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Abstract. — I, Ha and [SII] CCD images of the regions around 4 young IRAS sources embedded in the dense
molecular cloud cores CB 6, CB 39, AFGL 5142, and L 1251 are presented. Reflection nebulosities are found in all 4
regions. Herbig-Haro objects are detected in AFGL 5142 and L 1251. In both cases, the HH objects are new discoveries.
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1. Introduction

It is well established that dense cores in molecular clouds
are sites of recent star formation. The IRAS satellite re-
vealed a huge number of sources embedded in cloud cores,
which were identified as recently formed stellar objects
(e.g. Beichman et al. 1986). These pre-main sequence ob-
jects experience energetic mass loss processes in their ear-
liest evolution, which are observed in a large variety of
ways. At optical wavelengths the outflows are detected as
cometary and bipolar reflection nebulosities and shock-
excited Herbig-Haro objects. Deep, sensitive CCD images
taken through continuum and emission line filters consti-
tute an efficient way of detecting the optical outflows from
young stars and, in addition, allow us to distinguish be-
tween reflection nebulosities and Herbig-Haro objects (e.g.
Hartigan & Lada 1985).

In this work we present the results of several obser-
vational campaigns carried out at the Observatories of
Calar Alto and La Palma, where we obtained CCD images
of the fields around several young IRAS sources embed-
ded in dense cores. In some cases, AFGL 5157, S 140N,
L 1448 and L 1527, the results have already been pub-
lished (Torrelles et al. 1992a; Eiroa et al. 1993, 1994). In
some other cases, L 723, L. 778 and the field around IRAS
22343+7501 in L 1251, our images confirm previous pub-
lished observations. The rest of the cores, CB 6, CB 39,
AFGL 5142, and the field around TRAS 2237647455 in
L 1251, are presented here. Table 1 gives the equatorial

coordinates and fluxes of 4 IRAS young stellar sources
located in these cores; their positions are approximately
the center of our images. Reflection nebulosities and/or
Herbig-Haro objects are detected in all cases.

2. Observations

CCD images were taken during 1989 and 1990 at Calar
Alto (Almera) and Roque de Los Muchachos (Canary
Islands) Observatories. On Calar Alto we used the 3.5
m telescope equipped with a CCD camera, chip RCA
624x1024 pixels and pixel size 15 um, installed at its
prime focus. The scale on the focal plane is 0/'2535 /pixel.
Images were obtained with a broad-band filter T (A =0.9
pm) and interference filters Ho (A ~6580 A, FWHM~100
A), [ST1] (A ~6740 A, FWHM=70 A) and red continuum
T (A =7200 A, FWHM~800 A). On Roque de Los Mucha-
chos we used the 2.5 m INT; these observations were car-
ried out using a 385x578 pixel GEC CCD detector, pixel
size 22 pm, at the telescope prime focus. The scale on the
focal plane is 0”54 /pixel. A broad-band I filter (A ~0. 9
pm) and interference filters Ha (A ~6569 A, FWHM~60
A) and [SII] (A ~6730 A, FWHM~48 A) were used. A log
of the observations is presented in Table 2, where dates,
exposure times and seeing conditions are given. Flat field
correction and dark subtraction of each object frame have
been made following standard procedures. In addition, the
images have been astrometrically calibrated by means of a
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Table 1. IRAS sources associated with the cloud cores

C. Eiroa et al.: Optical nebulosities associated with IRAS sources in dense cloud cores

IRAS CORE  RA (1950) DEC (1950)  Flux density (Jy)
h m s o 1 121  [25) [60]  [100]
0046545028 CB6 00 46 343 50 28 25 0.25L 1.01 3.96 8.96
0527443345 GL5142 5 27 27.6 33 45 37 6.89  69.36 449.32 905.75
0559141630 CB39 5 59 6.0 16 30 58 453 987 7.27 10.64
2237647455 L1251 22 37 4038 74 55 50 0.8 5.6 32.0 66.0
Table 2. Log of observations
Object Telesc Date Filter Exp time Seeing

CB 6 2 27.11.89 1 900 2"

Ha 1800 *

[SI] 1800 *

GL5142 1 17.11.89 I 900 1”5

Ha 1800 1”5

[SI1) 900 1”5

1 30.10.90 I 900 1”2

Ho 1800 172

[SI] 1800 1"

2 27.11.89 I 300 2"

CB39 2 29.11.89 I 30 2"

Ha 60 2"

(S 60 2"

IRAS 22376 2 30.11.89 I 600 272

Ho 900 272

[SI] 900 279

1 29.10.90 Ho 1800 2"

[SI] 1800 2"

Telescope: (1) 3.5 m
Calar Alto, (2) 25 m INT

(*) Unfocussed due to technical problems

grid of SAQ stars measured on Palomar Plates. Estimated
position errors are 175.

3. Results on individual objects
3.1.CB6

CB 6 (LBN 613) is a small molecular core of ~9’'x3!4 in
size and position angle of 50° (Clemens & Barvainis 1988).
The temperature and CO line width indicate that it is a
cold, quiescent core. CB 6 is associated with an elongated
bright rim of nebulosity visible on P.O.S.S. The highest
obscuration is found at the northwestern end of this rim

and has a fairly round shape with a small, compact nebu-
losity in its center. The source IRAS 0046545028 is asso-
ciated with CB 6 and has colours typical of young IRAS
sources embedded in cloud cores (Clemens & Barvainis
1988; Beichman et al. 1986).

CCD images of CB 6 were taken at the INT. Figure
1 is an I-contour plot of the central part of CB 6 where
the compact nebulosity is located. The first contour shows
the background produced by the elongated bright rim. The
compact nebulosity appears similar in the interference fil-
ters, suggesting that it is a pure reflection nebulosity. The
position of IRAS 0046545028 is marked in Fig. 1. Posi-
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Fig. 1. I contour plot of CB 6. Axes are in arc seconds. Ad-
jacent contours are separated by a factor 2'/2 . Position (0,0)
corresponds to the peak of the CB 6 nebulosity, Table 3. IRAS
0046545028 is marked with a cross. North is up and east to
the left. This convention is used throughout this paper

Table 3. Equatorial coordinates of stars and nebulosities
embedded in the cores

Object (1950) 5(1950)

h m S ° ! "
CB6/1-peak 00 46 3445 50 28 26.6
GL5142
Jstar 1 05 27 2810 33 45 39.6
JHH 190 05 27 2754 33 45 384
CB39/star 1 05 58 47.66 16 29 55.3
IRAS 22376+7455
Jstar 1 22 37 3597 74 56 07.7
/star 2 22 37 3732 74 55 488
/star 3 22 37 1356 74 56 16.6
JHH 189A 22 37 3414 T4 55 146
/HH 189B 22 37 3372 74 55 019
/HH 189C 22 37 3310 74 54 10.0

tion (0,0) corresponds to the maximum of the nebulosity
in the I filter; its 1950.0 coordinates are given in Table
3. The dark region around the nebulosity is clearly dis-
tinguished. IRAS 0046545028 is located at the apex of
the CB 6 reflection nebulosity. Morphologically, the ob-
ject can be described as a cometary nebula illuminated by
the young IRAS object.

3.2. AFGL 5142

AFGL 5142 (Price 1977) is a bright far-IR source listed in
the IRAS Point Source Catalogue as IRAS 0527443345,
whose far-IR luminosity is 8.1 10® Ly, at an assumed
distance of 1.8 kpc (Smell et al. 1988). Snell et al. de-
tected a bipolar CO outflow, oriented east-west and ap-
proximately centred on the IRAS source. A high-density
NHj core was mapped by Verdes-Montenegro et al. (1989),
who also detected a HoO maser in the region. A CS con-
densation similar to that in NH3 has been observed by
Pastor et al. (1991). Through higher angular resolution
NHj observations Estalella et al. (1993) found that the
high-density core is elongated in a direction perpendicu-
lar to the molecular outflow axis, and suggested that this
may play a role in the collimation of the bipolar outflow.
Torrelles et al. (1992b) refined the position of the HoO
maser and found a compact radio continuum source with
a cometary-like morphology. Both the maser and the ra-
dio continuum source coincide with the NH3 peak and are
displaced ~30" east of the IRAS source. These authors
suggest that the ionizing object of the radio continuum
source drives the CO outflow in the region, although a
contribution of IRAS 0527443345 cannot be discarded.
Figure 2 shows a isocontour plot of the Calar Alto 1990
Iimage of the region. The positions of the IRAS and radio
continuum sources are indicated in the plot. A cluster of
red stars surrounded by a diffuse nebulosity is detected in
the field. The most interesting object is a point-like stel-
lar object, star 1 in Fig. 2 and Table 3, associated with a
cometary-like reflection nebula oriented towards the west
and slightly curved towards the south. The cometary neb-
ula is oriented in the same direction as the blue lobe of
the CO outflow. Detailed I, Ha and [SII] isocontour plots
of the object are shown in Fig. 3. IRAS 05274+3345 is
seen projected against the nebulosity and its nominal po-
sition is very close to a very red I star. With the present
data, however, we cannot make a definitive association of
the IRAS source with either this star or the star illumi-
nating the nebulosity. A condensation located at 7" west
and 1”2 south of star 1 is seen embedded in the reflection
nebulosity, Fig. 3. This condensation is clearly detected in
[SII] and He but not in the I image. Thus, this behaviour
suggests that the condensation represents a site of HH
emission, a fact which has recently been confirmed by an
optical spectrum (E. Ortiz, private communication). We
call this object HH 190, following the numbering of the
HH object catalog by Reipurth (1994). Finally, we have
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not detected any object at the position of the radio source
detected by Torrelles et al. (1992b).
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Fig. 2. I isocontours of the AFGL 5142 field. Axes are in arc
seconds. First contour is 30 and adjacent contours are sepa-
rated by a factor 2. Position (0,0) corresponds to the stellar
object associated with the cometary nebula, star 1 in Table 2.
(+) marks the position of IRAS 05274+33.45 and (x) that of
the radio continuum source

3.3. CB 39

CB 39 is a small CO core, size 4!/5x3!4, listed in the cata-
logue of Clemens & Barvainis (1988). The core is located
close to the IRAS source 05591+1630. Recently, Yun &
Clemens (1992) have detected a redshifted outflow associ-
ated with this core.

Figure 4 shows the I image obtained at the INT. The
only interesting object is a star surrounded by an arc-
shaped nebulosity towards the north. The appearance of
the object is similar in all the emission line filters; so,
we conclude that the nebulosity is reflected light, with no
indication of HH emission. The morphology of the sys-
tem, star and nebulosity, is reminiscent of V 645 Cygni
(e.g. Lenzen 1987). The object is located approximately
4’ southwest of the IRAS source, so that any physical as-
sociation can be excluded.

3.4. L 1251

L 1251 is a small, elongated cloud which has been included
in some dense core surveys (e.g. Benson & Myers 1989;
Zhou et al. 1989). Several IRAS point sources are embed-
ded in the cloud. Schwartz et al. (1988) first discovered
a bipolar CO outflow associated with one of them, IRAS
22343+7501. Sato & Fukui (1989) confirmed this outflow
and detected a second compact one associated with the
IRAS source 22376+7455. Baldzs et al. (1992) presented
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Fig. 3. Detailed I, Ha and [SII] isocontour plots of the AFGL
5142 cometary object. Axes are in arc seconds. Adjacent con-
tours are separated by a factor 2'/2. Note the very red star
close to IRAS 05274432345 (+) in the I plot and HH 190 in
the [SII] plot

CCD images of the field around IRAS 22343+7501 and re-
ported on the discovery of several HH objects located close
to the IRAS source, which they suggested is the driving
source. Kun & Prusti (1993) obtained a distance of 300
pc for the dark cloud and found several emission line stars
in the area, five of them coinciding with IRAS objects.
In this work we present further CCD images of L 1251,
concretely of the field around 22376+7455.

Figure 5 shows the INT I image of the field. Many red
stars superimposed on a diffuse nebulosity are observed in
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Fig. 4. I image of CB 39. Field size shown is 275" x173 "

the field. Coordinates of three nebulous stars are given in
Table 3. Star 1 has associated a cometary-like nebulosity
oriented towards the north-east. Stars 2 and 3 are also
associated with nebulosites. In addition, a very compact
and red I nebulosity is detected ~30” towards the east
of star 2. This nebulosity is called RN in Fig. 5. There
is no clear I-counterpart to IRAS 22376+7455, which is
located close to star 2 (see also Fig. 6). This star is not
very red and we do not know if there is an association be-
tween the IRAS object and either star 2 or the reflection
nebulosity RN. Figure 6 shows the Calar Alto Ha image
of a small field around the IRAS source as an isocontour
plot. RN is hardly detected. However, two nebulosities are
observed in these images which are not detected in the I
image. The nebulosities are also detected in the [SII] im-
age. Therefore, they are pure emission condensations and
we identify them as HH objects. In addition, there is a
third nebulous object in the field. This object has a faint
counterpart in the I image, where it seems to be point-like
with a finger of faint nebulosity towards the west. The fact
that it is stronger in Ha and [SII] than in I indicates that
HH emission is also present in this position. Following the
numbering by Reipurth (1994), we call these condensa-
tions HH 189A, B and C from North to South. All three
HH condensations lie on a straight line pointing towards
the nebulous star 1. This result suggests that this star is
a candidate for powering the HH emission. However, we
can neither exclude that the point-like object embedded
in HH 189C is stellar nor that the young object IRAS
2237647455 is exciting the HH nebulosities.
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Fig. 6. Ho isocontour plot of the field around 2237647455 in
L1251. Axes are in arc seconds. First contour is 3¢ and adjacent
contours are separated by a factor 2. The cross denotes the
nominal position of IRAS 22376+-7455. The condensations A,
B and C of HH 189 are marked
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