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Abstract

We present the results of long-slit spectroscopic observations of a collimated outflow associated
with the infrared source IRAS 01166+6635. The observations were carried out with the 6-m telescope
of the Special Astrophysical Observatory using the SCORPIO-2 focal reducer. The structure of the
outflow was investigated in detail, and several previously unknown knots were identified. The total
projected length of the outflow was found to be approximately 0.36 pc, while its kinematic age was
estimated to be less than 2,000 years. In addition, the electron densities of several outflow knots were
estimated, revealing a decrease in density with increasing distance from the source driving the outflow.
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1. Introduction

Herbig—Haro (HH) objects are compact emission nebulae characterized by shock-excited emission
lines. In the majority of cases, they are formed by the interaction of collimated outflows from young
stellar objects with the interstellar medium. HH objects often represent the brightest knots within
collimated jets and correspond to regions where the outflow impacts the surrounding ambient cloud
material, forming so-called terminal working surfaces. In addition, shock structures may arise from
velocity variability within the outflow itself, producing internal working surfaces along the jet axis. It
is considered proven that the presence of HH objects is one of the main signs of active star formation
in dark clouds [1].

On the other hand, collimated outflows are, in the majority of cases, associated with the small
reflection nebulae that are visible both in the optical and in the infrared. The morphology of these
nebulae results from the scattering of stellar radiation that escapes preferentially along the polar
directions, as defined by a circumstellar disk or toroidal envelope. The presence of such so-called
cometary nebulae is therefore considered an indicator of stellar youth.

The outflow from the infrared source IRAS 01166+6635 was discovered during the Byurakan
Narrow Band Imaging Survey (BNBIS), carried out with the 1-m Schmidt telescope of the Byurakan
Observatory [2]. The source is located near the center of the isolated dark cloud TGU 829 [3] or
Dobashi 3782 [4] with an estimated distance of about 830 pc (see [2] for the discussion of the distance).
It is associated with a faint cone-shaped reflection nebula oriented in an N-S direction, 10" in length.
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It can be seen on the PanSTARRS survey images as a very faint red star. The nebula is also visible in
the near-IR range, with smaller dimensions [5].

This outflow includes the bright Herbig—Haro object, numbered as HH 1227 C, which can represent
the terminal working surface of the flow [2]. In addition, two emission knots were detected: one is
located at a projected distance of approximately 12" from the source, and the second one is a compact
jet-like feature in the immediate vicinity of the driving source, which is not visible in the optical range.

2. Observations

To better understand the nature of this flow, we performed its long-slit spectral observations. The
spectra were obtained on 21 January 2025 with the 6-m BTA telescope using the SCORPIO-2
multimode focal reducer at the prime focus [6]. The VPHG1200@540 grism was used, providing a
spectral range of 3650—7200 A at a resolution of approximately 5.5 A. The spectrograph slit width was
1” with length about 6.3’ and a spatial scale of 0.4" per pixel. An EEV 261-84 CCD detector was used.
The total exposure time was 3600 s, with stellar image sizes (seeing) of about 1”. The data reduction
was performed in a standard way using the IDL-based pipeline for reducing long-slit spectroscopic
data obtained with SCORPIO-2 [7].

The position angle of the spectrograph slit was approximately 7°; it passed along the flow through
the head of the reflection nebula and the HH 1227 C object. The slit position is shown in Figure 1.
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Figure 1. An image of IRAS 01166+6635 and the HH 1227 flow, obtained in Ho narrow-band filter on the Byurakan 1-m

Schmidt telescope.

3. Results and Discussion

In the discovery paper [2] only three HH knots were described in the HH 1227 flow. However,
long-slit observations revealed many additional details. Actually, the faint emission fills all the space
between the source and the brightest in the flow optical knot C and extends even beyond. In addition
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to knots A, B, and C, four more well-defined knots were found on the long-slit spectral images, making
the total number of knots in the HH 1227 flow equal to seven. We denoted the new knots by letters
from D to G. They all can be seen in the intensity grayscale representation of the spectrum in the
vicinity of the Ha and [N II] lines, shown in the right panel of Figure 2.
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Figure 2. Knots of the HH 1227 flow, visible in the long-slit spectrum of SAO 6-m telescope. Left panel — isophotes of
the red doublet of [S II] emission lines. Right panel — grayscale representation of Ha and [N II] emissions. Knots are
marked by letters.

In the left panel of this figure the appearance of [S 1] lines in the form of isophotes is shown. The
discovery of new knots allows estimation of the total extent of the system to be at least 90", which
corresponds to a projected length of = 0.36 pc for the HH 1227 outflow (for the 830 pc distance). Also,
on our spectrogram a very faint red stellar-like continuum with emission lines superimposed is seen
near the northern edge of the continuum spectrum of the reflection nebula. We interpret it as the
spectrum of the source star. In addition to the usual set of emission lines of Ha, [N 1], [S 1] and [O
I], one can discern faint, but definitely existing emissions of [Fe II] and even 17064 He 1. We should
also note that all emission lines in the spectra of the knots and the star as well have single profiles,
with FWHM (full width at half-maximum) about 5.5-6.5 A.

As can be seen from Figure 2, the emission lines of the jet are blueshifted, but no significant
velocity variations exist along the flow. No evidence of a counterjet was detected in this system. We
analyzed the spectra of all knots and measured their radial velocities. For this we used mainly the five
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most intense lines: Ha, [N II] and [S II]. We excluded [O I] emissions, which are rather bright in the
knots A, B and C, because they were seriously blended with night sky lines. For the very faint knot G
we used only Ha. Knot C has the richest and highest-excitation spectrum, where, in addition to the
usual five intense red lines, we detected such lines as HB, Hy, [O III], [N I], A5755 [N II], A7064 He I,
A7155 and other, fainter lines of [Fe I1]. We show its spectrum in Figure 3.
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Figure 3. The spectrum of knot C in the HH 1227 outflow. Major emission lines are labeled.
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The full list of knots and their parameters is given in Table 1, where the distance of the knots from
the source along the outflow, the heliocentric radial velocities and electron densities of the knots,

estimated by the ratio of the [S 11] doublet lines for Te = 10* K are presented.

Table 1. Physical parameters of knots in IRAS 01166+6635 outflow.

Knot Distance (") Vr (km/s) ne (cm™)
source 0 —6=£8 8000

A 34 -55+7 3300

B 14.1 =52+ 1 450

D 34.2 —81+5 100

C 394 -73+5 550

E 47.8 =70+ 14 180

F 61.7 -34+ 14 <100

G 87.3 =70: —

Table 1 confirms that, as was mentioned above, the HH 1227 outflow maintains more or less the
same velocity along its length and probably propagates along a straight line. To estimate its inclination,
we can assume that the real space velocity of the outflow is near the typical value for the stellar
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collimated flows (about 200 km/s). Then, taking the mean radial velocity as —60 km/s, one can get the
angle between the axis of the outflow and the line of sight: = 70°. Thus, the real length of the HH 1227
flow will be about 0.38 pc, and its kinematic age for the distance of 830 pc can be estimated as 2,000
years. As can be seen from Table 1, the mean distance between the knots in this flow can be taken as
10”. Assuming the hypothesis that the knots in collimated flows are produced during the outbursts of
the source star (see, e.g., [8]), one can suppose that the time between the outbursts of IRAS
01166+6635 should be about 200250 years.

These estimates should be compared with the previous observational data about this outflow [9].
In this work the radial velocity of HH 1227 C was found to be —75 km/s, in nearly perfect agreement
with our measurements. But the most interesting fact is that the authors of the article [9] successfully
measured proper motion of the knot C, and found that its vector is oriented directly along the axis of
the outflow (p.a. = 190°), and the PM velocity was estimated as 92.4 + 3.5 km/s. Then they found the
inclination of the velocity vector as 51°. However, they used 240 pc as the distance estimation; if we
apply our distance estimate 830 pc, the PM velocity will increase to 318 km/s, and the angle between
the axis of the outflow and the line of sight will become 77°. As one can see, these values are close to
our ad hoc estimates, and in any case 92 km/s is too low a value for the jet propagation velocity. The
kinematic age estimate with new PM velocity will decrease to 1,250 years. Thus, we can assume that
all data support the assessment of a more distant location of the object.

From Table 1 we also see that the electron density in the HH 1227 outflow decreases more or less
smoothly along with the distance from the star, with the exception of knot C. This knot is the brightest
and also has the highest excitation, which points to the collision with the interstellar medium. One can
suggest that the knot C can represent the terminal working surface of the flow; however, ahead of it
we see several more knots. Thus, it can be the so-called internal working surface, which sometimes
can be detected inside the collimated outflows (see, e.g., [10]).

4. Conclusion

Our observations fully confirmed the nature of the HH flow from the IR source IRAS 01166+6635
and revealed its complex structure. It is currently unknown whether there are other young stars in the
isolated TGU 829 dark cloud, but, obviously, star formation has already started there. In our previous
work [2] it was shown that the minimal bolometric luminosity of IRAS 01166+6635 is 0.6 Lo.
However, this estimate assumes 240 pc as the minimal distance for the source [9]. For the distance of
830 pc, which is based, though indirectly, on the measurements from Gaia DR3 catalogue, this value
should be increased to 7 L. Such luminosity is quite typical for T Tau stars. More reliable information
about the nature of the source star can be obtained by conducting infrared spectroscopy.
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Ukpjuyugynid tu IRAS 01166+6635 hudpwupdhp wnpmiph hbn juwydws
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