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Abstract. Recent radial-velocity measurements obtained with the CORALIE spectrograph on the 1.2-m Euler Swiss telescope
at La Silla unveil the presence of a new Jovian-mass Hot Jupiter around HD 73256. Thé;l,8%anet moves on an extremely
short-period P = 2.5486 d), quasi-circular orbit. The best Keplerian orbital solution is presented together with an unsuccessful
photometric planetary-transit search performed with the SAT Danish telescope at La Silla. Over the time span of the observa-
tions, the photometric follow-up of the candidate has nevertheless reveBledlal-d photometric periodicity corresponding

to the rotational period of the star. This variation as well as the radial-velocity jitter around the Keplerian solution are shown to
be related to the fair activity level known for HD 73256.
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1. Introduction starHD 73256, detected thanks to very recent radial-velocity
. L . . bservations.
The increasing timebase of the radial-velocity surveys search The parent star description, radial-velocity measurements,

ing for extra-solar planets allows thefigirent planet-hunter grr]%jtal solution and inferred planetary characteristics for this

teams fo announce new planetary candidates on Ior!ger new candidate are presented in Sects. 2 and 3. Hot Jupiters

longer periods. This growing period-interval coverage is VelYe promising candidates for photometric transit searches so, in
Shct. 4, we describe our photometric observations aiming first
"W detect a potential planetary transit and then to check the star
C(ﬁﬁotometric stability. In Sect. 5, we discuss photometric and
E)ne bisector measurements in relation to the activity-induced

properties of the planetary period distribution are emergi
They provide interesting new constraints for the migration s
narios (for a recent review see Udry et al. 2003).

e

On the other hand short-period planets, easier to detect adial-velocity jitter observed on top of the Keplerian orbital

cause of the larger reflex motions induced on the Primangsation. Finally, Sect. 6 gives a summary of the results and

end the better phase coverage for orbital-element determlg(%-ne concluding remarks,
tions, were rapidly detected. An almost complete census 0
these systems is available in well-covered surveys. In the case

of our CORALIE planet-search programme (Udry et al. 2000%. Stellar characteristics of HD 73256

the numt_)er of ta_rgets is very large1650) and there_are HD73256 {IP42214) is a G&O dwarf in the southern
still candidates with only few measurements. From t_h_ls S'-If’yxis constellation. TheHIPPARCOScatalogue (ESA 1997)
vey, we present here a new short-period planet orbiting th§s 5 visual magnhitud¥ = 8.08, a colour indeB-V = 0.782,
Send gprint requests toS. Udry, and a precise estrometric parallax 27.38+ 0.77 mas that sets
e-mail: stephane . udry@obs . unige. ch the star at a distance of 36.5 pc from the Sun. Its absolute mag-

* Based on observations collected with the CORALIE echelle spegifude is then estimated to by = 5.27, slightly overluminous
trograph on the 1.2-m Euler Swiss telescope and thengrén for a typical G8 dwarf. This is probably due to the enhanced
Automatic Telescope (SAT) at La Silla Observatory, ESO Chile.  metallicity content of the star (see below).
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Table 1. Observed and inferred stellar parameters for HD 73256. | ! ! |
Definitions and sources of the quoted values are given in the text. '[ HD73256
Spectral Type G&O I
\ 8.08 0.8 H
B-V 0.782 :g I
s 27.38+077 [mas] @
My 5.27 g 06 I |
L 0.69 Lo] z
Ter 5570+50  [K] &
logg 466+010 [cgs] N |
[Fe/H] 0.29+ 0.05 ! ]
M. 1.05 Mo] :
R. 0.89 Ro] -
vsini 3224032  [kms?] 02T : .
29 o 1391541 1 1391661 1 1391681 1 1391701 1 1391721 -
205R4c) 0830 LGyl AA) [Ca I H
Pro(Ri) 1390  [days] (&) [Ca 11 H]

Fig.1. 13968.5 A CarH absorption line region of the summed
P.t(phot) 13.97 [daysl] CORALIE spectra for HD 73256. A clear emission feature is ob-
Veq 3.26 [kms-] served. The dotted line in the center of the line represents the spectrum
of a non-active star.

From a high-resolution spectroscopic abundance stubly Donahue (1993), this activity index value points towards a
of HD73256, we have determined precise values ¢bung stellar age around 830 Myr.
its effective temperature Tge =5570+50K), metallicity From the relation between the activity index and stellar ro-
([Fe/H] =0.29+0.05) and gravity (log =4.66+0.10), using tation period (Noyes et al. 1984), we derive a period of rota-
a standard local thermodynamical equilibrium (LTE) analysifon P, ~ 13.9 days foHD 73256. Assuming that the orbital
(see Santos et al. 2000c, for error estimates). From calibs#d rotation axes coincidea “statistical” equatorial veloc-
tions of the width and surface of tlORALIE cross-correlation ity veq can be derived from the radius of the star. The or-
functions (CCF; described in Santos et al. 2002) we can alsigal plane inclination is then obtained from the measured pro-
derive estimates ofsini = 3.22km s and [F¢H] =0.27. The jected rotational velocitysini = 3.22 km s*. Using the simple
high metal content is a recurrent property of stars hosting plastation between stellar luminosity, radius arfteetive tem-
ets (for a review see e.g. Santos et al. 2003a, and referengeaturel = 47R?cTS. and with the stellar parameter values
therein). given above, the radius is estimated to~289R,. This leads

From the colour index antlez we derive a bolometric cor- to a valueveq~3.26 km st, very close to the quotedsini
rectionBC=-0.122 (Flower 1996). The star luminosity is ther(sini ~ 0.98). The true mass of the planet is thus not expected
estimated to bé =0.69L,. Note however that Flower's cali- to be very dfferent from the derived minimum mass. The short
brations do not take metallicity into account. According to theeriod and favourable inclination maki® 73256 a good can-
tracks of the Geneva evolution models with appropriate metfitlate for a photometric transit search (see Sect. 4).
abundance (Schaerer et al. 1993), the position of the star in The observed and inferred stellar parameters are summa-
the HR diagram indicates a maldk. ~ 1.05M,. This mass is rized in Table 1. Due to the fair activity level of the star some
higher than typical values for (480 dwarfs because of the highradial-velocity jitter is expected on a typical timescale of the
metallicity of the star. order of the rotational period. This is discussed in Sect. 5.

The models also suggest a completely unconstrained age
close to 1 Gyr for the star, in agreement with its measured high . .
activity level. HD 73256 belongs to the sample surveyed by CORALIE orbital solution for HD 73256
Henry et al. (1996) for CEH and K chromospheric emission.The first observation wittCORALIE of HD 73256 started in
It is found to be fairly active with an index Idg,, =-4.49. February 2001 (JB 2451 964.67). However, almost 2 years
Chromospheric emission is also directly visible on the coadditapsed before we observed the star again. Because of the clea
tion of ourCORALIE spectra (Fig. 1). Following the calibrationradial-velocity diference between the 2 measurements, the star
was then intensively followed during more than 2 months.
! These calibrated estimates, althousthtistical are reliable. A Like this, we have gathered 40 precise radial velocities. The

comparison between spectroscopic and CCF-calibrated metallicitifsoton-noise errors of individual measurements are typically
yields a small uncertainty of only 0.05dex due to the calibration
(Santos et al. 2002). 2 This is verified for HD 209458 (Queloz et al. 2000).
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el 7?256, —— C?RAL{E 1 Table 2. CORALIE best Keplerian orbital solution derived for
HD 73256 as well as inferred planetary parameters. Uncertainties are
estimated through Monte-Carlo simulations.
f 20.8
E P [days] 2.54858 + 0.00016
2 T [JD-2400000] 52500.18+ 0.28
S 296 e 0.029 + 0.02
- Vv [kms] 29.729 + 0.005
E; w [deg] 3373 + 4538
29.4 K [msT] 269 + 8
P S (S S S IR Nmeas 40
0 Oq-f 1 o(0-C) [ms7] 14.8
— 0.04 FF ; BRST S = a;sini [10°AU] 6.31 + 0.16
‘E 002 F 5 3 ;ﬁ ; ii ,; f(m) [10° Mo] 515 = 0.40
R i Sl Sl kit ”?""E”ii mp sini - [Myyd 1.87 = 0.49
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Fig.2. Phase-folded radial-velocity measurements obtained witliscussed in Sect. 5 in relation with the activity and rotational
CORALIE for HD 73256 (top). Error bars represent photon-noise gseriod of the star.

rors. The still large residuals around the solution (bottom) show some

structure and may be explained by activity-induced jitter (see Sect. 5).

For clarity of the diagram, the measurement on JD 2451964 is bt Photometric observations

displayed in the figure. With its 2.55-day period, theD 73256 system is a good candi-
date for photometric transit search. Furthermore, as discussed
above, a favourable geometry could be expected from activ-

of 4-5ms? despite the relative faintness of the star for odfy indicator and rotational velocity considerations. We have

1.2-m telescope. thus rapidly launched an intensive campaign of high-precision
The best Keplerian model reproducing the observatiofléferential photometry in order to detect a possible planetary
transit.

yields an accurately constrained orbital period 34858+ _ _ ) )
0.00016days, a non-significant eccentriciy: 0.029+ 0.02, The photometriaziwvby observations were obtained with the
and a semi-amplitudi = 269+ 8 m s'* of radial-velocity vari- Strdmgren Automatic Telescog8AT) at ESO La Silla, Chile.

ation. Uncertainties are estimated through Monte-Carlo sinfd€tails on the standard observational and reduction strategy

lations. The phase-folded radial-velocity curve is displayed fi@n Pe foundin Clausen etal. (2008p 72673 HD 72954AB,
Fig. 2 (top). andHD 71583 were used as comparison stars. Continuous dif-

Using the derived 1.06l, mass forHD 73256, the best- ferential observations were carried out, on two nights, for sev-

fit parameters lead to a companioinimummassm, sini = eral hours around the predicte_d transit times (Fig. 3). Typical
1.87 Mjyp and a separatioa=0.037 AU between the star and 'S €rrors of one magnitudeftérence are 0.003-0.004bf)

the planet. This inferred separation is the 3rd smallest knox?ﬂd 0'005_.0'00.6%' Unfolrtur?ate_ly, no transit |n(j|cat|on IS
to date amongst hot Jupiters, after th@@LE (Udalski et al. Qund_. Th|S|mpI|es an orbital inclination smaller than82.5
2002a,b) candidates recently proposed (Konacki et al. 206)'3?' sini <0.99). . .

Dreizler et al. 2003) but for which stronger radial-velocity con- However, the data show flirent magnitude levels from

firmations are, however, required. At such a small distance {fjee .nlght to the other (fferent symb_ols in the figure). The
r is also known to be active. Thus, in order to check for pho-

planet is strongly heated by its parent star. From recent mode i iability. HD 73256 | larl itored
of irradiated planets with condensed dust atmospheres, Barrffpetric variability, ~20 Was also reguiarly monitored,
et al. (in prep.) estimate the plaray-sidetemperature to be over several additional nights, to cover the complete interval

around 1500K (see also Bdifa et al. 2003, for intrinsic tem- _Of orbital phases. The result is shown in Fig. 4 (top) display-

perature estimates). The complete set of orbital elements e the observed dierential magnitudesi{(y)) as a function

their uncertainties and the inferred planetary parameters %eth.e Julian date. A periodic _var|at|0n IS c_:learly visible over
given in Table 2. the time span of the observations. A Fourier transform of the

dat& yields a period of 13.97 days (Fig. 5), in very good agree-

The measured weighted rms around the solution is : ; : . o
+(0-C)=14.8ms?, a high value compared to the indiVid_ment with the rotational period derived from the activity index

. : é13.9 days). The photometric variation can thus be interpreted
ual photon-noise error. Moreover, some structure is clearly ap-

parent in the residuals drawn as a function of the Julian dat& without the last few days for which the photometric phase seems
(Fig. 2, bottom). The possible periodicity of the residuals i® have changed.
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Fig. 4. Top: SAT photometric observations of HD 73256 —HD 72673
0.26 0.28 0.30 0.32 0.34 0.36 0.38
Phose in the y band (instrumental system). The typical uncertaintyAg)
176 is shown in the lower left corner. A periodic structure is clearly ap-
1775 o . pearing in the data. A sine curve with a 13.97-d period (from a
L © & 7 . . . . .
178 0%00%‘2%"& o w0 . E Fourier transform) is adjusted to the data and displayed for illustra-
gOE L~ EAVEEUEI SR SRS S B tion. Bottom: simultaneous radial-velocity residuals around the best
B + 47y ed Teeat j 1 Keplerian solution. A sine curve with thghotometricperiod is also
. + < . . . .
1821 e < . displayed. The phase shift between the two sine curves is 1.53rad,
o e o e oo oo o Close ton/2, the expected value for spot-induced photometric and
Phose radial-velocity variations (Queloz et al. 2001).

Fig. 3. SAT differential photometric data (HD 73256—HD 72673, in-

strumental system) around the orbital phase of the potential transit

(vertical line), in four diferent colours of th&trdmgrenphotometry,

for different nights of observation (@rent symbols). Typical rms er- a posteriori check to assert the orbital solution as the best ex-

rors of one magnitude flerence are 0.003-0.004bf) and 0.005- planation for the observations. First, the photometric measure-

0.006 (). The horizontal lines represent the mean magnituterdi  ments vary with a timescale much longer than the orbital period

ences (all observations). No indication of a transit is found. suggesting dferent origins for the radial-velocity and photo-
metric variations. This can be further checked by controlling

as due to spots on the surface of the star. Such spots not &H%Shape of the spectral lines, expected to vary in the case of

perturb the observed stellar luminosity over a few rotations t-induced radial-velocity variations. A powerful diagnostic

periods but also induce a spurious radial-velocity jitter, obserg-diréctly available from our spectra by computing the bisector

able as a radial-velocity variation of similar periodicity (Selﬂverse_slope (B.IS) of the_cro_ss-correlatlon functions used for
Sect. 5.2 below). the radial-velocity determination (Queloz et al. 2001). In case

of phased variations of radial velocities and bisector slopes, we
expect a tight correlation between these two quantities. This

5. Effect of stellar activity is not observed for the 2.55-day period phasing of the data
) o o ) (Fig. 6). Also, no indication of variation of the photometric

5.1. Ruling out activity as the origin of the main and BIS data is seen in the Fourier space at the position of

radial-velocity signal the orbital period (Fig. 5). We thus can exclude activity as the

spurce of the observed main radial-velocity variation. A plane-

Most extra-solar giant planets have been detected through v S X
y companion is the best explanation.

ations of the observed radial-velocity of solar-type stars. Suré"H
variations may also be induced by stellar activity related phe-
nomena (like spots) over a few rotational periods. The cas-» Activity as the source of radial-velocity noise
responding radial-velocity amplitude can reach a few tens

of ms! (Saar & Donahue 1997; Saar et al. 1998; Santos et le have noticed in previous sections that the star presents pe-
2000b). Moreover, this amplitude increases with the rotatiorréddic patterns in the photometric data and in the residuals
velocity of the star. FoHD 73256, vsini is not very high, around the Keplerian orbital solution as well. We shall now
so we do not expect muchfect from activity. Nevertheless, examine the possibility for these variations to be explained by
the measured fair activity level of the star calls for astellar activity-induced spots.
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Fig.5. Fourier transforms of radial-velocity residuals around the - B
Keplerian solution top), SAT photometricA(y) data ¢niddle), and = L N
CCF-BIS measurement®dttom). Photometric and radial-velocity n L |
observations share similar behaviours in the frequency space, whereas E oL o Weloa o "W’ v .
no coherence is found in the BIS measurements. The rotation period — i |
is found atP,o; = 13.97 days (middle). The vertical arrow on the right E | i
hand side in each panel indicates the location of the orbital period. i |
-0.2 I~ =
First, we show that the two quantities present variations of Loy
similar timescales (13.97 days), furthermore compatible with 29.4 29.6 29.8
the rotation period deduced from the activity index (13.9 days). RV [km s™!]

This is readily visible in Fig. 4 where available simultane-
y g ig.6. Top: radial velocities (RV, upper panel) and inverse bi-

. . . s .l
ous photometric points and radial velocities (here the resd:lé—ctor slope (BIS, middle panel) phased with the orbital period

als_around the Keplerian model) are plotted as a.funct.iorj of the_ 5 s4g6 d) for HD 73256Bottom: RV vs. BIS plot (same scale)
Julian date. Fourier transforms of the data also yield similar ig;oying the independence of the two quantities.

haviours in the frequency space (Fig. 5). In Fig. 4, illustrative

sine curves with fixegpphotometricperiod are plotted on top of

the points. The phase shift between the two curves (1.53 ratiserved around the orbital solution. Important progresses are
is close torr/2, exactly what is predicted for photometric anéxpected in the domain with the higher quality spectra and ra-
radial-velocity variations induced by activity-related spots, alial velocities to be provided byARPS(Pepe et al. 2002).

shown onHD 166435 by Queloz et al. (2001). Very similar

results are obtained in the 4fiirent bands of the Stmigren
photometry.

Another approach consists in comparing the residuale have described here a new Hot Jupiter candidate orbiting
around the orbital solution to the BIS measurements, in thiee staHD 73256, detected witBORALIE as part of our large
same way as for the actual radial velocities. Figure 7 (top)anet-search survey in the southern hemisphere (Udry et al.
presents the CCF bisector inverse slope (BIS) measureme@80). The planet is on a quasi-circular orbit, very close to its
and radial-velocity residuals, phased with the rotational peripdrent star. The period B=2.5486 days. The inferred mini-
derived from the photometric data. Although the two quantitiesum planetary mass is 1.8%,,and the star-planet separation
do not correlate clearly (Fig. 7, bottom), some hints of couplésionly 0.037 AU.
variations are emphasized in the top panels by the sine curvesA dedicated photometric search for a potential planetary
with fixed 13.97-d period fitted to the data. We are probabiyansit has been undertaken as soon as the orbital parameters
reaching here the limit of the method for the available spegere known with suitable precision. Although unsuccessful,
tral resolution and radial-velocity precision, especially if ththe photometric measurements allowed us to estimate a stel-
BIS signature is much smaller than the radial-velocity jitter ifar rotation period of 13.97 days, much longer than the orbital
the case of weak rotators, as suggested by Santos et al. (20Q&#jod. This rules out activity as the source of the observed

The above considerations unambiguously show the link bedial-velocity variation. A further confirmation is brought by
tween stellar activity and the radial-velocity spurious noigeCF bisector measurements showing no correlation with the

6. Summary and concluding remarks
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T 004 /T % T E T T for planet-search programmes even if they show a significant
E 0.02 [ ’ B activity level.
e EE%E}% ] Finally, once again the combination of photometry, CCF bi-
% 0~ 8 P A sector analysis and cross-correlation technique (Queloz et al.
g 5 § §§ S 2001) has provided the mandatory and robust diagnostics for
g -0.02 $ %i - confidently ruling out activity as the source of the observed
e T radial-velocity variation.
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