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Abstract. We present optical spectra of eight candidate brown dwarfs and a previously known T Tauri star (Sz 33) of the
Chamaeleon | dark cloud. We derived spectral types based on the strength of the TiO or VO absorption bands present in
the spectra of these objects as well as on the PC3 index ofiMetrtal. (1999). Photometric data from the literature are

used to estimate the bolometric luminosities for these sources. We apply D’Antona & Mazzitelli (1997) pre-main sequence
evolutionary tracks and isochrones to derive masses and ages. Based on the preserioesafission, we confirm that most

of the candidates are young objects. Our sample however includes two sources for which we can only provide upper limits
for the emission in I4t; whereas these two objects are most likely foregr@omeckground stars, higher resolution spectra are
required to confirm their true nature. Among the likely cloud members, we detect one new sub-stellar object and three transition
stellaysub-stellar sources.

Key words. stars: pre-main sequence — stars: Hertzsprung-Russell (HR) diagram — stars: low-mass, brown dwarfs —
infrared: stars

1. Introduction cool down. Following Oppenheimer et al. (2000) we adopt
0M; (1 M; = 103 M,) as the upper mass limit for BDs and
3 M; as the lower mass limit. Solar metallicity objects with
éaffses within these limits can burn deuterium at least during

The field of star and planet formation has attracted much o
servational and theoretical interest, particularly during the |
tvyenty years. Impre_ssive technolt_)gi_cal gdyances have reac of the evolution (Burrows et al. 1997). Below 43 there
high spatial resolution and sensitivity Im_mts_and allowed S no nuclear fusion of any element.

to observe true stellar embryos and their circumstellar envi-
ronments (disks), where planets are supposed to form. Brown Several investigations suggest a star-like formation mode
dwarfs (BDs) represent an intermediate class of objects het BDs (see, for example, Elmegreen 1999; Natta & Testi
tween stars and planets. They have masses below the H-burdi@gl). However other two scenarios, ejection of stellar em-
limit and then are unable to sustain stable nuclear fusifyos (Reipurth & Clarke 2001) and planet-like formation in
of H like stars. However, unlike planets, BDs once formed dorcumstellar disks (Pickett et al. 2000) have been proposed.
through a slow gravitational contraction process that releadd current observational evidence seems to provide support
potential energy and makes them shine. Thus, their brightn&éhe stellar-like formation process (see, for example, Muench

decreases with time as the energy reservoir diminishes and tBe@l-  2002), although neither the embryos ejection nor the
planet-like formation hypothesis can presently be disregarded

Send gprint requests toC. Sdfe, on observational grounds. Understanding the formation process

e-mail: saffe@oac.uncor.edu of BDs is very important as it can shed light on the mechanism
* Based on observations collected at the European Southgfformation of both stars and planets.

Observatory, Chile, (ESO proposal 67.C-00365). . . .
** On a fellowship from CONICET, Argentina. BDs are elusive because they are very faint. These objects

*+ Viisiting Astronomer, Complejo Astramiico el Leoncito are easier to detect when young since they are brighter and
operated under agreement between the Consejo Nacional iRdeed several young BDs are known to date in nearby dark
Investigaciones Cierficas y Técnicas de la Reyblica Argentina and clouds (see, for example, Briceet al. 1998; Comeri et al.

the National Universities of La Platap@oba, and San Juan. 2000; Bricedio et al. 2002). A complete census of these objects
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in a given star-forming region would allow us to carry out for the bias level and divided by appropriate normalized flat-
meaningful estimate of their real number and thus a measuields. The spectra were extracted using the NOAO #amkk-
ment of the IMF of the cloud. However a considerable obsdract with an aperture of 5 pixel radius. A sky subtraction was
vational dfort is required to fully accomplish this aim. done by fitting a polynomial to the regions on either side of the
In this contribution we present results of optical spe@perture. Residual night sky lines were removed by interpolat-
troscopic observations of eight candidate young BDs in tireg across them. A non linear low order fit to the lines in the
Chamaeleon | dark cloud proposed by several recent infratéeNeAr lamp (VLT spectra) or CuNeAr lamp (CASLEO data)
surveys aimed at finding sub-stellar objects in this star-formimgs used to wavelength calibrate the spectra. Typical RMS
region (see, for example, Persi et al. 2000n&z & Kenyon for the wavelength solutions are 0.07 and 0.04 for the grisms
2001). An optical spectrum of Sz 33, a previously knowBRISM-600R and GRISM600I, respectively. We obtained
T Tauri star of the cloud, is also presented. Our final goalvalues 0f~0.5 for the RMS corresponding to the CASLEO so-
to carry out a precise determination of the complete IMF of thetion. The VLT-FORS spectra have been flux-calibrated and
cloud. normalized to the flux at 6800 A. CASLEO data are presented
In Sect. 2 we describe the observations and data reductiorcount units as no flux standards were observed in this case.
In Sect. 3 we present our analysis and results. We derive spec-
tral types from the TiO and VO indexes and the PC3 index of
Martin et al. (1999) which combined with published photomé3. Data analysis and results
try allows us to place the stars in the HR diagram. We conclugel The sample
with a brief summary in Sect. 4. - p
In Table 1 we list our sample stars together with their coordi-
2. Observations and data reduction nates and observing logs; in Table 2 photometric data from the
literature are provided. Seven of the nine stars in our sample
The observations were carried out from May to July 20Q4ere selected among young low mass and brown dwarf candi-
in service mode with FORS1 on the ESO-VLT UT1. Thigates proposed by several recent infrared surveys of the cloud
instrument has dlierent Conﬁguratior’}s We used the MOS (Cambe’sy et al. 1998, Persi et al. 20000@@2 & Kenyon
(multi-object spectroscopy) sub-mode in combination with thg)01; Kenyon & @mez 2001). These objects, unlike most of
grisms GRISM-600R and GRISM600I to cover the spec- the proposed candidates, have optical counterparts on the the
tral range between 5300 and 9000 A, approximately, ontigitized Sky Surve§ (DSS) plates and thus optical spectra
2048x 2048 pixels CCD detector. These grisms provide resolyan pe obtained. The existence of an optical object at the
ing powersk = 1230 and 1530, respectively. The correspongdpsition of the infrared discovered source was the selection cri-
ing SpeCtI’al diSperSionS are 1.08 and 10ﬁ|A Two order terion used to deﬁne the present Samp'e_
separation filters, GG4381 and OG59872, were employed [SGR2003] 1 is the only object not selected as a candi-
yvith grisms GRISM-600R and GRISM6OOI,_respectiver, 10 gate very low mass member of the cloud by previous sur-
isolate the useful spectral range for each grism. veys. This object was observed simultaneously with [GK2001]
MOS has 19 movable slitlets that can be displaced by ligg (ISO-Chal 220). The central slit of the MOS was placed
ear guides to any position along the dispersion direction g [GK2001] 30 whereas the rest of the slits on optical stars
the field of view. In addition, the instrument can be rotatgg the field. One of these objects (identified as [SGR2003]
around its optical axis allowing a wide variety of target coNt) turned out to be a new low mass cloud member judging
figurations. The width of each individual slitlet is also adsom the strong emission in &i(equivalent width= — 182.6).
justable. For our observations we selected a width’dbt all  15p1e 1 provides the coordinates of this object and Talfe 2
the 19 slitlets. Even-numbered slitlets are’20ng and odd- gnqH magnitudes (Gmez & Kenyon 2001). [SGR2003] 1
numbered are 22long. _ _ was not detected at and thus not placed on the color—color
In addition _to the yLT opservatlons we obtained SP€J — H vs. H — K) diagram to determine likely near-infrared
tra of two relatively bright objects (ISO-Chal 126 and ISOgg|or excesses. Similarly Sz 33, a previously known T Tauri

Chal 237, see Table 2) with the 2.15-m telescope at thgyr of the cloud (see, for example, Lawson et al. 1996)

CASLEO (San Juan, Argentina) in April 2000. We used the

REOSC spectrograph in SD (simple dispersion) mode withr@search in Astronomy, Inc. under contract to the National Science

300 ymm grating blazed at 5000 A and a long slit openegbundation.

to ~2”. We registered the spectral range between 4500 antl Based on photographic data obtained using The UK Schmidt

8500 A on a 1024< 1024 thinned TEK CCD detector at aTelescope. The UK Schmidt Telescope was operated by the Royal

dispersion of-4 A/pix, resulting in a resolving powé = 750. Observatory Edinburgh, with funding from the UK Science and
We reduced the data using standard IRAF proceduw!e Engineering Research Council, until 1988 June, and thereafter by

trimmed the CCD frames at each end of the slit, correcttf Anglo-Australian Observatory. Original plate material is copy-
right (c) the Royal Observatory Edinburgh and the Anglo-Australian

! See the FORS#42 User Manual for a full description on Observatory. The plates were processed into the present compressec
the diferent observing modes of this instrument, available adigital form with their permission. The Digitized Sky Survey was pro-
http://www.eso.org/instruments/forsl/ duced at the Space Telescope Science Institute under US Government

2 IRAF is distributed by the National Optical Astronomygrant NAG W-2166. Copyright (c) 1993, 1994, Association of
Observatory, which is operated by the Association of Universities foniversities of Research in Astronomy, Inc. All right reserved.
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Table 1. Observed objects.

Name @(2000.0) §(2000.0) ITR ITI Tel+Instru Other ID
[h:m:s] L1 [s] [s]
[GK2001] 8 110548.8 -764017 3050 2950 VLFMOS
ISO-Chal 126 11 0804.2 — 77 3843 900 CASLE®REOSC [CCE98]32
[KG2001]102 1109493 —-773120 2x3105 2960 VLREMOS
[SGR2003]1 110953.1 -773058 2x3105 2960 VLEMOS
[GK2001]30 1109534 -772836 2<3105 2960 VLEMOS ISO-Chal 220
Sz 33 110953.9 -762925 3040 2960 VLFMOS ISO-Chal 224, [KG2001] 110
[GK2001]31  110955.0 -763112 3040 2960 VLFMOS ISO-Chal 225
ISO-Chal 237 1110119 -773531 900 CASLE®REOSC [CCE98]48, [OTS99] 45, [KG2001] 121
[GK2001]53 111423.6 - 775612 3300 3300 VLFMOS

Note: We adopt the SIMBAD source denomination scheme which is based on the recommendations of the IAU Commission 5 Task Group on

Designations.

Table 2. Compiled photometric data and#€quivalent width measurements.

Name L2 Kb HP Jb I° Hao (EWA]) Nal8g183-8195 EWA])
[GK2001] 8 13.94 1467 1522 <=5 4.9
ISO-Chal 126 830 9.67 11.51 14.39 -97.1

[KG2001] 102 10.62 11.07 11.45 12.47 -87.2 2.7
[SGR2003] 1 14.87 15.64 -182.6

[GK2001] 30 12.48 13.33 14.57 18.11 -92.3 2.1

Sz 33 822 910 9.84 11.19 13.99 -9.6 2.2
[GK2001] 31 12.75 13.73 14.84 17.12 -68.7 1.8
ISO-Chal237 7.69 855 934 10.75 13.90 <-3

[GK2001] 53 13.73  14.57 -15.7 6.2

a@Kenyon & Gdmez (2001).
b Gémez & Kenyon (2001).
¢ Cambesy et al. (1998).

lying in the close vicinity of [GK2001] 31 (ISO-Chal 225), wasndicated. These molecular and atomic features are common
observed on the same MOS frame as this object. among M—type type stars (Kirkpatrick et al. 1991).

In the following sections we will use the detection of spe-
cific spectral features (such asrHn emission and the Na |
absorption doublet) to unveil the nature of our sample ob-

We mention that for five objects in our sample (ISO-Chal 12{§Cts The strength of the TiO molecular bands at 6180 and
[GK2001] 30, Sz 33, [GK2001] 31, and ISO-Chal 237) infrare§100 A and the PC3 index of Mantet al. (1999) will be
spectra are available in the literatureof®éz & Persi 2002; aPplied to derive spectral types for these objects.

Gbmez & Mardones 2003). However most of these spectra

are almost featureless at the spectral resolution used, thus

t
allowing a full characterization of the objects. [GK2001] 3(7’)?' 21, Spectral features

shows By in emission while Sz 33 have PaPa and Bly in  Tapje 2 Jists b equivalent width measurements for the ob-
emission. The spectral slope of these sources, with exceptioR@fyed objects. We estimate an uncertainty of the order of 3-5%
Sz 33, increases with the wavelength suggesting the presegGe 1o noise in our spectra and errors in placing the continuum
of cool material probably in a circumstellar disk. Optical loWgye|. Five objects in our sample (ISO-Chal 126, [KG2001]
resolution spectra of these objects provide additional useful iy [SGR2003] 1, [GK2001] 30 and [GK2001] 31) show con-

formation to support their pre-main sequence status. In parﬁ,

3.2. The spectra

. PUMPET (PTeT : jicuous k¥ emission line with equivalent widths50 A. Sz 33

ular He in emission is a distinctive feature of T Tauri stars angl,q [GK2001] 53 have moderate emission in this line. For other
of previously known young BDs. Furthermore, spectral clasgiyq objects in the sample, [GK2001]8 and ISO-Chal 237, we
fication schemes based on optical features are in general %‘_%thot see a strongdHin emission and are able to measure only
ter developed than near-infrared systems and thus can proyg&,pper limit to its equivalent widths. Whereas higher signal
more reliable estimates for the low-mass candidates. to noise and resolution spectra are required to check in detail

Figures 1-5 show the spectra of the observed objedis: the presence (absence) ofiHh emission, these two ob-

Photospheric features such as molecular bands of CaH, Tj€xts are most likely foreground dwarfs or background giants.
and VO, as well as atomic lines of Na | and K | arés a group, spectrain Figs. 1-5 show similar characteristics as
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Fig. 1. Optical spectra of [GK2001] 8 and ISO-Chal 126 obtained with the MUDS and the CASLE®REOSC, respectively. Molecular
and atomic features common in M-type stars are indicated. The [GK2001] 8 spectrum has been flux-calibrated and normalized to the flt
6800 A.

M—type T Tauri stars and previously know young BDs in starur measurements. Using the spectral types derived in the next
forming regions (see, for example, Schwartz 1977; Brice Section (see Table 3), we compare the Na | doublet equivalent
et al. 1998; Comen et al. 2000; Marti et al. 2001). In widths of our objects with those of Pleiades and field stars listed

particular, we note that the equivalent widths af Bre compa- by Martin et al. (1996, their Table 5).

rable with those measured by Coroerét gl. (2000) for their Three of the objects ([KG2001] 102, [GK2001] 30 and
sample of very low mass stars and BDs in Chamaeleon I. [GK2001] 31) have very modest Na | doublet equivalent
Martin et al. (1996) in their study of BDs in thewidths, smaller than those of Pleiades and field stars of
Pleiades found that, due to lower gravity, the Na | doubléte same spectral type, confirming that they are very low
(8183-8195 A) tends to be weaker in young sub-stellar objeatsiss young objects. The Na | doublet equivalent width of
than in field stars of identical spectral type. These authors §&K2001] 53 is comparable to those of two Pleiades BDs of the
alyzed objects with spectral types in the M 3.5-M 9.5 rangeame spectral type, while the equivalent width of [GK2001] 8
Table 2 lists the Na | doublet equivalent widths for the objects larger than that of the Pleiades BD Calar 4 (with identical
in our sample for which the red part of the spectrum is availatdpectral type as [GK2001] 8) and comparable to that of field
and of good quality. We estimate an uncertainty-6f5 A in dwarfs. This supports the hypothesis that [GK2001] 8 is not a
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Fig. 2. Optical spectra of [KS2001] 102 and [SGR2003] 1 obtained with the MUDS. Molecular and atomic features common in M-type
stars are indicated. The spectra are flux-calibrated and normalized to the flux at 6800 A.

low mass member of Chamaeleon | and is likely a foregrouhds an kK comparable to that of previously known low mass
dwarf. Finally, Sz 33 with a M 2 spectral type is outside theloud members, but a somewhat high Na | doublet equiva-
range analyzed by Mart'et al. (1996). lent width. However the equivalent width of this doublet for
Finally, whereas the Li i 6707.8 line is a well-known in- [GK2001] 53 is still compara_lble to those of two Pleiades BDs
f the same spectral type. Finally, whereas we were not able to

dicator of youth in late-type fully convective stars (see, for e
ample, Magazz et al. 1993), the modest spectral resolutio se the Na | doublet for Sz 33, ISO-Chal 126, and [SGR2003]

of our spectra, in combination with the lowNratio in a few ™’ the presence ofdin emission in their spectra supports the

cases, prevented us from detecting this line in our sample ‘?6%-m?é\r,]issguekr:foiv:a;u;%s:i tgi?ﬁbséc;uor;: ?hsé I(goic:jdl(ttc;cv:n%
jects. Higher resolution data are thus required to unambige 'a|p1996) y

ously detect this line in the spectra of the present sample.

In summary, kt together with the Na I doublet confirmthat3.2.2. Spectral types
[KG2001]102, [GK2001] 30 and [GK2001] 31 are very likely
pre-main sequence, low mass cloud members, while the spetitrarder to derive spectral types for our sources, we used the
of [GK2001] 8 and ISO-Chal 237 do not support cloud mentwo TiO absorption bands at 6180 and 7100 A that are tem-
bership; the status of [GK2001] 53 remains uncertain, sincegirature sensitive for M dwarfs and giants (O’Connell 1973).
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Fig. 3. Optical spectra of [GK2001] 30 and Sz 33 obtained with the ¥MIOS. Molecular and atomic features common in M-type stars are
indicated. The spectra are flux-calibrated and normalized to the flux at 6800 A.

We also applied the PC3 index form Mertet al. (1999). E]l'iO]z = _251log [ F7100 )
For stars with available flux-calibrated FORS spectra, we com- F7025+ 0.2(F7400— F7025)

pared them with the detailed grid of late type standard stars

obtained by Kirkpatrick etal. (1991), Henry etal. (1994), antsee also O'Connell 1973). The 30 A bandpass filters used
Kirkpatrick et al. (1995). in these indexes are free from strong emission lines (such as

Kenyon et al. (1998) applied the Titanium Oxide ban a) or telluric absorptions. In Fig. 6 we plot these indexes
. | . our sources along with the dwarf and giant sequences from
indexes at 6180 and 7100 A to estimate spectral types gFConnell (1973). Three objects (ISO-Chal 126, [SGR2003] 1
pre-main sequence stars in the Taurus-Auriga molecular cloud. . .
Each index measures the depth of the TiO band at a gi\%rﬁd. [GK2001] 30) are not shown in Ihe_flgure due to _the large
wavelength relative to an interpolated nearby continuum poiﬁgll(')ng effect that mainly ffects the [TiO] index as we discuss

These authors defined [TiOognd [TIOL, as: The new objects, on average, lie slightly above the se-

quences defined by the dwarfs and giants, hawiagk[TiO] 1
Fs1s0 index relatively to the [TiO] absorption band. Kenyon et al.
Fo125+ 0.225F6370— For29) | @) (1998) noticed the same tendency in many T Tauri stars with

[TiO]1 = -2510g
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Fig. 4. Optical spectra of [GK2001] 31 and ISO-Chal 237 obtained with the MADS and the CASLE®REOSC, respectively. Molecular
and atomic features common in M-type stars are indicated. The [GK2001] 31 spectrum has been flux-calibrated and normalized to the flux at
6800 A.

strong emission lines in the Taurus cloud. The emission fralre CaH absorption band at 6975 A and the Na | lines at
a hot blue continuum source (with ~ 10% Hartigan et al. 8183-8195 A decrease with decreasing gravity and then are
1991) may diminish the depth of the TiO bands and industronger in dwarfs than in giants. They defined two color ratios
us to assign earlier spectral types to the central star. This véi-and C, respectively) that compare the fluxes in a 30 A band
ing effect increases toward shorter (bluer) wavelengtiiect centered on these features with respect to a nearby continuum
ing more the band at 6180 A than the index at 7100 A. Astegrated over an identical bandpass. These color ratios for
mentioned, five of the stars in Table 2 have ldquivalent our sample give values intermediate between those of dwarfs
widths >50 A which suggests the presence of veiling in theaind giants and, on average, slightly closer to the giant branch.
spectra. We caution that the veilingfiect may also fiect the depth of

As to the luminosity class, pre-main sequence stars dhe gravity sensitive features and hence lead us to derive lower
known to have surface gravities intermediate between thosegodvities, closer to class Il luminosity objects.
dwarfs (luminosity class V) and giants (luminosity class Ill). Three objects need to be discussed in detail. ISO-Chal 126
Kirkpatrick et al. (1991) identified several features sensitidhows a featureless spectrum (except far &hd H3, both in
to the gravity of M type stars. In particular the intensity oémission, see Fig. 1, lower panel); for this object we adopted a
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Fig. 5. Optical spectrum of [GK2001] 53 obtained with the \VAOS. Molecular and atomic features common in M-type stars are indicated.
The spectrum has been flux-calibrated and normalized to the flux at 6800 A.

TheR-band spectrum of [SGR2003] 1 has a stronglifie

= 41 in emission and no other spectral feature and the TiO band at
6180 A is completely veiled (see Fig. 2 lower panel). The
I-band region (not shown in Fig. 2 lower panel) was observed
under poor sky conditions and some night sky lines were reg-
istered on the stellar spectrum. However, it clearly shows the
TiO absorption at 7100 A, with a depth correspondingto a M 6
spectral type. Due to the veilingfect, it is likely that the depth

of this band is diminished and hence, as discussed, we are as-
signing a spectral type earlier than the actual type. [Fhand
region also shows the VO band centered at 7445 A that ap-
pears for spectral types as late as M 7 or later (Kirkpatrick et al.
1995); for the latest M-subtypes the VO band rather than the
TiO band is indeed a more reliable indicator of temperature as
the TiO starts to saturate (Kirkpatrick et al. 1991). Kirkpatrick
etal. (1995) defined the VO ratio as:

05 -

[Ti0],

0.5625(:7350— F7400) + 0.4375F751O_ F7560)

VO ratio =
F7420— F7470

®3)

0r whereF,, —F,, indicates the flux integrated betweganda,.
For M 7 stars they obtain 1.02 VO ratio< 1.07 and 1.0&
VO ratio < 1.12 for M 8 stars. We derive VO ratie 1.08
e L for [SGR2003] 1 indicating an M 7—-8 spectral type. We adopt
0 0.5 1 an M 7 spectral type for this object; we caution however that
[TiO], we measured the VO band in a spectrum with sky emission
lines superimposed on the stellar continuum. Although, in first

Fig. 6. [TiO], vs. [TiO]; indexes for field dwarfs (filled circles) and . . - S
giants (open circles) obtained from O’Connell (1973). The continuo&gpmx'mat'on’ this has a negligibléect on the depth of the

line connects the points defining the dwarf sequence and the dasﬂsae_(:ted ab.so_r.ptlon ban_ds' better quality data are .requ'red to

line those corresponding to the giant branch. Six of the young stelf@nfirm our initial VO ratio measurement. We mention that a

objects in Tables 1 and 2 are indicated with starred symbols. spectral type earlier than M 7 would shift horizontally to the
left this object on the HR diagram (see Fig. 7), correspond-

ing to larger values of mass and age. In particular for an M 6
spectral type we would obtain an ag&0’ yr, which is hard

M2 spectral type derived by @ez & Mardones (2003) from to conciliate with the strong & emission and highly veiled

a near-infrared spectrum. spectrum of this object. Both features indicate that the object is
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Fig. 7. HR diagram showing the positions of the seven of the observed stars (starred symbols). Pre-main sequence evolutionary tracks, indicated
with continuous lines, are from D’Antona & Mazzitelli (1997). The thick continuous line corresponds tdv,08-80 M;), the H burning

limit. The dashed lines correspond to the isochrones calculated also by the same authors. The horizontal error bars corredpaututypex
uncertainty in the assigned spectral types.

most likely very young and probably not older than a few miMartin et al. (1999) and those derived from the comparison

lion years. In addition, the comparison of th&and spectrum with the Kirkpatrick et al. (1991)’s grid. We also indicate the

of [SGR2003] 1 with the grid of spectra of Kirkpatrick et aladopted spectral type for each object. For ISO-Chal 126 the

(1991) indicates a spectral type M 7 for this source. near-infrared spectrum derived spectral type is given. In the
In the case of [GK2001] 30 strong sky lines contaminatexhse of [SGR2003] 1 we used the VO band rather than the TiO

the region around the [Ti@Qpand and prevented us from meaband to estimate spectral type as mentioned above. We estimate

suring this index. In addition thB-band data are featurelessan uncertainty of aboutl subclass for the derived spectral

(except for the presence ofaHn emission) indicating an in- types based on measurement errors of the TiO and VO bands.

creasing veiling ffect towards this spectral region. From th&he same uncertainty is expected from spectral types derived

depth of the TiO band at 7100 A we estimate a spectral typg the comparison with Kirkpatrick et al. (1991)’s grid and

M 5 for this object. from the PC3 index of Manti et al. (1999). The veilingféect
Martin et al. (1999) used the spectral index PC3 to deiay increase this uncertainty up£@ for the highly veiled and

rive spectral types for late-M and L field dwarfs. This inderostly featureless objects.

compares the fluxes in two 40 A bands centered at 8250 and

7560 A, respectively. For spectral types M 2.5-L1 they ob- g already mentioned, five of the objects (ISO-Chal 126,

tained the following relation: [GK2001] 30, Sz 33, [GK2001] 31, and ISO-Chal 237) have

SpT= —6.685+ 11715x (PC3)— 2.024x (PC3}. (4) near-infrargd spectra published and dgrived spect_ral types and

masses (6mez & Mardones 2003; @nez & Persi 2002).

We calculated this index for our sample objects and us&dcluding 1SO-Chal 126 for which we adopted the near-

Martin et al. (1999) calibration to estimate spectral types. infrared spectral type, for [GK2001] 30, ISO-Chal 237, and
Table 3 lists the spectral types base on the TiO-band inde}@&&2001] 31, the optical and near-infrared derived spectral

corresponding to both the dwarf (left side) and giant (right sidg)pes agree within:1 subtype. For Sz 33 we instead esti-

sequences, as well as those obtained from the index PC3 frorated a M 0 spectral type from our optical spectrum, while
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Table 3. Derived parameters for the observed objects.

Name S.T(TIO) S.T(PC3) S.T(K91gridf S.T(adopted) TS A logLlpo/Le  M/Mg Age [yr]
[GK2001] 8 M 7M 4 M5 M 4.5 M5

ISO-Chal 126 M2 3426 3.4 0.34 0.17 <1x1C°
[KG2001] 102 M8M 6 M6 M 6.5 M 6 2762 1.1 -1.071 0.09 4 10°
[SGR2003] 1 M7 M7 M7 2592 -2.49 0.019 2x 10°
[GK2001] 30 M6 M5.5 M5.5 2845 1.7 -1.69 0.075 4 10°
Sz 33 M2M 2 M2 M2 3426 1.8 -0.12 0.22 x 10°
[GK2001] 31 M2M 3 M3.5 M3 M3 3260 1.4 -1.81 0.22 4x 107
ISO-Chal 237 M@M O MO

[GK2001]53 M 6.3M5 M5.5 M5 M5.5 2845 -2.02 0.06 6x 10°

a Left and right sides from dwarf and giant branches, respectively, O’'Connell (1973).

b Estimated from Marti et al. (1999).

¢ Estimated from Kirkpatrick et al. (1991)’s grid.

4 Gémez & Mardones (2003).

€ Obtained from Wilking et al. (1999) calibration.

f We obtainAx = 1.0 and 0.895 for [SGR2003] 1 and [GK2001] 53, respectively.

9 Derived usingk andH magnitudes anédyx = 1.79EH — K) obtained from Rieke & Lebofsky (1985).

Gbmez & Persi (2002) obtained a M 2 type from the measureél Persi et al. within a factor o~2, with exception of
near-infrared water vapor bands. ISO-Cha | 126. For this object, the main discrepancy comes
In order to derive fective temperatures, intrinsic colorsfrom the estimated\;. Persi et al. (2000) based their determi-
and bolometric corrections for our targets from the estimatedtion on the l(— J) color obtained by Cambsy et al. (1998)
spectral types, we adopted the calibrations obtained by Wilkingnile here we use theJ(— H) color index from ®@mez &
et al. (1999). These relations are valid for spectral types frdtenyon (2001) to computé; (cf. Tables 4 and 3 in Persi
M2toMO9. et al. 2000). Additional measurements of thandH magni-
tudes may help to clarify this apparent lack of agreement.
We chose pre-main sequence evolutionary tracks and
isochrones from D’Antona & Mazzitelli (1997)to derive
We used thel magnitudes to estimate bolometric luminosimasses and ages for the observed sourcesieé & Mardones
ties. This spectral band is les§ected by contamination from (2003) used these models to study the mass and age distribu-
circumstellar infrared excess emission than kher H data. tions of the young stars belonging to the Chamaeleon | dark
The bolometric luminosities are calculated from the followingloud. D’Antona & Mazzitelli (1997)'s calculations provide

4. Luminosities, masses and ages

expressions: consistent and plausible results for the group of objects they an-
alyzed in reasonable agreement with the higher mass members
Log(Lbol/Lo) = 1.89— 0.4Mp (5) ofthe cloud (see Lawson etal. 1996). Table 3 lists these param-
eters. Figure 7 shows the locations of observed Chamaeleon
Mpol = J = A; = DM + BC; (6) | stars on the HR diagram.

We excluded from our analysis [GK2001] 8 and ISO-
Chal 237 as they are probably not young cloud members
based on the kl emission and Na | intensity in the case of
Whittet et al. 1997),BC; is the J-band bolometric cor- [GK2001] 8 (see Sect. 3.2.1.). Additional data and in particular
rection andJI is the a, :irent magnitudd. is the extinc- higher resolution spectra arounddre necessary to establish
tion dérived from theplgieke & Lgbofsk J (1985) reddent_he true nature of these objects. On the other hand, we include
ing law, with EQJ — H) = (J — H) (Jy H), the color [GK2001] 53 in this section although theatand Na | doublet

’ B Cow o U A e . equivalent width measurements do not allow us to unambigu-
excess, andJ(— H), the intrinsic color. For two objects,

[SGR2003] 1 and [GK2001] 53, with nd magnitude mea- ously assert (disregard) the pre-main sequence nature of this

) A . object.
surements we used th€ band data in combination with the . .
Rieke & Lebofsky (1985) reddening lay = 1.79E(H — K) Four objects in our sample ([KG2001] 102, [GK2001] 30,

(with E(H — K) = (H — K) — (H — K), and ¢ — K)o the in [SGR2003] 1, and [GK2001] 53) have masses close or below
“K)=(H=K)=(H=K) — K)o -

trinsic color) and thek-band bolometric correctiorBCx, to the H-burning I|m_|t (|_.e., O'OEM@.’ ~80M;). InFig. 7, the ho_r|-
; ) L zontal error bars indicate the displacements on the HR diagram
estimate the bolometric luminosities.

Luminosities for three of the objects (ISO-Cha | 126t,hat these objects would experiment duextbsub-type (i.e.,

[GK2001] 30, and [GK2001] 31) were previously determined4 Available at
by Persi et al. (2000). Our determinations agree with thosetp: //www.mporzio.astro.it/~dantona/prems.html

A; = 2.63E(J - H) (7)

where DM = 6.0 is the distance modulugi (= 160 pc;
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Fig. 8. Pre-main sequence evolutionary tracks calculated by Burrows et al. (1997) —left panel- and Chabrier et al. (2002) —right panel-,
indicated with continuous lines, and superimposed on the HR diagram. The thick continuous line correspond$ttp 0-080 M;), the

H burning limit. The dashed lines show the isochrones calculated also by the same authors. The positions of four of the observed stars (see
Table 4) are indicated with starred symbols.

AT ~ 150 K) uncertainty. [SGR2003] 1 is a sub-stellar mass For the four objects in Table 3 with masses close or
object regardless of the spectral type (or temperature) undesgtow the H-burning limit we compare our mass and age deter-
tainty. [KG2001] 102, [GK2001] 30, and [GK2001] 53 haveminations, based on the D’Antona & Mazzitelli (1997) mod-
masses close to the border line between the stellar and sells; with two additional sets of pre-main sequence evolution-
stellar regimes. An uncertainty efl sub—type prevent us fromary tracks and isochrones. We select the models of Burrows
establishing the (stellar or sub-stellar) nature of the objects (sel. (1997) and Chabrier et al. (2002as both include de-
Fig. 7). The rest of the sources have masses between 0.22taildd calculations below the 0.08, limit. Figure 8 shows
0.17M,. these tracks and isochrones superimposed on the HR diagram.
Luminosity determinations have a “typical” uncertainty ofn Table 4 we compare masses and ages derived using these
about a factor of 2 (0x+0.03 in log scale). However théfect models. [SGR2003] 1, [GK2001] 30, and [GK2001] 53 have
on our mass determinations is less significant than the uncgsb-stellar masses, independently of the adopted calculations,
tainty in spectral type orféective temperature as the evolutionwhile [KG2001] 102 may be stellar or sub-stellar depending on
ary tracks are almost vertical. the tracks used.
The masses for the objects for which near-infrared spec-
tra are available agree within a factor-a2 with those derived
from the spectral classification based on near-infrared specRaSummary and conclusions

with the diferences in the inferred masses reflecting tiftedi We present optical spectra of eight candidate very low

ences in the assigned spectral types. mass members and a previously known T Tauri star of the

Our sample sources span a range of ages betw&8hyr  ~pamaeleon | dark cloud. All but two of these objects have
and fewx10’ yr, in agreement with higher mass members of

the cloud (Lawson et al. 1996). In particular, only a small frac-s pyailable at

tion of our objects (two out of nine) have age$0’ years, SUP- http://zenith.as.arizona.edu/~burrows/dat-html/data/
porting the conclusions of Cormman’et al. (2000) and @hez ¢ Available at

& Mardones (2003) on the star formation rate in the cloud. ftp://ftp.ens-lyon.fr/pub/users/CRAL/ibaraffe/
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Table 4. Comparison of masses and ages correspondingfereint models.

Name M/My, Age[yrs] | M/My Age[yrs] | M/Ms  Age [yrs]
B9 co2 DM97°

[KG2001] 102 | 0.027 <10P 0.09 4x 10°

[SGR2003]1 | 0.016 5x 1¢° | 0.025 7x 10f | 0.019 2x 10°

[GK2001] 30 | 0.045 7x 10° | 0.04 1x 1f | 0.075 4x 1P

[GK2001] 53 | 0.035 4x 10f | 0.04 5x 10° | 0.06 6x 10°

aBurrows et al. (1997).
b Chabrier et al. (2002).
¢ D’Antona & Mazzitelli (1997).

Ha in emission with equivalent widths similar to other knowitransition stellgisub stellar objects (see also, Newker &
very low mass T Tauri stars and previously identified youngomeon 1998; Neuhuser et al. 2002). @hez & Persi
BDs (Lawson et al. 1996; Bricw et al. 1998; Neudiser (2002) and ®mez & Mardones (2003) identified30 very

& Comemn 1998; Manth et al. 2001), indicating their low mass objects, including several transition objects. These
young age. The Na | doublet (8183-8195 A) is weaker thamvestigations have significantly increased the low mass popu-
in stellar objects of the same spectral type for [KG2001] 10@&tion of the cloud (see @hez & Mardones 2003). However,
[GK2001] 30, and [GK2001] 31, supporting the very low maghese authors attempted a determination of the IMF of the cloud
nature of these objects (Mantet al. 1996). In the case ofand noticed an apparent scarcity of very low mass objects in the
[GK2001] 53 the Na | doublet strength is comparable to twawhole Chamaeleon | cloud based on the behavior of the IMF in
known BDs in the Pleiades. Higher resolution spectra of thetse central 300 arcmfrregion, determined by Coman’et al.
objects would allow the detection of the Lill6707.8 and thus (2000). This small portion of the cloud has been intensively
an independent confirmation of their youth. surveyed at dferent wavelengths combining both photomet-

The lack of significant 4 emission in 1ISO-Chal 237 andric and spectroscopic informationo@iez & Mardones (2003)
[GK2001] 8 casts doubts on the nature of these objects. Tégtimated that about 100 objects remain to be identified in the
Na | doublet strength for [GK2001] 8 suggests that this objewsthole cloud.
is probably a field dwarf. Higher resolution spectra are required The results presented in this paper contribute to the census
to properly classify both ISO-Chal 237 and [GK2001] 8. of the pre-main sequence population of the cloud. In particu-

In summary, out of eight candidates, two turned out néar, we identified one sub-stellar object, increasing the number
to be cloud members, the nature of other object ((GK2002f bona-fide BDs in the cloud from 4 to 5. The newly discov-
53) would require additional confirmation by higher resolutioired BD as well as the three transition objects analyzed in this
spectroscopy, while &, together with the Na | doublet strengthcontribution will eventually help to determine the behavior of
in some cases, support the pre-main sequence nature andti@iMF for the complete cloud in the sub-stellar regimen and
mass classification of the remaining five sources. a comparison with other nearby star-forming clouds.

We used the strength of the TiO or VO molecular bands The newly detected objects increase the overall number of
as well as the PC3 index from Mantet al. (1999) and the young BDs and transition objects known today. These objects
grid of spectra of Kirkpatrick et al. (1991), to derive spectra¥ill eventually allow us to carry out statistical studies of the
types and adopted D’Antona & Mazzitelli (1997) evolutionarphysical properties of young BDs. To better understand sim-
tracks and isochrones to estimate masses and ages. We d#@stes and diferences among stars, brown dwarfs and plan-
one new BD and three transition stelkarb-stellar objects of ets, confrontations of the characteristics of the three groups are
the cloud. Burrows et al. (1997) and Chabrier et al. (2002geded.
models confirm these results. The rest of the observed objects _
have masses between 0.22 and OM7, [SGR2003] 1, with Apknowledgementwe are grateful to the ESO ﬁtz?tor assistance
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deuterium burning limit {13 M,). This is the least maSSIVeMartin,the referee, for helpful criticism that improved the content and

object identified in the cloud so far. Thest_a sources span g raBga%entation of this paper. This research has made use of the SIMBAD

of ages betweer10° yr and fewx10’ yr, in agreement with database, operated at CDS, Strasbourg, France. The CCD and data ac

higher mass members of the cloud (Lawson etal. 1996).  quisition system at CASLEO has been partly financed by R. M. Rich
The Chamaeleon | dark cloud has been searched at difugh US NSF grant AST-90-15827.

ferent wavelengths to detect sub-stellar mass objects dur-

ing the last few years (Camésy et al. 1998; Oasa et al.

1999; Persi et al. 2000;@iez & Kenyon 2001). Comeri eferences

et al. (2000) reported the detection of four bona-fide BDs Bricefio, C., Hartmann, L., Stdier, J., & Marth, E. L. 1998, AJ, 115,

the Chamaeleon | dark cloud in addition to eight candidate2074
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