is still fragmentary, since most of 
the current data provide very limited information about their orbital structure and dynamics. 
Moreover, the newly discovered exoplanet population shows properties that were mainly 
unexpected, based on the observed architecture of our Solar system. A striking feature is the 
existence of the so-called hot-Jupiters, giant gaseous planets on orbits with semi-major axes smaller 
than 0.1 AU. It is believed that giant planets cannot form very close to their parent stars where the 
temperature is too high to allow for dust condensation that is the first step toward the formation of a 
rocky core which will then accrete gas. Two mechanisms are invoked to explain how giant planets 
can migrate inward after they formed: 1) disk-planet interaction; 2) planet-planet gravitational 
scattering. However, an important distinction between these two mechanisms exists: while 
dynamical interactions are also able to scatter planets away from the disk plane, disk-planet 
interactions are clearly not. Therefore, determining the orientation of a planet orbital axis relative to 
the disk axis, or the stellar spin axis, is a way to distinguish between those two scenarios. 

For planetary systems the planet/star misalignment could reflect a complex dynamical evolution, 
resulting from the combination of the effects of the stellar multipole gravitational momenta and the 
perturbations of the massive companion(s), e.g. through Kozai resonance and, in the case of 
exoplanetary systems characterised by a counter-revolving motion with respect to that of the binary 
companion, evection resonance.  

 

 

 

 

 

 

 

 

 

Figure 1. Distribution of the observed projected spin-orbit angle for 26 transiting planets. 

In this context, transiting exoplanets represent a favorable case to investigate their orbital properties 
through the observation of the Rossiter-McLaughlin effect (RME). The RME consists of an 
anomalous deviation in observed radial velocities from the Keplerian curve occurring when a 
transiting planet moves across the photospheric stellar disk. Due to the star rotation, different 
sections of the photospheric disk have different radial velocities. During transit, the planet occults in 
turn those different regions resulting in a time-dependent asymmetric distortion of the disk-
integrated photospheric line profiles, which translates in an apparent anomaly in the RV curve. For 
a given impact parameter, which is estimated by the transit light-curve, the shape of the RV curve 
perturbation depends on the inclination angle � , between the sky-projected stellar spin axis and the 
orbital axis. To a smaller extent, the shape also depends on the stellar disk limb-darkening, whereas 
the amplitude of the RME is basically determined by the planet-to-star radii ratio and the projected 
stellar rotational velocity. Hence, measuring the RME allows us to determine the angle � , which is a 
lower limit to the real spin-orbit misalignment. 

As it stems from the short overview presented above, and summarized in Figure 1 with the 
distribution of the measured RME on known extrasolar planets, the measurement of the RM effect 
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offers a unique opportunity to constrain observationally the spin-orbit misalignment and obtain a 
deeper insight on the processes governing the formation and evolution of planetary systems and 
represents a high-level scientific priority in the field of exoplanetary studies.  

The measurement of the RME requires accuracies of the order of a few m/s or less to be reached in 
less than one hour. With its extraordinary performances in high precision radial velocities, HARPS-
N is very well suited for this kind of observations. A program on the RME may consider a total 
sample of about 25 relatively bright stars (V<11) with known transiting planets. The observations 
are obviously time critical, as they need to be performed during, as well as immediately before and 
after, transit. Given the typical duration of a transit (a few hours), each target requires 2 full nights 
of observation in order to achieve an adequate sampling of the transit phases. Thus, observing 10 
nights/year would allow us, in 5 years, to double the current sample. 

A proper modelling and interpretation the RME observations requires of course a deep knowledge 
of the dynamical and physical effects which shaped the formation and, on a secular timescale, the 
evolution of the observed exoplanetary systems. In Italy we possess all the required expertise, 
achieved, in particular by the groups in Padova (Barbieri, Marzari) and in Rome (Turrini), both 
through observations (study of RME of the planet HD17156b, see Figure 2) and direct studies of 
exoplanetary formation and evolution and as heritage of former studies conducted on the Solar 
System.  

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Measurements of the Rossiter-McLaughlin effect of HD 17156b with SARG at TNG, from 
Barbieri M. et al. (2009 A&A 503, 601). 
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3.4 Stellar activity and radial velocities  
Stellar activity is the main source of noise in the search for Earth-like planets around main-sequence 
late-type stars. Surface brightness inhomogeneities associated with magnetic fields, such as dark 
spots, bright faculae, and photospheric network, produce a modulation of the optical continuum flux 
as well as a distortion of the line profiles that affect the measurement of the radial velocity 
(hereinafter RV) of the star. Moreover, surface magnetic fields modify the convection leading to 
local variations of the macro- and micro-turbulence parameters as well as to modifications of the 
bisector shapes of disk-integrated line-profiles. An important effect is related to the absolute 
blueshifts of photospheric line bisectors associated with the predominance of the upwelling motions 
in the convective elements of the unperturbed photosphere (Gray, 2009, ApJ, 697, 1032). In 
general, shallow lines are more blueshifted than deeper lines because the latter are predominantly 
formed in the upper levels of the photosphere where the vertical velocity is lower. In magnetized 
regions, the quenching of the convective motions leads to a reduction of such a blueshift, i.e., to an 
apparent local redshift of the spectral lines, and this affects the measurement of the RV of the star 
(cf., e.g., Meunier et al. 2010, A&A, 512, A39). Numerical simulations and observations of the 
solar Ni I line at 6768 Angstrom show that the reduction of the convective blueshift in magnetized 
regions is the main source of RV perturbations in solar-like stars, with amplitudes ranging from 
about 2 m/s on the rotational timescale, up to 8 m/s on the activity cycle time scale, i.e., the 11 year 
cycle for the Sun (cf. Meunier et al. 2010, A&A, in press, arXiv:1005.4764). On the other hand, the 
amplitude of the RV oscillations induced by a planet of 1 Earth mass around a star of 1 solar mass is 
approximately 0.1 m/s for an orbital semi-major axis of 1 AU and 0.3 m/s for an orbital semi-major 
axis of 0.1 AU. Therefore, the development of methods to correct the activity-induced RV 
perturbations is mandatory if Earth-like planets are searched for. 
 
Recently Lanza et al. (2010, A&A, in press, arXiv:1005.3602) developed a model of the 
distribution of the active regions on CoRoT-7, a star hosting at least two planets with masses in the 
super-Earth range (4-8 Earth masses; Queloz et al. 2009, A&A 509, 303), using the high-precision 
photometric time series acquired by the space telescope CoRoT. Unfortunately, CoRoT 
observations are not simultaneous with the HARPS follow up, thus it is not possible to fit the 
activity-induced RV variations present in the HARPS time series. Nevertheless, the model proved 
capable of reproducing the main features of the RV variations as observed by HARPS, notably the 
dominant modulation of the RV with the rotation period of the star. The probability that the 
observed RV oscillations attributed to the planets CoRoT-7b and CoRoT-7c be spurious 
modulations produced by stellar activity was also estimated from the model and was found to be 
less than 10-4 , thus providing confirmation for the presence of the second non-transiting planet 
CoRoT-7c, the reality of which had been questioned because its orbital frequency is close to the 
fifth harmonic of the stellar rotation period. The synthesized RV modulation due to the extended 
active regions mapped on CoRoT-7 is shown in Figure 1 together with the associated wide-band 
flux modulation. Note that the diamonds simply mark an exemplary HARPS time sampling and do 
not indicate actual observations.  
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Figure 1.Upper panel: The synthesized RV variations due to stellar active regions vs. time in the 
case of CoRoT-7, as derived from the spot modelling by Lanza et al. (2010); the solid line show a 
model assuming both dark spots and bright faculae, while the dotted line is a model considering 
dark spots only; the diamonds mark the timing of HARPS observations by Queloz et al. (2009). 
Lower panel: The synthesized variation of the optical flux in the CoRoT white passband.  
 
The tools developed for CoRoT can be applied to Kepler (and PLATO) time series together with 
HARPS-N RV curves for the confirmation of telluric planets around solar-like stars and a better 
determination of their mass through the modelling and the filtering of the RV modulations produced 
by stellar active regions. Even without high-precision photometric time series to reconstruct stellar 
activity, it should be possible to correct for most of the RV perturbations because shallow and deep 
lines are affected in different ways by the reduction of convective blueshifts, allowing us to isolate 
the activity-induced RV perturbations by correlating the spectrum with different line masks, i.e., 
selecting lines of different depths. These approaches can be tested and optimized by using the 
HARPS-N spectra taken during Kepler follow-up program on late-type stars, without requiring 
dedicated observations, and shall lead to a better exploitation of the HARPS data themselves. Note 
that the use of HARPS-N is necessary to reach a precision of the order of 1 m/s and guarantee the 
long-term stability required by these kind of studies that must be extended on timescales 
comparable to the stellar activity cycles, i.e., several years.  

 
The development of methods to correct for activity-induced RV variations will allows us to start 
unbiased searches for Neptune and super-Earth close-in planets around young main-sequence stars 
which have generally been discarded so far, owing to their remarkable activity-induced RV 
fluctuations (cf., e.g., Frasca et al. 2010, A&A, in press, arXiv:1005.0564). The discovery of planets 
around pre-main-sequence and young main-sequence stars will allow us to test models for planetary 
system formation and joint star-planet evolution. The population of planets in open clusters will be 
much better characterized through the study of samples at different, well-defined ages, also 
understanding environmental effects on planetary system formation and evolution (e.g, Penz & 
Micela 2008, A&A 479, 579; Sanz-Forcada et al. 2010, A&A, 511, L8). Limiting our sample to 
stars brighter than V ~12, 20-30 targets of spectral types from K to M can be monitored in the 
Hyades (age » 700 Myr) and Pleiades (» 130 Myr), and possibly in the young Taurus association  
(» 3 Myr). A large program of 100 nights in 5 years, to be performed with HARPS-N, will allow us 
to detect 3-4 hot Jupiters and 10-15 Neptune and super-Earth planets, several of which are expected 
to be found in multiple systems, according to the statistics based on present observations of older, 
low-activity stars (cf., e.g., Mayor et al. 2009, A&A 493, 639; Bouchy et al. 2009, A&A 496, 527).  
 
Among late-type main-sequence stars, dwarfs of the M spectral type are of particular interest as 
discussed in the specific section. Here we note that correcting for activity-induced RV oscillations 
is mandatory to find and characterize Earth-like planets around them. 
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3.5 Synergy with SPHERE and EPICS 
Direct imaging is a very promising technique for planets detection and characterization. Up to now 
only a few planets in very favorable conditions (i.e. very large separation, very young age, low mass  
central star) have been detected, but the discovery space is expected to increase significantly within 
a couple of years with new generation planet-finder instruments, like SPHERE at VLT and GPI at 
Gemini, starting operation. 

INAF has a relevant role in the SPHERE project: responsibility for the IFS instrument (one of the 
three fed by the extreme adaptive optics module, and the most promising in terms of planet 
detection at small separation), responsibility for the instrument software of the whole instrument, 
leading role in the preparation of the GTO Survey (260 VLT nights). The involved INAF institutes 
are Padova, Catania, Napoli and Milano. SPHERE Consortium includes LAOG (PI), MPIA, LAM, 
ONERA, LESIA, INAF, ETH-Zurich, Obs, Geneve, LUAN, ASTRON, UvA, ESO.  SPHERE 
science operations will start in 2012. 

In general masses of planets detected by direct imaging can only be derived by comparison with 
theoretical models, which are highly uncertain especially at young ages.  Therefore, the 
determination of dynamical masses for even a subset of planets detected by direct imaging would be 
of high relevance, providing a direct calibration of models. While we do not expect that current or 
near-future instrumentation will have the capabilities of dynamical determination for planets at tens 
of AU, SPHERE inner working angle extends close enough to the central star (0.15 arcsec) to allow 
detection of planets in the 3-10 AU range, for which astrometric and radial velocity follow-up is 
feasible (Figure 1). The combination of the Southern location of SPHERE coupled with the need of 
orbital period shorter than about a decade limit the expected number of targets for dynamical mass 
determination that will be observable with HARPS-N to a few (likely of the order of  5). 

Furthermore, an additional follow-up that should be attempted with HARPS-N for all SPHERE 
planet hosts observable with TNG is the search for close-in planets, in order to achieve a complete 
view of the planetary system. Indeed, some theoretical models show that planets in wide orbits 
might be the outcomes of gravitational interaction. In this case, planets at small separations are also 
to be expected (Jumping Jupiter scenario developed by F. Marzari, Uni. PD, and collaborators). 

Finally, HARPS spectra can also be used to refine the stellar characterization (Italian team working 
on the SPHERE survey preparation is already using HARPS-S spectra for this purpose). 

HARPS-N is well suited to this program. The first goal requires a good instrumental stability on 
timescales of several years. For all targets, the presence of significant activity jitter (most of the 
SPHERE targets are younger than 500 Myr) makes the inclusion of activity indicators and the 
possibility of performing high-quality line bisector measurements mandatory for a proper 
disentangling of activity and Keplerian RV variations. HARPS-N fulfils all these requirements. 

We can expect to observe about 5 stars with planets detected by SPHERE for timescales of at least 
5 years, and additional 10-15 stars for at least 2 years, starting from 2012. The time distribution 
depends on the epoch of planet discovery with SPHERE. Each target will require RV monitoring, 
with about 20 exposures/year. The total time when observing 20 targets is about 6 nights/year. 

INAF scientists have a key role on SPHERE target selection. HARPS-N will put our community in 
a leading position also for the characterization of the planetary systems, including planets in close 
and wide orbits. The RV follow-up of stars with planets in wide orbits will represent an important 
test for the Jumping Jupiter scenario, first developed by Italian scientists (Weidenschilling & 
Marzari 1996, Nat 384, 619). The team has already significant expertise in the disentangling of 
Keplerian vs activity RV signal (e.g. Martinez Fiorenzano et al. 2005 A&A 442, 775). The 
availability of photometric rotational period of SPHERE targets, derived by us (Messina et al. 2010, 
A&A, in press, arXiv 1004.1959) will also help in the identification of Keplerian signals. 
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INAF is also involved in the design of EPICS, the direct imaging Planet Finder of E-ELT. The 
much better sensitivity and inner working angles will open access to direct detection of old mature 
giant planets, Neptunes and even rocky planets. The synergy with the RV technique is very large, 
with overlap of the detection spaces down to rocky planets (Figure 2). 

If still in operation at TNG at the time when EPICS will be built (>2020), HARPS-N could 
contribute to the RV follow-up. In any case, the RV search for low mass planets (see Sec. 3.2) can 
provide interesting candidates for direct imaging and the expertise gained with HARPS-N will be 
exploited with the use of ESPRESSO and CODEX, that are expected to be the main RV follow-up 
instruments for EPICS planets. 

 
  
Figure 1: RV semi-amplitude vs orbital period for planets that can detected by SPHERE around a 
sample of real targets. Overplotted approximated detection limits for HARPS-S, ESPRESSO and 
CODEX (from Bonavita 2010, PhD thesis). 

 
 
Figure 2: RV semi-amplitude vs orbital period for planets that can detected by EPICS around a 
sample of real targets. Overplotted approximated detection limits for HARPS-S, ESPRESSO and 
CODEX (from Bonavita 2010, PhD thesis). 
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3.6 Synergy with GAIA 

3.6.1 The Gaia mission 

The Gaia all-sky survey, due to launch in Nov 2012, will determine positions, proper motions, and 
parallaxes for all objects, with end-of-mission precision between 7 µas (at V = 8 mag) and 200 µas 
(at V = 20 mag) for all point sources in the range V=6-20 mag, approximately 1.5 109 objects. Gaia 
astrometry is complemented by on-board spectrophotometry and (partial) radial velocity 
information (see Lattanzi and Sozzetti, 2010 and references therein). The broad range of crucial 
issues in astrophysics that can be addressed by the Gaia data is summarized by e.g., Perryman et al. 
(2001, see also http://www.oato.inaf.it/astrometry/Gaia_Italia/index.html). As for the Gaia impact 
on the astrophysics of planetary systems, see Casertano et al. (2008), or Sozzetti (2010) when seen 
as a complement to other techniques for planet detection and characterization. 

3.6.2 The Gaia potential  

Casertano et al. (2008) have shown how Gaia's main strength will be its ability to measure 
astrometrically actual masses and orbital parameters for possibly thousands of giant planets, and to 
determine the degree of co-planarity in possibly hundreds of multiple-planet systems. Its useful 
horizon for planet detection, encompassing ~ 3x105 stars brighter than V=13 (which sets the limit 
for HARPS-N best performance), extends as far as the nearest star-forming regions (e.g., Taurus at 
d ~ 140 pc) for systems with massive giant planets (Mp ~ 2-3 MJ) on 1 < a < 4 AU orbits around 
solar-type hosts, and out to d ~ 30 pc for Saturn-mass planets with similar orbital semi-major axes 
around late-type stars (see Figure 1).  

In summary, Gaia holds promise for crucial contributions to many aspects of planetary systems 
astrophysics, in combination with present-day and future extrasolar planet search programs. For 
example, the Gaia data, over the next decade, will allow us to a) significantly refine our 
understanding of the statistical properties of extrasolar planets, b) carry out crucial tests of 
theoretical models of gas giant planet formation and migration, c) achieve key improvements in our 
comprehension of important aspects of the formation and dynamical evolution of multiple-planet 
systems, d) provide important contributions to the understanding of direct detections of giant 
extrasolar planets, and e) collect essential supplementary information for the optimization of the 
target lists of present and future observatories (e.g., MEarth, JWST, and TPF/Darwin) aiming at the 
detection and spectroscopic characterization of terrestrial, habitable planets in the vicinity of the 
Sun; in particular, for the reservoir of several thousands of early to mid M dwarfs within 30-40 pc, 
Gaia will determine distances to 0.04%, and will screen then for planetary systems with component 
masses as low as that of Neptune within a few AU’s.  Such precise distances will also help to 
accurately recalibrate low mass star models, which is in turn crucial for determining radii and 
masses of their planetary systems detected via transit photometry.  

3.6.3 HARPS-N/Gaia connection 

Gaia’s large estimated number of astrometric orbits of giant planets (several thousands) will require 
ground-based radial velocity follow-up observations both at visual and infrared wavelengths, 
depending on target colour, from both hemispheres. Follow-up programs of Gaia sources with 
detected planets will entail their long-term monitoring (10-15 years) with a four-fold aim: to 
improve the phase coverage, to look for short period companions, to look for low-mass 
components, and to improve the characterization of multiple planet systems. In order to achieve 
these objectives, radial velocity precision from 10 m/s to better than 1 m/s is required. In the 
Northern hemisphere HARPS-N is the only ultra-stable spectrograph that can guarantee such a 
performance.  
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Figure 1. Exoplanets discovery space for the astrometric, Doppler, and transit techniques. Detectability 
curves are defined on the basis of a 3sigma criterion for signal detection. The upper and lower blue curves 
are for Gaia astrometry with � A= 10 µas, assuming a 1MSUN G dwarf primary at 200 pc and a 0,4MSUN M 
dwarf at 25 pc, respectively.  The survey duration is set to 5 yr. The radial velocity curves (red lines) assume 
� RV = 3 m/s (upper curve) and � RV = 1 m/s (lower curve), M* = 1MSUN, and a 10 yr survey duration.  
For visible-light transit photometry (green curves), the assumptions are � V = 5x10-3 mag (upper curve)  
and � V = 1x10-5 mag (lower curve), S/N = 9, M* = 1 MSUN, R* = 1 RSUN, uniform and dense (�  1000 
datapoints of the phase-folded light curve) sampling. Pink dots indicate the inventory of Doppler-detected 
exoplanets as of April 2010. Transiting systems are shown as light-blue filled diamonds, while the red 
hexagons are planets detected by microlensing. Solar System planets are also shown, as green pentagons. 
The small yellow dots represent a theoretical distribution of masses and final orbital semi-major axes from 
Ida & Lin (2008). 
 

3.6.4 Sample Programs in Preparation for / as Follow-Up of Gaia Detections 

A few scientific rewarding reference programs can be assembled following the prescriptions 
sketched above, although anticipating the number of possible targets it is usually not simple. A) 
Kepler targets in common with Gaia within the magnitude range 9<V<13: specifically, monitoring 
of lists of confirmed multiple systems. B) Short-period, low-mass planets around low-mass stars 
within 25 pc in search of hot planets. C) Short-period, low-mass planets around metal-poor stars 
within 200 pc): long-term follow-up of a well defined sub-sample of planetary systems discovered 
by Gaia. As for Program A, it seems that there is little or no activity within the Kepler Consortium 
on such a program; therefore it could be configured as the Italian contribution to fine tuning the 
GTO list of the HARPS-N Consortium. It is difficult to estimate the number of targets, while 
precision and number of telescope nights would have to rely upon the analysis of Kepler’s 
discoveries. An initiative similar to Program B is being implemented by the California group but no 
one in Europe. It would call for precisions of 5m/sec and, approximately, 12 observing epochs over 
2 weeks campaigns for an estimated 3 hours of telescope time/target (counting 15 min per 
observation at V=12). Program C bears a significant load in planet formation theory as recent 
calculations predict the presence of low mass planets around metal poor stars. Reliable metallicities 
and accurate theory predictions (if available) are probably the key here for defining a suitable 
sample and allow a monitoring campaign which could initially proceed at moderate accuracies (say 
10 m/sec).       
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As said in previous sections, the thousands of new systems discovered by Gaia around bright stars 
would by itself require the long-term operation of dedicated visible/IR high-precision spectrographs 
at 4m-class telescopes. A program of type D would be the typical Gaia-derived follow-up observing 
plan; it would attempt at balancing most rewarding science with telescope usage. For example, one 
of such programs could be dedicated to detail/uncover the multi-planet nature of the Gaia 
discoveries by sampling short periods, feasible at moderate precision (10-30 m/sec), and periods 
beyond 5 years (1 m/sec), the most demanding requiring top performances over ten-fifteen years. A 
monitoring program like this could be proposed as an early data release Gaia science program, 
taking advantage of the first planetary detections that the satellite will uncover after about two years 
into the mission for the brightest and closest stars across the HR diagram. 

3.6.5 Requested observing time 

We consider the time required to observe the certified Gaia's discovered multiples. Let us assume 
100 targets, to be observed for 10 years [minimum] monitoring starting from 2015. 
We may consider three different observing strategies at HARPS: 
Strategy 1) 12-15 observations/2 weeks at 5 m/sec, 10 min/each --> 2.5 h/target --> 250 hr, that is 
25 nights per 1 year, with the purpose of recovering short period planets. 
Strategy 2) a few, say 6 (3) (Gaia average 80 observation over 5 years), per year at 5 m/sec --> 10 
nights/year for 10 years ---> 100 nights, with the purpose of consolidating Gaia’s discoveries. 
Strategy 3) 10 observations per year at 1 m/sec --> 10 hours, i.e., 1 night per target per year, that is 
a total of 100 nights / years for 10 years, total of 1000 nights, with the purpose of mapping and 
discovering planets on larger orbits. [Note, this strategy could also accommodate samples of the 
other Gaia-s related programs as discussed in the Gaia section.] 

3.6.6 Experience and outlook 

The Italian team involved in the processing of Gaia data on exoplanets has decade-long experience 
in the determination of precise stellar radial velocities (with Keck/HIRES), and it has relevant 
expertise in the art of combining synthetic radial-velocity and astrometric datasets on exoplanets.  

Also, Italian astronomers lead the extra-solar planet working group of the GREAT ESF 
infrastructure (http://www.ast.cam.ac.uk/GREAT/index.html), a 5-year initiative attempting to 
organize, among other actions, follow-up programs for the Gaia discoveries. 

It is clear that any connection with the Gaia mission calls for a long term, 10 to 15 years, operation 
of a facility like the HARPS-N spectrograph. If made available at the TNG this would open the 
possibility for the Italian community to maintain long-term leadership in the exoplanet science 
related to Gaia.  

3.6.7 References: 

Casertano, S., Lattanzi, M.G., Sozzetti, A., et al. 2008, A&A, 482, 699 
Lattanzi, M.G., Sozzetti, A., 2010, ASP Conf. Ser., "Pathways Towards Habitable Planets", 
Barcelona (14-18 Sep 2009), in press 
Perryman, M.A.C., et al. 2001, A&A, 369, 339 
Sozzetti, A. 2010, EAS Publications Series, 42, 55 
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3.7 PLATO follow up 

3.7.1 Introduction 

PLATO (PLAnetary Transits and stellar Oscillations) is a medium class mission approved by ESA 
for the definition phase within the Cosmic Vision Program. The final selection of the Cosmic 
Vision medium class missions is foreseen for the second half of 2011. Present information is that 
two out of the three presently running missions will be selected. The PLATO launch in foreseen for 
2017-2018. 

PLATO is the next generation planetary transit experiment; its objective is to characterize 
exoplanets and their host stars in the solar neighborhood. While it builds on the heritage from 
CoRoT and Kepler, the major breakthrough to be achieved by PLATO will come from its strong 
focus on bright dwarfs/subgiants with spectral type later than F5 (~20000 targets with mV� 11 
monitored for 2/3 years). The PLATO targets will also include a large number of very bright and 
nearby stars (1000 dwarfs/subgiants with spectral type later than F5 and with mV� 8 monitored for 
2/3 years, plus 3000 dwarfs/subgiants with spectral type later than F5 and with mV� 8 monitored for 
~5 months), of particular relevance for next generation planet characterization instruments. 

The prime science goals of PLATO are: 

- The detection and characterization of exoplanetary systems of all kinds, including both the planets 
and their host stars, reaching down to small, terrestrial planets in the habitable zone; 

- The identification of suitable targets for future, more detailed characterization, including a 
spectroscopic search for biomarkers in nearby habitable exoplanets. 

These ambitious goals will be reached by ultra-high precision, long (few years), uninterrupted 
photometric monitoring in the visible band of very large samples of (pre-selected, low activity) 
bright stars, which can only be done from space. The resulting high quality light curves will be used 
on the one hand to detect planetary transits, as well as to measure their characteristics, and on the 
other hand to provide a seismic analysis of the host stars of the detected planets, from which precise 
measurements of their radii, masses, and ages will be derived.  

3.7.2 Ground-based follow-up 

The prime science product of PLATO consists in a sample of fully characterized planets of various 
masses, sizes, temperatures, and ages, with a special emphasis on terrestrial planets in the habitable 
zone of their parent stars. To reach this ambitious goal, in addition to the space-based photometric 
transit detections and asteroseismic characterization, a ground-based support is absolutely required, 
mostly for candidate planetary system follow-up. 

The role of the follow-up is multiple. We first need to discard false positive configurations 
leading to photometric signatures similar to the ones induced by planetary transits. Then, 
complementary observations provide information on the planet properties not available from the 
light curves, the most important among them being the planet mass derived from radial 
velocities.  

False positives related to stellar diluted blends will usually not display large radial velocity 
variations. Due to the PLATO large pixel size on the sky, the situation will appear often. It is thus 
important to point out these cases before spending expensive time on large telescopes. Many cases 
will be discarded from the light curve analysis (shape of the transit curve), from correlations 
between light curve and centroid curve from PLATO data alone, from moderate-precision 
spectroscopic observations (variation of the shape of spectral lines through bisector measurements). 
For the remaining cases, it will be checked that the low depth transit is not due to a deeper eclipse 
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of a fainter star very close to the primary target. This can be achieved at higher spatial resolution, 
high photometric precision checking for transits on the neighboring stars.  

The radial velocity follow-up coupled with the high-angular confirmation that the transit is indeed 
taking place on the primary target should be sufficient to safely characterize the planet candidates. 

Due to the number of expected PLATO candidates, a systematic observation of all detected transits 
with large telescopes will be unfeasible and an optimized follow-up scheme has to be organized. In 
practice for the characterization follow-up, a multi-step approach going from moderate- to high-
precision instruments is already successfully used in most of the on-going surveys. It will also 
nicely apply to PLATO candidates. Briefly: 

1) The candidate list has to be cleaned as much as possible from false positives by diagnoses 
applied directly on the high-precision PLATO light curves, as described above. 

2) Small telescopes will be used for a first screening of the remaining transit candidates, rapidly 
discarding unrecognized binaries from the list. As PLATO prime targets consist in bright stars, 
instruments similar to FEROS on the ESO 2.2-m telescope or CORALIE on the 1.2m Swiss 
telescope at La Silla will be perfectly suited for this part of the follow-up. Moreover, such 
instruments will easily be able to fully characterize most of the giant planets. 

3) Given that the host star’s brightness and activity level will define the expected ultimately 
achievable radial velocity precision, this will dictate which telescope+spectrograph facility has to be 
used for the planet characterization. 

3.7.3 Specific role of HARPS 

The main aspect of the ground-based follow-up of PLATO transit candidates will reside in the basic 
planet characterization through radial velocity measurements. 

The large field of view covered by PLATO (up to ~50% of the entire sky by the end of the mission) 
implies that both southern and northern hemisphere instruments for accurate radial velocity follow-
up will be needed. Consequently, both HARPS on the ESO 3.6-m telescope at La Silla and HARPS-
N will be used. They will be the working horses for the radial velocity follow-up of PLATO 
exoplanet candidates: 

1) ESO HARPS and HARPS-N will be the basic instruments for follow-ups of the most active 
part of the sample, including planets with masses down to the super-Earth regime not too far 
from their central stars, and, for M dwarfs, even Earth-size planets in their habitable zones. 
The exciting results obtained with ESO HARPS have shown that a sub 1 m/s (down to 30 
cm/s) can be reached on a V=7 K dwarf in 1 min exposure. This means a 1 m/s precision on 
a V=13 dwarf in ~4 hours of exposure, allowing radial velocity follow-up down to super-
Earths masses for all PLATO candidates.  

2) The improved capabilities of HARPS-N allow us to foresee that follow-ups down to Earth 
masses will be feasible for exoplanet candidates around all stars in the brightest (V<8), most 
interesting PLATO target sample, leaving only the most demanding low, long-period planets 
around fainter stars to the best possible radial velocity precision that should be available 
with ESPRESSO on the VLT and CODEX at ELT. 

The couple PLATO+HARPS-N will get a significant sample of fully characterized planetary 
systems (precise masses, ages, radii, orbits) thus allowing studies on planetary population, mass 
function and formation with unprecedented accuracy. HARPS-N will therefore be a crucial 
instrument for the delivery of the PLATO L2 data and it could be heavily dedicated to this project 
after 2018. 
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3.8 Planets around evolved stars 
To date more than 300 extrasolar planets have been discovered around other stars than our Sun, 
mostly via the radial velocity (RV) method. Is spite of the large observational effort, these surveys 
are giving us a biased view of the process of planet formation. Indeed, just 10 per cent of these 
planets orbit stars with masses larger than 1.25 MSun. Our knowledge about the formation of planets 
as a function of the most important stellar parameter - the mass - is therefore very limited.  The lack 
of observations for higher masses is mainly due to the difficulties of detecting RV variation in 
early-type stars, for which there are very few spectral lines, and often broadened by the 
rotational velocity. 

An interesting alternative to better cover the interval of higher masses, is to use their progeny, i.e. 
the G-K giants. They are cooler (more lines) and rotate slowly (narrow lines), resulting in excellent 
RV measurements. There are a few disadvantages in using these stars too, like the intrinsic 
variability due to pulsations and/or surface structures, their large radii that imply shorter-period 
planets (P<20 days) to have been swallowed, and the large rotation periods which can be of the 
same order than those of the expected planets.  Nonetheless, all these problems can be addressed via 
high precision RV measurements (sigma<5 m/s) obtained with a good sampling (observing runs 
every 2-3 months, the orbital periods are indeed rather long because of the very large radius of giant 
stars). Examples of successful observational campaigns are those pursued with the FEROS and 
HARPS spectrographs at ESO, and at the Thuringer Landsternwarte Tautenburg, which have so far 
discovered more than half of the ~35 known exoplanets candidates around giant stars. 

What stands out clearly from these surveys is that: 
1- Giant planets around giants are fairly common (at least 15 %). This is higher than the frequency 
of ~5% for solar-type Main sequence stars. 
2- Planets around giant stars do not favour metal-rich stars (Pasquini et al. 2007). This is in contrast 
to planet-hosting solar-type main sequence stars which tend to be metal-rich. 
3- Planets around giants have periods larger than 150 days. 
4- Inner planets with orbital semi-major axes a<0.7 AU are not present. 
5- Planets around giants have big masses, in the range 3-10 MJup, as opposed to the planets found 
around man sequence stars. 

Of course some of these trends can be caused by observational or physical biases. But anyway what 
is emerging is that planets around giants (and presumably more massive stars) show a number of 
properties which are different from those found around solar-type main sequence stars. This is 
shown in a striking way by Fig.1, which compares the observed fraction of giants with planets, as a 
function of mass and metallicity distributions, with those expected from the scaling laws derived in 
the past from dwarfs. These distributions are highly discrepant. 

The implications of these observations to the theory of planet formation, migration, and basic 
scaling laws for planet properties, are still not clear, although in this moment they favour scenarios 
in which the enhanced metallicity of planet-hosting dwarfs is caused by the infall of the metal-rich 
debris of the planetary system (Pasquini et al. 2007, A&A 473, 979) -- as opposed to the popular 
"core accretion scenario" of planet formation. 

The obvious target for the near future is to expand the sample of planets observed around giants, in 
order to derive new scaling laws directly from the giant data. Moreover, a good control of all the 
possible biases is required. HARPS at ESO-La Silla has revealed to be an excellent instrument for 
this kind of investigation, providing planet discoveries much quicker than the FEROS and TLS 
surveys. For these reasons, there is strong interest in the installation of HARPS-N at TNG. The 
experience with HARPS at ESO-La Silla tells us that to double the number of exoplanets 
discovered around giant stars, it is enough to monitor a number of about 300 giants for 2-3 years, 
with observations 4 to 5 times a year. In order to derive precise stellar parameters stars with 
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excellent parallax measurements must be observed (typical error < 10%). This implies that the 
sample is composed by relatively nearby giants, and, in turn, that all our targets are relatively bright, 
typically they belong to the bright star catalogue (V<6.5). As a reference, with HARPS up to ~70 
bright stars/night can be observed, which makes the total number of nights requested for such a 
program of up to 20-25/yr. The main outcome will be a very robust determination of the scaling 
laws of planet frequency with star metallicity and Mass as well as a unique input to the theory of 
planet formation. 

 
Figure 1. Top panels: The observed fraction of stars hosting planets, as a function of metallicity 
and mass, for the present sample of giants (red continuous line). The dark continuous line indicates 
the expected fraction as derived from 3 different scaling relations derived from dwarfs, together 
with their 68% (dark gray) and 95% (light gray) confidence levels. The discrepancies are well 
evident. The bottom panels indicate the numbers of giants observed in each mass and metallicity 
bin.  (Figure taken from Doellinger et al, in preparation). 
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3.9 Planets around M-stars 
Late type stars are privileged targets for planet searches since their low intrinsic luminosity gives 
the most favourable contrast with the planets. Furthermore the habitable zone (HZ) of dM stars is at 
a few tenth of AU from the star (orbital periods of tens of days), making relatively easy the 
detection of planets in HZ.  
 

 
Figure: Left. Histogram of radial velocity rms for the stars in the high-precision HARPS-S 
subprogram aiming at detecting very low-mass planets. The “large” rms observed in the tail results 
from stellar activity or from still undetected planetary systems. Right. Semi-amplitude of the radial 

velocity variations detected for planets with M < 23MÅ   as a function of their periods. (From Udry 
& Mayor, 2008, ASP Conf. Series, Fischer  et al. eds. 398, 13) 
 
The monitoring of dwarf stars of spectral type M has shown that only 1.5% of them host planetary 
systems with gaseous giants, significantly less than more massive stars, while they host more 

frequently low mass planets (< 25 MÅ). Many dM stars present multiplanetary systems with a 
continuously increasing number of superEarths.  
 
 As an example we report the case of the multi-planetary system GJ 581, a metal poor dM3 star at 
6,3 pc of distance, hosting four Earth-like and super-Earth planets that straddle its habitable zone. 
The characteristics of the planets are reported in the following table. The planet GJ 581d is very 
close to the HZ. 
 

Name Mass  

(MÅ) 

Orbital Period 
(days) 

Orbital Distance 
(AU) 

GJ 581 b 15,7 5,37 0,04 
GJ 581 c 5,4 12,9 0,07 
GJ 581 d 7,1 66,8 0,22 
GJ 581 e 1,94 3,15 0,03 

 
 
This planetary system has been discovered after a four-year monitoring with HARPS-S (Mayor et 
al. 2009, A&A, 507, 487) for a total of 119 observations of 900 sec, while the first planet has been 
discovered after just 20 observations. Other planetary systems have been already discovered around 
dM stars, they are good cases for testing the theories of planetary system formation 
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GJ 581 is a moderately quiet star, in the low 5% magnetic activity bin of dM sample of HARPS-S 
survey, while most of dM stars are in general more active than solar type stars. In many cases (see 
Bonfils et al. 2007 or Forveille et al. 2009), it is difficult to disentangle the presence of a planet 
from spot modulation due to activity and this has prevented the possibility to search for planets 
around (young) active stars with a unavoidable bias of the monitored samples toward (older) quiet 
stars. The possibility to filter the activity signal from the radial velocity curves (see specific section 
on activity of this document) could bring the Italian community on the forefront of the search of 
planets around dM stars. 
 
When Gaia observations (even intermediate data) will be available, we will have a complete volume 
limited sample of dM stars (with the completeness limiting distance depending on spectral sub-
type), that is up to now lacking. Furthermore we will know the distances of the dM0-M4 stars 
within 30-40 pc with a precision of 0.04%.  Such accurate distance will allow recalibrating low 
mass star models, needed for determining star mass and radius. High precision measurements of 
stellar mass translate in high precision planetary masses derived from radial velocity surveys. 
Furthermore for the transiting planets, stellar radii will allow to precisely measure the planetary 
radii that together with the mass will allow determining the average planet density, with high 
precision. The average density determined with such high precision will allow to discriminate the 
structure of planet, distinguishing for example ocean from iron planets. This is particularly 
important for low mass planets where different internal structure corresponds to small differences of 
planetary density. 
 
Furthermore a survey of dM stars with HARPS-N will benefit of the results of the Italian/European 
network. This is organizing a photometric monitoring on long time scale that will provide a very 
suitable sample for radial velocity mass measurements. 
 
Another reason for monitoring a significant sample of dM stars is that they are the best targets for 
follow up atmospheric programs. The atmospheres of transiting planets can be better characterized 
in the infrared band where they emit. Thanks to the more favourable contrast with the host, planets 
around dM stars are the best targets for follow ups of Earths and SuperEarths planets. Indeed NIR 
spectroscopic observations of planets orbiting around dM stars have been identified as the next step 
in the European Roadmap for Exoplanets (report of the Exoplanet Roadmap Advisory Team 
appointed by ESA). This makes dM stars the primary targets of a Thesis-like mission that will be 
proposed to the next Cosmic Vision call to study planetary atmospheres in the Habitable Zones. 
Given the interest of several Italian groups in this kind of space projects, a large program devoted to 
the discovery of super-Earth targets around dM stars with HARPS represents an important 
opportunity for our national exoplanetary community. With about 120 nights in five years, we can 
monitor a sample of 20-25 dM stars in the solar neighbourhood, finding the best targets for 
atmospheric characterization with a Thesis-like mission. Only HARPS has the precision and long-
term stability required for such a kind of program and it is the only instrument with the required 
characteristics that may observe in the northern sky for the next years. 
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3.10 Planets in stellar clusters 
Both open and globular clusters are made (at least as a first approximation) by stars which share a 
common history of formation and evolution, allowing us to estimate their properties (age, mass, 
distance, chemistry) much better than we could on field stars. A planet-hunting survey targeted on 
cluster members would therefore take advantage of a strictly homogenous input sample, and the 
characterization of the discovered planets would be less dependent from the uncertainties upon the 
parameters of the host star. Even more important, clusters give us the great opportunity to 
investigate the poorly-understood links between the planetary formation and survival and the 
surrounding stellar environment. In particular, the dependence of the fraction of planet-hosting stars 
upon metallicity and star density is still in vigorous debate.   

Our group has already started a long term, multi-site observing campaign for the detection of 
planets in two old open clusters: NGC 6791 (Montalto et al. 2007, A&A, 470, 1137, de Marchi et 
al. 2007, A&A, 471, 515) and NGC 6253 (Montalto et al. 2009, A&A, 505, 1129, de Marchi et al. 
2010, A&A 509, 17). For NGC 6253, we also had FLAMES+GIRAFFE@VLTfollow-up 
observations on a sample of candidate transits, and a new, more extended observation campaign 
with HARPS@ESO3.6m is in program, in collaboration with colleagues in Geneva. 

FGK main-sequence dwarfs show narrow spectral lines and low levels of chromospheric activity, 
thus they are the best candidates to perform deep planet searches with the RV method. Planets 
orbiting around those stars have also the advantage of disentangling the effects of the primordial 
environment from the subsequent stellar evolution, but none of them was found in a cluster so far 
(Cochran et al. 2002, AJ, 124, 565). Instead, only a “pulsar planet” in M4 (Thorsett et al. 1993, ApJ, 
412, 33) and two very massive planets in the Hyades and NGC 2423 (Sato et al. 2007, ApJ, 661, 
527; Lovis & Mayor 2007, A&A, 472, 657) were discovered. Open clusters are the most suitable 
targets for a RV campaign, because their closeness let their MS to be reached by spectroscopy; at 
the same time, their metal content and crowding is not as extreme as that of globular clusters. 
HARPS-N, whose RV accuracy is unprecedented in the northern hemisphere, will be able to probe 
a statistically-significant sample of MS cluster stars, allowing us to cast some light on “cluster 
planets” or to put a very stringent upper limit upon their presence. 

The clusters we propose to monitor must be close (m-M < 10) in order to collect a reasonable flux 
from its FGK dwarfs. In addition, they must be not too young (age > 500 Myr) in order to avoid 
high rotational velocities which would limit the achievable RV precision, and they must be rich 
enough in stars in order to have enough candidates. There are many possible candidates we can 
select, as M44, M67, NGC 752. E.g., the Praesepe cluster (=M44, m-M = 6.4, age = 620 Myr, 
[Fe/H] = +0.14) is a very promising candidate. Its low MS stars are well feasible with HARPS-N 
(F5V at V~9.7). M44 contains hundreds of stars whose membership was accurately evaluated in 
many studies (Kraus & Hillenbrand 2007, AJ, 134, 2340). If cluster stars hosting planets are similar 
to field stars, the slightly supersolar metallicity of M44 would imply a ~10% of stars harboring 
giant planets, following the Ascher et al. (arxiv:1005.3084) latest results. Using the HARPS-S ETC 
to compute the S/N as a function of V, we evaluated the RV accuracy achievable with 15-min 
exposures on “quiet” FGK dwarfs (Fig. 1, red line). Then we calculated the RV signal expected 
from a jupiter-mass planet on a 2-year orbit and from an “hot neptune” on a 5-days orbit. Within a 
3-sigma detection threshold, these planets can be identified down to V = 14 (K5) and to V = 11 
(G5), respectively. In summary, with ~20 RV measurements per star (Cumming 2004, MNRAS, 
354, 1165) and without considering the sin(i) projection factor, we would be able to probe the 
parameter space for nearly all massive gaseous giants with short-to-medium periods (<~2 yr), 
though the planets on shorter periods would be detected only by the higher RV scatter, due to 
sampling aliasing. A surveyed sample of about ~60 late-F and G targets, carefully selected by their 
proven membership and low v sin(i), is expected to output at least ~4 giant planets. For the first 
time an RV survey will be able to search for Neptune-mass planets in clusters, until now an 
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unexplored territory. The discovery of brown dwarfs and the study of abundances and 
chromospheric activity can also yield interesting results, as shown by Paulson et al. (2002, AJ, 124, 
572). 

This research project requires about ~300 hours of HARPS-N net observing time, made by 20x15-
min exposures for each of the 60 targets. The measurements have to be distributed at least on 3 
years to improve the sensitivity to long-period giants. The first HARPS spectra will be used to fully 
characterize the sample and, if necessary, to discard unsuitable targets or to increase the observing 
time sampling for stars which show promising RV trends. 
 

 

Fig. 1. The HARPS-N RV accuracy for 15-min exposures (red line) and the expected 
RV signal due to a P=2yr Jupiter (green line) and to a P=5d Neptune (blue line), 
evaluated along the magnitude range corresponding to the lower main sequence of 
M44. The RV signals are shown with a bold line when they lie within a 3-sigma 
detection threshold.  
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4. Scientific programs – Asteroseismology 

4.1 General 
Background: Asteroseismology, the study of stellar oscillations, represents the only way to directly 
probe the internal structure of stars and significantly improve our understanding of stellar evolution. 
This will help us in solving well-known problems such as, e.g. the extension of the convective core 
in intermediate-mass stars, with an important impact on stellar models and, in turn, on stellar 
population synthesis models which are used to interpret the light coming from galaxies at 
cosmological distances.   
The advent of space missions such as MOST, CoRoT and KEPLER made it possible to obtain 
photometric observations of unprecedented quality for all kind of pulsating stars, significantly 
enlarging the number of observed frequencies of oscillation.  
A crucial aspect of asteroseismology is to know what kind of modes is active in the stars and to 
assign the spherical wave numbers (l, m) to each mode, i.e. mode identification. This task is of 
paramount importance for any asteroseismic analysis, and must be done in a reliable way in order to 
compare the observed frequencies to those predicted by stellar interior models. The best way to this 
goal is the use of line-profile variations, sensible to high degree modes (see e.g. Aerts et al 2010 
“Asteroseismology” Springer). This technique requires high-resolution spectroscopy, high S/N and 
short exposure times. These performances can be easily achieved by  HARPS on a 4m-class 
telescope down to magnitudes as faint as V=9-10 mag.  Hence, HARPS-N would be the only 
instrument in the northern hemisphere capable to ensure this fundamental kind of Follow-Up 
observations for a variety of KEPLER asteroseismic targets. 
It is important to note that a similar project devoted to CoRoT asteroseismic targets is already in 
progress, since a few years, in the context of three approved ESO large programs: 1) LP178.D-0256 
with FEROS@ 2.2m : 60 nights in 4 semesters; 2) LP182.D-0365 with HARPS@3.6m:   45 nights 
in 3 semesters; 3) LP185.D-0056 with  HARPS@3.6m : 90 nights in 6 semesters (started on June 
2010). These three projects were led by Ennio Poretti (INAF-OA Brera). Some results coming from 
these data are illustrated in Fig. 1 for the �  Sct star HD 50870 (see also Poretti et al. 2009, A&A, 
506, 85). The approval by ESO with the assignment of such a large number of nights of 
observations with HARPS@3.6m to this science, clearly testifies the soundness of the proposed 
project.   
 
Aims: We propose to observe 5 KEPLER asteroseismic targets per year. The targets will be 
selected among the class of variables studied since long time ago by the Italian community (e.g. �  
Sct, �  Dor and Hybrid �  Sct-�  Dor, etc.) and investigated photometrically by KEPLER. The 
proposed observations will allow us to: 1) identify a significant number of pulsation modes; 2) 
determine with high precision the stellar parameter (Teff, log g, and chemical composition) of the 
target stars. This information will eventually be used to compare observed and theoretical pulsation 
properties of the investigated stars to infer the stellar internal structure.   
 
Required number of nights: The KEPLER targets of interest have magnitude V in the range 8-9 
mag. At this level, on the basis of previous experiences with HARPS@3.6m, we know that 
exposure times of about 20 m are sufficient to get the S/N needed to study line-profile variations. 
Similarly, about 40 phase points per star are enough to identify a significant number of pulsating 
modes.  Hence, to study 5 stars we need: [40 (phase points)x 20m]x5 (stars)~67 h, equivalent to 
about 10 (summer) nights per year. We note that at TNG, the KEPLER FOV is visible for a 
significant number of nights from  May to September, hence our observations would not necessarily 
be concentrated in June or July.       
 
Expertise:   
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As mentioned before, the group in Brera has a wide experience with HARPS@3.6m data, 
developed within the framework of the CoRoT mission. Several runs of observations of a great 
numbers of different asteroseismological targets were performed and a semi-automated reduction 
pipeline was written in order to reduce and normalize the data, which were later sent to many 
groups in the CoRoT community. The Brera pipeline requires the intermediate outputs from the 
standard HARPS pipeline, and it leads to a better study the line profile variations, improving the 
correction by the blaze function and allowing a easier normalization. Other researchers in our 
community (e.g. in Padova, Catania, Naples) have widely used SARG@TNG during the 
asteroseismological campaigns focused on the Subgiant stars Procyon (in 2001, see Claudi et al. 
2005, A&A 429,17, Leccia et al. 2007, A&A 464,1059 and in 2008 in the framework of a multisite 
campaign, see Arentoft et al. 2008, ApJ 687,1180 and Bedding et al. 2010, ApJ 713,935) and mu 
Herculis (in 2006, see Bonanno et al. 2008, ApJ 676,1248). Thanks to those data it was possible to 
derive very precise radial velocities time-series using the Iodine cell technique, and to fix some 
constraints to the structure of these stars using their oscillation frequencies. 
 

 
Figure 1. Left panel: example of line profile variation in the case of the delta scuti stars HD 50870. 
Right: final mode identification for the same star (in red retrograde modes). Data are from 
HARPS@3.6 ESO. 
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4.2 Stars with planets 
The mass of an exoplanet may be accurately determined only if the stellar mass is known with high 
accuracy. Furthermore the understanding of exoplanetary system evolution requires an estimate of 
their ages, which can only be determined by a measurement of the age of their central stars.  It is 
therefore crucial to take into account an accurate determination of stellar parameters to better 
constrain the input for planetary system evolution modelling. For bright stars, asteroseismology is 
able to tell us the age and mass of the star in an independent way and with higher precision than 
available with other methods.  Classical methods used for the determination of masses and ages of 
stars rely on a comparison of the star’s location in the HR diagram with theoretical evolutionary 
tracks. Unfortunately, this method has severe limitations, most importantly linked to uncertainties in 
the calculation of theoretical tracks, in particular due to poor knowledge of internal metal mixture of 
stars. Moreover, stellar ages on the main sequence remain essentially unconstrained.  Seismic 
analysis is this much needed method and it basically relies on the measurements of the oscillation 
frequencies of the central stars of exoplanet host stars.  
 
The oscillation frequencies of a star are determined by its structure; hence, from an observed set of 
frequencies, we can infer properties of the structure of the star. The oscillation modes of solar-like 
stars are acoustic waves trapped inside the star, and are governed by the sound speed cI and density 
� I throughout the star. The eigenfrequencies � n,� ,m are described by 3 “quantum numbers” (n,� ,m), 
where n is the radial order and � , m the latitudinal degree and � zimuthal order of the spherical 
harmonic Y� ,m(� , 	 ) representation of the geometry of the mode. 
 
 The power spectra exhibit an almost equal spacing between the large peaks; these are usually 
described in terms of separations such as the large separations � �  = � n,�  � � n�1, �  between modes of 
the same degree �  and adjacent n values and the small separations, e.g. d02 = � n,0 � � n�1,2  between 
the narrowly separated peaks corresponding to modes �  = 0, 2. Additionally we have the small 
separations d01 = � n,0 � ( � n�1,1  + � n,1 )/2) which are particularly valuable when only modes of degree 
�  = 0, 1 can be reliably determined. These separations provide diagnostic information on the star’s 
structure. The large separations give an estimate of the star’s acoustic radius which is related to the 
stellar mean density, while the small separations such as d01 , d02 give diagnostics of the interior 
structure. Periodic modulations in these separations give diagnostics of the location of the 
boundaries of convective cores and envelopes. About the age determination,  Metcalfe et al. (2009, 
ApJ 699, 373) estimated that with half a dozen surface-corrected frequencies available at each of �  
= 0 and �  = 1, it becomes possible to constrain the model-dependent masses to 3%, and the 
corresponding ages that the star has spent on the main sequence to 5%. 
 
The feasibility of this approach has already been demonstrated in the cases of Tau Cet and Beta 
Hyi, both observed with HARPS-ESO.  Teixeira er al. (2009, A&A 494, 237) found a large 
frequency separation of 169µHz in the oscillation spectrum of Tau Cet, and they identified modes 
with degrees 0, 1, 2, and 3 (see Figure, right panel)). In turn, they estimate the mean density of the 
star to an accuracy of 0.45% which, combined with the interferometric radius, gives a mass of 
0.783±0.012M�  (1.6%). Bedding et al. (2007, ApJ 663, 1315) observed the regular comb structure 
both in HARPS spectra and in UCLES spectra (see Figure, left panel) of the nearby G2 subgiant 
star 
  Hyi.  These frequencies allow the identification of 28 oscillation modes. By scaling the large-
frequency separation from the Sun, they measured the mean density of 
  Hyi to an accuracy of 
0.6%. 
 



HARPS-N at TNG  pag. 32/38 

 

 
The two panels in the left part of the Figure allow us to compare the performances of HARPS-ESO 
and UCLES (the high-resolution spectrograph mounted at the Anglo Australian Telescope). Though 
sky conditions should also be considered, it is evident that the higher duty cycle ensured by the 
higher efficiency of HARPS resulted in a much lower noise level  than that of UCLES (to be 
compared in the region delimited by the  pairs of dotted lines). 
 
An immediate possibility offered by HARPS-N mounted at TNG is to extend the asteroseismic 
approach to central stars of planetary systems, discovered by radial velocity surveys. These 
observations require a high duty cycle and the collecting area of TNG ensures the consequent short 
exposure times necessary to reduce the noise level below the expected threshold of detection of 
solar- like oscillations. Indeed, targets from radial velocity surveys are bright enough (V<5) to be 
measured with the requested precision (typically a noise of 2 m/sec per spectrum) in few minutes. 
Fixing an exposure time of 2.0 min  (overheads included) and 1000 spectra to obtain a clear comb-
like frequency spectra, we got  about 33 hours per target, i.e. about 4 nights/target. The stars 
harbouring planetary systems discovered with the radial velocity method display limited activity by 
default, since they have been selected on the basis of this criterion.  Finally, it should be stressed 
that it is a posteriori possible to bin several consecutive spectra to smooth the variability due to 
oscillations and then obtain accurate radial velocities measurements. These data can be used to 
refine the orbit(s) of the known planet(s) and search for others belonging to the same system, i.e., 
they can be fully exploited in a very fruitful way on a different ground. 
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5. Technological issues 
Very high-resolution spectrographs are generally complex and large instruments1. Larger 
telescopes, like ELTs with diameters in the range of 30-42 m, will not be able to provide the same 
spectral resolution if 3-4X larger gratings will be manufactured (really unfeasible), unless 
innovative pupil/image slicing techniques will be developed. For example, these new techniques 
have been adopted in the optical design of ESPRESSO2 for the 16-m equivalent VLT in 4-UT mode 
and of CODEX for the 42-m E-ELT. 
 
These new class of spectrographs are also very demanding in term of instrument stability, in order 
to reach the few cm/sec accuracy in radial velocity measurements over long time periods. This last 
requirement cannot be met if realistic physical models34 of instrumental behavior are built and used 
during both the engineering phase and its operational life. 
 
So far, this new class of instruments has been designed building from previous, successful 
experiences. For example, HARPS ad the ESO3.6m telescope can be considered the most stable 
spectrograph in the world, reaching accuracies of 10 cm/s. However, in order to improve these 
results, a better knowledge of the instrument must be achieved. HARPS-N is a twin instrument of 
the operating HARPS. However improvements have been foreseen and a detailed study of these 
tiny differences can be very productive to improve the predictive power of their physical model. 
 
Being involved in the instrument development phase and the final commissioning phase will give 
us the opportunity to build refined physical instrumental models to be compared with real data. This 
will help in the final design phases of both ESPRESSO and CODEX, where national teams (INAF-
OABrera, INAF-OATrieste) are currently playing a leading role. 
 
Our expertise in designing, building, commissioning, and using high-resolution spectrographs is 
now well recognized worldwide, and should further improve if we will be able to cooperate in this 
project. 

                                                
1 Pilachowski, C., Dekker, H., Hinkle, K., Tull, R., Vogt, S., Walker, D.D., Diego, F., Angel, R., "High-resolution 
Spectrographs for Large Telescope", PASP 107, 983 (1995) 
2 Pasquini, L., et al. "ESPRESSO: a High Resolution Spectrograph for the Combined Coudè Focus of the VLT", ASS 
Proc., ISBN 978-1-4020-9186-6 (2009) 
3 Ballester, P., Rosa, M.R., "Instrument Modelling in Observational Astronomy", ASPC 314, 481 (2004) 
4 Bristow, P., Kerber, F., Rosa, M., Vernet, J., Goldoni, P., Spanò, P., Modigliani, A., "X-shooter physical model", Proc. 
SPIE 7014, 70143X (2008) 
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6. HARPS-N in the context of European 4m telescopes  
The ETSRC (European Telescope Strategic Review Committee) has been set up by Astronet and 
Opticon to identify how Europe’s medium sized telescopes can best contribute to the delivery of the 
Astronet Science Vision (SV), and to propose how the suite of existing telescopes can do so cost 
effectively. The panel has prepared a report that has been approved by Astronet Board in the past 
few months (spring 2010). 

The ETSRC report identifies five major capabilities that should be available at the 2-4m class 
telescopes over the next 10 years, namely (1) wide-field massively-multiplexed spectroscopy, (2) 
optical and near-infrared Echelle spectroscopy,  (3) low-to-intermediate dispersion spectroscopy on 
individual sparse/rare objects, (4) (primarily NIR) wide-field imaging surveys, and (5) optical/NIR 
time domain photometry. In addition, a number of other recommendations have been formulated in 
order to preserve the flexibility that necessarily cannot be guaranteed by larger instruments and 
international organizations. In particular, mid-size telescopes should allow testing novel, risky 
ideas, to try new instruments concepts, to allow hands-on experience of observing for young 
generations of astronomers, and to make a reality Europe-wide collaboration for the construction of 
new instruments also for non-ESO telescopes. 

In order to produce a realistic roadmap the panel surveyed the currently available and the already 
planned instrumentation at 2-4m telescopes and highlighted those capabilities that are incompletely 
met, or not met at all, and that, therefore, entail significant new actions. 

The panel strongly supports the view in which the barriers between the different nationally-run 
telescopes are broken down and all the instrumentation is considered as single suite. In fact, the 
reduction of the number of instruments on each telescope and the elimination of unnecessary 
duplications may lead to an improved efficiency and (some) reduction of operation costs. Moreover, 
it is envisaged that the 2-4m class telescopes in the next decade will mainly carry out surveys or 
large programs (still preserving, anyway, access to PI programs). 

In this scenario it seems highly desirable that all mid-size telescopes are brought together both in 
terms of access (e.g. through a common TAC) and operations. Assuming that this model will be 
accepted and implemented, the panel presented a possible, simplified suite of instruments that 
should be available to achieve the SV goals. In a first phase, to be accomplished within the next 2-3 
years, a rationalization of the already existing instrumentation should warranty the required 
capabilities with moderate changes and investments; in a second phase (2015+) some further 
reorganization is envisaged along with upgrading and new additions. 

In this scenario ETSRC proposed that TNG should concentrate mainly on low-res optical-NIR 
spectroscopy and imaging. In the 2012-2015 period, TNG was suggested to operate Dolores+NICS, 
implementing some form of Rapid-Response mode, in addition to an improved-efficiency ToO 
mode. SARG also should continue to be offered along with Giano, the NIR (R~30000) spectrograph 
in construction at Arcetri. In the longer term (2015+) was proposed that the aging Dolores and 
NICS be replaced with a new instrument able to perform optical and NIR low-res spectroscopy in a 
single shot (a “Son-of-X-Shooter”). 

With the information available at the moment of writing Harps-N was considered as a private-
access instrument, operated for 5yr at the WHT. In the long term (2015+) WHT was considered 
also for the operation of a massively-multiplexed Wide Field Spectrograph (TBD). 

It appears now possible that Harps-N is installed at TNG and that INAF enters the consortium for 
its construction and operation. The simultaneous presence of Harps-N and Giano might configure 
TNG as almost entirely dedicated to high-resolution spectroscopy. In any case, the number of nights 
available for Dolores and NICS, currently the most productive TNG instruments, will be drastically 
reduced, leaving the Italian community orphan of the access to low/intermediate-resolution 
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spectroscopy and imaging in the northern hemisphere (in perspective, only with the share of LBT). 
This clearly is a major drawback to the Harps-N affair. 

On the other hand, provided that the above mentioned, common operation scenario of the European 
4m-class telescopes is implemented soon, the access of the Italian community to low-res 
spectroscopy and imaging at mid-size telescopes might still be guaranteed.  

Indeed, the most competitive Italian programs might successfully be conducted during the 
“European time” at other telescopes of the same class (e.g. WHT or NOT),  while the best, high-
resolution spectroscopy programs by other researchers might be conducted during the “European 
time” at TNG with Giano, SARG (??) or even Harps-N. 

This is possible only if INAF enters the La Palma 4m-class telescopes consortium. Entering such 
consortium needs a fee. Since it is unlikely that INAF will pay cash, the only way to pay a fee is by 
contributing in kind, i.e. with observing nights at TNG. It seems obvious that the most appealing 
and valuable nights that TNG may offer will be those with Harps-N, which may place INAF in a 
strong position when negotiating with the other La Palma partners. This implies INAF can “own” 
open access nights with Harps-N. The Harps-N contract, therefore, should envisage a consistent 
number of open access nights, which INAF can freely use for its participation to the La Palma 4m-
class consortium. 

In conclusion: 

- Harps-N offers unique capabilities that the Italian community can exploit with success for the next 
5 to 10 yr; 

- The Italian community, anyway, needs also access to other instrumentation in the northern 
hemisphere; 

- the installation of Harps-N at TNG can be accommodated within the scenario proposed by the 
ETSRC for the optimal use of the European 4m-class telescopes. This scenario offers to the Italian 
community the opportunity to combine the intensive use of Harps-N at TNG with the access to a 
variegate suite of instrumentation; 

- Who will negotiate the INAF participation to the Harps-N consortium has necessarily to consider 
the installation of this instrument at TNG in the broad context of the European 4m-class telescopes. 
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7. Management issues 

7.1 Summary of nights required for the scientific p rograms 
Table 1. Summary of night requested for high precision radial velocity programs with HARPS-N 

Program Nights 
(total) 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

Extra-solar Planets 

KEPLER Follow 
up 

300 60 60 60 60 60 - - - - - 

Low Mass Planets 150 30 30 30 30 30 - - - - - 

Planet 
Characterization 

100 10 10 10 10 10 10 10 10 10 10 

Stellar Activity 100 20 20 20 20 20 - - - - - 

SPHERE Follow 
up 

30 6 6 6 6 6 - - - - - 

GAIA Follow up 700 - - - 100 100 100 100 100 100 100 

PLATO Follow 
up 

500 - - - - - - 125 125 125 125 

Evolved stars 60 20 20 20 - - - - - - - 

M-stars 120 24 24 24 24 24 - - - - - 

Clusters 50 10 10 10 10 10 - - - - - 

Asteroseismology 

Stars without 
planets 

50 10 10 10 10 10 - - - - - 

Stars with planets 120 12 12 12 12 12 12 12 12 12 12 

TOTAL 2280 202 202 202 282 282 122 247 247 247 247 

 

Table 1 summarizes the number of nights required for the scientific programs described in this 
document (these values do not include losses due to bad weather). We can distinguish two main 
epochs: 2012-2016 (the period over which the current MOU discussion is going on), and the period 
2017-2022, where there is a strong demand of HARPS-N for PLATO and GAIA follow up. Over 
the whole period, the total number largely exceeds the number of nights likely available for 
HARPS-N at TNG, so that only most interesting programs should be selected. 

7.2 Manpower 
Table 2 lists staff astronomers available to devote significant portion of their time on HARPS-N. 
This list is likely incomplete: it only considers those people that were contacted during the 
preparation of this document. We considered three levels of participation: most of the time 
(FTE/year>0.6), a significant fraction of the time (0.15< FTE/year<0.6), and some time (<0.15 
FTE/year). Values are averages over 2012-2016. The totals at bottom of the table are for staff 
members only. We estimated a total of 3x0.7+19x0.3+24x0.1=10.2 FTE/year (a total of 51 FTE 
over 5 years) for staff members alone. 
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Table 2 Estimated staff manpower for HARPS’N at TNG 

Institute FTE/year>0.6 0.15< FTE/year<0.6 <0.15 FTE/year 

OA Pino Torinese  Sozzetti, Lattanzi, 
Ligori 

Silvotti, Smart, Spagna 

OA Brera  Poretti, Mantegazza Antonello 

OA Padova Claudi Desidera, Gratton Girardi 

OA Trieste   Molaro 

OA Bologna   Bernabei 

OA Arcetri   Palla, Randich 

OA Roma   D’Antona, Maceroni, 
P.Ventura 

INAF-IASF   Cardini, Di Mauro 

OA Capodimonte  Alcalà, Covino, 
Ripepi, 

M. Marconi 

OA Catania Lanza Messina, Leto, Frasca, 
Pagano 

Bonanno, Catanzaro, 
Ventura 

OA Palermo  Micela, Maggio Sciortino, Stelzer, 
Ciaravella 

INAF-TNG Fiorenzano Cosentino, Lorenzi  

Univ. Padova  Piotto Marzari 

Univ. Catania   Leone, Lanzafame 

Total 3 19 24 

 

In addition, we should consider also additional people not on permanent position. A preliminary list 
includes: L. Affer, S. Benatti, E. Carolo, F. Cusano, M. Barbieri, K. Biazzo, A.S. Bonomo, M. Di 
Criscienzo, S. Leccia, V. Nascimbeni, L. Prisinzano, M. Rainer, P. Spanò, D. Turrini. We expect 
manpower on non-permanent position to possibly double the total effort devoted to exploitation of 
HARPS-N at TNG. 

Finally, we should consider a large number of foreign collaborators; among them, we may list a few 
Italians at foreign institutions who also contributed to the present document (L. Bedin, STScI; L. 
Pasquini, ESO; G. Tinetti, UCL; , M. Esposito, IAC; D. Gandolfi, ESTEC; M. Bonavita, Un. 
Toronto), and are very interested in HARPS-N at TNG. 

7.3 MOU issues 
The previous discussion shows that implementation of HARPS-N at TNG can be highly beneficial 
for INAF and Italian astronomy in general. However, this to be true, a number of critical points 
needs to be carefully evaluated and appropriately considered in the MOU (or MOU’s). Here we 
give a short preliminary list: 

·  The full exploitation of HARPS-N data will require a wide access to the pipeline. For 
HARPS at ESO, this access is limited only at the telescope site. A wider access is highly 
recommended for HARPS-N. 
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·  Depending on the exact formulation of the MOU, the Italian astronomical community could 
have access to HARPS-N in two forms: either within the GTO time assigned to the HARPS-
N consortium, or within the open time, through proposals submitted to the TNG-TAC. The 
relative role should be carefully assessed, taking into account that most significant results 
can be achieved only by devoting large number of nights to a small number of large 
programs.  

·  A suite of second generation, highly competitive instruments on TNG will be possible with 
implementation of HARPS-N and GIANO, both foreseen within early 2012. This might 
suggest focussing TNG on these two instruments only. However, there are vast components 
of the community now using TNG that will not be satisfied by such a choice (e.g., those 
involved in follow-up observations of gamma-ray bursts or SNe). Will it be possible to 
satisfy this part of the community by exchanging observing time with other telescopes (e.g. 
using ISIS+WYFOSS at WHT)? 

·  Some of the programs of highest interest for the Italian community (follow-up of GAIA, 
PLATO and EPICS) require HARPS-N beyond the current horizon of the MOU (~2017). 
What will be the status of HARPS-N beyond that horizon? 

For what concern the first point, the current MOU draft foresees free access to HARPS-N out of the 
GTO time. We notice that this to be useful, the TNG-TAC should be ready to assign a significant 
fraction of the observing time (at least 40-60 nights/year) to a few large programs exploiting 
HARPS-N. For a consistent return to the Italian community, this time should be led by astronomers 
at Italian institutions, in spite of the foreseeable competition by the foreign members of the HARPS-
N consortium, and of the programs to be done using GIANO. Furthermore, there are few points that 
need clarification, including the list of target reserved to GTO, the option for additional time left to 
the HARPS-N consortium, and the role of the Italian community within the GTO itself. 

As an alternative, we may consider to have HARPS-N only available through GTO (enlarged to 
some 120 nights/year), but with an INAF participation to the Consortium where the observing time 
at TNG is weighted against all other contributions. This will implies a roughly 50% INAF 
participation to the HARPS-N consortium. While it is difficult to conceive a 50% INAF 
participation to the KEPLER follow-up, we may devise a division of the GTO time into two classes 
of programs, each contributing 50% of the GTO time (that is, about 60 nights/year): 

·  The first group of programs include the KEPLER follow-up, with a leadership given to the 
actual HARPS-N consortium members, and a significant participation of Italian 
astronomers; 

·  The second group of programs, including all other programs, with an Italian leadership, and 
a significant but minority participation of the present HARPS-N consortium. 

This second model guarantees a larger visibility to INAF astronomers in the exploitation of 
HARPS-N. However, we should note that access to HARPS-N will only be limited to the GTO 
time. A suitable procedure for the selection of the programs to be done in GTO should be devised. 

Anyhow, it is clear that implementation of HARPS-N at TNG represents an important investment 
made by INAF on the relevant science. If some 120 TNG nights/year are devoted to HARPS-N, the 
rest of the Italian astronomers will have access to some 120 nights/year (assuming some 30 nights 
of technical time each year). Currently, the ratio between requested and available observing time at 
TNG is about 2. Some 25% of this observing time is currently assigned to SARG, and will likely be 
satisfied by HARPS-N. Hence, we expect that the ratio between requested and available time should 
rise to about 3, which is quite high but not exceptional (it is e.g. the same ratio for the PRIN INAF 
fund requests). This means that other high scientific interest programs will be still possible at TNG. 


