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ABSTRACT

Context. Since the discovery of its dusty disk in 19@Rictoris has become the prototype of young early-type planetary sysiaths
there are now various indications that a massive Jovian planet is orbiergjahat- 10 au. However, no planets have been detected
around this star so far.

Aims. Our goal was to investigate the close environemetBic, searching for planetary companion(s).

Methods. Deep adaptive-optids’-band images g8 Pic were recorded using the NaCo instrument at the Very Large T@esco
Results. A faint point-like signal is detected at a projected distance 8fau from the star, within the North-East side of the dust disk.
Various tests were made to rule out with a good confidence level possiitlaritental or atmospheric artefacts. The probability of a
foreground or background contaminant is extremely low, based iti@uidn the analysis of previous deep HST imagesLits 11.2
apparent magnitude would indicate a typical temperature 300 K and a mass of 8 My, If confirmed, it could explain the main
morphological and dynamical peculiarities of hic system. The present detection is unique among A-stars by the prowiittity
resolved planet to its parent star. Its closeness and location insigéPibalisk suggest a formation process by core accretion or disk
instabilities rather than binary like formation processes.
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1. Introduction ~ 50 au (Mouillet et al. 1997; Heap et al. 2000). The struc-

) ) ) ture is well reproduced by the deformation induced on col-
Understanding planetary systems formation and evoluté® hjging planetesimals by a giant planet on a slightly in-

become one of the biggest challenges of astronomy, singged orbit within 50 au from the star (Krist et al. 1996,
the imaging of a debris disk aroun@l Pictoris in the 80's \ouyillet et al. 1997, Gorkavyi et al. 2000, Augereau et aDPO0
(Smith & Terrile 1984) and the discovery of the first exoang Trebault & Beust 2001). Silicate dust is observed as
planet around the solar-like star 51 Pegasi during the 9@%cumstellar rings at 6, 16, and 3@u from the star
(Mayor & Queloz 1995). While about 20 debris disks — diskgokamoto et al. 2004), which could be explained by the pres-
containing dust which is not primordial but produced by ieoll ayce of a 2—5-Jovian-mass () planet at~ 10 au from the star
sions among larger rocky bodies — have been resolved aabpti(‘Freistetter et al. 2007). Evaporating star grazing corheis
wavelengths today Pic, a A5V star at a distance of BX0.2pC  peen evidenced (see, e.g., Lagrange et al. 2000 for a resiev)
(Crifo et al. 1997), remains the best studied young"§1yr;  gynamical simulations showed that the gravitational peet
Zuckerman et al. 2001) system, with an impressive amount g, of at least one giant planet at10 au can account for the
indirect signs pointing toward the presence of planets. observed rate of evaporating bodies (Beust & Morbidelli®00
The disk shows a relative inner void of matter insidejowever, no planets have been detected so far, either throug
50 astronomical units a(). Lecavelier des Etangs et al.direct imaging or through radial velocity studies, due te h-
(1995) presented intriguing light variations possibly dige strumental limitations of both techniques (Galland et 8D@&).
disk inhomogeneities produced by a Jupiter size planet |atparticular, the high spatial resolution imaging detetttapa-
> 6 au. Several asymmetries have been identified in thslities were so far limited to distances typicakty15—20au.
disk at optical (Kalas & Jewitt 1995, Heap et al. 2000) and i'we used the NAOS-CONICA instrument (NaCo), installed
frared (Telesco et al. 2005) wavelengths, as well as a warpoat the Very Large Telescope UT4 (Yepun) set in Paranal
(Chile), to benefit from both the high image quality pro-
Send offprint requests to: A.-M. Lagrange vided by the Nasmyth Adaptive Optics System (NAOS;
* Based on observations collected at the European South&Russetetal. 2003) at infrared wavelengths and the good dy-
Observatory, Chile, ESO; runs 072.C-0624(B) and 60.A-90264A) nhamics dfered by the Near-Infrared Imager and Spectrograph
observations made with the Space Telescope Imaging Spectrograph on
board the NASAESA Hubble Space Telescope.
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(CONICA; Lenzen et al. 2003) detector, in order to study the i
mediate circumstellar environement®Pic.

PA=30 deg || W
2. Observations and data reduction procedures .'

2.1. Observations 500 mas

L’-band images o8 Pic (V = 3.8, L’ = 3.5) were obtained be- g
tween 2003 November 10 and 2003 November 17 with NaGEas
The visible wavefront sensor was used with thexi#4 lenslet
array, together with the visible dichroic. We used the CONIC =
L27 camera, which provides a pixel scale-o27 mas. Saturated
images ofg Pic were recorded, with detector integration timefs
(DITs) of 0.175 s and number of detector integrations (NDIT) ¢
100 or 200. Every two exposurespatial dfsets were applied in
order to allow sky and instrumental background removal.No
saturated images were also recorded to get images of ther stel 0 20 wo. o 0 o0 7 o0 0
point spread function (PSF) as well as a photometric calima Fig. 1. 3 Pic and HR 2435 recentered and saturdteiinages (top left
In such case, we added the Long Neutral Density filter (tragsmand top right, respectively) in data set A. Below are the divided (bottom
sion~ 0.018) in the CONICA optical path, and recorded imagesft) and subtracted (bottom right) images. North is up and East is to the
with DITs of 0.4s. left. A candidate companion is clearly detected at a PA &2, i.e.,

In addition, the binary IDS 22141S3712 (separatiodong the NE side of the disk, at a separation of ab&dtlGrom the
p = 6630+ 10 mas, positon angle PA= 30206 + St
0.07°; van Dessel & Sinachopoulos 1993) was observed on
November 11 as an astrometric calibrator. A mean plate stalesequence. Alternatively, a second method was used with an im
27.105+0.041 mas and a true North orientation-.10+0.07°  proved software dedicated to adaptive optics (AQ) image pro
were derived and used to calibrate glPic images. Saturatedcessing (see Gratadour et al. 2005). Following fiedént ap-
and non saturated exposures were taken on the reference steach for the background subtraction, images at individffa
HR 2435 (AOII,V = 4.4). The purpose is to correct for the staeet positions were recentered using a maximum likelihoed al
halo (the wings of the PSF) present in the saturated exp&sukgorithm at the level of the tenth of a pixel or better. The same
To optimize the removal of any fixed speckbeRic and HR 2435 overall process was used for both the object and the referenc
were observed, as much as possible, at close parallactiesangConsistent results are found in terms of recentering poetis
Finally, twilight flat fields were also recorded i band. and background subtraction (at less than the backgroursg noi

The observing conditions varied from exceptional (cohereof 0.9 ADU).
energy EC > 70%, coherent timeg > 20 ms) to reasonable  As a second step, three parallel approaches were followed to
(EC ~ 50%, 7o of a few ms), and sometimes pod§ ~ 20— study the close environement®Pic:
35%, 719 ~ 1-2 ms), over the run; the data quality varies accord-
ingly. The best data set ghPic was obtained on November 10. — first approach consists in removing the PSF wings from the

In the following, we will describe the data reduction andlgsia saturated images ¢f Pic by a simple minimization of the
of three sets of data: (A) the very best set obtained on Noeemb  residuals. To do so, we first dividggl Pic images by the
10; (B) a set of data with slightly poorer image quality obtai ones of HR 2435 obtained under similar conditions (same

on the same night, with a shorter total exposure time, ané(C) DIT, NDIT, and pupil position). We then computed the scal-
set of data with poorer image quality obtained on November 13  ing factor to be applied to the reference in order to scale its
However, Set C is representative of the best data obtaingmkin  flux to that ofg Pic. We then subtracted the reference images

nights following November 10. The instrumental configuas to thep Pic ones. Recentering and scaling processes are re-
and the status of image quality for these three data setsean b peated to minimize the residuals with respective precssion
found in Table 1. of sub-pixels and 5%. Tests have been performed using ro-

tated images g8 Pic for PSF subtraction. However, the fact
] that PSF halo is not centro-symmetric and that the statical
2.2. Data processing aberrations are not overlaid worsen the subtraction psoces

The first step was the cosmetic correction (bad-pixels, flat= the second approach is to follow the same subtraction se-
fielding, background subtraction) and recentering of imtliy ~ 9Uence but applying the maximum likelihood algorithm of

ual ofset positions of3 Pic and HR 2435 observations. A Gratadour et al. 2005 (see Fig. 1). The algorithm is used here
first method was to directly apply standard routines from O recenter the reference star witRic and therefore confirm
the eclipse library (Devillard 1997), using classical cross- the previous estimation. Similar precisions are achieved.
correlation algorithm. A special care was taken to estintage — (€ last approach was actually to use the MISTRAL decon-
background at each given position by averaging imagesraifai volution algorithm (Mugnier et al. 2004), based on a maxi-

at the previous and successiviset position in the observing ~ MUm & posteriori scheme. NevertheleSESTRAL relies on
a strict convolution process between image and reference

1 An exposure is completed after DRINDIT. which is not the case for our saturated data. A first step is
2 Since it is not possible to measure the Strehl ratio on our saturated therefore to perform a posteriori correction of saturated p

data, we can only use the information provided by NAOS to assess the Of_ the image and reference. T_hiS is done using a simu!ated
image quality. The coherent energies are those measured by the systenAiry pattern. The top of the Airy pattern replaces the im-
in K band. age saturated pixels. The flux level is adjusted using thee firs
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Table 1.Observing Log and companion position and flux relativg Ric for the 3 data set (A, B and C).

COMPANION
Set  Star Date DIT  NDIT tep 7° secz (ECY* (ro)® Separation PA AL’
(s) (s) (o) (%) (ms)  (mas) (0) (mag)
A~ pBPic 2003-11-10 0.175 200  665-1§-9 1.1251.119 62.71 11.47 41£8 31813 77x03
HR 2435 2003-11-10 0.175 200  630-20-12 1.1481.140 63.06  10.65
B BPic 2003-11-10 0.175 100  420-27/-19 1.13g1.127 57.94 8.08 41%8 315+ 13 79+04
HR 2435 2003-11-10 0.175 100  420-28-20 1.1611.149 60.23 9.70
C pBPic 2003-11-13 0.175 200  385-24-19 1.1611.149 4694 450 4018 321+14 76x04

HR 2435 2003-11-13 0.175 200 350-22/-17 1.1501.144 44.99 2.72

3 Range of parallactic angles at the skmtl of the observation.
4 The average coherent energy as estimated on-line by AO.
5 The average coherence time as estimated on-line by AO.

good Strehl ratio on the image. Meanwhile, if this a posts
riori correction does not significantlyffect the restitution
of the object structures, it could obviously degrade tha-rel
tive photometry. Hence, the deconvolution process is an
ternative approach (compared to reference subtraction ¢
division) for the image processing which is less sensitive
image versus reference centering. It allows us to provide
best measurements of relative position with a precision &=
0.3 pixels, but remain uncertain for the relative photomet

due to the use of saturated images.

Airy rings. Such a correction is possible because of the vg \

3. A candidate companion in the 8 Pic disk?

3.1. Results from the highest-quality data (set A)

20 40 60 80 100 120 140 160

Using three independent approaches, the companion detéxti '
confirmed at the same location. The resulting images, usiag fig. 2. Top left: simulated planets at PA of 15®10 and 330. Top
maximum likelihood algorithm for recentering, are repdrte  right: composite image ¢ Pic plus the fake planets. Bottom left: divi-
Figure 1. The companion candidate (hereafter, the CC) it sion pf the composite image by the satu_rat_ed image of HR 2435. Bottom
signal is clearly visible in the divided and subtracted iemd he right: scaled subtraction of the composite image by t_he saturated image
. . . . : of HR 2435. Note that even a slight (0.3 pixel) relatiéset between
maximum of the signal is about 190 ADU.‘ ﬂf&rgnt techniques B Pic and HR 2435 impacts the resulting shape of the fake planets as
(variable aperture photometry, 2D-gaussian fitting, P&I) ych as the candidate one. In particular, triangular shapes can be ob-
were used to extract the CC flux, giving consistent resugh@  served, due to the proximity of the slightly inner Airy ring.
reference recentering and rescaling actually dominatditixe
measurement precision, flux uncertainties were derivediden
ering respective variations of 0.3 pixel and 5% in the suidtba  with similar pupil configurations. We have then tested thespo
process. We obtain a contrastdE’ = 7.7 + 0.3 between the ble impact of an imperfect removal of static speckles dué¢o t
CC andg Pic. Using deconvolution, we derive a separation ofariation of the parallactic angle during the observatiofPic
411+ 8 mas and a PA of 3& + 1.3° relative to the primary, i.e and HR 2435 (up to§. We processed individual pairs of data
along the NE side of the disk. of B Pic and HR 2435 taken with parallactic angles equal within
The use of dierent methods excludes artefacts created du0.4° and added up the individual subtracted images. The CC
ing the reduction process. In particular, the result of theothvo-  is still present and appears slightly sharper (but still patible
lution rules out any fect that could be introduced by imperfectwith the instrumental resolution). In addition, since thee sig-
estimation of the fiset betwee Pic and HR 2435 saturatednal is also observed a few nights apart (see below), we cdaclu
images due, for instance, to a possible contribution of thk. d that quasi-static aberrations are unlikely.
We did check anyway that the disk signal is very faint and not To further assess the reality of the detection and test the CC
significantly asymmetric. To rule out detectdfexts, we looked photometry, we added three ‘fake planets’ at similar sejmars.
for possible remanence and electronic ghosts that couldrocbut different PA (150, 21C, and 350) to the recentered and
because our images are saturated. Individual images itiepecstacked image g8 Pic. The fake planet images were generated
exclude any contamination by these twfeets that rapidly dis- by scaling and shifting an unsaturated imagg@ &fic taken dur-
appear after a few frames. Artefacts due to the very good hng the same night. To match the level of the observed sigimal,
still imperfect AO correction are still possible. Howevaher- magnitudes of the fake planets are scaled to the measured flux
rations due to a modulation of the deformable mirror wouldhtio on set A. We then subtracted the scaled image of HR 2435
generally lead to the presence of either symmetrical or anth that of the composite image. The result is shown in Figure 2
symmetrical patterns. Static aberrations should be ptesgiiv- from which it is clear that the fake planets produce feataies
alently aroung3 Pic and HR 2435, as both stars were observéldr to the observed signal, supporting our contrast eséméale
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el o September with STIS (Heap et al. 2000). These authors were

EC=63/63%,1au0=11.5/11.6ms;texp=660/630s.

%)

able to probe the close stellar environment down’té30from

B Pic. They did not report any CC in their images at the expected
location of @9 North and 025 East t@3 Pic. Based on STIS de-
tection limits and the brightness derived by Heap et al. (200
all objects brightel < 17 would have been detected. Red gi-
ants or supergiants can be ruled out for their distancesvinatd
bring them unrealistically far (typicallz 10 000 pc) from us. If
we consider a foreground or background stellar field contami
nant, it would therefore have a largé ¢ L > 5.8) color, i.e a
spectral type later than mid-M. Based on a number density of L
dwarfs of 19x 102 pc2 given by Burgasser (2001) and Cruz et
al. (2003), the probability of finding a foreground or baakgnd
field L dwarf in a region of 500 mas radius aroyhgic and with

L’ = 112 is about 10°. Without any assumption on the con-
taminant spectral type, one can use galactic populationemod
o 2 © % % outputs to estimate the probability to find any < 12) galac-

Fig. 3. Top: Scaled subtraction of the composite image by the saturalga source at 500 mas frop Pic. We find a low probability of

image of HR 2435 for sets A, B and C. Bottom: Simulated planets at PX< 10°°. Last, we cannot strictly rule out a contamination by an
of 150", 210 and 330.Note that even a slight (0.3 pixel) relativeiget €Xtragalactic source, such as a high-redshift quasar. ioleo
betweens Pic and HR 2435 impacts the resulting shape of the fal@on, a contamination appears very unlikely. In additioe, fact
planets as much as the candidate one. In particular, triangular shap@d the candidate companion falls into the disk stronglpifa
can be observed, due to the proximity of the slightly inner Airy ring. that it is bound to the star.

therefore, derive an apparente magnitudé’of 11.2 + 0.3 for 5. Implications on the understanding of the 8 Pic
the CC. system

, With anL’” magnitude of 12 + 0.3, and assuming a distance of
3.2. Results from lower quality data (sets B and C) 193+ 0.2 pc and an age of 12 Myr (Zuckerman et al. 2001),

All other sets of data were processed as before. It quickly dfje mass of the CC is estimated t§ My, using COND mod-
peared that the detection becomes more marginal when tioe exgs (Bardte et al. 2003) and *§ My, using DUSTY models
sure time angbr the image quality decrease. For the best remaishabrier et al. 2000). The planet should still be in the phafs
ing sets in terms of atmospheric conditions and relativalfgr- cooling: Dusty and COND models predidtective temperatures
tic angle betweep Pic and HR 2435 (described in Section 2.0f 1400 and 1600 K, respectively. The validity of these medel
and Table 1), the results are shown in Figure 3. The same-pointthe case of young planets formed by core accretion has been
like signal is seen in both cases, with however a lower signaecently questionned (Marley et al. 2007) on the basis thet t
to-noise ratio. This is due to the lower exposure times aerd thccretion shock might impact the planet initial internairepy
(slightly) poorer image qualities. This is illustrated iig&re 2, and its subsequent early thermal evolution. These autlaira ¢
where we also added fake planets with a magnitudes equaitto that young giant planets could be significantly cooler aitéa
of the fake planets used for Set A to the data sets B and C. Tthan predicted so far. However, the treatment of the acureti
fake planet signals are, as the CC signal, much less delectaihock is still a matter of debate. The impact of the initiadkdi
under these conditions; hence the results from our 3 dagaset mass is also to be studied. This may be important in the presen
consistent. case ag Pic is significantly more massive than the Sun. In the
present case, Marley et al. 2007 model predicts a luminéesity

] . times fainter from what we observed for an §/Jyplanet at the

4. Bound companion or background object? age ofp Pic. However, we can already note that a companion

With these data alone, it is not excluded that the CC could b&@h?2 true ?]eparlegioznoof 8 au COUIS not be.signif:garr:tly mbore
foreground or background object. To definitely test thisdtgp Massive than 10-20 M, since otherwise it would have been
esis, second epoch measurements are needed. Using the krf{ijfcted through radial velocity measurements, as showa by
3 Pic proper and parallactic motions, we have considereddhe i€talled analysis that will be presented in a forthcomingepa
sition of the CC assuming it would be a stationary contantinatPeSort et al., in preparation). .
It would be closer than’@ to 3 Pic in 2008 and hence, not de-. T the observed projected separation happens to be the phys-
tectable with current technics. In past ye@Bic has been mon- /Cal 0neé or close to the physical one, then the companion ex-
itored by numerous programs of tivibble Space Telescope, plains ;hree ver){ mtngumg.and SO far unique ch.aracuessmf
including observations using the Advanced Camera for Servd!1€/ Pic system: the warp in the inner disk, the inner belts and
(Golimowski et al. 2006 and Kalas et al. 2005), the Nearairefd the falling evaporating bodies (Freistetter et al. 2007pulet
Camera and Multi-Object Spectrometer (Brown et al. 1998 aﬁ? al. (1997) and Heap et al. (2000) showed that the warp of the
the Wide Field Planetary Cameras (Kalas et al. 2000). The laiisk constrains the (masd,, semi-major axis) domain of the
of spatial resolution or the size of the coronographic mask p Planet as follows:
vented from getting any reliable hints of any point sourdes& |og(m,/M,) + 2loga + logt ~ 6.7, 1)
to the star. P

To our knowledge, the highest angular resolution and dwhereM, = 1.8 Mg (Crifo et al. 1997) and is the age of the
namical data available are the coronagraphic data take®dit 1 star. Given an age= 12 Myr, masse$/, = 6 and 13 M, give
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a = 9.7 and 76 au, respectively, nicely bracketting the measuretkeggett, S. K., Golimowski, D. A., Fan, X., et al. 2002, ApJ45852
projected separation. This further strengthens the Ihabg that Lenzen, R., Hartung, M., Brandner, W., et al. 2003, SPIE 4842

; Luhman, K. L., Wilson, J. C., Brandner, W., et al. 2006, ApB &304
thexbsﬁrved CG? tne plabne'_[ C?“S'”? tr?.e \lNarp' hi . _Metchev, S., & Hillenbrand, L. 2006, ApJ, 651, 1166
t the time of the submission of this letter, this companlop,ugnier’ L. M., Fusco, T., & Conan, J.-M. 2004, JOSAA, 21, 184

was to our knowledge the first one possibly detected aroudd amith, B., & Terrile, R. 1984, Science, 226, 1421
type MS star. Recent results published since then by Matais e Marley, M. S., Fortney, J. J., Hubickyj, O., Bodenheimer,&Lissauer, J. J.
(2008) and Kalas et al. (2008) show also the presence oftglane 2007, ApJ, 655, 541

. . Arois, C., Macintosh, B., Barman, T., Zuckerman, B., Inse®k,Patience, J.,
at distances 24 to 118 AUs from two A types stars. This conf” LAfreniere, D., Doyon, R. 2008, Science-express

panion could be anyway the first extrasolar planet ever ithag@ayor, M., & Queloz, D. 1995, Nature, 378, 355
so close to its parent stara8. In particular, it would be located Mouillet, D., Larwood, J. D., Papaloizou, J. C. B., & Lagrang\.-M. 1997,
well inside the orbits of the outer planets of the Solar Syste ~ MNRAS, 292, 896

; e in A _ Okamoto, Y. K., Kataza, H., Honda, M., et al. 2004, Nature,, 48D
Its qloseness and location |ns_|de ‘}B'EF.)IC F“Sk S!J.g.geSt a for Rousset, G., Lacombe, F., Puget, P., et al. 2003, SPIE 4889, 14
mation process by core accretion or disk instabilitieseathan  tejesco'c. M., Fisher, R.'S., Wyatt, M. C.. et al. 2005, Na483, 133

binary like formation mechanisms proposed for the comp@anioThbault, P. & Beust, H. 2001, A&A, 376, 621

to 2M1207 and AB Pic (Chauvin et al. 2005a, b). Further diregén Dessel, E., & Sinachopoulos, D. 1993, A&AS, 100, 517

imaging observations should allow to constrain the plamiit o Yoodgate, B. E., Kimble, R. A., Bowers, C. W., et al. 1998, PAB, 1183
and hence measure the planet dynamical mass. This would {fkeman B- Song, I, Bessel, M. S., & Webb, R. A. 2001, A2, L87
turn allow to test the models of planet formation. This isdas

ically needed as the evolutionary models are not calibrattl | jst of Objects

real data in these ranges of masses and ages. Finally, wihabte

unfortunately, if the projected separation is the physiced, the ‘3 Pictoris’ on page 1

planet orbital period is about 16 years and should be at pres¢iR 2435’ on page 2

time much closer to the star and hence undetectable with NaCo
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