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Abstract. We present the results of a deep, wide field objective prism survey of the entire Chameleon I cloud, followed by long
slit spectroscopy of objects with detected Ha emission that were either previously unidentified, or suspected to be members only
on the basis of their mid-infrared emission. We identify 9 new members and confirm 9 objects already suspected as members,
with spectral types ranging from late K to M8.5. The latter limit corresponds to an object with an estimated mass of 0.03 M,
making it the latest-type brown dwarf spectroscopically confirmed so far in Chamaeleon I. A comparison with theoretical pre-
main sequence tracks indicates an age of most of the members between 1 and 5 Myr, consistent with previous studies. However,
we find that the objects with Ha equivalent widths exceeding 100 A tend to have apparent ages above 5 Myr, and in the two most
extreme cases their positions in the temperature-luminosity diagram, if interpreted at face value, would place them below the
main sequence. These two extreme objects display surprising differences in their emission line spectra in spite of the otherwise
very similar broad-band spectral energy distributions and spectral types, being strongly dominated by accretion-tracing and
outflow-tracing emission lines, respectively. We interpret the identification of an apparently underluminous object with strong
accretion signatures and only weak outflow signatures as a further support, already discussed in previous works, for the apparent
underluminosity of objects with very large Ha equivalent widths being a real, intrinsic feature rather than being due to partial
blocking by an edge-on disk. Given that He emission is the most common feature among young stellar objects we consider that
the present work is an important contribution towards a complete census of the Chamaeleon I star forming region down to the

hydrogen-burning limit.
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1. Introduction

Dedicated wide-field observations and all-sky surveys sensitive
enough to reveal young brown dwarfs in nearby star forming
regions have opened up the possibility of addressing a vari-
ety of questions related to the collective properties of these ob-
jects and their early evolution. Issues such as the period over
which a cloud forms stars, the existence and efficiency of trig-
gering mechanisms, spatial variations in the mass function, the
processes responsible for the presence of young stars in zones
nearly devoid of molecular gas, the incidence and statistics of
multiplicity, or the dependency of the star formation process
on environments of different densities, may be studied only by
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* Based on observations obtained at the European Southern
Observatory using the ESO New Technology Telescope on La Silla
(programme 71.C-0432(A)).

means of complete samples covering the whole range of condi-
tions encountered in a star forming region, not only those of its
most active star forming cores. In addition, the study of indi-
vidual young, very low mass objects has revealed a remarkable
diversity among them, possibly related to their accretion and
mass loss activities and their possible impact on intrinsic prop-
erties and evolutionary paths. Understanding their early evolu-
tion benefits from the identification of cases in which certain
signatures are more readily visible than in others, allowing the
isolation of the contributions of different phenomena that de-
termine the appearance of the object. Enlarging the available
samples is needed to probe such diversity.

Moderately deep imaging surveys of nearby star form-
ing regions are very efficient in selecting brown dwarf candi-
dates (e.g. Lopez Marti 2003). Nevertheless, visible or near-
infrared spectral classification remains as the most reliable way
to robustly determine intrinsic properties. For lightly obscured
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objects, the visible spectral region offers a wealth of informa-
tion on the photospheric emission and displays telltale signa-
tures of mass accretion and mass loss common among young
stellar objects (e.g. Cabrit et al. 1990; Hamann et al. 1994;
Hartigan et al. 1995, and references in those papers), down to
the star/brown dwarf boundary (Ferndndez & Comerén 2001;
Comeron et al. 2003). Near-infrared classification is a useful al-
ternative for objects with higher extinctions (see e.g. Greene &
Meyer 1995; Greene & Lada 1996; Luhman & Rieke 1998;
Carpenter et al. 1997; Natta et al. 2002 and the recent work
of Gémez & Persi 2002 and Gémez & Mardones 2003 on
Chamaeleon I), yielding accuracies that approach those attain-
able at visible wavelengths when high signal-to-noise ratios are
available (Gorlova et al. 2003).

The Chamaeleon I complex has been a frequent target of
the searches for young stellar objects with low masses. Wide
area surveys have been performed in X-rays in combination
with optical spectroscopy (Huenemoerder et al. 1994; Lawson
et al. 1996; Alcald et al. 1995, 1997; Covino et al. 1997),
in the thermal infrared searching for objects surrounded by
warm dust (Baud et al. 1984; Prusti et al. 1991; Persi et al.
2000), and in the near infrared searching for objects with
K-band excess arising from the innermost regions of circum-
stellar disks (Cambrésy et al. 1998; Oasa et al. 1999; Persi
et al. 1999; Gémez & Kenyon 2001) or for near-infrared vari-
ability (Carpenter et al. 2002). Deeper surveys of the areas
with a high density of objects, able to penetrate well into the
substellar domain, have been carried out using similar identi-
fication techniques (Neuhduser & Comerén 1998; Oasa et al.
1999; Comer6n et al. 1999, 2000). Follow-up imaging obser-
vations of the best brown dwarf candidates have searched for
even lower mass companions (Neuhduser et al. 2002) or ro-
tation possibly induced by variability (Joergens et al. 2003),
while spectroscopy in the visible (Neuhéduser & Comerén 1999;
Joergens & Guenther 2001) and the near- and mid-infrared
(Giirtler et al. 1999; Natta & Testi 2001; Apai et al. 2002;
Gomez & Mardones 2003) have provided detailed information
on individual objects detected in previous surveys.

A fruitful approach intermediate between imaging surveys
and their spectroscopic follow-up is offered by slitless spec-
troscopy around the Ha region. In lightly obscured popula-
tions such as most of the Chamaeleon star forming complex
(Schwartz 1991), Ha objective prism surveys have been a tra-
ditional technique for member identification (e.g. Henize &
Mendoza 1973; Schwartz 1977; Hartigan 1993). It remains as
a very competitive one too: objective prism spectra provide
a rough estimate of the spectral type, thus greatly reducing
the contamination by unrelated sources that affects other tech-
niques in ways that are difficult to quantify, while Ha yields an
indicator most usually related to accretion activity. Moreover,
Ha surveys produce highly complete samples of young stellar
objects even at very low masses (Comerén et al. 1999), thus
providing one of the most effective ways to probe the entire
initial mass function in star forming regions.

In this paper we report on the results of a deep objective
prism survey of the entire Chamaeleon I cloud, followed by
long-slit spectroscopy of the candidate members detected, with
the goal of extending the census of spectroscopically confirmed
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Table 1. List of Schmidt films.

Date No.  Exp. time

15 Feb. 1996 12178 150 min
13 April 1996 12312 150 min
14 April 1996 12316 10 min
16 Dec. 1996 12903 45 min
13Jan. 1996 12955 90 min
15 Jan. 1997 12961 90 min
6 Feb. 1997 12987 90 min

members of the star forming region towards very low masses
and luminosities. We discuss the properties of new members
identified in this way and complement them wherever possible
with results available at other wavelengths. Special attention is
given to a reduced number of objects in our sample with strong
emission lines relative to a faint continuum. Our observations
are described in Sect. 2, and the results and their implications
are presented in Sect. 3. The main results of this work are sum-
marized in Sect. 4.

2. Observations

2.1. Objective prism spectroscopy and new member
identification

The selection of candidate members was performed on a deep
survey obtained at the ESO 1 m Schmidt telescope between
February 1996 and February 1997. The telescope was equipped
with an objective prism of 4° opening angle, yielding a recip-
rocal dispersion at Hy of 450 A mm~', or 800 A mm™" at He
(Reipurth 1996). The films were based on the very sensitive
fine-grained Kodak Tech-Pan 4415 emulsion, offering a signif-
icant advantage compared to the old IIIaF glass plates. We used
a series of exposures of 10, 45, 90 and 150 min, with no widen-
ing, thus permitting a complete study of He emission from the
brightest members to extremely faint objects. Table 1 lists in-
formation about the films employed in this survey. Combined
with the unique 25 square degree field of the ESO Schmidt
telescope, our survey is thus the largest and deepest so far
in Chamaeleon 1. During this survey, we identified nearly all
the already known members in the region listed by Carpenter
et al. (2002), including three of the brown dwarfs found by
Comerdn et al. (2000), thus demonstrating that our technique
probes well into the substellar regime in the Chamaeleon I
cloud. We also identified 24 new objects with either obvious or
suspected Ha emission, which we denote ESO-Ha 552 to 575,
in continuation of our previous surveys of Ha emission line
stars in southern star forming regions (Pettersson & Reipurth
1994; Reipurth et al. 2003). Finding charts from red CCD im-
ages are shown in Fig. 1. The identification of the Ha emission
candidates on the films was done visually with a binocular mi-
croscope, and their coordinates were measured on red Digitized
Sky Survey images. The traces of individual spectra were ap-
proximately 30" long aligned in the North-South direction, and
none of them suffers from overlap with the spectrum of any
nearby object located in that same direction.
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Fig. 1. Finding charts for the 24 Ha emission candidates ESO-Ha 552 to 575. The charts are based on acquisition images through a R-band
filter, except for ESO-Ha 571, where an /-band image is shown. One star, ESO-Ha 553, was not observed, and a red DSS image is shown. All

fields shown are 66 arcsec on a side, and North is up and East is left.

2.2. Long-slit spectroscopy and VRI imaging

Our objective prism observations were designed to provide
identifications of objects for later follow-up, rather than cali-
brated flux measurements. In particular, they are very poorly
suited to extract quantitative information such as line equiva-
lent widths, mainly due to the nonlinear response of the film
and, for the faint objects on which we focus in the present
paper, to the weak signal produced by the underlying contin-
uum. Therefore, follow-up long-slit spectroscopy in the visi-
ble of 23 of the newly identified members was obtained on the
nights of 1 and 2 April 2003 using EMMI, the visible imager
and low-to-medium resolution spectrograph at the ESO New
Technology Telescope (NTT). An additional possible member,
ESO-He 553, was not included in our spectroscopic obser-
vations and is not discussed in this paper. No previous spec-
troscopy in the visible exists in the literature for any of the ob-
jects discussed here.

We used a grism yielding a dispersion of 2.4 A pix~! over
the 6000 A < 1 < 10000 A range, adequate for spectral classi-
fication purposes. Two spectra of each object were obtained
to facilitate the removal of spurious features. The exposure
time for each spectrum ranged from 30 to 900 s, depending
on the R magnitude of the object as roughly estimated from the
Schmidt telescope observations. The spectrophotometric stan-
dard LTT4364 (Hamuy et al. 1992) was also observed to enable
relative flux calibration of our program stars. No correction for
telluric absorption was attempted. Each set of two spectra was
followed by imaging observations of the target field in V, Rc,
and Ic, which were flux-calibrated through observations of the
field of PG1047+003 (Landolt 1992). The typical point spread
function of our observations has a full width at half maximum
of 0”8, and all our sources appear point-like, with the excep-
tion of ESO-Ha 575 that has a barely resolved, fainter com-
panion 1”2 to the northwest. The positions and magnitudes

measured for each object, as well as the spectral types assigned
(see Sect. 3.1) are given in Table 2.

2.3. Near-infrared imaging

The 2MASS All Sky Survey contains JHKg photometry of all
the objects included in this paper. Our discussion on their in-
frared properties is thus based on the 2MASS data. We could
also obtain JHKg imaging for a reduced number of targets at
the end of our second observing night at the NTT, which can
be compared to the 2MASS photometry for possible variability.
Photometric data from both sources are given in Table 2. The
infrared images were obtained using SOFI, the infrared camera
and spectrograph at the NTT, and calibrated with observations
of the standard star SO64-F (Persson et al. 1998).

3. Results
3.1. Spectral types and membership

The long-slit spectroscopy confirms that all the objects have
late-type spectra and in most cases also Ha emission. The spec-
tra of 18 objects that we classify as members of Chamaeleon I
are shown in Figs. 2 and 3. Membership is assigned based on
the existence of Ha emission as well as on the weakness of
the gravity-dependent Nal 8190 A feature, which is frequently
used as a discriminator between young late-type objects in their
early contraction stages or stars in young open clusters, and
more evolved stars of the same spectral types closer to the main
sequence (see Martin et al. 1996; Béjar et al. 1999, and refer-
ences therein). The presence or absence of Li 6707 A absorp-
tion, commonly used as a test of the youth of very low mass
objects (e.g. Martin et al. 1999), cannot be established at the
resolution and signal-to-noise ratio of our observations.

The spectral classification has been performed as de-
scribed in Comerdn et al. (2003), and is based on the overall
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Table 2. Positions, photometry, and spectral types of the observed stars.

Object’ (2000) 5(2000) % Rc Ic J H Ks J H Ks  Sp.type
(ESO-Ha) (2MASS) (April 2003)
Members with EW(Ha) < 100 A
552 10:55:10.5 —77:30:55 17.49 1575 13.98 11.881 11.112 10.801 M5
554 11:01:32.9  =77:18:27 2262 1978 17.66 14.631 14.081 13.545 M8.5
558 11:04:42.6 —-77:41:58 16.88 1531 13.68 11.814 11.002 10.642 M4.52
559 11:06:26.3 —76:33:42 2025 17.95 1592 13.009 12.007 11.486 M6
560 11:07:38.3  =77:47:17 1837 1644 14.61 12240 11399 11.027 M5
561 11:08:00.7 —77:15:32  20.09 17.49 1551 12.522 11.646 11.167 M6.5
564 11:08:55.7 —76:32:42 20.12 17.85 1596 13.060 12.059 11.439 M6
565 11:09:43.3  =77:25:59 2093 17.97 1578 12329 11.175 10.552 M6
566 11:09:45.2  —77:40:34  19.66 17.24 15.16 12.355 11.450 11.033 M6.5
568 11:10:51.6  —77:18:04 18.11 1621 14.41 12.044 11.101 10.748 12.05 11.08 10.73 M4.5
570 11:12:04.4 -77:26:02  20.08 17.82 1591 13.626 12587 11.842 13.12 12.16 11.50 M6
571 11:14:29.9  -76:25:40 17.73 1445 12567 11.902 11.607 12.55 11.90 11.62 M55
572 11:15:22.7 =77:24:05 17.38 15.64 13.88 11.764 11.132 10.824 11.81 11.13 10.89 M5.5
Members with EW(Ha) > 100 A
557 11:04:05.0 -76:39:33 19.84 17.75 1595 12953 11.757 10.903 M4.5
562 11:08:03.9 —77:38:44 17.61 16.00 14.63 11.638 9.671  8.304 K:?
567 11:09:48.3 —77:26:30 20.08 17.78 1591 12.767 11.228 10.236 Mi4
569 11:11:11.5 -76:41:58 19.13 18.04 1698 15954 15.059 14.579 1590 15.10 14.71 K7:
574 11:16:03.7 -76:24:53 1897 17.87 17.16 15804 14973 14.606 15.70 14.94 14.43 K:
Non members
555 11:02:16.2 =77:11:00 17.89 16.54 15.08 13.549 12961 12.652 M3.5Ve
556 11:02:52.5 —77:17:11 1870 17.28 15.75 14.109 13.586 13.211 M4.5V
563 11:08:11.0 =77:15:16 1847 1691 15.78 13.559 12506 12.182 M2I11
573 11:15:46.2 —77:24:49 1824 1657 14.76 12933 12392 12.037 1295 1234 12.07 M5.5V
575 11:20:01.0 —76:33:57 17.96 1651 1491 13245 12.641 12320 1323 1261 1232 M5V
Notes:

1 ESO-Hea 553 (10:56:17.1 —76:30:54) was not observed.

2 Classified as M4 by Gémez & Mardones (2003) based on the near-IR water absorption measured on near-infrared spectra.
3 Classified as M2 by Gémez & Mardones (2003) based on the near-IR water absorption measured on near-infrared spectra.
4 Classified by Gémez & Mardones (2003) as M1.5-M3, based on two measurements of the near-IR water absorption on near-infrared spectra.

appearance of the spectrum over the 6500-9000 A range.
Spectral types are assigned by comparison with the atlas of late
stellar spectra of Kirkpatrick et al. (1991), covering the same
wavelength range. The classification accuracy is estimated to
be 0.5 spectral subclasses for types M4 and later, and up to
one subclass for earlier types, except for veiled spectra whose
spectral features are diluted by a featureless continuum. Veiling
does not appear to be significant in the wavelength range cov-
ered by our spectra for the objects plotted in Fig. 2, whose
emission line spectra do not display very strong Ha emission.

The five members with Ha equivalent widths exceeding
100 A are plotted in Fig. 3. Besides the strong He, these stars
also display other prominent emission lines, both permitted
and forbidden. Their spectral classification is more difficult,
due both to the decreased classification accuracy yielded by
the spectral range under consideration for spectral types earlier
than M, and to the possible existence of continuum veiling due
to accretion, which is likely judging from the existence of other
accretion signatures among the emission lines. Although the
distinctive feature of these objects is the prominent emission

line spectrum, important differences exist among them, to be
discussed in detail in Sect. 3.5. ESO-He 569 and ESO-He 574
are by far the faintest in our sample at infrared wavelengths.
Their relatively blue spectral energy distributions over the visi-
ble/near infrared range indicate that such faintness is not due to
extinction. On the other hand, we note that their Rc magnitudes
are similar to those of many later-type members with low-to-
moderate Ha emission, showing that there is no selection ef-
fect towards very low luminosity objects with very strong emis-
sion lines. The other three objects, ESO-Ha 557, ESO-Ha 562,
and ESO-Ha 567, appear to be the most reddened ones in the
sample.

Finally, four of the stars turned out not to be con-
firmed as emission-line objects. In three cases (ESO-Ha 556,
ESO-Ha 573, and ESO-Ha 575) the Nal feature at 8190 Ais
similar to that observed in field M-type stars (Kirkpatrick et al.
1991), suggesting that these are evolved foreground M dwarfs.
Their magnitudes are also generally fainter than those of the
members. A fourth object, ESO-Ha 555, also has deep Nal ab-
sorption but displays Ha emission. The Ha equivalent width,
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Fig. 2. Spectra of the 13 members with weak-to-moderate Ha emission identified in our sample. To facilitate comparison the spectra are
arranged by order of increasing spectral type (see Table 2) from bottom to top. The strong He line of ESO-Ha 564 overlaps in the figure with
that of ESO-Ha 566; the latter has a moderate emission with EW(Ha) = 17.6 A. All spectra are normalized to the continuum between 8000

and 9000 A.

5.1 A, is small and well consistent with those observed among
evolved dMe stars (e.g. Short & Doyle 1998), in which it is at-
tributed to chromospheric activity rather than to the accretion
and outflow processes that dominate the contribution to Her in
classical T Tauri stars. We thus classify it as a non-member
as well, although we note that its position is near that of the
IRAS source B9 (Baud et al. 1984), weakly detected at 12 um
only. Unfortunately, being just outside the field surveyed by
ISOCAM (Persi et al. 2000) it is not possible to confirm either
the flux or the positional coincidence. The fifth object that we
classify as non-member, ESO-Ha 563, has an early M spectral
type and no Ha emission. Some spectroscopic features, such as
the relative strength of Call absorption at 8498 A and 8542 A
as compared to the Nal absorption, suggest that it is actually a
M2III background giant. This is confirmed by its photometry,
which indicates moderate reddening and infrared colors closer
to those of giants than those of dwarfs.

In summary, we confirm 18 of our new candidates as
Chamaeleon I members. Nine of them had been previously
identified as possible young stellar objects on the basis of their
mid-infrared emission, and two of those also because of their
near-infrared colors, as discussed in Sect. 3.3. The remaining
nine objects are identified for the first time in the present paper.

Table 3. Cross-identification of previously suspected members.

ESO-He  Other names'  Reference
555 BYB 92 1
558 BYB 18 1
560 ISO-Chal 110 2
561 ISO-Chal 121 2
562 CCE 32 3
564 ISO-Chal 165 2
565 HIMC7-1 4
566 ISO-Chal-201 2
567 BYB 43 1
570 ISO-Chal 282 2

Notes:

I Denominations are as in the SIMBAD database.

2 Association is doubtful.

References:

(1) Baud et al. (1984); (2) Persi et al. (2000); (3) Cambrésy et al.
(1998); (4) Hyland et al. (1982).

Table 3 gives other existing denominations for objects detected
in previous works.
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Fig. 3. Spectra of the five members observed with strong He emission relative to the continuum (EW(Ha) > 100 A). The flux is normalized as
in Fig. 2. To facilitate the comparison of the emission spectra among the different objects the vertical scale is the same for all the objects.

3.2. Variability

As noted in Table 2 JHKg photometry is available both from
2MASS and from our own observations for some objects. The
differences between both are generally small and well within
the combined measurement uncertainties, which we estimate
at ~0.1 mag. The only clear exception is ESO-Ha 570, which
appears consistently brighter in all three bands in our observa-
tions by 0.50 mag in J, 0.43 mag in H, and 0.34 mag in Ks.
Its variability was already reported by Carpenter et al. (2002),
whose data show amplitudes of 1.2 mag in J, 0.9 mag in H,
and 0.6 mag in K (Carpenter, priv. comm). Marginally signifi-
cant differences of 0.13 mag and 0.18 mag in Kj are also found
in ESO-Ha 569 and ESO-Ha 574. This may be also due to
the lower accuracy of our rather shallow photometry for these
objects, which as noted in Sect. 3.1 are also the faintest ones
in our sample in K, the variability of ESO-Ha 569 is con-
firmed by monitoring observations (Carpenter, priv. comm.).
An additional likely variable, based on the monitoring observa-
tions of Carpenter et al. (2002), is ESO-Ha 567. Photometric
monitoring by those authors did not detect noticeable variabil-
ity in any other object of our sample, although ESO-Ha 552
and ESO-Ha 554 are outside the boundaries of their survey.

3.3. Colors, extinction, and infrared excess

The properties of our objects in visible broad-band colors
are summarized in the (V — R¢), (Rc — Ic) diagram (Fig. 5).

——— ]
S ESO-Ha 573
© 4 ESO-Ha 575
+
a
= 3 ESO-Ha 556
)
Z,
= ESO-Ha 555
—
3]
[a
1 ESO-Ha 563
O b= v v v v
6000 7000 8000 9000 10000

Wavelength ()

Fig. 4. Spectra of the targets that we classify as non-members. Like in
Fig. 2, spectra have been arranged by order of increasing spectral type
from bottom to top. Note the appearance of the gravity-sensitive Nal
feature at 8190 A, which is much stronger than in the spectra of the
members plotted in Fig. 2.

Late-type members with weak or moderate Ha emission align
along a strip that runs roughly parallel to the extinction
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Fig. 5. Visible color—color diagram of all the objects discussed in this
paper. Open circles are members with weak or moderate Ha emission,
asterisks are members with EW(He) > 100 A, and filled circles are
non-members. The solid line is the locus of main sequence stars, span-
ning from K1V to M6V, from Bessell (1990). The labelled dotted lines
are reddening vectors for a M1 and a M7 giant obscured by Ay = 5,
based on data by Fluks et al. (1994).

vector corresponding to a late-type photosphere (calculated
from data given in Table 4 of Fluks et al. 1994 using a total-
to-selective extinction ratio of Ry = 3.1). Extinction in star
forming regions, normally characterized by a larger Ry, yields
a slightly steeper reddening vector (Steenman & Thé 1989).
The unreddened expected colors plotted as a reference in Fig. 5
are averages for main sequence cool dwarfs (Bessell 1990), and
should be taken with caution as important systematic differ-
ences with respect to the colors of the much younger objects
considered here probably exist. Indeed, color indices of a sam-
ple of over 20 M-type members of the young cluster IC 2391
by Barrado y Navascués et al. (1999), likelier to better represent
the intrinsic colors of the objects discussed here, are redder by
a few tenths of a magnitude in (V — R¢) and bluer by a similar
amount in (Rc — I¢) than those in the Bessell (1990) compi-
lation. With the caveats imposed by uncertainties on intrinsic
colors (and their scatter within a given spectral type; see for
example Zapatero Osorio et al. 1997), and on the actual slope
of the reddening vector, we conclude that the visible colors of
the members with moderate Hao emission may be described by
a typical late M-type, lightly reddened photosphere. Four of the
non-members lie near the unreddened locus of M-type dwarfs,
in agreement with their classification as foreground field stars.
The fifth non-member has a distinctly redder (V — R¢) despite
its early spectral type, consistent with its classification as a red-
dened background giant (Sect. 3.1).

Three of the sources with strong emission lines
(ESO-Ha 562, ESO-Ha 569, and ESO-He 574) have bluer
V —Rc and R¢ — I¢ colors, consistent with their earlier spectra.
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Fig. 6. Infrared color—color diagram of all the objects presented in
this paper. Symbols are as in Fig. 5. The solid line is the locus of
unreddened main sequence stars from Bessell & Brett (1988). The
dotted line is the reddening vector from Rieke & Lebofsky (1985) for
Ay = 10 mag.

The contribution of the strong emission lines in the R¢ band to
the bluening of Rc — I¢ can be measured from our spectra and
is found to be less than 0.2 mag for ESO-Ha 574, and about
0.1 mag for ESO-Ha 569 and ESO-Ha 562, respectively.
Continuum veiling, which appears likely in view of other
accretion signs present in their spectra, and scattering by
circumstellar dust are also expected to contribute to the blue
colors of these objects.

In the (J — H), (H — Ks) diagram (Fig. 6) all our sources
display the colors of normal photospheres reddened by differ-
ent amounts without hints of strong near-infrared excesses. The
members with moderate Hao emission have extinctions rang-
ing from negligible to Ay =~ 10 mag for ESO-He 567. The
non-members show no indications of reddening except for the
background giant ESO-Ha 563. The position of ESO-Ha 562
at the top right of Fig. 6 seems to be mainly due to the higher
extinction, but its location slightly to the right of the extension
of the reddening vector may indicate a small contribution of
circumstellar emission to the Ks-band flux, especially taking
into account that the underlying spectrum seems to be earlier
than M, thus implying a bluer intrinsic (H — Kg). Its possi-
ble excess at Kg led Cambrésy et al. (1998) to propose it as
a member of Chamaeleon I. This classification has been sup-
ported both by more recent observations detecting mid-infrared
emission (Kenyon & G6émez 2001, Habart et al. 2003), and by
infrared spectroscopy (Gémez & Mardones 2003; see Table 2).
Another object previously classified as a likely Chamaeleon I
member is ESO-Ha 565, which was already proposed as a
member of the region in the pioneering infrared work of
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Hyland et al. (1982) on the basis of its near-infrared excess'.

The youth, and therefore likely membership, of this object
has been subsequently confirmed by mid-infrared observations
by Prusti et al. (1991), Persi et al. (2000), and Kenyon &
Goémez (2001).

As noted by Comerdn et al. (2000) on a smaller sample
in Chamaeleon I, while near-infrared excesses are rare or ab-
sent near the stellar/substellar boundary even for objects with
strong Ha emission, mid-infrared excesses are common among
them. Indeed, seven of the objects in our sample are detected
in the mid infrared. Besides ESO-Ha 562 and ESO-Ha 567,
already noted above, ESO-Ha 558 (=B18) and ESO-Ha 567
(=B43) were detected as faint sources by IRAS at 60 yum
and 100 pm, respectively (Baud et al. 1984). Five more ob-
jects (ESO-Hea 560, ESO-Ha 561, ESO-He 564, ESO-Ha 566,
and ESO-Ha 570) have been detected by ISOCAM (Persi
et al. 2000). Unfortunately, five of our sources (ESO-Ha 552,
ESO-Ha 554, ESO-He 571, ESO-Hea 572, and ESO-Ha 574)
are outside the area of the ISOCAM survey and no sensi-
tive mid-infrared observations are available for them. Finally,
only four of our sources are not detected by ISOCAM despite
being within the surveyed area: ESO-Ha 557, ESO-Ha 559,
ESO-Ha 568, and ESO-Ha 569.

3.4. Intrinsic properties

The spectroscopic and photometric data available for the new
members of Chamaeleon I allow us to apply techniques com-
monly employed with other, similar objects in star forming re-
gions to estimate masses and ages. We adopt the temperature
vs. spectral type calibration proposed by Luhman et al. (1999)
for very young objects with surface gravities intermediate be-
tween those of dwarfs and giants. The J and H bands offer the
best compromise for the determination of luminosities of cool
objects: they are close to the peak of their spectral energy distri-
bution, nearly insensitive to veiling due to accretion or infrared
excess due to circumstellar material, they are only moderately
affected by extinction and by its dependency on grain prop-
erties, and the (J — H) colors are confined to a narrow range
(Bessell & Brett 1988). Moreover, as noted in Sect. 3.2 only
small amplitude variability at most is detected in most of the
objects. Taking the J band as a reference, we use the bolomet-
ric correction BC; as a function of the spectral type of Lawson
et al. (1996). As discussed in Fernandez & Comerén (2001)
and Comerdn et al. (2003), we have adopted the spectral type
vs. (J — H) calibration of Bessell & Brett (1988) as a baseline,
but increasing the intrinsic color by 0.10 mag to account for
apparent systematic differences between the old disk dwarfs on
which Bessell & Brett’s results are based and the actual colors

! The criterion used by Hyland et al. (1982) to discriminate between
objects with and without infrared excess takes as a reference a red-
dening vector having its origin at the unreddened colors of the earliest
type stars, i.e., the lower left end of the curve in Fig. 6, rather than the
opposite end corresponding to a M6 dwarf as we do, and which thus
produces a limiting reddening vector shifted to the right. Therefore
our criterion to discern stars with infrared excess is somewhat more
restrictive, and explains why, contrarily to Hyland et al. (1982), we do
not consider ESO-He 565 as an infrared-excess object.
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Table 4. Physical parameters and extinctions.

Object logL Ay M Age
(ESO-Ha)  (Lo) (Mo)  (Myr)
552 -1.17  0.13  0.18 2.5
554 -2.40 0.000 0.03 =2
557 -1.37 125 0.20 6
558 -1.08 024 022 3
559 -1.40 074 0.10 2.5
560 -1.24 032 0.18 3
561 -1.34 041 0.08 1.5
564 -1.42 074 0.10 2.5
565 -097 1.14 0.12 1
566 -1.24 049 0.08 1
567 -0.60 2.16 0.7
568 -1.03 059 022 2.5
570 -1.61 0.84 0.09 3.5
571 -1.50 0.00" 0.12 4
572 -1.18 0.00" 0.14 2

Notes:

! The (J — H) colors of these objects are slightly bluer than the ones
assumed for their spectral types. The extinction is set to zero in these
cases.

2 This object is located on a region of the temperature-luminosity dia-
gram where isochrones in the 2—-5 Myr range merge due to the tempo-
rary stability provided by deuterium burning.

of younger stars of the same spectral types. This is an ad hoc
correction whose size is anyway small as compared to the in-
trinsic scatter in colors at a given spectral type. We have also
considered the effects of using the JHKg colors defining the
T Tauri locus (1997) instead of the adopted colors based on
Bessell & Brett (1988) calibration for the dereddening of our
objects. The differences found between both cases are below
0.1 mag for all the objects in our sample. Extinction has been
estimated by adopting the Rieke & Lebofsky (1985) reddening
law, and the distance to Chamaeleon I has been assumed to be
160 pc (Wichmann et al. 1997; Whittet et al. 1997). Once the
luminosity and the temperature have been obtained using all the
above prescriptions, the pre-main sequence evolutionary mod-
els of Baraffe et al. (1998) have been used to derive masses and
ages.

The results are summarized in Table 4, and the associ-
ated uncertainties in these parameters due to possible errors in
the location of the sources in the temperature-luminosity dia-
gram can be assessed from the error bars given in Fig. 7. We
have excluded ESO-Ha 562, ESO-Ha 569, and ESO-Ha 574,
whose spectral types are poorly determined; the latter two
are discussed separately in Sect. 3.5. Figure 7 shows the
temperature-luminosity diagram of all these objects with the
pre-main sequence evolutionary tracks superimposed. Most of
them appear above the 5 Myr isochrone, in agreement with
the age of 2 Myr estimated by Lawson et al. (1996) and
Comerén et al. (2000). Two exceptions may be ESO-Ha 557
and ESO-Ha 567, both having He equivalent widths exceed-
ing 100 A and appearing slightly older. The error bars in Fig. 7
do not exclude an age similar to that of the other objects plotted
there, but a similar behavior has also been noted by Comerén
et al. (2003) among sources of the Lupus 3 cloud and may
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Table 5. Emission line equivalent widths (in A) of new members with EW(Ha) < 100 A.

Line Object (ESO-Ha)

(1in A) 552 554 558 559 560 561 564 565 566 568 570 571 572
[OI] 6300 11.8 13.0

[OI] 6364 3.7

Ha 6563 9.8 559 67 436 73 127 91.1 433 176 57 195 85 100
Call 8498 5.2
Call 8542 4.1
Call 8662 2.4

05

-1.5

LOg (L/Lsun)
|
[av]

—2.5

Ter (K)

Fig.7. Temperature-luminosity diagram of the objects listed in
Table 4. The evolutionary tracks and isochrones of Baraffe
et al. (1998) are indicated. Open circles correspond to objects with
EW(Ha) < 100 A, filled circles to objects with EW(Ha) > 100 A. The
strong emission-line objects ESO-Ha 562, ESO-Ha 569, and ESO-
Ha 574 have been excluded from the diagram. The error bars given at
the bottom left account for the uncertainties due to spectral misclassi-
fication by one subclass, to the scatter in the intrinsic colors assumed
in the dereddening, and to photometric measurements. They do not ac-
count for systematic effects affecting all the objects in a similar way,
such as offsets in the temperature-spectral type calibration, errors in
the adopted distance to Chamaeleon I, or errors in the pre-main se-
quence models used here.

indicate a trend that manifest itself in a much more extreme
way in ESO-Ha 569 and ESO-Ha 574.

The near-infrared variability properties of the two vari-
able objects with EW(Ha) > 100 A in our sample (Sect. 3.2)
also differ from those of the only clearly variable object with
EW(Ha) < 100 A. The infrared monitoring data of Carpenter
et al. (2002; Carpenter, priv. comm.) for ESO-Ha 567 and
ESO-Ha 569 show that both objects become redder as they
brighten, a trend opposite to what is found for either hot or
cold surface spots and that might point to the inner parts of
the disk as the responsible for the variability. The opposite is

true for ESO-Ha 570, whose decreasing amplitude with wave-
length agrees better with the behavior expected from rotation-
modulated variability caused by surface spots, although the
amplitudes are unusually large in the infrared. A tentative peri-
odicity of 3.35 days is found in Carpenter’s data for this object,
while no periodicity is apparent from the data for the other two.
Incidentally, the variability behavior of Par-Lup3-4 described
by Comerdn et al. (2003) is similar to that of ESO-Ha 570,
although probably smaller in amplitude, despite of its spectral
characteristics and apparent underluminosity being more simi-
lar to those of ESO-Ha 569.

3.5. Emission-line spectra and luminosities

Most of the objects with moderate Ha equivalent widths in our
survey do not display any other measurable emission lines at
the resolution and signal-to-noise ratio of our spectra. Only
ESO-Ha 564 (whose Ha equivalent width is very close to our
arbitrary threshold of 100 A) displays Call emission, whereas
faint [OI] emission is seen in ESO-Ha 559 and ESO-Ha 570
(Table 5).

The spectra of objects with EW(Ha) > 100 A are richer
in other emission lines characteristic of classical T Tauri stars.
Forbidden lines are considered to be formed mainly in jets or
winds in a region having a typical overall extent of ~50 AU
(Edwards et al. 1987), and probe different conditions of density
and excitation (Hamann 1994). [OI] lines are formed closest
to the star, mainly due to their higher critical density, as con-
firmed by high spatial resolution observations (e.g. Bacciotti
et al. 2000). The broad range of conditions under which they
can form explains their presence in all the spectra discussed
in this section. [SII] emission, having a lower critical den-
sity, is quenched in the densest regions near the star, and
traces essentially the same physical conditions as [Fell] (Davis
et al. 2003), while [NII] has a critical density intermediate
between [OI] and [SII] and traces regions of higher excita-
tion. Forbidden lines present distinct components with low and
high velocities (Jankovics et al. 1983; Appenzeller et al. 1984;
Hartigan et al. 1995) that are unfortunately indistinguishable at
the resolution of our spectra. Permitted lines such as the Call
infrared triplet, Hel, and Fel are normally associated with ac-
cretion and arise from high density regions in the immedi-
ate neighbourhood of the star, either in the accretion columns
where gas flows from the magnetically disrupted disk, or at
the terminal shocks produced on the surface of the star it-
self (e.g. Konigl 1991; Gullbring 1994; Edwards et al. 1994;
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Table 6. Emission line equivalent widths (in A) of new members with EW(Ha) > 100 A.

Line Object (ESO-Ha)

(1in A) 557 562 567 569 574
[OI] 6300 6.3 41.8 3.7 6.9 36.5
[OI] 6364 2.8 8.9 2.9 2.5 13.3
Fel 6411 2.0
Fel 6472 2.4
[NII] 6548 wing to He  wing to Ha 13:
Ha 6563 149.0 109.8 177.8 144.1 131.1
[NII] 6583 1.7: wing to Ha 6.7: 40.7
Hel 6678 1.5 1.8 2.4
[SIT] 6716 2.4 42.7
[SII] 6730 3.8 70.4
Hel 7066 1.2

[Fell] 7155 3.8
[Call] 7291 3.0
[Call] 7324 24 26.0
[Fell] 7388 5.2
[Fell] 7452 2.6

OI 8446 2.0 2.3 2.0 3.5
Call 8498 3.8 9.4 8.3 31.6 7.6
Call 8542 2.2 8.8 8.5 31.6 7.2
Fel 8577! 2.6

Pal4 8598 0.5 33

[Fell] 8617 3.6
Call 8662 1.8 10.4 7.7 28.0 6.8
Pal2 8750 1.2 9.3%

Pall 8863 2.2 1.6: 5.6

[Fell] 8892 3.0
Pal0 9015 0.9: 1.9 4.1

[SIII] 9069 2.9
Pa9 9229 2.1 2.3 6.8 3.6
[SIII] 9532 17.9

Notes:

! Identification doubtful; other possible species are Sil and Til (Coluzzi 1999).

2 Possibly blended with Fel.

Lamzin 1995; Muzerolle et al. 1998; Beristain et al. 1998;
Alencar & Basri 2000; Alencar et al. 2001). Also Ha emis-
sion is normally linked to accretion, although other scenarios,
including the bases of jets and disk winds, can also give rise
to 1t.

Most of the spectra of our strong Ha emitters are domi-
nated by accretion signatures, mainly Ha and the Call triplet.
The lines of high transitions of the Paschen series are also seen
in the spectra of all the objects except ESO-Ha 557. We cannot
accurately determine their equivalent widths, but ESO-Ha 569
stands out in the sample both because of the strength of these
lines and because of their slow decrement towards higher tran-
sitions as compared to the expectation from optically thin lines
ina gasat T =~ 10000 K (Brocklehurst 1971), suggesting that
they are formed in a high-density, optically thick medium close
to the surface of the star (Eisloffel et al. 1990). Hel is seen
in three objects, probably arising from the hottest regions of
the accretion columns where temperatures exceed 20000 K
(Alencar & Basri 2000; Beristain et al. 2001), and again it is
most prominent in ESO-Ha 569.

ESO-Ha 574 presents interesting differences from the rest
in both outflow and accretion signatures. Its forbidden lines
are both more numerous and intense, including [Fell] lines
that are not seen in the spectra of the other objects, while the
Call permitted lines are moderately intense and Hel emission is
absent. Furthermore, its spectrum displays two prominent lines
of [Call], especially at 7324 A, which is much more intense
than the Call triplet components, suggesting that Call emis-
sion in this object takes place under conditions of much lower
density than for the others. Unlike those of the other objects,
the spectrum of ESO-Ha 574 is thus dominated by outflow
tracers.

The luminosities of ESO-Ha 569 and ESO-Ha 574 would
make them fall below the main sequence in Fig. 7 if derived
in the same way as outlined in Sect. 3.4: assuming an intrinsic
(J — H) =~ 0.72, we obtain luminosities of log L(Ly) ~ —-2.5
for both objects. We obtain in the same way log L(Ly) =~ 0.5
for ESO-Hea 562, but given the uncertainty in its spectral type
it is unclear if this implies a lower-than-expected luminosity as
well.
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In view of the nearly identical photometric characteris-
tics of ESO-Ha 569 and ESO-Ha 574, their similar degrees
of underluminosity with respect to other young members of
Chamaeleon I with similar spectral types, and their similar
continua, the differences between their emission line spectra
are particularly intriguing. As noted above, ESO-Ha 569 is
the object showing the strongest signatures of accretion with
only weak outflow indicators, while the opposite is true for
ESO-Ha 574. Possible explanations for the apparent underlu-
minosity of young stellar objects with strong Ha equivalent
widths have been discussed by Comer6n et al. (2003) based
on a sample of very low mass objects in the Lupus 3 clouds, as
well as an additional object in R CrA reported by Fernandez &
Comeron (2001). As noted in Comerdn et al. (2003), the ac-
tual cause for the prominence of Ha is an unusually low level
of the continuum rather than the absolute intensity of that line,
which is found to be similar or even below that of other ob-
jects with normal luminosity. The two most relevant cases
in their sample, Par-Lup3-4 and LS-RCrA 1, are bracketed
now by ESO-He 569 and ESO-Ha 574. Both Par-Lup3-4 and
LS-RCrA 1 show EW(Ha) ~ 400 10%, but this value is very
sensitive to the level of veiling at He, which is likely to af-
fect more the Chamaeleon I objects. However, both the accre-
tion signatures of ESO-Ha 569 and the outflow signatures of
ESO-Ha 574 are more prominent than the corresponding ones
of Par-Lup3-4 and LS-RCrA 1.

Line spectra similar to that of ESO-Ha 574 are found for
some late K or early M stars, e.g. Haro 6-13, LkHa 188/G4
and LDN 1448 IRS 1. Both Haro 6-13 (Strom et al. 1986) and
LDN 1448 IRS 1 (Eisloffel 2000) are likely outflow-driving
sources. All three sources have V magnitudes far too weak,
ranging from 17.7 to 19.5 mag, considering their spectral types
and assigned distances. Besides the strong Balmer line emis-
sion (Cohen & Kuhi 1979), the only forbidden lines expected
in the wavelength interval covered by Cohen & Kuhi and at
the resolution of their spectra are the [OI] 6300 and 6360 lines,
which are clearly detected in these objects.

Comerdn et al. (2003) favored intrinsic underluminosity as
the explanation to the features of Par-Lup3-4 and LS-RCrA 1,
probably caused by accretion-modified pre-main sequence evo-
lution (Hartmann et al. 1997) at very low masses, as opposed
to a geometric effect resulting from the occultation of the cen-
tral object by an edge-on disk. In the latter case, the spectrum
of the central object would be seen through light scattered by
dust, thus explaining both the faintness and the nearly normal
colors. The arguments put forward by Comerén et al. (2003)
are based on the visibility of accretion indicators that, being
formed near the surface of the object, should also be similarly
occulted by an edge-on disk. Those arguments may not apply
to ESO-Ha 574, whose accretion signatures are subdued with
respect to the forbidden lines formed in an extended volume
that would be largely unobscured by the accretion disk. We
thus consider that the edge-on disk explanation may account
for the emission line spectrum and the underluminosity of
ESO-Ha 574. However, the opposite is true for ESO-Ha 569,
whose far more prominent accretion signatures as compared
to Par-Lup3-4 and LS-RCrA 1 reinforce the arguments given
by Comerdn et al. (2003) in favor of intrinsic underluminosity.
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Furthermore, the non-detection of ESO-Ha 569 by ISOCAM
(Persi et al. 2000) suggests that the amount of warm dust
associated with this object is small. This supports that the
faintness of this object in the red/near infrared is not due to
occultation by circumstellar material, since a disk massive
enough to block the direct light from a normal central pre-main
sequence K star (and to provide the dusty medium that scatters
light towards us) should be prominent in the thermal infrared.
Taking into account that both the Ha fluxes and the inferred
accretion rates for such objects are small in absolute terms in
the intrinsic underluminosity scenario (Comerén et al. 2003),
the non-detection at thermal wavelengths becomes easier to
explain. Unfortunately, the lack of ISOCAM observations of
ESO-Ha 574 prevents a comparison between the thermal in-
frared properties of these two objects which could provide use-
ful insights on possible intrinsic differences.

In summary, we believe that ESO-Ha 569 provides addi-
tional support for the interpretation of some young stellar ob-
jects with large Ha equivalent widths as intrinsically underlu-
minous objects. We are less certain concerning ESO-Ha 574,
for which an edge-on disk could also be a valid explana-
tion. It is puzzling however that, if two independent explana-
tions account for the apparent underluminosity of ESO-Ha 569
and ESO-Ha 574, they turn out to produce two objects with
nearly identical spectral energy distributions and degrees of
underluminosity.

3.6. Comments on techniques for the identifications
of members

Given the ubiquity of Ha emission among young stellar and
substellar objects, methods for the selection of candidates
based on this feature are well suited to provide a highly com-
plete census of star forming regions, as demonstrated by the
9 new members of the Chamaeleon I presented in this paper
that had not been identified so far by any of the existing al-
ternative approaches. As discussed by Carpenter et al. (2002),
infrared surveys based on IJ/K colors (Cambrésy et al. 1998),
JHK colors, or near-infrared variability (Carpenter et al. 2002)
miss a sizeable fraction of the members identified by other cri-
teria. They are nevertheless effective in allowing the survey
of large areas with a reasonable investment of time in rela-
tively small telescopes, and have the advantage of probing also
the more heavily obscured regions of the star forming cloud.
The drawbacks of infrared color-selected or variability-selected
samples are exemplified by the objects described in the present
paper, none of which displays an obvious K-band excess and
only one of which is clearly identified as variable. On the other
hand, the objective prism observations in which the sources dis-
cussed in this paper were discovered have proved to be sensitive
enough to reveal new members with modest levels of Ha emis-
sion, as 6 of the new members have EW(Ha) < 10 A (a seventh
object also with EW(Ha) < 10 A is classified as non-member
in Sect. 3.1). This sensitivity to small Ha equivalent widths
comes at the cost of a number of false detections in which Ha
emission is not confirmed by follow-up long-slit spectra (4 out
of our 23 objects).
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Sensitive mid-infrared observations such as those carried
out by ISOCAM closely compete with Ha surveys in detect-
ing members previously unrecognized by other means. The
complementarity of both methods is illustrated by the fact
that four of the sources that we found in the area common
to the ISOCAM survey of Persi et al. (2000) are not detected
in the mid-infrared (including the particularly interesting ob-
ject ESO-Ha 569), while a number of ISOCAM sources re-
main unidentified by any other selection criteria, including
Ha emission.

An alternative technique that takes advantage of the useful-
ness of Ha emission as a membership identifier is provided by
narrow-band imaging centered on Hae combined with broad-
band photometry, as recently attempted by Lopez Marti (2003)
and Lépez Marti et al. (2003). Indeed, 13 of our Ha-emitting
objects are included in the area surveyed by Loépez Marti
(2003), and 8 of them are recognized as members in that work.
In three of the remaining five cases, the (Rc — I¢) color that
we measure is outside or very near the edge of the broad-band
color selection range imposed by Lépez Marti for the selec-
tion of her late-type candidates, explaining the exclusion from
her list. Only two objects that we would have expected to be
present in the list of candidate members of Lépez Marti are
missing, ESO-Ha 557 and ESO-Ha 560. The absence of the
latter can be explained by its modest level of Ha emission
(EW(Ha) = 7.3 A). This does not seem to be the case for the
former, but the possibility that it might have fallen in one of the
gaps of the detector mosaic used by Lépez Marti might provide
an explanation.

Despite the identification of a new brown dwarf with
spectral type M8.5, which is the latest spectroscopically con-
firmed brown dwarf reported in Chamaeleon I so far, there
is an obvious lack of objects later than M6.5 in our sam-
ple due to progressive incompleteness towards later spec-
tral types, rather than to an actual scarcity of such cool ob-
jects. Indeed, the deeper slitless spectroscopy observations of
Comerdn et al. (2000) on the central region of the complex
identified 6 objects with spectral types later than M6.5, of
which 3 are recovered by our observations. These include
Cha He 1 and Cha He 6, which are the strongest Ha emitters
in Comerdn et al.’s sample. Moreover, a large number of late M
and early L-type brown dwarfs is suggested by the RIHa pho-
tometry of Lopez Marti (2003). Since the incompleteness for
the latest objects becomes a rather complicated function of the
object brightness, its Ha emission, the foreground extinction,
and also to some extent of a subjective factor due to the vi-
sual selection of Ha-emitting objects in the Schmidt films, we
refrain from using the findings reported in this paper to draw
consequences on the initial mass function of the star forming
region.

4. Summary and conclusions

In this paper we have presented the results of a deep objec-
tive prism survey of the entire Chamaeleon I star forming re-
gion aiming at the detection of new faint members with Ha
emission. Our objective prism films reveal 24 new objects for
which no previous spectroscopic observations in the visible
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were available. We have performed low-resolution long slit
spectroscopy of all but one of them, confirming 18 as mem-
bers and discarding 5 as either foreground stars or background
giants. Half of the members were already suspected previous
to this work based on other signatures of youth, mainly thermal
infrared excess. The other half is identified as new members for
the first time in this work. The spectral types of the new mem-
bers range from late K to M8.5, although we suspect serious
incompleteness of our sample for types later than M6.

The visible colors of all the members are consistent with
reddened photospheres, possibly with continuum veiling in
some of them. In the near-infrared, none of our objects displays
obvious signatures of K-band excess of circumstellar origin.
Three objects are variable based on previously existing near-
infrared monitoring data, although with important differences
among them concerning their variability properties.

The accurate spectral types obtained in this paper for most
of the members complemented with 2MASS infrared photome-
try allow us to estimate their ages and masses using theoretical
pre-main sequence evolutionary tracks. We find ages between 1
and 5 Myr for most objects, consistent with previous determi-
nations of the age of the aggregate. Their masses are mostly
above or near the hydrogen-burning limit, except for the latest-
type object identified in our sample, whose M8.5 spectral type
indicates a brown dwarf mass of 0.03 M.

Two rather exceptional objects are found with a rich emis-
sion line spectrum and very low luminosity at infrared wave-
lengths. While they have almost identical broad-band spectral
energy distributions, the details of their emission-line spectra
are very different. One of them displays very prominent per-
mitted lines that are normally attributed to accretion, while the
other is dominated by outflow signatures in the form of forbid-
den lines, such as those generally observed in jets and winds.
Other objects also having rich emission line spectra and very
low luminosity have been identified in other regions. We pro-
pose that the accretion-signature-dominated emission spectrum
of one of these objects, as well as its non-detection in the ther-
mal infrared, supports the interpretation of the apparent under-
luminosity as being an intrinsic feature of the object rather than
the result of a special viewing geometry in which a normal
luminosity object is blocked from direct view by an edge-on
disk and is seen only in scattered light. It is doubtful that the
same explanation applies to the second object, whose emission
spectrum, dominated by outflow signatures, would be far less
blocked by an edge-on disk.

We confirm deep Ha surveys as a most competitive way
to sample the low-luminosity population of lightly obscured
regions of the nearest star forming clouds. A comparison to
other member selection criteria confirms that most cool Ha-
emitting objects do not display either noticeable infrared ex-
cesses or variability, thus showing the advantage of the Ha
selection criterion in providing a highly complete census of
members. Only the sensitive ISOCAM data seem to produce
similarly complete samples at such low luminosities.

No extended areas of high extinction such as those ex-
isting in star forming regions like p Ophiuchi are observed
in Chamaeleon I, thus ruling out the possible existence of a
heavily obscured population inaccessible to observations in the
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visible range. This, together with the fact that He emission is
the most common feature among young stellar objects, leads
us to suspect that the members newly identified in this paper
represent an important step forward towards a complete cen-
sus of the entire Chamaeleon I population reaching down to the
most massive brown dwarfs, thus opening the door to studies of
its collective properties minimally affected by selection biases.
Some caveats need however to be solved before statistical con-
clusions about the lowest mass component can be conclusively
drawn: the completeness limits of a Ha survey is a function
combining the object magnitude, the Ha equivalent width, and
the foreground extinction that needs to be carefully taken into
account. Comparison with deeper slitless spectroscopy surveys
over smaller areas or with narrow-band Ha imaging observa-
tions indeed confirm that the census of Ha-emitting members is
still very incomplete beyond spectral type M6.5 at the least. On
the other hand, there are a number of objects detected at mid-
infrared wavelengths that remain undetected in this Ha survey.
Once the nature of all the sources identified by any technique is
clarified, and robust determinations of their intrinsic properties
(mass, age, evolutionary status) are available, the analysis of
the global properties of the entire population of Chamaeleon I
can proceed on a firm standing. Given the rapid progress in this
direction provided by the various observational projects cur-
rently in progress, this goal is probably within reach in the near
future.
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