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redshift cluster), it clearly merits to be
urther studied, and monitoring is being
attempted on the AAT.

GJ0641-5059: As its designation sug-
gests, this emission-line galaxy was ob-
Served to be resolved and is not a QSO.
_HOWever. it is still a remarkable object
Indeed. Its spectrum shows strong H
Balmer lines, along with strong [O 111],
[Ne 111}, He I and [O 11] - so much so that
the continuum is almost invisible in the
figure. All the lines are unresolved at 200

M/s. An examination of the line ratios
shows the system to be a H Il galaxy
’(Jralher than an AGN - Veilleux & Oster-
: rock, 1987). However, its extraordinari-
¥ high [O 111)A5007/H}3 ratio, places it

among the most highly excited of such
systems known.

Conclusion

We have found that standard QSO sur-
vey techniques can be efficiently applied
to search for QSOs in arbitrary locations
—i.e. behind nearby galaxies. Once such
inertial reference objects have been
identified, astrometric programmes tar-
geted at these galaxies can be com-
menced with the NTT. In fact, the NTT will
be extremely well placed to commence
these programmes later this year, when
service mode operations begin after its
re-commissioning, since service mode
observing offers the best chance of ob-

taining images in the excellent seeing
conditions essential for these high-preci-
sion astrometric observations.
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forming regions. During their earliest
phase of evolution stellar objects are
thought to generate a fast, well collimat-
ed bipolar wind that sweeps up the am-

Introduction (Snell, Loren & Plambeck, 1980; Ro-
driguez, Ho & Moran, 1980), a wealth of
observations have shown that this phe-

Following the discovery of bipolar mo-
nomenon is commonly detected in star-

lecular outflows in the earliest 80's
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Figure 1: Contour map of velocity integrated CO{1—0)
line wing emission from the Sandqvist 136 bipolar
outflow, superimposed on a V-band image of the
globule taken from the Digitised Sky Survey. Co-ordi-
nate labels are J2000. Blue contours correspond to the
emission integrated in the velacity range from —13.5 to
-8.5 km s (blueshifted wing) and red conlours to the
integrated emission in the velocity range from —-0.5 to
4.5 km s (redshifted wing). The lowest contour and
contour interval are, respeclively,1.8 and 0.8 K km s/
for the redshifted emission and 1.0 and 0.5 K km s~ for
the blueshifted emission.

bient gas in its vicinity, giving rise to the molecu-
lar outflows. Bipolar flows are frequently found
associated with other tracers of the dynamical
interaction between the high-velocity wind and
ambient gas, such as Herbig-Haro objecls
(Reipurth, 1991), shock-excited infrared H,
emission (Bally, Lada & Lane, 1993), and optical
jets (Mundt, 1988). Reviews of the characteris-
tics of bipolar molecular outflows have recently
been presented by Bachiller & Gomez-
Gonzalez (1992) and Fukui et al. (1993). The
majority of the outflows show a moderate de-
gree of collimation, while few have highly colli-

4 [ cs(2-1) sio(2—1)
- — R N o R SO = W e e S —— WWW
I Y oS e A sl wwM«Mme
‘ == r"—'—'—kr—w-mn—wj_k-vf—-.—'—}\\' e s WWW\I\M'MMWM
s . j‘l A‘,JL . 'JI\ T e e Wﬂﬂmww
0 \ JLL 3
(I (I JLM,, ] [ At A ep oA e A Aot by
::mL,..’.....-.—«)L = --'J\ A N T T
4 -iﬂ-.n—uh-w':-"_—-k-r!vA‘h:—t—r'-r_“T‘—'f\ A W'WW
il — A\l—‘-ﬁfa.—m‘u './__l’zl:__‘-i."l_'.fb’n'.:fl“l—ﬂr - “"‘Mm WMW
= FOVRURS, DR, SR, VTS MO NESS-C SOPSE TN Y o VPRI P VO
Ll
Ef ] e i s o VA A
=Y :
Lk - e —
& g CH+OH CH;0OH
N 2=y N Sh—2
5 — L, S— e e s £t W2 o e k ke = e A R
O
I} — | S D~ [ T T et v
& %J\jk.., ;M \‘N
e e o A ,.—LMMW_, A PTIV ALY o S I—
S = v*rr-wtf’”'_“\'_“:.:-_h—"—Mw-— " _— ey -
0 + +
T o SRR SOy o SO T, SeerY Ak A P,
w:r&'.“__f"-:w‘:x—"*-/ﬂ‘*’\'—— e A . e&MJ.—M T "
“ W-—*-H—“"“—_'_/\/\-'.‘—-'" O i TRV D) A B P S | _.4./\_/\-4-\.4 A T A
W-J%A Malisnm i ST s N . S
4
e e A et et A ire] . iy FMﬁM%»A .
2 1 0 1 -2 2 1 0 -1 —2

R.A. OFFSET (')

Figure 2. Observed spectra across the 5" 10'central region of the Sandqvist 136 globule. The grid spacing is 1". Offsels are from the reference
position at i = 11"5971.25 and 6 =—64"52°0". In each box the velocity scale ranges from =20 to 20 km s~ . Upper left: CS(2—1) emission. Antenna
temperature scale: 0.1 to 1.5 K. Upper right: SiO(2 —1) emission. Antenna temperature scale: —0.1 to 0.4 K. Bottom left: CHy;OH(2, — 1)

emission. Antenna temperature scale: -0.2 to 1.8 K. Bottom right: CH3:0H( 3y

indicates the position of the IRAS source 11590-6452.
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mated bipolar morphologies (André et
al., 1990; Bachiller et al., 1990; Bachiller,
Fuente & Tafalla, 1995; Lada & Fich,
1996). The class of highly collimated out-
flows are thought to be driven by jets that
accelerate the ambient gas through the
propagation of shocks (e.g. Raga &
Cabrit, 1993).

The interaction of high-velocity jets
from. young stars with the surrounding
ambient gas generates strong shock
waves which are expected to produce a
significant transformation of the physical
properties of the molecular surroundings
as well as of its chemical composition.
Although there has been a substantial
amount of work on the physical charac-
teristics of outflows, very little is known
about their chemical composition. Basic
Questions such as: How is the chemistry
of the swept-up ambient molecular mate-
rial affected by the winds from young
Stellar objects? or Do molecular abun-
dances serve as sensitive probes of the
evolutionary stage of bipolar outflows?
(cf. van Dishoeck & Blake, 1995) have
not yet been answered. Shocks in dense
molecular clouds are expected to radiate
In several molecular lines in the millime-
tre and submillimeter wavelength ranges
and hence are open to investigation by
Spectroscopic observations at these
Wavelengths. Since different molecules
and their isotopes respond differently to
Physical conditions (such as tempera-
ture and density) their observations pro-
vide unique tools to probe the outflows.
Mapping outflows in different molecular
Species is thus essential to the study of
the physical and chemical structure of
the shocks.

Most of the studies of molecular out-
flows from young stellar objects have fo-
Cused, to a large extent, on observations
of the CO(1-0) line (Bally & Lada, 1983;
Lada, 1985). Emission in this transition is
€asy to detect, both due to the relatively
large abundance of CO and easy excita-
tion at the densities and kinetic tempera-
tures of molecular flows. Very few multi-
line mapping of molecular outflows have
been performed so far. Part of the rea-
Son, other than the usual constraint on
observmg time, is that observations in
the range of wavelengths that permit us
1o probe abundances in outflows have
been made available only recently. In
Particular the Swedish-ESO Submillime-
tre Telescope (SEST) has recently un-
dergone important upgrade in the receiv-
er front end, opening the 2-mm wave-
length range for observations and sub-
Stantially improving the performance in
the 3-mm wavelength range. In these
lranQGS,.emission from a plethora of mo-
cular lines is expected to be detectable,
Which can be used to trace the motions
and physical conditions of the gas at the
?arllest stages of star formation. Accord-
fngly, the SEST has opened the avenue
Or a detailed investigation of the chemi-
?Ial Composition of southern skies out-

Ows, which would undoubtedly provide
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Figure 3. Spectra of the spatially integrated line emission from the blue and red lobes of the
Sandquist 136 outflow and from the central position (Middle column).

much-needed information about their
physical and chemical evolution.
Sandquist 136 (Sandqvist, 1977) is a
small dark cloud or Bok globule, located
at a distance of ~175 pc from the Sun,
which harbours a highly collimated bipo-
lar outflow near its centre (Bourke et al.,
1996; see Figure 1) The CO outflow is
found to be well described as a biconical
flow, with a semi-opening angle of 15°
and inclined from the line of sight by an
angle of ~ 84°, in which the gas moves
outwards with a constant radial velocity
(with respect to the cone apex) of ~ 28
km s-! . The outflow appears to be driven
by a very young stellar object, with a lu-
minosity of ~ 7 L., possibly still undergo-
ing accretion of matter. lts characteristics
at infrared and millimetre wavelengths
are similar to those of Class 0 objects
(André, 1995). Since the lobes of this
outflow extend by ~ 4’ in the plane of the
sky it is an ideal source for a detailed
study, using single-dish instruments, of
the physical and chemical characteris-
tics across highly collimated, low velocity
shocks. In this article we report extensive
molecular SEST observations of this out-

flow in rotational transitions of silicon
monoxide (SiO), methanol (CHZOH),
carbon monosulfide (CS), and formyl ion
(HCO).

Observations

The observations of the Sandqvist 136
outflow, stimulated by the recent availa-
bility at the 15-m SEST radio telescope of
sensitive SiS receivers operating in the 2-
and 3-mm bands, were performed during
September 1995. We used the 2- and 3-
mm receivers to simultaneously observe
the J=8 — 2andJ =2 — 1 transitions of
CS,theJ=3—>2andJ=2— 1transitions
of Si0O, and some of the J, = 3, — 2 and
Jx=2¢ — 1y transitions of CH;0OH. Single-
sideband receiver temperatures were
typically 120 K for both receivers. As
backend we used high-resolution
acousto-optical spectrometers providing
a channel separation of 43 KHz and a
total bandwidth of 43 MHz. This resulted
in spectral resolutions of 0.13 and 0.09
km s~' and total velocity coverages of 133
and 89 km s~' at the 96.7 and 145.1 GHz
frequencies of the CH;OH lines, respec-
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Figure 4. Contour maps of velocity integrated line wing emission from the Sandqvist 136 bipolar outflow. Blue contours correspond to the emission
integrated in the velocity range from -9.1 to -5.5 km s! (blueshifted wing) and red contours to the integrated emission in the velocily range from
=3.110 0.5 km s~' (redshifted wing). The lowest contour and contour interval are, respectively, 0.1 and 0.1 K km s~ for the SiO(J = 3—2) line (left),
0.3and 0.3 K km s' for the CH;OH(3y —24)A* line (middle-left), 0.2 and 0.15 K km s ' for the CS(J=3 — 2) line (middle-right), and 0.4 and 0.3 K

km s7! for the HCO*(J=1 — 0} line (right).

tively. Within the available bandwidths,
three rotational transitions of CH3;OH
could be observed at 2 mm (3; — 2pA*,
3,2 ,E and 3, — 24E lines) and three
at3mm (25 — 16E, 20 — 10A*, and 2_; —»
1.,4E lines). The antenna half-power
beam width and main beam efficiency
were, respectively, 34” and 0.66 at the
highest observed frequency of 147 GHz
and 57" and 0.75 at the lowest observed
frequency of 87 GHz. In each transition,
we mapped the molecular emission with-
inaregionof ~ 5 x 10, with 60" spacings.
All the observations were performed in
the position switch mode. The integration
times on source were typically 3 minutes
per position.

Results

The spectrainthe J=2 — 1lines of CS
and SiO and in the J, =2, — 1, and J, =

3y — 24 lines of CH,OH observed across
the 5" 10" region mapped with SEST are
shown in Figure 2. Two emission compo-
nents, originating from physically and
chemically different environments, can
be distinguished from this figure. A nar-
row line emission, at a velocity of —4.5 km
s~!, arising from the ambient cloud mate-
rial at the core of the Sandqvist 136 glob-
ule (see upper left panel), and a broad
line emission which arises from the bipo-
lar outflowing gas. Particularly striking
are the cases of methanol and silicon
monoxide molecules, in which the emis-
sion from the broad component is much
stronger than in the narrow component.
The broad emission is detected at red-
shifted velocities with respect to the sys-
temic ambient cloud velocity toward the
northwest region of the map (the red
lobe) and at blueshifted velocities toward
the southeast region (the blue lobe).

TABLE 1. Derived Parameters of Sandqvist 136 Outflowing Gas

| Offset pos.

CH4OH |

Wing Il Sio
| A A : Tr Ny 1 Tr Ny
0 0 (K) (em?) (K) (cm?)
1 -3 Blue 6 2.4 %10 9 7.6x 10"
1 -2 Blue 9 1.7 % 101 9 6.2 x 10"
0 2 Red (5] 6.2 x 101 8 2.2x102
-1 2 Red 6 4.3 10" 6 1.8x 102
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Figure 3 shows the spectra of the spa-
tially integrated line emission, in all the
observed transitions, from both the blue
and red lobes as well as from the central
core position. Emission in the lines of SiO
is found to arise only from the lobes, no
emission being detected at the core of the
globule. The CH4OH profiles show strong
emission from the broad component and
weak emission from the narrow ambient
cloud, while the CS and HCO* profiles
show a mixture of strong emission from
the quiescent ambient cloud and relative-
ly weaker wing emission at the position of
the lobes. The vertical bars shown in the
spectra of methanol indicate the expect-
ed positions of the three rotational transi-
tions, within the observed velocity rang-
es, for arest velocity of —4.5 km s~'. Wing
emission is detected in all the observed
molecules: CS, SiO, HCO* and CH;OH.
Maps of the velocity integrated emission

Cs HCO*
Th Ny Ny
(K) (em?) (em?)
6 6,7 x 10" g9.2x 10"
8 5.7 x 10'? 1.0x 102
7 1.3x 1019 2.0x10'
6 1.2x10"3 8.8x 10"
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Figure 5. Rotation diagrams for the methanol
transitions observed toward the red lobe,
¢entral core, and blue lobe of Sandqvist 136.
7"he lines correspond to least squares linear
fits to the observed data. The derived values
of the rotational temperature and total column
density are given in the lower left corner.

In the blue and red wings of the
Si0(3->2), CHy0H(3p—20)A*, CS(3—2),
and HCO*(1-0) lines are shown in Fig-
ure 4, These maps show that the spatial
distribution of the wing emission from the
Sandqvist 136 bipolar outflow is similar in
all the observed molecular species. The
emission peaks of the blue and red
lobes are offset by ~ 4’ or 0.2 pcfrom
each other with a position angle of ~—12°.
Since at least two rotational lines of
the CS, SiO, and CHsOH molecules
were observed simultaneously, we per-
formed rotational diagram analysis in or-
derto derive their rotational temperature,
rot, and total column density, Nt. In this
Mmethod these parameters are derived
from a fit to the relationship between the
Quantity 3 k | T,,,dv/8r3u2vS and the en-
€ray of the upper level of the transition.
ere i, v, and S are the transition dipole
moment, frequency, and line strength of
the transition, respectively, and | TrmsdV is
the velocity integrated main beam bright-
ness, obtained directly from the observa-

tions. In Table 1 we give the derived rota-
tional temperatures and column densi-
ties of CS, CH;0H and SiO in selected
positions of the red and blue lobes of the
outflow. For the blue lobe we integrated
the emission in the LSR velocity range
from -9.3 to —5.3 km s7', while for the
red lobe we integrated the emission in
the LSR velocity range from -3.7 to 0.3
km s—1. As a mode of illustration we show
in Figure 5 a sample of the data used
for the derivation of the parameters
associated with the CH;OH molecule.
Plotted are data obtained at three posi-
tions within the Sandqvist globule: blue
lobe, red lobe, and central core position.
The rotational temperature and total
methanol column density derived from a
linear least squares fit to these data are
shown in the lower left corner. The de-
rived rotational temperatures of the out-
flowing gas at the lobes and of the quies-
cent gas at the core position are all sim-
ilar, with an average value of 8 K and a
dispersion of 2 K. Further, there is no sig-
nificant differences among the rotational
temperatures derived using different
molecular species. These temperatures
are somewhat lower than the kinetic tem-
perature derived for the quiescent dark
cloud of 13 K (Bourke et al., 1995).
Whether the rotational temperatures pro-
vide a good estimate of the kinetic tem-
perature of the outflowing gas is not
clear. Bachiller et al. (1995) suggest that
the methanol populations are likely to be
extremely sub-thermal and therefore that
the rotational temperatures are consider-
ably smaller than the kinetic tempera-
tures.

The abundance of species X relative
to CO, [X)[CO], of the outflowing gas in
the lobes of Sandgvist 136 are given in
Table 2. They were directly derived as
the ratio of the molecular column density
of species X, obtained from the rotational
analysis (see Table 1), and the column
density of CO molecules in the corre-
sponding velocity range. The latter was
computed from the ratio of the observed
emission in the 12CO and '3CO lines as-
suming a 2CO/CO ratio of 89 and an
excitation temperature of 8 K (see
Bourke et al., 1996 for a description of
the method). Since for the Sandqvist 136
cloud the ambient gas and shocked gas
are well distinguishable, both spatially
and kinematically, the derived abun-
dances of the outflowing gas are not af-
fected by the emission of the quiescent

gas.

Discussion

The data presented in the previous
section clearly illustrate that the chemis-
try of the molecular gas near the core of
the globule has been substantially modi-
fied as a result of the interaction between
the shocks and the ambient medium.
Particularly notable are the strong emis-
sion in the lines of methanol and silicon
monoxide at the position of the lobes,
showing that these species are dramati-
cally affected by the shocks. To quantita-
tively assess the chemical changes of
the ambient medium due to the outflow
phenomena requires to know the chemi-
cal abundances of the quiescent ambient
gas. These have not yet been deter-
mined for the Sandqvist 136 globule. We
note that the spectra observed toward
the central position of the core region re-
flect the conditions of the dense molecu-
lar gas that surrounds the recently
formed star, with a possible contribution
from a circumstellar disk, and thus they
do not probe the chemical state of the
large scale ambient medium. We will as-
sume that the abundances of the
Sandqvist 136 quiescent ambient cloud
are similar to those of cold dark clouds
which show no evidence of star forma-
tion, such as the TMC-1 ridge and the
L134N cloud (see van Dishoeck et al.,
1993, and references therein). The [X)/
[CO] abundance ratios in the TMC-1 dark
cloud are given in column 4 of Table 2. A
comparison of columns 2, 3 and 4 of Ta-
ble 2, shows that the [CH;OHJ/[CO] and
[SiO)/[CO] abundance ratio in the lobes
of the Sandqvist 136 outflow have been
enhanced with respect to that of the qui-
escent ambient gas in dark globules by
factors of ~200 and ~1000, respectively.

The spatial distribution of the emission
in the SiO and CH3;OH lines and their
spectacular enhancement with respect
to that of the ambient medium shows that
shocks play an essential role in the pro-
duction of these molecules. The forma-
tion route of these species by the action
of shocks is twofold: via gas phase and
via grain surface processes. Shocks can
raise the gas to high temperatures and
drive many chemical reactions which are
inefficient at ambient cloud tempera-
tures. Shocks can also partially destroy
dust grains leading to the injection of sev-
eral absorbed atoms and molecules from
the grain surface into the gas phase.
Whether the high abundance of silicon
monoxide and methanol molecules seen

TABLE 2. Molecular Abundances Relative to CO.

Molecule Sandqvist 136 TMC-1
blue lobe red lobe
CH30H 4x10°3 8 x 1073 2.5 x 105
Sio 1x10° 3 x10-5 <25x10%8
Cs 1x10™ 2 x107* 1.3 x 104
HCO* 2x10°% 2x10% 1.0 x 10~

35



RELATIVE OFFSET (arcmin)
o Py
1 T
(S—

[

8| 1]

RELATIVE OFFSET (arcmin)

-2 r

I |

| ] | |

-15 -10 5 ]
VELOCITY (Km/s)

Figure 6. Pasition-velocity diagram of the SiO emission along the symmetry axis of the outfiow.
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toward the Sandqvist 136 outflow are
produced in the gas-phase shock chem-
istry or released directly from the dust
grains by shock evaporation remains to
be investigated.

The high abundance of SiO mole-
cules is most likely due to the injection
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into the gas phase, by shocks, of Si from
a population of refractory grains which
are composed of silicates and graphites.
Once silicon is injected into the gas
phase, chemical models based on
ion-molecule reactions predict a large
abundance of SiO molecules (Turner &

Dalgarno, 1977; Hartquist, Oppenheim-
er & Dalgarno, 1980). Models of the
chemistry in regions behind fast dissoci-
ative shocks predict a substantial en-
hancement in the abundance of SiO
molecules (Neufeld & Dalgarno, 1989).
In particular, for shocks with velocities of
60-80 km s~ propagating in a gas with
pre-shock density of 104 cm-3 (about the
density of the Sandqvist 136 globuie of
5x 10% cm~3; Bourke et al., 1996) the
predicted column densities of SiO mole-
cules are ~ 2 — 4 x 10'2 cm=2, similar to
those derived in the lobes of the
Sandqvist flow. A possible drawback
with dissociative shock models is that
the predicted temperatures of the
post-shock gas are high (~ 200 K), while
the derived rotational temperatures are
an order of magnitude smaller. Since the
post-shock temperature in C shocks are
much lower than in J shocks of the same
speeds, the former type of shocks would
appear as most promising to explain the
observed characteristics of the Sand-
qvist flow. In particular the synthesis of
molecules from atoms and ions can be
highly efficient behind non-dissociative
C-type shocks. The detection of profuse
SiO emission from other highly collimat-
ed bipolar outflows have been reported
by Bachiller, Martin-Pintado & Fuente
(1991), Mikami et al. (1992), Martin-
Pintado et al., (1995), and Zhang et al.
(1995).

The large [CH3OHJ)/[CO] abundance
ratio of the outflowing gas in the
Sandqvist lobes, greater than in quies-
cent dark clouds by factors of ~ 200, can
not be explained by gas phase chemis-
try alone (Millar, Herbst & Charnley,
1991). Similar enhancements in the
abundance of methanol in other young
bipolar outflows have been reported by
Bachiller et al. (1995). The large in-
crease in the CH3OH abundance is most
likely the result of desorption from dust
grains due to shocks (Charnley, Tielens
& Millar, 1992). Refractory grains are
likely to be surrounded by icy grain man-
tles, whose compositions depend on the
physical conditions of the ambient medi-
um. Molecules such as H>O and CH;0OH
are expected to dominate in atomic hy-
drogen-rich. ambient medium such as
that of molecular clouds. Shocks can
raise the temperature of the gas evapo-
rating the icy organic mantles of the
grains and returning these material to
the gas phase.

We also find that the [HCO*}/[CQ]
abundance ratio of the outflowing gas in
Sandqvist 136 is smaller than in quies-
cent dark clouds by a factor of ~ 5. Theo-
retical models of gas phase chemistry
behind shocks predict that the abun-
dance of molecules such as HCO*, CN,
and H,CO should decrease with respect
to the pre-shock abundances (Iglesias &
Silk, 1978; Mitchell, 1987). For instance,
theoretical calculations of a 10 km s
shock propagating into a cloud with a
pre-shock density of 104 cm2, show that



the abundance of HCO* decreases by a
factor of ~ 20 (Iglesias & Silk, 1978). The
derived [HCO*)/[CQ] ratios in the lobes
of Sandqvist 136 then give further sup-
port to the notion that the abundances
In the lobes are a product of shock
chemistry.

In addition to the wing emission detect-
ed toward the lobes of Sandqvist 136 in
the lines of SiO and CH30H, we note the
Presence of emission at velocities com-
Parable to the systemic velocity of the
globule. In particular for silicon monox-
ide, emission in the velocity range of the
ambient cioud is observed only at the
position of the lobes. This can be appre-
Clated in Figure 6 which shows velocity-
Position diagrams of the emission in the
SiO lines along the symmetry axis of
the outflow. The strength of the emis-
slon in the red lobe is roughly constant
with velocity, with peaks at —4.1 and -0.8
km s, while in the blue lobe the emis-
Sion peaks at a velocity of —5.0 km s,
close to the ambient cloud velocity. This
result suggests that the enhancement of
SiO and CH;OH molecules might be due
to two different processes: heating of
grains within the ambient core medium by
the UV radiation produced in the shocks,
which can evaporate volatile grain man-
tles and trigger gas-phase reactions, and
direct shock processing of dust located
within the shocked region. The low veloc-
ity emission would then arise from pre-
shock gas heated by the radiation from
the hot post-shock gas, while the high
Velocity emission arises from the cold
post shock gas.

Conclusions and Outlook

Multiline molecular observations to-
ward the Sandquist 136 dark globule
have revealed a spectacular enhance-
ment in the abundance of silicon monox-
'de and methanol molecules at the lobes
of the associated bipolar outflow. The
Spatial distribution and broad line pro-
files of the SiO and CHzOH emission in-
dicates a common mechanisms for the
éxcitation of these lines: shocks. We
conclude that the shocks created by the
Interaction between flows and the sur-
rounding medium play a major role in the
Production of these molecules. In partic-

ular the strong emission observed in the
methanol lines suggest that these lines
can be used as powerful signposts of the
chemical impact of bipolar outflows on
the surrounding ambient medium. It ap-
pears that the Sandgvist 136 shock pro-
duces the evaporation of icy grain man-
tles resulting in the injection into the gas
phase of large amount of ice mantle con-
stituents, such as methanol. Further, the
shock seems to be sufficiently powerful
that refractory dust grains are partially
destroyed, liberating into the gas phase
a significant amount of Si atoms that are
later converted to SiO by ion-molecule
reactions and/or shock chemistry. Final-
ly, we find that the SiO and CH3OH
emission detected toward the lobes not
only traces shocked outflowing gas but
also ambient medium gas that has been
heated by the UV radiation from the hot
post shock regions.

Ithas been suggested that the strength
of the emission in diverse trace mole-
cules might be considered an indicator of
the evolutionary stage of bipolar outflows
(Bachiller & Gomez-Gonzalez, 1992). It
would appear that the profuse emission
observed in the lines of methanol and sil-
icon monoxide from the Sandqvist 136
outflow implies that we are witnessing an
early stage of the outflow phase in which
molecules in icy mantles and atoms in
dust grains are efficiently liberated back
into the gas phase. How much of the en-
hancement factor depends on wind ve-
locity and/or on evolutionary age has not,
however, yet been established. The de-
termination of the abundance of more
complex organic molecules in the lobes,
such as CH3;OCH; HCOOCH; and
CH4CN, which can potentially serve as
clocks of the evolutionary state of the
outflows (van Dishoeck & Blake, 1995),
should be obtained to provide answer to
these questions.
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1. Introduction

The Crab Pulsar (PSR0531 +21) was
the first Isolated Neutron Star (INS) de-

tected at optical wavelengths. It is identi-
fied with a star (V ~ 16.5) near the cen-
tre of the Crab Nebula, the remnant of
the supernova explosion observed in the

summer of 1054. The identification has
been confirmed by the discovery of
pulsed optical emission at the radio peri-
od (Cocke et al., 1969).
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