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ABSTRACT. We have begun an objective-prism Ha survey of star-forming regions using the CIDA
1 m Schmidt Camera, with a limiting magnitude ¥~ 18. We report here first results for selected areas
of the Taurus—Auriga molecular clouds. Of the list of candidates found in the objective-prism plates,
twelve stars have been confirmed as pre-main sequence by the detection of the Li1 6707 A absorption
line. Five of these stars are in the dark cloud L1544, where only one T Tauri star was previously known.
The new stars have very late spectral types and most have estimated masses between 0.2 M, and 0.3

M.

1. INTRODUCTION

In recent years the traditional means of searching for
young stars, namely, objective-prism surveys of Ha emis-
sion objects in dark clouds, has been largely abandoned. In
part, this was due to the idea that nearly all of the classical
T Tauri stars (TTS) had already been found in Taurus-
Auriga, one of the closest and best studied molecular
clouds, which, in turn, may have originated in Jones and
Herbig’s (1979) conclusion that no large number of Ha
emission stars were to be expected in Taurus if the surveys
were pressed to fainter magnitude limits. Emphasis was
placed on searches for objects with weak emission lines,
which would have been missed in Ha objective-prism sur-
veys, and which were expected to be among the oldest
members of the population.

Herbig et al. (1986) used an interference filter centered
on the Ca I1 H and K lines to search for objects with little
Ha emission but strong enough Ca II resonance line flux to
be detected, under the assumption that this flux came from
the chromosphere of the star and would take a longer time
scale than Ha to decay. Herbig et al. discovered eleven new
pre-main-sequence stars in the Taurus region. Most of
these objects were located in the same position in the HR
diagram as the previously known T Tauri stars. This study
confirmed the problem of the “missing post-T Tauri” pop-
ulation pointed out by Jones and Herbig (1979). Alterna-
tive survey techniques, not biased by spectroscopic mea-
surements, were attempted. Hartmann et al. (1991) and
Gomez et al. (1992) searched for new members of Taurus
using proper motions of all the objects in the vicinity to a
limiting magnitude of V' 516. A small number (nine) of

'Research reported herein used the Multiple Mirror Telescope, a joint
facility of the Smithsonian Institution and the University of Arizona.
2Also Grup d’Astrofisica de la Societat Catalana de Fisica, Institut d’Es-
tudis Catalans.

new stars were found in these surveys, mostly very late-
type stars with weak Ha emission.

As satellites equipped with telescopes able to observe in
nonvisible parts of the spectrum came to use, additional
young stars were found. Most of the objects found in X-ray
surveys (Walter and Kuhi 1981; Feigelson and Kriss 1981;
Feigelson et al. 1987, Walter et al. 1988) were weak-
emission T Tauri stars (WTTS), defined as having Ha
equivalent widths of W;(Ha) S10 A (Herbig and Bell
1988). These surveys provided =50 new stars in Taurus-
Auriga, all with ' <15. Kenyon et al. (1990) used the
IRAS Point Source Catalog to search for new objects in
Taurus. Around three I Tauri-like heavily reddened objects
were found associated with JRAS sources.

The surveys of Taurus so far have yielded relatively few
pre-main-sequence stars with masses M $0.4M,. How-
ever, the initial mass function estimated from field stars
suggests that many such low-mass stars should be present
(e.g., Kroupa et al. 1991). These objects are likely to be
fainter than could be detected in previous surveys. The
objective prism technique has the advantage of being able
to cover the large area of Taurus in a finite number of
plates. Moreover, very low-mass stars display prominent
Ha emission from their birth all the way to the main se-
quence, so that observational biases against finding weak-
emission stars are relatively unimportant.

We have undertaken a new search for faint pre-main-
sequence stars in Taurus, using the 1-m Schmidt Camera at
Observatorio de Llano del Hato, Mérida, Venezuela, run
by the Centro de Investigaciones de Astronomia, CIDA.
Our survey extends the limiting magnitude to V=18 over
an area of 50 square degrees. This paper describes the first
results of this search. We have identified twelve new T
Tauri stars. Of these, five are in the dark cloud L1544, a
region in which only one T Tauri star had been previously
found (Herbig and Bell 1988). Most of the newly found
stars are strong-emission TTS.
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TABLE 1
Observational Material

Exposure time

Field Plate No. ay(1950) 850(1950) (min) Filter Date Emulsion
1 835 P 4h16m55° +27°47'57" 20 - 01/26/87 IIa-0
1 1094 P 4"19™m16° +28°01'17" 60 - 12/19/90 IIa-F
1 1197 D 4h19m16° +28°01'17” 30 0G590 10/06/91 1I1a-F
2 1096 P 4h35m00° +24°38'01” 90 0G590 12/20/90 IIIa-F
2 1198 D 4"35m00° +24°38'01" 30 0G590 10/06/91 IIa-F
3 1216 P 5h04m00° +25°40'00" 90 0G590 12/09/91 IIIa-F
3 1309 P 5h04m00° +25°40'00” 15 ’ 0G590 09/30/92 II1a-F

2. OBSERVATIONS AND RESULTS

The search for Ha emission stars has been carried out
with the f/3, 100/150 cm Schmidt Camera at Observato-
rio de Llano del Hato, Mérida, Venezuela, equipped with a
3.3° objective prism. The plates have a circular field of 4°7
diameter and a scale of 68”/mm. The prism is of UBK-7
glass, with a dispersion of 1770 A/mm at Ha. The plates
used were Kodak IITa-F, baked in forming gas, in combi-
nation with a OG590 filter. The spectra were widened by
about 0.1 mm. The characteristics of the observational ma-
terial used in this work are described in Table 1. Prism or
direct plates are distinguished by a “P” or a “D” next to
the plate number.

Before starting the project, the performance of the tele-
scope had to be tested, since this was the first time that it
was used for this kind of work. Plates of the most popu-
lated areas of the Taurus-Auriga cloud were obtained
(fields 1 and 2 in Table 1), and searched for Ha emission
objects. Positions of the objects found were calculated with
astrometric programs developed at CIDA (Stock and
Abad 1988), using the PPM catalog (Rdser and Bastian
1991) applied to the x-y positions of the stars in direct
plates of the same fields measured with a Zeiss PSK-2
stereocomparator, which gives a precision of about 1 ym.
The estimated error in the positions is roughly 076.

The positions were then compared with those of the
known pre-main-sequence stars in the area, taken from the
Herbig and Bell Catalog (1988), Kenyon et al. (1990),
and Hartmann et al. (1991). Of the 68 known stars in the
area, 29 had ¥ <13.5 and were not detected, because their
spectra were saturated. The only pre-main-sequence star in
the area with V> 18 (HBC 375, F=19.3) was not de-
tected either. Among the young stars with 13.5<V<18,
60% of the objects with W(Ha)>10 A, were detected,
while 80% of the stars with W (Ha) > 50 A were detected.
Stars with W(Ha) < 10 A were not detected at the prism
resolution, except when the line to continuum contrast was
favorable (such as J 4423 and JH 223, with W;(Ha)~5
A). Given the plate scale, the spectra of members of close
pairs overlapped and could not be distinguished or the
brighter star of the pair saturated the spectrum.

A spectral classification scheme had to be developed in
the red part of the spectrum for the resolution of the in-
strument. This was done by comparison of the spectra in a

red and in a blue plate of the same field (plates 1197 and
835 in Table 1), calibrating the red with the better known
blue spectral types. Comparison of the red spectral types
with those published generally give agreement within two
subclasses. Within the restricted spectral region available
(5900-6800 A), the TiO bands were the basic criterion for
spectral typing, and so classification of stars earlier than
SK6—K7 was not possible. Beyond spectral type ~K6
—K7, the TiO band at 46158 A begins to be visible, and
becomes stronger with spectral type, although the absorp-
tion gets saturated at ~M5—MS6.

In the fields used for the determination of the perfor-
mance of the telescope and in a third field that included
L1544 (field 3 in Table 1), 37 Ha emission stars that did
not appear in the lists mentioned were found. Of these
stars, 29 had optical spectra taken with the Red Channel of
the MMT Spectrograph on 1991 December 13-16. Details
of the instrument and spectra are given in Hartmann et al.
(1991). The confirmation of the pre-main-sequence nature
of the candidate stars was based on the detection of the Li I
6707 A absorption line, with equivalent width
W,(Li1)>0.2 A (Walter et al. 1988; Strom et al. 1989a),
or on the presence of very strong Ha emission.

The stars confirmed as T Tauri stars are listed in Table
2, along with positions for equinox 1950. Positions of stars
found in field 1 were calculated from direct plates. For
stars in field 3, positions were calculated from the
objective-prism spectra, using the prism constants for the
Mérida Schmidt Telescope and software determined by
Guillén (1992), and the position of Ha as a reference
point. Figure 1 present finding charts for the confirmed T
Tauri stars. These charts have been prepared by D. J. Mac-
Connell by means of the Guide Star Selection System As-
trometric Support Program (GASP) developed at the
Space Telescope Science Institute from the digital database
assembled for the Hubble Space Telescope Guide Star Cat-
alog.

Table 2 also gives an estimate of the magnitude mpy of
the stars, obtained by calculating a red magnitude from the
diameter of the stars in the POSS red plates, using the
calibration of King and Raff (1977). The estimated error
of mp is of the order of 1 mag. Poor weather conditions at
Mount Hopkins have prevented us from obtaining optical
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TABLE 2
New T Tauri Stars in the Taurus-Auriga Cloud
No. @(1950.0) 6(1950.0) m, Spectral type W,(Ha)® W, (Li) Type Other identification
1 41112.09 2758 38.6 16.4 ct 160 — CTTS
2 41159.57 280117.8 15.6 M4-5 4.7 0.2 WTTS
3 4144335 2822185 15.8 M2 5.8 0.5 WTTS K3-76
4 4262555 26 1022.6 16.8 M3-5 17 c CTTS FW Tau
5 4351691 2603 18.6 18.5 C 145 — CTTS GM Tau
6 436 16.98 2539 11.5 16.5 C 62 0.4 CTTS GN Tau/IRAS 04362+2539
7 4391745 25 14 56.1 16.8 M2-3? 79 0.6 CTTS
8 501 37.30 250551.2 15.9 M3-4 83 0.4 CTTS
9 502 18.15 2527313 15.5 K7-M0? 12.9 0.4 CTTS IRAS 05023 +2527
10 503 13.06 2442 14.0 15.9 M3-5 8.6 0.6 WTTS
11 50319.97 2428252 14.2 M3-5 22 0.5 CTTS
12 504 51.95 24 56 26.9 16.1 M3-4 60 0.6 CTTS

#Continuum stars are designated as “C.”
YEquivalent widths W, are given in A.
‘Lithium is present, but spectrum is too noisy.

and infrared photometry for the objects so far, although
that project is under way.

The spectra of the new stars are shown in Fig. 2. Spec-
tral types were determined from the MMT spectra by com-
parison with standard stars from the Catalog of Nearby
Stars (Gliese 1969) and the spectral type classification of
Joy and Abt (1974). The uncertainty is one to two sub-
classes. Spectral types and equivalent widths of Ha and

Li1 6707 are also listed in Table 2. Objects 1, 5, 6, and 7
show evidence for He I emission at 6678 A. The reality of
emission features at this wavelength in objects 8, 11, and 12
is questionable. The other narrow “emission” features in
the spectra are cosmic-ray events. Three of the new stars
show no discernible absorption features in the low-
resolution red spectra, so that they have been classified as
continuum “C > stars in Table 2. Li I absorption could not

FIG. 1—Finding charts for the new T Tauri stars. North is to the top and east to the left. Each chart covers 10" X 10".
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