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Abstract. We present far infrared spectra of the B335 dark. Introduction

cloud region, obtained with the Long Wavelength Spectrometﬁc[1 .
) , . The dark globule B335, located at a distance of 250 pc, appears
(LWS) on-board the ISO satellite. Deep spectra were obtalnlcre] he POSS prints as an opague region extend@&¥2and 3

towards the far infrared outflow exciting source, located in t ) . . i
B335 core, and on the three associated Herbig Haro (HH) obj«ilb:? (Frerking et al. 1987). It contains a well collimated bipo-

HH119 A B and C. In addition. a region of aboli®RA and4 & outflow oriented almost perpendicular to the line of sight
in Dec W;iS ma| éd which co;/ers ?he whole molecular outfloWith an estimated dynamical age of about® yr (Moriarty-
. PP chieven et al. 1989, Hirano et al. 1992). The exciting source

[CI1]158 pm emission was found to be uniformly distribute . - .
, : . : f the outflow has been identified as a low-luminosity«2.9
across the observed region, with the intensity expected forapﬁj%) far-infrared/sub-millimeter object (B335 FIR), associated

todissociation region excited by the average interstellar fie

The [O1]63:m emission was detected only towards two out (With the IRAS source IRAS19345+0727 (Chandler et al. 1990),

the three HH objects and from the B335 FIR source; excitati(')r}lme centre of a dense core of about &0 diameter (Frerking

. . X t al. 1987). From the analysis of the profiles of CS an@@
from the high-velocity shocks responsible for the HH119 kno .
can account for the observed line intensity. CO line emissi Ines, Zhou etal.(1990,1993) firstly suggested that the core may

from the rotational levelg'=15 to.J=18 was detected only to- SHII be collapsing. Further evidence for the collapse in B335 has

wards B335 FIR and can be modelled as arising in warm €ﬁg}en more recently inferred also by Gregersen et al. (1997) and

whose excitation temperature is in the range 150-800 K, loca eq r‘l('jr?gi?n(;tllasllc(allggs?czlljcture of the protostellar core has been
inacompact{ 10~3 pc) and dense ¢n, ~ 10° cm~3) region. If P

we assume that the CD= 6—5 line observed from the ground.StUd'Q(j through h|gh resoluuon o_bservatmné?(ﬁc_), other.CO
gtopomers and millimeter continuum observations (Hirano et

is also emitted from the same gas component, we derive TQr
this component a temperature of 350 K and a density 1% al. 1992, Chandler & Sargent 1993). They resolved a condensa-

. . ; X —3
cm~3. Current collapse models for the B335 core fail to predi(t:'fon of about 10 diameter, an average density-o8-10° cm™?,

. . . and total mass of 0.2 Mg, i.e. containing~ 5% of the total
the presence of such warm gas in the infalling source envelo

€

. - o dss of the B335 core.
at the spatial scales implied by our model fit. It is likely that th&] . .
molecular emission is excited in a low-velocity{ 10 kms™1) Three HH objects, HH119A, B and C, have been found in

e o o the outflow, and together with the FIR source, are aligned along
non-dissociative shock, originating at the base of the flow. the outflow axis (Reipurth etal., 1992). HH119 B and C lie at the

same distance from the FIR source, in opposite directions, while
HH119A lies further away from the source in the red outflow
lobe. The morphology and the location of these Herbig-Haro
may suggest that the embedded source is undergoing episodic
eruptions, which are probably connected with disk-accretion

Send offprint requests 18. Nisini (bruni@taurus.ifsi.rm.cnr.it) events. ) ) L

* Based on observations with SO, an ESA project with instruments K€ene et al. (1983), estimate that the visual extinction is
funded by ESA Member States and with the participation of ISAS adready> 100 mag at a distance of 15’ from the central
NASA source; this extremely heavy obscuration prevents any optical
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Fig. 1. The ISO-LWS pointing positions are superimposed on the C® ot ] 0
outflow map in B335 (taken from Goldsmith et al. 1984). The cross = [
and the squares indicate the position of the far-infrared source and of ‘ ‘ ‘ ‘ ‘ ‘

the three HH119 objects (A, B and C) respectively. The rectangula*'® 51 62 63 6a 65 %% 62 63 64 65
area outlines the region of the raster map. Aparm) Mpm)

Fig. 2. Continuum subtracted [Ol]68n line spectra in B335 and in

. . . the three HH objects. Dashed line represents the gaussian fit through
or near infrared observations of phenomena taking place C'?r?@data used for deriving the integrated flux.

to the FIR source (IRAS puts only an upper limit of 0.2 Jy at
the 25um flux density). On the other hand, measurementsinthe

submm/mm/radio, which have been widely used to characterise | ﬁ | |

the properties of the B335 core, are not able to trace the inner- i 5] B335 FIR i
most component of warm material and therefore do not probe

the heating mechanisms, such as shock interactions due to the - Q 0 = 1
outflow or to accretion. Since these may play a fundamental Y N o o ]
role in understanding the protostellar energy balance and e\gagxlo,m, S S S S |
lutionary state, mid- and far-IR spectroscopic observations are L ° © © © |
mandatory to probe deeply into the core. g ‘ ‘

The Long Wavelength Spectrometer (LWS, Clegg. et a& i i
1996) on the Infrared Space Observatory (ISO, Kessler et al " 1
1996) allows sensitive spectra to be obtained over the compla‘te - R
spectral range extending from 43 to 187, this wavelength ok _
interval contains strong transitions of gaseous species, fike O |
C*, CO and HO, which are the principal species responsible
for the cooling in a variety of physical excitation mechanisms, i
comprising radiative shocks, photodissociation regions and in- 140 ‘ 1!30 ‘ ‘ 15‘0 ‘ ‘ 17‘0 ‘ 180
falling envelopes. Itis likely that some, or all of these are present A(pum)

close to the centre of the protostellar core. Fig. 3. Continuum subtracted LW4 spectrum of B335 which shows the

detected CO and [ClI]158n lines.
2. Observations and results

The B335 region was observed with the ISO-LWS operating

in its spectroscopic grating mode (covering the interval 48versampled by a factor 4 and were calibrated using observa-
196.7um at a resolution of- 200 and with an average beamsizéons of Uranus with an estimated accuracy better than 30%
of about 80), during revolutions 181 and 316. Grating speqSwinyard et al. 1996).

tra were obtained of B335 FIR (1®84™ 35.3 +07° 27 24", The data were processed with the LWS Pipeline Version 6.0;
B1950), and the three HH objects 119A, B and C, integratiraglditional analysis included removal of spurious signals due to
for 40 s at each spectral element, with a total on-target timesmic ray impacts and averaging the grating scans of each
of 4450 s. In addition, a raster map was made coverirg@ 7 detector. Figs. 2, 3 and 4 show the continuum subtracted (by
LWS beams spaced 8Grom each other, centered on the FIRecond order polynomial fitting) portions of the spectra from
source (see Fig.1). Each raster point was integrated for 6.4ich lines were detected. The continuum in the HH objects
per spectral element (714 s on-target time). All the spectra weed in the raster map positions is negligible, while on B335 FIR
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Fig. 4.[CII] line emission in the 7x3 raster map. The central position (2-4) corresponds to B335 FIR, and the spatial step is 80

Table 1.Observed line fluxes in B335 FIR Table 2.Observed line fluxes in the HH119 objects
Avae  Lineid. Aobs F » AF2 Avae  Lineid. Aobs F AF
(pm) (um) (10" Wem™7) (um) (um) (107 Wcem?)
63.18 [OI]*°P, — Py 63.18 9.4 1.7
HH119 A
130.37 CO20-19 . <12 Tul 9 , t
137.20 CO 19-18 <15  3ul 63.18 [Ol]°P, — 3P, 63.11 <45 Ful
14478 CO18-17 14466 14 03 157.74  [CU|*Py/2 —*Pyjy 15783 4.6 04
153.27 CO17-16 153.46 2.2 0.5 HH119 B
157.74 [Cl]*Ps)s — *Py)»  157.82 4.8 0.4 6318 [O1°P —°p 6320 63 18
162.81 CO 16-15 16300 20 03 : [c] RERnA : o318
17363 CO 15-14 17366 15 0.4 157.74 [Cl]"Py/z = Py 15777 3. :
186.00 CO 14-13 . <37 I u.l HH119 C
63.18 [OI]°P, — 3P, 63.10 5.4 1.7
157.74 [CN]*Ps)s — Py 157.70 4.8 0.4

the observed line to continuum ratios range from 0.5 a3
to ~ 5-10~2 for the lines measured from 140 to 180.

Tables 1 and 2 summarise the results of the observations. Towards B335 FIR we detected emission from [O}}&3,
The line fluxes were computed by gaussian fitting the spd€&l1]158um and from four CO transitions with rotational num-
tral profiles, which always had an FWHM comparable with thieers.J,,, = 15, 16, 17 and 18. All the HH objects present the
instrumental resolution element widthe( 0.29 and 0.6Qum [ClI]158um line, while a clear detection (at more than three
for the SW and LW detectors respectively). The reported errary of the [OI]63um is obtained only towards HH119 B and C
refer to the statistical errors obtained from the residual of tijeigs. 2 and 3). In the raster map positions, only [CII] was de-
gaussian fit with respect to a local baseline; they are always lessted. The spectra were also co-added in order to search for
or comparable to the calibration errors. diffuse emission in the [O1163m line, resulting in a 3 upper
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limitof 3-10~2° W cm~2. In Fig. 4 the [ClI] spectraare shownat  According to Hollenbach & McKee (1989), the 63 in-

all the map positions. The [CII] line flux in the position centereténsity originating from a high velocity dissociative shock (“J”
on B335 FIR is consistent with the value measured in the pointigghe shock) is:

observation, which was performed about 130 revolutions earligzﬁr

N . - Bum ~ 10713 ‘Mo - Vs €TG em ™2 st Srilv (1)
indicating the stability of the measurement procedure. ) ) , ,
whereuw;, is the shock velocity and, is the pre-shock density.

This latter is defined as the density of the medium before
the passage of the shock, and can therefore be taken equal to
3.1. The [CII]158m diffuse emission the ambient density, estimated tobe-10° cm~3 at distances

ﬁthe range 0.07 to 0.2 pc from the FIR source (Frerking et al.,

3. Discussion

The spectra from the raster map (Fig. 4) show that the [CII]1
pm line mtensﬂy remains very umform across the mappe which the three HH objects are travelling, the [Ol] intensity
region. Given the associated uncertainties, all of the POfhould bew 610-3 ergs-L cm2 sr!, which, compared with
g?ni ?i\ée n clo(;rj 5’(? rs\ll)lecr:% Ig\:)erllz’. d\év:t: a&aivfrzzgew\\llg%ee observed flux density, indicates that the region from which

[4. - I . : idering the emission originates can be no more than a few arcsec across,
beamwidth at 150m is about 80, the observed flux corre-

. o . _; 1. 5, i.e.comparable with the size of the optical knots.
e en e ey, T 1 80 mples ht, in e egonof e vt
. . . "XP . '9Ing 8vered by the three measurements considered here, the optical
photodissociation region (PDR) resulting from illumination o obiects are the only shocked knots present. since the es-
material by a weak interstellar field. For a PDR exposed to sucI!{| ) y P ’

. o timated emission sizes of the &3 line exclude the presence
es 04 —3
alow FUV f_qu, aqd hav!ng densm. 10°cm . (suchas those. af additional, heavily extincted, and thus visually not observed,
measured in the investigated region, Frerking et al. 1987), it}

expected thatiks,m ~ 1075 x Gyergs™! cm~2 sr!, where sRock excited regions.
G is the FUV flux measured in units of 113 ergs ! cm—2

(Hollenbach et al. 1991); this relationship indicates that the 0B-3. B335 FIR

served intensity is consistent with a FUV field of p&l- 3G,. e

In these conditions the expected [OI],68 emission should be 3.3.1. [Ol] emission
~10~%erg s' cm~2 sr—!, consistent with the observed uppeiThe [Ol] flux observed in the spectrum of B335 FIR is only
limit of 2-10~%erg s cm~2 sr-!. No increase of [ClI] on the slightly greater than that observed towards the HH objects (by
FIR source was observed, implying the absence of a PDR exdess than a factor of two). Since the HH knots are probably re-
close to the central object, as expected given the low luminodigged to episodic eruptions from the embedded source (Reipurth
of the source. et al, 1992), this emission could in principle originate in an in-
ner shock due to a more recent outburst, which has not been
observed at optical wavelengths due to the high extinction close
to the source.

HH119B and C have comparable [Ol}&® line fluxes consid- Given the linear dependence of the [Ol] line intensity on the
ering the associated errors (see Table 2). The upper limit towaaaisbient density, the relatively higher flux could be explained
HH119A does not exclude that here the/@88line has a similar by an increase of the density closer to the dense core. Indeed,
value than in the other observed knots. In order to understaxtording to the density gradients derived by Frerking et al.
if this emission could originate from the outflow material, thé1997), theny, may steepen at distances-00.05 pc from the
seven map spectra located along the flow axis were averagedntral source.

gether. No significant line emission was detected in the resulting Alternatively, the [Ol] emission could be also due to a lower
spectrum indicating that almost all the [Ol] is confined to theelocity shock originating when the jet obliquely impacts the
region covered by the pointed observations. Since this localistghse core in which the source is embedded. This hypothesis
emission is not originated from the diffuse PDR responsib¥ell be more carefully analyzed in the next section, in connection
for the [CII], it has to be entirely due to shock excitation. It isvith the analysis of the CO line emission.

therefore reasonable to assume that it is excited by the sameThe possibility has also been considered that the [Ol] emis-
shocks responsible for the HH knots which are expected to &ien originates from material in the infalling envelope surround-
high velocity (the knots are travelling at velocities of the ordéng B335 FIR. The observed g& luminosity, at the distance

of 200 kms!), dissociative shocks. Of the three HH objectsf 250 pc, is 1.810~2 L : Zhou et al. (1990,1993) model the
knot A (see Fig. 1) has the higher excitation spectrum and 4R source as a protostar ef 0.4 M, with an accretion rate
hibits a bow-shock morphology, while knot B appears to be les§2.8107°% M yr—!. Assuming these parameters and follow-
excited and it is located closer to the star where the medium g the model by Ceccarelli et al. (1996) for the line cooling in
probably already been compressed by the passage of the fiodtapsing envelopes, the expected [Ol] luminosity should be a
shock (Reipurth et al., 1992). Such a difference in excitationfactor three lower than observed. Models for accretion shocks
not apparent in the §3n emission, which, as already noticedin protostellar disks (Neufeld and Hollenbach, 1994), predict
has at least a similar flux level in both the objects. that the 63m luminosity should be even lower. Considering

87). Assuming that the shock velocity is similar to the velocity

3.2. The HH objects
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also the calibration errors affecting the 88 flux, we can say Table 4.Physical parameters of the CO emission
that the release of the gravitational energy due to infall could in
principle contribute up to half of the observed luminosity. (1) 2 3)

In conclusion, it is not easy to define, by means of the [O&as temperaturé (K) 350 150 800
line flux only, if there is a single prevailing mechanism for thg, . density, (cm™®) 510 410 510°
excitation of this line towards B335 FIR. More constrains calg column deznsityvco cm?) 110 410 1.107

be obtained by the analysis of also the CO lines. Size () 15 5 1
Size (pc) 0.002 0.002 0.001
3.3.2. CO emission CO coolingLco (Lo) 0.004 0.003  0.005

(1): best fit obtained with both LWS and JCMT observations.
réz , (3): extreme model fits which are consistent with only the LWS
Hlervations (see text).

To understand the origin of the observed higiGO rotational
lines, it is necessary to estimate the physical parameters wi
characterise this gas component. For that, a Large Velocity Gra-
dient code with a plane-parallel geometry was used. In this N B s B
model, the CO collisional downward rates for levels with < i —T=350K, ny =5x10%cm™°
60 andT" > 100 K were calculated using thg coefficients 1010 __T=150K, n,=3x10%m-?
taken from McKee et al.(1982), while the upward rates were
computed using the principle of detailed balance, and radiative
decay rates were taken from Chackerian & Tipping (1983). A
intrinsic line-width of 10kms! has been used, equal to theé 10-20
maximum velocity observed in the extended CO outflow: th&
validity of this assumption will be discussed later. =,
The model depends on several other free-parameters (tgm-
perature, density, filling factor and depth of the emitting region) ;¢-=:
some of which are related together. The relatively high uncer-
tainty in the line flux determination is sufficient only to allow
a range of possible physical conditions to be given which are
compatible with the observations. In particular, from the ratios ;...
of the lines observed by the LWS and their associated errors,
a range of possible excitation temperatures and densities can
be derived, which span from 150-800 K and®-4-10° cm~3  Fig. 5. Model fit of the observed CO line fluxes. In addition to the
respectively (see Table 4 and Fig. 5). We remark that this rarfggh-J rotational lines observed by the LWS (filled dots), also the CO
of parameters is compatible with the statistical errors reportée5 line from Graf et al. (1993) is reported (open dot). The solid line
in Table 1, which are the appropriate uncertainties to be app”@gicates the best fit obtained taking into account both the LWS and
to theratios of lines detected by the same detector, as in tHie CO_6—>5 observations, while dotted and_dash(_ed lines represent
case. respectively the coldest and warmest model fits derived from the LWS
We can see if the derived physical parameters can be beﬂ%tra only.
constrained by using also available ground-based observations.

In particular, the CQJ=6—5 line towards the FIR source hagresence of a warm CO component emitting from a dense and
been observed by Graf et al. (1993) at the JCMT, with a begi®mpact region with a total luminosity of about T0of the

of 8”. If we assume that the-65 emission comes from theste|lar luminosity and about double the luminosity due to [Ol]
same region of the lines observed by the LWS, we can rathgkhe same spectrumg. 1.81073 L).

uniquely define a model fit consistent with all the observations, \where does the warm gas come from? We first investigated
having a temperature of 350 K and a density df8 cm® it it could originate in the collapsing envelope modelled for
(see Fig.5). In this model, the line optical depths are of thg335 by Zhou et al. (1993). Our derived density range in a re-
order of unity, and imply a CO column density ol0'® cm™:  gjon of diameter about60'> cm is consistent with the average
given this, the size of the emitting gas can be estimated frefansity implied by the Zhou et al. density distribution inside
the absolute line flux, and results to be of the order of 1.%ne collapsing radius. However, in these circumstances the gas
(210~? pc at 250 pc). We stress, however, that since Graf @mperature would remain very low: (30 K) inside the enve-

al. did not map the region around B335 FIR covered by thgpe, in contradiction with the presence of the warm CO gas
LWS beam, the possibility that the—65 emission is in fact we are probing here. This result has been also confirmed by
originated by a region larger than the one implied by the LWSartstein & Liseau (1998), who made specific predictions on
high-J observations cannot be excluded. In particular, someyjife expected CO emission from B335 FIR assuming a Shu-type
not most, of the 6;5 emission could be indeed associated Witipfa||; they found that the contribution from the infalling enve-

the large scale outflowing gas having a much lower temperatyge in the highJ CO lines is several orders of magnitude less
of about 10-30 K. The above analysis indicates anyhow than observed by the LWS.

......T=800K, n,; =5x10%m3
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If the CO emission does not come from the collapsing esity estimated from the CO lines analysis (which, assuming a
velope, it could originate in high velocity shocks responsiblandard CO/K abundance of 10* correspond to a kcol-
for the HH presence. In high velocity J-type shocks, moleculasn density greater than 20cm—2), the 63:m line would be
are dissociated at the shock front and then are able to refaRrpected to be optically thick for the considered temperature
and contribute significantly to the cooling further away in theange, if all the oxygen is indeed present in its atomic form.
post-shock region, when the temperature has dropp&ﬂ@o Assuming an emission size of about 0.002 pc and a linewidth of
K (Hollenbach & McKee 1989). In contrast, [Ol] will already10 kms™!, we have that the contribution of the@8 line to the
contribute significantly to the cooling at temperature§000 considered shock should be about® '? W cm~2, i.e. signifi-
K, its emission coming from a larger fraction of the volume ofantly larger than the flux we are actually observing. We should
the post-shock region. Both the CO temperature and the sizé@vever keep in mind that part or most of the oxygen could be
the emitting region we have estimated (which must be at le#sother molecules like ©or even depleted on grains (e.g. van
half of the estimated size of the [Ol] emission) would agree witfishoeck et al. 1993, Bergin et al. 1995), thus making this esti-
such a picture. However, the derived CO luminosity exceeds thaation just an upper limit of the possible [Ol] contribution. We
of the [O1]63um line; a situation which should happen only irffan therefore only conclude that the observegdr3mission
very dense J-shockie. where the pre-shock density exceedi§ not in contradiction with the presence of the considered low
10° cm—3 (Hollenbach & McKee 1989). The total luminosityvelocity shock.

radiated by such a fast and dense shock would be: The contribution of H pure rotational lines is also pre-
dicted to be less than 30% of the CO luminosity, while such
1 5 . .
J— A o+ V] Aty (2) @ slow shock would not be expected to emit strongly in the

near-infrared rovibrational Hlines, since they all have excita-

Taking a pre-shock density, > 10° cm~3 and an effective tion temperatures above 1000 K. Indeed, images in the 1-0 S(1)
shock area Ay s corresponding to the estimated size of the emiine at 2.12:m obtained at the European Southern Observatory
ting region (1073 pc), thenL, .4 > 15 L, i.e.> 10° times the (Nisini, unpublished data) do not show diffuse emission from
luminosity radiated by the observed FIR lines and more tharts at a level of~107° erg s cm™2 sr '
times the luminosity of the central source ! In addition, we also We finally comment about the fact that we find broad agree-
note that a pre_shock densiw 10° cm—3 also contrasts with ment with the Kaufman & Neufield C-shock model despite that
the estimategostshock density{ 5-10° cm~3) since, accord- the actual shock we are observing is probably neither planar nor
ing to Hollenbach & McKee (1989), the compression factor f@tationary as the model assumes. Given however the spatial and
shocks with velocities larger than 100 km'sand magnetic temporal averaged physical quantities that we can infer by our
fields less than 1 mG, which is the upper limit derived toward@¥servations a detailed comparison with more specific models
B335 (Rydbeck et al. 1980), is expected to be greater thanguld be impossible.
least 20.

Itis more likely that the observed CO emission comes fromsy piscussion on the different shock components
different and non-dissociative shock component having a lower
Ve|ocity (i_e_ from a “C” Shock): since in C-shocks the peakrhe analySiS of the far infrared lines towards B335 FIR indicates
temperature of the postshock gas is directly related to the sh&ek presence of both high and low velocity shock components
velocity, our estimated gas temperatur&50 K can be trans- along the flow excited by the infrared source. The occurrence
lated to an estimated velocityl0 km s-! (Kaufman & Neufeld of shocks at different velocities and having different excitation
1996). The presence of slow shocks connected with outflow &nditions is common along molecular outflows as evident by
tivity in YSOs has already been inferred in a variety of differerif€ simultaneous presence of HH objects (characteristics of dis-
sources (Nisini et al. 1998, Ceccarelli et al. 1998, Liseau et 8pciative shock interactions) and emission from molecular hy-
1996). A more detailed comparison of the observed emissi@iPgen, which does not survive in shocks with velocities greater
with the Kaufman & Neufeld models favours a shock with~  than~ 50kms™*. Models for the origin of bipolar outflows
10km s ! andn, ~ 10° cm~3. The total luminosity radiated by Predict the formation of a wide range of shock conditions. In
this shock is, adopting the relationship given in Eq. 2).005 outflows triggered by collimated stellar jets (Chernin & Mas-
L, i.e.comparable to the total luminosity of the CO emissior$on 1995, Raga & Cabrit 1993) a bow shock is created at the
In such a model, CO is indeed expected to be the major coolBfd of the jet, with the highest velocities occurring along the
of the shocked gas, since the contribution at the cooling,@ H flow axis and progressively slower shocks along the bow tails.
lines is still not dominant in slow< 15 km s1) shocks, where In outflows driven by wide-angle collimated winds (Shu et al.
the temperature is not high enough to trigger the endotherrd295), the highest velocities should occur when it strikes the
reactions which bring all the free atomic oxygen into watéfmbient medium at the maximum speed, and the slower shocks
(Bergin et al. 1998, Kaufman & Neufield 1996). On the otheé¥ould then lie further back where the wind obliquely impacts
hand, if oxygen is not converted into water, it should also cofD the surrounding medium.
tribute at the shock cooling, so one could argue that the observedThe low spatial and spectral resolution of the LWS data
[O|]63Mm emission is a|so due to the same IOW Ve|0city Sho(g@ not allow discrimination between the different pOSSibiIitieS
responsible for the CO emission. Given the high column den-
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but the derived general characteristcs of the far infrared line flow associated with B335 FIR, indicating the connection of
emission do not contradict any of the above scenarios. the observed lines with the mechanism driving the outflow.
The integrated luminosity from [Ol] and CO observed along- We also derive that the CO emission cannot be taken into
the outflow is~ 10~2 L,, which is comparable with the out-  accountby the energy release during accretion, since current
flow kinetic luminosity (410~2 L, Hirano et al. 1992). This models forinfalling envelopes predict that the cooling in FIR
is indeed what is expected if the shocks traced by the FIR lines lines from this low-luminosity protostar is much lower than
are accelerating the ambient medium into the molecular outflow what we observe. Moreover, based on the analysis of the
(Davis & Eislbffel 1995), further supporting the close associa- properties of the shocks present in the considered region,
tion of the observed line emission with the mechanism driving we conclude that, although the protostellar collapse could
the outflow, whether it is a jet or a collimated wind. in principle be responsible for part of the [Ol] emission, itis
Finally, we note that the CO emission, unlike that of [Ol], not the main excitation mechanism for the observedg3
is observed only towards the central source and not along theline.
outflow. The CO lines detected on-source however have a Iovx%
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