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Abstract. We present a multiline mm-wave survey of SiQ. Introduction

emission towards a sample of star-forming regions assogimcon monoxide (SiO) emission is usually not seen toward qui-
ated with molecular and Herbig-Haro outflows. The samp escentre ionsin molecular clouds. Ziur syei'al (1989) Iac:d an
includes sources in the northern and southern hemispheFes. 9 ' yselalll P

We extensively mapped some particularly interesting objeciePe" limit of the SiO fractional abundance near 1in such

(IRAS 00338+6312, HH7—11 and CepA). The high detectigﬁgions in nearby molecular complexes. However, SiO can be

rate in the sample (52%) confirms that the SiO emission enhanced by several orders of magnitude at the heads and along

S
closely associated with outflows. There exists a trend so trﬁlé‘? axes of some molecular outflows from low-mass young stel-

: o . .
the more intense SiO sources are associated with higher Iu!r‘%-r—ObJECtS (YSOs) (e.g. Mart-Pintado et al_ T332, Bachiller

nosities, with an averags;o/ Ly, ratio of 1.8 10-10. 1996 an_d_ references _thereln)_. In these cases, SiO can be fo_und
c g X ! . at velocities and positions different from those of the ambi-
The SiO lines exhibit a variety of profiles, ranging from

narrow lines (1-3 kms' width) at ambient velocities to broadent gas emission (e.g. Bachiller et[al. 1991, McMullin et al
profiles (10-20km<s!), with complex profiles consisting of 1.994b)' Moreover, measurements done towards outﬂows_ near
a blend of low and high velocity components as intermediart]I h'-ma.ss star-foming reglons (SFRs)also show the association
stages. In the regions where SiO was mapped, the low vequP-s'O with shocked regions (Downes etlal. 1982, Wright et al.

: ’ 2 [¢ . .

ity SiO emission comes from regions definitely offset from th1e98“" Acord etal. 1997). Taking all together, these observations

- . . e ... have led to the belief that shock processing of dust can release
position where the high velocity emission is present, indicatin

that thelow andhigh velocity SiO emissions trace two distinctS%'(:on'be"’lrlng molecules to the gas. Such silicon species will

regimes. The SiO abundances are differentin those two regim%\%%néu?g rﬁ:‘:g 'ggfe'%?[{fﬁir;te?cz?;i%; fstzgriilrcr)natg?sndii?lfree
we estimate that typical SiO abundancesat®—-10-8 inthe gas p : b

; : " . .
high velocity components, but they decrease by two orders(§{3r_l,"ke etal 1997, Caselli et al. 1397, Pineau destSat al.

. - L2 -11997).
11_ 10 2
g:;gmtude (107°-107"7) when SiO is detected at low veloci Since the number of SFRs detected as SiO sources is quite

The hydrogen volume densities estimated from the mulpmlted so far, and some prototypical outflow sources remained

line SiO observations are in the range® 16 fews 16 cm-3 0 be observed, we decided to carry out a survey of the SiO

in both the low and the high velocity regimes, indicating thg@ermal emissio J = 2_1’.‘J =32 anq J = 5-4 lines towards a
. L . . : mple of SFRs located in both hemispheres.
all the SiO emission arises in shock-compressed regions. e ) .

. ; ) The observed sample contains sources of different lu-
argue that the different observed SiO profiles could be cause(JrImS.t.es from about 1L to 210" L) asso-
by an evolutionary effect: the SiO molecules produced at hi |It dl Iwith( olecul ru tfl®w nNd wellkn E/Dvn arhi
velocities could be slowed down because of their interactigfy - olecuiar outliows - a e1-xno erbig-

X . : .Haro (HH) objects (L1448/IRS 2, L1455/IRS 1, HH12,
with the surrounding gas before they stick onto the dUStgra'ﬁ‘_ﬁw_lL HH366. HH300. L155L/IRS 5, HH26. HH47C.

However, the possibility that the low velocity SiO emission i
due to slow shocks cannot be ruled out, but this would requLaHSG/S?' Serp/FIRS 1, HH100, CepA) and,® masers

. (RAS 00338+6312, IRAS 2005042720, IRAS 21334+5039).
Ejhuestpg:?asi?]nr;(;r?t]; eas.small amount of silicon compounds on neaddition, IRAS 21004+7811, which is classified as a Qlass I
YSO (Claussen et al. 1996), has been also observed. It is worth
Key words: ISM: clouds — ISM: jets and outflows — igim; Noting that CepA, HH7-11 and Serpens have been already in-
molecules — radio lines: ISM vestigated through a few SiO spectra by Niaintado et _al.
(1992), Koo [(1990) and McMullin et al._(1994a), respectively.
However, for some of these sources, high quality SiO data and
maps are reported here for the first time. The aims of this project
are: (i) to verify the association of SiO with shocked gas of
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molecular outflows, (ii) to check the possible dependence Tdble 1. Regions investigated through SiO observations
SiO enhancement on the luminosity of the newly born stars and

(iii) to try to find a relationship of spectral and/or positional SiO Name a ) Telescop
features with the evolutionary stage of a SFR. (1950) (1950)
IRAS 00338+6312 003353.3 +631232 PV
2. Observations L1448/IRS 2 032217.9 +303440 PV
L1455/IRS 1 0324349 +300236 PV
The northern hemisphere observations were carried out WitH12 032552.1 +310951 PV
the IRAM 30-m telescope at Pico Veleta (near Granada, Spaitt)7-11(SVS 13) 032558.3 +31 0547 PV
during several periods in 1990, 1992, 1997 and 1998. At thii366W1 034349.7 +323604 PV
rest frequency of 8 J = 2-1, J = 3-2 and J = 5-4 v=0 line$§H366E1 0345222 +324625 PV
(86846.998 MHz, 130268.702 MHz and 217104.935 MHz) tHéH300A 042221.7 +241632 PV
HPBW is 26, 17" and 13, the beam efficiency is 0.6, 0.67H300C 0422372 +241959 PV
and 0.45, and typical system temperatures were around 50 300D 042356.4  +243713 PV
. . 51/IRS 5 04 2840.1 +180140 PV
GOO_K and 300 _K, respegtlvely. The observations were made Bvi»c 0543312 —00 15 42 PV
position switching. Pointing was checked every hour by obseyp47¢ 082405.6 —505147 SE
ing nearby planets or continuum sources and it was found topgsg/57 16 2856.8 —444917 SE
accurate to within 3. As spectrometers, the 1 MHz filter bankserp/FIRS 1 1827175 +011315 SE
split into three parts of % 256 and 512 channels, was used tBiH100 185828.7 -370233 SE
allow simultaneous observations of the SiO lines. It providéBAS 20050+2720 200502.5 +27 2009 PV
a velocity resolution of 3.45, 2.30 and 1.38kmidor the J = IRAS 21004+7811 2100284 +781113 PV
2-1,J = 3-2 and J = 5-4 lines, respectively. During the 1940AS 21334+5039  213324.0 +50 3943 PV
and 1992 runs, tnJ = 3-2 and J = 5-4 lines were observe¢ePA 225419.0 +614547 PV

while during 1997 and 1998 alsogld = 21 line was included.  Observed with the 30-m Pico Veleta antenna (PV) or with the 15-m
For some sources of the present sample, Xt 3-2 line was SEST antenna (SE).
observed with the 256100 kHz channel filterbank, with a reso-

lution of 0.23km s*. During the 1997 and 1998 , the three, . L
uion o m uring the an runs, the threg in profile. Table 3 reports the detection limits (3 r.m.s.) for the

SiO lines were simultaneously observed also using an autocif: ; .
relator, providing a resolutionyof 0.13.0.18 and 0 flkrhat objects not detected as SiO emitters. Of the 17 SFRs, 9 (52%)

e been detected in at least one SiO line. This confirms that

86, 130 and 217 GHz. When necessary, the spectra obtaiggg e iated with SFR di icul ith
using the autocorrelator were smoothed to a velocity resoluti fi2 emission IS associated wi S and, In particutar, wi

0f 0.53, 0.72 and 0.86 k4. The spectra were calibrated Withmolecularoutﬂows. However, if we limit the detection rate to the
P | J ggrch towards the positions of the HH knots, it reduces to about

the standard chopper wheel method and are reported her f . ;
units of mean-beam brightness temperattg:y). %5%. On the other hand, the detection rate reach&s% if we

The southern hemisphere observations were carried out Wike into account just the observations towards the CO lobes of

the 15-m Swedish-ESO Submillimeter Telescope (SEST) at [ outflows excluding the HH knots. The low detection rate for

Silla (Chile) during May 1996. The J=2—1 and J=3-2 v=0 Si8" HH subsample could simply be due to the decrease of the

lines were observed. The HPBW is respectively/ Bid 40/ column density of the molecular gas which, on the other hand,

the beam efficiency is 0.75 and 0.68, while typical system tefp€rmits the detection of the HH knots in the optical. However,

peratures ranged between 150K and 200K. The observatid) have also to take into account the possibility that the lack of

were made in beam switching mode and the pointing was fou emission towards the HH objects reflect different physical
to be accurate to within’3(rms). An Acousto Optical Spec- conditions with respect to those of the molecular gas traced by
i ilicon monoxide: i.e. the temperatures associated with the HH

trometer (AOS) with 2000 channels was used, giving a velocﬁsz1 . S :
resolution of 0.15 and 0.10 knts at 86 and 130 GHz respec-s ocks are probably too high to maintain the molecules associ-
’ ated.

tively.
1¥able 1 summarizes the regions where SiO emission was _Fo_r several Sources of the present sample a_search_ for S_iO
searched for. emission towards positions offset from the coordinates listed in
Table 1 has been performed. In addition, we present extended
maps for IRAS 00338+6312, HH7-11 and CepA.

3. Results

The results of our search are summarized in Fig. 1 and in the 3at. Comments on individual objects

bles 2 and 3. Table 2 lists the opserved SiO parameters for 5"?1 IRAS 00338+6312

detected sources: the mean-brightness temperature, the noise

of the spectrum (r.m.s.), the LSR velocity r), the FWHM IRAS 00338+6312in L1287 is a source of IR luminosityt 100
linewidth and the integrated SiO flu¥§;o). The fit parameters L, associated with a bipolar CO outflow (Yang et al. 1991) and
have been obtained assuming for each spectrum a single gatigi a water maser (Fiebig 1995). A map of th€dS] = 3-2
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Fig. 1. Silicon monoxide spectra whose param-

eters are reported in Table 1. Source name, SiO
line, and angular offset position (in arcseconds)
are indicated.

—
VSR (km s )

line (Fig. 2) shows a quite extended irregular structure. A motlee (+2¢',—10") and (-20/,—20") positions with linewidths of
detailed picture of the SiO structure can be obtained from FigaBout 3 and 13 km's', respectively. In summary, we find two
which clearly indicates that the high velocity emission comddnd of line profiles around IRAS 00338+6312: broad lines as-
from a region that is offset from the location of the bulk of theociated with the CO outflow, and narrow lines distributed in a
emission at central LSR velocities. Comparing the present mapsre irregular manner over the molecular cloud.

with that in CO (J = 1-0) given by Yang et dl. (1991, see their

Fig. 3), we can see thatthe high velocity SiO emission is detec@iz HH7—11

towards positions associated with CO wing emission. Compar-

ison of the SD J = 3-2 spectra shown in Fig. 1 demonstrafehe HH7-11 system, a chain of bright HH knots abdubhg

that the FWHM linewidth at the (+10-20") position is about near NGC 1333, is one of the best studied HH complexes (for
3kms !, whileitislarger & 13kms 1) atthe (-20,-20") po- references see, e.g., Reipurth 1994). The HH7-11 objects are as-
sition. Moreover, tk J =54 line has been detected only towardwciated with the blueshifted lobe of a high-velocity CO outflow
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(Snell & Edward$ 1981, Bachiller & Cernicharo 1990, Masson Maps of the HH7-11 region have been obtained in the three
et al.[1990, Koo 1990), which is also bright in, Stapelfeldt SiO lines using measurements spaced evefy 2& main SiO
et al[T991, Hodapp & Ladd 1995). The HH7-11 area contaiokimp has been sampled every'10he analysis done using the
three water masers at 22.2 GHz, as well as at 183.3 GHz (Cautocorrelator (see Sect. 2.1) reveals the presencaafraw
nicharo et al._ 1996 and references therein). For a long time thme component (linewidth- 1 km s~! for the J = 2—1 transition)
source of the outflow has been presumed to be the partly eentered atabout sy =+8 km s, whose spatial distribution is
scured star SVS 13~ 115 L); Molinari et al.[1993). How- shown in Fig. 4. This emission delineates a kind of fragmented
ever, Rodiguez et al.[(1997) have recently revealed throudghament of size~ 150" (~ 0.25pc). The main maximum is
centimetric VLA observations another radio source previoudiycated at (+30, —-50') relative to SVS 13, while other maxima
undetected at other wavelengths, which lies oriflyS&/ from can be detected along the main structure: one is roughly located
SVS 13 and is a likely driving candidate. at the end of the HH chain. There is no clear overlap of this
SiO structure either with the HH flow (filled triangles) driven
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Table 2. Observed parameters for the detected SiO sources

Name Offset Line TvmB rms ULSR FWHM Fsio
@) (K) (K) (kms™1) (kms™) (Kkms™)
IRAS 00338+6312 00 3-2 0.51(0.20)0 0.21 -17.50(0.23) 2.60 (0.47) 2.43 (1.74)
0,0 54 - 0.23 - - -
—20,-20 3-2 0.26(0.08) 0.08 —20.34(1.25) 13.38(2.45) 3.58 (0.66)
-20,-20 5-4 0.54(0.18) 0.22 -26.80(1.44) 18.32(2.81)  10.30 (2.00)
+10,-20 3-2 1.17(0.11) 0.13 -17.49(0.07) 3.08(0.17) 4.99 (1.08)
+10,-20 54 - 0.13 - - -
+20,-10 3-2 1.15(0.20) 0.22 -17.49(0.10) 2.75(0.22) 4.48 (1.82)
+20,-10 5-4 1.01(0.01) 0.21 -17.16(0.30)  3.05(0.70) 4.30 (1.35)
HH7-11 -10,-10 2-1 - 0.10 - - -
-10-10 3-2 - 0.06 - - -
-10,-10 54 - 0.08 - - -
+30,-50 2-1 1.22(0.08) 0.09 +7.76(0.04) 1.63(0.10) 3.27 (0.30)
+30,-50 3-2 0.92(0.07) 0.07 +7.79(0.06) 1.88(0.21) 1.83 (0.20)
+30,-50 5-4 0.22(0.09) 0.07 +9.31(0.44) 4.97(0.90) 1.40 (0.23)
+100,-20 2-1 2.37(0.09) 0.10 +8.17(0.02) 1.17 (0.06) 3.28 (0.32)
+100,-20 3-2 0.90(0.05) 0.08 +8.18(0.06) 1.17 (0.11) 1.12 (0.21)
+100,-20 5-4 - 0.08 - - -
+10-50 2-1 0.12(0.01) 003 -11.83(1.12) 11.61(2.9),, (0.37)
+10,-50 2-1 0.39(0.08) 0.03 +8.11(0.27) 5.12 (0.45) '
-10-30 2-1 0.3(0.02) 0.02 -10.23(1.00) 15.21(2.5Y), g, (0.37)
-10,-30 2-1 0.16(0.02) 0.02 +4.51 (0.55) 7.82 (1.14
-10,-30 3-2 0.19(0.03) 0.03 -12.29(0.50) 8.18 (1.5 3.59 (0.28)
-10,-30 3-2 0.13(0.03) 0.03 +4.25(0.27) 13.10(2.31) '
-10,-30 5-4 0.27(0.04) 0.06 -12.84(0.41) 3.87(0.21) 2.47 (0.41)
HH26 0,0 21 - 0.07 - - -
0,0 3-2 - 0.10 - - -
0,0 54 - 051 - - -
+20,+20 2-1 0.29(0.03) 0.07 -9.02 (1.15) 10.45(3.07) 2.18(0.88)
+20,+20 3-2 - 0.09 - - -
+20,+20 54 - 049 - - -
HH47C 0,0 21 - 0.01 - - -
0,0 3-2 - 0.01 - - -
+53,+32 2-1 0.02(0.01) 0.01 +8.45 (0.29) 4.00 (0.64) 0.07 (0.03)
+53,+32 3-2 - 0.01 - — -
HH56/57 006 2-1 0.05(0.02) 0.02 -2.67(0.18) 3.74(0.42) 0.19 (0.02)
0,0 3-2 0.07(0.02) 002 -3.03(0.14) 4.07(0.32) 0.28 (0.06)
0+ 2-1 0.07(0.02) 0.01 -3.12(0.19) 4.97 (0.50) 0.29 (0.03)
-30,+40 2-1 0.09(0.01) 0.02 —2.75(0.05) 1.61 (0.15) 0.19 (0.03)
-30,+#400 3-2 0.06(0.02) 0.02 -2.41(0.11) 1.97(0.31) 0.11 (0.03)

589



590 C. Codella et al.: Low and high velocity SiO emission around young stellar objects

Table 2. (continued)

Name Offset Line TvB rms VLSR FWHM Fsio
(@) (K) (K) (kms™1) (kms™)  (Kkms™)
Serp/FIRS 1 00 2-1 0.33(0.03) 002 +8.12(0.03) 2.98(0.06) 1.23(0.05)
00 3-2 0.33(0.04) 003 +7.96(0.04) 3.32(0.08)  1.28(0.06)
+120,-120 2-1 0.04(0.02) 0.02 +8.47(0.28) 5.44(0.53)  0.28 (0.03)
+120,-120 3-2 0.06 (0.02) 0.03 +8.35 (0.14) 1.84 (0.33) 0.09 (0.06)
_120,+4120 2-1 0.09(0.02) 001 +6.62(0.11) 4.67(0.24)  0.36(0.03)
~120,+4120 3-2 0.08(0.02) 002 +6.63(0.14) 4.27(0.36)  0.32(0.06)
IRAS 20050+2720 0,0 3-2 - 0.17 - - -
00 54 0.38(0.14) 0.14 -4510(0.78) 7.19(2.27)  2.68(1.27)
IRAS 21334+5039 00 3-2 049(0.09) 014 -4503(0.20) 4.05(0.57) 2.36(0.37)
00 54 056(0.10) 0.13 -4554(0.48) 6.17(1.33)  4.70(0.84)
CepA 00 2-1 013(0.02) 002 -6.09(0.73) 17.75(1.77)  2.30(0.21)
00 3-2 035(0.07) 004 -378(0.35) 7.88(1.48)  2.89(0.26)
00 54 031(0.04) 008 -1.64(0.47) 4.15(1.05  0.62(0.43)
+40,+20 2-1 0.10(0.01) 001 -10.62(0.84) 19.93(2.21)  1.95(0.21)
+40,420 3-2 0.24(0.01) 003 -9.39(0.44) 11.50(1.05)  2.71(0.26)
+40,+20 5-4 0.63(0.06) 007 -9.42(0.32) 10.72(0.81)  6.04 (0.43)
-60-100 3-2 0.32(0.07) 0.14 -9.15(2.80) 13.34(5.20)  3.87(0.94)
~150,+440 2-1 0.20(0.08) 0.04 -14.09(0.59) 9.40(1.42)  2.28(0.21)
_150+40 3-2 0.46(0.04) 007 -14.26(0.34) 6.85(0.65)  2.71(0.26)
_150,+40 5-4 0.83(0.05) 0.15 -14.18(0.28) 4.74(0.68)  4.41(0.43)

2 Position offset with respect to the positions listed in Table 1HH57; © V346 Nor; ¢ HH56.

IRAS00338+6312  Si0(3—2)
‘ —— T

Table 3.Detection limits {'uis (K) scale, 3 r.m.s.) for the not detected

sources
20 | ] Name Offset 2-1 32 54
9 v | L1448/IRS 2 0,0 - 0.36 8.84
8 of , L1455/IRS 1 0,0 - 0.63 0.72
2 1 HH12 0,0 0.12 0.09 0.12
E ' HH366W1 00 0.09 018 018
S g B | HH366E1 0,0 0.09 0.09 0.15
g L HH300A 0,0 0.12 0.12 0.45
= + HH300C 00 012 015 0.54
0 i @ i HH300D 0,0 0.15 0.15 0.66
| L1551/IRS 5 0,0 - 0.33 1.08
o= s : : + +113,+f 021 030 1.29
0 0 o 0 “10 0 -232,-18 0.15 0.21 0.78
R.A. Offset (arcsec) —-420,-420 - 0.45 1.17
. . . . —-240,-240 - 051 1.74
Fig. 2. Contour map of the integrade] = 3—2 SiO emission towards ~120,-120 _ 087 2.79
IRAS 00338+6312. The small crosses mark the observed positions, +120,+120 _ 099 261
the empty circle shows the IRAM beam (HPBW) and the filled star +240 +240 _ 0.48 1.65
identifies the II?AS source. The contour levels range from 2.13) (3 +440:+440 — 045 1.20
to 4.97 Kkm s~ by step of 25, whereo is the r.m.s. of the map. HH100 00 006 0.03 _
IRAS 21004+7811 0,0 - 0.78 0.87

. . . # Position offset with respect to the positions listed in Table 1
from the YSO or with the extremely high velocity CO outflows | 15512

reported, e.g., by Bachiller & Cernicharo (1990; see their Fig. 9)L 1551-4w
In fact, SiO lies in a structure that seems complementary to that
of the high velocity CO outflow/HH jet.

Moreover, the information coming from the analysis of ththere is also &road linecomponent (FWHM~ 12-15km st
spectra observed with the 1MHz filter bank (larger bandwidfbr the J = 2—1 transition). This broad line is well seen, for
and lower resolution than the autocorrelator spectra) shows timstance, in the spectra at (¥16850') and (-10/,—30") (see
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Fig. 1). Fig.5 shows the spatial distribution of the broad SiO IRAS00338+6312  SiO(3-2)
emission: it is clear that it comes from a region definitely off- =SS
set with respect to that emitting narrow SiO lines. Therefore,
the present results indicate the occurrence of two distinct SiO
regimes with different spatial and spectral distributions. Re-
cent interferometric observations demonstrate that the broad_,q
velocity component is due to a newly identified bipolar outflow
(Bachiller et al”1998). —40
Our observations are in agreement with the single SiO spec-
trum reported by Koa (1990). In addition, Lefloch et al. (1998§
have very recently reported a complete map of the NGC 1333
complex in the SiO lines which is in good agreement with ot
data. They also pointed out the presence of the SiO low and high
velocity components in this particular source, and discuss€d—20
their possible origin (see Sect. 6). ©
Fig. 6 shows the position-velocity map obtained through the — 40
SiO J = 2-1 data (i.e. those observed with the best spectral
resolution: 0.53kms!, using the autocorrelator data) along  7(
a direction roughly perpendicular to that of the HH flow
and of the high-velocity CO outflow. A systematic variation 0
from+8.83kms! (+110',+10")to+7.18 kms! (+10”,-90")
seems to be present, suggesting that SiO emission is coming*20
from a kind of irregular molecular shell stirred by the outflow,
the SW part moving towards the observer with a projected ve-
locity larger than that of the NE part. Moreover, the analysis
of the linewidths of the narw J = 2—1 SiO lines reveals that
whereas the values for the majority of the positions investigated
are around 1 km'', those regarding the main clump centereglig. 3. Contour map of the integrade) = 3-2 SiO emission towards
at about (+30,-50") are between 1.6 and 2.6 km's This ef- IRAS 00338+6312 integrated from —21 km'sto —15kms* (up-
fect, confirmed also by #J = 3-2 linewidths, suggests differenper pane), from -31kms' to —21kms' (center panéland from
physical conditions for the main clump with respect to the rest5kms ™' to-5kms ™ (lower pane). Symbols are as in Fig. 2. The
of the SiO structure and indicates a possible connection wipntour levels range from 0.84 to 3.64 K km's(upper panej and
the high velocity CO outflow whose boundaries, according {&m 0.96 to 2.24Kkms' (centerandlower panely. The first con-
Bachiller & Cernicharo[(1990), are located close to the cluniBU's and the steps correspond to 3 aid @spectively.
itself.
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3.1.3. CepA Moreover, another clump is present at the (-£1,540) posi-
tion, atthe end of the lobes of the more extended CO outflow. The
Cepheus A is a well known SFR, within a much larger molegpmparison between the SiO emission of the different clumps
ular cloud, associated with ultracompact (UCjitiegions, in-  shows that the SiO emission at (—156-40") is characterized
frared sources, FO maser emission, HH objects and with ®y a smaller linewidth 9kms™! for the J = 2—1 emission)
multipolar molecular outflow (e.g. Garay etlal. 1996 and refesnd a different LSR velocity~ —14kms!) with respect to
ences therein). The luminosity based on the IRAS counterpgyt of the central position (about 20 kmisand —10 km s,
(22543+6145) is 1.2 I0L, (Felli et al.[1992). Narayanan & respectively), suggesting different physical gas conditions. In
Walker (1996) reported high sensitivity maps of the CO ouarticular, the CepA spectra reported in Fig. 1 shows the oc-
flow. They found extended high velocity (HV) CO lobes of aggyrrence of high velocity wings, covering the same range of
=~ 10° yr oriented along the east-west axis and a smaller paingfjocity of the HV CO outflow: we have blue and red emission
younger € 5000yr) extremely high velocity (EHV) CO lobesat the (+40, +20") position and blue emission at (0, 0).
(see their Fig. 2). The association of CepA with SiO emission Finally, we have searched for SiO (J = 3—2) emission towards
has already been reported by MafPintado et al[(1992), who 40 positions around the (0, 3Position which to our knowledge
observed a region 0f40" in SiO. We obtained maps of theis not directly associated with any radio/infrared source. These
CepA regions connected with the two bipolar outflows in thgositions lie along the direction roughly perpendicular to the
three SiO lines using a 2ZGpacing. Fig. 7 shows a sort of SIOCO outflows. We report a tentative detection towards a single
filament with two clumps near the HW2 object (marked by gosition in the region offset from the molecular outflows (see
filled star), thought to be the driving source of the CepA outﬂow,g_ 1); the gaussian fit of the line gives a FWHM linewidth of
system (see Narayanan & Walker 1996 and references thereipout 13 kms? and a LSR velocity of about —9 kn.
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Fig. 4. Contour map ofta J = 2-1, J = 3-2 and
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I HH7-11 (510 2-1) have investigated two clumps (L1551-2E, L1551-4W) along the

— 1 edges of the bipolar outflow where bright and high-velocity CS
emission has been observed by Plambeck & Shell (1995). No
SiO emission has been detected (Table 2).

HH26 is located in the southern part of the complex
NGC 2068, in the Orion molecular cloud L1630. It is closely
connected with the the HH25 object and with a bipolar CO out-
flow (Gibb & Heatori 1993). Near HH26 lies the IRAS source
05435-0015L ~ 20 L); Fellietal[1992). However, Davis etal.
(1997) have recently detected a near-IR (NIR) source (HH26IR)
which lies at the geometric centre of the HH26 CO outflow and
is suspected to be the driving source of the outflow motion. The

f authors have also presenteg ${1) line-emission knots located
(oo . L . . along the CO emission. For HH26 we have performed a 5-points

1

Visg (km ™) map using measurements spaced bY. O J = 2—1 emission
Fig. 6. Position-velocity map of € J =2-1 in HH7-11 obtained from h?‘s Orlly been detected towards the (£2@0") position, in the
a cut along the NE-SW direction, i.e. perpendicular to that of the Hiljrection of the blue lobe.
flow and of the high-velocity CO outflows reported by Bachiller & Cer-  The HH46/47 object is one of the major bipolar highly colli-
nicharo [[199D. The offset positions used to trace the axis are report@@ted Herbig-Haro jets with several bow shocks emerging from
First contour and contour interval are 0.23K. an infrared source witll, ~ 24 L, (Molinari et al.[1993) in
a Bok globule in the Gum nebula (e.g. Reipurth & Heathcote
1991). In particular, two arc-shaped HH-objects, HH47D and
3.1.4. Other sources HH47C, are assumed to be the bow shocks of the jets. We have

; ; : ; .searched for SiO towards HH47C and towards the main axis of
The bipolar outflow in the Taurus cloud L1551 is associated W|t red lobe of the CO outflow detected by Chemin & Masson

several HH objects and with an infrared source (IRS 5) of aba £

30 L (Beichman & Harrig"1981). We have searched for S;§1991) and Olberg et al. {1392).G0 = 2-1 emission has been

(+60,—40) |- 4

emission without success along a strip throughout the main ?Stected towards the molleculgr outflow, while no Si0 emission
of the L1551 bipolar outflow, from (=420—420') to (+440" as been observed coming directly from the HH bow shock at

+440") offset from IRS 5, towards 52 positions. Moreover, WI:,he end of the jet.



C. Codella et al.: Low and high velocity SiO emission around young stellar objects 593

— CepA Sio(2—1) Si0(3-2) Sio(5—4)
§ 50 i*‘*‘*‘+‘+‘*‘*”*‘*‘*‘ ‘*‘*‘*ji“””“”‘ LI B \\\/\‘\ii\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\i
© W * T r\\U - T 8 O 1
O E— + o+ o+t \ -+ - 1
5 0 SRR o + N ]
% + o+ o+ o+ o+ T 0 )\) - 7, S B
o L i 0 b pun e ]
O —50 - — < - < ’ —
. r * * 0.1 pe T == @) O T O 4
8 ol b b T v b b ma b b b b b b ma b b b v b Lo 1 1
[

50 0O —-50 -100-150-200 50 0 —-50 -100—-150-200 50 0 —50 —-100—-150-200
R.A. Offset (arcsec)

Fig. 7.Contour map of ta J =2-1, J = 3-2 and J = 5-4 SiO (integrated) emission towards the CepA region. The small crosses mark the observed
positions, the empty circles show the IRAM beams (HPBW), while the filled star is for the HW2 source. The contour levels range from —0.66
to 1.98 Kkms™* (left pane), from —0.84 to 3.08 K kms' (center pangland from —1.29 to 5.59 K kng (right pane). The first contours and

the steps correspond tas3(—3 o, dashed line) and &, respectively.

Serp/FIRS1

L ! !
1 sio2-1)

SE). Positions corresponding to directions perpendicular to the
radio jet are definitely weaker SiO emitters. It is worth noting
that the observed SiO gas is associated with different velocities
at different map positions (e.g. see Table 2), indicating that with
the present spectra we are investigating different portions of the
molecular gas presentin the region. Finally, we note that the J =
SRS ‘ ‘ 2-1feature observed towards the central position presents a pos-
sible weak lineTyg =0.61K; SIN=3) atygg = +1.2kms!,
suggesting the occurrence of a SiO clump moving with a ve-
locity of about 7kms?! with respect to the bulk of the SiO
emission from FIRS 1.

IRAS 20050+2720 is a source of 2dQ, placed in the
Cygnus Rift and associated with a 22 GHz maser source (Palla
e et al.[7991) and with a high velocity multipolar CO outflow

100 0 ~100 (Bachiller et al['1995). SiO emission has been searched for to-
R.A. Offset (arcsec) wards several positions of the northern part of the CO outflow
Fig. 8.Si0 J = 21 (pper pandland J = 3-2lpwer pane) specira of in & region of about 180« 30’ and it has been detected at the
Serp/FIRS 1: the LSR velocity range from —25 to +35 krh,swhile IRAS Coordln_ates. A possible SiJ = 5-4 f‘?at“re_ tOW_ardS the
the intensity from —0.06 to +0.30 K scale; see Fig. 1). IRAS source is at about -45 km'§, a velocity quite different
from that of the ambient cloudy+6 km s™!; e.g. Wilking et al.
1989), and with FWHM~ 7 km s™1, supporting the association

HH56 is a bright bow shock located in a bipolar collimate@f SiO with shocked regions.
outflow; nearby, a quite small knot (HH57) is present (e.g. IRAS 21334+5039 is a source of 2.110, associated
Reipurth et al_1997) The suspected energy source of HH&Ith an UCHIiregion (McCutcheon et al. 1991), and with a 22
is a quite bright infrared sourcd.(= 288 L) whose optical GHz maser source (Churchwell et’al. 1990). A search towards a
counterpart has been identified as an FU Orionis star, V346 Negion of 40 x50” has been performed: SiO emission has been
(Graham & Frogel 1985). SiO emission was detected towardgtected only towards the position of the IRAS source.
both HH objects as well as towards V346 Nor.

The Serpens molecular cloud is a nearby low and intermf-
diate mass SFR extensively investigated through multiwave-
lengths observations (e.g. Eiroa 1991). The FIR/SMM1 objdebr the sources detected in two or three SiO lines, itis possible to
(L =79 L) is associated with an IRAS source (18273+01133stimate total SiO column densitieS{o) as well as estimates
a 22 GHz water maser source (Palla & Giovanardi 1989),0fthe kinetic temperature$i) and of hydrogen densities,)
radio continuum source, a jet-like;hhebulosity and a CO out- by means of statistical-equilibrium calculations. We have used
flow (e.g. Torrelles et al. 1992, Curiel et al. 1993, 1996). FarLarge Velocity Gradient (LVG) code which considers the SiO-
FIR/SMM1 we have performed a 7-points SiO map using mel- collision rates given by Turner et al. (1992) and levels up
surements spaced by. The correspondipJ = 2-1 and J = 3-2 to J = 20 (Walmsley, private communication). For the sources
spectra are shown in Fig. 8, which shows that the strongest enfiis-which a map of the SiO emission is available, the physi-
sion comes from the central position (FIR/'SMM1), where theal parameters can be estimated at different map positions. In
outflow is also seen in ammonia emission (Curiel et al. 199&purces wher®w and highvelocity components were detected,
and that it decreases along the direction of the radio jet (NWe performed a separate analysis for each component.
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Fig. 9. Silicon monoxide spectra (J = 3—-2) of two positions in th&ig. 10.Silicon monoxide spectra (J = 2—1) of L1448mupper panel
blueshifted lobe of the L1157 molecular outflow (Bachiller &Bz Bachiller et al[1991) and HH7-11ogver pane). The horizontal axis
Gutiérrez_19977). The angular offset position (from the driving sourcis, the velocity measured with respect to the ambient gas (
L1557mm, in arcseconds) are indicated. The lower panel shows the

position thought to be older, since it is more distant from the central

star. we consider just the latter case (extended sources) the densities
can only be reduced by a factor of up to 1.3 (2 for the column
densities). We believe that the sources discussed here represent
The statistical-equilibrium calculations have been pean intermediate case between the two extreme situations dis-
formed using the values of the intensities of the SiO spectracaissed, allowing us to consider the us€l@fs a reasonable
different wavelengths expressed in the mean-beam brightnapproximation.
temperature scale, without correction due to the beam filling Inthe case of IRAS 00338+6312, both low and high velocity
factor. The excitation conditions will remain the same if theomponents are well seen (see Sect. 3.1.1). The high velocity
source size is comparable to the beam sizes, or slightly smalenmponent ha%j ~ 120 K andny, > 10° cm~—3. On the other
and we have similar filling factors for the different SiO transihand, if we assume that the low velocity SiO component is as-
tions. However, if the source sizes were definitely smaller thanciated with the ambient quiescent gas (as suggested by the
the three beamwidths, i.e. sort of point-like sources, the LV&@milar central velocities) traced for instance through the am-
code would lead to an overestimate of the excitation conditiomsonia emission (e.g. Estalella etial. 1993), we find temperatures
In the other extreme, we could assume that the sources are débout 20K and densities of about fews’tn~3. This as-
initely larger than the beamwidths. In such a case, it would bamption is also supported by the fact that the SiO J=3-2 and
better to work on the spectra expressed’ln i.e. the antenna NH3(1,1) lines have narrow linewidths (2.75 and 1.93 km,s
temperature corrected for atmospheric losses, which is remespectively). The total SiO column densities are in the range
sentative of the radiation detected by the whole antenna pattbetween 4 1& and 1 103 cm—2.
and not just by the mean beam. As a first approximation, we as- For HH7-11 it is also possible to distinguish between the
sume sources with a SiO emission homogeneously distributedd and high velocity components. For the low velocity main
throughout their projected extension. In this case, usin@ithe maximum located at (+30Q -50") from SVS 13, we found low
values (instead of ;) leads to an overestimate (although lesemperaturesT ~ 20K) and densities< 10° cm=3. On the
than in the first case) of the excitation conditions. In order to testher hand, toward the (-10-30") position, where also the
the uncertainties given by working with the mean-beam brigttigh velocity component is present, we found different physical
ness temperature, statistical-equilibrium calculations have beamditions for both components: the low velocity component
run in these two extreme cases. We found, as expected, lowas similar physical parameters to those derived toward’(+30
excitation conditions in both cases: the kinetic temperatures arfil’), whereas the high velocity component has slightly higher
the hydrogen densities can be reduced by factors of 1.2 and ge@aperatures (50 K) and higher densitieg, ~ 6 10° cm=3.
respectively, at such extreme situations. Moreover, the total SiO For CepA, temperatures about 150 K, densities about fews
column densities can decrease up to a factor of 9. Howeverl@ cm—2 and SiO column densities about'#@m~2 have been
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found for the SiO emission around the (0, 0) positions, whereas
lower temperatures{ 80 K) have been found for the SiO clump
located at (-150, +40").

The values obtained for HH56/57, Serp/FIRS 1 ang
IRAS 21334+5039 indicate densities around® 1@nd
51Fcm3 and SiO column densities between a few
times 10! (HH56/57) and ~102cm~2 (Serp/FIRS 1,
IRAS 21334+5039). For the sources detected as SiO sourées
in just one line, we have estimated the total column densitiées
assuming optically thin emission (supported by the low values
of optical depths found using the statistical-equilibrium calcu- I l i ! i
lations) and values for the excitation temperature based onthose b ‘ N ! L
calculated where multiline SiO data are available. Mg, val- -t es 0 o5 ! = 2 25
ues obtained are 10'' (HH47C),< 102 (IRAS 20050+2720) )
and~ 10" cm~2 (HH26). The assumption of the excitation valFig. 11. The distribution of the parametét(.J.J ) (see text) regarding
ues produces uncertainties less than a factor of two in the colufffithree SiO transitiod = 2-1, 3-2 and 5-4: the thick continuous line
density estimates. is forP(32), the dashed one stands f(53), while the thin continuous

With the aim of obtaining an estimate of the SiO abundancé)g,e is forP(52).
the H, column densities towards the positions where Mg,

values are available have been derived by comparing with tgtado et al.[(1992) for a sample of molecular outflows. This
CO,'®CO and C*O data reported in the literature. For flo&  seems to confirm that all SiO emission (at high and low veloc-
velocitycomponent, observations regarding the last two isotofiggs) arises in regions compressed by shocks. However, in the
of the carbon monoxide have been used, assumit@d/H;]  case of théow velocity component this appears to be somewhat
=1.110° and [C'®0/H,] = 2.010°". The derived SiO abun- contradictory, since one would in principle expect the shocked
dances lie between 310" and 2 10''°. For thehigh velocity gas to exhibithigh velocities. In the case of NGC 1333, this
components, the Hcolumn densities have been derived fromroblem has recently been considered by Lefloch et al. (1998),
CO data and with the assumption [CQJH# 1.010*. The de- who proposed that the low velocity SiO component could trace

rived values yield SiO abundances in the range between' 1Qhe interaction of the protostellar outflows with stationary dense
and 310°®. Thus, we find an increase of the abundances of Siumps in the ambient cloud. In the following we explore alter-

at velocities associated with outflows with respect to the valugstive explanations to this puzzling phenomenon.

calculated for the SiO components with velocities similar to the we discuss here the origin of the low velocity SiO emis-
ambient medium. In particular, for IRAS 00338+6312, we fingjon in the context of the evolution of bipolar outflows. We first
the SiO abundance equal to 2710 for the narrow component consider whether the low velocity SiO emission could be due
at the ambient velocity and to 310 for the broader compo- to molecules which, once produced by shocks at high veloci-
nent. In the case of HH7-11, values of 810 (low velocity ties, slow down till the value of the ambient velocity as they
emission) and 3 10° (high velocity emission) have been deinteract with the surrounding gas, loosing momentum. In fact,
rived. These latter results are in good agreement with recggine additional observations seem to confirm the validity of
estimates from Lefloch et al. (1998) at different positions of thgis mechanism. Fig. 9 shows SiO spectra obtained toward two

— P(32)
s P(53) -
— P(52)

urce

r o

NGC 1333 molecular cloud. positions in the blueshifted lobe of the L1157 molecular outflow
(Bachiller & Perez Guterrez 199[7). The lower panel shows the
5. Discussion position thought to be older, since it is more distant from the

driving star L1157 (see the angular offset, in arcseconds). It ap-
pears that the broader emission is connected with the younger
Comparison of the SiO spectra reported here with those pamsition, whereas the narrower spectrum traces the older gas
duced by other molecular species in the same sources sugbably slowed down at the end of the lobe by the interaction
gests that a variety of SiO profile shapes exists: from narravith the surrounding molecular cloud. A similar behaviour in
lines at velocities close to the ambient one to broad profildee SiO profiles is observed along the L1448 outflow (Bachiller
at much higher velocities. It is worth noting that different Si@t al. 1991). Another even more extreme case of low veloc-
profiles have been detected towards different objects as wsll SIO emission at the end of a bipolar CO flow is that of
as towards different positions of the map of some sources, lilAS 03282+3035 (Bachiller et al. 1994).
IRAS 00338+6312, HH7-11 and CepA. In this scenario, a recent ejection in a molecular outflow
Although the high velocity SiO components are closelghould manifest itself by SiO emission just at high LSR ve-
linked with molecular outflows, the origin of the low velocitylocities, without a low velocity component, similar to what is
line emission is less clear. Our LVG analysis shows that all tebserved very close to L1448-mm (Fig. 10 upper panel, from
SiO emission is associated with high density materal(P- Bachiller et al1991): there is no emission at the ambient ve-
10° cm™3), in agreement with the results reported by Niart locity, while two high velocity components are observed to

5.1. Origin of the low and high velocity SiO components
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arise from the bipolar outflow. For comparison, we also show An alternative hypothesis for the origin of the low velocity
in Fig. 10 the SiO emission from the vicinity of HH7-11 (se&iO component that deserves consideration is that some signif-
Sect. 3.1.2), where only a very narrow ambient componenticant amount of SiO were formed by slow shocks. In fact, it
present, without any emission at higher velocities. It is temps generally assumed that the silicon material comes from dust
ing to suggest that HH7-11 is an evolved version of this recagrain cores and that it is necessary to fully destroy the dust
ejection in the L1448 outflow, and that the differences in thgrains to obtain some SiO in gas phase. However, it can not be
profiles reflect the case in which the molecules produced bycluded that some silicon material were mixed with the ices
shock-chemistry have reached the ambient velocity, probably the dust grain surfaces, and that slow shocks were able to
the latest evolutionary stage of the outflow traced by SiO befdrgect a significant amount of silicon into the gas phase from the
its complete depletion onto dust grains. This picture is in agreeantles, without completely destroying the grains.
ment with that discussed by Chernin & Masson (1993) who
justify t_he SO emission at low veloc_ity towards NGC 2071 2. SiO excitation as a function of the linewidth
the residual of molecules produced in faster shocks but already
slowed down by sweeping up ambient material. It has been proposed that bow shocks may play a dominant
A possible check of this scenario comes from the comparéle in the outflow propagation (Bachiller 1996, and references
son of two time-scaleg;.., the time needed for the destructiortherein). However, as discussed by Lada & Fich (1996), gen-
of the gas-phase SiO, ang, the time required for SiO pro- eral models of bow shocks do not provide good bipolarity, since
duced at high velocity to slow down till velocities close to théhey should create a wide cavity in the ambient cloud, and should
ambient one. behave similarly to an isotropic wind, creating less forward mo-
SiO could be removed from the gas-phase by direct accretimentum than is observed. There is, however, a new family of
onto grains in about ¥0/r (e.g. Bergin et al. 1998). However,collimated bow shock models which have the large momentum
Pineau des Féts et al. [199F7) have recently suggested that Si@quired to reproduce the basic observed feature of the out-
could be more efficiently destroyed by reacting with OH, whictiows (Wilkin[1996, Zhang & Zheng 1997). In these models, it
is expected to be very abundant in the post-shocked gas: Si@ppears that the bow shock velocity is directed forward rather
OH— SiO, + H. Eventually, SiQ could be eliminated from the than perpendicular to its line of propagation and that the highest
gas-phase by accretion onto dust grains. The importance of tréfocities are expected at the bow tip. As a consequence, this
oxidation process is difficult to be pondered because &@ot configuration produces a peculiar pattern in the excitation, with
directly observable since it has no permanent dipole momettie highest excited material flowing at the shock head with the
Nevertheless, Pineau des Esret al. [[19917) estimate the timehighest velocities. In other words, an important way to test the
required to convert SiO in Sidn about 10 yr. Thus, whatever reliability of collimated bow shock models is to check if the
process led to the gas-phase SiO destruction (direct accretias excitation increases as the observed velocities increase. The
or oxidation), it appears thag.; ~ 10* yr. present SiO observations can in principle be used to verify the
The time needed to slow down the SiO molecules can becurrence of this effect. In order to perform this analysis we
estimated by assuming that the SiO clumps were spherical dnae used the parameter
homogeneous blobs with sizemass\/, mass density moving
at velocityv with respect to an ambient medium of mass densi o A -1y = (Av) 2]
p1- Thus, the gas drag force acting on the SiO blob can be g((‘]‘] )= [(A”)J’—(J’—l)}
pressed asp, = 1 Cp7r?piv?, whereCp, is a drag coefficient
we put equal to unity (similarly to the assumption of Hayaskihich gives an estimate, in percentage, of the difference be-
et al.[1985, in the context of dynamics of planetesimals). Thgeen the linewidths)v, of the three observed SiO lines. The

(2)

dissipation time is given by three possible combinations with=JJ have been calculated
Mo oM 8 pr and shown in Fig. 11. The results listed in Table 2 have been
tais = —— = =_-—= (1) used, except those of the position in HH7-11 where two line

2 a0 :
Fo mripio 3pv profiles are blended. Fig.11 shows that, excluding the mea-

By assuming- = 0.05 pc (e.g. see the SiO maps of HH7-11jurements of Serp/FIRS 1 and CepA, fhe],]') are positive,
aratiop/p; = 10 and a velocity = 100km s}, it results that suggesting that lines at higher excitation are broader. The maxi-
tais ~ 1.310 yr. mum of the distribution regard@(JJ') ~ 0.1-0.4, while some
Even considering the large uncertainties involved in the dstewidths broadened up to very large factors are also present.
sumptions made above, the fact that, ~ tqis ~ 10*yr indi- We should stress that the values reported here have been cal-
catesthatthe high velocity SiO molecules are slowed down at théated without taking into account tiev fit errors. However,
same time as they are destroyed in the gas phase. In other wdtdstrend shown in Fig. 11 seems to indicate an increasing de-
a simultaneous decrease in both velocity and abundance ismerdence of the excitation on velocity. Of course, the limited
pected. The fact that the SiO abundances for the high-velocgmple used to verify this dependence does not allow us to solve
components are observed to be two orders of magnitude higtier question. Moreover, we should also point out that we have
than those found in the low-velocity component seems to cameglected that the different SiO transitions have been sampled
firm the scenario described above. using different beamwidths and, thus, it is possible that they are
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tracing different gas portions. Nevertheless, our results seem toregimes have been identified: thigh and thelow velocity
support models in which the maximum interaction between the SiO components.

jet and the ambient medium (maximum excitation) happens at For IRAS 00338+6312, HH7-11 and CepA, we have ob-
the highest velocities. The collimated bow shock models with tained maps of the low and high velocity SiO emission lines.
very forward directed velocity fields seem to be very promising In IRAS 00338+6312, the high velocity emission comes
models accomplishing this requirement. from the region where a CO outflow occurs, which is def-
initely offset from the position where the bulk of the low
velocity emission at ambient LSR velocity is present. The
maps of the HH7-11 reveal that the low velocity SiO struc-
As already pointed out, the luminosities of the YSOs of the ture is complementary to that of the molecular outflow/HH
present sample cover a wide range, from.3 to 210" L, flow, perhaps suggesting that SiO in this SFR traces gas
offering a good opportunity to check if a relationship exists with  compressed by old shocks driven from the SVS 13 vicinity.
SiO emission. The presentresults shows thatthere is atrend suchThe high velocity SiO emission in HH7-11 is related to a
that the more intense SiO emission regions are associated withrecently identified jet-like molecular outflow (Bachiller et
higher luminosity sources, with an averafjgo/Lr ratio of al.[1998).

1.81071%. It is reasonable to assume that the SiO abundande By means of statistical-equilibrium calculations, using a
enhancement is directly connected with the mechanical power LVG code, physical parameters of the molecular gas in-
of the outflow motion L., which, in turn, can be considered as  vestigated through SiO emission have been obtained. The
afraction of the total luminosity of the star(s). Felli et . (1992), total SiO column densities lie betweenti@nd 133 cm~2,

for instance, have found, for a large sample of CO molecular while the hydrogen densities are quite high10® cm—3,

5.3. SiO and IR luminosities

outflows, that the average ratio,,/Lig is 1073. In a sample
of well known outflows, and after correcting for the outflow
inclination, Cabrit & Bertout[(1992) found that this ratio can

confirming that SiO arises in regions compressed by the
occurrence of shocks. Thew andhigh SiO velocity com-
ponent present different abundances: the SiO abundances

range from 103 to 0.1, and the highest ratios (up+00.3) are
found toward Class 0 sources (Bachiller 1996). THuge/L .,

is in the range from~10-° to 10~ and so we can roughly 5.
estimate that a fraction of about 19 of the outflow kinetic
energy is dissipated through SiO emission.

are about 10'1-10-1° at low velocities, and two orders of
magnitude higher at high velocities (10-10~8).

The low velocity SiO emission could be due to SiO
molecules which, once produced at high velocities, are
slowed down because of their interaction with the surround-
ing quiescent gas. Another possibility is that the low veloc-
ity SiO is created by slow shocks, but this would require the

6. Conclusions presence of a significant amount of silicon on the dust grain

A sample of SFRs associated with molecular outflows and Mantles. . _ .
HH objects, located in both hemispheres, has been investigaf%dThere is an indication that SiO lines at higher excitation

through a multiline SiO survey at mm-wavelengths. The main are broader. This result is consistent with recent collimated
results are the following: bow shock models, in which the shock velocity is directed

forward rather than perpendicular to the line of propagation
1. Ofthe whole sample, 52% (9 objects) have been detected asand, as a consequence, the highest excited material flows at
SiO sources, confirming that silicon monoxide emission is the shock head with the highest velocities.

associated with SFRs and, in particular, with mOIeCUIarOuAt\E:knowledgementsThis research has made use of the Simbad
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particular, we do not find a strong relation between SiQ ggestions. We wish to thank M. Walmsley also for supplying his
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sources to be associated with higher luminosities, with &§ord J.M., Walmsley C.M., Churchwell E., 1997, ApJ 475, 693
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