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Abstract. BHR 71 is a well isolatedBok globule locatedat � 200pc, which harboursa highly
collimatedbipolaroutflow. Theoutflow is drivenby a very youngClass0 protostarwith a lumi-
nosityof � 9 L� . It is oneof a very smallnumberthatshow enhancedabundancesof a number
of molecularspecies,notablySiO andCH3OH, dueto shockprocessingof theambientmedium.
In this paperthepropertiesof theglobuleandoutflow arediscussed.

“In thedarkness,there’ll behiddenworldsthatshine”
– BruceSpringsteen,Candy’s Room1977

1 Intr oduction

In 1977ArgeSandqvistpublishedacatalogueof southern“dark dustcloudsof highvi-
sualopacity”(Sanqvist1977– 95entries,numbered101-195),anextentionof anearlier
paperwith Lindroos(Sandqvist& Lindroos1976)in which they presentedH2CO ab-
sorptionline studiesof 42dustclouds(#1-42).Number136onSandqvist’slist (Sa136)
is a very opaqueBok globule locatedneartheCoalsack,latercataloguedasDC 297.7-
2.8 by Hartley et al. (1986)andasentry 71 in the globule list of Bourke, Hyland &
Robinson(1995a– BHR 71).Mark McCaughreanin hisopeningaddressat thisconfer-
encehighlightedanumberof importanteventsthatoccurredin 1977,in particularIAU
Symposium75 on StarFormationwhoseproceedingsappearedthat year. It is fitting
thatBHR 71, which is featuredin a beautifulVLT optical imagein the frontpiece(&
poster)of theseproceedings,cantraceits originsin theliteratureto thatsameyear.

2 Globule properties

Theglobulepropertieshavebeendeterminedby Bourkeetal. (1995b,1997).Spatially
andkinematicallyBHR 71 is associatedwith the Coalsackat an assumeddistanceof
200 pc, thoughit may be as closeas 150

�
30 pc (Corradi et al. 1997).Large scale

12CO& 13CO mapsof theglobulegivea sizeof � 0.5pc andmass40M� , while C18O
observationswhich tracehigh columndensitygasimply a size � 0� 3 � 0� 15 pc anda
massof 12M� . Thehigh density(n� 104 cm� 3) coretracedin ammoniais � 0� 2 � 0� 1
pc in sizewith amassof 3M� . Theglobulevelocity is Vlsr �
	 4� 5kms� 1.

3 CO Outflow Properties

Thepropertiesof the largescalemolecularoutflow have beendeterminedby B97. As
canbeseenin Fig.1, theoutflow lobesarewell separatedonthesky, andextend � 0.3pc
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Fig.1.Digital Sky Survey R-Bandimageof BHR 71,overlayedwith contoursof 12COJ � 1 � 0
emission.The black contoursareblue-shiftedemission,and the grey contoursare red-shifted
emission.Thetwo ISOmid-infraredsourcesareindicatedwith starsymbols.IRS1, to theeast,is
thedriving sourceof the largeoutflow. Thesquaremarksthepositionof theredoutflow spectra
shown in Fig. 4
.

from their origin with anopeningangleof � 15
 . B97find thatthevelocity structureis
consistentwith a steadyflow with constantvelocity (Cabrit et al. 1988).With this as-
sumptiontheinclinationof theoutflow to theline-of-sightis determinedto be85
 . The
CO excitation temperaturein the line coreis greatestat the outflow peaks,indicating
thattheambientgastherehasbeenheatedby interactionswith theoutflow.

Correctingfor inclination,opticaldepth,andemissionhiddenwithin the line core,
B97determinethemassin thelobesto be � 1.0M� (redlobe)and � 0.3M� (bluelobe).
Consideringthedifferentmethodsusedto determinetheoutflow momentumP, kinetic
energy Ek, andmechanicalluminosityLmech (upperandlower limit methods)B97 find
P � 11M� km s� 1, Ek � 60M� km2s� 2, andLmech � 0� 5L� . Thereis lessmassin the
blue lobe,which maybea resultof this lobebreakingout of theglobule, indicatedin
Fig. 1 by theconicalreflectionnebulosity just southof theprotostars(seethebeautiful
colourVLT in thefrontpieceof theseproceedingsfor a moredetailedview).
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4 Two protostars- two outflows

Near-infrared(NIR) imagesfrom theAAT areshown in Figure2 (Bourke2001).Most
of thenon-stellaremissionis dueto theemissionin theH2 v=1-0S(1)line, mostlikely
dueto shocksin theoutflowing gas(Eislöffel 1997).TheNIR emissionis well aligned
with thelargescaleCOoutflow (Fig. 3).

Fig.2. (a) – K � imageof BHR 71 (greyscale)overlayedwith ISO LW2 contours(5.0–8.5µm).
TheembeddedprotostarsIRS 1 (“1”) andIRS 2 (“2”) arelabelled.(b) – Narrowband2.12µm +
continuumimage(greyscale).Thepositionsof HH 320andHH 321aremarkedwith crosses,and
thepositionof the3 cm continuumsourceis markedwith anunfilledbox.

Mid-infrared(MIR) emissionin theISOLW2bandis overlayedonFig.2(a).Two of
the7µmsourcesappearto belocatedattheapexesof NIR emission,stronglysuggesting
thatthey areassociatedwith theemission.Source“1” (hereafterIRS 1) liesat theapex
of thereflectionnebulosityseenalsoin Fig. 1 andis co-incidentwith thepositionof the
mm sourceBHR 71-mm,alsoknown asIRAS 11590-6452(B97). The7µm flux from
IRS 1 is an order-of-magnitudegreaterthanfrom IRS 2. The NIR featurecoincident
with IRS 2 in Fig. 2(a) is non-stellar, by comparisonof its PSFwith starsin thesame
image.

A cm continuumsource(indicatedon Fig. 2(b)) is detectedtowardBHR 71 IRS 1,
at both3 and6 cm (Wilner et al. 2001,in prep).Thespectralindex is consistentwith
a flat or rising spectrumdue to free-freeemission,a signpostof protostellarorigin
(Rodŕıguez1994).Corporon& Reipurth(1997)discoveredtwo Herbig-Haroassocia-
tions in BHR 71 – HH 320andHH 321,andtheir locationsareshown on Fig. 2(b). It
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canbeseenthatHH 320(HH 321)is coincidentwith theNIR emissionassociatedwith
IRS 2 (IRS 1).

Bourke (2001)hasshown that IRS 2 alsodrivesa CO outflow which is morecom-
pactandmuch lessenergetic thanthe IRS 1 outflow. The northernpart of the IRS 2
outflow is blue-shifted(andassociatedwith HH 320)which is theoppositeof theIRS1
outflow and allows them to be separatedspatially. The red lobe is confusedby the
IRS 1 outflow, thoughit is probablyseenin the NIR (arrowedemissionin Fig. 2(b)).
Bourke(2001)suggestedthatIRS1 & 2 mayform abinaryprotostellarpair (separation
� 3400AU) thoughthekinematicevidencefor or againstis lacking.

5 Outflow Chemistry

The BHR 71 IRS 1 outflow is oneof a handful that show significantabundanceen-
hancementsin moleculessuchasSiO andCH3OH (G98).Figure3 shows the spatial
distribution of SiO andCO in theoutflow, comparedto theNIR H2 emission(theCO
datais of lower spatialsamplingthanFig. 1). Figure4 shows spectraat two locations,
theredlobe(asindicatedby thebox in Fig. 1) andat thepositionof IRS 1.

Thespectralline profilesin the outflow andthe velocity of the outflowing gas( �
30kms� 1) indicatethatC-shocksdominatetheflow (G98).Theshocksaresufficiently
strongto releasemoleculesandatomsinto the gasphasevia evaporationof icy grain
mantles(e.g.,CH3OH) andsputteringof graincoresor grain-graincollisions(e.g.,Si,
which rapidly formsSiO).Othermoleculesdetectedin theoutflow includeCS,H2CO,
SO,HCN, HNC, HCO� with SESTandH2O with SWAS (Bourkeet al. 2001,in prep).
SiO is removed from the gasphasein about104 yearsindicating that the outflow is
quiteyoung.

In theredlobeG98determinedabundanceenhancementsof � 350in SiO and � 40
in CH3OH. Oneparticularlystriking featureis thespatialdistributionof SiO compared
to CO in the outflow. BecauseSiO is the resultof Si liberation it is usuallyonly de-
tectedat the endsof outflows (wherethe shockinteractionis greatest)or asa narrow
jet along the outflow axis possiblydue to interactionsin a turbulent boundarylayer
(Garay2000).The wide-spreaddistribution of SiO in the BHR 71 outflow is unique.
This suggeststhat the SiO enhancementtakesplacein a shell-like structureproduced
by thedynamicalinteractionbetweentheambientcloudandanunderlyingwide-angle
wind or wind drivenshell(Garay2000),or perhapsby awanderingjet. However, it has
not beenshown thatan interactionbetweena wind andtheambientmaterialcanpro-
ducesufficientSi for this to bea viableexplanation.If sufficientSi-bearingspeciesare
presentin grainmantlesthenthewind modelbecomesattractive(Schilkeetal. 1997).

6 The VLT Image

An optical compositeimagetaken with the VLT is shown in the frontpieceof these
proceedings.This imagehints at the spectacularresultswe canexpectfrom the VLT
in the comingyears.Thereis evidencein this imageof botha wind componentanda
jet componentto theIRS1 outflow in thebluelobe.Extendingfrom thereflectionneb-
ulosity which protrudesfrom theglobule,onecantraceout anelongatedbubble,with
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Fig.3. SiO andCO integratedemissionover theblue(solid lines)andred(dottedlines)lobesof
the BHR 71 outflow, overlayedon the H2 imagefrom Fig. 2. The protostarsIRS 1 (large star)
andIRS 2 (smallstar)areindicated.

its edgesdefinedby enhancedextinction. This is characteristicof a wide-anglewind
component.In addition,enhancedextinction is alsoseenalongthe axis of the bubble
andextendingbeyondits southerntip. This maybeanindicationof theunderlyingjet
which is probablydriving this youngoutflow. Modelling of this oneimagemay help
answersomeof theremainingquestionsaboutthespectacularBHR 71 outflow.

I thankmy many collaboratorsonthisproject,in particularGuidoGaray. A big hug
to Jõaofor lettingmepresentmy work on thisbeautifulobject.
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