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Letter to the Editor
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Abstract. Using the Long Wavelength Specrometer aboadd I ntroduction
ISO, we have detected far infrared rotationajd{emission In the quiescent ISM, most water molecules are believed to
lines in five low-mass young stellar objects in a survey of Sev?r%zen?nto the ic ’ . )
. y mantles of the dust grains (e.g. van Dishoe
such sources. The totabB® fluxes are well correlated with the Blake 1998). However, if a phenomenon energetic enou
1.3 mm continuum fluxes, but — surprisingly — not with the Si ’ '
millimeter emission originating in the outflows, suggesting th ? evap.oratehor destLoy those m‘?‘f‘“es oceurs, water Ican be
the water emission arises in the circumstellar envelopes rat eBe},sed into the gas p ase. In ad(j|t|on_, attemperature larger t
than in the outflows. about 250K, endothermic reactions in the gas phase can €

In two of the sources, NGC1333-IRAS4 and IRASlGZQ{-:entIy transform the oxygen not locked into CO molecules int
. . 20O molecules (Graff & Dalgarno 1987). Both effects can lea
2422, we measured about tea®llines, and used their fluxes

to put stringent constraints on the physical conditions (temp cr)—hlgh enhancements of the water gas phase abundance,

ature, density and column density) of the emitting gas. Simp?ead to intense emission in its far infrared rotational lines. Ene

LVG modelling implies that the emission originates in a vergféltzgg ergpgg)svnearfirl]gL:]tﬁis/lvnsgc?:;ll(en;)tvrv Qntggﬁggg(e:rglol\_':/c;

~ 7 _3 . Y. w
small ¢ 200 AU), dense € 10" cm ) and warm & 100K) P " oo 1980: Kaufman & Neufeld 1996), while in the
region, with a column density larger than abdot® cm=2. The

detected HO emission may be well accounted for by thermé?fa"'ng envelopes, heating due to the central source and/or,

o . . .compression of the gas, may be sufficient to produce large o
emission from a collapsing envelope, and we derive constraiffa"'P 9 y P 9

on the acccretion rate and central mass of NGC1333-IRA n'tuhri]gﬁgt(t:grs @Lﬁgﬂg%fﬁg{g!'ﬁ;ogfﬁ ﬁlr?gs&;(;rvl\g?dnssfi{/ig
We also discuss an alternative scenario in which th®H ' P

o : . sources from a sample of seven low-mass protostars.
emission arises in an extremely dense shock very close to the
central object, perhaps caused by the interaction of the outflow
with the innner regions of the circumstellar envelope.

2. Observations and results

The sample consists of seven young (Class 0 or I) sources,
Key words: stars: formation — ISM: jets and outflows — ISM0f which located in the Ophiuchus and NGC 1333 cloud com
individual objects: — infrared: ISM: lines and bands — radiativelexes. While the distance tdOph is fairly well known (120 pc
transfer — ISM: molecules —Knude & Hog 1998), the distance to NGC 1333 remains a m4
ter of debate. The distance commonly used is 350 pc, but Ce
(1993) recently proposed a somewhat lower value of 200
Send offprint requests to: C.Ceccarelli The latter value will be used here, but we emphasise that m

* Based on observations with SO, an ESA project with instrumerf OUr conclusions would stand essentially unaffected if 350
funded by ESA Member States (especially the PI countries: Fran®s used instead.
Germany, the Netherlands and the United Kingdom) with the partici- The H,O spectra were obtained using theng Wavel ength
pation of ISAS and NASA. Soectrometer (hereafter LWS) on board the ISO satellite in the
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LWSO01 mode. They cover the spectral range from 45 to280 Table 1. Water line fluxes (in 10'?ergs * cm™2) detected towards
at aresolution of about 250; the beamwidtki80’. Amore de- the sources of the sample. The statistical errors~a@2 or less in
tailed description of the observations is given in Ceccarelli et #ese units.

(1998a) for IRAS16293-2422 (hereafter IRAS16293), Molinast

etal. (in prep.) for SSV13, Ceccarelli et al. (in prep.) for EL29, * Trans. pOph 1333 1333 1333 pOph
and will be given in forthcoming papers for the other sourceé‘fm) 16293 IRAS4 IRAS2 SSVI3 EL29
We have also mapped the outflow powered by IRAS16293. 180.5 251 — 215 0.9 0.7 <03 0.4

The LWS spectra consist of a continuum on which spectr&f9.5 212 — 110 2.9 2.1 0.6 05 <15
features are superimposed. To obtain the fluxes of the waté#.6 303 — 212 2.5 1.7 <05 11 0.9
lines, the bestfirst order polynomial fitto the continuum adjaceht8.5 313 — 202 0.9 0.9
to the line was removed from the spectrum. The continuum}g2-4 423 — 414 13 0.6 03 <03 <06
always atleast 50 times stronger than the lines. The absolute Q81 221 — luo 17 04
calibration accuracy of LWS is better tharf3@Swinyard et al. 1010 303 - 320 ég i;
1996). In IRAS16293 the line blending was high and emissiogg = 5zz - 42 ' 10
fret_e baseline regions surrounding thelines were difficult ;g 5 dos — 315 0.9
tofind (see Ceccarellietal. 1998b). As a consequence, although 4 3,, —2,, 27 17 <1 <1
the H,O lines in IRAS16293 are usually brighter than those ir67.3 35, — 303 0.6
IRAS4, less lines could be safely identified (and their fluxes
measured).

The fluxes of about 8 and 12 lines could be measured to-flows), or from the innermost and warmest regions of their cen-
wards IRAS16293 and IRAS4 respectively (Fig. 1), while onlgral envelopes and/or disks. To try to clarify their origin, we
a few lines were detectable towards three other sources (dampare the fluxes of the water lines with quantities related to
ble ﬂ) and no emission could be detected towards IRAS162%ach mentioned component. The total water line flux will be es-
SH and NGC1333-IRAS6 at a detection limitef7 x 10~ timated by the sum of the fluxes in the 180, 179, 174 and. 482
ergs tcm~2. Finally, H,O emission was not detected along théines. Those lines were chosen first because they cover a wide
outflow powered by IRAS16293, not even at the positions wheatnge of upper level energies and are therefore a good measure
the SiO and low J CO lines are the strongest, with upper limit$ the total HO line flux for a wide range of density and tem-
on the 17@m line (usually the brightest 40O line) < 1/3 that perature values; and second because they are the strongest lines,

of the IR source. and could be measured in several objects.
As a parameter able to “measure” the shocks we chose the
3. Discussion SiO emission, integrated all over the velocffiesbserved to-

wards each source, smoothed to thé g&olution of ISO-LWS,

using the complete SiO maps of the NGC1333 region obtained
The water lines detected towards the sources of our sample cdm@astets et al. 1998 and of the region surrounding IRAS16293
apriori emanate from shocks (associated or not with their out

3.1. Correlations

% The narrow component observed in some of these sources (Lefloch
1 SSV13is sometime reported in literature as SVS13. et al. 1998) and associated with the cloud rather than with the source
2 16293-SE is a recently discovered young source (Loinard et al. does not contribute significatively to the reported emission in any of
prep.). these sources.
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Fig. 3. Ratios between the 179 and 17 lines pottom), 174 and
132um lines niddle) and 179 and 7pm lines ¢op). The observed
values are shown by the thick lines.

Fig. 2. H,O emission as a function of SiO emissioight) and 1.3 mm
emission [gft). The error bars of the #0 , SiO and 1.3mm fluxes
represent the error on the calibration only and were taken to e 30

10000

by Castets et al. (in prep.). Therenis correlation between the LVG

SiO and the HO fluxes (Fig. 2 right). Since SiO emission is be
lieved to be indicative of strong shocks 60 kms™!, see e.g.
Flower & Pineau de Forets 1995), this lack of correlation impli
either thawater formsin lower vel ocity shocks (which however
do not occur where the high velocity shocks are found) or that
water does not originate in shocks. The lack of SIO-HO emis-
sion correlation is further strengthened by the non-detectionf
H,O towards the outflow powered by IRAS16293, where S|O Lot % %%é 1
emission is very strong. 2 osl % %
On the other hand, there seems to be a correlation betwéen
the H,O flux and the 1.3 mm continuum emission (taken from o 00" 200 300 400
Saraceno et al. 1996), in the sense that sources having higher UPPER LEVEL ENERGY (cm™)
millimeter fluxes have higher HO luminosities (Fig.2 left).
Since the 1.3 mm continuum flux traces the envelopes surrou
ing such young sources (e.g. Saraceno et al. 1996) rather t
the disks (Butner et al. 1990), this correlation may imply either
thatwater emission is associated to the thermal emission from by the velocity gradient (which regulates the optical depth ¢
the envel opes themselves, or thatit originates in shocks where the lines). The line ratios on the other hand depend mainly
the shocked material belongs to the envel opes. the gas temperature and density, and to a smaller extent on
column density when the lines are optically thick. Hence, i
the first step, we used the observed line ratios to estimate
temperature, density and;B column density of the gas, and
The ratio between the4® line fluxes in IRAS16293 and IRAS4 later compared the absolute fluxes deduced from the model
are fairly similar in all the detected lines (Table 1), implying thahe observed fluxes to infer the angular extent of the source.
the physical conditions in both sources (i.e. gas temperature andThe models were applied to IRAS16293 and to IRAS4, a
density) are similar as well. For the other sources, the smafled the ratios betweenthe 179, 174, 132 andiibnes (which
number of transitions detected does not significantly constragmver the widest range of upper level energies). Comparison |
the parameter space. tween the model predictions and the observed line ratios (Fig.
To constraint the physical conditions of the emitting gashows that the emitting gas is denseX(10’ cm~2) and warm
we modelled the KO lines using an LVG code. This model(T ~ 100 K) and that the lines are optically thick. In particula
takes into account the first 48 rotational levels of orthgOH the lines at 132m and 75:m set stringent constraints on the
(the collisional excitation rates are from Green et al. 1993)ensityand H,O column density which has to be larger tha
but does not take into account the continuum emission. Thé'S cm~2 (the two quantities are not totally independent fro
spectroscopic data are taken from the JPL catalogue (Pointee&ch other). One of the best fit to the IRAS4 data is obtained
Pickett 1985). LVG predictions depend upon four parameters=2 x 108 cm=3, T = 200K, and N(HO) = 106 cm~2 (where
the density and the temperature of the gas, the angular exigatused a linewidth equivalent thv=10kms™). The ratio
of the emitting region and the 4@ column density divided between the predictions of this model and the observed val
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Fig. 4. Ratio between LVG modetdp) or “infalling envelope” model
Eggttom) and observations of IRAS4.

3.2. Physical conditions of the emitting gas
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(top of Fig.4) implies a beam filling factor of about 1/800 L, and a velocity close to the systemic velocity. Most of the
mkﬁ}%. The corresponding angular size of the emitting reomponents towards IRAS4 reported by Claussen et al. (1996)
gion is therefore~ 2-3”, corresponding to a physical size of dave velocities which differ from that of the source, and are
few hundred AU. Slight discrepancies between the model alikekly to be associated to the outflow. However, one component
the observations occur systematically for the shorter wavelengtrabout the velocity of the source was detected (bottom of their
lines, and may be a consequence of the lack of continuum baElg. 3) with an intensity in good agreement with the predictions
ground in our computations. of this model.

Finally, we note that the ratio between the 179 and the
174pm lines is five times greater in HH54B than in all ous. Conclusions

sources. This indicates that the emitting regions are either much ) o )
denser or much warmer (or both) in our sources than in HH54‘é/ater line emission was detected towards 5 of the 7 sources in

where the emission was ascribed to a mild shock (Liseau et@" Sample. In IRAS4 and IRAS16293, the fluxes of about ten

1996). In conclusion, the analysis of this paragraph and of tHfa€S could be measured; they show that the physical conditions
previous one lead to a rather clear situation and two possibffeéMPerature and density) of the emitting regions are fairly sim-
ties to explain the observed,B emission: a) it is emitted in a ilar in both sources. The 40 emission flux does not correlate

very dense, warm and compact region, excited by a dense with the SiO emission associated with their outflows, but seems
relatively slow shock close to the central object, may be cau

Stgobe related to the 1.3 mm continuum flux of the sources. This
by the interaction of the outflow with the inner regions of th8U99ests that the emission originates in the circumstellar en-
circumstellar envelope, or b) to the thermal emission of theXgloPes rather than in the outflows. Simple LVG modeling of

regions. We will consider in more detail these two possibilitid§€ line intensities shows tha; th@g emission originates in a
in the next two paragraphs. compact & 2”), dense (> 10" cm~*) and warm (T~ 100 K)

gas, with BO column densities- 10 cm~2. Finally, the wa-
) ter lines observed towards IRAS4 can be successfully modeled
3.3. The dense shock hypothesis within the framework of an infalling envelope (Ceccarelli et al.

As noted above, if the 5D emission has to be attributed to &996). if the centralfsg)ource Tf‘ss‘@-?’ Mo and the mass ac-
shock this is a shock totally different to those responsible fefetion rate~ 3x 107> Mg yr—". However, we cannot exclude
the SiO emission, implying a rather low velocity 60 km s 1). that some of the observed,B emission originates in a shock
The presence of such a shock very close to the central object ¥Ry €lose to the central object, the same responsible for most
due to the interaction of the outflow with the dense environme®fthe 22 GHz maser emission seen towards our sources.

is suggested by the strong 22 GHz®Imaser emission{ 10~°  Acknowledgements. We are grateful to A. Wootten for invaluable in-
L) with velocities ¢ 7kms~1) in excess of the relevant ke-formations on the water masers associated to IRAS4 and IRAS16293,
plerian velocities (e.g. Claussen et al 1996). The best-fit LV@d to J. Knude for his informations on the distances to NGC 1333 and
model mentioned in the previous paragraph predicts a 22 Gp@ph. We also thank F.Motte and P.Aidor providing us their mil-
luminosity~ 4 x 101! L, much lower than the mentioned oblimeter data of the IRAS16293 region prior to publication and W.Pfau,
servations. Moreover the masers in the IRAS4 and IRA8162@§ referee, for carefully reading the manuscript. Finally, we acknowl-
differ by orders of magnitudes, whereas thedHFIR emission edge the dedication of the LWS team which made these observations

is very similar. This may suggest that the FIR emissionais possible.
related to the 22 GHz emission arising from the outflow.
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