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Abstract. This paper summarizes the information gathered for 16 still unpublished exoplanet candidates discovered with
the CORALIE echelle spectrograph mounted on the Euler Swiss telescope at La Silla Observatory. Amongst these new can-
didates, 10 are typical extrasolar Jupiter-like planets on intermediate- or long-period P:00350d) and fairly eccen-

tric (0.2<e<0.5) orbits (HD 19994, HD 65216, HD 92788, HD 111232, HD 114386, HD 142415, HD 147513, HD 196050,
HD 216437, HD 216770). Two of these stars are in binary systems. The next 3 candidates are shorter-period planets (HD 6434,
HD 121504) with lower eccentricities among which we find a hot Jupiter (HD 83443). More interesting cases are given by
the multiple-planet systems HD 82943 and HD 169830. The former is a resBpédnt=2/1 system in which planet-planet
interactions are influencing the system evolution. The latter is more hierarchically structured.
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1. Introduction The majority of ourCORALIE exoplanet candidates have

For more than 5 years tH@ORALIE planet-search programmebeen published in a series of dedicated pdpete latest
) . ) h ing th i f the sh -period H
in the southern hemisphere (Udry et al. 2000a) has been among them reporting the detection of the shortest-period Hot

going at the 1.2-m Euler Swiss telescope — designed, buil Uniter discovered by radial-velocity surveys arodind’ 3256

. ry et al. 2003c) and the very interesting cas¢ibf10647
operated_ by the _Geneva Observatory — at La Silla Observatpr ry et al. 2003a), a star with a high IR excess indicative
(ESQ(.:h"e)' During thgse S yeare,ORALIE has allowed the f the presence of a debris disk. The present paper of this se-
detection (or has contributed to the detection) of 38 extra-sor s describes theORALIE exoplanets that have not been pub-
planet candidates. This substantial contribution together w%_‘

discoveries from various other programmes have provide ed yet. This subsgmple incIudgs cand_idates announced sev-

X Al months ago, rapidly after their detection to allow follow-up
Saf“p'e O.f more _than 1.15. exoplanets_ that now permits us0t859rvations. It also includes some candidates with very long
pomt out mtere_stlng statls.tlcal constraints for the planet form feriods or that are members of multi-planet systems requiring
tion an.d evolution slcenanosf(see €.g. Mayor. 2003; Udry e]E delay in their final analysis. Also, some of the new candidates
2003d; Santos et al. 2003b, for reviews offetient aspects o correspond to very recent detections.

the orbital-element distributions or primary star properties). ) _ )
The paper is organized as follows. In the next section

Send gfprint requests toM. Mayor, we summarize the primary star properties. The radial-velocity
e-mail:michel .mayor@obs.unige.ch measurements and inferred orbital solutions will be presented
* Based on observations collected with the CORALIE echelle speigr Sect. 3. In the last section we summarize the results and pro-
trograph on the 1.2-m Euler Swiss telescope at LaSilla Observatafitje some concluding remarks.
ESO Chile.
** The precise radial velocities presented in this paper are
available in electronic form at the CDS via anonymous ftp to! Another dedicated series has also been started for close binaries
cdsarc.u-strasbg.fr (130.79.128.5) orvia requiring a 2-dimensional correlation analysis for radial-velocity es-
http://cdsweb.u-strasbg. fr/cgi-bin/qcat?J/A+A/415/391, timates. The method has already revealed a\g-planet orbiting
except for the multi-planet systems that will appear in a future pape primary (Zucker et al. 2003b) and a My, brown dwarf orbit-
describing their dynamical evolutions, taking planet-planet interactiorg the secondary (Zucker et al. 2003a) of the HD 41004 close visual
into account. binary system.

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20034250



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20034250

392 M. Mayor et al.: The CORALIE survey for southern extra-solar planets. XII.

Table 1. Observed and inferred stellar parameters for the stars hosting planets presented in this paper. Definitions and sources of the g
values are given in the text. The age and rotational period estimates are based on calibratiof, pfaittevity indicator (Donahue 1993;
Noyes et al. 1984), whose reference source is also indicated: (S) for this paper following Santos et al. (2000), (H) for Henry et al. (1996) anc
for Butler et al. (2002). The applied analyses and uncertainty estimates can be found in the quoted references.

HD Sp \% B-V i My L Ter logg [FeH] My vsini - log(R) age P
[mas] Lol [K] [cgs] [Mo] [kms™] [Gy] [day]
6434 G3Iv 7.72 0613 2480 469 112 5835 4.66-052 0.79 23 -489(H) 3.8 186
19994  F8V 5.07 0575 4469 332 381 6217 4.29 025 1.34 84477(S) 24 122
65216 G5V 7.97 0672 2810 521 0.71 5666 453012 0.92 <1 - - -
82943 GO 6.54 0.623 36.42 435 150 6005 4.45 0.32 1.15 1+7482(S) 29 18.0
83443 KOV 8.23 0.811 2297 504 0.88 5454 4.33 0.35 0.90 1.4485(B) 3.2 353
92788 G5 731 0694 3094 476 105 5821 4.45 0.32 1.10 18473(S) 21 213
111232 G5V 759 0701 3463 529 0.69 5494 4506036 0.78 1.2 -498(H) 52 307
114386 K3V 8.73 0982 3566 6.49 029 4804 4.36-0.08 0.68 1.0 - - -
121504 G2V 754 0593 2254 430 155 6075 4.64 0.16 1.18 26457(S) 1.2 8.6
142415 G1V 733 0621 2893 464 114 6045 453 0.21 1.03 33455(S) 1.1 9.6
147513 G&BV 537 0.625 7769 4.82 098 5883 451 0.06 1.11 1.5438(S) 0.3 4.7
169830 F8V 590 0.517 2753 310 459 6299 4.10 0.21 1.40 3:3482(S) 2.8 8.3
196050 G3V 750 0667 2131 414 183 5918 434 0.22 1.10 34465(S) 16 16.0
216437 G4y 6.04 0.660 37.71 392 225 5887 4.30 0.25 1.06 25501 (H) 58 26.7
216770 KOV 8.11 0.821 26.39 522 0.79 - - 0.23 0.90 14484(H) 31 356

2. Parent star characteristics Such an indicator is then used to derive calibrated estimates

of the stellar rotational periods and ages (Noyes et al. 1984;

The CORALIE planet-search targets have been selected fr . .
the Hipparcos catalogue (ESA 1997). Our planet-star subs;tsnn"?-nahue 1993). Table 1 gathers the photometric, astrometric,

le benefits thus from the photometric and astrometric imcospectroscopic information and inferred quantities available for
pie ! P Sur sample of stars hosting exoplanet candidates.
mation gathered by the satellite.

A high-resolution spectroscopic abundance study was per- The activity indicator is, however, not always available in
formed for most of these stars by N.C. Santos in his stutlye literature or cannot be estimated from our spectra because
demonstrating the metallicity enrichment of stars with planet$ the star faintnesHp 65216,HD 114386). Calcium reemis-
with regard to comparison “single” stars analysed in a homoggen can then be visually checked on the co-addition of the
neous way (Santos et al. 2001, 2003b, and references ther&@RALIE best-3N spectra. For our subsample, this is shown
This study provides precise values of theetive tempera- in Fig. 1 for the1 3968.5 A CarH absorption line region. A
tures, metallicities and gravity estimates, using a standard fseminent reemission feature is clearly visible b 114386
cal thermodynamical equilibrium (LTE) analysis. These vakéndHD 147513, the latter presenting, moreover, a strong activ-
ues have also been updated by using better recent oscilltoindicator. However, these stars are only slowly rotating and
strengths (log f) in the procedure (Santos et al. 2003a). Fromo large influence on the radial-velocity measurements is then
calibrations of the width and surface of tik®RALIE cross- expected (Santos et al. 2000; Saar et al. 1998). Hints of reemis-
correlation functions (CCF; described in Santos et al. 2008)pn are also observed fo1D 65216,HD 83443,HD 142415,
we also derive the stellar projected rotational veloeigini andHD 216770 but againsini is fairly low for these stars for
and [FéH] when not available from the spectral analysis. Likehich only a moderate jitter might be expected.
the majority of stars hosting planets, most of our candidates
show a significant metal enrichment compared to the Sun, with
the noticeable exception eiD 6434 (the second most deficient — HD 6434 (HIP 5054) The star is classified as subgiant.
star hosting a planet known to date) a#il111232. Taking into account its low metallicity, the derived absolute

From the colour index, the measureb; and the magnitude, fective temperature and gravity estimates also
corresponding bolometric correction, we estimate the sgupport the slightly evolved status of the star.

luminositie$ and we then interpolate the masses and ages in _ HD 19994 (HIP 14954, HR 962, GJ 128Ahe star is

th? tg”d T IGebne\éa stellarse\;]olltljtlontaryl ng;lssw:h apprt&-n wn to have a close physical M dwarf companion (GJ 128 B)
priate metal abundances (Schaller et al. » SCNaerer €Ly arcseconds away 100 AU; Hale 1994). Planets in bi-

1993). For the brightest star in the sample we estimate, fo”QWéry systems are important for our understanding of planet for-

ng Santc_)s et al. (2000), an ?Ct'\.“ty indicator from the reeMization because they seem to presefiedent mass and orbital

sion fluxin _the Cf.ﬂ H ab_sorpt|on line. !n SOme cases, this Valu§roperties than planets orbiting single stars (Zucker & Mazeh

is also available in the literature (mainly in Henry et al. 1996 002; Eggenberger et al. 2003; Udry et al. 2003d). The rota-
2 When not available from the spectroscopic study, a photométonal velocity ofHD 19994 is fairly large{sini =8.1km st

ric T (following Flower 1996, not given in Table 1) is used to derivéhus, even if the star is not clearly active, some small radial-

an indicative star luminosity. velocity jitter might be expected. Contamination from the

Some stars in this sample deserve a few more comments:
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Fig. 1. 13968.5 A CarH absorption line region of the summed CORALIE good spectra for our candidate stars. The dotted lines indicate

the exact position of the absorption line centers. A clear reemission feature is visible for HD 114386 and HD 147513, whereas only hints of
reemission are observed for HD 65216, HD 83443, HD 142415, and HD 216770. The spectra have been cleaned as much as possible from the
pollution of the simultaneously recorded thorium-lamp reference spectra.

secondary could also be a concern although the 6.4 mag dif-the star indicate that it probably belongs to the thick disk
ference between the stars makes it very unlikely. population.HD 111232 is a proposed binary in the Hipparcos
— HD 82943 (HIP 47007)A fair amount of the easy-to- catalogue (ESA 1997). IF is one of th.e so—cal}g@bl@m sta(s
burn elemenfLi has been detected in the spectra of this stfp? Which an astrometric acceleration solution is provided
(Israelian et al. 2001, 2003) suggesting a planet engulfméf@g9ed “G” in the H59 field of the main catalogue). However,
in the late stages of the system formation, after the star i companion withAV<3.0 was found close to the star
reached the Main Sequence. The not too deep convective ZOHihin 1.08”) by speckle interferometry (Mason et al. 1998).

of this GO dwarf allows then for the survival of this element. _ HD121504 (HIP68162) A visual companion

— HD111232 (HIP62534) The high velocity (CPD-55:5793) is observed at a separation of 34.2
(V=104.4 kms') and low metallicity ([FgH]=-0.36) (Dommanget & Nys 1994). It is an A2 star of magnitude
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V =9.17 with diferent proper motions thaD 121504. The 3.1. The single-planet systems

pair is thus not physical. No companion was found close to the ) . )
star by speckle interferometry (Mason et al. 1998). To simplify the presentation of our results for the single-

— HD 142415 (HIP 78169)A Rosat-All-Sky-Survey X-ray planet systems, the standard orbital parameters derived from

source (LRXS J155740.7-601154) is observed close to the %%Fe;tl'jttef Il_-l?epledrialn solution to the data a(;ef gart]hefe;j in
at ~5”. No bright companion was found close to the star blA2. 2- Usetulinferred planetary parameters and further infor-

speckle interferometry measurements (Mason et al. 1998). ation on the réutrl?ber qgmeiasure_m:tntj used, theirc;[i?;e cov-
— HD 147513 (HIP 80337, HR 6094, GJ 620.1A&he star °'29¢ Epan and the residuals (weighted rms) around the so-

was proposed to be a barium dwarf by Porto de Mello gtions (c(0-C)) are given as well. Finally, we also indicate
da Silva (1997). A common proper motion white dwarf (WD e references for the detection announcements of these can-
V =10), at a projected distance of 5360 AU, could support tl%ixl_\dateé (DetRet). The corresponding phase-folded radial-

explanation of the origin of the barium feature by the process\/q"IOCIty curves are displayed in Figs. 2 to 4 (top panel in each

mass transfer in a binary system, in which the secondary Co(ij?@gram). The residuals drawn as a function of the Julian date

ponent accreted matter from the evolved primary, now the with® d_lsplayed In th? figures as weI_I (bottom panels).
(see e.g. Jorissen et al. 1998, and references therein). To acSiMmultaneous independent discoveries have been made
count for the observed large separation, Porto de Mello 1" 3 Of our candidates: by Fischer et al. (2001) v 92788
da Silva (1997) invoke a possible ejection of the WD from afd by Jones etal. (2002) fiD 196050 antiD 216437. Their
originally quadruple system also includifg 147513, In such OrPital solutions are very similar to ours (Table 2).
a case, this would be the first known case of a planet orbiting a For most of the systems, the residuals measured around
solar-type star in a binary system with the stellar companiontie derived solutions are compatible with the typical individ-
the last stage of its life. The influence on the planet evolutisi®! radial-velocity uncertainties. Some of them are, however,
of the mass transfer between two stars is still poorly studiedightly larger ¢10ms™). In these cases, a slight level of activ-
The mentioned authors also include the star in the 0.3 Gyr dijcan be invoked to explain the additional nois@.114386 is
Ursa Major kinematica' group_ A|though some doubts (but rﬁ)good eXample with its clear aCtiVity level testified by the vis-
rejection) were cast on the membership (King et al. 2003), itifde reemission in the GaH absorption line (Fig. 1). Another
worth noticing that the activity level, activity-derived age andlustration is given by the similar early G dwarfD 121504
metallicity (Table 1) correspond well to the Ursa Major groufndHD 142415. They present light rotation and an activity level
Finally, no bright companion was found closer-in to the star Bfjat can explain the somewhat large measured residuals. It is
speckle interferometry measurements (Mason et al. 1998). interesting to note here the similar valuesuafini, logRj,,
ando(O-C) for the two candidates.

In order to emphasize a relation between the residuals to

3. Radial-velocity data and orbital solutions the Keplerian solutions and stellar activity, we compared in

The radial-velocity measurements presented in this paper W%Eastemanc way for all the candidates the obtained residuals

obtained with theCORALIE echelle spectrograph mounted” the shape of the spectral lines, estimated by the bisector

on the 1.2-m Euler Swiss telescope at La Silla Observatdhyérs¢ slope of our cross—correla_ltion functions (.BIS; Q_Ut_aloz
(ESO, Chile).CORALIE is a similar but improved version of € al. 2001a). Unfortunately, at this level of velocity variation

the ELODIE spectrograph at the Haute-Provence Observattg< oms?) a_md at the B\ of the CORALIE spectra, no d_ef|n|-
(CNRS, France). Details on the instrument design, reducti‘i%e conclu5|or_1 can be drawn. Th? same non-conclusive result
procedures as well as radial-velocity estimates based on"§> _also obtained fafiD 73256 which did not Shov‘.’ any clear
multaneous thorium-lamp measurements and cross—correlaf'nbﬁ‘t'on betwe.en the BIS paramet.elr and the resujuals arqund
echniqe can befoun nBaramne etal (199,182 souion oo heactiynaceciacianvlocty
The typical precision obtained WithiORALIE is ~3m s tiﬁns of the stellar photometric signal and the residuals (Udry

for bright stars (Queloz et al. 2001b). However, due to the smaé\ al. 2003a). We also searched in a systematic way, through

size of the telescope, our sample stars (Udry et al. 2000a) are

mainly photon-noise limited. For the derivation of the orbitat : ) ) ) _
solution aninstrumentaérror of 3m sl is quadratically added scheme and no improvement is obtained for the radial-velocity mea-
urements. The usual cross correlation scheme is then used in such

to photon noise. Then we only take into account the spec%raaSes (Table 2).

with 9°°d S|gnql-t9-n0|se, typically Correspondlng to radlaf-4 Atthe IAU Symp. 202 in Manchester, we announced 6 CORALIE
velocity uncertainties below 10 to 15 mlsd_ependlng on the candidates (Mayor et al. 2000; Queloz et al. 2000 Udry et al.
star. Also, to improve the Doppler information extraction fromgoob, 5 of them being described in this paper) and 1 further
the spectra, a new weighted cross-correlation scheme wasgeaDIE candidate (Sivan et al. 2000). The proceedings of the
veloped (Pepe et al. 2002a). It is applied for the velocity estihU Symp. 202 have not yet appeared. Our 8 contributions to this
mates of most of the stars of this paper conference describing the planet and brown-dwarf CORALIE and
ELODIE new detections, the metallicity of stars hosting planets,

8 The CORALIE numerical mask used in the cross correlation foie efect of stellar activity on radial-velocity measurements and a
the velocity estimate was built from a KO-dwarf spectrum. For mugbresentation of the new HARPS spectrograph (how running on the
earlier spectral-type stars (typically G1), the mismatch betweenESO 3.6-m at La Silla) are accessible from &xoplanetsveb page:
the stellar spectrum and the template is enhanced by the weigtiedp: //obswww.unige.ch/Exoplanets/publications.html
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Table 2. CORALIE best Keplerian orbital solutions as well as inferred planetary parameters for the 1-planet s@gi@mssthe time interval

395

in days between the first and last measuremer{t3—C) is the weighted rms of the residuals around the derived solutiaskis the template
used in the cross-correlation scheme for the radial-velocity estimate (see SeetBf is the reference to the planet detection announcement

(conference or press release).

Parameter HD 6434 b HD 19994 b HD 65216 b HD 83443 b HD 92788 b
HIP 5054 b HIP 14954 b HIP 38558 b HIP 47202 b HIP 52409 b
DetRef Queloz et al. Queloz et al. Udry et al. Mayor et al. Queloz ét al.
(2000) (2000) (2003b) (2000) (2000)
P [days] 21.998:0.009 535.A3.1 613.1+11.4 2.98565-0.00003 325.20.5
T [JD-2400000] 51490.20.6 50944+ 12 50 762+ 25 51497.5:0.3 51090.3: 3.5
e 0.17+0.03 0.30:0.04 0.41+0.06 0.013:0.013 0.35:0.01
Y, [kms™ 23.023+0.001 19.3350.001 42.674-0.002 29.02%0.001 -4.467+0.001
w [deq] 156+ 11 41+8 198+ 6 11+11 279+ 3
K [msT] 342+1.1 36.2+1.9 33.7+1.1 58.1+ 0.4 106.2: 1.8
agsini [1073 AU 0.068 1.701 1.729 1.594 2.966
f(m  [107° Mg] 0.087 2.289 1.835 6.062 32.94
M sini [Myyg] 0.39 1.68 121 0.38 3.58
a [AU] 0.14 1.42 1.37 0.039 0.96
Nmeas 130 48 70 257 55
Span [days] 1501 1519 1460 1455 1451
o(0-C) [ms?] 10.6 8.1 6.8 9.0 8.0
mask weightedK0 KO weightedK0 weightedK0 weightedkO
Parameter HD 111232 b HD 114386 b HD 121504 b HD 142415b HD 147513 b
HIP 62534 b HIP 64295 b HIP 68162 b HIP 78169 b HIP 80337 b
DetRef Udry et al. Udry et al. Queloz et al. Udry et al. Udry et al.
(2003b) (2002) (2000) (2003b) (2002)
P [days] 1143+ 14 937.7+15.6 63.33:0.03 386.3:1.6 528.4+6.3
T [JD-2 400 000] 5123@ 20 50454+ 43 514502 51519+ 4 51123+ 20
e 0.20+0.01 0.23:0.03 0.03:0.01 0.5 (fixed) 0.26:0.05
Y, [kms™] 104.4+0.001 33.37G:0.001 19.61%40.001 -11811+0.001 12.924-0.001
w [deg] 98+ 6 273+14 265+ 12 255+ 4 282+9
K [ms™] 159.3+2.3 34.3:t1.6 55.8: 0.9 51.3+2.3 29.3+1.8
a; sini [1073 AU 16.39 2.875 0.325 1.579 1.377
f(m  [107°M,] 450.0 3.604 1.140 3.517 1.248
me sini [Myygl 6.80 1.24 1.22 1.62 1.21
a [AU] 1.97 1.65 0.33 1.05 1.32
Nmeas 38 58 100 137 30
Span [days] 1181 1550 1496 1529 1690
o(0O-C) [ms?] 7.5 10.2 11.6 10.6 5.7
mask weightedK O weightedk0 weightedk0 KO weightedk0
Parameter HD 196050 b HD 216437 b HD 216770b
HIP 101806 b HIP 113137b HIP 113238b
DetRef Udry et al. (2002) Udry et al. (2002) Udry et al. (2003b)
P [days] 1321+ 54 1256+ 35 118.45:0.55
T [JD-2400000] 52045 66 50693t 130 52672:3.5
e 0.3 (fixed) 0.29:0.12 0.37+:0.06
\Y, [kms?] 61.342+ 0.005 —2.278+0.004 31.153 0.002
w [deq] 147+ 12 63+ 22 281+ 10
K [ms?] 55.0+£6.2 34.6+5.7 30.9+1.9
aysini [10°AU] 6.367 3.815 0.313
f(m  [107° Mg] 19.74 4.694 0.291
M, sini [Mayg 3.02 1.82 0.65
a [AU] 2.43 2.32 0.46
Nmeas 31 21 16
Span [days] 1364 1405 827
o(0O-C) [ms?] 7.2 7.2 7.8
mask weightedK0 weightedk0 weightedk0

" Independently discovered by Fischer et al. (2001). * Independently discovered by Jones et al. (2002).



396 M. Mayor et al.: The CORALIE survey for southern extra-solar planets. XII.

HD 6434 CORALIE HD 19994 CORALIE

T T T T T T T T T T T T T

% T

£ 23.05 B

£ g 19.35
3 z

ke k

2 2

El 23 3

2 s

3 E 19.3

22.95

C [kms
S o
8ol
T
-_—
I
L I
|
L o
I
L ! i
[ @«A-S
i
L | |
L | i
LR
W

U N T A

©-0.06 TR -0.04 N R S RS B
51500 52000 51500 52000 52500
JD-2400000 [days] JD—2400000 [days]

HD 65216 CORALIE HD 92788 CORALIE

T
-4.35 [) —
42.7 [ ]
T T —44 i
gz;z.sa { g [ ]
bey Z-4.45 .
5 5 S S ¢ SO, S ]
S 4266 2 [ ]
o o L 4
> > a5 .
8 ] [ ]
E 42.64 E r 1
—-4.55 |- s
4262 Fd 3 ]
B S S T S U SN PR

0 0.5 1
¢
— r T T T T T T T T T T T —— 0.04 T T T T T T =
1 0.02 |- % ! E # } ]
E r ] E 0.02 Ei =
Y A S S — % ————% ?i—a o:—gr———?% ————— iiﬁ;?! ——————— W
&) i Jo-0.02 i E $ 3
1 -0.02 | J 1 3 E
=] ey 199004 b 0 o by oy 1y g
51500 52000 52500 51500 52000 52500
JD—2400000 [days] JD—2400000 [days]

HD 111232 CORALIE HD 114386 CORALIE

T T T T T T T T T T T T

104.6

1

T T T T T T T T T T T T

T

T, 1045 T

E r E 33.4

=) [ =)

> [ >

= =

R e S b g

cl [ ]

> r >

E F E 33.35

3 I 3

21043 g

C . v
0 0.5 1
¢
= ooz E - - - T - - - i T - - 73— 0.04 F — — .
| B E EN r ]
2 001 [ $ 3@ oozf % ) 3
E ok f ER-N: § $-3
= ’% ””””””””” O E= E ?””f T TTTT§EE T 7
u-0.01 } t Jo-002 F E
| _0.02 | ¢ el : ? E
o E L L L 1 1 3% p04 B 1Ty 0 g
52000 52500 51500 52000 52500
JD—2400000 [days)] JD—2400000 [days)]

Fig. 2. Phase-folded radial-velocity measurements obtained with CORALIE for HD 6434, HD 19994, HD 65216, HD 92788, HD 111232 al
HD 114386, superimposed on the best Keplerian planetary solution (top panel in each diagram). The residuals as a function of Julian Dat
displayed in the lower panels.
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Fig. 3. Phase-folded radial-velocity measurements obtained with CORALIE for HD 121504, HD 142415, HD 147513, HD 196050, HD 216437
and HD 216437, superimposed on the best Keplerian planetary solution (top panel in each diagram). The residuals as a function of Julian Date
are displayed in the lower panels.
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thesws L CORALE of 130 good spectra over more than 1500 days. The star relative

faintness and low metallicity lead to a typical radial-velocity
photon-noise uncertainty on individual measurements of only
~8mst. However, the large number of measurements allows
us to derive precise Keplerian orbital elements for the system
(Table 2). The very low planet minimum mass inferred from the
orbital solution (n sini = 0.39M,) gives us a first example of

a very light planet orbiting a deficient star.

Although the star is found to be neither active nor rapidly
rotating, a concern is brought by the not s€felient values of
the rotational period (18.6 day) estimated from the activity in-
dicator and the orbital period (22 day). The uncertainty on the

" T orbital period is very small, but the calibratBg; carries an in-
: 3 ] trinsic uncertainty. The a posteriori verification that the shape
0F —5- - i‘&”"‘?ﬁ - ‘lgﬂ"*"‘ E of the spectral lines, estimated by the bisector inverse slope of
2 L f our cross-correlation functions (BIS; Queloz et al. 2001a), does
51500 52000 52500 not vary with the radial velocity provides an indication against
Jb-2400000 [days] activity to be the source of the observed radial-velocity varia-
Fig.4. Phase-folded radial-velocity measurements obtained wiien. The BIS itself is even constant with a rms of 8.6 s
CORALIE for HD 83443, superimposed to the best Keplerian pla@t the photon-noise level. Moreover, the radial-velocity varia-
etary solution (top). The residuals as a function of Julian Date dien is stable over more than 68 cycles. However, rough simu-
displayed in the lower panel. lations by Santos et al. (2003c) raised the possibility of radial-
velocity variations without noticeable change in the BIS for
a%owly rotating stars. In such cases, only simultaneous veloc-

around the derived solutions. Nothing significant was found b r;:nd pgptlomelztrl_c; mea_sgfrements can ftéclegtggégtrgsmtongm
these candidates. Some of them deserve, however, further c@hin€ radial-velocity variations, as €.g. (Santos
ments (see the following subsections). et al. 2003c) or for thelD 73256 residuals (Udry et al. 2003c).

- _ indication of a 22-d periodicity is present in the Hipparcos
thisArzzggztcti:)hri 11% il(ggllggygz?e;Dsg/SSan’s HpDrZSZG‘?rggfj Eﬁotometric data foriD 6434 and the Geneva photometry finds
HD 111232,HD 114386,HD 142415,HD 147513,HD 196050, N Star stable ata 3mmag level.

HD 216437,HD 216770) are on intermediate or long-period

orbits (100< P<1350days) with medium eccentricitiescomments on HD 19994

(0.2<e<0.5). Such properties are shared by the bulk of the

presently known exoplanétsThe remaining 3 shorter-periodThe residuals around the Keplerian solution (8.1k) sre
planets HD 6434,HD 83443 HD 121504) present, on the othesslightly larger than individual photon-noise errors (median
hand, a lower eccentricity. The eccentricity-period trend is alsd 6 ms?'). They seem mainly due to velocities around
observed for stellar binaries. This similitude between the twi =2 451 600 presenting a large dispersion. Taking into ac-
populations was often brought up as a question féiecent count the fairly large rotation of the star and its binarity status,
planet and binary formations. Nevertheless, cleffietBnces this could possibly come from an enhanced stellar activity level
exist (see e.g. Mayor & Udry 2000; Halbwachs et al. 2003, fat that moment, although the BIS parameter does not show any-
a more complete discussion). Also the mass-period relatithiing special at that time. Nothing else particular is visible in
of exoplanets, checked for statistical significance by Zuckiéve residuals.

& Mazeh (2002) and further discussed in Udry et al. (2003d),

is apparent in our subsample; the two shortest-period systems

host (by far) the lightest planets, with minimum massésomments on HD 83443

below 0.4M,,p, Whereas the longest periodd$1000d) are
associated with planet minimum masses of 1.82, 3.02
6.8Myyp.

29.1
L
29.05

29

Radial Velocity [km s~!]

28.95

Fourier analysis, for additional periodicities in the residu

HD 83443 was first announced at the Manchester AU
a§9mp. 202 to host a resonant 2-planet system with periods
P;=2.985d andP,=29.85d (Mayor et al. 2000). At that
time the available 93 high/S CORALIE spectra allowed us to
Comments on HD 6434 clearly find the 2 periods of variation. The two periodic signals

) _ were highly significant. In particular, the false alarm probabil-
Since the discovery of the planet, we have doubled the n“@'for the 30-d period in the data was very lowq x 104

ber of measurements available 18D 6434, gathering a total jyse to the 4- detection limit (Fig. 5, top). Moreover, these

5 Long-period candidates on low-eccentricity orbits (closer to tHReriodicities were not presentin the velocities of contemporary
giant planets in our solar system) are however more and more 8pserved constant stars with similar photometric characteris-

ten discovered as the time coverage of the radial-velocity survéi@s (Udry et al. 2002). This rules out instrumentéieets as
increases. the source of the observed variations. A new reduction of the
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HD 83443 CORALIE either. However, if existing, such a relation between residu-

als and line shape should easily come out of HIdRPS data
that are already providing a preliminacgmmissioningrbital

solution forHD 83443 at a~1.5ms? precision level (Mayor
2003).

Looking at the orbital solution given in Table 2, we can note
that the ecccentricity derived for the planet is not significantly
different from O.

With its 2.98-day periodHD 83443b was a good can-
didate for photometric transit search. The photomairioy
observations were obtained with ti&trédmgren Automatic
TelescopdSAT) at ESOLa Silla, Chile (Olsen et al. in prep.).
Unfortunately, no transit was detected.

Comments on HD 121504

We mentioned above that the somewhat large residuals ob-
; tained for this system may probably be related to the stellar
L : 4 activity-induced jitter (lodR},, =-4.57). We also could see in

: — the temporal distribution of the residuals some indications of an
- additional radial-velocity drift. If real, this drift is very small. A
. combined Kepleriar- linear drift model yields a drift value of
. ~3ms?ty~1 without changing noticeably the planetary orbital
- parameters. Furthermore, the combined fit does not improve
7 much the quality of the solution: the(O—C) decreases only
from 11.6 to 11.2 ms. The drift is thus not considered as sig-
nificant and not included in the solution given in Table 2. Future
measurements will confirm or rule out this potential drift.

Power Spectrum (m s-1)

0 20 40 60 80 100
Period (d)

Fig.5. Fourier transform of the residuals around the 2.98-d o(rgomments on HD 142415

bital solution of HD83443bTop for radial-velocities in the ) . . . .
2451 500< JD< 2 451 702 period, when the 30-d period signal washe Keplerian solution derived faiD 142415 yields a period

seen in the data, arBbttom for later velocities. The false alarm prob-Of 386.3+ 1.6 days, not too far from 1 year. As we have points

ability of the 30-d period in the early measurements is only™@* covering the maximum and close (on both sides) to the mini-

(close to the 4 detection level), whereas the signal has disappearstum of the phased radial-velocity curve over 4 full cycles, this

in the later data. proximity to an annual variation is not so much of a concern
for the reality of the planetary signal. The trouble resides rather
in the dfficulty of covering the whole phase interval. As a re-

data using the weighted cross-correlation scheme also configuk the minimum of the curve is highly undersampled and the

the results presented in Manchester. best fitted orbital solution tends to be very eccentric, increasing

However, about 2 years later, Butler et al. (2002) trying tile radial-velocity semi-amplitude in an artificial way. This ef-

confirm the 2-planet system did not detect the 30-d secorfdet is even worsened by the stellar activity induced jitter that

planet signal in their KeckAAT radial-velocity data. We then makes the orbital elements mord&utiult to determine. We have

also verified that it had disappeared in our more recent datafass arbitrarily fixed the eccentricity of the solutionde: 0.5,

well (Udry et al. 2002). The corresponding peak in the Fouriarplausible value when looking at the sequence of the radial-

transform of the radial velocities is no longer present (Fig. 8elocity measurements. Note, however, that solutions with

bottom). between 0.2 and 0.8 would still be acceptable.

The origin of this transient signal is not clear yet. An ap-

pealing possibility is to attribute thedfect to activity as the cor-

responding period is compatible with the activity-related stell@omments on HD 196050

rotation estimate (within the uncertainties related to the cali-

bration). As mentioned above, we tried for this star as well the phase coverage of our BDRALIE radial velocities is not

see a relation between BIS and the residuals around the 2.98:dd enough to obtain a constrained value of the planet eccen-

Keplerian solution but without success at the precision of oticity. We thus fixed this eccentricity te=0.3, a value mini-

CORALIE data. No 30-d periodicity is found in the BIS datamizing the residuals around the derived solution.
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Table 3. CORALIE simulataneously derived 2-Keplerian orbital solutions as well as inferred planetary parameters for the multi-planet syste
HD 82943 and HD 169830. Parameter definitions are the same as in Table 2. Note that for HD 82848dihelements are not well defined
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in the sense that there exist other solutions with vefiedénte andw estimates but with equivalent{O—C) values (see text).

Parameter HD 82943 ¢ HD 82943 b HD 169830 b HD 169830 ¢
(HIP 47007) (HIP 90485)
DetRef ESO (May 2000); ESO (April 2001) Naef et al. (2001); Udry et al. (2003b)
P [days] 219.4:0.2 435.1+1.4 225.62:0.22  2102:-264
T [JD-2400 000] 52284 1 51758+ 13 51923t 1 52516+ 25
e 0.38+0.01 0.18:0.04 0.31+:0.01 0.33:0.02
\Y, [kms™?] 8.144+0.001 —17.209+ 0.006
w [deg] 124+ 3 237+13 148+ 2 252+ 8
K [ms? 61.5+1.7 45.8+1.0 80.7£0.9 54.3+ 3.6
a sini [108AUJ 1.145 1.801 1.591 9.898
f(m  [107° M) 4.156 4118 10.56 29.27
M, sini [Myy] 1.85 1.84 2.88 4.04
a [AU] 0.75 1.18 0.81 3.60
Nmeas 142 112
Span [days] 1593 1506
o(0-C) [ms?] 6.8 8.9
mask weightedK0 weightedk0
HD 82943 CORALIE HD 169830 CORALIE
L s s S B S —-17.10
8.20 |- 4 32 g
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Fig. 6. Top temporal radial-velocity measurements obtained with CORALIE for the 2-planet systems HD 82943 (left) and HD 169830 (righ
superimposed to the best simultaneously-derived 2-Keplerian planetary solBtdtmn residuals as a function of Julian Date.

3.2. The 2-planet systems announced first (ESO 2000), about 1 year before the detection

of the secondary planet signatur(82943 ¢; ESO 2001).

The P;/P;=2/1 resonant systems are very important be-
cause, when the planet orbital separations are not too large,
planet-planet gravitational interactions become non-negligible
The star hosts a very interesting 2-planet system. Betweasming planet “close” encounters, and will noticeably influ-
JD=2451184 and JB2452777, we have gathered 142nce the system evolution on a timescale of the order of a
good CORALIE spectra of the star that allow us to derive éew times the long period. The radial-velocity variations of
2-Keplerian approximate solution with period =435.1d the central star will then éier substantially from velocity
andP. =219.4d. The whole set of orbital parameters are giveariations derived assuming the planets are executing inde-
in Table 3 and the solution and velocities are displayed in Figp@ndent Keplerian motions. We observe a temporal variation
(left). The particular values of the periods made us miss théthe instantaneousrbital elements. In the most favourable
short-period minimum of the curve when the star was beases, the orbital-plane inclinations, not otherwise known from
hind the Sun. The long-period planei¥ 82943 b) was thus the radial-velocity technique, can be determined since the

3.2.1. The 2-planet resonant system around HD 82943
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amplitude of the planet-planet interaction directly scales with Unlike HD 82943, this system is not resonant but more hi-
their true masses. erarchically structured. The separation between the 2 planets

In the case of multiple planets, only approximate analytRiays always fairly large, the 2-Keplerian model is then sup-
solutions of the gravitational equations of motion exist, arRPsed to provide a good approximation of the system evolution
one must resort to numerical integrations to model the da®® @ fairly long time. However, the time span of our velocity
Several studies have been conducted in this direction for fRgasurements barely covers the long period variation. The cor-
GI 876 system (Laughlin & Chambers 2001; Rivera & Lissauégsponding planetary orbit is thus not completely constrained
2001; Nauenberg 2002), similartd 82943 in the sense that itand & ]arge uncertainty is_still ob_served for the long period.
also hosts two /1 resonant planets at fairly small separations. 1hiS 2-planet system is the first to be announced after the
The results of theNewtonianmodeling of theGI 876 system Proposition by Mazeh & Zucker (2003b) of a possible corre-
have validated the method, improving notably the determiniation between mass ratio and period ratio for adjacent planets
tion of the planetary orbital elements, but the time coverage if Multi-planet systems. It is interesting to note that the new
the measurements is still too small for the method to provi§¥stem agrees with the proposed correlation (Mazeh & Zucker
strong constraints on the plane inclinations. The valley of t903a).
acceptable solutions is still very shallow, although including Summar
the correct answer provided ByST astrometric observations ™ y

(Benedict et al. 2002). Further radial-velocity measuremeé have described in this paper 16 still unpublished exoplanet
will undoubtedly improve the situation. candidates discovered with tld®RALIE echelle spectrograph

Our correct modeling afiD 82943, taking into accountthemounted on the 1.2-m Euler Swiss _telesc.ope at La Silla
Ogservatory. Amongst these new candidates:

planet-planet interactions, is under study and will be presented ™ Ten are typical extrasolar Jupiterlike planets on

na forthcommg paper W.'th amore detailed description of trfﬁtermediate- or long-period (180P < 1350d) and fairly ec-
system behaviour (Correia et al. in prep.).

centric (0.2 e<0.5) orbits D 19994,HD 65216,HD 92788,

Our present approximate solution for the system (Table 3h 111232 HD 114386, HD 142415,HD 147513,HD 196050,
yields residuals at the level of the photon noise of the radiglp 216437 HD 216770). They resemble the bulk of extra-solar
velocity measurements. The inferred two planetary masses g ets found to date.
very similar. Althoughin a 2 resonance, the two orbits do not  _ 0 of these planet$ip 19994 HD 147513) are orbiting
seem to be aligned. However, we have to warn the reader nogi component of a multiple-star system. Such planets seem to

take too litterally the results described here because: present dierent orbital and mass characteristics than the other
— As mentioned above, due to the planet-planet interagsinglestar planets (Zucker & Mazeh 2002; Eggenberger et al.
tions, the orbital elements are time dependent; 2003). The companion tBlD 147513 is even a white dwarf,

— Due to the non-optimum phase coverage, the planet € evolution to which has probably also influenced the planet
centricities andvs are badly (if at all) constrained by the dataevolution through mass transfer between the two stars.
The small uncertainties given in the table only relate to the — Three candidates are shorter-period planets 6434,
given local solution in parameter space. There are, howeVaP 121504 HD 83443) with lower eccentricities (the latter be-
other local solutions with almost equivaleyft minimum val- ing a hot Jupiter).
ues. For instance, a solution with the veryfelient values of ~ — More interesting cases are given by the multiple-planet
the eccentricities, = 0.4 ands, ~ 0 only increases the residualSystemsHD 82943 andHD 169830.HD 82943 is a resonant
from 6.8 to 6.9mst. In this case, as, ~0, wp, is completely Pp/Pc=2/1 system in which planet-planet interactions are in-
non-determined and it is then possible to find for these eccéencing the system evolutioAD 169830 is non-resonantand
tricities an aligned configuration witty, = w. = 110deg and more hierarchically structured, and therefore le§ecied by

the same level of residuals (6.9 M) leaving furthermord;  this kind of interaction.
andK; almost unchanged. From a more global point of view, our candidates follow

We will now continue to follow closely this system, accu;he period-eccentricity and period-mass trends observed for

mulating measurements to improve in the future the derivg&e whole sample of known ext_ra-solar planets. They follow
solution. as well the trend for stars hosting planets to be more metal

rich than normal stars of the solar neighbourhood (Santos
et al. 2001, 2003b; Gonzalez et al. 2001; Laws et al. 2003).
3.2.2. The HD 169830 hierarchical 2-planet system Only 3 amongst the 15 stars are metal deficient with regards
to the Sun whereas almost all the others present higiH]Fe
A 230-d period planet orbitingiD 169830 was first describedvalues.
in Naef et al. (2001). The orbital solution was derived from the We emphasize the filiculty encountered to fully constrain
35 CORALIE spectra available at that time. After the seconghulti-planet systems. Such a task, involving many free param-
maximum of the radial-velocity curve, we noticed an additionaters, requires a good phase coverage and a fair number of mea-
trend in the data pushing us to follow the star more closely. VBarements, even for the simplest cases. As a consequence, stud-
have now gathered 112 good spectra that allow us to simuligs on multi-planet system stability should not rely too closely
neously derive a complete 2-Keplerian orbital solution for then the given orbital parameters. The published solutions will
system (Table 3 and Fig. 6, right). probably change in the future (some will notably change) as
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more measurements become available. A substantial advamegor, M., Naef, D., Pepe, F., et al. 2000, in Planetary Systems in the
in this domain will be brought by the the ne®ARPSspectro- Universe: Observations, Formation and Evolution, ed. A. Penny,
graph mounted on thESO 3.6-m telescope at La Silla (Pepe P- Artymowicz, A-M. Lagrange, & S. Russell, ASP Conf. Ser.,
et al. 2002b) available since October 2003. With the very high!n Press o _

precision achieved for radial-velocity measurements and 34@3’0“ M., & Udry, S. 2000, in Disks, Planetesimals and Planets,
quality of the spectradARPSis now providing us with an un- g‘i'r F.zclséalrzz,lc. Eiroa, D. de Winter, & T. Mahoney, ASP Conf.
equalled tp(_)l to. CharaCt?nze multl-ple_lnet Sy?tems‘mse”‘_ Mazeh, T., & Zucker, S. 2003a, in Extrasolar Planets: Today and
tgngle activity-induced jitter from orbital radial-velocity varia- Tomorrow, ed. C. Terquem, A. Lecavelier des Etangs, & J.-P.
tions. Beaulieu, XIXth IAP Collog., in press
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