N

N

Deep imaging survey of the environment of Alpha
Centauri - II. CCD imaging with the NTT-SUSI2
camera

Pierre Kervella, Frédéric Thévenin

» To cite this version:

Pierre Kervella, Frédéric Thévenin. Deep imaging survey of the environment of Alpha Centauri - TI.
CCD imaging with the NTT-SUSI2 camera. 2006. hal-00119344

HAL Id: hal-00119344
https://hal.science/hal-00119344

Preprint submitted on 8 Dec 2006

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00119344
https://hal.archives-ouvertes.fr

Astronomy & Astrophysicenanuscript no. 6432.hyper20616 © ESO 2006
December 8, 2006

Deep imaging survey of the environment of a Centauri
(Research Note)

[I. CCD imaging with the NTT-SUSI2 camera

P. Kervelld and F. Thévenih

1 LESIA, UMR 8109, Observatoire de Paris-Meudon, 5, placesldanssen, F-92195 Meudon Cedex, France
2 Laboratoire Cassiopée, Observatoire de la Cote d’AzBrdB29, F-06304 Nice Cedex 4, France

Received ; Accepted

O
o ABSTRACT

8 Context. Thanks to its proximitye Centauri is an outstanding target for an imaging searchxivasolar planets.
Aims. We searched for faint comoving companionsitGen located at angular distances of a few tens of arcsecopds,2-3 arcmin.

O Methods. We obtained CCD images from the NTT-SUSI2 instrument in teeddV, R, |, andZ bands, and archive data from 2MASS.

@ Results. We present a catalogue of the detected objects inside achrabox around this star. A total of 4313 sources dowmgo~ 24 and

D m, ~ 22 were detected in the SUSI2 images. The infrared photgrépart of these sources has been extracted from the 2MA&§dm
Conclusions. No comoving companion te Centauri were detected between 100 and 300 AU, down to a nuaximass of15 times Jupiter.
We also mostly exclude the presence of a companion more veabsin 30 M between 50 and 100 AU.
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c

9 1. Introduction with the SUperb Seeing Imager 2 (SUSI2). This instrument is
based on a mosaic of two 2Kk thinned EEV CCDs (1pm
pixels). In order to avoid an heavy saturation of the detecto

q) . .
> 3; icF:)tiC()) ’n'S_?hnee;(:;?r:ngljyma;g?gtrngﬂiet(Lol:r) elxztrsaészo(;?na%lg we positioned ther Cen pair aligned within the 8 arcsec gap be-
y tween the two detectors. The Nasmyth adapter of the telescop

-B (HD 128621) are G2V and K1V solar-like stars, while the . : I
q-third member is the red dwarf Proxima (M5.5V). In all imagwas rotated to align the two stars with the direction of thp.ga

ing planet searches, the mairifiulty is to retrieve the plane- The pixel scale of SUSI2 is 0.080fpixel, therefore providing

O) tary signal in the bright diuse halo from the star. As discusse§n excellent sampling of the point spread function. We I

. S series of exposures through four filters, Be¥s@&, |, andZ?,
—{in Paper | (Kervella et al. 20D6), there are indications thet in order to be able to confirm potential companions based on

- ) ) i
v gravitational mass af Cen B could be higher than its mOdeIecEheir colors. The individual exposures times were shogi-ty

= mass. For these reasons, we engaged in a search for com Iy 30 to 60 s, to limit the saturation of the detector to @bm
O ions toa Cen at two dferent angular scales: a few arcsecondg

_1_using adapive optics (Paper 1), and a few tens of arcseconJea aroundr Cen. The journal of the SUSI2 observations is

S . . )
. . : ~ presented in Tablg 1. The total shutter open time obtained on
c using CC.D 'maging (present work). To our knowledge, this c%Cen with SUSI2 in all bands reaches almost 4 hours.
the first wide-field search for companionsit@en.

“— Our closest stellar neighbour, theCen visual triple stard =

In order to obtain infrared photometry for part of the
sources detected in the SUSI2 images, we retrieved from
the IPAC archivé the FITS images from the 2MASS survey
Very close to the two stars, within a radius of about 20”, adafSkrutskie et al[ 2096) covering the field of view of our SUSI2
tive optics imaging allows to reach the best sensitivityd&t images.The selected images were all obtained in early 2000.
tances of more than 20, theftlised light is less of a problem,
and atmosphere limited imaging is most coeetive solution.
We thus observed Cen using ESO’s 3.6m NTT, equipped

2. Observations

! The transmission curves of the SUSI2 filters are availaldenfr
Send offprint requests to: P. Kervella httpy/www.ls.eso.ordasilla/sciopgntt/susidocgSUSIfilters.html
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Table 1. Log of the SUSI2 observations afCen. The indi- sky background level, we chose to add a systenmaii20 mag
cated UT time corresponds to the middle of the exposédriss, uncertainty to the SUSI2 magnitudes. For the 2MASS images,
the FWHM of the point spread function of the composite imwe applied the aperture correction recommended by IPAC for
ages, and AM is the airmass. The observations of 26 Feb 2@03" aperture, i.e. 05+ 0.02 mag in all threddHK bands.

were excluded due to poor seeing. The catalogue of the objects detected in the SUSI2 and
i _ 2MASS images is available in electronic forrfad total of
Date UT _ Filter Totalexp. (s) () AM 4313 sources were identified on the SUSI2 images, with 391
;882'82'32 S:ig 5 1515855 g'gg ig’g recovered in the 2MASS images (9.1%). Among the detected
oy : ' ' background sources, several objects present extremeinelor
2004-02-29 6:31 | 2010 081 1.29 . . .
: dices. We checked that their presence is expected based on
2004-02-29 754 V 1305 0.84 1.19 . .
2004-04-02 2555 Z 2360 089 151 Galactic models (Robin et 4. 2403).
2004-04-02 421 V 1305 1.01 1.29
2004-04-02 549 | 2010 0.97 119 o o
2006-04-11 829 | 1649 1.01 1.30 4. Sensitivity and companion limits
2006-08-17 1:22 | 1649 0.65 1.49 . . S .
To define our practical limiting magnitudes, we chose to con-
sider the median magnitude of the detected sources. This def
3. Data reduction inition has the advantage to give an empirical, statidgical
_ meaningful definition of the sensitivity, that can be expess
3.1. Raw data processing and astrometry as a function of the distance to the two bright stars by com-

We applied the standard CCD image processing steps to BHFNY th_e med|an_W|th|n angular distance plns. We computed
SUSI2 images, using IRAF: bias subtraction, flat-fieldinag b the median magnitude of the detected objects in the SUSI2
pixel masking. The 2MASS images are available fully caliY RIZ bands for four angular distance bins:-230", 50100,
brated from the IPAC archive. The resulting SUSI2 band imag@0-150", 150-200" and 206-236". In all bands, the limiting

is presented in Fig] 1, where th@I images have been mappedn@gnitudes (as defined above) at large angular distances are
to the blue, green and red colors. The lowd0% area of this (e 20-22 range, with the faintest objects at magnitudeseof 2
image is shown in grey levels as only two colors are ava#®- The limiting magnitudes decrease to 16-18 for an augular
able. The astrometric calibration of our SUSI2 images hasbe€Paration of 357. For the 2MASS images, the limiting mag-
obtained by matching the coordinates of the brightest smsur@itudes as defined above are13-14 for JieK bands at large
with their counterparts in the 2MASS images. The astrom@?gular separations (the faintest sources are at 15-16).

ric accuracy of the 2MASS images is about 0.1” (Skrutskie et We carefully searched our SUSI2 images for moving
al. 00B). Due to the presence of strongefutied light in the SOurces using blinking and image subtraction techniquigis; w
visible, we estimate our astrometric uncertainty at 0.28rovOUt success. Using planetary models from Barat al. [2003)

the SUSI2 field, therefore this astrometric calibration et for the age ofr Cen (5 Gyr, from Thévenin et 1. 2402, see also

is suficient for our purpose. Eggenberger et g. 2004), we can estimate the maximum mass
of the possible companions. The most constraining limigs ar

) provided by ourl band images. Thg filter did not provide a
3.2. Sources extraction significant improvement in sensitivity, due to the dfitof the

The SUSI2 sources were extracted using the SExtractor t&tP quantumgiciency. The band provides in addition a bet- -
(Bertin & Arnouts|[1996), completed by a manual selection Ler defined average wavelength that makegthe compan;pp wit
the sources close @Cen. We applied the same hybrid selec'0del magnitudes more accurate. flg. 2 gives the sengititit
tion procedure on the 2MASS images. We then obtained tRi" Search in terms of companion mass. We can set a maximum
photometry of the sources using IRAF and 12 pixel apertur@Ss ok 15M; for projected separations larger than 100 AU.
for SUSI2 (1” radius). This relatively small aperture istjtied  1hiS limit can be extended down to 10,;Nf we consider our

by the variable background from thefised light ofx Cen and faintest detegted o_b1ects. Between 50 and 100 AU., thg pcesen
the relative crowding of the field. For the 2MASS images, w&f & companion with a mass larger than about 30s/highly
used 3” apertures. The SUSI2 airmassfiionts were taken Unlikely.

as the average values for La Silla (ESO User’s Manual 1993,

see also Burki et a. 19p5k, = 0.11,kg = 0.07,k = 0.02, _

andkz = 0.01magairmass. In all cases, the airmass correé—' Conclusion

tions are negligible, with values below 0.04 mag. The aperty-rom deep CCD images afCen, we did not identify any co-
star located relatively far from Cen to ensure a flat sky back-gyt sets an upper mass limit of 15-3Q ¥ the possible com-
ground. They were found to range between 0.20 and 0.42 ions orbitinge Cen B or the pair, for separations of 50-
depending on the color and the observation epoch. The phgp Au. When combined with existing radial velocity searche

tometric zero points were taken from ESO's routine instrome(e g. Endl et al[20§1) and our adaptive optics results (see
monitoring program for SUSI2, and from the image headers for

2MASS. Considering the fliculty of estimating accurately the 3 httpyvizier.u-strasbg.fviz-bin/VizieR
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1 arcmin

Fig. 1. Tricolor filtered image from the SUSI2 images@€en (February-April 2004).

parameter, it has been debated recently a possible uniderest
mate of the Ne solar abundance that could counter balance the
effect of the decrease of the solar opacity due to the decrease of
the oxygen abundance from 3D models (Yo(ing 2005). Liefke
& Schmitt (200F) have published a new value of the chemi-
cal abundance ratio of M@ based on coronal studies. These

‘ ‘ ‘ : : recent results will be advantageously introduced in therdet

o ; ; ; ; ; mination of the metallicity of ther Cen binary to better model

0 50 100 150 200 250 300 the evolutionnary track of both stars.
Projected distance to o Cen (AU)

Maximum mass (M)
n
o
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Fig.2. Maximum mass of the possible companions orbitingyescopes at La Silla under programs 272.C-5010 and 0058C-
a Cen. The solid curve corresponds to the model masses by

Barafe et al. [2003) for our SUSI2 limiting magnitudes in the
| band. The dashed curve corresponds to the faintest dete®etkrences

objects. ,
) Asplund, M., Grevesse, N., Sauval, A. J., Allende Prieto, &.

Kiselman, D. 2004, A&A, 417, 751

. . . reffe, I., Chabrier, G., Barman, T. S., Allard, F., & HauschiltH.
Fig. 7 in Paper 1), this mostly excludes the presence of a ﬁa 2003, A&A, 402, 701

30 M; companion within 300 AU. This non-detection shoul%emn E & Amouts. S. 1996. AGAS. 117 393
have consequences on the modeling of the stellar interiorQfi ‘G Rufener E. Burnet. M. et al. 1995. AGAS 112338

a Cen in particular, but also of other stars. In order to Set%genberger A.. Charbonnel, C.. Talon, S., et al. 2004, A&
the debate on the masses®€en (and in particular of B), 235

one should now check one by one the hypotheses madegqgi|, M., Kurster, M., Els, S., Hatzes, A. P., & Cochran, W.2D01,
the calibration of this system. This also implies that thevne  aAgA, 374, 675

abundances of Asplund et af. (2004) should be consideredkasvella, P., Thevenin F., Coudé du Foresto, V., & Mignd#d2006,
soon as possible. As an illustration of the importance of thi A&A, in press (Paper 1)
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