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ABSTRACT

We report the discovery of a planetary system around HD 9géffprmed from radial velocity measurements secured viiéh t
spectrograpl8OPHIE at the 193-cm telescope of the Haute-Provence Observatwitygdmore than two years. At least two planets
orbit this G5V, active star: HD 9446b has a minimum mass oM and a slightly eccentric orbit with a period of 30 days, wiasre
HD 9446¢ has a minimum mass of 1.8/Mand a circular orbit with a period of 193 days. As for most a&f kmown multi-planet
systems, the HD 9446-system presents a hierarchical digmosvith a massive outer planet and a lighter inner planet
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1. Introduction et al. 2008, Santos et al. 2008, Bouchy et al. 2009) and ty stud

llar activity (Boisse et al. 2009a). This sub-prograsoe@ims

st
Among the more than 400 exoplanets known so far, most Qlfefollowing up transiting giant exoplanets; this allowgestro-
them have been discovered from the reflex motion they caus&lQynic transits to be observed (Loeillet et al. 2008), iditlg
their host-star, which can be detected from stellar radibilaity e getection of the two first cases of spin-orbit misaligntne

wobble. Thus, accurate radial velocity measurements ma‘a'namely XO-3b (Hébrard et al. 2008) then HD 80606b (Moutou

particularly dficient and powerful technic for research and chag; 51 2009. Pont et al. 2009), simultaneously with the discp
acterization of exoplanetary systems. They allow thesttatbf of the transiting nature of the planet in this last case.

systems to be extended by completing the minimum mass€perio e gopHIE observations of HD 9446 that allow the detec-

diagram of exoplanets, in particular towards lower masses &y, of (o new planets are presented in section 2. We deride a

longer periods, as the measurement accuracy improves. igoyss the stellar and planetary properties in sections! 3 ae-
Together with the advent of the neSBDPHIE spectrograph ¢

Fpectively, and conclude in section 5.
at the 1.93-m telescope of Haute-Provence Observatory JOH
France, theSOPHIE Consortium (Bouchy et al. 2009) started
in late-2006 a large observational program of exoplanetscse 2 Opservations
and characterization, using the radial velocity technidnéhe
present paper we announce the discovery of two exoplanéfe observed HD 9446 with the OHP 1.93-m telescope and
around HD 9446, from radial velocity measurements secusedPPHIE, which is a cross-dispersed, environmentally stabilized
part of the second sub-program of 8@PHIE Consortium. This €chelle spectrograph dedicated to high-precision radifios
sub-program is a giant-planet survey on a volume-limited-saity measurements (Perruchot et al. 2008, Bouchy et al. 2009)
ple around 2000 FGK stars, requiring moderate accuraci, ty@bservations were secured figh-resolution mode, allowing
cally in the range 5 10 m s (Bouchy et al. 2009). Its goal is to the resolution power/A1 = 75000 to be reached. The spec-
improve the statistics on the exoplanet parameters andthsi- tra were obtained in three seasons, from November 2006 to
ing stars by increasing the number of known Jupiter-mags pldlarch 2009. Depending of variable atmospheric condititmes,
ets, as well asfer a chance to find new transiting giant planetéxposure times ranged between 3 and 18 minutes and signal-to
in front of bright stars SOPHIE sub-program-2 data were al-noise ratios per pixel at 550 nm between 32 and 94, with typica
ready used to report the detection of several planets (Da Sivalues of 5.5 minutes and 55, respectively. Exposure tinte an
signal-to-noise ratio were slightly greater during thet fiesason

* Based on observations collected with tBBPHIE spectrograph Of observation. Three exposures performed through toodglou
on the 1.93-m telescope at Observatoire de Haute-Prov@iR$), conditions were excluded from the final dataset, that ineducd
France, by th&OPHIE Consortium (program 07A.PNP.CONS). spectra. The total exposure time is about 7 hours.
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The spectrograph s fed by two optical fibers, the first one b&able 2. Adopted stellar parameters for HD 9446.
ing used for starlight. During the first season the se@DieHI E

entrance fiber was fed by a thorium lamp for simultaneous wave Parameters Values
length calibration. Thereafter we estimated that wavelengl- m, 8.35
ibration performed with a 2-hour frequency each night (al- Spectral type G5V
lowing interpolation for the time of the exposure) waisient, B-V 0.680+0.015
and that the instrument was stable enough to avoid simutane Parallax [mas] 192+ 1.06
calibration for this moderate-accuracy program. So forsthe- Distance [pc] 53 3
ond and third seasons, no simultaneous thorium calibratere oo [km ] 4%l
S : : 0g R« -45+0.1

performed, avoiding pollution of the first-entrance spactby [Fe/H] 0.09+ 0.05
the calibration light. The second entrance fiber was insgedad Tor [K] 5793 4+ 22
on the sky; this allowed us to check that none of the spectra logg [cgi] 453+0.16
were significantly &ected by sky background pollution, espe- Mass [Ms] 1.0+01
cially due to moonlight. Radius [R] 1.0

We used th&OPHIE pipeline (Bouchy et al. 2009) to extract Luminosity [Lo] 11

the spectra from the detector images, cross-correlate tigm
a G2-type numerical mask, then fit the cross-correlatiorefun ,
tions (CCFs) by Gaussians to get the radial velocities (Bee@t Ter = 5793+ 22 K, the gravity logy = 4.53+ 0.16, [Fe/H] =

al. 1996, Pepe et al. 2002). Each spectrum produces a cléar Ct9-09+ 0.05, andM. = 1.0 + 0.1 M. The 10 % uncertainty on
with a 847+ 0.05 km s full width at half maximum and a con- the stellar mass is an estimation, systemdtats being dticult

trast representing 38+0.8 % of the continuum. Only the 33 first t0 quantify (Fernandes & Santos 200‘11)- We derive a projected
spectral orders of the 39 available ones were used for tres criptational velocityvsini, = 4 + 1 kms™ from the parameters
correlation: this allows the full dataset to be reduced wita ©f the CCF using the calibration of Boisse et al. (in prepangt
same procedure, as the last red orders of the HD 9446 spe¥{fich is similar to that presented by Santos et al. (2002). We
obtained during the first season were polluted by argon saec@!S0 obtained [FeH] = +0.12+0.10 from the CCF, which agrees
lines of the simultaneous wavelength-calibration. with, but is Iess_ accurate than the metallicity obtainednfiaur

The derived radial velocities are reported in Table 1. THPectral analysis.
accuracies are between 5.4 and 9.7t gypically around
6.5ms?. This includes photon noise (typically 3.5 ms?),
wavelength calibration~ 3 ms?), and guiding errors ~
4 ms) that produce motions of the input image within the fiber
(Boisse et al. 2009b). These computed uncertainties donrot i

clude any “jitter” due to stellar activity (see below). e T T T T T 1
Table 1. Radial velocities of HD 9446 measured wBDPHIE (full ta- _. 06 -
ble available electronically). § | 1
= Ik
BJD RV 1o 8 ol 0
-2400000 (km3) (kms?) 5
540434849 21.7152 0.0063 ~
54045.4850 21.7451  0.0055 R
54047.4598 21.7747  0.0056 “ o2k _
54048.5033 21.7969  0.0054 L |
54889.2599 217201  0.0073 0.0Lniuin, oo oo e e SETE
54890.2628 21.7409  0.0064 392 393 394 395 396 397 398

54893.2986 21.7222  0.0090 Wovelength (nm)

54894.2961 21.7074  0.0097

Fig. 1. H and K Cait lines of HD 9446 on the averag&DPHIE spectra.
Chromospheric emissions are detected, yielding &jgg= —4.5+0.1.

3. Stellar properties of HD 9446
prop The cores of the large Gaabsorption lines of HD 9446

We used the 5@OPHIE spectra secured without simultaneoushow small emissions (Fig. 1), which are the signature of an
thorium exposure to obtain an averaged spectrum, and we mactive chromosphere. Such stellar activity would imply g si
aged a spectral analysis from it. Table 2 summarizes the steificant “jitter” on the stellar radial velocity measurentenhe
lar parameters. According to the SIMBAD database, HD 944ével of the Car emission corresponds to I&j,, = —4.5 with
(HIP 7245, BDr28 253) is av = 8.35, high proper-motion G5V a +0.1 dispersion according to trf@PHIE calibration (Boisse
star. Its Hipparcos parallax = 19.92+ 1.06 mas) implies a dis- et al. in preparation). For a G-type star with this level divac
tance of 53t 3 pc. The Hipparcos color B—V = 0.680+0.015 ity, Santos et al. (2000) predict a dispersion of the orddiOofo
(Perryman et al. 1997). 20 ms*? for the stellar jitter. According to Noyes et al. (1984)
From spectral analysis of tHfBPHI E data using the method and Mamajek & Hillenbrand (2008), this level of activity im-
presented in Santos et al. (2004), we derived the temperatplies a stellar rotation perioBy,: ~ 10 days. This agrees with
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our vsini, measurement, which translates ifg,; < 17 days
(Bouchy et al. 2005), depending on the unknown inclination
of the stellar rotation axes.

T T T T T
0.151 7
4. A planetary system around HD 9446
The SOPHIE radial velocities of HD 9446 are plotted in Fig. 2. __ o0.10} .
Spanning more than two years, they show clear variationseoft £ i
order of 200 ms!, implying a dispersiomrgy = 58 ms?; this £ [
is well over the expected stellar jitter due to chromosphacr = 0.05¢ ]
tivity (10 to 20 ms?, see above). In addition, the bisectors of g
the CCF are stable (Fig. 3, upper panel), showing dispeafion " 4 ooF ]
the order ofogis = 20 ms?, well below that of the radial ve- g [
locities. An anticorrelation between the bisector and tdial o [
velocity is usually the signature of radial velocity vaiats in- o -0.05[ ]
duced by stellar activity (see, e.g., Queloz et al. 2001 s8w»i I
et al. 2009a). The bisectors are flat by comparison with the ra _o.10k b
dial velocities, which suggests that the radial velocitsiattons T ]
are mainly due to Doppler shifts of the stellar lines rathnemt e e
stellar profile variations. This leads to conclude that refteo- 21.55 21.60 21.65 21.70 21.75 21.80 21.85
tion due to companion(s) are the likely cause of the stedldial Radial velocity (km/s)
velocity variations.
T T T
0.10 u] 1
HD9446 SOPHIE i
I O I O |
e ' ~
21.80 . j ﬁ‘ + 1 g » =
B ] £ i o 1
2175 | t, 005 & o -
@ B ] 5] i 1
E 21.70 i ¥ AT (RIS [ 7 ": & ;
> ! i S
[ass i | E O 3
i a L 4
2165 2 0.00
21.60 - ! -
:HHM\HMH\\\r\\\HH\HH\HH\HH\HHM: L
40;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\{ 0050 o0y
g 20 ; il + :; -0.05 0.00 0.05
S50 - *H# ,,,,,,,,,,,,, W”; ,,,,,,,,,,,,,,,, - +H -t % = Radial velocity residuals (km/s)
ol -20 ty by =
=40 THHMHMHH\HH\HHMHMHH\HH\HHM’ Fig. 3. Bisector span as a function of the radial velocity (top) amal t

4100 4200 4300 4400 4500 4600 4700 4800 4900 radial velocity residuals after the 2-planet fit (bottomdr Elarity, er-
JD - 2450000.0 [days] ror bars.are not plotted in the bottom panel. The ranges leeveame
extents in thex- andy-axes on both panels.
Fig. 2. Top: Radial velocitySOPHIE measurements of HD 9446 as a
function of time, and Keplerian fit with two planets. The aabparam-
eters corresponding to this fit are reported in TabBdtom: Residuals
of the fit with 1o~ error bars. gether with error bars, which were computed frpfvariations
and Monte Carlo experiments.
The inner planet, HD 9446b, produces radial velocity varia-
These facts were known in late 2007, after two seasonstisins with a semi-amplitud = 46.6+:3.0ms'*, corresponding
SOPHIE observations of HD 9446. A search of Keplerian fit¢0 a planet with a minimum maddp sini = 0.70 + 0.06 Myyp
then produced a solution with two Jupiter-like planets, drits  (@ssumingVl, = 1.0+0.1 M, for the EOSI star). Its orbithas a pe-
of 30 and 190 days of period, with low eccentricities. Thikiso riod of 30052+0.027 days, and is significantly non-circular
tion was thereafter confirmed by the third season of obsiervat 0.20+0.06). This period is longer than the stellar rotation period,
together with the “flat” bisectors, this provides a strongsart  as determined above from the 1B, and thevsini,. A Pt
to the two-planet interpretation of the radial velocityiaéions. value of 30 days would correspondsssini, < 2 kms?, which
Figs. 2 and 4 show the final fit of the 851-day sSf@PHIE is incompatible with our data. The outer planet, HD 9446c,
radial velocities of HD 9446. This Keplerian model includes yields a semi-amplitud& = 639 + 4.3 ms'!, corresponding
planets without mutual interactions, which are negligiblénhis  to a planet with a projected mad4p sini = 1.82+ 0.17 My,
case (see Sect. 5). All the parameters are free to vary dtivéng The orbital period is 192 + 0.9 days. This is about half a Earth-
fit. The derived orbital parameters are reported in Table-3, tyear, which made dicult a good phase coverage for the obser-
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Table 3. Fitted orbits and planetary parameters for the HD 9446 Byste
with 1-o- error bars.

HD9446b

JWHHMHWHH[HH“H{[HH“HWHH“TH“HWHHMHT“L Parameters HD 9446b HD 9446¢
. t # + 1 P [days] 30052+ 0027  1929% 09
40 - ﬂ ] e 0.20+ 0.06 006+ 0.06
g w[°] ~145% 30 ~260=+ 130
20 ﬁ K [ms?] 46.6 + 3.0 639 + 4.3
IR Ao e To (periastron) [BJD] 2454854+20 245451070
E + Mp sini [M ] 0.70+ 0.06' 1.82+0.17
> a[AU] 0.189+ 0006  0.654+ 0.022
V, [kms] 21715+ 0.005
—40 N 79
5 { ] reducedy? 2.6
-0 4 ooc[ms? 15.1
jHHH“HHHH“Hl“HHHH“}H“HHHHﬁHL“HHHHMC Typica|RvaCCUVaCy[m'51] 6.5
~0.1 00 0.1 02 03 04 05 06 07 08 09 1.0 LI span [days] 851
0 frusingM, = 1.0+ 0.1 M,

4100 4200 4300 4400 4500 4600 4700 4800

The reduced? of the Keplerian fit is 2.6, and the standard
BJD-2450000 [day] deviation of the residuals iso_c = 15.1 ms?. This is bet-
E??N“Té?ﬁ:HwHH“HWHH“HWHH TTTT[TTTT[TTTTI[TTITIT[TITITIT [Ty terthan the 58-m7§ dlsper5|on Ofthe Orlglnal radlal VelOCItIeS'
: PRI put this remains higher than the 6.5-M sypical error b
F ] gher than the 6. $ypical error bars on
E the individual measurements, suggesting an additionakenaf
~ 135 ms. Such dispersion is precisely in the range of the 10
to 20 m s* expected jitter for a G-type star with this level of ac-
tivity (Sect. 3). Stellar activity is thus likely to be the ma&ause
of the remaining dispersion, as well as th@0-m s* dispersion
of the bisectors. The residuals of the fits do not show sigaritic
anticorrelation with the bisectors (Fig. 3, lower pandd)iteould
be expected in such cases (see, e.g., Melo et al. 2007, Baisse
al. 2009a); this is however at the limit of detection accogdio
the error bars. A few bisectors values are larger than theroth
ones. They could be due to a particularly active phase of the
star, as they are localized in a short time interval (betwatn
January and early February 2007). Excluding these ouftiens
the analysis does not significantly change the resultslifi@s
it can be seen on lower panel of Fig. 2, the residuals arefsigni
cantly less scattered during the first season than durintirte
BJD-2450000 [day] one. This can be mainly explained by the higher signal-tseno
Fig. 4. Phase-folded radial velocity curves for HD 944D £ 30d, ratio reached with longer exposure times during the firsscea
top) and HD 9446¢cR = 193 d, bottom) after removing théfect of the as well as the simultaneous thorium calibration securedhier
other planet. Th&OPHIE radial velocity measurements are presentefjrst measurements.
with 1-o error bars, anq the Keplgrian fits are thg solid lines. Olrbita Figure 5 shows Lomb-Scargle periodograms of the radial ve-
parameters corresponding to the fits are reported in TalAlbe3colors locity measurements of HD 9446 in fouritirent cases: without
indicate the measurement dates. .
any planet removed, with one or the other planet removed, and
with both planets removed. A similar study was performed in
the case of BD-08°2823, another star with two detected planets
(Hébrard et al. 2009). In the upper panel of Fig. 5 that presse
vations. As seen in the lower panel of Fig. 4, the rise of the rthe periodogram of the raw radial velocity measurements of
dial velocity due to HD 9446¢ lacks of measurements, fortathi HD 9446, periodic signals at 30 days and~ 195 days are
phases between 0.0 and 0.3. This implies significant urinerteclearly detected with peaks at those periods, correspgridin
ties on the shape of the orbit. Circularity can not be exaudéhe two planets reported above, with the same amplitudes. Th
(e = 0.06 + 0.06); furthermore, if the orbit actually is eccentricpeak at~ 1 day corresponds to the aliases of all the detected
there are nearly no constraints with the present dataseten signals, as the sampling is biased towards “one point péathig
orientation of the ellipse with respect to the line of sigftie re- A fourth, weaker peak is detected-at13.3 days. A Keplerian
sulting error bars on the longitudeof the periastron and on thefit of this signal would provide a semi-amplitutte~ 11 ms?,
time Ty at periastron are thus large; there are however correlatedfresponding to a projected mass of 40 Earth masses. We do
and the timing of a possible transit for this planet is bettar- not conclude, however, that we detect a third, low-massgblan
strained thafly in Table 3. Our estimations ofsini, andP,,; Wwithin the current data.
allow the constrainit, > 30° to be put. So, if we assume a spin-  Indeed, firstly this 13.3-day period is near the stellartiota
orbit alignment for the HD 9446-system, = i and sin > 0.5; period ¢ 10 days, Sect. 3), so it could be at least partially due
this implies projected masses that translate into actuake® to stellar rotation. However, no significant peaks are detkat
clearly in the planetary range. this period (nor at 30 days or 193 days) on the bisectors peri-

4100 4200 4300 4400 4500 4600 4800

4700



Hébrard et al.: A multi-planet system around HD 9446 5

odograms. We interpret this 13.3-d signal as being mordylike

due to aliases. In order to validate this, we constructedka fa
radial velocity dataset with the same time sampling as otwahc

data, and that includes only the Keplerian model of the taopl

ets found above. The periodogram of this fake dataset issilmo 60
identical as the one plotted in the upper panel Fig. 5: itlideb

of course the two peaks corresponding to the periods of the tw 40
planets, but also the peak at 13.3 days.

In addition to the one-day peak, the window function of our
data shows a peak at 14.3 days, indicating that this inter-
val is favored in our time sampling. The 13.3-d signal could L
thus be mainly due to the 14.3-day alias of the 192.9-dayasign  °[
(1/133 ~ 1/14.3+ 1/1929). On the second panel of Fig. 5 is L
plotted the periodogram of the residuals after subtracifamfit _
including the 30-day-period planet only. The peak at 1933da3@ ok
is visible, as well as these aliases at 1, 13.3, and 15.4 days
(1/154 ~ 1/14.3-1/1929). In the same manner, the third panelg o
of Fig. 5 shows the periodogram of the residuals after a fit in2
cluding the 193-day-period planet only. The peak at 193 éays &
no longer visible, and neither are the three aliases seeheon t* 30 ‘
upper panel. This time the peak at 30 days is visible, togethe
with these two aliases due to the 1-day favored sampling9at O i
and 1.03 day. The bottom panel of Fig. 5 shows the periodogram 10 M
of the residuals after subtraction of the Keplerian fit iithg o YRR 1L kL)

HD 9446b and HD 9446¢. There are no remaining strong peaks 12 ; o-c_;
on this periodogram; even the 1-day alias disappeared,isgow 10f ; 2 planets removed 3
that most of the periodic signals have been removed from the s :H ; ; 3

20

\ 0-C]
: || 30d signal only ]
wof S

0-C-

40 1
193d signal only

data. The remaining peaks are below 18 amplitude, showing 6 3
that the main part of the detected periodical signals in a@tia d 4 3
are due to the two planets. The remaining signal in the ressdu 2 ; E
are at the limit of detection according to our accuracy. Aadn 0 .“hmﬂ.m.mU A A § I L]
dition the stellar rotation period is close to an alias ofsfgnal 1 10 ' 100 1000
of HD 9446c¢, this makes tough any characterization of radial period (days)

velocity signal due to stellar activity, which is expectedinty

at the stellar rotation period. As the stellar jitter on tlaelial

velocities is of the order of 10 m§ this efect on the derived Fig. 5. Lomb-Scargle periodograms of tH@PHIE radial velocities.

parameters of the two detected planets is negligible. The upper panel shows the periodogram computed on thelirdtia
The residuals of the measurements secured during the secdintvelocities, without any fit removed. The second anddtigianels

observational season are preferentially negative (Figovger show the periodograms computed on the residuals of the fitsdimg

panel). This may suggest a possible additional componéift, wHD 9446b or HD 9446c¢ only, respectively. The bottom panelshthe

an orbital period of the same order or larger than the time SpBerlodo_gram after the subtraction of the 2-planet fit. The wertical

of our dataset (2.3 years). Such an additional planet catitben  dotted lines show the periods of the two planets.

established with the available data. For 2-yr period, the pro-

jected mass of such an hypothetic planet should be lower than

one Jupiter mass. On the other hand on short periods, a hot-

Jupiter is excluded in this system, the accuracy of our datas

being good enough to detect it if there were any. The data glmulation of the two orbits from the current solution was ru
low planets with masses larger than 0.3,Mand orbital periods for 10° years, in order to estimate their evolution from mutual
shorter than 10 days to be excluded in the HD 9446 system. interactions. This shows no significant changes in the exdcin
ties, which remain in the ranges 18- 0.23] and [003-0.075],
for HD 9446b and HD 9446c respectively. Therefore this syste
is stable for 18 years, and it seems to be stable for longer time
The data we presented allow us to conclude there is a plgnetscales also. We estimated the order of magnitude of the poten
system around HD 9446, with at least two Jupiter-like playat tial transit timing variations due to those weak mutual riate
30 and 193-day orbits. HD 9446b has a projected mass slightilyns, if any of the planets of the system does transit. Fat th
lower than Jupiter; it is on a 0.2-eccentricity orbit, showithat purpose we performed another 3-body simulation of the sys-
tidal effects were not strong enough to circularize it. HD 944&em, assuming the masses of the planets are equal to the min-
is at least 1.8 times more massive than Jupiter, and is orrlyneamum masses and that the orbits are coplanar. We employed the
circular orbit. The host-star of this system is slightly maretal- Burlisch-Stoer algorithm implemented in the Mercury6 pegp
lic than the Sun, in agreement with the tendency found fasstdChambers 1999) and integrated the system for 2000 days -i.e
harboring Jupiter-mass planets (see, e.g., Santos etl).20 around 10 orbits of the exterior planet. We found that therant-

The mutual gravitational interactions between HD 9446b attibn between the planets produces variations in the cetirmal
HD 9446c¢ are weak. The inner planet is stabilized on its dnpit of transits with small amplitude, that does not exceed Ccése
the strong gravity of the star. Following Correia et al. (80& for any of the two bodies.

5. Discussion
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No photometric search for transits have been managed $ami-major axis relation for known multi-planetary sysgem
HD 9446; depending on the unknown inclinatioof the orbit, The data are taken from the compilation of the Extrasolar
the transit probability for HD 9446b and HD 9446¢ are aboilanets EncyclopediaMost of the known multi-planetary sys-
2% and 1%, respectively. There are more than 200 exopldems show such hierarchical disposition, as roughly therSol
ets detected from radial velocity surveys with orbital pdd System. The fitted relation between those two parameters pro
longer than 50 days, so with transit probabilities of theelef vides a planet mass proportional #° («« al® for the Solar
the percent. Only one is known to transit, namely HD 80606Rystem). The plot suggests the slope could be deeper for sys-
(Moutou et al. 2009). It is likely that at least one or two moréems including low-mass planets. A positive slope could be d
of these known long-period exoplanets are actually tramgsés to a higher migration ficiency for low-mass planets, afad to
seen from the Earth. Their search is challenging, as thestohe the fact that giant planets are preferentially formed ajdadis-
the possible transits are not known accurately, espe@alyv tances of their host stars than low-mass planets. Howelber, o
years after the securement of the radial velocity data. servational biases are important here, as low-mass planets

Among the more than 400 exoplanets discovered so far, ahsier to detected at short orbital periods from radial aiglo
most 25% are located in the 40 known multiple-planet sys- variations. The semi-amplitude of the reflex motion of a dize
tems. Most of them have been detected from radial velocig-meto a planetary companion is proportional i¢a x Mpsini, so

surements. Additional planetary companions around HD 944fie could expect a>-dependance in Fig. 6. As the averaged
can not be detected with the available data besides the tWQpe is lower, this could Suggest there is actua”y no gm
planets reported, but they are of course possible, as fedltijpendance on average between those two parameters for multi-
planet systems are common. For example HD 155358 (Cochfainet systems.

et al. 2007) has a Jupiter-mass planet on an orbit similar to Fig. 6 also shows that only a few multi-planetary sys-
HD 9446c, and another planet with a 530-day orbital period, ems include close-in giant planets. This agrees with Wrégh
HD 69830 (Lovis et al. 2006) have two Neptune-mass planets gn(2009), who reported that single-planet systems shdleamp
orbits similar to those of the two detected planets of HD 944§t 3-day period and a jump at~ 1 AU, while multi-planet sys-
and a third one on a 8.7-day orbit. More data are needed, aaghs show a more uniform distribution. Still, the closeanets

the monltorlng of HD 9446 ShOUld thUS be malntalned. As |0Wn known mu|ti-p|anet System are main|y low-mass p|anetﬁ_ H
mass planets are preferentially found in multiple planesss-  jupiters appear to be sparse in multi-planet systems, sgowi
tems (see, e.g., McArthur et al. 2004, Pepe et al. 2007, Mayfére again a distribution which isfi#rent from single-planet

et al. 2009), HD 9446 should be considered for high-prenisigystems. Only five hot-Jupiters are known to be in planetgsy s
radial-velocity programs, despite its activity level. tems, namely HIP 14810b, ups And b, HAT-P-13b, HD 187123b,
and HD 217107b. Single- and multi-planet systems thus appea
to have significant dierences in some of their properties. Such
differences may provide clues allowing a better understanding
of the formation and evolution of those systems. Improvhng t
statistic of extra-solar planets should be continued, tiqdar

in multi-planet systems and with radial velocity surveys.
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