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Outline

• Radial-velocity (RV) planet searches

• RV detection bias

• Exoplanet population synthesis
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Coralie Planet Search

– Started in 1998

– CORALIE echelle spectrograph
@ La Silla 1.2-m Swiss Telescope

– Volume limited sample of 1650
Solar-type stars

– Also searching for planets
around field and open-cluster
giants

– Instrument recently refurbished :
5 times more efficient and expec-
ted improved RV precision

– Precision : !2 m s−1

– About 40 exoplanets found so far

– CoRoT RV follow-up

– superWASP RV follow-up

Tamuz et al. 2007, A&A in press
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HARPS-GTO Planet Search
– Started in 2003

– HARPS @ La Silla 3.6-m Telescope

– Precision : better than 1 m s−1

– Programmes :

! Extreme RV precision programme. Ex : the µ Arae system,
Pepe et al. 2007, A&A 462, 769

! Extension of the CORALIE volume limited sample : 800 addi-
tional stars. Ex : HD 212301 b, Lo Curto et al. 2006, A&A 451,
345

! Planets around M-dwarfs : Ex : the Gl 581 system, Udry et al.
2007, A&A 469, L43

! Planets around metal-poor stars : Ex : HD 171028 b, Santos
et al. 2007, A&A 474, 647

! RV Follow-up of CoRoT candidates

– 25 exoplanets found so far

– Detected 9 (out of 14) exoplanets with minimal masses below
20 MEarth

Naef et al. 2007, A&A 470, 721
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Radial-velocity detection bias : Numerical simulations

–− Grid in the m2 versus P diagram (more than 5000 grid points)

! 0.8≤P ≤40 000 days

! 1 MEarth≤m2≤40 MJup

− For each grid points, 50 000 random orbits are simulated

− The simulations account for :

! all the error sources : photonic and non-photonic (such as stellar-activity induced jitter, instrument systematics)

! the stellar sample properties (masses, colours, metallicities, rotation etc...)

! Random inclination of the orbital planes→ probability density ∝ sin idi

! Orbital eccentricities

! Real measurement timing

− A detection test is made for each of the 50 000 simulated orbits : test based on χ2 probability

− Fraction of orbits passing the test = Detection probability for this grid point
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Radial-velocity detection bias : Results
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Exoplanet population synthesis : foreword

− A Bern (W. Benz, C. Mordasini & Y. Alibert) – ESO (D. Naef) collaboration

− Same approach as the pioneer work of Ida & Lin : ApJ 604, 388 (2004) & ApJ 626, 1045 (2005)

− Preliminary/intermediate results already presented in several conference papers : Benz et al.
(2006,2007) & Mordasini et al. (2006, 2007)

− Final results to be published (hopefully) soon in Mordasini, Alibert, Benz & Naef (A&A
paper(s) in prep.)

− Next slides kindly provided by C. Mordasini (from his talk at the JENAM meeting, Aug. 2007)
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Why searching for planets in open clusters ?
– Stars (only ?) form in clusters/associations→ if field stars host

planets, planets should also be found around cluster stars

– Open cluster : uniform stellar populations

– Age and metallicities are well defined and more or less constant
within a cluster

– Mass = the only stellar evolution parameter → possibility to
study the impact of stellar mass on planet characeristics

– Is the [Fe/H] effect seen for field stars (cf. Santos et al. 2004)
hosting planets also present in open clusters ?

– Unlike in the field, masses of evolved stars can be precisely
estimated in clusters→ possibility to search for planets around
stars with higher (and well known determined) masses.

– To date, only 3 planets (or low-mass brown dwarfs) in open
clusters are known : They orbit the giant stars ε Tau (Sato et
al. 2007), NGC 2423 No 3 and NGC 4349 No 127 (Lovis & Mayor
2007). All 3 detected with the RV method.

– Many transit searches in open clusters. So far, no detection !→
”cheap” but inefficient method (too few stars, largely underes-
timated systematics, ...)

Santos et al. 2004, A&A 415, 1153
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Searching for planets in Open clusters : NGC 6253

–

– A Geneva (D. Queloz, PI) – ESO (C. Melo, D Naef) – Porto (N.C.
Santos) collaboration

– Radial-velocity search using FLAMES @ VLT & HARPS @ La
Silla 3.6-m Telescope

– NGC 6253 : an old (5 Gyr) super metal-rich ([Fe/H]=0.36, i.e. 2.3
times Solar) open cluster

– Old cluster→ non-active stars→ precise RVs easier to obtain

– Metal-rich cluster → expected high fraction of stars with pla-
nets

– Several planets candidates identified using FLAMES data

– Limited RV precision of FLAMES→ follow-up with HARPS man-
datory to get reliable orbital solution

– HARPS follow-up of the best candidates started and still on-
going
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Searching for planets in Open clusters : NGC 2447 & NGC 6134

–

– A Concepción – ESO (D Naef, C. Melo, M. Sterzik) – Geneva
collaboration

– PI : W. Gieren

– Radial-velocity search using FLAMES @ VLT & (hopefully)
HARPS @ La Silla 3.6-m Telescope

– Clusters ages and metallicites well complement the programme
on NGC 6253 :

! NGC 2447 : age!390 Myr – [Fe/H]=0.03

! NGC 6134 : age!930 Myr – [Fe/H]=0.18

– Intial target selection using photometry from the Warsaw 1.3-m
Telescope (i.e. the OGLE telescope) @ Las Campanas

– Cluster memberships checked for both clusters and binaries
idendified with FLAMES-GIRAFFE

– FLAMES-UVES RV follow-up of cluster members started in
NGC 2447, several planet candidates idendified but require a
HARPS follow-up

– FLAMES-UVES RV follow-up in NGC 6134 not started yet
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