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Abstract. The spectrum of the Class 0 source L1448-mm héa observed by ISO amongst young sources displaying outflow
been measured over the wavelength range extending from @&dttivity; we argue that the occurrence of multiple shocks over a
190um with the Long Wavelength Spectrometer (LWS) and thelatively short interval of time, like that evidenced in the sur-
Short Wavelength Spectrometer (SWS) on the Infrared Spaoendings of L1448-mm, could have contributed to enrich the
Observatory (ISO). The far infrared spectrum is dominated byolecular jet with a high HO column density.

strong emission from gaseous® and from CO transitions

with rotational quantum numbets > 14; in addition, the H Key words: stars: formation — stars: individual: L1448-mm —
pure rotational lines S(3), S(4) and S(5), the OH fundamelsM: jets and outflows — ISM: molecules — infrared: ISM: lines
tal line at 119um, as well as emission from [(P63m and and bands

[C11] 158 m are also observed. The strong CO and water emis
sion can be consistently explained as originating in a warm

gas component &~700-1400 K anchy,~(3-50) 13 cm~3, 1. Introduction

which fills about 0.2—-2% of the 75" LWS field of view (corre- )

sponding, assuming a single emitting region, to a physical sizB €1ass 0 source L1448-mm (also called L1448C) is a deeply
of about (3—-12) or (0.5-2) 102 pc atd = 300 pc). We derive embed_ded, young low mass protostellar objéct(10 I__@) lo-

an H,0/CO abundance ratie’5, which, assuming a standarcFated in the core of the L1448 dense cloud (at a distarree
CO/H, abundance of 10, corresponds to kD/H, ~510~*. 3_’00 pc, Cernis 1990). It _em|ts strongly at rmlhmeter and cen-
This value implies that water is enhanced by about a factd? timeter Wavelengths, while t.he. IRAS S{;\telllte was only ablg to
with respecttoits expected abundance in the ambient gas. ThRGLECt weak far infrared emission (Curiel et al. 1990; Bachiller
consistent with models of warm shocked regions which predfe@!- 1991a; Barsony etal. 1998),8maser emission has also
that most ofthe free atomic oxygen will be rapidly converted infst€"N détected from this source, with an intensity which is sig-
water once the temperature of the post-shocked gas exseed‘gﬁqantly hllghe.r than that_usually obsc_arved in young sources of
300 K. The relatively high density and compact size inferred félea_r Ium|nos_|ty (Cherpln 1995). This source drives a young
this emission may suggest an origin in the shocked region aldiif Nighly collimated bipolar outflow (Bachiller et al. 1990)
the molecular jet traced by SiO and EHV CO millimeter lin&/Nich has been mapped by means of different molecular trac-
emission. Further support is given by the fact that the obsen/d§: These observations reveal a complex structure where com-
enhancementin O can be explained by shock conditions simONeNts with different physical properties co-exist and probably
ilar to those expected to produce the abundant SiO observed'fi Interacting together. C@=2—1 and 1-0 observations, in

the region. L1448-mm shows the largest water abundancepééticmar’ have revealed that in addition to the high velocity
gas which outline the overall outflow structure, there are sev-

Send offprint requests t@runella Nisini eral spatially and spectrally separated clumps, aligned with the
(bruni@coma.mporzio:astro.it) outflow axis, which have extreme velocities up to 70 kmhand

* Based on observations with 1SO, an ESA project with instrumert&€S of~ 0.03 pc (the so-called “molecular bullets”, Bachiller
funded by ESA Member States (especially the PI countries: Fran€é,al. 1990). These clumps lie in pairs located symmetrically
Germany, the Netherlands and the United Kingdom) with the partiskith respect to the mm source and have similar but opposite
pation of ISAS and NASA velocities. This has lead to the suggestion that these bullets are
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produced by successive ejections from the central source. In
dition, their alignment along the outflow axis al so suggests tt
they trace the jet which entrains the ambient molecular matel
in a biconical cavity, which is observed through lower velocit
gas (Bachiller et al. 1995). SiO emission has also been obser
associated with these clumps, with an abundance enhancer
of 10*~10 times greater than typical values of quiescent mole
ular clouds (Bachiller etal. 1991b; Guilloteau etal. 1992; Dutre
et al. 1997). Such high SiO abundance could be generated
shocks with velocities greater than 25 ki sthat are capable
of removing silicon from dust grains (Schilke et al. 1997). Hig
angular resolutionimagesin SiG-2— 1 close to the mm source
(Guilloteau et al. 1992) show that this emission is distribute
along a jet-like structure, where it is possible to define differe
sub-clumps of size- 4”, whose kinematical timescales are
100yr.

The outflow from L1448 has also been mapped extensive
in Hy emission (e.g. Bally et al. 1993; Davis et al. 1994; Dav
& Smith 1995). The strongesteatures are seen in the blue -
lobe of the outflow, with an arc-like structure which surrounc
the high velocity molecular jet. Hemission is also observed :
at the end of the redshifted lobe, but is not detected from t n,

E
innermost molecular clumps which lie close to the mm source, " 420" ,
presumably due to higher exctinction in this region. Fig. 1. The LWS and SWS beams of 7and 14'x20"respectively are

The observational scenario outlined above shows that aloil]:ﬁe”mposed on a#fl-0)S(1) + continuum emission from Davis and

the L1448 outfl di ticular in th - t ol ith (1995). The contours delineate the EHV CO emission in the
€ outliow and in particufar in the environment Closg, (solid line) and red (dotted line) lobes of the outflow (adapted

to the mm source, different excitation regimes are probed Ry Guilloteau et al. 1992). R1 and B1 indicates the EHV molecular
the different molecular lines; in particular, low velocity CQyjiets closest to the central source.

traces relatively low density gas &t,~10-30 K, the CO and

SiO emission in the molecular clumps indicates higher densitigs e jominates over that of any other species which is present
(10°-10° cm~?) and temperatures of about one hundred K, and o investigated region.

finally the H, emission traces material at temperatures in excess

of 2000 K. It is therefore clear that there is an observational gap
in our ability to trace gas with excitation temperatures betweén
100 and 2000 K; this is because the gas cooling in this tempet448-mm (g5, = 3" 22 343, 6,05 = 30° 33 35 ) was ob-
ature regime occurs mainly through the emission of atomic agérved with the LWS (Long Wavelength Spectrometer, Clegg et
molecular lines like [Q], H-O, highd CO, OH and H tran- 5|, 1996) and SWS (Short Wavelength Spectrometer, de Graauw
sitions, which all fall in the mid to far infrared spectral rangest al. 1996) on the 1SO satellite. In Fig. 1 the apertures of the
which is not accessible from the ground. Observations with thgo instruments are superimposed on a 2ut?map of L1448

Infrared Space Observatory (lSO, Kessler et al. 1996) a”QWShOW the region covered by the observations.
this gap to be filled, giving for the first time the opportunity

to spectroscopically investigate the entire spectral range from )
3 to 200m. Spectra obtained with 1SO towards a number 6f1- WS observations

young sources driving molecular outflows have already shownow resolution (R~ 300) spectrum of the source extending
that the circumstellar gas in such sources is cooled mainly f¥m 45 to 197:m was obtained with the LWS during revolu-
line emission from ® and CO (Nisini et al. 1999; Nisini et al. tion 653 (August 30, 1997). The spectrum was oversampled by
1998; Saraceno et al. 1998). Emission from gas phasehds g factor of four and each spectral sample had 10 s integration, for
been observed in some sources (e.g. Saraceno et al. 1998)alial integration time of 4265 s. The raw data were reduced and
even if the derived abundance has been found higher than ¢agbrated using version 7 of the LWS pipeline, which resulted
expected interstellar value in quiescent clouds (van Dishoeckehn absolute intensity calibration within 30% (Swinyard et al.
al. 1993), its contribution to the gas cooling is never found t96). Post-pipeline processing included the removal of spuri-
be as important as expected in the warm gas around protostgys signals resulting from cosmic ray impacts, and averaging of
where the water abundance can be significantly enhanced ghevarious grating scans from each detector. The line fluxes, ob-
to either the evaporation of icy grain mantles or to moleculggined from gaussian fitting to the spectral profiles, are listed in
formation in high temperature(300 K) gas-phase chemicalTable 1, where the associated errors refer to the rms noise of the
reactions. Here we present the first case in which cooling [j¢al baseline. We show in Fig. 2 the global spectrum obtained

Observations and results
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200 Table 1.Emission lines measured with LWS toward L1448-mm
L Nobs Line id. Avac F A F?*
150 (nm) (um) (10> Wcm?)
2 0 63.20 [O] %P — 3P, 63.18 29 1.4
‘5 ool 90.06 p-HO 32-211 89.99 5.1 1.3
& r 98.98 OH2H1/25/2-3/2 98.7 <45
H 99.50 0-HO 5p5-414 99.49 13. 1.1
50[- L1448 -mm 100.71 CO 26-25 10046 3.3 1.1
[ 101.12 p-HBO 25-111 100.98 9.9 1.8
F 104.46 CO 25-24 104.44 5.7 1.1
0 5‘0 ‘ 1(‘)0 ‘ 1%0 ‘ ‘ 2(‘)0 ‘ 108.20 0-HO 25:-119 108.07 13. 1.2
Mpamm) 108.84 CO 24-23 108.76 4.2 1.2
Fig. 2. The LWS spectrum of L1448-mm obtained by matching eacht3.65 CO 23-22 113.46  15. 2.5
other the ten LWS detectors and rebinning the data at the instrumental 0-H>0 414-3p3 113.54
resolution 119.42  OHTI3,5/2-3/2 1194 9.1 1.1
121.72 0-HO 432-453 121.72 4.8 1.5
124.15 CO 21-20 124.19 35 0.6
by merging together the sub-spectra obtained from the ten L' o4 P-HO 4o4-315 12535 3.8 1.0
: . . . - 0.32 CO 20-19 130.37 4.1 0.8
detectors just to give an idea of the relative contribution of the, ' 0-HO 4ys-d 13241 26 06
. .. . . . . . 3-414 . . .
line emission with respect to the underline continuum, whilg,; ;5 CO 19-18 13720 48 0.7
a detailed account for the FIR continuum emission of the m{ig 5g p-HO 31325 13853 36 0.6
source will be given elsewhere (Nisini et al. 1999, Paper Il). 144.71 CO 18-17 144.78 5.1 0.7
Fig. 3 shows the continuum subtracted (by second ordey3.26 CO 17-16 153.27 6.1 0.9
polynomial fitting) spectrum from 50 to 190n while in Fig.4 157.74 [Cu] *P3;» — °Pyj»  157.74 7.2 0.7
the [O1] 63um line is plotted. The spectrum appears extremeh$2.83 CO 16-15 16281 6.1 1.0
rich in rotational lines of both carbon monoxide and watéd’3.62 CO15-14 17363 85 2.0
vapour. All the CO transitions withfrom 14 (the lowest transi- 174.62 0-HO 3p3-2:2 174.63  11. 3.0
tion observable with the LWS, at 18#n) to 21 were detected. gg'gg 8'38 ;12';01 gg'ig ?326 3'2
- i i 20 —2 . - 21°£12 . . .
The J=22 line is not seen to as3level of 710 Wem™ =, 18595 CO 14-13 18600 93 14

but the /=25 line at 104.5um is clearly detected with a S/N - —— —
of about 5. The/=23, 24 and 26 lines are blended with strong E'TOrs are statistical and upper limits 3

H,O transitions which have a FWHM slightly broader than the

instrumental resolution element of Quf1. An attempt to de- Table 2. Emission lines measured with SWS towards L1448-mm
blend with a two gaussian fit was made for the26 and/=24

lines, which are separated from the adjacent®2;,-1,; and Line A r 20 Ali:

0-H>0 2,1—1, lines by about 0.5 and 08n. The COJ=23 at (um) (1077 Wem™)

113.46um is however too close to the 0,8 4,,~3y; line (at S(7) 55112 <96

113.54um) to permit a meaningful deblending. The fact that th (6) 6.1086 <7.5

observed line peaks at 113.661 suggests however that mos Ei; g'gggi i'g (1)'1

of the flux can be attributed to the water line. S(3) 9:6649 1:3 0:4
Water lines are observed in both the ortho and para for@(;z) 12.279 <5.7

almost all the backbone lines up to excitation temperaturesqqfy  17.035 <0.8

about 500 K are present, plus most of the strongest transitiogis;] 34.814 <2.1

which fall in the LWS spectral range (see Fig. 6). In addition t0g,s are statistical and upper limits 3

CO and water, the OH fundamental at 148 (a blend of the

four low-lying transitions of the 3/2 ladder) is also observed.

An upper limit to the 99:m line of OH2H1/2 5/2-3/2 was set these observations (obtained during revolution 814, on February

by attempting to deblend it from the nearby e®i5)5—4,,4 line 6, 1998) are 14x 20" for the lines from S(3) to S(7), 14 27"

at 99.5um. The [Ci1] 158um and [Or] 63um lines are the only for the S(1), S(2) and 20<27” for [Si11].

atomic emission lines present in the spectrum. Each line was integrated for a total time of 200 s. The data
were reprocessed through the SWS pipeline version 6; system-

22 SWS observations atic flux errors due to the SWS calibration uncertainties are es-
timated to be about 30% (Schaeidt et al. 1996). Of the scanned

The SWS was used in the AOT SWS02 mode to scan the hkhes, only the H S(3), S(4) and S(5) were detected and their

pure rotational lines from S(1) to S(7) and thef$85um line  spectrum is shown in Fig.5. The measured and upper limits

with a resolution ranging from 1000 to 2000. The beam sizesfhixes are reported in Table 2.
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. ‘ R R R T ‘ where molecular emission lines have been
140 150 160 170 180 190  detected. This part of the spectrum also in-
wavelength (um) cludes the [Q1] 158 m line.
/ElO, . ?8“0’"’7“‘\“‘\‘77‘Hw“w"’““‘w“‘i
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0 Fig.5. Continuum subtracted SWS spectra of the ptire rotational
Apmm) lines detected towards L1448-mm. Gaussian fits through the data are

Fig. 4. The continuum subtracted portion of the LWS spectrum showifgdicated by dashed lines.
the [O1] 63 um line.

geometrical model. In principle, the emission from warm dust
3. Analysis of molecular emission could be efficient in the radiative excitation o(& and OH;

To understand the origin of the observed strona molecular e ri10_vvever, the influence of the local radiation field has not been

sion. we first want to%erive the physical ara?neters aver:lgséen into account in the radiation transfer calculations consid-
' pny " Pt P genng that the continuum source has a temperature of about 30 K

over the rather large LWS bearms (75”), which characterises and a dust opacity of only 0.07 at 200 (Barsony et al. 1998)

the different gas components. For this purpose, the line emis-: - S '

sion from CO, HO and OH have been analysed by solvinW%"e gas temperatures in excess of 500K are implied by our

the radiative transfer in the line simultaneously with the levgpserved lines (See F|g.. 6). -

) . . In these approximations, the expected flux of a transition at
populations, under the Large Velocity Gradient (LVG) approx: T )
o . requencyv is given by:
imation in a plane-parallel geometry. Given the average nature
of the observed emission and the uncertainty on the exact% -0 1 s
ometry involved, we did not attempt to consider a more realistic’ — 4 /AZ hv A, By (1)) funx dz ergs™ cm™~, (1)
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0 transitions observed by LWS in L1448-mm
0C Y and their wavelengths in microns indicated.

where A, is the spontaneous radiative rafg,is the fractional size and depth of the emitting region, velocity dispersion) some
population of the upper level of the transitior is the number of which are related together, and thus difficult to be simulta-
density of the considered molecular specids, is the depth neously constrained even with the large humber of observed
of the emitting region subtending a solid an§le and 3, is lines. However, the high- CO lines are likely to be optically
the angle-averaged escape probability which depends on tiie (3, — 1), in which case their relative ratios depend only
line optical depthr, through the relationship (valid for a plane-on the excitation temperatures and densities. In addition, the

parallel geometry, Scoville & Solomon 1974): H, lines, being optically thin and thermalised, can further con-
] _3r, strain the gas temperature. The temperature and density derived
B, = -e (2) in this way can then be used as fixed parameters in modelling
37y the water and OH lines, which are very sensitive to opacity ef-
The optical depth can be expressed as: fects because they have their energy levels connected by strong
3 g ) radiative transitions.
= Rs Ay fu(nugl nx ‘dV/dz ’ 3)

3.1.COandH
wheredV/dz is the velocity gradient in the region amg, n,

andg,., g, are the populations and the statistical weights of tHa'e downward CO”'SI'OnIaI rates for CO Ievelsf\;th< 60 a;d
upper and lower levels respectively. T > 100K were calculated using they, coefficients taken

If we assume an homogeneous slab where the total velod[§™ McKee et al. (1982), while the upward rates were com-

dispersion isAV’ this last expression can also be written: ~ PUted using the principle of detailed balance. Radiative decay

, rates were taken from Chackerian & Tipping (1983). If we look
o A, f (nzgu _1) Nx at fluxes of the observed CO lines plotted as a function of the
83 T g AV’ upper level rotational quantum number (Fig.7), we note that

: . . the transitions with/=24, 25 and 26 have flux levels which are

making explicit the dependence on the column dengity)(of : - o

. too high, compared to the lower transitions, to be excited in the
the particular molecule. .

same gas component. We have therefore attempted only to fit the

. .The frac.:'gor.lal popglatlon IS g|ve.n.bythe equgnons ofthe stﬁémsitions withJ < 21. From their ratios we derive a tempera-
tistical equilibrium which, for a collisionally excited molecule

. ture ranging from 700 to 1400 K and a density in the range!3 10
depend on the local temperature and density as well g on to 510 cm—3. These limits were obtained after considering all

From the above expressions we can see that the line inten- ' ) . . )
. model fits which were compatible with the errors associated
sity depends on several free parameters (temperature, densfy,

(4)

Ty
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10-10 ¢ 3 \ \
F 3 40— 17 _
i i L T =1300K |
L ¥ B
1071 | 7 = | T =1700 K |
i L 1 381 .
r v ¢ Vv L ,
— [ / X | I R ]
§ 10720 - / N E ; F o
E 0 ] F 36
= i N i
Eoal [/ L1448-mm ] ,
= g / E 34
r T=1400K, n, =3x10%cm2 1 | J
10722 _ _ _ 3 P P T I
g — — —T=700K, n,=5x10%m" ] 32 2000 4000 6000 8000
r ] B, (K)
10-23 \ \ Fig. 8. H, excitation diagram. The open circles are the observed line
0 10 20 30 fluxes to which a dereddening d@f,=5 mag has been applied, while
Jup open squares are dereddened with=11 mag

Fig. 7.Model fits through the observed CO lines. The range of tempera-
tures and densities compatible with the observations are indicated. IJ?@

total flux in theJ=2—1line from Bachiller etal. (1990) is also reporte ]
(open triangle) together with th&=2—1 emission relative only to the urner et al. (1977), and an ortho- to paray éfjual to 3 was

EHV component (open circle). The higher observelihes (/=24, 25 adopted. For a Boltzmann distribution, the slope of this plot is

and 26) have fluxes too high to be fitted by the same parameters ad{grSely proportional to the kinetic temperature of the gas. We
other lines, suggesting the presence of a second component. note that the three detected lines were all observed with the same

beam size, and therefore no beam filling correction is needed.
The S(3) line at 9.7m is particularly sensitive to extinc-

with the lines. In Fig. 7 we also report theB=2—1 measure- tion corrections, lying in the middle of the silicate absorption
ment taken from Bachiller et al. (1990): we see that both tf@ature. An average visual extinction of about 5 mag was esti-
intensity integrated over all velocities (open triangle) and tigated towards the region covering the entire outflow (Bachiller
contribution just of the EHV gas (open circle) lie inside ouet al. 1990), but of course the reddening could be much larger
considered parameter range. In particular, temperatures grefitap this value on smaller scales, particularly in the surround-
than 1400 K would not agree with the total flux in the2—1 ings of the mm source. Given the fact that the S(4) and S(5)
line while the 700K fit already miss thé=2—1 completely; lines are much less affected by reddening than the S(3) line,
temperatures lower than this value would also fail to reprodud€ can make a rough estimate of the extinction correction by
both the lower and highef lines observed by LWS, giving riseimposing that the S(3) transition should lie on the same line as
to curves narrower than the observed flux distribution. the other two transitions in the excitation diagram. In this way

Given the high uncertainty on the flux determination of th&e estimatedy ~ 11 mag. Fig. 8 shows the derived excita-
J=24 and 26 lines due to their blending with the much strongi®n temperatures both assumiAg =5 mag and4y=11 mag.
H,O lines (see previous section), we have not attempted to@iven also the uncertainty associated with the measurements,
the second component. However, the fact that it should peal@dnge of temperatures from 1300 to 1700 K can be deduced.

J~24, indicates that its temperature cannot be lower than abdtierefore, in the assumption that the lhes are emitted in the
2000 K. same region as the CO lines, a temperature between 1300 and

The analysis of the §{(0-0) lines gives a further way to 1400 Kwould be favourite as the best estimate to simultaneously
constrain the gas temperature. Indeed, these lines originate ff@Rroduce the Hand the CO observations. The corresponding
quadrupole transitions and are therefore optically thin. In adéiensity values from the CO fits would in this case range between
tion, they have critical densities lower than*ten— @, im- 3 and 6 18cm™*. However, given the different beam sizes of
plying that they are very quickly thermalised; their ratios cafie LWS and SWS instruments, the possibility that they are ac-
therefore be used to directly estimate the gas temperature. THly tracing different gas components cannot be ruled out. We
can be better visualised in a rotational diagram (Fig. 8), whetdl! therefore conservatively assume that CO temperatures as
the natural logarithm ofV(.J)/g(.J), the column density for 10w as 700K cannot be excluded.

a given upper level divided by its statistical weight, is plotted
against the excitation energy of the upper level. To construgb H,0 and OH

diagram, the spontaneous radiative rates were taken from

! this has been checked to be true in the temperature range 18@suming that the water lines originate in the same region as the
2000 K by using the collisional rates from Danby et al. (1987) CO lines, we can take the temperature and density as derived
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Nyo/Av = 2 10'% cm™ km-™! s
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4,4 99.5.m (lower panel) HO lines, as a function of ths (HsO)/AV the observations (open circles) in the two extreme conditions derived

parameter for a gas temperatife 1400K and a volume density frgm the d(?czhm.LVerS note tthat the ”:ﬁ;)rlet'c?kl] fngis ‘;OL,Ilqe tléneshn(l)él
nu,=310' cm™3. The straight line indicates the observed value whil@°S€Vednthe Spectrum are all below the detectabiiity threshold.

the dashed region delimits the range of uncertainty.

Fig.9. Ratio of intensities of the 3—2,2174.6um to the 2,—
110 108.1m (upper panel) and of the;2-2,2 179.5um to the 55—

of the observed line fluxes with those predicted by these mod-

from the CO analysis to model the observegdHfluxes. We els is shown in Fig. 10. We see that both cases reproduce quite
will in particular consider the two extreme conditions derivediell the observations, reflecting the difficulty in determining the
from CO,T ~1400K andn ~ 310*cm~3, andT ~700K physical parameters of the emission using the water lines alone;
andn ~ 510° cm~3, referring to them as the “high” and “low” however, the “high” temperature case seems to give a slightly
temperature cases respectively. The water spectrum has Hetter agreement with the data, especially because it is able to
computed considering 45 levels for both the ortho and pamproduce the observed 179 line, which is the strongest
species (i.e. considering the levels up to excitation temperatuliae observed in the spectrum.
of ~ 2000 K) and adopting radiative rates taken from Chandra The absolute line intensity depends on bat{H,O) and(?,
et al. (1984) and KO-H; collisional rates from Green et al.which can be independently derived once a linewidlfi is as-
(1993). We assume an ortho/para abundance ratio of 3, equalimed. To estimatAV we assume that the observed emission
the ratio of the statistical weights of their nuclear spins. is related to the outflow activity taking place in the close envi-

Having fixed the temperature and density, we see fromnment of the millimeter source. This has been traced in many
Egs. (1), (2) and (4) that the other parameters affecting the alifferent molecularlines (e.g.5CO, SiO), having widths rang-
solute flux intensity of the water lines are the velocity dispeing from 20 to 50 kms!. Taking this range of values we de-
sion, the HO column density and the projected area of theéve a water column density of (0.4—1)f@xm~2; the projected
emitting region. The optical depth in the lines is proportionarea of the emitting region in the “high” temperature regime is
to N(H,O)/AV and since the ratios of different lines depenthen (50-120) arcsédi.e. 7-12 diameter assuming a single
on their relative optical depths through the escape probalghitting region), implying that about 2% of the LWS beam is
ity (Egs.[2] and [4]), we can use them to constrain a value tfied with emitting gas. Adopting this source size, the CO col-
N(H;0)/AV. The dependence of the line ratios on this paimn density can be now estimated from the observed CO line
rameter is shown in Fig. 9 for two different sets of lines. Froriuxes, giving/N(CO)= (0.6-3)10" cm—3 (a range which also
the figure it appears clear that a unique valuévgH,O)/AV  takes into account the absolute flux calibration errors). We find
can be effectively derived from a single ratio providing that thaerefore that the HD/CO abundance ratio is5. Hence, for
opacity of the considered lines is neither too high-{ co) so the standard CO abundance of #Qthe water abundance is
that their absolute intensities approach the blackbody value, Bd0~—4, implying an enhancement with respect to the ambient
too low (r — 0) that their relative ratios become independemas of a factor-10° (Bergin et al. 1995).
from the column density. The best fit consistent with all the On the other hand, assuming the “low” temperature regime
observed ratios gived (H,0)/AV =210'cm—2km~'s for a more compact region of 32®f diameter is derived from the
either the “high” and “low” temperature cases. A comparisomater lines; since however the intrinsic CO line intensity of the
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considered transitions is higher than in the “high” temperatudense cores some of the CO can be depleted on grains, further
case, the implied CO column density is similar in the two casesducing this value, see e.g. van Dishoeck et al. 1993) could be
and consequently theJ/CO ratio remains almost unchangedhat the region strongly emitting the molecular lines observed by
This makes us confident that the derived value of the water abthe LWS, has been totally or partially missed by the smaller SWS
dance does not depend significantly on specific values adopbe@am. This in turn would imply, giving the low beam-filling

for the physical conditions and projected area, the only assurderived for the LWS observations, that the region of emission is
tion affecting this value being that CO and water are emitted byt located in the center of the two beams, i.e. coincident with
the same gas component. the mm source.

Finally, we also remark that our model predicts a popula- Alternatively, the extinction in the region could be much
tioninversion inthe 22 GHz6;—5; 3 transition, which has been higer than assumed in our analysis. Ag value of about 250
detected in the form of strong masering spots aligned with theag would be necessary to increase the3f4) and S(5) ob-
stellar outflow (Chernin 1995), but we are unable to reproduserved fluxes by a factor of one hundred, which is needed to find
the large line luminosity observed; the 22 GHz maser is hoa-CO/H, abundance ratio similar to the commonly assumed in-
ever localised in dense;, > 10°) and very compact regionsterstellar value. Such a high extinction, which is found only if
probably having the optimal geometry for producing the strorige observed lines originate from very close to the protostar it-
masering, while the LWS observations probe emission on largetf, would strongly affect the (0-0) S(3) line intensity, causing
scales. it to deviate too much from the straight line in the rotational dia-

Very high abundances of gas-phasgdHhave so far been gram. Inconsistencies would be also found with the upper limits
estimated only for the Orion region (Harwit et al. 1998) buif the S(1) and S(2) lines, which, by contrast, are not greatly
never in low mass protostars similar to L1448, since the typicaffected by a large amount of extinction.
values in these sources are of the order of (1-5P1(Qliseau A different interpretation could be that in the considered re-
et al. 1996; Saraceno et al. 1998; Ceccarelli et al. 1998). dion the hydrogen is not fully molecular but part of it is present
this respect, L1448-mm seems to have an exceptionally highatomic form. This circumstance could happen for instance
water abundance, indicating that the processes responsiblarigrotostellar winds, where a significant fraction of atomic hy-
the production of gas-phase water are particulary efficient hedeogen can be present even if the heavy atoms are processed
We will discuss this point further in the next section. into molecules (Glassgold et al. 1991). Alternatively, also in the

Finally, adopting the same parameters as derived from thieesence of dissociative shocks a significant part of the post-
above analysis also for OH, from the observed Aafflux we shock gas can be composed of hydrogen which is mainly in
deduce a column density (OH) of (0.7-1.3) 18° cm~2 and atomic form (Hollenbach & McKee 1989). That the flow from
therefore an X(OHy 1072, i.e. 21072 times the water abun- young stars can be characterised by an appreciable amount of
dance. For the molecular parameters and assumptions indtemic hydrogen has indeed been demonstrated by the detec-

modelling of the OH, we refer to Giannini et al. (1999). tion of the 21 cm hydrogen line associated with high-velocity
Table 3 summarises the derived quantities for the observadlecular outflows (e.g. Lizano et al. 1988).

molecular species. The different possibilities will be discussed in Sect. 5.

3.3. The NHQ) column denSity 4. OO and C+ emission

The absolute intensities of the observedires canin principle c+ js not usually abundant in shocked regions; dissociative
be used to derive the Hcolumn density if the beam filling shocks can produce’G but its 158:m emission never exceeds
factor is known. Adopting the hypothesis that the higieO more than~10% of the [O1] 63 um emission (Hollenbach &
and H pure rotational line emission is fully enclosed withinickee 1989) while our observed @ 158m /[O1] 63 um ra-

the relatively smaller SWS beam, we can use the size of #figjs 0.3. On the other hand, even very weak far UV fields, com-
emitting region derived from the above analysis to estimate thgrable to the average intertellar field, can producefiGxes

N (H,) of the warm gas, obtaining a value of aboutlém=2.  \vhich are detectable with LWS.

When Compal’ed with the estimated CO column density, this |ndeed, the flux observed towards L1448_mm, which cor-
value would imply a CO/Hl abundance of-10~>. This result responds to a surface brightness of 4.846rgs ™' cm~2 sr-!

does not in fact depend on the specific model adopted; a dirggsuming unit beam filling, is comparable to the value observed
measure of the CO/Habundance ratio in the warm gas cagt other locations in the cloud (Paper II) and can be accounted
be independently given simply by comparing the ratio of twgy by an average FUV field of only 4 Gy, whereG, is the
observed lines emitted in the same conditions. Indeed, both fhgy flux measured in units of the local interstellar FUV flux
high-J CO and the H lines are optically thin and therefore(1 6 10-3 erg s~! cm~2, Habing 1968). Such a weak field would
their ratio is directly proportional to the ratio of their relativehowever be unable to excite the observed][68 xm emission,
column densities. Measuring the ratio for different sets of lineghich is more likely associated with shock excitation. If we as-
we always obtain a value of CO#tf the order of 210%. One  syme that the [@] 63 um originates from the same gas which

possible explanation for this anomalous abundance ratio ({§&esponsible for the CO, 40 and OH emission, we derive
interstellar CO/ |d abundance is of the order of 16, while in a column density of @Of about 6 166 Crn*2 (for the given
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Table 3.Ranges of physical parameters for the molecular emissionby the ISO lines originates from a relatively compagt12”’)
region with temperature less than 1400 K. These characteristics

Gas temperatur® (K) 700-1400 exclude the possibility that the bulk of the observed emission
Gas densityig, (cm™?)  510°-310" comes from the region outlined by the, IKnots A and B (at

Size (') 3-12 the edge of the LWS beam), which are rather extended and
Size (pcy (0.5-2) 1072 excited at temperatures in excess of 2000K (Davis & Smith
Neo (cm™7) (0.6-3) 168 1995). These knots could however be associated with the sec-
Nuz0 (0”12 ) (0.4-1)10 ond CO emission component at higher temperatures, which is
Nou (cm™2) (0.8-2) 10°¢ ) X :

Nur, (cm2)® (0.7-4) 10° traced by the rotational lines W|th?2$. We can aI;o exclgde
Loo (Lo) 0.025-0.03 that the qbserved mplecular excitation is associated W'Ith the
Lo (Lo) 0.045-0.06 low velocity CO, which appears to have a greate_r spatial ex-
Lon (Lo) 0.005-0.006 tent and smaller column densities than those derived from our
Ly, (Lo) 0.002—0.003 analysis. More likely is that the observed molecular emission
% The given range takes into account the lower and upper limits for iissassociated with the dense molecular bullets: indeed there are
emitting region deduced by the different models (see text). several pieces of evidence in favour of this hypothesis. Firstly,
" Obtained assuming the same emission area as the other compon#@sspatial extent of the molecular bullets closest to L1448-mm
see text for a discussion on this point. is about<2x 15 arcset each (Guilloteau et al. 1992), consis-

tent with our derived emission area if we reasonably assume
diti h line b ically thick | that both the redshifted and blueshifted bullets contribute to the
conditions, the 6am line becomes optically thick at columng iggion. Moreover, the detection of abundant SiO clearly indi-

densities .Iarger than #0cm—2); this implies an &/CO abu5n— cates the presence of a shock propagating Witt 25 kms-1,
darjcelratlo 0f-0.3-0.7, and thus an"@bundance 0*“5, 107, je. a shock fast enough to remove the silicon from the dust
which is about a factor of ten lower ”_‘a’? the oxygen Intgrstellafains (Schilke etal. 1997): these are the same conditions needed
abundance (Meyer et al. 1998). This is indeed what it IS &g o4y ce water, since the endothermic reactions for its pro-
pected if a significant fraction of the available oxygen is tied WA, ction become efficient & > 300—400 K corresponding to

in H,0. shocks withl” > 15 km s !.This interpretation is corroborated
by the fact that the high- CO emission lines observed in other
5. Discussion low mass young sources have been successfully explained in
o . terms of high-density gas in the presence of compact shocks
5.1. Excitation mechanisms with velocities from 10 to 25 kmrs! (Nisini et al. 1998), indi-

In the region we are investigating, which is at the base of tgating that such regions are often associated with outflows, even
outflow driven by L1448-mm, at least three different excitatioif they are not necessarily observed at millimeter wavelengths
regimes are present. In particular C81—0 and 2+1 maps in the form of molecular bullets.

show the presence of two different components: a low-velocity We also consider the possibility that the large water abun-
outflow (V' ~ 20 kms 1) having a biconical morphology cen-dance is formed in the original protostellar jet (Glassgold et al.
tered on the mm source, and a much faster moving (projecwl). In favour of this pOSSlbIllty there is the evidence that a
velocity~70 km s 1) jet-like emission along the axis of the outlarge part of hydrogen can be in atomic form, as shown by the
flow, which consists of a chain of well defined clumps (molecdpigh observed value of the COjfdbundance ratio: in addition,
lar “bullets”, Bachiller etal. 1990). The LWS beam encompassi strong water maser spots are aligned with the molecular jet
only those bullets lying closest to the central source (R1 and Bd lie at distances of only 30 AU on each side of the central
symmetrically displaced in the red and blue lobe respective§purce, suggesting that they may originate directly from the pro-
see Fig. 1). Such bullets also emit strongly in SiO (Guilloted@stellar jet (Chernin 1995). We note however that under such
etal. 1992), a molecule which is detected only in regions whe?8 hypothesis the emitting region, being located very close to
strong shocks are able to release Si from dust grains into the #gsprotostellar source, is fully sampled by both the SWS and
phase, thus allowing the enhancement of the SiO abundancél®/LWS beams, and is best fitted with~ 1400 K andny, ~
orders of magnitude (Schilke et al. 1997; Caselli et al. 199310' cm™3. Such a low density is comparable to that of the
In addition to millimeter line emission, H1—0 S(1) emission dense core within which L1448-mm is embedded, and it is un-
is also present, with an arc-shaped morpho|ogy (knots A andl@|y to be found in the innermost regions inthe envelope ofthe
in Davis & Smith 1995) having the appearance of a bow shodkotostar, where densities in excess of ¢~* are expected.
This region lies at about 30from the mm source in the blue

lobe, and therefore just at the border of ther5” LWS beam 5 2 comparison with shock models

and not in the smaller field of view of SWS.

The physical conditions estimated from the LWS spectruﬁhe complex shock structure with multiple excitation regimes
of L1448-mm, can be used to investigate whether the waRffsent in the surroundings of L1448-mm renders difficult any
gas emission can be associated to any of the above shockd&iailed comparison with simple shock models. Moreover, a
vironments.We have inferred that the warm component tracédther complication is that the presence of episodic phenomena
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with timescales as short as few hundred years, would requnas already set into motion by the passage of a previous shock;
specific time-dependent modelling. It is however instructive to this case the actual shock velocity{—V.mn) may be signifi-

see to what extent the existing models are able to reproducedhatly lower. Alternatively, the slower shock could be produced
spatial and time averaged physical quantities estimated from byejet components which impact obliquely onto the ambient
ISO data. medium.

In the previous section it was shown that the observed molec- If we compare the parameters listed in Table 3 with the pre-
ular emission is likely to be associated with the dense molecutfictions of a simple planar and static C-shock model like that
jet traced by means of EHV CO and SiO emission. The veloof Kaufman & Neufeld (1996), we firstly notice that a temper-
ity of such a jet, corrected for the outflow inclination, is abowdture range 700-1400K is consistent with a shock velocity of
200 km s ' (Bachiller et al. 1995); the leading shock due to suck 15-25kms'!. For pre-shock densiti€s 10* cm—2 (implied
a high velocity jet would be strongly dissociative. MoleculeBy our estimated post-shock densityzo0° cm~3), the model
can be copiously formed behind fast dissociative shocks, orpredicts the following cooling ratiost(H2O)/L(CO) ~ 2-3,
the gas temperature has dropped sufficently to allewwd+e- L(OH)/L(CO)~ 0.02-0.05 and.(H)/L(CO)~2-3, which can
form (Hollenbach & McKee 1989; Neufeld & Dalgarno 1989)be compared with the observed values of about 2,0.2,and 0.1 re-
Although hydrogen becomes completely molecular at tempespectively. Cooling by water is therefore substantially in agree-
tures of only few hundred degrees, starts already to be formedment with that predicted. The fact that the Himinosity is
for T ~ 4000 K, rapidly followed by the reactions which bringsignificatively lower than the predicted values is indicative that
to the formation of OH, HO and SiO: with the SWS we are observing much less tHan expected,

O+Hy,— OH+H which strenghtens the h_yp.othesis. that the small SWS beam has
OH + H,y - H,O + H missed most of thg emission region .observed by the LWS, as
2 2 already proposed in Sect. 3.3 to justify the anomalous GO/H
OH +Si — Si0 + H ratio. This could happen if, for example, the putative shock lies

Our derived temperature range, together with the evidence tivt at the edge of the molecular bullets rather than all along
the hydrogen may be still partially in atomic form, as testified Bjieir lengths, as can be also visualised in Fig. 1. More signifi-
the derived high CO/KHabundance ratio, are compatible witffant is the greater amount of cooling deduced for the OH with
the above scenario. There are however a number of difficulti@pect to the model. However, the fact that the OH abundance
to reconcile the derived gas coolings with the fast dissociatit@s been estimated from only one line may introduce large un-
shock models. First of all the emission from atomic componeriigrtainties in the derived value which should therefore be taken
like [O 1] and [Si11] is too weak. In particular, in fast shock mod-With caution.
els with pre-shock densities implied by our observations, i.e. Specific C-shock models which take into account the Si
<10° cm3, cooling due to ®is never predicted to be less tharthemical network and which are able to reproduce the SiO pro-
that of water, as we in fact see in our case Wfie(r}d20)/L(O) files observedin L1448 (SChl'ke etal. 1997) also DTEdiCt thatthe
is 4.5. In addition the [Si] 35.m line should be only a factor Water abundance should be as high as measured by us, although
two or three weaker than the [[gﬁ\?,'um emission, while our ob- the SiO emission is better explained by a shock with densities
served upper limitimplies a ratio g5n/63:m which is< 0.07. of about 16 cm~3, i.e. slightly larger than those estimated from
More important, we note that neither the model by Hollenba¢he present analysis.
& McKee (1989) nor that by Neufeld & Dalgarno (1989) predict More realistic models for the investigated regions are those
that the production of water behind the dissociative shock céfiich take into account a curvature and therefore a gradient in
bring the water cooling to exceed the contribution not only df€ excitation conditions along the shocked region (“bow” shock
[O1] butalso of CO, unless we consider a very dense shock, wittpdels). In particular, Smith (1991, 1994) considers both non
pre-shock density10° cm—3. Moreover, the presence of highlydissociative J and C-type bow shocks; generally speaking our
abundant atomic hydrogen favours a very rapid destruction@rived temperature and density, and the relative cooling of the
gas-phase kD through the reactioH,O + H — OH + H,. various molecules, can be accounted for by these models but any
The observed high abundance of water molecules is pfgecific constraints on the shock characteristics and geometry
dicted only by low velocity shocks influenced by the present¥ould require a more detailed comparison than we are able to
of a magnetic field; in this circumstance, if the shock velocitjake at the present time.
is lower than the Alfen velocity of the ions, a continuos shock,
or C-shock, is created, where the temperature across the shoek comparison with other outflow driving sources
structure changes continuously and never rises ab@@00 K,
thus preventing the molecular dissociation (Draine 1980). In tHi3O has allowed us to observe, for the first time, the FIR molec-
stuation, and if the shock velocity exceedd5kms!, water ular cooling of several shocked regions associated with outflows
is rapidly formed from the reactions indicated above reachifiyoung stellar objects (Nisini etal. 1998; Saraceno etal. 1998).
abundances greater than-f0(Kaufman & Neufeld 1996). To In particular, water emission has only been observed in a few
reconcile the possibility of the presence of a slow shock with tgeurces and always with abundances of the order of 1-8 10
observation of gas velocities travelling at hundreds of ki s (€.9. HH54, Liseau et al. 1996; IRAS16293-2422, Ceccarelli et
we could suppose that the gas is travelling into a medium whigh 1998; 1C1396-N, Molinari et al. 1998; HH25MM, Benedet-
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tini et al. 1998). The notable exception to this is the Orion cor&, Conclusions
where a water abundance of 5 1thas been found by Harwit ®LThe main conclusions of this work can be summarised as fol-
al. (1998) (although Cernicharo et al. (1997) derive for the same i
region a value X(HO)~10-5). The interesting aspect s that, al-ows:
though the abundances are fairly constant, the shock conditions\We have observed the Class 0 source L1448-mm with 1ISO-
inferred for the various sources are rather different; in particu- WS and SWS, detecting a far infrared spectrum which is
lar in HH54 and HH25MM gas temperatures-0f300-400 K very rich in emission lines from water vapour and CO with
are estimated, indicating shocks propagating with velocities not rotational numbet/ > 14. Several other molecular lines
exceeding 10kms !, while IRAS16293 and IC1396-N seem  were observed including the pure rotational transitions,of H
to have significantly higher temperatures, of about 1500 K. For from S(3) to S(5) and the OH fundamental line at LS.
these two sources, therefore, one would expect abundances-ag\|l of the molecular species present in the LWS spectrum
high as we observe in L1448-mm, since the shock conditions can be modelled as being excited in a warm region with
are very similar. Explanations for a lower water abundance than 7" ~.700-1400K anchy;, ~ 310510 cm~3, extending
expected (with respect to shock models) in these sources haveabout 0.01 pc. In the hypothesis that the &hd CO rota-
been proposed in Ceccarelli et al. (1998) and Saraceno et al.tional lines co-exist, a CO/ktatio equal tov10~2 is found;
(1998) and include the hypothesis that most of the oxygen is such a high value may indicate either that the CO apd H
locked into grains, thus rendering inefficient those endothermic emission probe different clumps of gas, or that most of the
reactions which bring all the available gas-phase oxygen into hydrogen in the region is present in atomic form.
water, or that the time scale required for this process exceedsApplying a LVG model we were able to derive the abun-
the dynamical time scale of the outflow. This last hypothesis dances and the total cooling of all the observed species; the
is not supported by the L1448-mm observations: the dynam- main result from this work is that 40 is the main coolant of
ical timescale of the L1448-mm outflow has been originally the gas surrounding L1448-mm, with an abundanceXH
estimated to be as short as 3500 years (Bachiller et al. 1990).0f about 5 10°4.
Recently, Barsony et al. (1998) revised this value upwords to A non-dissociative shock travelling atV/ ~15-25
32000 years, which is still very similar to the age of other Class kms~!' seems to be the most likely excitation mecha-
0 sources, thus not explaining the apparent overproduction of nism for reproducing most of the characteristics of the
water in terms of a longer available time for its formation. Be- emission derived from the 1SO spectra. Other alternatives,
side that, we also remark that, for gas temperatures greater tharsuch as the possibility that the emission is associated with
400K, the timescale for the 40 production from gas-phase  high velocity J-type shocks or it is directly originated in the
chemistry is less than $@ears (Bergin et al. 1998). protostellar envelope have been also considered but seem
On the other hand the time scales of the individual clumps |ess compelling in explaining our observations. We suggest
along the L1448 flow are of the order of 100 years, i.e. much that such a low velocity shock originates in a region along
shorter than the total dynamical time. It could be therefore ar- the molecular jet traced by SiO and EHV CO millimeter
gued that an opposite mechanism would lead to a decrease ofiine emission.
the water abundance in older outflows; if the@ilifetime is  — We also speculate that the occurrence of multiple shocks
short, the HO initially formed could be rapidly lost from the  over arelatively short interval of time could explain the very
gas-phase either through depletion onto grains and through itshigh water abundance observed in L1448, in comparison
conversion into OH. Time-dependent chemical models (Bergin with other similar protostellar sources.
et al. 1998) have shown that, if we consider only the gas-phase
chemistry, the shock cooling time is much shorter than the tirﬁéknowledgementsNe wish to thank Paola Caselli for useful discus-
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