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Abstract. Grating spectra, covering the wavelength range 45stellar objects (S140 IRS1,2,3) with IRS1 being a bipolar out-
187um have been taken with the ISO Long Wavelength Speitew source embedded in the cloud behind the ionisation front
trometer (LWS) at a series of pointing positions over the S14®linchin et al., 1995a and references therein).
region, centred on the cluster of embedded young stellar objects
atthe south-west corner of the L1204 molecular cloud. Extended gytended mapping of COJ(= 1 — 0) emission over the re-
emission from [CII]15&m and [Ol]63:m is seen, peaking néaryion has previously been made by Blair etal. (1978), and of [CI]
the position of the embedded stars. The measurements of theingg> gHz and3co (J = 2 — 1) by Plume et al. (1994). The
structure lines are interpreted in terms of PDR models for thgnedded source region has been mapped at high resolution in
emission, as well as the underlying thermal continuum for tl'[@], C70, 13CO and G20 emission by Minchin et al. (1994
heated gas and dust. and 1995b) to include the bipolar outflow and the PDR to the

. ] south-west, adjacent to the edge of the cloud. The IF lies about
Key words: ISM: $140 — Hll regions — ISM: clouds —infrared:1 t the SW of S140 IRS1 and coincides closely with the outer-
interstellar: lines — infrared: interstellar: continuum most CO contour shown in Figure 1. The [ClI]158 has been
observed by Boreiko et al. (1990) at the position of S140-IRS
and at a point 30" SW. They suggested that the [ClI] emission
from S140 IRS1 originates from an HIl region existing around a
few of the embedded sources, while the emission from 30" SW
1. Introduction derives from the PDR, excited by the star HD211880. Thermal

. coptinuum measurements a6 and 10@m were made by
The BOV star, HD2.11880’ atadistance of9-10 pc(Crampton rEgter et al. (1986) over a scale of 2’ in RA and in Dec, centred
Fisher 1974), illuminates the south-west side of the molecu S140-IRS1. They found that the dust temperature reached a

inimum between the embedded sources and the IF, indicating

cloud (L1204) to produce a visible HIl region S140, an ion-
at the external radiation dominates the dust heating in the S

ization front (IF), and a photodissociation region (PDR) whic

appjlgarsr:o be s?etn e?ge-o?_. Itis IIlfe_lty t_hattr:he Tta:jrep:jesentgr%mw scan directions. High resolution mapping at submillime-
carlier p asefol S ﬁr ormfatlonfac 'V't.y In the clou tan_thnowtpe wavelengths has also shown three peaks in emission centred
new (sequential) phase of star formation is apparent wi YoUll®und the cloud core (Minchin et al. 1995a). Grating spectra
Send offprint requests to: R. Emery are reported here of the S140 region using the LWS instrument
1 Based on observations with ISO, an ESA project with instrumerf§ Poard ISO (Kessler et al., 1996), covering the range5s
funded by ESA Member States (specially the PI countries: Frané@,187um at a resolving power of between 150 and 300. A de-
Germany, the Netherlands and the United Kingdom) and with the pagription of the LWS is given by Clegg et al. (1996) and its
ticipation of ISAS and NASA. performance and calibration by Swinyard et al. (1996).
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‘22 19 00 18 30 0 17 30 00 16 30 00 Fig. 2. Example of the full LWS spectrum at the central position
RIGHT ASCENSION (B1950) (S140-IRS), covering 45 to 1g7n. The lines are not easily seen at
this position due to the very strong continuum emission. The inset
Fig. 1. LWS pointing positions used for the S140/L1204 region cutshows the [CII] 15@m line on an expanded scale from a position 9’
shown as 80" dia. circles, superposed on the CO map from Blair et@kay from the centre where the continuum is a factor 1000 weaker.

(1978) and the Palomar Sky Survey The crosses give the IRAS PSC values.
. -18 : :
2. Observations. g 5.0x10
g 4.0x10"18L Molecular Cloud Open 3
. . . o
The data described were taken during the routine obseryas.ox10718¢ __ [cu)158um ]
tion phase of ISO, using the LWSO01 observation mode wiﬁ1 2.0x10"18F _ . [o168um  }

4 samples per spectral element and fast scanning. Each spegx;0-18:
trum was scanned 3 times with a nominal 0.25s integratien 0~ oA N
time, giving an effective integration time of 0.45s per spec- +20 +10 o -10 -20
tral sample. Figure 1 shows 15 of the 18 beam positions afs. ox10~18 4 RA (Arcmin)
the LWS (approximately 80" FWHM) superposed on the C@ 4.0x10718; Open
mapping of Blair et al. (1978), as represented by Zhou et éfl.&oxm-w,

Molecular Cloud 3

__ [CI)158um 4
(1994), also showing the same area of the Palomar Sky S@r;,“o“o-w, _ . [01)63um
vey. The pointings make up scans at constant RA and cd"n-l.oXlo-ls, 3
stant Dec, with 3’ spacing, centred on the S140 IRS 1 positié:'n 0 ‘ Lo v (b)
(o< 1950 = 2217m41.1%, 61950 = 633'42") where the beam -20 -10 0 10 20

also contains the IRS 2 and IRS 3 sources. The beam positions & Dec (Arcmin)

not Shov.\in arfe atlﬂ ac:dli;?n\all\llt\’\llo potst:tlogzlzjqrth?r to the E ar&gg' 3. Variation of [CII] 158:m and [Ol]63um line flux for cuts (a)
one position further to the Y along the irection. at constant Dec. and (b) at constant RA, showA&A and ADec in

arcminutes respectively from the central position on S140-IRSI
3. Results.

In Figure 2, the full LWS spectrum is shown for the central pd€ll] and [Ol] lines at each position along the constant Dec and
sition. The continuum flux levels agree well with previous olzonstant RA cuts respectively. The peak flux for the [Ol] line is
servations, as compiled by Zhou et al. (1994) and with the IRABserved towards the position centred on IRS1 and for the [ClI]
values, as does the total integrated luminosity for th@0um line towards the PDR/HII region interface. For the [ClI]and [Ol]
range of 18 x 10* solar luminosities, obtained using measurdines the peak intensities arés3 104 and 33 x 10 %ergs?!
ments with both of the 1ISO spectrometers. The [CII]&B8 cm2 str! respectively. The peak [ClI] flux is compared with
and the [O1]63:m emission lines are also seen at this positidhe value of 36 x 104 erg s'* cm~2 str—* observed by Boreiko

in the figure, but at low relative levels because of the very stroagal. (1990) for S140 IRS, with a beamwidth of about half that
dust continuum emission. The inset shows the detail around tfehe LWS, indicating that the majority of the flux is contained
[CII] line from a spectrum obtained 9’ away with low contin-within this smaller field of view. The LWS observed continuum
uum emission and give an indication of the signal to noise raflaxes at the wavelengths of 50, 100, and 80 taken from
obtained on the line. Figure 3. (a) & (b) shows the fluxes of thlbe complete spectra, are presented in Figure 4. The peak flux,
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r; 10000.0¢ ‘ ‘ interstellar radiation field of 10G is present near the L1204

7 toomop Moleeular Cloud A Open 1 molecular cloud is also quite uncertain, and a clumpy molecular

S 1000f cloud is still the simplest way of explaining the very extended

% 100f emission observed. If the UV radiation field from HD211880

2 impacted on a uniform region of density 3 x 10° cm3, the

FR line emission would be limited to a region of less than 0.3 pcin

extent, or less than 1’ at the distance of S140.

:; 10000.0F The line ratio [CII]158:m/[OI]63um is an important diag-

s3 1000.0p Open A E”;;";;j“"d 1 nostic tool for PDR regions. ¢From the scans in Figure 3, this

E 1000} A _ . 100um 1 ratio is about unity at the central position, increasing to a value

o0 A ) _ _ 50um ] 3 - 10 for the measurement positions in the molecular cloud

3 Lok A ®) ] direction. Here, a uniform model witk 10-1007o, which is

g : ‘ ‘ ‘ consistent with the [CII] flux in the cloud, then predicts a den-
20 -10 s bee (remin) 10 20 sity for the PDR of 16 — 10° cm~2 (Figure 1c of Wolfire et

al.) As another check on the low values of radiation field, lim-

Fig. 4. Variation of thermal continuum flux (in units of its are obtained for the ratio of [O]g8n/[O1]145.m of > 20

x 10~ 181.cm 2. um 1) at wavelengths of 50, 100 and 15@ at the corresponding to values 10°G, (Figure 1a of Wolfire et al.).
same beam position as shown in Figure 3 On the other side, for positions further into the HIl region, the

ratio is in the range 2 - 6, which is consistent with higher radi-

ation values for the lower densities. It is noted that in the N-S
at the IRS source position, shows a levef fithes that of the scan (Figure 3b), slightly more [CII] line emission is coming
surrounding material. from the position at the IF than at the central position, while the
[Ol] line peaks at the central position. This may be due to the
increased density seen in the CO map north of the IF, since the
[Ol] emission traces denser or more clumpy gas.
Fine-structure line emission from low ionisation states observed The fine structure line emission from the PDR regions in
near Hil regions arises primarily in photodissociation regions 8140 thus seems to require a FUV non-ionizing radiation field
the interface of ionized and molecular gas. Theoretical modés- 13.6 eV) of flux 0.2 erg cm?s™* (~ 100G) impacting on
often assume a one-dimensional homogenous structure forrigions of density 10— 10° cm~3. A BOV star of surface tem-
PDR (Wolfire et al. 1990, Hollenbach et al. 1991) but cannperature 30,000K has a total non-ionizing luminosity of #0*
easily explain the large scale of the PDR line emission obsengadar luminosities, or a flux of 0.3 erg crhis™! at a distance
in many sources. A “clumpy" structure for the molecular cloudf 2pc, the projected distance between HD211880 and the IF.
can alleviate this problem, as well as correct other discrepanclé® HIl region surrounding HD211880, has a low density of
in the uniform models (Meixner etal. 1992, Meixner and Tielerise order of 10 cm?, and appears as a blister Hll region slowly
1993). evaporating gas off the molecular cloud interface (Smirnov et
al. 1995). Since hydrogen radio recombination lines were de-
tected at projected distancesspc from the star, Smirnov et al.
(1995) suggested that the blister was behind or inside the molec-
The [CII] and [Ol] fine structure line fluxes shown in Figure 3ular cloud. However, if the actual distance from the star to the
are roughly an order of magnitude lower than observed in otH®PR increases beyond 3 pc, the radiation field is inadequate
regions similar to S140 (Howe et al. 1991, Meixner et al. 1992 providing the observed Cll emission at the central position
Thus the required UV fluxes to produce the emission lines dog any density (cf. Figure 5 of Wolfire et al. 1990). Instead it
lowered, and embedded sources as well as ambient interstefiay be that the star is off to the side, but close to the front edge
radiation may contribute significantly to any extended emissidior back edge), and that its low density Hll region provides the
If a density of 16 cm~3 is assumed for the central positionradio recombination lines from gas in front of (or back of) the
consistent with the CS observations of Zhou et al. (1994), thelecular cloud.
model results of Wolfire et al. (1990) require a UV field &R0 For the ionising radiation, models of blister HIl regions
orsomewhat less (in units ofdx 10~ 3ergcn?sY)inorderto (Aannestad & Emery 1985) were used to calculate the ioniza-
give the [CII] line intensity observed here. At the measuremetidn structure for a BOV star in an exponential density gradient
positions further into the molecular cloud, shown in Figure 1af scale height 3 pc and a density of 13 chmat the ionizing
the [CII] flux is lower by a factor~ 5 and for a wide range star. This used a recent model stellar atmosphere (Kurucz 1992)
of lower densities, a uniform model predicts a correspondingiynd also calculated the associated [ClI] and [Ol] line emissions
lower value of about 1G. from the blister, using a dust/hydrogen mass ratio of 0.009, typ-

If, away from the PDR, embedded sources contributed U¥al of the interstellar value. The blister model is assumed to be

radiation, the flux distribution with distance would not be exseen edge-on, and the calculation gives@@8t the IF, which
pected to be as smooth as observed here. Whether an amligeat a distance of 2.2 pc from the star. The dust absorbs about

4. Discussion.

4.1. Fine Structure Emission
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20% of the ionizing radiation from the star. The model givadowe J. E., et al., 1991, ApJ, 373, 158.
line-of-sight [CII] emission values along the open RA scan dfessler M., etal. 1996, this volume.
(4—2)x 10 °erg cn?stsriin good agreement with our Kurucz R. L., 1992, in The Stellar Populations of Galaxies, ed. B.
observed values. The HII region therefore can account for the Barbuy & A. Renzini (Dordrecht:Kluwer), p.225.
level of the extended [CII] emission shown in the open directidifSter D- F., etal., 1986, ApJ, 309, 80.
of Figure 3. HI clouds and hot intercloud gas along the line eIxner m $ Ell"’ 1?2'1'3‘53 :foj jgg' 216
sight would be expected to contribute only of the the order ir:)éE;rN E{ |:te£s 1594 AéLA 291 zéo '
~ 10 %ergcnr?s tsr ! (Crawfordetal. 1985). The observeq i cnin NR.. etal. 19954 AGA 298. 894
[O1] emission in the open direction, however, is not accountglnchin N.R. et al. 1995b. A&A 301, 894.
for by excitation with electrons in the IF, so may result from gjyme R., Jaffe D.T.,Keene J., 1994, ApJ 425, L49.
weak shock front or from the warmer, denser gas surroundi®girnov G. T., et al., 1995, A&A 300, 923.
the partially open blister. Swinyard B. M., et al., 1996. this volume
Wolfire M.G., Tielens A., Hollenbach D., 1990, ApJ 358, 116.

4.2, Continuum Emission Zhou S., et al., 1994, ApJ 428, 219.

The thermal emission from the heated dust, shown in Figure
4 for the wavelengths of 50, 100 and 150, also peak at the
position of the embedded infrared sources, but are seen to peak
much more sharply than the line emission (note the log scale).
The ratio of the CllI line flux to the total IR flux (Figure 2) is

5 x 10~®, a value much lower than the value of 102 ex-
pected for low-density PDRs (Hollenbach et al 1991). At this
position the embedded sources therefore dominate the IR emis-
sion but do not contribute to the Cll line emission, which is
instead driven by the external UV field. At the off-center posi-
tions, the IR emission comes from the re-emission by dust of
the radiation from HD211880 in the molecular cloud, the PDR,
and the HIl region. However, in order to match the observed
fluxes in the open direction, the blister calculation requires the
HIl region to be surrounded by a neutral gas envelope whose
dust is contributing much of the FIR flux. The HIl blister itself
provides from 20 - 50% of the observed fluxes. Such an envelope
may also provide some of the observed Cll emission, but further
modelling is required to determine its relative contribution.

The ratios of the fluxes gives the effective temperature of
the dust, traced out from the relatively warmer dust in the Hll
region, through the PDR/HII region interface and the embedded
sources, and into the relatively cold dust in the molecular cloud.
The colour temperature based on theB(10Qum flux ratio at
the central position is 40 - 50 K, depending on the emissivity law
varyingas\—toras\ 2. Inthe ‘open’ direction this temperature
is between 35 and 46, while in the molecular cloud direction
itis about 30 - 3%. The latter values are in fair agreement with
the 6Qum/10Qum colour temperature ‘plateau’ of about 27
when stochastic heating of the dust is included (Hollenbach et
al. 1991).
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