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Abstract. Results of Fabry-€rot scanning interferometry ofand investigation of such systems probes the outflow time his-
the HH 7-11 complex of Herbig-Haro objects are presentetdry. Sometimes, when several outflows occur in the same re-
Line profiles and velocity fields are derived. In HH 7 and HH 1gion, a whole “nest” of flow sources have been observed. The
morphological changes in various velocities are discoverdmbst examples are the HL/XZ Tau (Mundtefal. 7990) and HH 24
which are interpreted as spatially separated bow shocks gRasloffel & Mundt[I997) regions. A detailed study of spectral
Mach disks. Several arcuate-shaped features, oriented in theadid morphological characteristics in such groups by standard
rection of the outflow, are pointed out. To explain the nature ofethods could be very time-consuming. On the other hand, the
the difference in the physical parameters of HH 11 and othapplication of Fabry-Brot (FP) area spectrophotometry to the
knots a suggestion is made about the probable intersectioranélysis of large HH objects and groups is very useful as it offers
the two outflows. the possibility to study the spatially resolved velocity field and
the profiles of emission lines with high resolution in the whole
Key words: ISM: individual objects: HH 7-11 — ISM: jets andarea. The images restored from FP data have enhanced contrast
outflows — ISM: kinematics and dynamics due to the narrow bandpass of the interferometer. This allows to
detect emission nebulosities superposed on a background with
bright continuum (see e.g. Magakian ef al. 1994). Furthermore,
it is possible to reveal the subtle kinematical and morphological
1. Introduction details, which are not seen in integrated light or with narrow

. . . .band filter imaging.
Herbig-Haro (HH) objects represent regions of shocked eXCIEi- The HH 7-11 group of HH objects is located in the NGC

tion, which are being formed by the interaction of superson'l%33 region, where a “burst” of HH flows was recently discov-
flows with the ambient medium. Some are bow-shaped and as- '

. . . Ted (Bally et al[ 1996) indicating that violent star formation
sociated with the heads of stellar J.EIS (HH 1, HH 34, “HH 4.flas been taking place there. This group was found by Herbig
see Mundt et al. 1987). These regions are called the “worki fQM) and then became the subject of many studies at opti-
” N c H
surfaces” of the ﬂOYV (Blandford & Rees 1374), gnd consist (iTal radio and infrared wavelengths. One of the most interesting
two shock systems: a bow shock, where the ambient gas acceler o< of this system is its very low excitation(Bn et al
ates and excites, and an inner shock or Mach disk, where thel,lgaéo 1983), combined with rather high velocities. Up to r;ow
materl_al decelerat(_as (Raga 1988; Blondin eftal. 'L989),' Narr%vxé most thorough morphological and kinematical study of this
band imagery (Reipurth & Heathcdte 1992) and FabzyeP

area spectrophotometry (Morse et(al. 1992, 1993, 1994) ha%oupwas performed by Solf &&hm (SB) (198[). They found

shown that it is possible to distinguish the Mach disk emlssugﬂ nyinteresting fegtqres, .SUCh as ra_d@l veIOC|tygrad|ents n t_he

o . . Separate knots, variations in the excitation, density and velocity

from the bow shock emission in HH objects, as predicted b . R X

. spersion between individual HH objects, but also concluded
Hartigan (1989a).

. . . that there are no good scenarios to explain more or less consis-
HH objects very often form chains and multiple bow shoc 2ntly all features of this system. Especially difficult is the case
along the outflow. Such outflows as HH 46/47 (Reipurth y Y - =SP Y

Heathcoté 1991, and references therein), HH 34 (ReipurthOéHH 11, where the rather high velocity is associated with a

Heathcoté 1992), or HH 234 (Movsessian 1992: Magakian\f?ery low excitation and the lack ofHemission (Hartigan et al.

. . . ~11989h), recently confirmed by new observations (Molinari et
Movsessiah 1997) can be considered as typical cases. This SlI'.C’ZOO)()). Anotr?/er interesting¥eature is that HH 11( is the only

gests that outflows from young stellar objects are non'Steaonect in the group with detectable proper motion (Herbig &

. . Jones 198&3).
Send offprint requests 13.A. Movsessian In this ; er, we present scanning Fabgrd® observations
* Based on observations taken at the 2.6 meter telescope of Byural paper, P 9 =

k . L .
Astrophysical Observatory, Armenia o?ﬂﬁe HH 7-11 flow system in the ddemission line.
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2. Observations and data reduction Table 1.0bserved velocities and widths of thextemission line in the

) . HH 7-11 complex
The observations were carried out at the 2.6-m telescope of Byu-

rakan Obser\{atory on 20 November 199?, With.the BVUFO%bj ect Mean Vsn FWHM
(Byurakan Faint Object Spectral Camera) in the interferometric (kms) (kms)
mode, attached at the prime focus of the telescope. This gde=

. L . “ ” —51 81
vice, as well as the pointing-guiding system “Bonnette” wer 8 _61 88
designed and assembled at Marseille Observatory in 1996. Byglrg =~ __ 45 64
FOSC includes a focal reducer (bringing the original F/4 focghy 19 _48 64
ratio of the prime focus to F/2) with parallel beam allowing thggqy 11 —179 88
installation of the various dispersing elements, filter wheel, aBddge —52 83

?egigu?iﬁgfao;r(]ghlg] S(i):ell gi?go'?r?en;igrnmthﬂiﬁnrtg]r?er—':or the bridge only the area between HH 7 and HH 8, where it can be
' P : 9 mogt clearly separated from the knots, was used.

ometer was placed in the parallel beam. The detector was use

in half-obscured mode, allowing a quick shift of an exposed

image to the obscured part of the matrix and the continuation
of exposure of the next channel while reading out. This makes 1he Structure of the system as awhole and the shapes and the

the scanning observations more effective because it minimifix& Of different condensations strongly change with the velocity
the “dead time” between two exposures. (Fig.[2). To make easier a comparison with the data of SB, all

ByuFOSC is very similar to PALILA at CFHT (Amram et velocities in this paper are brought to the local standard of rest.

al.[1992) and CIGALE (Boulesteix et &1, 1983). The instrument AS €an be readily seen, the HH 11 knot is prominent by
provides a useful field of 6/513 with one pixel equivalent to 1S high velocity and compact star-like morphology. At lower
0.77 on the sky. The field was scanned through 24 steps ¥rlocities one can see other knots — HH 7-HH 10. At still lower
exposure time was 420 s per channel, providing a total expostfiPcities the entire group appears as well as the nebulous bridge

time of 2h 48m. The quality of seeing was abotitPhe Hx line connecting the individual knots. The triangular shape of HH 7
was isolated with a narrow-band interference filuaﬂﬁ563& reveals itself better at even lower velocity. It is also noteworthy
AX=10R). The FP interferometer was used in the 787 intérfemat the abovementioned nebulous cone becomes better defined

) - .
ence order, which gives R=10000 at the iavelength, with a &t & velocity of about-51 km s~ (see Fig.P). Below we shall

free spectral range of 376 k5 (or 8.258) with sampling of diSCUSS €ach knot separately.
0.348 per channel. In Table[d the mean parameters of the separate components

The data reduction procedure is an extension of the one utg1e HH 7-11 flow are given. They are obtained by integrating

for the CIGALE instrument of Marseille Observatory (Laval g€ Profiles for each knot and between them. These data can

al.[1987), with some differences connected with the use of’§ More or less directly compared with the data of SB, which,
CCD detector (Amram et £, 1992): due to the read-out noiseljgwever, were obtained in a somewhat different way. The mean

CCD cannot read the image as frequently as an IPCS and sdfjiles themselves are shown in fig. 3. _ _
make only a single exposure for each scanning step. To correctMea” profiles and radial velocities _for all pbjects are quite
any variations in sky conditions during the exposure, we uSinilar to the SB data. The asymmetric profiles of HH 7 and
the flux of the guiding star. Using calibration rings, obtainegH 11 should be noted. Only for HH 8 is there a significant
from the 6598.98 neon emission line, we established a “phagliS@greement between our data and the velocities given by SB.
map”, providing the wavelength calibration for each pixel. AiN this object we observed a prominent velocity gradient (see
eas surrounding the HH 7-11 system were used to subtract fPW)- We note alow FWHM of the HH-bridge from our mea-
background, consisting ofddemission from NGC1333 and theSurements, contrary to SB, but one could not expect high preci-
Ha and OH geocoronal lines. sion in the measurements of such faint structures.

After obtaining the final wavelength cube, profiles of the
Ha line for each pixel were extracted and the maps of the fiedd1. HH 7
in each wavelength step as well as in the integrale#nission

were produced. On the image obtained by summation of all spectral channels, as

well as on the previously obtained direct images, HH 7 appears
as a triangular bow shock nebula, characterizing an outflow col-
liding with the ambient medium. As one can see from Hig. 4,
The whole system of HH 7-11 as it appears in theéinission where the images of HH 7 corresponding to the radial veloc-
line is presented in Fifl 1. This image is obtained as a sumitiés —18 and —125 km s~! are superposed, in the brightest
all spectral channels. The main HH knots as well as the S&rt of HH 7 we can distinguish two regions, clearly separated
13 source are prominent. Besides, some indications of the faigttheir radial velocity. Spatial separation of these regions is
cone-like emission, which envelopes the outflow, can be tracethout 4'. This separation is the same as in the direct images
This emission cone is seen better in certain channels, as @isfSIl] presented by Hartigan et al. (1989b). These structures
cussed below. could represent the bow shock and Mach-disk (the latter has a

3. Results
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Fig. 1. Integrated monochromatic image of the HH 7-11 systemadn Full velocity range is from-264 to +96 km s~

much higher excitation level) of HH 7, as already noted by HaB-2. HH 8
tigan et al.[(1989b). The velocity gradient in HH 7 was foun;l‘i
previously by SB, but here we can see the full morphology o
the object at different velocities. We do not actually see a S@Fi
Ha line in the area of HH 7, but various appearances of zlzg
S

object in the different spectral channels could be considere - . . :
the various contributions of both regions in the wings of the Iinqucl'?é'gg) as determined from thenH{S11] ratio (Hartigan et

profile. Thus, we can conclude that the bow shock has the lowet .
velocity and the Mach-disk — the higher one; the Mach disk js Our data show tb?t the shape of£r11e Obj.e(’tt mar!<ed|y c.hanges
éetween—125 km s and—18 km s™*. This is an indication

spatially and kinematically distinct from the bow shock. Thi . . : o
. o of the existence of several knots with various velocities inside
result is very similar to the result of FP spectrophotometryr?a
I

HH 34 (Morse et al. 1992) and HH 111 (Morse etal. 1993) a
suggesting the case of a “heavy” jet or bullet.

is condensation is elongated along the flow. Its SW edge is
arper than other sides, which are connected with the nebulous
dge and faint emission arcs. As can be seen on direct images
B, Hartigan et dl. 1989b), it consists of two knots with different

e object. Indeed, we can clearly see three knots in the velocity
eld map of HH 8 (Figlh). The main elongated body of the
object has a velocity gradient from60 km s! in the NW
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Fig. 2. Monochromatic images of the HH 7-11 system corresponding to various radial velocities. The edges of nebulous cone are shown by

dashed lines on the frame corresponding-f&l km s™*.

part to—67 km s~! in the SE one. Besides, another spot witare low and exceed only the values for HH 9. Several authors
a distinctly different radial velocity up te-100 km s~! can be consider it as a mirror-like counterpart to HH 7, judging from
seen on the NE side of HH 8. The hints of its existence can altovelocity field and from the lack of nebulosity between HH 10
be found in the data of SB. By its location this spot lies insidend HH 11. Our data, however, do not show any well-defined
the nebulous bridge and could not be separated on the nark@bocity gradients in HH 10, even if some variations in radial
band filter images. Taking into account the existence of sevevalocities certainly exist from pixel to pixel. It should be men-
spots with different radial velocities, the rather high FWHM fotioned that, according to the data presented by SB, changes in
HH 8 is not surprising. It is highest (90 knT5 or even more) velocity in HH 10 are more obvious in [§ emission than in

in the NW part of the object and drops to the 84 kmt inthe Ha. At high velocities (see e.g. image fer125 km s! on

SE part. In the high-velocity spot on the NE side it is even lowetig.[2) at the place of HH 10 one can see a very interesting elon-

(76 km s ™). gated and slightly curved feature. At lower velocities HH 10
splits into two bright and well-defined knots, separated b¥/ 4.5
3.3. HH 9 exactly corresponding to its image in Fig. 1 of the SB paper.

At still lower velocities (-68 km s!) the nebular bridge can
HH 9 is not aligned with the other knots and also stands do# discerned, which connects HH 10 with HH 9 and HH 8 and
because of its faintness. Its FWHM and mean velocity are sigiso shows appendages in the direction of HH 11. Thus, some
ilar to the nebulous bridge joining the knots. In the channefsint extended emission definitely exists (fFig. 2, see alsd Fig. 8)
corresponding to the range from100 to —70 km s™!, HH 9 between HH 10 and HH 11, contrary to previous findings.
presents a clear bow-like shape and a connection with HH 10. At
lower velocities it appears as an amorphous spot. The existegqoe HH 11
of another two faint knots, similar to HH 9 by their structure and™
kinematics and located near HH 8 should be noted (see beloMpre than once it was stressed by various authors, that this
condensation differs from the other knots in this system by its
3.4. HH 10 high velocity and compactness. We confirm the suggestion of
SB that the radial velocity is highest near the center of HH 11
HH 10 has been described as a double knot (SB, Hartigan ef(&dough not coinciding with the photocenter) and decreases to
1989b), elongated in the N-S direction. Its velocity and FWHhe edges (Fid.16). We also confirm the changes in FWHM across
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Fig. 3. Integrated profiles of the 4 emission line for the different
condensations and the nebulous bridge.
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Fig. 4. Superposition of two monochromatic images of HH 7 corre-
sponding to velocities of125 km s™! (gray scale) ane-18 km s~ *
(isolines).

the object: it seems that its value drops toward the edges along
with the velocity. The location of the peak of velocity differs
from the position suggested by SB, but their data are obtained
for only a few points.

This also could be described in another way. HH 11, like the
other knots in this flow, has different shapes at various wave-
lengths. In Fig-7 we present the superposition of the HH 11
images, corresponding to the velocitied82 and —117 km
s~1. One can clearly see the triangular or even arcuate shape
of HH 11 in the lower velocity. This result is similar to HH 7,
but here high and low velocity regions nearly coincide. HH 11
is probably another working surface in the HH 7-11 complex,
where the bow shock and Mach disk are spatially resolved.

3.6. HH bridge and “bubbles”

The well-defined knots of the HH 7-11 system are embedded
in a faint emission envelope with a cone-like shape. Also some
kind of a nebulous bridge connects all knots, which can be seen
in Fig.[8. Contrary to the findings of SB and Hartigan et al.
(1989b), we cantrace it up to HH 11 and even further (detail “c”
in Fig.[8). Its velocity does not differ much from the velocities
of the knots. Its velocity dispersion is low, which is also inferred
by its visibility only in a few channels.

Besides the bridge, we want to mention two interesting arcu-
ate structures, also shown in Hig. 8 (details “a” and “b”), which
are adjoined to it between HH 7 and HH 8, and which have some
similarity with HH 9 in their morphology. The most interesting
point is that they, along with all other arcuate structures found
in this flow, are oriented in the same direction.
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Fig. 5. The velocity field in HH 8 (gray scale) superposed on the intgsig 6. The velocity field of HH 11 (gray scale) superposed on the
grated image of the object (isolines). integrated image of the object (isolines).

The opening angle of the faint cone is about 60 degrees amgocity, determined from the line ratios and the predictions of
its apex falls in the field where SVS 13 and other sources afgock models are always considerably lower than the “actual
located. Thus, this cone could represent the cavity producedvyocity”, determined from radial velocity and proper motion.
the outflow. Even if we take into account the standard explanation of this
difference as the presence of a co-moving medium, it will be
difficult to explain the low excitation of both HH 7 and HH 11,
which have very dissimilar velocities, in the framework of a
The HH 7-11 flow always posed a problem for the theory aine-velocity moving medium.

HH flows. Its several features, such as the combination of high Not going into details of the models, we want to point out yet
velocities of knots with their very low excitation, or the fact thaanother scenario. As noted above, the grouping of jets and HH-
line profiles do not include zero velocity, are especially difficuftows is not an uncommon phenomenon in active star-forming
to interpret. Some possible explanations were discussed in tegions, of which NGC 1333 is one of the most active. The sur-
paper of SB, where three different scenarios were consideremindings of HH 7-11 are very rich in different kinds of active
(a) an almost stationary flow; (b) a completely nonstationaspurces and flows, discovered by optical, radio and infrared ob-
combination of bullets and shocked cloudlets; and (c) an Hi¢rvations (Hodapp & Ladd 1995; Bachiller ef al. 1998). On the
34-like structure, where HH 11 was interpreted as as near-lidher hand, the problem of the exact source of HH 7-11 flow is
of-sight jet. not solved yet. For a long time the probable source was SVS

We supportthe ideathatthe large difference of the propertie3 (Strom et al._1976), but on the basis of VLA observations
of HH 11 and the other HH-objects of this group could havenother object, VLA 3 was suggested as a new source of HH 7-
fundamental importance for drawing a complete picture of thid system (Rodriguez at al. 1997). Further investigations have
system. It is noteworthy that HH 11 was not detected in thievealed the double nature of SVS 13 (or VLA 4) as well as
emission of H (Hartigan et al. 1989b). In the more recent workhe elongation of VLA 3 in the direction of the HH 7-11 flow
of Everett(1997) HH 11 can be seen in the narrowband 212 (Anglada et al.2000). Besides, yet another radio source (Gross-
image as a small and rather faint spot, in contrast to its opticahn et al. 1987) is located nearby. Taking into account all this,
brightness. In the former paper it was suggested that preshaaksuggest the possibility that the HH 7-11 complex consists of
magnetic fields could be completely different in HH 11 antivo independent flows from different sources. As can be seen
other knots of this group; thus, the difference is related nfsom the above, there are plenty of possible identifications for
only to kinematics but also to the surrounding conditions. In dhese sources. This approach does not solve, of course, all the
cases a fundamental problem for HH 11 still remains: the shoekisting problems, but splits them into two parts.

4. Discussion
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Fig. 7. Superposition of two monochromatic images of HH 11 corre-_

sponding to velocities-182 km s™! (gray scale) and-117 km s !
(isolines).
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Fig. 8.Monochromatic image of system corresponding &8 kms?.
Several structures, described in the text, are indicated
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its high velocity and appreciable proper motion. Its electron
density is also higher. Besides, there are no detectable spatial
separations between a bow shock and Mach disk for HH 11,
while for HH 7 itis about 4. As another possible component of
the second flow we want to mention the interesting and strange
arcuate feature at the position of HH 10 with relatively high
velocity, which is difficult to attribute to HH 10, but it could be
considered as a bow shock connected with the second flow.

Another interesting feature of the HH 7-11 system, which
remains still unexplained, is the nebular bridge. Taking into
account the existence of the faint emission cone, on the southern
side of which the main part of knots is located, we suggest that
the bridge could represent the wall of this cone, additionally
excited by oblique shocks. This idea is well supported by the
results of H emission imaging (Everett 1997).

5. Conclusion

We have presented in this paper a kinematical and morphologi-
cal study of the HH 7-11 complex using scanning FP data. Our
main results are the following:

We could kinematically separate the bow shock and Mach
disk in HH 7 and HH 11. The bow shock is more developed
at low velocities and the Mach disk at comparatively high
ones. This resultimplies a “heavy” jet or bullet moving into
a less dense ambient medium.

— We presentthe spatially resolved velocity field for the whole
system as well as for separate condensations.

— Thestructure ofthe bridge and several arcuate structures was
studied in more detail owing to the high contrast monochro-
matic images obtained with the FP scanning etalon.

— A new scenario with two separate flows from different

sources has been suggested.
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