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ABSTRACT

Context. Current surveys of nearby star forming regions and young aggregates, producing samples of objects spanning the entire mass
range down to masses of a few Jupiter masses, can address questions on differences in the substellar mass function among different
regions and the lowest masses of objects that can form in isolation.
Aims. Deep imaging of a selected area in the Lupus 3 star-forming region, characterized by a large number of known young stellar
objects, has been carried out with the goal of producing a complete sampling of the mass function down to sub-Jupiter masses.
Methods. IC JHKS imaging complemented with intermediate-band imaging sensitive to methane absorption has been obtained with
the VLT. The observed area measures 7′3×7′4 (0.42×0.43 pc2 at 200 pc) and in approximately 70% of it the background is obscured
by AV < 5 mag. Detection limits (3σ) are IC = 25.6, J = 23.1, H = 22.3, KS = 21.3. Cool objects with temperatures below 3000 K
are identified by means of reddening-free indices. Objects cooler than ∼ 1300 K should also be detectable by comparing the flux in
the H and methane-continuum bands.
Results. The luminosities of the 17 cool objects identified are in all cases too low to be consistent with membership in the star
forming region. Their number is in agreement with the statistical expectation for the background population of very low mass stars.
A reexamination of known candidate young stellar objects leads to the exclusion of 8 of them, reducing the number of bona fide
members in the area to 15, of which 10 lie in low extinction regions. The expectation based on the stars-to-brown dwarf ratios derived
in other young aggregates is to find 2-3 new brown dwarfs, whereas none is found. The low-mass young stellar object Par-Lup3-3 is
found to consist of two close components of similar brightness separated by 0′′3. A very faint object is also detected 1′′2 from the
jet-driving very low mass star Par-Lup3-4 that, if confirmed as a physical companion, would have an estimated mass of 1 − 2 MJup.
Conclusions. The absence of brown dwarfs in one of the most crowded areas of the Lupus 3 clouds, albeit limited by small-number
statistics, argues against a mass function rich in very low-mass objects, as may have been expected if the apparent overabundance
of mid-M spectral types in Lupus extended toward later types. The results also stress the importance of critically examining the
actual nature of previously identified candidate young stellar objects at the time of drawing statistical conclusions on the substellar
population.
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1. Introduction

Very young clusters and star forming aggregates, where low-
mass pre-main sequence objects are still bright and hot, are the
only sites where the entire mass function is directly accessi-
ble to observation, from stars through brown dwarfs to freely-
floating giant planet mass objects. The identification and char-
acterization of the lowest mass members of young star forming
aggregates not only provide insight on the processes contribut-
ing to the buildup of the Initial Mass Function (IMF) (Chabrier
2003, Elmegreen 2009). They are also important to observation-
ally verify aspects such as model predictions in the low sur-
face gravity regime regarding the formation and sedimentation
of dust in photospheres at the transition between L-type and T-
types spectra (Kirkpatrick 1995), predicted properties at the low-
est masses (e.g. Burrows et al. 2001, Chabrier & Baraffe 2000),
the effects of accretion (Baraffe et al. 2009), or the possibility of
ejection of members from very young planetary systems through
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gravitational interactions among them (Reipurth & Clarke 2001,
Boudreault & Bailer-Jones 2009; see also Elmegreen 2009 for a
review of arguments in favor of a common formation mechanism
for stars and brown dwarfs).

The discovery of extremely low-mass objects in very young
aggregates is complicated by the patchy extinction by fore-
ground dust in the remnants of the parental molecular cloud,
rapid evolution in the early phases, and possible distortions of
the photospheric spectral energy distribution by accretion and
circumstellar material emission. However, much progress has
been made in the last decade with the discovery of ever fainter,
less massive members now reaching down to a few Jupiter
masses in some nearby star forming regions (e.g. Luhman 2007,
Luhman et al. 2009, Spezzi et al. 2008, Bihain et al. 2009,
Boudreault & Bailer-Jones 2009, Scholz et al. 2009, Haisch et
al. 2010, Geers et al. 2011, Lodieu et al. 2011 for some recent
surveys). Much of the progress has been due to dedicated sur-
veys using wide-field instruments complemented with follow-up
spectroscopy. However, reaching down to the very lowest masses
of objects that may be formed out of molecular core contrac-
tion and fragmentation requires deep observations that currently
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fall within the domain of instrumentation at 8m-class telescopes,
even in the nearest star forming regions.

The central parts of the Lupus 3 star forming region
(Comerón 2008) offer an interesting trade-off of factors in the
search for extremely low mass objects. Lupus 3 contains a
very young aggregate that includes star formation activity go-
ing on even at present (Tachihara et al. 2007) and is relatively
nearby at ∼ 200 pc from the Sun (see discussion on different
distance determinations in Comerón 2008). Its relatively high
galactic latitude (b ' 9◦) implies a density of background ob-
jects much lower than in regions closer to the galactic plane,
such as the Serpens clouds (Oliveira et al. 2009). The areal den-
sity of members near its center, dominated by the Herbig Ae/Be
stars HR 5999 and HR 6000, is much higher than in other ag-
gregates at a similar distance like Taurus and Chamaeleon I, and
high densities of members are found even in regions of low ex-
tinction. Furthermore, hints of a mass function overabundant in
very low mass stars have been found in previous work (Hughes
et al. 1994, López Martı́ et al. 2005). Given the large number of
likely and confirmed members that can be found even in a rela-
tively small field of view a few arcminutes across, deep imaging
of the regions with the highest stellar densities thus appears as a
promising approach in the search for the faintest members of the
aggregate.

This paper reports on a deep search for cool objects (Teff <
3000 K) carried out with the ESO Very Large Telescope (VLT)
in a region located East of the HR 5999/HR 6000 pair. Its po-
sition has been chosen to encompass the greatest concentration
of young stellar objects in the area, with over 20 confirmed or
candidate members identified by previous studies. Photometric
selection criteria are proposed based on imaging in the far red
and near infrared, and the nature of the cool objects detected
in this way is discussed. The results are examined in the light
of the statistical expectations derived from a standard form of
the initial mass function in the field and in the aggregate. It is
concluded that, although some objects with temperatures well
below 3000 K are present in the imaged area, all of them are al-
most certainly unrelated very low mass stars in the field, and no
Lupus 3 members with substellar mass are identified in this sur-
vey. It is also found that nearly half of the new candidate young
stellar objects in the field proposed by recent surveys are actually
not confirmed as such and are most likely unrelated to the star-
forming clouds. Although of limited significance due to small
number statistics, the results presented here argue against a high
abundance of brown dwarfs in Lupus 3.

2. Observations

2.1. The target region

Star formation in Lupus 3 is concentrated in a dark cloud mea-
suring approximately 0.7◦ × 0.3◦ elongated in the East-West
direction, with the HR 5999/HR 6000 pair located roughly in
its densest part. Using objective prism spectroscopy, a crowded
group of T Tauri stars around the pair was first noticed by Thé
(1962) and further expanded by Schwartz (1977). The vast ma-
jority of sources identified by Schwartz (1977) were confirmed
as T Tauri stars by Hughes et al. (1994) using long-slit spec-
troscopy. Dedicated searches for fainter members in this region
have been carried out by Nakajima et al. (2000) using near-
infrared imaging, Comerón et al. (2003) using slitless spec-
troscopy, and López Martı́ et al. (2005) using narrow-band imag-
ing through filters sensitive to Hα emission and temperature-
sensitive continuum features. A highly complete census of

young stellar objects with warm circumstellar dust has been pro-
vided by the Spitzer Legacy Programme ’From protostellar cores
to planet-forming disks’ (Evans et al. 2003, Merı́n et al. 2008).
Several dense cores (Teixeira et al. 2005), the possible proto-
stellar object Lupus 3 MMS (Tachihara et al. 2007), and several
Herbig-Haro objects (Wang & Henning 2009) indicate that star
formation has taken place in the region in the very recent past
and will probably extend into the future.

The richest concentration of young stellar objects in the re-
gion is found due East of the HR 5999/HR 6000 pair, in the
region that is the target of the survey presented here. An inven-
tory of known sources in this area and a discussion on the actual
membership of candidates is discussed below in Section 5.2, and
Figure 1 shows the area outlined against the larger-scale struc-
ture of Lupus 3.

The Southern and Southeastern parts of the target field are
partly covered by heavy dark nebulosity with associated dust
column densities large enough to provide an opaque screen
against background stars even in the KS band. While extinc-
tions of up to AV ∼ 20 mag have been reported by Nakajima
et al. (2000) in this region, the colors of the reddest sources seen
through the cloud in the deep images presented here indicate that
the extinction reaches above AV ∼ 50 in the most obscured ar-
eas. The protostellar source Lupus 3 MMS are embedded in this
nebulosity. However, most of the imaged field has a much lower
extinction, generally in the AV = 1 − 5 mag range.

2.2. VLT observations

The observations presented in this paper were carried out us-
ing the FORS2 (far red) and HAWK-I (near infrared) imag-
ing instruments at the VLT. Both instruments cover a similar
field of view, 6′8 and 7′5 in side, respectively. The observations
were carried out in Service Mode between April and July 2008.
The precise coordinates of the center of the target region are
α(2000) = 16h09m02s, δ(2000) = −39◦04′49′′, and they were
chosen so as to exclude bright stars in the field which may pro-
duce heavy saturation or ghosts. It was however not possible to
exclude stars bright enough in I to produce bleeding along detec-
tor rows, unless very short exposure times in that band, leading
to prohibitively large detector readout overheads, were used. The
total area covered in all filters measures 7′4 × 7′3. An image of
the field is shown in Figure 2. Image processing was carried out
using IRAF1-based scripts.

2.2.1. HAWK-I observations

The near-infrared broad-band observations were split into 10
Observing Blocks (OBs), with a breakdown of 4 OBs in the J
band (1.25 µm), 4 in the H band (1.65 µm), and 2 in the KS
band (2.15 µm). Each OB in J consisted of 30 individual point-
ing positions of the telescope within a jitter box of 30′′ ampli-
tude. On each position, 2 exposures of 50 s each were obtained
and averaged on-detector. The respective numbers for the OBs
in the H band are 60 pointing positions, 9 exposures, and 10 s
per exposure; and for the KS band, 30 pointing positions, 9 ex-
posures, and 10 s per exposure. The observations were affected
by a problem of condensation in the entrance window of the in-
strument, solved only through an intervention that took place
shortly after this program was completed. The problem had an

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

2



F. Comerón: No substellar objects at the center of the Lupus 3 star forming cloud

Fig. 1. A wide R-band view of the main concentration of dust in Lupus 3, from the images obtained by Comerón et al. (2009). The rectangle has
dimensions of 7′3 × 7′4 and indicates the position of the field near the bright pair HR 5999/6000 investigated in this work. East is to the left and
North to the top.

Fig. 2. Color composite of the 7′3 × 7′4 deep field observed with the VLT. Blue corresponds to the I band observed with FORS2, and green
and red to the J and KS bands, respectively, observed with HAWK-I. The images used in this composite were obtained by stacking together the
observations obtained through each filter on the different nights in which the observations were carried out. Note that heavy reddening is present
only along the South and East edges of the field, covering approximately 30% of the area. The nebular object seen around mid height near the left
edge of the field is the Herbig-Haro object HH 78, which has its origin at the embedded Class 0 source Lupus3 MMS (Tachihara et al. 2007).

almost negligible impact on the sensitivity of the observations,
but it did produce a slowly rotating background pattern in the
images. The rotation was slow enough for the pattern to effec-
tively cancel out when subtracting two consecutive images from
each other, but it prevented the use of the common ’running
sky’ technique to subtract the background, in which a set (typ-
ically five or more) of images taken before and after the image
to be background-subtracted, with telescope offsets in between,

are median filtered and clipped. This would have involved the
use of images taken over a time span in which the condensa-
tion pattern had rotated noticeably. For this reason, an alterna-
tive technique was employed by which only the combination
of two images, taken immediately before and after the image
to be background-subtracted, were used to construct the back-
ground. A crude removal of the stellar images in each of the two
images to be used as background was performed by subtract-
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Table 1. Log of observations

Band date total exposure time (s)

IC 9/10 April 2008 1428
10/11 April 2008 1904

3/4 June 2008 8568
5/6 June 2008 5712
6/7 June 2008 3094

J 28/29 April 2008 6000
19/20 July 2008 6000

H 28/29 April 2008 5400
19/20 July 2008 5400

KS 28/29 April 2008 2700
19/20 July 2008 2700

CH4 29/30 April 2008 8400
1/2 May 2008 2800
7/8 July 2008 2800

19/20 July 2008 2800
21/22 July 2008 2760
22/23 July 2008 2800
29/30 July 2008 2800
30/31 July 2008 5680

ing from it the other image, masking bright pixels with intensi-
ties more than 5σ above the standard deviation of the estimated
background level, and then averaging the two masked images to
form the background. The images in which the background had
been subtracted in this way were then shifted to compensate for
the telescope offsets, using the stellar positions as a reference to
determine accurate shifts. Finally, the images shifted to a com-
mon reference frame were averaged, clipping off pixels deviat-
ing more than 5σ from the average. Given the large number of
telescope pointings in each OB the two-step clipping described
above worked very well, even in the most crowded regions where
the first clipping caused a large fraction of pixels to be masked.
Flat field and dark frames obtained as part of the instrument cal-
ibration plan were used in the data reduction.

A first full set of near-infrared observations in the J, H and
KS bands with HAWK-I was carried out on the night of 28/29
April 2008, in which half of the observing blocks in each band
were executed, as listed in Table 1. The other half was executed
on the night of 12/13 July 2008. In this way two complete sets
of deep observations were obtained on or around two dates sep-
arated by over two months, thus giving the possibility of looking
for variability. Finally, the observations in each filter obtained at
all epochs were co-added into a single, deep image, with total
exposure times of 3.3 h (J band), 3.0 h (H band), and 1.7 h (KS
band).

As a complement to the broad-band observations,
intermediate-band ones were also obtained through a methane
filter centered on 1.575 µm and having a bandpass of 0.112 µm.
This filter covers the approximate half of the H band not affected
by the methane absorption feature that appears in the spectra
of objects with temperatures below 1300 K. Very cool objects
should thus stand out by appearing brighter in images taken
using the methane filter than in the H band.

The methane filter observations were also composed of OBs
each consisting of 35 telescope pointings and co-additions of 4
exposures of 20 s at each telescope pointing, thus totaling 0.78 h
of exposure time per OB. The images were obtained over a pe-
riod of 3 months as noted in Table 1, and the images produced by
each individual OB were reduced with the same procedure de-
scribed for the broad-band images. All the methane-band images
were then combined into a single, deep one.

Table 2. Saturation and 5σ magnitude limits in the stacked images

Band saturation 3σ mag limit

IC 20.2 25.6
J 14.6 23.1
H 13.5 22.3
KS 12.5 21.3

2.2.2. FORS2 observations

The I-band (0.768 µm) observations with FORS2 were carried
out on five different epochs as noted in Table 1. Each observa-
tion was defined in an OB consisting of several exposures of
238 sec each, with telescope offsets in between. Given the large
number of pointings available within each OB, the processing of
the I-band images was done using the same process described
above for the infrared images. Sky flat field and bias frames
obtained as part of the regular instrument calibration plan were
used. Combined images for each night were produced, and then
combined again to produce a single, deep image with an equiv-
alent exposure time of 5.75 h. The images resulting from each
night of observation were also separately analyzed to enable the
identification of variable objects.

2.2.3. Calibration

The reduced images were registered and distortion-corrected us-
ing the IRAF GEOMAP and GEOTRANS tasks, using 2MASS Point
Source Catalogue (Skrutskie et al. 2006) sources in the field of
view for astrometric reference. Once placed on a common ref-
erence frame, the combined images in all filters were stacked to
gain depth, and sources were automatically detected in them us-
ing DAOFIND (Stetson 1987). A master source list of 17,372
objects in the entire field of view was produced in this way.

Point spread function (PSF) photometry was carried out on
the original images by automatically selecting a suitable set of
PSF reference stars in each of them. To ensure that slightly sat-
urated stars or stars with very close companions were excluded
from the list of PSF reference stars, PSF photometry of the ref-
erence stars themselves was carried out and the χ2 statistics of
the fit was used to identify stars with deviant PSF. To obtain pho-
tometry of all the objects detected in the master source catalog,
the PSF thus obtained was fitted to them using the ALLSTAR task
in DAOPHOT (Stetson 1987). The fit was carried out by splitting
the master source list into blocks of 100 sources, in descending
order of brightness as estimated using approximate aperture pho-
tometry obtained with the PHOT task. The scaled PSFs fitted to
each star in the block was subtracted from the image, and PSF
photometry of the subsequent block of stars was then carried out
with the images of the brighter stars largely removed, except in
the cases of bright, saturated stars for which the subtraction of
the fitted PSF left significant residuals. This greatly improved
the accuracy of the fits for faint stars near brighter ones. Clearly
extended sources, or sources for which a poor fit was obtained,
were identified and excluded from further analysis in the rele-
vant filter on the basis of the χ2 statistics and the source image
parameters obtained from the fit.

Photometric calibration was carried out by cross-matching
the astrometric positions of the detected sources with the cata-
log of RC ICzWFIJHKS photometry in Lupus of Comerón et al.
(2009). The source of JHKS photometry in that work is the
2MASS Point Source Catalog, whereas IC photometry was ob-
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tained by Comerón et al. (2009) from the observation of stan-
dard star fields. The combination of the Bessell I filter used in
the present observations and the detector throughput of FORS2
results in a response curve similar to that defining the IC band
(Bessell 1990). The response curve of HAWK-I using the JHKS
filters is very similar to that of the 2MASS photometric system.
Therefore, no color terms were considered in any of the filters.
The comparison between the instrumental magnitudes obtained
here and the system magnitudes in Comerón et al. (2009) clearly
shows the saturation level in each filter and field, as well as the
limiting magnitudes, which are given in Table 2. For the sake of
completeness of the catalog of point sources, the 2MASS JHKS
magnitudes were used for bright stars above the saturation level
in the J, H, and KS bands, whereas the IC magnitudes from
Comerón et al. (2009) were used to replace the I magnitudes ob-
tained for stars that appear saturated in that band in the present
FORS2 observations. Finally, the instrumental zeropoint in the
methane filter was derived by imposing the difference between
the magnitude in that filter and the H magnitude to average to
zero.

3. Selection criteria

The spectral energy distribution of stars and brown dwarfs at
temperatures below ∼ 3000 K makes their far red and near in-
frared colors markedly different from those of any other objects.
The strength of molecular bands shortwards of 1 µm at temper-
atures between 2000 and 3000 K, the formation of dust in the
atmosphere around 2000 K, and the onset of methane absorption
near 1000 K produce very red I − J colors, while the JHKS col-
ors become increasingly red as temperature decreases until the
point where dust grains with sizes over ∼ 1 µm sediment be-
low the photosphere, marking the transition between the L and
T spectral types (Kirkpatrick 1995) and the sudden bluening of
the JHK colors.

Whereas current evolutionary models are able to reproduce
the overall characteristics of spectral energy distributions of very
cool objects, significant differences exist between predicted and
observed broad-band colors, particularly at visible wavelengths.
Model uncertainties are expected to be larger in very young ag-
gregates due to the influence of the initial conditions Baraffe et
al. (2002), the large difference between the surface gravities of
very young objects and of field objects at the same temperature,
and other factors that may lead to significant mismatches be-
tween model predictions and observations at the youngest ages
(Marley et al. 2007).

The identification of cool objects is made here not by relying
on concrete model predictions of their colors, but rather taking
advantage of the fact that the spectral energy distribution of nor-
mal stars with temperatures above ∼ 3000 K in the 0.7 − 2.3 µm
region constrains the intrinsic colors to a relatively narrow range
not accessible to cooler objects, regardless of the amount of ex-
tinction. The availability of photometry in four bands and the
relationship among the values of extinction in each band, given
by the interstellar extinction law, makes it possible to define two
independent reddening-free indices, such as

[F] = (IC − J) − 1.561(J − KS ) (1)

[G] = (J − H) − 1.532(H − KS ) (2)

where the numerical coefficients on the right-hand side are de-
rived from the interstellar extinction law of Cardelli et al. (1989)
using a total-to-selective extinction ratio RV = 5.5, which is
more appropriate for dense clouds than the canonical RV = 3.1 of

Fig. 3. Expected behavior of the [F] and [G] reddening-free indices de-
fined in Section 3 as a function of the stellar and substellar effective
temperature. The solid line corresponds to the models of Chabrier et
al. (2000) that include dust formation in the atmosphere, whereas the
dotted line reproduces the models of Baraffe et al. (2003) in which dust
species can sediment below the photosphere. The latter should represent
the behavior of objects with Teff < 1400 K. The actual indices of cool
objects with spectral classifications are plotted. Filled circles are con-
firmed members of the Chamaeleon I star-forming region from Luhman
(2007), with magnitudes from that work except for members identi-
fied previous to Luhman’s study, for which the magnitudes are from
Lawson et al. (1996). Also plotted are field cool dwarfs from Leggett
et al. (2000) (open triangles), Dahn et al. (2002) (open circles), and
Liebert & Gizis (2006) (open squares). For higher temperatures, the
average colors of stars with solar metallicity (filled squares) and [Fe/H]
= -2.5 (filled triangles) from Alonso et al. (1996) are given. Stars hotter
than Teff > 3000 K have their [F] and [G] indices confined to a nar-
row permitted range well separated from the values reached by cooler
objects.

the general interstellar medium. RV = 3.1 may actually be more
adequate for distant background sources seen through areas of
low extinction of the cloud, as the extinction in their direction is
probably dominated by smaller dust grains in the diffuse inter-
stellar gas. However, the coefficients vary by less than 3% when
either RV value is used, which makes the indices [F] and [G] de-
fined above virtually reddening-free for any reasonable changes
in the extinction law along the line of sight.

Figure 3 shows the behavior of [F] and [G] with temper-
ature as predicted by the evolutionary models of Chabrier et
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al. (2000) and Baraffe et al. (2003) for an age of 5 Myr, ex-
tended for masses above 0.1 M� with the models of Baraffe et
al. (1998) at the same age, and with the colors of main sequence
stars from Kenyon & Hartmann (1995) for temperatures above
4000 K. The variations predicted by models among objects of
different masses and ages having the same effective temperature
are small, and the plots in Figure 3 have little dependency on the
assumed age. Figure 3 also shows the actual indices of several
samples of spectroscopically classified cool objects, both in the
field and in a star forming region. Temperatures for the young
members of the Chamaeleon I region are from Luhman (2007).
For field objects, a linear dependence between spectral subtype
and temperature that provides a good fit to the temperatures
derived by Dahn et al. (2002) down to L8 (Teff = 1400 K)
has been used. A similar linear dependence approximates the
temperature-spectral type relationship derived from Golimowski
et al. (2004) data for types later than T5. A constant temperature
Teff = 1400 K has been assumed for objects with spectral types
between L8 and T5; see also Kirkpatrick (1995) for a discussion
on the temperature-spectral type relationship for cool dwarfs. In
all cases, cool stars with temperatures below ∼ 3000 K are char-
acterized by nearly zero or negative values of [G] that are inac-
cessible to warmer photospheres, as well as by large positive val-
ues of [F] for Teff > 1700 K that are also unique. As the JHKS
colors become intrinsically redder due to the formation of large
dust grains, a narrow temperature interval is predicted by models
around 1500 < Teff (K) < 1700 in which the [F] index covers the
same values as those of normal stars, while [G] remains negative,
although this fast decline in [F] is not seen among the actual ob-
jects plotted in Fig. 3. Finally, at the coolest temperatures both
[F] and [G] can attain extreme values, their behavior depending
on the details of the grain sedimentation process below the pho-
tosphere. The dust sedimentation models of Baraffe et al. (2003)
qualitatively reproduce this feature.

Candidate cool objects have thus been selected as those hav-
ing either [F] > 0.6 or [F] < −0.5, or those having either
[G] < 0.0 or [G] > 0.6, even after accounting for the estimated
measurement uncertainties. This criterion may thus include ob-
jects undetected in the IC or J bands, for which only lower limits
in [F] and [G] can be obtained. Such criteria are only intended to
exclude from the selection the stars whose colors are consistent
with reddened photospheres with Teff > 3000 K, which turn out
to compose the vast majority of sources in the sample. It is thus
not based on any actual fit to the spectral energy distributions of
cool objects.

The observations presented here should be able to detect
unreddened objects with effective temperatures cool enough to
result in the condensation of large dust grains below the photo-
sphere. At such temperatures molecular absorption by methane
and H2 strongly reduces the emitted flux in the KS band. Given
the depth in the different bands of the observations presented
here, the detection limit for color-based recognition of such cool
objects when lightly reddened is set in practice by the KS band
flux. At the KS = 21.3 3σ detection limit, the corresponding ab-
solute magnitude MKS = 14.8 is predicted by the evolutionary
models of Baraffe et al. (2003) for objects of Teff < 900 K, virtu-
ally regardless of the age. The corresponding mass does depend
on the age though, and it ranges from < 1 MJup for 1 Myr to
1.5 MJup for 5 Myr. These observations thus span a sizeable part
of the range where methane absorption produces a prominent de-
crease of flux in the red part of the H band, making possible the
independent detection of objects with Teff < 1300 K through the
negative value of the [CH4] − H color.

4. Results

As expected, the vast majority of objects in the observed Lupus
3 field have [F], [G] indices consistent with temperatures above
Teff > 3000 K. Upon close inspection most objects outside
that range happen to be very close to brighter sources, or lie in
the proximities of saturating stars, thus making the photometric
measurements unreliable. A few others turn out to be marginally
resolved faint galaxies as revealed by the residuals of their PSF
fits. However, after close inspection of each candidate, a total of
17 relatively isolated point sources, listed in Table 3, are iden-
tified as sound candidate cool objects. Objects in Table 3 are
named after their J2000 coordinates, and their photometry is per-
formed on the images obtained by co-adding all the epochs in
which observations through a given filter were obtained.

All sources in Table 3 are characterized by positive values
of [F] and values of [G] that are either negative or very close to
zero, in consistency with the behavior described above for cool
objects with 1700 < Teff(K) < 3000. As noted above, the selec-
tion criteria require either of those indices to be outside the range
covered by normal photospheres. The fact that for all candidates
selected both indices lie in the range expected for cool objects
thus supports their character. All objects found to be outside the
[F] range covered by hotter photospheres are faint but still de-
tected at IC , thanks to the depth of the observations in that band,
and their [F] values (as opposed to only lower limits) can thus
be computed. No objects with the extreme values of [F] and [G]
that would be expected from very cool photospheres depleted in
small dust grains(Teff < 1000 K) are identified in the observed
region, despite the deep detection limits discussed in Section 3.

The location of these objects in color-magnitude diagrams
indicates that all of them are too faint to be members of the
Lupus 3 region, as seen on the left panel of Figure 4, where they
lie far below the 5 Myr isochrone of Chabrier et al. (2000). Most
of the known members of Lupus 3 in the same field (Section
5.2) lie above it, indicating younger ages and implying that the 5
Myr isochrone may be taken as the lower boundary of the region
of the color-magnitude diagram accessible to young members
of Lupus 3. Despite the uncertainties in evolutionary tracks and
the non-overlapping range of colors between the known mem-
bers and the candidate cool objects, the conclusion that the new
cool objects identified are actually evolved field sources appear-
ing in the direction of Lupus 3, rather than young members of
it, seem firmly established. No evidence for new members of
Lupus 3 with temperatures below Teff ∼ 3000 K, and thus with
masses below the substellar limit, is thus found in the obser-
vations presented here. The colors of the 17 objects in Table 3
are all indicative of late-M or early-L spectral type photospheres
with some amount of foreground reddening. The large scatter in
intrinsic colors at very low temperatures, reflected in the scatter
in [F] and [G] values at a given temperature in Fig. 3, prevents
an accurate determination of the temperature and an estimate of
the main-sequence mass, but the [F], [G] limits chosen for the
selection of cool objects guarantees Teff < 2800 K for all the
objects listed in Table 3.

The absence of objects with very low temperatures in the
Lupus 3 field is independently confirmed by the absence of any
source with clearly negative [CH4] − H color, which would be
distinctive of objects with Teff < 1300 K having a mid-T or later
spectral type.
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Table 3. IC JHKS photometry of cool objects in the field in the co-added images

Object IC J H KS [F] [G]

J160845.47-390129.4 24.89 ± 0.16 21.57 ± 0.06 20.69 ± 0.06 20.23 ± 0.13 1.23 ± 0.30 0.18 ± 0.26
J160846.81-390303.0 25.48 ± 0.16 21.59 ± 0.06 20.90 ± 0.07 20.36 ± 0.16 1.97 ± 0.33 −0.14 ± 0.31
J160852.41-390347.0 24.68 ± 0.26 21.45 ± 0.08 20.61 ± 0.06 20.17 ± 0.11 1.23 ± 0.37 0.17 ± 0.24
J160852.58-390342.7 24.30 ± 0.12 21.49 ± 0.06 20.65 ± 0.06 20.36 ± 0.12 1.05 ± 0.27 0.39 ± 0.25
J160855.95-390351.4 25.09 ± 0.19 20.86 ± 0.04 19.86 ± 0.04 19.10 ± 0.05 1.48 ± 0.23 −0.16 ± 0.13
J160856.33-390211.3 24.75 ± 0.15 21.60 ± 0.07 20.93 ± 0.08 20.38 ± 0.16 1.25 ± 0.34 −0.17 ± 0.33
J160857.33-390121.3 24.38 ± 0.21 20.85 ± 0.04 19.94 ± 0.05 19.24 ± 0.09 1.02 ± 0.27 −0.16 ± 0.19
J160858.21-390253.5 24.84 ± 0.12 21.17 ± 0.04 20.24 ± 0.05 19.61 ± 0.09 1.23 ± 0.21 −0.04 ± 0.19
J160900.46-390118.0 24.41 ± 0.18 20.53 ± 0.04 19.44 ± 0.06 18.76 ± 0.09 1.12 ± 0.25 0.05 ± 0.21
J160901.36-390547.8 25.36 ± 0.20 21.48 ± 0.08 20.59 ± 0.07 19.94 ± 0.10 1.48 ± 0.33 −0.11 ± 0.25
J160901.49-390139.9 24.48 ± 0.12 21.00 ± 0.05 20.23 ± 0.08 19.64 ± 0.08 1.36 ± 0.22 −0.13 ± 0.24
J160902.60-390219.1 24.06 ± 0.10 20.75 ± 0.04 19.91 ± 0.05 19.25 ± 0.08 0.97 ± 0.19 −0.17 ± 0.18
J160902.76-390144.1 25.23 ± 0.19 21.78 ± 0.10 21.02 ± 0.12 20.54 ± 0.20 1.51 ± 0.45 0.02 ± 0.44
J160903.52-390122.7 23.44 ± 0.07 19.91 ± 0.04 18.90 ± 0.05 18.30 ± 0.06 1.02 ± 0.16 0.09 ± 0.16
J160911.18-390314.8 24.92 ± 0.18 21.21 ± 0.05 20.09 ± 0.04 19.50 ± 0.09 1.04 ± 0.26 0.22 ± 0.18
J160912.32-390209.7 24.66 ± 0.10 21.38 ± 0.06 20.67 ± 0.08 20.05 ± 0.14 1.20 ± 0.29 −0.24 ± 0.30
J160913.03-390152.6 24.55 ± 0.12 21.14 ± 0.04 20.24 ± 0.06 19.64 ± 0.08 1.07 ± 0.20 −0.02 ± 0.20

Fig. 4. Location of the cool stars identified in the observed Lupus 3 field (filled dots) in the (IC − J, J) and (J −KS ), (IC − J) diagrams. The location
of such cool objects above the main band defined by the photospheres of hotter stars reddened by various amounts in the right-hand diagram is
clear. Their position in the (IC − J, J) lies in all cases well below the 5 Myr isochrone from Chabrier et al. (2000), indicating that these objects are
not members of the Lupus 3 star forming region. For comparison, the location of known members of Lupus 3 (Section 5.2) is marked with empty
circles in the color-magnitude diagram on the left. The dotted line in the (IC − J, J) diagram indicates an extinction vector corresponding to AV = 5
mag.

5. Discussion

5.1. Field population

As shown by Caballero et al. (2008), the field population of
very cool stars at faint magnitudes can easily dominate over the
members of the same temperature in young aggregates. The es-
timate of the expected number of cool field objects in the images
presented here is made somewhat difficult by the irregular ex-
tinction across the Lupus 3 field, which makes the distance up
to which objects would be detected dependent on the direction.
Fortunately, as is apparent from Figure 2, the imaged field can
be roughly split into a ’high extinction’ region, corresponding to
∼ 30 % in area, where dense clouds render the vast majority of
sources located behind undetectable at the shortest wavelengths;
and the remaining ∼ 70 % of the area where the extinction is
much lower, and where all the detected cool sources are located.

To estimate the number of objects at temperatures Teff <
2800 K that may be statistically expected in the low extinction

portion of the Lupus 3 field, the present-day mass function in
the local galactic disk in the form given by Chabrier (2005) has
then been used to estimate the number of cool stars up to an
unreddened magnitude Jlim = 20.7 ± 0.5, which is taken as a
representative limit given the magnitudes of the objects listed in
Table 3 and the typical value of the extinction, AJ ' 1 mag, as
inferred from the color-color magnitude diagrams of the area,
which are dominated by background sources. The quoted uncer-
tainty in J accounts for a combination of the scatter in extinction
and the faintest J magnitude for which a very red (I − J) color
can be unambiguously identified given the JHKS colors, which
is a function of the reddening of the object and of its intrinsic
colors. Given the low galactic latitude (b = +9◦) of the Lupus
3 field and the relatively nearby horizon up to which such cool
stars can be detected in these observations, departures in number
density of stars from the local value due to the scale height or the
radial scale length of the galactic disk can be neglected (a thor-
ough general treatment of these effects can be found in Caballero
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et al. 2008). The expected numbers of very low mass stars with
temperatures Teff < 2800 K obtained in this way is 15+15

−8 across
the approximately 0.011 square arcminutes of lightly obscured
area of the field, in good agreement with the number of cool stars
actually found.

5.2. Known cloud members

Despite its limited extent (0.42 pc× 0.43 pc projected area at the
distance of 200 pc) with respect to the overall size of the com-
plex, the imaged field contains a large concentration of young
stellar objects in Lupus 3. At least 9 of the objects previously
identified as young stellar objects can be reliably considered as
members of the star forming region, and 8 of those have pub-
lished spectroscopic classifications and estimates of their mass.
Most of the others have been previously classified as candidate
members on the basis of their broad-band near- and mid-infrared
photometry. For the latter, the bases on which the initial clas-
sification as candidates was produced can be reexamined now
thanks to the higher angular resolution of the observations pre-
sented here, as well as to the improved photometry. In this way
several previous candidates are excluded as possible members.
The final census considered here is listed in Table 4, together
with an estimate of the mass when available. Excluded candi-
dates are also listed there, indicating the reasons for exclusion.
From the list of 15 candidates considered to be true members
of the star forming region, 10 are projected on the low extinc-
tion area, with the remaining 5 being significantly embedded in
nebulosity of high column density.

Several binary stars among the members of Lupus 3 have
been identified by Reipurth & Zinnecker (1993), none of which
is in the field covered by the new observations. However, a de-
tailed visual inspection of the images of the know members
shows that Par-Lup3-3 is actually a close pair with two com-
ponents of similar brightness separated by ' 0′′3 in the North-
South direction.

A faint close companion is also detected in the KS -
band images of the jet-driving, very low-mass star Par-Lup3-4
(Fernández & Comerón 2005, Huélamo et al. 2010, Comerón
& Fernández 2011). The companion is located 1′′2 to the East-
Northeast of the central star, at a position angle roughly per-
pendicular to that of the jet axis. The proximity to Par-Lup3-4
and the brightness difference between both objects makes the
determination of the magnitude of the companion very difficult,
with a best estimate of KS = 20.4 ± 0.5. The object is not vis-
ible at shorter wavelengths. Assuming an age of 1 Myr, which
seems plausible and even conservative given the signs of ex-
treme youth of Par-Lup3-4, this magnitude implies a mass of
only ∼ 1 − 2 MJup. The crowding on the field leaves open the
possibility that the apparent companion may actually be an un-
related background star, but the peculiar character of Par-Lup3-
4 makes further observations aiming at the confirmation of the
possible binarity of Par-Lup3-4 interesting. No other likely bi-
nary companions are identified for the other stars in Table 4.

5.3. Expected new members and the mass function

Although the accuracy of the mass estimates varies widely
among the members of the cloud, the 15 young stellar objects
listed in Table 4 clearly probe the Lupus 3 population down to
a spectral type of about M6.5. The temperature corresponding
to this spectral type is Teff ' 3000 K (Luhman et al. 2003), and
the mass is near the substellar limit, M = 0.075 M�, almost

independently of the age within the range found in star form-
ing regions due to the early evolution at nearly constant Teff for
objects around this mass (Chabrier et al. 2000). Of those, 10
are projected on low extinction (AV < 5 mag) areas where the
present observations are sensitive to the extremely low masses
discussed at the end of Sect. 3. Taking these 10 members as
a complete sampling of the stellar mass function down to the
hydrogen-burning limit, the stars-to-brown dwarfs ratio derived
from other star forming regions should provide a direct estimate
of the number of brown dwarf members expected in the observed
area. The ratio has been found to be around 4-5 in regions such
as Chamaeleon I (Luhman 2007, recently confirmed by Mužić
2011), ρ Ophiuchi (Geers et al. 2011), IC 348 (Luhman et al.
2003) or the Orion Nebula Cluster (Slesnick et al. 2004); see
also Andersen et al. (2008). Based on this, the expected num-
ber of brown dwarf members in the observed Lupus 3 field is
N ' 2 − 3. A somewhat smaller ratio has been inferred for the
outskirts of Chamaeleon I (Luhman 2007 and Taurus (Luhman et
al. 2009), which if applied to Lupus 3 would reduce the expecta-
tion to 1-2 new members. Given the small number statistics, this
expectation can be considered to be consistent with the finding
that none of the cool objects identified in these observations is a
member of the star forming cloud. It does not necessarily imply
a sharper drop of the mass function in Lupus or an anomalous
lack of brown dwarfs, a possibility that could only be investi-
gated through larger area surveys.

It may be noted that the tail in the distribution of late spec-
tral types found by Hughes et al. (1994) in Lupus as compared
to other nearby star forming regions, and supported by further
surveys (López Martı́ et al. 2005), could have hinted to a un-
usually small star-to-brown dwarf ratio that the present study
should have been able to confirm. Indications of such a small ra-
tio have been presented for NGC 1333 by Wilking et al. (2004)
and Greissl et al. (2007), and supported by Scholz et al. (2009)
using near-infrared spectroscopic classifications of new candi-
date members. The ratio derived in this way should be taken
with caution given the fact that the dividing line between stars
and brown dwarfs lies near the peak of the mass function, thus
making such ratio particularly sensitive to systematic effects that
may tend to move the estimated masses of low-mass members
to either side of the boundary (Luhman 2007). The comparison
between results based on visible and near-infrared spectroscopy
may be affected by such biases, given the greater uncertainties
in near-infrared spectral classifications. However, Lodieu et al.
(2011) have recently used visible spectroscopy to derive a star-
to-brown dwarf ratio of only 2.5 for the Upper Scorpius asso-
ciation, adjacent to the Lupus clouds, based on spectroscopy in
the visible. The departure with respect to values found in other
regions is mainly due to an overabundance of brown dwarfs with
masses below ∼ 0.04 M� that includes a possible secondary peak
of the mass function around 0.015 M�. Such a mass distribution
in the Lupus 3 field would lead to the expectation of 4 ± 2 new
cool brown dwarfs, which is somewhat harder to reconcile with
the lack of new members found in the present study. An upturn
in the mass function near the deuterium-burning limit was also
suggested by Muench et al. (2002) for the Trapezium cluster, but
it was not confirmed by larger area observations by Robberto
et al. (2010), although the existence of objects near or below
the deuterium-burning limit is required to reproduce the overall
shape of the luminosity function in that cluster (Weights et al.
2009).

The existence of even lower-mass objects in star-forming re-
gions and young aggregates appears to be well established, as is
best illustrated by the numerous recent studies of the σ Orionis
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Table 4. Confirmed and excluded candidate young stellar objects in the target region

Name α(2000) δ (2000) mass comments

Members
Sz109 16:08:48.16 -39:04:19.2 0.08 M6.5 in Comerón et al. (2003); mass from that work
Par-Lup3-3 16:08:49.40 -39:05:39.3 0.3 M4.5 in Comerón et al. (2003); mass from that work
Par-Lup3-4 16:08:51.43 -39:05:30.4 0.17 M5 in Comerón et al. (2003); underluminous, mass derived

assuming Teff = 3100 K and age ∼ 2 Myr
Sz 110 16:08:51.57 -39:03:17.7 0.25 M4.5 in Comerón et al. (2003); mass from that work
Sz 112 16:08:55.52 -39:02:33.9 0.12 M6 in Comerón et al. (2003); mass from that work
Sz 113 16:08:57.80 -39:02:22.7 0.09 M6 in Comerón et al. (2003); mass from that work
SSTc2d J160858.3-390736 16:08:58.27 -39:07:35.5 > 1 Deeply embedded, confirmed as Class II YSO by Merı́n et al. (2008).

Mass estimated from HKS photometry alone assuming age ∼ 2 Myr
SSTc2d J160858.3-390749 16:08:58.30 -39:07:49.4 ∼ 0.4 Deeply embedded, confirmed as Class II YSO by Merı́n et al. (2008).

Mass estimated from HKS photometry alone assuming age ∼ 2 Myr
Sz 114 16:09:01.84 -39:05:12.5 0.15 M5.5 in Comerón et al. (2003); mass from that work
Lup 608s 16:09:08.50 -39:03:43.1 0.13 Candidate member in López Martı́ et al. (2005), X-ray source in

Gondoin (2006). Estimated spectral type M5 in López Martı́ et al. (2005),
slightly later in Comerón et al. (2009); mass adopted is the estimate
from the latter work

SSTc2d J160916.4-390444 16:09:16.43 -39:04:43.7 0.075 Candidate member in Nakajima et al. (2000), Class II in
Merı́n et al. (2008). Very reddened, only JHKS available
in the present work. A good fit is obtained with Teff = 3000 K,
AV = 24 mag

Lup3 MMS 16:09:18.07 -39:04:53.4 ∼ 0.6 Candidate Class 0 source in Tachihara et al. (2007); adopted mass
is the estimate for the envelope in that work

SSTc2d J160920.3-390402 16:09:20.30 -39:04:01.6 ∼ 0.3 Candidate member in Nakajima et al. (2000), Class II in
Merı́n et al. (2008). Found to be variable (amplitude > 0.4 mag in KS )
in the present work.
Very reddened, mass estimated from HKS photometry alone assuming
age ∼ 2 Myr

2MASS J16085427-3906575 16:08:54.27 -39:06:05.9 1.5 Weak T Tauri star in Krautter et al. (1997), spectral type K2 from
Cieza et al. (2007). Mass derived from published spectral type assuming
membership in the region

2MASS J16090849-3902133 16:09:08.49 -39:02:13.4 0.4 Source newly identified as candidate member by Comerón et al. (2009),
mass estimate from that work

Excluded candidates
SSTc2d J160846.8-390207 16:08:46.79 -39:02:07.4 Candidate Class I in Merı́n et al. (2008), X-ray rource in

Gondoin (2006). Clearly resolved as a galaxy in the present work
SSTc2d J160847.5-390509 16:08:47.47 -39:05:08.7 Candidate member in Allen et al. (2007), Class III source in

Merin et al. (2008). Early photometry probably confused by two
similarly bright sources within 2”5

SSTc2d J160853.7-390410 16:08:53.68 -39:04:09.6 Candidate member in Nakajima et al. (2000), Class III in
Merı́n et al. (2008). New images shows two sources 2” apart,
the position given by Nakajima et al. lying between both;
Nakajima et al.’s photomety is probably confused

SSTc2d J160858.9-390446 16:08:58.92 -39:04:46.0 Candidate member in Nakajima et al. (2000), Class III in
Merı́n et al. (2008). Found to be variable (amplitude > 0.3 mag in KS )
in the present work

SSTc2d J160902.4-390549 16:09:02.44 -39:05:49.4 Candidate member in Nakajima et al. (2000), Class III in
Merı́n et al. (2008). Nakajima et al.’s photomety is
probably confused by three slightly fainter sources within 2”7.
Good fit to RC IC JHKS photometry from present work for T = 6100 K,
AV = 5.3; likely background

SSTc2d J160908.0-390726 16:09:07.98 -39:07:26.4 Candidate member in Nakajima et al. (2000), Class III in
Merı́n et al. (2008). Images from the present work reveal
two sources separated by 1”3. Nakajima et al.’s photometry is thus
probably confused

Lup 642 16:09:01.56 -39:05:05.6 Tentatively classified as L2 by López Martı́ et al. (2005), but based on
highly uncertain photometry. Only 6” away from a much brighter source.
Good fit to IC JHKS photometry in the present work with
Teff ∼ 6400 K, AV ∼ 6.6 mag; possibly background

G 98 16:09:11.00 -39:04:03.0 X-ray source from Gondoin (2006), no near-infrared detected
G 96 16:09:10.60 -39:06:59.0 X-ray source from Gondoin (2006), no near-infrared detected
2MASS J16084969-3901225 16:08:49.69 -39:01:22.5 X-ray source from Gondoin (2006). Relatively blue IC JHKS colors

suggest it to be a hot, lightly reddened background star.
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aggregate (e.g. Zapatero Osorio et al. 2002, 2008, Caballero et
al. 2008, Lodieu et al. 2009, Bihain et al. 2009) and other re-
gions (Weights et al. 2009, Marsh et al. 2010), where objects
with T-dwarf-like spectra have been found. Despite the avail-
ability of deep H- and CH4-band imaging, no candidate T-like
object is identified in the present study. The abundances of such
objects in young aggregates are still controversial and it cannot
be ruled out that large variations in the populations exist among
different regions. Bihain et al. (2009) argue that such objects, al-
though present, are exceedingly rare in the σ Orionis aggregate,
and Scholz et al. (2009) find that planetary-mass objects are al-
together absent from NGC 1333, despite an apparent overabun-
dance of higher mass brown dwarfs as noted above. On the other
end, Haisch et al. (2010) have reported the identification of 22
candidate sources with evidence for methane absorption in their
spectral energy distribution in an area of only 0.26 sq. degrees
in the ρ Ophiuchi embedded cluster. While the implications on
the general shape of the mass function are not clear from the
results presented in that paper, and spectroscopic confirmation
of the candidates still needs to be obtained, it appears at least
qualitatively that such results if confirmed would argue against
freely-floating objects with 1-2 MJup being extremely rare. Still,
even if their abundance were as high as suggested by the results
of Haisch (2010), the area imaged in the present study would
have made the finding of any objects rather serendipitous, and
the fact that none is detected bears little if any significance on
the statistics of such objects in Lupus 3.

6. Conclusions

This paper presents deep IC JHKS imaging with the VLT of a
densely populated region of the Lupus 3 star forming region. Its
depth leads to detection limits well into the giant-planet-mass
regime, probing down to sub-Jupiter masses if the age is below
∼ 2 Myr, and to ' 1.5 MJup for an age of 5 Myr. Although the
detection limits are considerably fainter than those reached by
other contemporary surveys of star forming regions and young
stellar aggregates at similar distances, its areal coverage is much
smaller. However, this is partly compensated by the large num-
ber of confirmed and candidate young stellar objects that have
been identified in the field by previous studies, which leads to
the a priori expectation of identifying a few new brown dwarfs.
The survey also includes deep imaging through a ’CH4’ filter
covering the H-band continuum to the blue of the broad methane
absorption feature that characterizes the spectral energy distribu-
tion of T dwarfs, so that any possible objects with temperatures
below Teff ' 1300 K can be identified through comparison of
the H and CH4 magnitudes. The conclusions of this work can be
summarized as follows:

– A small number of candidate faint cool objects are identified
by means of a combination of two reddening-free indices de-
fined on the basis of the IC JHKS colors. The values of these
indices are constrained to a narrow range in the case of nor-
mal stellar photospheres warmer than 3000 K. After careful
examination of each of them, a final list of 17 objects with
temperatures below 2800 K is obtained. All of them are char-
acterized by very red IC − J colors that cannot be accounted
for solely by extinction, given their spectral energy distribu-
tion at longer wavelengths.

– All 17 objects detected in this way are significantly fainter
than expected for actual members of the Lupus clouds, and
are most likely background evolved very low mass stars
rather than brown dwarf members of Lupus 3. Their num-

ber is in agreement with the statistical expectation of a back-
ground population down to the sensitivity limit of the obser-
vations presented here.

– A reexamination of the known confirmed and candidate
young stellar objects reported by previous studies leads to the
conclusion that 8 of them are not true members of Lupus 3
and should thus be excluded from the census. Two others are
X-ray sources without an optical counterpart and are also
discarded as likely background active galactic nuclei. The
census of confirmed and likely young stellar objects in the
surveyed area is thus reduced to 15. Of these, 5 are deeply
embedded in the most obscured parts of the clouds.

– Par-Lup3-3, a confirmed M4.5 member of the star forming
region, is found to be a close pair formed by members of
similar brightness separated by ' 0′′3. Also Par-Lup3-4, a
M5 object with prominent accretion and mass loss signatures
that drives a short jet, may be a binary, as suggested by the
presence of a possible companion of KS ∼ 20.4 at 1′′2 from
the primary. If physically related to Par-Lup3-4, the compan-
ion would have an estimated mass of 1 − 2 MJup.

– The non-detection of any new substellar objects is some-
what surprising in view of the number of confirmed stellar
members in the same observed area, which lead to an ex-
pectation of approximately 2-3 new brown dwarfs based on
the stars-to-brown dwarfs ratios derived for other star form-
ing regions. Although of limited statistical significance given
the small numbers involved, a mass function rich in sub-
stellar objects that may have been suggested by the previ-
ously reported abundance of mid M-type stars in Lupus 3 is
not supported by these new observations. The lack of brown
dwarfs in the surveyed area includes objects with indications
of methane absorption in its spectral energy distribution.

The results found in this work concerning the detection of
new brown dwarfs in Lupus 3 indicate that wider area surveys
will be needed to characterize the bottom of the mass function
in this region, whose potential for such studies continue to be
extremely interesting. Despite its relative richness, the area tar-
geted in this work contains only a minor fraction of the total con-
firmed population of stellar members of the star-forming region,
which is in itself sufficiently abundant to provide a robust deter-
mination of the complete mass function, and perhaps of the mass
below which no isolated objects can form, if surveyed to the ade-
quate extent with a depth comparable to that of the present work.
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