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Abstract. We performed morphological and spectro-imaging investigations of the little-studied HH object
Haro 6-19 (HH319). Besides the main object, two other small HH knots were found. The images of the object in
various spectral lines and maps of radial velocity and electronic density are presented. Either of the T Tauri stars
FY and FZ Tau is suggested as the possible exciting source. The spatial distribution of the density and radial
velocity in the object, combined with other evidence, shows that HH319 could be a shocked cloudlet. In many
aspects HH319 is similar to HH29 in L1551.
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1. Introduction

Located in the eastern part of the Heiles Cloud 2 of the
Taurus Molecular Cloud (TMC), Haro 6-19 is a Herbig-
Haro (HH) object little studied up to now. It is included
in the catalogue of HH objects compiled by Reipurth
(1999) as HH319 according to a private communication
from Mundt, but no detailed spectral data or even images
have been published so far. Its source of excitation is also
unknown.

Haro 6-19 was discovered by Haro et al. (1953) in a
search for Hα emission objects in Taurus. Along with other
small nebulae in the Taurus dark cloud, it was included in
the list of cometary nebulae of Badalian (1960) as Bad 23-
24. It should be noted that Haro 6-19 was also rediscov-
ered as a fast-moving nebulous object by Luyten (1971)
as LP 358-405. However, in both the articles its identity
with Haro 6-19 was unnoticed. After these, no references
to this object could be found in published papers.

We considered this object as a sufficiently bright and
interesting target to study in detail in order to better

Send offprint requests to: T. Yu. Magakian,
e-mail: tigmag@sci.am

� Partly based on observations collected with the 6m tele-
scope of the Special Astrophysical Observatory (SAO) of the
Russian Academy of Sciences (RAS) which is operated under
the financial support of Science Department of Russia (regis-
tration number 01-43).

understand its properties. We carried out narrow-band
imaging as well as 3D spectroscopy with a multi-pupil
spectrograph.

2. Observations

Direct imaging of the HH319 field was performed on
12 October and 20 November 1998 on the 2.6 m tele-
scope of Byurakan Astrophysical Observatory with the
ByuFOSC-2 spectral camera, equipped with a 1024 ×
1024 CCD (Movsessian et al. 2000). We obtained images
behind Hα and [S ii] narrow-band filters as well as in the
I band.

Integral-field spectral observations were performed
on 26 November 1998 on the 6 m telescope of the
Special Astrophysical Observatory (Russia) with a new
multi-pupil fiber spectrograph (MPFS) and a 1034 ×
1034 CCD as light-receiver. The spectral resolution was
about 1.3 Å/pix. On the input matrix of 15 × 16 pupils
(each was equal to 1 arcsec on the sky) we placed the
brightest (south-eastern) part of the object.

For the direct images the cosmic ray removal and
flat-fielding was done with the aid of the MIDAS sys-
tem. For the 3D-spectra we used dedicated software pack-
ages, developed by one of authors (VLA) in the IDL envi-
ronment; the operations included specific data extraction
from the 3D-spectra, wavelength calibration of individual
vectors, correction of fiber transparency variations, and
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Fig. 1. Direct images of the HH319 field in Hα a), [S ii]6717/6731 b) and the I band c). Objects mentioned in the text are
marked. The field shown is approximately 4′ × 4′.

finally, mapping of the objects in various spectral lines and
parameters.

3. Results

3.1. Direct imaging

On the direct images (Fig. 1) the HH nature of HH319
is obvious. The object is totally invisible in the image
obtained with the I filter. There are no faint stars em-
bedded in the immediate vicinity, either. In fact, the field
is totally obscured. On the Hα and [S ii] images HH319
is prominent. As a whole it has an elongated, somewhat
arrow-like shape and consists of several knots, the bright-
est of which is located in the SE part of the object. To
the south of the main object another separate HH knot
(marked as object “1” in Fig. 1a) is visible. In Hα it is
much brighter than in [S ii], and has a bubble-like appear-
ance, the northern rim being the brightest.

These knots are surrounded by faint nebular wisps of
a reflecting nature, mixed with several very dark globules,
well seen in the I image. Two pairs of nearby bright stars
are illuminating the separate reflection nebulae DG37 and
DG38. The stars in DG38 are known as the variables
FY Tau and FZ Tau, belonging to the T Tau class.

There is one more very small but bright, especially in
Hα, emission knot near FZ Tau (marked as object “2” in
Fig. 1a), which probably is yet another HH object, but its
connection with HH319 is not clear. It could also represent
an outflow from FZ Tau.

Besides, one can note very faint emission patches that
are traceable from FY/FZ Tau in the direction of HH319.
As a whole they outline an elliptically elongated loop (with
dimensions about 2′× 1′) with HH319 near one end. Their
nature is not clear. One of them, located to the west of
HH319, is definitely brighter in the [S ii] image (marked
as object “3”; compare Figs. 1a and b). The others are
brighter in Hα.
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Fig. 2. Isocontours of the direct image of HH319 in
[S ii]6717/6731, showing its inner structure. Main detailes are
labelled. The units in both axes is arcseconds. The area ob-
served with MPFS is denoted by the rectangle.

Of course, morphological analysis alone is not sufficient
to identify one of these stars as the probable excitation
source of HH319, but it is worth mentioning that the po-
sition angle of the proper motion of HH319 (72◦, according
to Luyten 1971) is oriented away from FY/FZ Tau.

When comparing the images in Hα and [S ii] one can
easily note the differences in excitation of the various de-
tails. Besides, in the [S ii] image the whole body of HH319
is more crisply shaped and its knotty structure is more
prominent than in Hα. At least 6–7 well defined knots
can be identified (Fig. 2). We marked these knots with
the letters A-G.

Coordinates of all the above-mentioned objects were
measured on the DSS-2 image with the aid of the
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Table 1. Coordinates of the objects, 2000.0.

Object RA Dec

FY Tau 04 32 30.7 24 19 56

FZ Tau 04 32 31.9 24 20 02

Obj.1 04 32 38.8 24 20 51

Obj.2 04 32 32.9 24 20 06

Obj.3 04 32 34.9 24 21 36

HH319A 04 32 39.4 24 21 24

HH319B 04 32 39.7 24 21 23

HH319C 04 32 39.4 24 21 27

HH319D 04 32 39.3 24 21 35

HH319E 04 32 39.0 24 21 27

HH319F 04 32 38.2 24 21 33

HH319G 04 32 38.7 24 21 43
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Fig. 3. Integral spectrum of HH319 in relative intensities.

FITSVIEW program. They are given in Table 1. We esti-
mate that the positional errors of these measurements are
about 1.5′′; of course, for the faint nebulous knots they
could be higher.

3.2. Integral-field spectroscopy

As a whole, HH319 has a normal spectrum of a moderate-
excitation HH object, with prominent emission lines of
Hα, [S ii]6717/6731, [N ii]6548/6584, [O i]6300/6363 and
traces of a very faint continuum. The integral spectrum
of the main body of HH319, obtained by summation of
42 individual multi-pupil spectra, is shown in Fig. 3.

On the other hand, certain variations in relative inten-
sity and velocity of emission lines exist among individual
spectra. To better represent this, we display in Fig. 4 the
maps of the observed part of the object in all the main
lines: Hα, [S ii]6717 and 6731, [N ii]6583 and [O i]6300.
Note that they includes knots A, B and C.

As can be seen from Fig. 4, these maps are in remark-
able agreement with direct images. Especially the more or

less smooth appearance of the object in Hα, compared
with the knotty structure in [S ii] and [N ii] should be
noted. Another interesting feature of these maps is that
the brightest part of the object in Hα and [O i] is knot A,
but in [S ii] and [N ii] knot B has nearly the same bright-
ness as knot A. Thus, the ratio [S ii]/Hα in this knot must
be higher, and, consequently, its excitation be lower, than
in knot A. Knot C, though fainter than A and B, also is
better seen in [S ii] and [N ii].

Virtually everywhere in the studied area all emission
lines are single-peaked and narrow, with FWHM not ex-
ceeding the instrumental profile. However, definite varia-
tions exist in other physical parameters. This can be seen
in Fig. 5, where the maps of electronic density, estimated
from the ratio of the [S ii] λλ6717/6731, and of heliocen-
tric radial velocity, measured by the same lines are shown.
As we see, the radial velocity of the object is low (from
−10 to −20 km s−1 nearly everywhere). Its highest values
(up to −50 km s−1) are observed near knot A (actually
between knot A and the edge of the object). The same
could be said about the distribution of electron density: it
also peaks near knot A, with a shift to the object’s edge.

4. Discussion and conclusion

As was already mentioned before, the results of the di-
rect imaging and the field spectroscopy of HH319 are in
good agreement. The whole set of data shows that HH319
is a very typical HH object in its physical parameters.
Combining the morphological and proper motion data, it
is possible to draw the conclusion that the source of ex-
citation of HH319 could be either FZ or FY Tau. In this
case we can consider the very faint, elliptical emission loop
between HH319 and these stars as the walls of a bubble,
produced by the outflow.

We can then identify knot A with the apex of the
shock, because it is the brightest part of HH319, has the
highest excitation and, nearly coincides with the peaks of
the density and velocity. However, the most intriguing fea-
ture is that these peaks are located on the “trailing” side
of the HH object as a whole and, particularily, of knot A,
i.e. opposite to the proper motion vector. But just this
side is the nearest to FY/FZ Tau and, besides, has the
steepest intensity gradient (see Fig. 2). Actually, all three
knots A, B and C collectively resemble a bow shock, ori-
ented towards the FY/FZ Tau.

Such a picture is not too common and could be un-
derstood if this HH object represents a so-called “shocked
cloudlet” (Schwartz 1978).

Another piece of evidence for this explanation could be
the low velocity of HH319 as a whole. The proper motion
of 0.05′′/year given by Luyten (1971) corresponds to a
tangential velocity of 30 km s−1 at the distance of 140 pc
of TMC, which is of the same order as our radial velocity
estimates. Taking, for example, 40 km s−1 as the mean
radial velocity, we will obtain 50 km s−1 as the upper
limit for the full space velocity and 53◦ for the angle of
the flow with respect to the plane of the sky. Of course,
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Fig. 4. Maps of the brightest part of HH319 in Hα a), [N ii]6583 b), [S ii]6717/6731 c) and [O i]6300 d) emission lines, constructed
from the 3D spectra. Gradation steps for each image are 5% of the total range of intensities.

50 km s−1 is a rather low value to explain the excitation
level of HH319, but this can be understood if this object
is indeed the shocked cloudlet.

Comparing HH319 with other HH objects, we found
that it has a rather strong resemblance with HH29 in
L1551, which, despite its higher excitation and velocity,
has a very similar morphology and distribution of phys-
ical parameters. Just these features allowed investigators

to interpret HH29 as a “shocked cloudlet” (Fridlund et al.
1998).

Of course, in order to confirm this conclusion, new,
more precise proper motion measurements are needed. It
will be interesting also to obtain the physical parameters
of other knots. As a candidate “shocked cloudlet”, which
appears to be a rare type of HH object, HH319 is an in-
teresting target for further studies.
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Fig. 5. Maps of the distributions of radial velocity (left) and electron density (right) estimated from the [S ii] lines. Both are
overlayed on the [S ii] image of HH319, shown by gray scale in the left map and by contours in the right map.
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