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Abstract. We present the results of a deep CCD-based IZ
photometric survey of a ∼ 1 deg2 area in the central region
of the Pleiades Galactic open cluster. The magnitude cov-
erage of our survey (from I ∼ 17.5 down to 22) allows us
to detect substellar candidates with masses between 0.075
and 0.03M�. Details of the photometric reduction and se-
lection criteria are given. Finder charts prepared from the
I-band images are provided.
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1. Introduction

The Pleiades star cluster is an ideal hunting ground for
substellar objects mainly due to its richness of members,
young age, proximity and scarce interstellar absorption.
Taking advantage of these properties, several photomet-
ric searches aimed at finding brown dwarfs (BDs) have
been performed during the last decade (see Hambly 1998
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for a review). The recent spectroscopic confirmations of
Pleiades objects at the stellar-substellar boundary and
genuine substellar members (Basri et al. 1996; Rebolo
et al. 1996; Mart́ın et al. 1998; Stauffer et al. 1998) previ-
ously discovered as a result of optical photometric surveys
in small areas suggest that a numerous population of very
low-mass objects may be found in this cluster. This en-
courages future surveys to discover BDs cooler and less
massive than those (0.075− 0.05M�) previously detected
by these surveys. The Pleiades offers a unique opportunity
to establish the observational properties of these rather
elusive objects and to characterize the initial mass func-
tion in the substellar mass regime.

1.1. The survey

As part of an on-going search for BDs in the Pleiades,
we have conducted a deep CCD-based IZ survey using
the 2.5 m Isaac Newton Telescope (INT) located on the
Observatorio del Roque de los Muchachos (ORM, island
of La Palma). The area covered was 1.05 deg2 within the
central region of the cluster (a small fraction of the total
area was also observed using the R filter). More than 40
faint (I ≥ 17.5), very red (I −Z ≥ 0.5) objects have been
detected down to I ∼ 22. Their location in the colour-
magnitude diagram suggests cluster membership. In this
paper we report on the details of this survey along with
the selection criteria. We provide IZ magnitudes, coor-
dinates and finder charts for all candidates. Preliminary
results of this survey were presented in Zapatero Osorio
et al. (1997a, 1998a). An extensive discussion on the mem-
bership of the candidates and derivation of the initial mass
function will be given in a forthcoming paper (Zapatero
Osorio et al. 1998b).
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Table 1. Field (100 arcmin2) center coordinates

RA (J2000) DEC Date Sep.a Filters
(h m s) (◦ ′ ′′) (1996) (arcmin)

3 43 35 24 30 00 21 Sep. 53.02 IZ
3 43 43 24 45 00 12 Feb. 58.69 RI
3 44 15 23 40 30 21 Sep. 46.15 IZ
3 44 30 23 55 00 21 Sep. 36.32 IZ
3 44 30 24 40 00 20 Sep. 47.44 IZ
3 45 00 24 37 00 20 Sep. 40.54 IZ
3 45 15 23 54 35 20 Sep. 27.02 IZ
3 45 45 24 10 00 20 Sep. 17.37 IZ
3 45 45 24 46 00 20 Sep. 42.55 IZ
3 45 50 23 55 00 20 Sep. 20.00 IZ
3 46 25 24 42 00 20 Sep. 35.89 IZ
3 46 30 24 25 00 20 Sep. 19.25 IZ
3 46 30 24 37 00 21 Sep. 30.77 IZ
3 47 20 23 25 00 21 Sep. 42.25 IZ
3 47 22 22 39 40 13 Feb. 87.48 RIZ
3 47 30 24 26 00 20 Sep. 20.19 IZ
3 47 52 24 10 00 21 Sep. 12.23 IZ
3 48 00 24 00 00 21 Sep. 15.39 IZ
3 48 00 24 34 00 9 Feb. 30.25 RIZ
3 48 05 23 39 32 9 Feb. 31.24 RIZ
3 48 05 24 45 00 20 Sep. 40.76 IZ
3 48 15 23 32 30 21 Sep. 38.55 IZ
3 48 15 24 28 00 21 Sep. 27.06 IZ
3 48 19 25 32 00 11 Feb. 86.85 RI
3 48 20 23 45 00 20 Sep. 28.62 IZ
3 48 30 23 57 00 21 Sep. 22.87 IZ
3 48 40 22 42 00 13 Feb. 88.07 RIZ
3 48 40 24 45 00 20 Sep., 13 Feb. 44.27 IZ
3 48 45 23 40 00 20–21 Sep. 36.15 IZ
3 48 57 24 18 00 21 Sep. 28.84 IZ
3 49 15 24 31 00 20 Sep. 38.97 IZ
3 49 20 23 32 00 21 Sep. 47.48 IZ
3 49 20 24 45 00 20 Sep. 49.54 IZ
3 49 35 23 55 00 21 Sep. 37.40 IZ
3 49 41 25 15 40 11 Feb. 77.72 RI
3 50 00 24 28 00 20 Sep. 46.03 IZ
3 50 15 23 40 00 21 Sep. 52.18 IZ
3 50 25 24 05 00 21 Sep. 46.83 IZ
3 50 30 23 50 00 21 Sep. 50.94 IZ
3 53 30 23 40 00 11 Feb. 93.29 RI

a Separation from the cluster center (3h 47m, +24◦7′).

2. Observations and data reduction

All of our CCD survey was carried out during 1996 in
two campaigns which took place on February 9–12 and on
September 19–20. We used the TEK (1024×1024 pixel2)
detector mounted on the prime focus of the telescope, with
a field of view of 10×10arcmin2. A total of 40 fields, with
center coordinates listed in Table 1, were observed with
the Harris (R)I and RGO Z broad-band filters providing
a total survey area of 1.05 deg2 (∼ 6.5% of the whole
cluster). Most of these fields were selected to avoid very
bright stars and were located within 1 deg of the innermost
region of the Pleiades (see Table 1), where the population
of M dwarf proper motion members is much larger than
in outer areas (Hambly et al. 1993; Bouvier et al. 1998). If
as expected less massive Pleiades members show a similar
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Fig. 1. Location of our fields (squares) within 3.◦5 × 3.◦5 of
the Pleiades area. Open squares stand for those fields observed
with IZ filters while the shaded squares depict the four fields
observed with RI filters. Central coordinates (indicated with
a cross) are 3h 47m, +24◦ 7′ (Eq. 2000). The five fields which
may have some amount of extra reddening according to the CO
contours shown by Breger (1987) are indicated with an arrow.
Filled star symbols stand for stars brighter than 6th magnitude,
and filled circles for proper motion M members (Hambly et al.
1993) with I magnitudes in the range 13–18. The vertical gap
in the M star distribution around 3h 51m is due to the fact
that there were no overlaps between the first and second epoch
plates used by the authors, causing the lack of proper motion
measurements for stars in that strip. The relative brightness is
represented by symbol diameters. North is up and East is left

spatial distribution within the cluster our survey should
be able to detect a large number of BD candidates. In
Fig. 1 the location of all the frames obtained during the
two observing runs is presented to scale. None of them
(except for five fields indicated in the figure) falls within
the small region southwest of the cluster center which is
well known to suffer from high absorption (van Leeuwen
1983; Breger 1987; Stauffer & Hartmann 1987). A small
fraction (10.5%) of our covered area was imaged in the
three bands while a similar area was observed only in RI
filters. Weather conditions were always photometric, and
the seeing oscillated between 1′′ and 1.′′5. Typical exposure
times ranged from 10 min for the R filter to 5 min for the
I and Z-bands.

We adopted the IZ broad-band filters for several rea-
sons. One of our goals was to detect objects fainter and
less massive than the two cluster BDs Teide 1 and Calar 3
(M8, I ∼ 19, R − I ∼ 2.6, ∼ 0.055M�, Rebolo et al.
1995; Mart́ın et al. 1996). Theoretical evolutionary models
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(which do not include grain formation in very cool atmo-
spheres) predict that these objects become much redder
with colours (R − I) ≥ 3 (Chabrier et al. 1996). Thus,
they might be extremely faint in R wavelengths, greatly
hindering their detection. On the other hand, field stars
do exhibit a turn-off in (R − I) at around M7 spectral
type, with stars of later types having bluer colours (Bessell
1991). The fluxes and colours of the Pleiades BDs fainter
than Teide 1 and Calar 3 are unknown, but we expect them
to have spectral energy distributions which resemble those
of the coolest objects in the field. It could turn out that
the (R − I) colour is no longer useful to discriminate low
luminosity cluster members from field objects. The (I−J)
colour, however, gets monotonically redder for lower tem-
peratures (both for observed and theoretical predictions),
implying that the slope of the spectral pseudocontinuum
between I and J wavelengths clearly increases. As the Z
filter is centered at 920 nm, we expect a similar behaviour
with I and Z. Although the efficiency of the CCD drops
considerably in the Z-band, this effect is compensated by
the increased brightness of BDs at these near-IR wave-
lengths. The (I−Z) colour has been shown to be a useful
discriminant for Pleiades BDs by Cossburn et al. (1997).

Other photometric searches for substellar objects in
the Pleiades carried out with R and I (Jameson & Skillen
1989; Zapatero Osorio et al. 1997b, Paper I) provide a high
number of mid- and late-M stars that do not belong to the
cluster and are contaminating the surveys. It is desider-
able to find a strategy which avoids these field contam-
inants and facilitates a more efficient tool for detecting
true members. In Paper I the success rate was only 25%:
two out of the eight proposed cool candidates have been
confirmed as genuine Pleiades BDs (Rebolo et al. 1996).
The authors argue that this was due to the detection of
reddened late-M dwarfs (Zapatero Osorio et al. 1997c,
Paper II). The use of longer wavelength filters would help
to jump over this obstacle.

Raw frames were processed using standard tech-
niques within the IRAF1 (Image Reduction and Analysis
Facility) environment, which included bias subtraction,
flat-fielding and correction for bad pixels by interpolation
with values from the nearest-neighbour pixels. The pho-
tometric PSF fitting analysis was carried out using rou-
tines within DAOPHOT, which provides image profile in-
formation needed to discriminate between stars and galax-
ies. Instrumental RI magnitudes were corrected for atmo-
spheric extinction and transformed into the RI Cousins
system using observations of standard stars from Landolt’s
(1992) list. Special care was taken in including red stan-
dard stars in order to ensure a reliable transformation for
the reddest candidates: the field SA 98 contains many pho-

1 IRAF is distributed by National Optical Astronomy
Observatories, which is operated by the Association of
Universities for Research in Astronomy, Inc., under contract
with the National Science Foundation.

Fig. 2. Photometric errors as a function of observed I (full
line) and Z (dots) magnitudes. The observed dispersion in the
errors for the I-band is similar to that of the Z-band

tometric standards covering colours from A0 to M7 spec-
tral type. The calibration of Z magnitudes required more
observational effort as there are no real data for standards
available in the literature. We have not performed an ab-
solute flux calibration for this filter, but obtained (I −Z)
colours with respect to a given spectral type. Using the
same Landolt fields as observed through the other two fil-
ters at culmination (airmass = 1.1), we set Z = I for those
standard stars with (R − I) ∼ 0 (A0-type). The adopted
(I−Z) colours are shown in Table 2. Observations of these
fields at different elevations allowed us to correct Z instru-
mental magnitudes for atmospheric extinction. Errors for
Z instrumental magnitudes as provided by IRAF routines
are plotted in Fig. 2. The best power law fit to the errors
in I for the bulk of data is superimposed in the figure for
comparison. Summarizing, uncertainties in the INT pho-
tometry range from ≤0.05 mag at I, Z ∼ 20.5, 19.7 to
about 0.15 mag at 22, 21 mag, respectively.

We present in Fig. 3 the resulting I vs. (I − Z) dia-
gram where data for the Pleiads HHJ 3, PPl 15 and Teide 1
(which are present in three of our fields) are combined
with the new observations. We remark that Z magnitudes
are not on a standard system. Completeness and limiting
magnitudes of our survey were derived following the same
procedure described in Stauffer et al. (1994) and Paper I.
We estimate them to be I, Z ∼ 21, 20.5 for complete-
ness and 22.2, 21.5 for the limit. These values are indi-
cated in the figure. Because there are almost no measure-
ments in the Z-band of other cluster members, it is rather
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Table 2. Adopted (I−Z) colours for the photometric standard
stars used in the calibrations

SA Star (R− I)a Ia (I − Z)b

98 642 0.393 ± 0.002 14.594 ± 0.026 0.15 ± 0.09
98 650 0.086 ± 0.002 12.105 ± 0.003 0.02 ± 0.02
98 652 0.339 ± 0.024 14.201 ± 0.025 0.07 ± 0.04
98 653 0.008 ± 0.001 9.522 ± 0.002 0.00 ± 0.02
98 670 0.653 ± 0.001 10.555 ± 0.003 0.23 ± 0.03
98 671 0.494 ± 0.004 12.315 ± 0.006 0.13 ± 0.03
98 675 1.002 ± 0.002 11.314 ± 0.004 0.39 ± 0.03
98 676 0.673 ± 0.022 11.716 ± 0.005 0.24 ± 0.02
98 682 0.352 ± 0.003 13.032 ± 0.006 0.26 ± 0.05
98 685 0.280 ± 0.002 11.384 ± 0.005 0.05 ± 0.02
98 L5 2.60 ± 0.04 12.05 ± 0.20 1.1 ± 0.2

a RI magnitudes and their errors taken from Landolt (1992).
b 1-σ errors come from uncertainties in I-band and the dis-

persion in the calibration.

difficult to establish the separation between Pleiads and
field objects in our diagram. However, we have made an
attempt to separate these two kinds of objects by plotting
a straight line in Fig. 3 which is parallel to the photo-
metric sequence defined by HHJ 3, PPl 15 and Teide 1 and
shifted 0.3 mag towards the blue. For bluer colours than
those indicated by the line, the number of detections in-
creases very drastically, probably indicating that these are
field objects. On the other hand, the photometric disper-
sion observed in other optical and infrared colours among
low-mass proper motion members is about 0.6 – 0.7 mag
(Steele & Jameson 1995; Mart́ın et al. 1996). Given the
proximity in wavelength of the I and Z filters it is ex-
pected that this dispersion becomes smaller and therefore,
the adopted shift takes into account possible binarity ef-
fects. For example, PPl 15 was first claimed to be a pho-
tometric binary in Paper II and actually it has been con-
firmed as a double-lined spectroscopic binary with nearly
identical components (Basri & Mart́ın 1998). Those ob-
jects fainter than HHJ 3 and PPl 15 and located on the
right side of the straight line are considered our best BD
candidates. There are 43 BD candidate members of the
Pleiades in total, plus one (slightly brighter) very low-
mass candidate stellar member of the cluster. A better
definition of the true location of this line should be de-
rived after IR photometry and spectroscopy are obtained
for the candidates (Zapatero Osorio et al. 1998b).

In Table 3 we list the names, magnitudes, colours
and positions for the proposed Pleiades BD candidates.
They are named after the Roque Observatory followed by
the word Pleiades and numbered according to their de-
creasing I-band apparent magnitude (second column of
Table 3). Hereafter, we will use an abridged version of
the names which omits the term “Pleiades”. The names
of the candidates adopting the IAU rules are also pro-

��
��
��

��
��
��

�
�
�
�

��
��
��
��HHJ3

Teide1

0.075

0.055

0.045

0.035

0.030

M/Msol

PPl15

Fig. 3. IZ colour-magnitude diagram for our 1.05 deg2 survey
in the Pleiades. Z magnitudes are not on a standard system
(see text for details). Previous known members are labelled
along with the completeness (dashed line) and limiting (full
horizontal line) magnitudes. Suspected extended objects are
shown with asterisks, and the seven candidates previously stud-
ied in Zapatero Osorio et al. (1997a) are indicated with filled
triangles. Masses according to the NG Chabrier et al.’s (1996)
model for solar metallicity and 120 Myr are labelled on the
right side

vided (first column), where the acronym “RPL” stands for
Roque Pleiades. Three of the four faintest candidates have
slightly larger fwhm than the average value for our frames.
Presumably this is an indication that they are not a point
source. It is expected that distant galaxies fainter than
I = 21 will begin to contaminate the number counts of
objects. Those candidates labelled as extended are shown
with a different symbol in Fig. 3. By reference to the red-
dening map provided in Breger (1987), Roque 3, 5, 15, 18
and 32 could suffer from a somewhat enhanced extinction
as they lay within or very near to the CO contours given
by the author.

In addition to the INT data, we have obtained R-band
photometry for five of the candidates at the 2.5 m Nordic
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Table 3. Coordinates and photometry for the candidates

IAU Namea Abridged RA (J2000) DEC Epoch I I − Z R− I Other namesb

name (h m s) (◦ ′ ′′)

RPL J034741+2244.5 Roque 48 3 47 41.3 22 44 33 1996.123 17.31 0.56 1.73
HHJ 3c 3 48 50.4 22 44 30 1989.9 17.33 0.71 2.21

RPL J034904+2333.7 Roque 47 3 49 04.8 23 33 40 1996.726 17.74 0.62
RPL J034723+2242.6 Roque 17 3 47 23.9 22 42 38 1996.123 17.78 0.81 2.31
RPL J034739+2436.4 Roque 16 3 47 39.0 24 36 22 1996.112 17.79 0.69 2.24 CFHT-PL-11
RPL J034541+2354.2 Roque 15 3 45 41.2 23 54 10 1996.723 17.82 0.73 PPl 1

PPl 15c 3 48 04.8 23 39 32 17.82 0.80 2.28
RPL J034953+2359.0 Roque 46 3 49 53.7 23 59 01 1996.726 17.92 0.56
RPL J034738+2238.7 Roque 44 3 47 38.7 22 38 41 1996.123 18.12 0.62 2.01
RPL J034813+2428.1 Roque 43 3 48 13.8 24 28 03 1996.726 18.16 0.78 JS 1, PPl 3
RPL J034643+2424.9 Roque 14 3 46 43.0 24 24 51 1996.723 18.21 0.79
RPL J034939+2334.9 Roque 42 3 49 39.3 23 34 55 1996.726 18.21 0.61
RPL J034644+2435.0 Roque 41 3 46 44.4 24 35 00 1996.726 18.23 0.62
RPL J035000+2428.3 Roque 40 3 50 00.3 24 28 16 1996.723 18.24 0.56
RPL J034550+2409.1 Roque 13 3 45 50.6 24 09 03 1996.723 18.25 0.78 2.32
RPL J034637+2435.0 Roque 38 3 46 37.7 24 35 02 1996.726 18.35 0.70
RPL J034819+2425.2 Roque 12 3 48 19.0 24 25 12 1996.726 18.47 0.69 NPL 36
RPL J034844+2421.3 Roque 37 3 48 44.1 24 21 18 1996.726 18.48 0.69
RPL J034712+2428.5 Roque 11 3 47 12.0 24 28 31 1996.723 18.75 0.79 2.68 NPL 37
TPL J034718+2422.5 Teide 1c 3 47 18.0 24 22 31 1994.85 18.80 0.90 2.74

RPL J034802+2400.1 Roque 10d 3 48 02.1 24 00 03 1996.723 18.87 0.88
RPL J034623+2420.6 Roque 9 3 46 23.2 24 20 37 1996.723 18.99 0.73
RPL J034921+2334.0 Roque 8 3 49 21.1 23 34 02 1996.726 19.15 0.91
RPL J034340+2430.2 Roque 7 3 43 40.3 24 30 11 1996.726 19.29 0.79 CFHT-PL-24
RPL J034957+2341.8 Roque 6 3 49 57.8 23 41 50 1996.726 19.51 0.76
RPL J034422+2339.0 Roque 5 3 44 22.4 23 39 01 1996.726 19.71 0.81
RPL J034353+2431.2 Roque 4 3 43 53.5 24 31 11 1996.726 19.72 0.80 2.30
RPL J034410+2340.3 Roque 3 3 44 10.9 23 40 15 1996.726 19.80 0.79
RPL J034420+2439.0 Roque 36 3 44 20.8 24 39 02 1996.723 19.82 0.80
RPL J034737+2429.0 Roque 34 3 47 37.5 24 28 59 1996.723 19.96 0.94
RPL J034849+2420.5 Roque 33 3 48 49.0 24 20 25 1996.726 19.97 0.91 NPL 40
RPL J034705+2324.9 Roque 32 3 47 05.8 23 24 52 1996.726 20.14 0.92
RPL J035032+2408.9 Roque 31 3 50 32.5 24 08 53 1996.726 20.17 0.84
RPL J035016+2408.5 Roque 30 3 50 16.0 24 08 35 1996.726 20.31 0.86
RPL J035005+2342.2 Roque 29 3 50 05.9 23 42 14 1996.726 20.48 0.83
RPL J035020+2408.7 Roque 28 3 50 20.7 24 08 41 1996.726 20.52 0.90
RPL J034746+2403.7 Roque 27 3 47 46.9 24 03 42 1996.726 21.06 1.00
RPL J034412+2343.3 Roque 18 3 44 12.6 23 43 17 1996.726 21.11 1.02
RPL J034849+2245.9 Roque 26 3 48 49.3 22 45 51 1996.123 21.13 1.01 1.98
RPL J034830+2244.9 Roque 25 3 48 30.6 22 44 50 1996.123 21.17 1.03 2.75
RPL J034951+2515.5 Roque 2 3 49 51.4 25 15 31 1996.117 21.31 ≥2.1
RPL J034321+2434.7 Roque 24 3 43 21.4 24 34 42 1996.726 21.56 1.20
RPL J034751+2355.8 Roque 23 3 47 51.0 23 55 48 1996.726 21.75 1.14

RPL J034321+2432.0 Roque 22d 3 43 21.3 24 32 02 1996.726 22.0: 1.3:
RPL J034327+2433.7 Roque 21d 3 43 27.8 24 33 40 1996.726 22.2: 1.1:
RPL J034843+2240.8 Roque 20 3 48 43.7 22 40 46 1996.123 22.2: 1.1:

RPL J034855+2420.2 Roque 19d 3 48 55.3 24 20 09 1996.726 22.3: 1.2:

a “RPL” stands for Roque Pleiades, and “TPL” for Teide Pleiades.
b References: PPl objects from Stauffer et al. (1989); JS objects from Jameson & Skillen (1989); NPL objects from Festin

(1998); CFHT-PL objects from Bouvier et al. (1998).
c Coordinates for HHJ 3 taken from Hambly et al. (1993); for PPl 15 from Stauffer et al. (1994); coordinates andRI photometry

for Teide 1 taken from Paper I.
d These objects appear slightly extended in the IZ images.
: For error bars in the photometry see text. Those measurements labelled with a “:” have rather large uncertainties.
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Optical Telescope (BroCam1, NOT) on 1996 October 10–
11 (Roque 17, 11 and 4), and at the 1 m Jacobus Kaptein
Telescope (JKT) on 1996 September 12–13 (Roque 16 and
13), both telescopes at the ORM. The CCDs used were
a Tektronix 1024×1024 providing fields of view of 3.0
and 5.5 arcmin2, respectively. Exposure times were typi-
cally 15 min at NOT and 30 min at JKT. Landolt’s (1992)
standard stars were observed just before and after the
targets. Reduction of the raw frames and photometry of
the candidates has been performed as described above.
Uncertainties in R magnitudes range from 0.07 mag for
the brightest objects to 0.15 mag for the faintest ones.
Considering the R− I photometry from Table 3 and from
other deep surveys (Paper I; Bouvier et al. 1998) Roque 44
and Roque 26 are not likely to be Pleiades members as
they seem to deviate towards bluer colours from the se-
quence defined by other candidates.

Astrometry for all Roque objects has been performed
by the triangles fitting method using the APM Sky
Catalogue. Several stars close to every candidate were
identified and they served as a reference for the astro-
metric calibration. Coordinates are accurate to approxi-
mately ±2′′. The location of our candidates in the sur-
veyed area is depicted in Fig. 4. Their distribution around
the cluster center appears quite homogeneous. However,
we note that the number of fields (9) with ≥ 3 BD can-
didates is surprisingly large compared to the expectations
from a random distribution. The study of possible spatial
inhomogeneities within the cluster still awaits member-
ship confirmation. Seven of the Roque BD candidates have
also been identified in other surveys. The last column of
Table 3 gives cross-identifications. Our I magnitudes seem
to be on average 0.25 mag brighter than those available in
the most recent literature. This is likely due to an effect of
the colour-dependence of the Harris filters we used in our
observations; although a red standard star was considered,
it is poorly calibrated and consequently does not provide
an accurate determination of the colour-term in the pho-
tometric calibration. Cossburn et al. (1998) have found
that the colour-term for the transformation from Harris I
to Cousins is indeed rather significant for very red objects.
In the case of Roque 33 (NPL 40) the difference found is
−0.58 mag which might be due to contamination from a
nearby very bright star (and saturated in our frames).
Figure 5 provides the I-band finder charts (2′× 2′ in ex-
tent) for all Roque objects ordered as listed in Table 3.

According to the “NextGen” (NG) theoretical evolu-
tionary models of Chabrier et al. (1996), and adopting
solar metallicity, an age of 120 Myr (Basri et al. 1996;
Mart́ın et al. 1998; Stauffer et al. 1998) and a distance
of 127 pc for the Pleiades cluster, our survey has detected
objects in the mass interval from roughly 0.08M� down
to 0.03M�. The completeness magnitudes correspond to
0.035M� as indicated in Fig. 3. Chabrier et al.’s mod-
els provide absolute magnitudes as a function of mass,
metallicity and age obtained by direct integration of the-

HHJ3

PPl15

Teide1

Fig. 4. Location of our candidates within the fields observed in
our survey covering 1.05 deg2. As in Fig. 1 central coordinates
(3h 47m, +24◦ 7′, Eq. 2000) are indicated with a cross. Filled
star symbols outline stars brighter than 6th magnitude. The
relative brightness is represented by symbol diameters. North
is up and East is left

oretical atmospheres which do not incorporate grain for-
mation and dust absorption (Allard et al. 1997). However,
the effects of condensation become important for temper-
atures cooler than about 2500 K (Tsuji et al. 1996; Jones
& Tsuji 1997), a temperature range partially covered by
our survey. Preliminary computations by Baraffe (private
communication) show that models considering dust for-
mation and opacities predict brighter I magnitudes and
subsequently slightly lowers the mass determination by
∼ 8%.

Membership and therefore the real nature of our candi-
dates on the basis of JHK photometry and spectroscopy
and the Pleiades mass function will be addressed in a
forthcoming paper (Zapatero Osorio et al. 1998b). Seven
of them (Roque 17, 16, 15, 14, 13, 11 and 4) with I mag-
nitudes in the range 17.8 – 19.5 (masses in the interval
0.08 − 0.045M�) have already been studied to some ex-
tent by Zapatero Osorio et al. (1997a). They are shown in
Fig. 3 with a different symbol. The authors conclude that
given their K magnitudes, radial velocities, spectral types
and weakness of some atomic features these candidates
should be considered as Pleiades members. The number
of remaining candidates in our IZ survey deserve fur-
ther investigation as there are large enough to ensure that
follow-up observations will confirm more Pleiades substel-
lar objects. Among the faintest ones, there could be BDs
with masses as low as 0.03M�. These studies will make it
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possible to derive the cluster mass function well into the
substellar regime.

3. Conclusions

We have imaged about 1 deg2 in the central region of
the Pleiades young cluster using IZ broad-band filters,
and identified more than 40 brown dwarf candidates with
I magnitudes ranging from 17.5 to 22 (completeness is
given by I ∼ 21 mag). This corresponds to a mass inter-
val starting roughly at the substellar mass limit down to
0.03M� according to recent non-dusty evolutionary mod-
els by Chabrier et al. (1996). Follow-up IR and spectro-
scopic observations of seven of these candidates (Zapatero
Osorio et al. 1997a) have revealed that they are very likely
to be cluster brown dwarfs. Further data for the remain-
ing candidates should definitely establish or refute cluster
membership in the Pleiades. These studies will provide a
solid foundation for deriving the cluster substellar mass
function.
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