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ABSTRACT

The scope of this paper is twofold. First, it describes
the simulation scenario and the results of the large scale
double-blind test campaign set-up by the Planetary Sys-
tem Working Group for the realistic simulation of the
Gaia capabilities in detecting extra-solar planets. Present
limitations and envisaged future improvements are also
discussed. Then, the identified capabilities are put in con-
text by highlighting the unique contributions that the Gaia
exo-planet discoveries will be able to bring to the science
of extra-solar systems of the next decade.
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1. INTRODUCTION

In recent years we have conducted detailed exploratory
work (e.g., Lattanzi et al. 2000, Sozzetti et al. 2001,
and 2002) which has shown in some detail what high-
accuracy astrometric missions such as Gaia can achieve
in terms of search, detection and measurement of extra-
solar planets of Jupiter-like mass. In these studies we
have adopted a qualitatively correct description of the ob-
serving strategy and elementary measurements that the
mission will carry out, and we estimated detection prob-
abilities and orbital parameters using realistic, non-linear
least squares fits to those measurements.

In Lattanzi et al. (2002), we pointed out that the Gaia
contribution is primarily understood in terms of the num-
ber and spectral type of targets available for investigation,
and of the characteristics of the planets to be searched
for. Several hundreds of thousands of solar-type stars (F-
G-K) within a sphere of ~ 200 pc centred on our Sun
will be observed. Gaia will be particularly sensitive to
giant planets (Mp,~M jypiter) ON Wide orbits, up to peri-
ods twice as large as the mission duration, the potential

signposts of the existence of rocky planets in the Habit-
able Zone. Thousands of new planets might be discov-
ered, and a significant fraction of those which will be
detected will have orbital parameters measured to better
than 30% accuracy. Also, by measuring to a few degrees
the relative inclinations (coplanarity) of planets in multi-
ple systems with favorable configurations, Gaia will also
make measurements of unique value towards a better un-
derstanding of the formation and evolution processes of
planetary systems.

Although valid and useful, those studies needed updating
and improvements. There, we had largely neglected the
difficult problem of selecting adequate starting values for
the non-linear fits, by using perturbations of the simulated
(‘true’) values instead. The study of multiple-planet sys-
tems, and in particular the determination of whether the
planets are coplanar within suitable tolerances is incom-
plete. The characteristics of Gaia have changed, in some
ways substantially, since Sozzetti et al. (2001). Last, but
not least, simulations and analysis were carried out by a
single team thus raising the issue of blind tests, for which
simulations and analysis are truly independent.

The next sections will detail on the most recent simula-
tion activities (Section 2) and on whether or not, based on
our preliminary results, there is an impact on the Gaia po-
tential contribution to extra-solar planetary science (Sec-
tion 3).

2. GAUGING GAIA’SCAPABILITIES

In Casertano et al. (2003) we presented the protocol the
Planetary Systems Working Group (PSWG)*had estab-
lished to update and extend what we knew about Gaia’s
ability to detect and measure exoplanets orbiting nearby
stars from the astrometric observations. This test pro-
gram aims at verifying 1) the expected sensitivity of

1Established by the ESA Project Scientist in 2001 to support the
activities of the Gaia Science Team.
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Gaia’s observations to exoplanets, as a function of mis-
sion parameters where applicable; 2) the compatibility
and readiness level of the simulation and solution soft-
ware that different groups have been developing in re-
cent years; and 3) the ability of these groups to commu-
nicate information effectively and to understand the pos-
sible difficulties in the development of a shared analysis
network and its integration with the mission data reduc-
tion system (Torra et al. 2005). The tests are carried out
in double-blind format to ensure reliability of the results.

2.1. Test Protocol

The experimental campaign is conducted in double-blind
mode, with three distinct groups of participants:

1. Simulators: the group(s) that define and generate the
simulated observations, using clearly stated assump-
tions on the observation process; simulators also de-
fine the type of results that are expected for each set
of simulations.

2. Solvers: the group(s) that receive the simulated data
and produce ‘solutions’—as defined by the simula-
tors; solvers define the criteria they adopt in answer-
ing the questions posed by the simulators.

3. Evaluators: the group(s) that receive both the
‘truth’—i.e., the input parameters—from the simu-
lators and the solutions from the solvers, compare
the two, and draw a first set of conclusions on the
process.

Figure 1 illustrates the actual implementation of the ex-
periment. Simulators are at the Observatory of Turin;
Lattanzi and Spagna take care of defining the simulations,
while Morbidelli and Pannunzio are responsible for the
actual generation of the simulations and for the data man-
agement, archiving, and distribution.

There are two Solver teams involved: Pourbaix and Jan-
cart at the Université libre de Bruxelles and Sozzetti at the
Harvard-Smithsonian Center for Astrophysics. Finally,
Casertano, at the Space Telescope Science Institute, is
our Evaluator carefully looking at each and every bit of
information he receives from the other parties.

The test program implemented adopts a rather realistic,
although simplified, model for the process of observing
stellar positions with Gaia. As the details of the Gaia
error model, observational parameters, and data analysis
are yet to be defined, we decided to adopt a geometric
model in which the error in each individual measurement
is described by a single number, without known correla-
tions with other errors or quantities. We assume that each
time a star is observed with Gaia, see Figure 2, its posi-
tion ¢ along the instantaneous great circle IGC is mea-
sured with a Gaussian error distribution of known dis-
persion o, while the parameters of the IGC itself are
known without error and no measurement is made on the
position n of the star perpendicular to the IGC.
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Figure 1. Double blind test organization.

We also assume that external elements that affect the
measurement, such as aberration, general-relativistic ef-
fects (the deflection parameter ~, gravitational lensing),
and uncertainties in the local reference system and in the
sphere solution are eliminated by the standard data analy-
sis process. In the first phase of the work, we also neglect
perspective acceleration—equivalently, we assume that
all stars have zero heliocentric radial velocity. The mea-
surement process under these assumptions is described in
detail in Casertano et al. (2003).

The work plan was organized in four tasks: TO, T1, T2,
and T3. Task TO was envisioned as a readiness test to en-
sure that all procedural aspects of the test are resolved—
e.g., file formats are defined, the interpretation of sim-
ulation data is clear, the specifications of the geometric
model of the measurement process are agreed upon, and
so on—and that the software tools are all compatible and
ready to go.

In the following paragraphs the details of the tasks from
T1 through T3 are provided.

2.1.1. TaskT1

Task T1 consists of the analysis of 10° stars, in order to
establish under what conditions the presence of a planet
can be detected, and with what reliability. The size of the
sample makes T1 the most demanding task in terms of
mass of data to analyze and processing time.

The simulations consist of a mix of stars with no or
one planet, in roughly equal numbers, and with a small
number of multiple-planet cases. Signature signifi-
cance ranges from 0.25 to 10, thus going from the non-
detectable to the ‘easily’ detectable. Short, medium, and
long periods are all represented, with short periods essen-
tially unresolved by the mission, medium periods well-
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Figure 2. Basic geometry of Gaia’s observations adopted
for the generation of simulated data for the double-blind
test program.

resolved and well-sampled, and long periods sampled
only for a fraction of their orbital motion. Each ‘bin’ of
period and significance are occupied by several hundred
cases, each with orbital parameters distributed randomly
over the relevant range, so that detection probability can
be established with confidence.

Each Solver group is free to establish their own detection
test, with a significance level of their choice.

2.1.2. Task T2

Task T2 determines how well the orbital parameters of
a single planet can be measured for a variety of signa-
ture significance, period, inclination, and other parame-
ters. The simulations consists of 5 x 10? stars, each with
a single planet with significance ranging from 2 (barely
detected) to 200. Solvers derive the best-fit orbital param-
eters, together with an error estimate for each and covari-
ances if appropriate. Evaluators first assess the quality of
the solutions and of their error estimates. Evaluators then
study the distribution of orbital parameter errors vs. the
stellar and orbital parameters themselves, with the goal
of deriving simple expressions that can predict the accu-
racy of the orbital solution for various types of planets as
a function of the Gaia error model.

2.1.3. TaskT3

Task T3 is devoted to studying how well multiple plan-
ets can be identified and solved for, as well as how well
their coplanarity can be established. In addition, the accu-
racy of multiple-planet solutions is compared with that of
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single-planet solutions for planets with comparable prop-
erties. The Task is based on ~ 103 simulations of stars
with 2 to 4 planets each, including a small number of stars
with a single planet.

Planets are assumed to be strictly non-interacting, in
that each planet follows pure Keplerian orbits around the
center-of-mass of the system. Solvers find how many
planets can be detected and solved for in each case, as
well as whether they are coplanar within a pre-specified
tolerance. The method to be used for the coplanarity test
is up to the Solvers; one possibility is a Likelihood Ratio
test between a coplanar and a general solution. Solvers
also produce error estimates, and covariances if appropri-
ate, for the orbital parameters they determine. Simulators
ensure that some simulations have a dominant planet with
parameters similar to those of a case studied in Test T2,
so that the quality of the single- and multiple-planet so-
lution can be compared on a case-by-case basis. (Alter-
natively, single-planet simulations and solutions for the
dominant planet in each case can be carried out after the
fact.) Evaluators will 1) assess the quality of the solu-
tions and of the estimated errors; 2) study the distribution
of orbital error parameters in comparison with the single-
planet case, and 3) assess the quality and reliability of the
coplanarity test. T3 is undoubtedly the most complex test
of the campaign.

2.2. Simulation

The main a priori assumptions of the simulation are
(Casertano et al. 2003):

o the position of the pole of each IGC is considered
known a priori (perfect attitude);

e the IGC abscissa 1 is only affected by random er-
rors; no systematic effects are considered (e.g., zero-
point errors, chromaticity, etc...);

¢ light aberration, light deflection, and other apparent
effects are as if they were perfectly removed from
the observed abscissa.

The scanning law for the time being is that devised for
Gaia, i.e., precession angle around the Sun direction
& = 50°, precession speed of the satellite’s spin axis
V' = 5.22 rev per year, spin axis rotation speed 60 arc-
sec s—1. We assume in our double-blind tests program
that detectors behave in a way that astrometric errors still
scale with magnitude at V ~ 12, and adopt a single-
measurement error o, defined by:

k .

oy = Ofin Nobs (1)
fo

If the end-of-mission error og, is 10 pas at V = 15, the
geometrical factor f, = 2.2, and N,p,s = 42, and assum-
ing a scaling factor of 0.25 for VV ~ 12, then the constant
single-measurement error o, ~ 8 pas. This value reflects
the changes in the present scanning law with respect to
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the one envisaged before (less observations per object,
but longer integration times, for a globally unchanged to-
tal observing time spent on each given target).

The mission lifetime is set to 5 years, and the ecliptic
longitude of the Sun (with the Earth assumed to go about
the Sun in a perfectly round orbit) is A\o = 90° at the
catalogue reference epoch ¢ty = 2.5 years.

The values of the astrometric parameters are drawn from
simple distributions, not resembling any specific galaxy
model. The distribution of ecliptic coordinates is random,
uniform. The distribution of proper mations is gaussian,
with dispersion equal to a value of transverse velocity
Vr =15 km s™1, typical of the solar neighbourhood.

Concerning the other relevant parameters, we will pro-
duce experiments where stellar mass is for simplicity al-
ways kept fixed to 1 Mg, and express detection probabili-
ties and the efficiency in orbit reconstruction as a function
of distance, orbital elements, planet mass, and astromet-
ric signal-to-noise ratio /o, where

a= (M, xap)/(Msx D) (2)

is the astrometric signature in seconds-of-arc if M, and
M, planet and stellar mass, are in Mg, a,, (planet orbital
semi-major axis) in AU, and D (distance to the star) in
parsec. Clearly, the results will also be a function of the
details of the fitting procedures adopted by the different
teams, which is one of the questions we are addressing
with this testing program.

The effect of each planet in multiple systems is added lin-
early, i.e., mutual perturbations are not simulated. This
is somewhat justified when comparing the mission dura-
tion to the typical time scales of planetary perturbations.
However, given Gaia’s microarcsecond accuracy, some
systems with giant planets on relatively short orbits might
generate measurable resonant effects on a time scale of 5
years.

2.3. Results

The status of the double-blind experiment is summarized
in Table 1. Presently, we have completed tasks T1 and T2
(TO was considered a readiness test) while T3 is on-going
at the time of this writing and completion is expected for
the end of 2004.

2.3.1. The T1 test

Of the 100 000 stars, 45202 have no planets, 49 870 one,
3878 two, and 1050 have three planets. The astrometric
signature of each planet ranges from 2 to 80 uas, cor-
responding to signal-to-noise values in the range 0.25-
10, and the period from 0.2 to 12 years. For systems
with multiple planets, there is no specific relationship be-
tween periods, phases, or amplitudes of the planetary sig-
natures.

Table 1. Status of the double blind test campaign de-
scribed in the text.

Test name Test description Status
TO Readiness test done
T1 Planet detection and its done

significance (astrometric
S/N range 0.25 - 10;
10° stars, 50% with planet;
Period from 0.2 to 12 yr)
T2 Star + Planet fits and done
their significance
(S/N range 2 — 200;
5 x 10* stars, all with planets)
T3 Multiple planets fits on-going

and coplanarity

Two Solvers participated in this test and provided com-
pletely independent solutions: Alessandro Sozzetti (AS)
and Dimitri Pourbaix (DP). Both solvers approached test
T1 on the basis of the quality of the single-star, five-
parameter solution for the astrometric measurements.

As detailed in Casertano et al. (2004b), AS adopts two
criteria to identify candidate planets, one broad, aimed
at detecting as many candidates as reasonable, and one
strict, designed to reduce the number of false positives.
Specifically, AS uses P(x?), the probability that the ob-
served x? of the single-star solution is as bad or worse
than the value observed in the presence of pure measure-
ment errors, and P(F'), the F-test probability on the same
fit. A large value of x2 or of the F statistic can read-
ily arise if the deviations due to the presence of a planet
are much larger than the expected measurement errors,
and thus a low value of P(x?) and P(F) signifies likely
planet (and unlikely false positive).

DP adopts a similar method, using specifically the F'2
indicator (see the Hipparcos Catalogue, vol. 1, p. 112),
which is expected to follow a normal distribution with
mean 0 and dispersion 1. His criterion, DP1, requires
|F2] > 3, which in essence is a 3-sigma criterion.

The experiments run by the Solvers show that the detec-
tion tests they designed, although completely indepen-
dent, perform consistently and according to expectations.
For example, DP recovers ~38% of the simulated sys-
tems with a number of false positives, 106, quite con-
sistent with the confidence level of the F'2 test and the
number of stars without planets. Planets down to astro-
metric signature ~ 20uas, corresponding to ~2 times the
assumed single-measurement error, can be detected reli-
ably and consistently, with a very small number of false
positives?. Even better, the choice of the detection thresh-
old is an effective way to distinguish between highly reli-

2The ratio between astrometric signature and single-observation



able and marginal candidates. Under the assumptions of
this test (perfectly known noise model) potential planet-
bearing stars can be identified and screened reliably. This
is the case of Sozzetti’s AS2 criterion (Casertano et al.
2004b): designed to investigate the possibility of a very
pure sample of detected planets, its application resulted
in 28 655 detections out of the 45 202 simulated systems,
but none of them was a false positive.

Finally, refinements of the detection criterion based on
additional considerations, e.g., the quality of the orbital
fit, can potentially make an improvement in the fitting
procedure.

Figure 3 illustrates the distribution of inclination and ec-
centricity for a sub-sample of ~ 500 one-planet systems.
The asterisks mark the three planets not detected by AS,
while the open boxes the 5 planets missed by DP, which
include those not detected by AS. This is important ev-
idence of consistency of the different criterions devised
by the two Solvers. As expected, both detection methods
failed on planets with large inclinations and high eccen-
tricity, but more importantly these failed on largely the
same objects.

I— 75—
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Figure 3. Inclination and eccentricity of a sample of 500
stars with one-planet. Asterisks mark the 3 planets not
detected by Sozzetti; open boxes the 5 planets not de-
tected by Pourbaix and Jancart, which include those not
detected by Sozzetti.

Figure 4 presents the distributions of period and astromet-
ric signature for the planets missed by the two Solvers:
AS’s missed planets are on the bottom panel and those
undetected by DP are on the top panel. The details of the
two distributions do have some minor although impor-
tant differences; however, the overall impression is that
the two distributions are remarkably similar. In practice,
both Solvers show that it is possible to detect, again to a
high degree of consistency, most of the planets with peri-
ods below 6 years and signatures above ~ 20 pas, while
maintaining the contamination of false planets to a very
low level.

In conclusion, the performance of a straight x2 or F'2 test
is already extremely good; such tests, if properly applied,

noise (8 pas in the case of Gaia) was recognized as the main detec-
tion parameter in the extensive simulations of Lattanzi et al. (2000) and
Sozzetti et al. (2002).
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Figure 4. Distribution of period (in years) and signature
(in pas) for the planets missed by Pourbaix (top panel)
and Sozzetti (bottom panel). If more than one planet is
present, the one with the largest signature is plotted. Gen-
erally, only planets with signature < 20 pas or period
longer than 6 years are missed.

can yield candidates with the expected range of sensitiv-
ity and with a powerful discrimination against false posi-
tives.

2.3.2. The T2 test

Results for the T2 tests were obtained only recently and
are presented here for the first time.

The Solvers run their respective pipelines (detec-
tion+orbital reconstruction) on the 50000 simulated
stars, each with one planet, without knowing anything
about their orbital properties.

The Evaluator compared the derived orbital parameters to
the simulated ones and his plots show remarkable agree-
ment. In particular, Figure 5 shows how the derived pe-
riods compare to the true ones for the complete set of
50000 solutions. AS results are on the top panel, while
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Figure 5. T2 results: simulated (true) vs derived periods
(in years). The two panels show AS (top) and DP (bot-
tom) findings.

DP periods were used in the bottom panel. The two pan-
els testify again that the overall appearance of the two
reconstructions is quite similar; the small but interesting
features present are being investigated. The increasing
difficulty of correctly estimating the periods beyond 6-yr
is striking in both panels. Expectations from our earlier
results were that periods up to approximately twice the
mission duration ~9 yr) should have been reliably recov-
ered. However, this was when the scanning law was such
that the average number of observations (epochs) avail-
able for orbit reconstruction was ~80, two times what is
provided by the current scanning law. Therefore, we be-
lieve that the 6-yr limit represent the new limit given the
adopted scanning law.

On the other hand, we are investigating how we could
discriminate between ‘bad’ (underestimated) and ‘good’
(still visible in Figure 5) periods beyond the ~6-yr limit
in an objective way through the correlations of the orbital
solutions with quantities like the number of observation
epochs (or ecliptic latitude), error estimates, and other
relevant information that might be available during data
reduction.

The scope of the T2 experiment was also to test for the
first time the quality of the estimates of the statistical
properties (errors and correlations) of the orbital solu-
tions.

The Evaluator has compared the distribution of true er-
rors of the parameters, i.e. (adjusted — true), with the
error estimates from each Solver and the visual appear-
ance of the results is very positive. He finds that in the
core, the actual errors have a narrower distribution than
a Gaussian with the expected width; however, as may be
expected, the tail (beyond 1.5 o) seems higher than Gaus-
sian. Figure 6 shows one of those plots, and in particular
that for the relative error of the Thiele-Innes element B.

Eliminating planets with the apparent semi-major axis
below ~ 400 pas (approximately 25% of the sample) the
peak of the histogram becomes more Gaussian but the
long tails remain. Excluding periods > 5 yr the distribu-
tion becomes much more similar to a Gaussian with a 2%
of outliers (beyond 5 o). This implies that the error on B
is underestimated in the presence of long period planets
and overestimated in the presence of low signal.

A full report on T2 results is in preparation.

All targets with detected planet
— T

2500 —
2000 -
1500 —

1000

o =0 S RS B
—4 -2 o 2 4

Relative error in Thiele—Innes B

Figure 6. Relative error distribution of the Thiele-Innes
parameter B for the 50 000 orbital solutions. The relative
error is calculated as (Bqgj — Bsim)/0adj, Where By,
B,q4;, and o,q; are the simulated (true), adjusted, and
estimated error of the orbital element B, respectively.

2.4. Summary and Discussion

The results presented in the previous sections, although
partially preliminary, are already providing new impor-
tant insight, both technical and scientific, into the Gaia
potential in discovering and measuring extra-solar plan-
ets through its high accuracy astrometric measurements.

From the technical side the results suggest that:

(i) We have two completely independent detection
and orbital fitting and analysis packages, which
achieve good performances and quite consistent re-
sults when run on the same simulated data. More-
over, both codes are already ‘mission ready’, i.e.,



they would be compliant with the operational phase
as no a priori knowledge of the orbital elements is
needed and a reliable estimation of the covariance
matrix is provided along with the orbital solution;

(if) from the mission point of view, the experimental
configuration adopted appears even more realistic
than it might initially seem as it is likely that the
solution of the observation equations for the planet
search will not explicitly contain additional attitude
or instrumental unknowns;

(iii) the experiments done also provided the opportunity
for first realistic evaluations of computing time per
candidate system, thus allowing to extrapolate to the
real case. We evaluate that the entire task of search-
ing for planets in the Gaia data would only take sev-
eral weeks, after taking into account the expected
technical advancements of the computing hardware
that would be in use at the time of the Gaia data re-
duction.

As for the more scientific related aspects, we can al-
ready highlight at least two points. One is the possibility
discussed in Section 2.3.1 of building a list of very se-
cure candidates by properly tuning the thresholds of the
adopted detection criteria. The other aspect is related to
Figures 4 and 5, which point to the existence of a clear
‘selection function” which Gaia, through its intrinsic as-
trometric properties (timing of observing epochs, accu-
racy, etc), applies to the detected candidates thus deter-
mining those systems which will have their orbital data
reliably recovered.

2.5. FutureWork

The understanding of the technical specifications of the
Gaia satellite and its astrometric instrument will develop
further with time; therefore, some of the simplifications
in our simulations will be progressively relaxed and more
realistic error models (including zero point uncertainties,
calibration errors, chromaticity effects, error propaga-
tion from the 1GC solution) and a realistic error distribu-
tion for 4, including possible bias and magnitude terms,
adopted.

We also plan to add some more realism to our refer-
ence model of planetary systems by considering likely
distributions of orbital parameters, and realistic values
of planetary frequency. Also, we will include some de-
gree of dynamical perturbations in representative cases,
and certainly more realism in evaluating/simulating pos-
sible sources of astrometric ‘noise’ that might pol-
lute/mimic the planetary signature. These will include bi-
narity/multiplicity of the parent star, stellar spots, and the
presence of stellar discs, which can manifest themselves
as extra dynamical perturbation or as contamination by
scattered light.
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3. UPDATING THE IMPACT OF GAIA ON
EXTRA-SOLAR PLANETARY SCIENCE

As the test campaign is still on-going we have only started
looking at the results in the same way as our earlier in-
vestigations, i.e., by analyzing detection probabilities and
quality of orbital solutions as a function of distance from
the Sun and the intrinsic orbital properties (period, in-
clination, eccentricity, longitude of the ascending node).
Preliminary indications are that most of our earlier con-
clusions remain valid with the noticeable exception of the
reduced sensitivity to longer orbital periods caused by the
adoption of the current scanning law. Nevertheless, with
most of its potential intact, the Gaia contribution to the
science case remains as strong as ever.

Gaia’s main strength continues to be the ability to mea-
sure actual masses and orbital parameters for possibly
thousands of extra-solar planetary systems. The Gaia
data have the potential to: (1) significantly refine our
understanding of the statistical properties of extra-solar
planets; (2) help crucially test theoretical models of gas
giant planet formation; (3) improve our comprehension
of the role of dynamical interactions in the early as well
as long-term evolution of planetary systems; (4) provide
fundamental information to optimize the selection of tar-
gets for DARWIN/TPF

3.1. Statistical Properties of Extra-Solar Planets

With hundred of thousands of candidates of all spectral
types the size of the sample of extra-solar planets detected
and measured by Gaia will be a very significant contri-
bution to the statistical investigations on orbital data. In
particular, as a large fraction of the sample to 200 pc is F-
G-K stars, Gaia will detect and reliably measure > 2000
Jupiter-mass planets around these stars in a range of pe-
riods which adds critically to the sample of systems har-
boring rocky planets in the Habitable Zone (Lattanzi et
al. 2000, 2002).

3.2. Crucial Test of Theoretical Models of Giant
Planet Formation

There are ~ 1500 metal-poor stars known in the field,
with V < 13. For all of these, Gaia will provide statisti-
cally firm results on the possibility of them to harbor giant
planets on wide orbits, thus complementing the shorter-
period RV surveys (Sozzetti etal. 2005).

Core accretion is a slow process (~10°-107 yr), while
disc instability is capable of forming Jupiter-sized clumps
in ~103 yr. Gaia will observe hundreds of optically visi-
ble pre-main sequence stars down to V ~ 14 in a dozen of
nearby SFRs (< 200 pc), searching for giant planets with
orbits in the 1 to <5 AU range, thus helping to discrimi-
nate between the two competing gas giant planet forma-
tion mechanisms.
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3.3. Roleof Dynamical Interactionsin the Evolution
of Planetary Systems

By measuring the mutual inclination distribution of sys-
tems of planets Gaia will decisively help to: (a) under-
stand if the main responsible for eccentricity excitation is
a nearby stellar companion, or planet-planet resonances
during or post-migration, and confirm or rule out the pos-
sibility of e—i,.; correlations; (b) verify the long-term sta-
bility issue for such systems, and the possibility of for-
mation and survival of terrestrial planets in the Habitable
Zone of the parent star.

A sample of ~15000 solar-type stars is available for
these investigations out to ~60 pc!

34. Preparing the Stellar Data Base for DAR-
WIN/TPF

Gaia will search for the presence (or absence) of Jupiter
signposts around ALL stars within 25 pc from the Sun,
including the large data base of M dwarfs.

This valuable knowledge will help complete the informa-
tion coming from other techniques at the moment of the
final selection of targets for DARWIN/TPF.

For the reasons above the Gaia sample remains a unique
treasure for the future advancement of extra-solar plane-
tary science.
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