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Proper motion Pleiades candidate L -type brown dwarfs
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Abstract. We present results of an optical and near-infrared (IR) &g durvey in the Pleiades open cluster to search for
substellar objects. From opticatband images from the CFHT anftband images from the 3.5m CAHA Telescope, we
identify 18 faint and very red L brown dwarf candidates, with> 20.9 andl — J > 3.2. The follow-up observations of
nine objects in the/- and K-bands confirm that eight belong to the IR sequence of thaerland the proper motion
measurements of seven candidates confirm that they arel®aiaembers. A preliminary estimation of the substellarsmas
spectrum &/dM in the form of a power lawl/ ~< providesa=+0.57+0.14. We extrapolate this function to estimate the
number of very low-mass brown dwarfs and planetary massctsbjeat could be present in the cluster down to .M
Sensitive searches combining far red and near infrarechaditgEns may unveal these objects in a near future.
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1. Introduction 2. Proper motion candidates

Using near-IR/-band images obtained in 1998 with the 3.5 m

Telescopél’ (Calar Alto Obs.) and opticaR/-band images
After the first discoveries of free-floating brown dwarfsiet from Bouvier et al. (1998) covering 1.8 degf the Pleiades
(~120Myr,~130 pc) Pleiades open cluster (e.g. Rebolo, Zgpen cluster, we found 18 L-type low-mass brown dwarf can-
patero Osorio & Maih 1995), fainter objects were found.didates with magnitudes > 20.9 and/ > 17.4, and colors
with spectral types down to late M (Zapatero Osorio, Rebojo_ 7 ~ 3.2. The errors in these magnitudes were~ 0.1
& Mart|n 1997 Bouvier et al. 1998) Several were Conﬁrmegndo-] < 0. 1 respec“ve'y The data reduct|on the photom_
as Pleiades brown dwarfs by lithium detection (e.g. Stauffgiry and the coordinates of our candidates are provided in
etal. 1998) or by proper motion (Moraux, Bouvier & Stauffeginhain et al. (2005). Follow-ugk, imaging of eight candi-
2001). Then an LO dwarf, Roque 25 (Miaret al. 1998), and gates with the 1.5 m TCS/CAIN-2 (Teide Obs.) during winter
some fainter objects with red near-infrared (IR) colorseveppo4-2005 allowed us to confirm that seven belong to the ex-
identified, but they still lack a proper motion or lithium d@n  pected near-IR photometric sequence of the cluster, with co
mation (Dobbie et al. 2002; Nagashima et al. 2003). Here Wes 1.2« J — K, < 2.0. We obtained also subarcsecdifd
present some Pleiades candidate L-type brown dwarfs (coleid i, -band images for seven objects and the brown dwarf
I —J > 3.2) that we confirmed by proper motion (see BiTejde 1, with the 4.2m WHT/LIRIS (Roque de los Mucha-
hain et al. 2005 for more details). Finding L-dwarfs of welthog Obs.) and the 3.5 m Telescdp2d00 (Calar Alto Obs.)
defined ages is necessary to constrain models of stellar @Fﬂﬁ'ing 2005 January—March. Comparing the pixel positions
substellar evolution. of the objects in the first-epochband images with those
in the H K,-band images, we confirmed that they are indeed
Pleiades proper motion members. In the vector point diagram
(Fig.[), they all lie at less thano3(whereo stands for the
Correspondence to: ghihain@Il.iac.es standard deviation (8.5 mas/yr) of the proper motion sample
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from Moraux et al. 2001) from the cluster peculiar motion,
(1acosd, us)=(+19.15+0.23,—45.72-0.18) mas/yr (Robi-
chon et al. 1999). We thus confirm that Teide 1 is a Pleiades ;.
brown dwarf. Observations of this object and the brightest ° : %
brown dwarf candidate with the two telescopes allowed us
to obtain double-check measurements (see linked symbo§ﬁ°’
These are in agreement withinl 0. =

=
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The proper motion candidate L-type brown dwarfs are shownsol. L 1. SUUUUEUUUTEI—— T dwarfs
intheJ — K,,I — J diagram of FidlL. The DUSTY isochrone Wy c0sS (masiyn) 80 85 40 45 50 55 60

from Chabrier et al. (2000) is also represented (solid Jife) Fig 1. eft: Vector point diagram for the Pleiades candidate L
a cluster age of 120 Myr and a distance of 133.8 pc (Percivglown dwarfs (dots with error bars) and the reference object
Salaris & Groenewegen 2005). Most of the L-type candidatggsierisks) used for the astrometric measurements. Right:
appear bluer il — .J than the model prediction which takesy . 1 diagram for the Pleiades L candidates. The solid line
into account the dust in the brown dwarf atmospheres. Thigig,resents the Dusty model isochrone. The regions for the
possibly due to an underestimation of theand far red flux eayly and the intermediate- to late T dwarfs are indicated.
respect to the near-IR flux.

The masses of all our survey candidates were obtained by
comparing their empirical bolometric luminosities (dedv REferences
from.the sum (.)f their absqluté-band magnitude and a bOIO-Bihain, G., Rebolo, R., Béjar, V. J. S., Caballero, J. Ail&alones,
metric correction depending df — J) with those from the C.A. L. Mundt, R.: 2005, A&A, submitted
DUSTY model. For the L candidates, we obtained massggraffe, I., Chabrier, G., Barman, T. S., Allard, F., HauithP. H.:
between 0.040 and 0.0204/ We corrected the number of 2003, A&A 402, 701
candidates for the expected number of foreground and bagkuvier, J., Stauffer, J. R., Mant E. L., Barrado y Navascués, D.,
ground late-type dwarf contaminants towards the Pleialdes.  Wallace, B., Béjar, V. J. S.: 1998, A&A 336, 490
compare our results with previous determinations of thie st&habrier, G., Baraffe, 1., Allard, F., Hauschildt, P.: 20@pJ 542,
lar content of the Pleiades, we scaled the resulting number 464 . o
to the whole cluster using an integrated King profile for 3000i€: P- D., Kenyon, F., Jameson, R. ., Hodgkin, S. Théh
: : - ; D. J., Osborne, S. L.: 2002, MNRAS 335, 687
tidal radius 5.54 (Pinfield, Jameson & Hodgkin 1998) andDeaCOn N. R., Hambly, N. C.: 2004, A&A 416, 125
core radii 1.6 and 3:0for stars and brown dwarfs, respeCyarin E. 1. Basri. G., ’Zapatero Osorio, M. R., Rebolo, R., ebp
tively (Moraux et al. 2003). Fitting a power law/~< to R. J. G.:1998, ApJ 507, L41
our mass spectrumNd/dM data points (where M stands Moraux, E., Bouvier, J., Stauffer, J. R.: 2001, A&A 367, 211
for the number of objects in the mass range )dand those Moraux, E., Bouvier, J., Stauffer, J. R., Cuillandre, J.-2003,
from Deacon & Hambly (2004), and over a mass range from A&A 400,891
0.5M, to the survey completeness at 0.025Mwe ob- Nagashima, C., Dobbie, P. D., Nagayama, T., et al.: 2003, M8IR

taineda=+0.57+0.14. 343, 1263
o=t . Percival, S. M., Salaris, M., Groenewegen, M. A. T.: 2005, A&
A smooth extrapolation of the power law leads+d00 429 887

and ~70 planetary-mass objects with masses 5-15 and @infield, D. J., Jameson, R. F., Hodgkin, S. T.: 1998, MNRAS, 29
4 My, respectively, in the whole cluster. Using the COND 955

models, the corresponding effective temperatures are eBgbolo, R., Zapatero Osorio, M.R., Miaxt E.L.: 1995, Nature
mated to be in the range600-1300K and-300-550K, re- 377,129

spectively. Objects in the first group are expected to exffibi ROb;Z';"'LNl-' Arenou, F., Mermilliod, J. C., Turon, C.: 199&A
.d""a.‘rf spectral types, anﬂ—_ S S~ K cplours as |Ilustrat_ed Staufferl, J.R., Schild, R., Barrado y Navascues, D., BackiakE.,
in Fig[l. TheJ-band magnitudes of Pleiades T dwarfs will be A . : T
. . ngelova, A. M., Kirkpatrick, J. D., Hambly, N., & Vanzi, L.:
in the range 20-21. Most likely, the second lower mass group 1998, ApJ 499, 199+

will be conformed by fainter and cooler objects requiring gapatero Osorio, M. R., Rebolo, R., MatE.L.: 1997, A&A 317,
new spectral classification (Y type?). A combination of deep 164

I-band imaging (completeness limit26) and near/mid IR

observations with the Spitzer Space Telescope would be an

efficient way to detect these challenging extremely low-snas

Pleiads in the substellar realm.
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