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Abstract. We presentthe firstfar-infrared spectrum of the IRAS. Introduction

source associated with IC1396N, located in the HIl region

IC1396 together with submillimeter and millimeter photometryC1396N (associated with IRAS21391+5802) is a bright
A rich spectrum of CO, OH, and #D lines are detected in therimmed globule, located at a distance~ofl6pc from the 06
ISO-LWS spectrum, indicative of a warm, dense region, probgtar HD 206267 which excites the 1C1396 HIl region. This HD
bly shock excited, around the source. Among the fine structstar is a member of the open cluster Trumpler 37 forming the
lines, [Olll] and [NIII] are also detected and can be explainetlicleus of the Cep OB2 association (Simonson, 1968).

by the presence of the O6 star HD206267 approximately 16 pc The 1C1396 region, whose estimated distance is 750 pc
away. (Matthews 1979), has been extensively studied in the past. Os-

The far infrared and submillimeter spectral energy distrib#Prock (1957) showed the existence of many globules, several
tion i fitted with a model assuming spherical grey-bodies witH?h Which show bright, rims. Kun et al. (1987) found that the
radial power law of density and temperature. An accurate méBAS sources identified in the region are distributed in a ring

sure of the bolometric luminosity and an estimate of the to@found the O6 star indicating a star formation process induced
envelope mass are obtained. by this source. Recently, Patel et al. (1995) surveyed IC1396 in

12C0O and®3CO, and showed that the 12 pc ring is expanding
at a velocity of 5 km s'. Ten of the globules are associated
Key words: stars: formation — ISM: jets and outflows — ISMyyjth IRAS sources, IC1396N being the brightest. Sugitani et al.
indiVidUaI ObjeCtS: IC1396N — infl‘ared: |SM:|ineS (1989) discovered an extended 6 arcmin) CcO bipo|ar out-
flow associated with IC1396N. They also suggest that the 0.1
pc separation between IC1396N and the bright rim (tracing the
Send offprint requests to: P. Saraceno ionization front) in the direction of the O6 star, indicates that
* Based on observations with: ISO, an ESA project funded by ESAe star formation has resulted from a radiation driven implo-
Member States and with the participation of ISAS and NASA; JCM$Bion, which occurree 10* years ago. In an extensive study of
operated by the Royal Observatories on behalf of the UK PPARC, thgght-rimmed clouds, Sugitani et al. (1991) found that this pro-
Canadian NRC and the Netherlands ZWO. cess is expected to contribute up to 5% of the total stellar mass
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T T T T T Table 1. Detected lines in IC1396N
IC1396-NORTH W " Cine . E,  IC1396N
o i (um)  (um) (K) on off
59 1) (2 3) 4 () (©
o 57.34 57.317 [N 251 + =
8 63.17  63.184 [o1] 228 % %
s or ] 69.04  69.072 H12-11 1095 x —
8 69.074 CO 38-37 4080
o 75.46  75.380 0-bD 31-212 304 x —
< 8 L co 4 84.53 84.411 CO 31-30 2736 * —
. ——  5- 10kmsg" 84.420 OH 7/2+-5/2-4-3 290
--—- -10--4kms" 88.40  88.356 [on] 163 x %
] i 1 l | 100.76  100.460 CO 26-25 1938 x —
120 60 0 -60 -120 100.913 0-HO 514-423 572
104.65 104.445 CO 25-24 1794 x —
ARA(aresec) 108.45 108.073 o402l 194 K« —
Fig. 1. CO J=1-0 map (Sugitani et al.1989), showing the red aridz4 09 110284716933 %0022412230 11625776 .
blue lobes of the outflow. The circles represent the ISO-LWS beamdr'71 144.784 CO 18-17 945 « —
at the observed positions. Tha-source spectrum is centered 0'145.67 145'525 [Of 327« N
IRAS21391+5802 1050 21" : 39" : 10.3°, d1050 + 58" : 2 1 29');  Jo2'00 Jen oy CO 17-16 846 x —
the twooff-source spectra were taken at a position angle of 8de at '7 4 157'7 41 [Cl] 91  « .
90" E, on.the red and part of the blue lobes, and the second at 90‘1 :82 162:812 CO 16-15 750 «
of the main fiow. 173.64 173631  CO1514 664 + —
174.63 174.626  0-bD 33-212f 197 x —

. . . .. 179.69 179.526 0-40 215-101 113«  —
of the Galaxy, producing stars approximately 100 times brigh 6.04 185.999 CO 14-13 581 «

than those associated with dense molecular cores. Among s:Column (1) gives the observed wavelength; (2) the vacuum
class of objects, IC1396N is one of the closest to the Sun, @lmsition wavelength(s); (3) the line identification; (4) the energy of
lowing with ISO-LWS the study of a case of a non quiescefie upper level; (5 and 6) the detection on-source and in the two off-
star forming process. source positions.

Symbols: detection;T: blended lines.

2. Observations and results
tra have been coadded, corrected for fringes with a preliminary

2.1. ISO-LWS observations procedure and their continua have been subtracted.

_ ~ Table 1 lists the lines detected on-source and in the two
The spectra of IC1396N were collected with the ISO satellifff-source positions.

(Kessler et al.1996) on 26 February 1996 (orbit 96), with the
LWS spectrometer described by Clegg et al.(1996) and Swin- . )
yard et al.(1996). The instrument was operated in the “fast sc&r¢- Millimeter and submillimeter observations

ning" grating mode (R-200) in the range 43 - 196/m. The |, March 1996, we observed the submillimeter continuum of
positions observed are shown in Fig.1. Each spectral elemgif 396N at the 15-m James Clerk Maxwell Telescope (JCMT),
was oversampled by a factor of four, with a total integratiop;una Kea. Hawaii USA), using the UKT14 bolometer re-

time per sample of 7.6 sec on source (corresponding to 19 fllyer (Duncan et al.1990). Calibration was referred to Uranus.
grating scans) and 3.6 sec at the two off-source positions (COfgpe 2 gives the effective wavelength of the observations, the

sponding to 9 full grating scans). The data were calibrated Us{igresponding beam FWHM and the observed flux densities and
observations of Uranus. The relative calibration accuracy ont{i&; arrors (including absolute calibration uncertainties).

continuum between the different detectors has been estimated
to be better than 30%, based on the comparison of overlapping
portions of spectra in adjacent detectors. 3. Discussion

The spectra were cleaned of glitches QUe to cosmig rays AW Thefar infrared lines
then coadded. However, the spectra of this source exhibit strong
fringes which have not yet been satisfactorily removed (SwiRfom Table 1 and Fig.2 it can be seen that, while the molecular
yard etal. 1996). Because of this, we do not yet want to base dings are detected only toward the IRAS source, the ionic lines
conclusions on line strengths or ratios. Solely for the purpoaee present at both tlue andoff source positions.
of showing line detections, we present in Fig.2 the on-source The ionic lines, with the exception of the [Ol] lines, are uni-
and of one of the two similar off-source spectra. These spdormly bright at all positions, suggesting that they are emitted
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Fig. 2. The LWS spectra of IC1396N (upper) and its weftsource position (lower). The continuum emission has been subtracted. This figure
is given only to show the line detection. Relative intensities among lines are not significant, befthas®byet reliable defringing procedure.

by the surrounding ISM and illuminated externally. The ubiquiable 2. (Sub)-millimeter Photometry of IC1396N

tous [CII] emission, seen in many sources (see e.g. Emery ef\ﬁ!.
R . length B FI Total E
1996, Nisinietal. 1996) is also seen here, both on and off source. (enr?]) eam we foraleror

On the other hand, the intermediate ionization lines ([Olll] ant %50 (Mlcg'%c) (;28 (Jg_)7
[NI1]), require the presence of an ionizing source witha harder 450 175 392 43
spectrum than that of IC1396N (L=2B5, see next section). 800 16.0 5.17 0.36
The obvious candidate is the O6 star HD 206267. The two [OI] 1100 18.7 1.80 0.06
lines are also seen in all the observed positions, but they peak 1300 19.1 1.38 0.10

on source. These lines may be excited by the same shocks that
are suggested by the on-source detection of the molecular lines

of CO, 10, and OH. ood agreement with the 60 and 100 IRAS fluxes and is

CO emission lines are clearly detected from transitions Konsistent with the spectral shape observed with the JCMT.
13 through 25-24. The CO 26-25, 31-30 lines are blended with

an KO and and OH line, respectively. The line at o (at The observed energy distribution (25-1308) of IC1396N

the same position of CO 38-37) is probably due mainly to t\¢2S fitted with a model consisting of a central heating source
12-11 hydrogen recombination line. surrounded by a spherically symmetric dust envelope. This latter

The high-J CO and O emission imply relatively warm is modeled as a series of concentric shells in which depsity

dense gas associated with the IRAS source. Table 1 gives3id temperaturé vary according to radial power laws, with
excitation energies of the upper levels of the emitting tran&§XPOnent® andg, respectively. The boundary conditionsBn
tions. The presence of water and OH lines indicates that th@9l» are set at the outer envelope radiug.T pou:), which
species are fairly abundant. is assumed equal to 0.¢3 (~ 6000 AU), consistent with the
CS J=5-4 map of Serabyn et al. (1993) and corresponding to
roughly half of the JCMT beamsize. A dust mass opacity of
0.1 cnt g1 at 25Qum (Hildebrand 1983) is assumed, with the

3.2. The continuum dependence on wavelengitas a free parameter.

The thermal emission spectrum of IC1396N is shown in Fig.3. The best fit to the data (Fig.3) gives the parameters:
The LWS spectrum has been derived by subtracting the averagge=4.5102° g cm 3, T,.;=23.5 K, ¢=0.36, p=0.5 and

of the two off-source spectra from the on-source spectrum afrd1.35 and a total gas+dust envelope mass (with a gas-to-dust
scaling the resulting spectra for each detector to match overlegtio of 100) of 8.3M,. Envelope radii larger thar 0.03pc

ping data, leaving the SW3 flux fixed. This procedure producesuld not be fit by any model, showing that the emitting region
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——t e — - a bolometric luminosity of 23%., is derived from the con-
g 1 tinuum fit, in agreement with previous estimates.

100 —
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The obtained value @i=0.5 is lower than the one expected
for a collapsing envelope€1.5). Similarly flat density profiles
have been previously derived for YSOs (Barsony & Chandler
1993; Andg et al. 1993). The flat profile is constrained by the
observed LWS spectrum shortward ofur, which requires
relatively low optical depth (see in Fig.3 the fit wigh=1.5).

The temperature exponegt0.36, agrees with the values de-
rived from radiative transfer calculations, ranging fren©.33
(Butner et al. 1990) tg ~0.5 (Wolfire & Churchwell 1994).

The 25um IRAS flux is not well fit by our model because
we reach optically thick regimes for < 40um. One possi-
bility is that we overestimate the optical depth, using a single
B value from the submillimeter to the mid-infrared. Besides, it
may be that our model does not represent the real geometry of
the source, because it does not consider a flattened structure.

We derive a bolometric luminosity of 235!, by integrating
the observed spectrum from to 1.3mm, which well agrees
with the value of Sugitani et al. (1989).

Flux (Jy)

4. Conclusions

The main conclusions of this work are that:

- CO, OH and HO lines are detected toward the IRAS source
associated with the brightrimmed globule IC1396N, reveal-
ing the presence of warm, dense material, probably excited
by shocks;

- both on-source and off-source fine structure lines are
present: the [Olll] and [NII1] lines are probably excited by
the O6 star HD206267, while [Ol] may be largely due to
shock excited emission in the outflow;

- the continuum 25-130Qm emission can be explained by
the presence of an envelope of 843;



