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ABSTRACT

The bright rimmed globule IC1396N has been inves-
tigated through a multiline survey at mm-wavelengths.
In order to probe a wide range of physical conditions,
emission due to CO, CS, DCO™ and SiO has been ob-
served. The present results, combined with previous ISO
observations, allow to study how the presence of massive
stars can affect the structure of the dense molecular clouds
in the surroundings triggering the process of star forma-
tion. The occurrence of several bipolar molecular outflows
and dense cores shows a quite complex scenario indicat-
ing that IC1396N hosts different regions where the star
forming process is running. The results call for high angu-
lar and spectral resolution observations at submillimetre
and infrared wavelengths tracing high excitation condi-
tions throughout the globule making IC1396N an ideal
target for the future FIRST mission.
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1. INTRODUCTION

IC1396 is a well known extended H1I region (S131, Sharp-
less 1959) located near the Cep OB2 association, at a dis-
tance of about 750 pc from the Sun. The region is ion-
ized by the 06.5 star HD206267, the brightest member
of the young cluster Trumpler 37. Several globules have
been identified in IC1396 through Ha images (Osterbrock
1957). In particular, IC1396N is a cometary globule with
a bright rim located at ~ 11 pc from HD206267 and is
through to be site of star formation. Actually, it hosts
TRAS213914-5802, strong HoO maser sources (Tofani et al.
1995, Slysh et al. 1999) and an extended bipolar molecular
outflow (Sugitani et al. 1989). The indication that stars
can form in cometary globules has been already found for a
limited number of targets (e.g. Sugitani et al. 1995, Lefloch
et al. 1997, and references therein). However, the interest
about IC1396N has recently increased due to observations
at far-infrared (FIR) wavelengths with the Infrared Space
Observatory (ISO). Such observations have unvealed a rich
spectrum, with many lines of CO, OH and H-O, indicating
the presence within the globule of dense shocked regions

excited at a temperature in excess of 1500 K (Saraceno
et al. 1996). Thus, IC1396N has converted in one of the
best laboratories where to investigate the mechanisms of
star formation induced by the propagation of an ioniza-
tion shock front, the so-called radiation driven implosion
(RDI) mechanism (Reipurth 1983).

In this paper we present the preliminary results coming
from a multiline survey (Codella et al. 2001) at millimeter
wavelengths of the bright rimmed globule IC1396N, per-
formed with the IRAM 30-m antenna. The main aims of
this work are: (i) to carefully investigate the structure of
the globule and of the bipolar outflow with high spatial
and spectral resolution (through CO observations), (ii) to
trace the high density structures (through CS and DCO™)
and the highest excitation conditions of the molecular out-
flow (through SiO), (iii) to study how the presence of mas-
sive stars can affect the structure of the dense molecular
clouds in the surroundings triggering, at the same time,
the process of star formation, (iv) to understand if the
shocked gas observed with ISO is a consequence of the
interaction of the mass loss process from Young Stellar
Objects (YSOs) with the surrounding medium or is the
result of the occurrence of the shock-wave associated with
the H 11 region due to HD206267.

2. OBSERVATIONS

Observations with the IRAM 30-m telescope at Pico Veleta
(near Granada, Spain) were carried out during several
runs in November 1998 and January and May 1999. Table
1 summarizes the observed molecular species, the transi-
tions, their rest frequencies and some observing parame-
ters, such as the HPBW and the spectral resolution (dv).
The main beam efficiency varies from 0.75 (at 90 GHz) to
0.37 (at 230 GHz). The observations were made by posi-
tion switching. Pointing was checked every hour by observ-
ing nearby planets or continuum sources and it was found
to be accurate to within 3”. As spectrometers, an auto-
correlator (AK) split into three parts was used to allow
simultaneous observations of three different transitions.
Moreover, also a 1 MHz filter bank, split into three parts
of 2 x 256 and 512 channels, was used to allow simulta-
neous observations. The spectra were calibrated with the
standard chopper wheel method and are reported here in
units of main-beam brightness temperature (Typ).
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Figure 1. Contour maps of the integrated CO (J =

2-1) and CS (J = 3-2) emission towards IC1396N with superimposed the

optical image reproduced from the POSS red plates. The empty circles show the IRAM bearn (HPBW), the small crosses mark
the observed positions, while the black arrows point out the direction where HD206267 is located. The CO contours range from

10.0 (~ 100, where o is the r.m.s. of the map) to 465.0 K km s~

(50) to 45.0 K km s~ by step of 2.5 K km s™*.

Table 1. List of molecular species, transitions and observing
parameters.

Transition Vo HPBW  dv(AK) dv(1MHz)

(MHz) @ (kms™)  (kms™!)
810(2 1) 86847.0 29 0.13 3.45
CO(1-0) 115271.2 21 0.10 2.60
Si0(3-2) 130268.7 18 0.17 2.30
DCO+(2 1) 144077.3 16 0.21 —
CS(3-2) 146969.0 16 0.32 2.04
SiO(5-4) 2171049 11 0.11 1.38
CO(2-1) 230538.0 10 0.10 1.30

3. RESULTS AND DISCUSSION
3.1. THE GLOBULE AND THE OUTFLOWS

Figure 1 shows the maps of the integrated CO J = 2—
1 and CS J = 3-2 ecmissions, centred at aigso = 21"
39™ 1033, d1950 = +58° 02/ 29”, i.e. the coordinates of
IRAS21391+-5802. The maps reveal the cometary nature
of the globule, with a remarkable head-tail structure and
a total length of 0.8 pc. Figure 2 reports the channel map
of the CO J = 2-1 emission, allowing to study the gas
kinematics. The ambient LSR. velocity emission is centred
around the —1.5 and +1.5 km s~! panels (underlined by
thicker boxes). It is possible to see that: (i) high veloc-
ity blue- and redshifted emission is coming from a bipolar
jet-like structure symmetrically located with respect to
the TRAS21391+5802 coordinates, (ii) there is a signifi-
cant spatial overlap between the blue and the red emis-
sions, (iii) other two high velocity elongated components
located along a direction similar to that of the structure
individuated around the IRAS counterpart are detected at
about Dec. Offset = +140”. We conclude that IC1396N is

L by step of 80.0 K km s~'. The CS contours range from 2.5

associated with at least two molecular outflows: that lo-
cated around the (0”,0”) position, hereafter called central
outflow, and that located around the (-30”,4+140") offset,
hereafter called northern outflow. The length of the cen-
tral and the northern CO outflows is about 0.7 and 0.3
pc, while the collimation factor (ratio between length and
width) is ~ 4.5 and 3, respectively. Four clumps associ-
ated with the central outflow (pointed out in the chan-
nel maps) have been detected: SE1 (+90”,+30"), SE2
(+107,0"), SW2 (0”,0”) and SW1 (-40”,410"). On the
other hand, the northern outflow shows a blueshifted lobe,
NW, at (-60”,+130"”) and a redshifted component, NE, at
(0”,4+150").

Although the central outflow was previously known,
the present data provide the first clear evidence for the
existence of a bipolar molecular outflow in the northern
region of IC1396N. The central bipolar outflow in IC1396N
was previously studied by Sugitani et al. (1989). However,
the data reported here provide new interesting informa-
tion on its structure. The clumpy structure suggests that
episodic events of the mass loss process have occurred. The
outflow morphology suggests that the driving source has
to be located very close to the (0”,0”) offset, i.e. around
the TRAS coordinates.

The central outflow has a total mass of 0.1 Mg, equally
distributed between the red and the blue lobes. In order
to value the kinematical outflow parameters, the inclina-
tion (0) to the plane of the sky has to be assumed. Un-
fortunately, the present observations do not allow a good
0 estimation. However, taking a compromise between the
quite elongated structure of the outflow and the overlap
between the two lobes, it is reasonable to assume a low 6
value, probably in the 10°-20° range. For orientation, we
give the kinematical parameters for § = 20°. Thus, the
estimate of the momentum and the kinetic energy gives P
= 1.9 My km s~!and Fi, = 5 10% erg, respectively. A
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Figure 2. Channel map of the CO J = 2-1 emission towards IC1396N. Each panel shows the emission integrated over a velocity

interval of 3 km s~ !

centred at the value given in the left corner.

The thick boxes point out the ambient velocity emission. Symbols

are drawn as in Fig. 1, while the labels underline different components of the molecular outflow. The contours range from 3.00

(~ 50) to 87.00 K km s~ by step of 12.00 K km s *.

kinematical timescale of ~ 3 10* yr has been valued, al-
lowing to deduce the force required to drive the mass loss
process, F' = 6.9 107° Mg km s~ yr~!, the mass loss
rate, M = 3.2 1076 M yr~!, and the mechanical power,
Ly, = 0.15 L. Note, however, that L, increases to 1.20
L if the inclination angles changes to 10°.

With a mass of only ~ 0.01 Mg, the northern outflow
is found to be an order of magnitude less massive than
the central one. Taking into account the definite spatial
separation between blue and red emissions, we estimate
that the inclination angle of the outflow to the plane of
the sky is about 10°. The outflow momentum is P = 0.4
M km s™! and its kinetic energy 2.4 10** erg. Moreover,
the estimate of the kinematical timescale (~ 1.7 10* yr)
suggests that the northern outflow is significantly younger
than the central one. The force is of the northern outflow
is 3 107 My km s=! yr=!, its mass loss ~ 6 10~7 M
yr~! and its mechanical power 0.19 L.

3.2. S1O EMISSION FROM THE CENTRAL OUTFLOW

In order to clarify the structure of the high velocity gas
components of the IC1396N central outflow, a standard
tracer such as SiO has been used. Figure 3 shows the ve-
locity channel maps of the J = 5-4 emission, e.g. that
observed with the best spectral and spatial resolution. Sil-
icon monoxide is present only along the main axis. It is
possible to clearly observe the elongated structure of the

outflow, with the four clumps detected in CO. The colli-
mation factor is about 6, i.e. a value somewhat larger than
that derived using CO, confirming that SiO, with respect
carbon monoxide, can trace the inner part of the outflow.

An estimate of the central outflow age can be derived
using the position of the SiO SE1 and SW1 clumps, as-
suming its inclination on the plane of the sky and that the
material traveled from the driving source to the present lo-
cation with a velocity of ~ 8 (SW1) and 11 km s~! (SE1).
We find 7 ~ 7 103 (SW1) and 2 10* yr (SE1), i.e. values
which are reasonably in agreement with the outflow age
derived from CO.

3.3. HIGH DENSITY CORES

The CS observations allow to detect the high density
molecular clumps hosting the driving sources of the two
molecular outflows. In the central region of IC1396N the
clump size is about 0.18 pc (Fig. 4), while where the north-
ern outflow is present, the clump is located inside a quite
elongated structure ~ 0.16 pc wide. The CS column den-
sity is ~ 2 10' and 10'3 cm™2 for the central and the
northern clump, respectively. The distribution of the am-
bient material of the central region has been investigated
also using DCO™ emission: at least three unresolved (<
0.07 pc) clumps have been detected at different velocities
in the same region traced by CS. The typical DCO™ col-

umn density is about 3 10" cm~2.



388

60 1 T T jany iy pany jany ™
IC1396N N
Sio(5-4)
ob ES ES Ea ES E
—43.5 —40.5 —-37.5 —-34.5 -31.5 o
e e e e
50 EFHHHHHHHHHHHHHHHHHHHEE R
of ES ES Ea ES E
— —28.5 —25.5 —22.5 -19.5 O —16.5 v
e L L LA A L s L L RTAANE =40 s L Vg
5 asana=s. oananeas: H e e
3 ° o— SE1 se2
= ~
-13.5 10.5 =7.5 - -1.5
4 ISR TRV SO IDOUOTTRUOT AU AT RN TUOUT SOUTRTEN ST TN TVPTR TOUUUTTL T TOOT PP FOPTOT
ROl o e AR B e e A=
£ sw2 swi
oy < (e} —_—
© oF T kS [ kS ¥ E
N +1.5 - +4.5 +7.5 +10.5 +13.5
B g B e e Do fopaapieagong o
(=)
oF ES E3 £ ES E
+16.5 +19.5 +22.5 +253 +28.5
50 FrHHHHHHHH b
of Ea E3 Ea Ea E
+31.5 +34.5 +37.5 +40.5 a +43.5
e VR BT R BT
120 60 0 —-60 120 60 aQ —60 120 60 0 -60 120 60 0 —-60 120 60 Q —60

R.A. Offset (arcsec)

Figure 3. Channel map of the Si0 J = 5-4 emission towards IC1396N. Each panel shows the emission integrated over a velocity

interval of 8 km s
~ 30), to 1. m s~ by step of 0. m s .
S 1.2Kkms'b 0.3 K km s™!

centred at the value given in the left corner. Symbols are drawn as in Fig. 1. The contours range from 0.3
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Figure 4. Channel map of the CS J = 8-2 emission towards the IC1396N central region. Fach panel shows the emission integrated

over a velocity interval of 0.5 km s~ '

4. FIRST PERSPECTIVES

In the region of the globule between the central and the
northern outflows, roughly around the (-30”,+90") posi-
tion, red- and blueshifted extended structures are clearly
detected at velocities relatively close (< 410 km s~ 1) to
the ambient one. In addition, a red clump at (0”,+30")
and a blue one at (—40”,420"”) are observed. This emis-
sion could indicate the occurrence of other outflows, as
supported also by the detection at near IR wavelengths
of faint Hy knots (Nisini et al. 2001). These results, to-
gether with the ISO detection of shocked material, indi-
cate that the process of star formation occurs through-
out the globule and make IC1396N an ideal target for the
future FIRST observations. With the three instruments,
FIRST will allow to trace, with a definitely higher spa-
tial and spectral resolution with respect to ISO, the gas
excitation ranging from few tens of kelvins to more than

centred at the value given in the left corner. Symbols are drawn as in Fig. 1. The contours

range from 0.4 (~ 50), to 4.0 K km s~" by step of 0.4 K km s~ .

2000 K, and to study the energetic of the infall-outflow
phenomena associated with the young stellar objects.
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