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Abstract. ThreeGalacticstarformingregionsassociatedwith W3(OH),
S209andS187have beensimultaneouslymappedin two trans-IRASfar
infrared(FIR) bandscenteredat∼140and200µm usingtheTIFR 100cm
balloonborneFIRtelescope.Thesemapsshow extendedFIRemissionwith
structures.The HIRES processedIRAS mapsof theseregionsat 12, 25,
60& 100µm havealsobeenpresentedfor comparison.Point-likesources
have beenextractedfrom thelongestwavebandTIFR mapsandsearched
for associationsin the otherfive bands.The diffuseemissionfrom these
regionshavebeenquantified,whichturnsoutto beasignificantfractionof
thetotalemission.Thespatialdistributionof colddust(T < 30K) for two
of thesesources(W3(OH)& S209),hasbeendeterminedreliablyfrom the
mapsin TIFR bands.Thedusttemperatureandopticaldepthmapsshow
complex morphology. In generalthedustaroundS209hasbeenfoundto
bewarmerthanthatin W3(OH) region.
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1. Introduction

The far infrared (FIR) continuumemissionfrom the interstellardust component
allows one to probe deeperin to the denserregions of Galactic star forming
regions.A long term programmeof studyingGalacticstarforming regionsis being
pursuedat the Tata Institute of FundamentalResearch(TIFR) using its 100cm
balloon-borneFIR telescope.This programmeaims at high resolution(∼1′) map-
ping in two FIR bandscenteredat wave-lengths∼150 and 200 µm, beyond the
longestwavebandof IRAS survey. The trans-IRASwavebandshelp in detecting
colder componentof the dust. Several Galactic star forming regions have been
studiedleading to detectionof cold dust (up to 15K) and its spatial distribution
∗e-mail:swarna@tifr.res.in
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(e.g.Ghoshet al. 2000;Mookerjeaet al. 2000).The presentstudydealswith three
regions selectedon the basisof their associationwith powerful molecularoutflow
activity andtheirextended/complex morphology. Theseare:W3(OH),S209andS187
regions.

TheGalacticstarformingregionknownasW3(OH),isaveryuniqueandinteresting
sourcefor severalreasons.It is situated∼13′ SEof W3 (main)in thegiantmolecular
cloud,alongthe prominentridge of star formationin the Perseusarm at a distance
of 2.3kpc. It is oneof themostluminoushigh emissionmeasurecompactHII region
of shelltypemorphology(Dreher& Welch1981).Surroundingtheionizedgas,there
existdensemolecularclumpswhichhostspectacularsourcesof OH,H2OandCH3OH
maseremissionaswell asa bipolar outflow source(Wink et al. 1994).Tieftrunk et
al. (1998) have surveyed this region in the NH3 line in which they have detected
extendedemission.A strongfar infrared sourceis associatedwith the HII region
(Campbellet al. 1989).W3(OH) hasreceived a lot of attentionrecentlyfrom cm,
mm andsub-mmwavebandresearchers,thoughmostly concentratingon the higher
spatialresolutionof the very centralfew arc secregion. Herewe presentthe study
of the distribution of dust in the generalneighbourhoodof W3(OH) (within a few
parsec).

The S209region is an evolved HII region with visible optical nebulosity in the
outer Galaxy. The ionized region is very extendedand luminous in radio contin-
uum. The emissionat 1.4GHz hasbeendetectedover 12′

×7′ by Fich (1993).The
associatedmoleculargasextendsover a region of ∼14′ diameter, as inferred from
the CO survey of Blitz, Fich & Stark (1982). The CO line velocity placesS209
complex at a Galactocentricdistanceof 21kpc, one of the outermostsitesof star
formation in the Galaxy (Fich & Blitz 1984).Molecular outflow activity hasbeen
inferred from broad CO wings by Wouterloot, Brand & Henkel (1988). A H2O
masersourcehasalsobeendetectedin the vicinity by Cesaroniet al. (1988).The
above indicatorsconfirmthatstarformationis still in progressin theS209complex.
Despiteits large heliocentricdistance(12kpc), S209 is expectedto be detectable
in infrared wavebandsdue to its high intrinsic luminosity. Surprisingly, no study
of the far infrared continuumemissionfrom the S209 region exists in the litera-
ture.

S187is an optical HII region (Sharpless1959) locatedat the nearside of dark
cloud L1317 at a distanceof 1kpc, belonging to the Orion arm in the Galaxy.
High angularresolutionradio continuummapof this region shows the ionizedgas
to extend over ∼ 6′ with rich structures(Snell & Bally 1986).Associationof this
region with a large molecularcloud complex has beenknown since Blair et al.
(1975)detectedextendedCO emissionfrom this region.Bally & Lada(1983)found
first evidencefor high velocity molecularoutflow from S187, later confirmedto
be of extendedand bipolar natureby Casoli, Combes& Gerin (1984a).The full
extentof this molecularcomplex hasbecomemoreevident from the largescalesur-
veys (thoughwith crudegridding), carriedout in 12CO and 13CO lines by Casoli,
Combes& Gerin (1984b)andYonekuraet al. (1997).Variousevidencesof recent
star formation activity in this region have beenpresentedby Zavagno,Deharveng
& Caplan (1994). The structurally rich emissionfrom the molecularas well as
the ionized gas, promptedus to study the emissionfrom the dust componentin
S187.

Thenext two sectionsdescribetheobservationsandtheresults.
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2. Observations

2.1 Balloon-borne observations

The Galacticstar forming regions associatedwith W3(OH), S209and S187were
mappedusingthe 12 channeltwo bandfar infrared(FIR) photometersystemat the
Cassegrain focusof theTIFR 100cm(f/8) balloon-bornetelescope.Thephotometer
usesapairof sixelement(2×3closepackedconfiguration)compositeSiliconbolome-
terarrayscooledto0.3Kusingaclosedcycle3Herefrigeratorandit hasbeendescribed
in Vermaet al. (1993).Thesameregionof thesky wasviewedsimultaneouslyin two
FIRbandswith nearidenticalfieldsof view of 1.′6perbolometer, thusinstantaneously
coveringanareaof 6.′0 × 3.′4 in eachband.Thesky waschoppedalongthecross-
elevationaxisat10Hzwith athrow of 4.′2.Full detailsof the100cmtelescopesystem
andtheobservationalprocedurecanbe found in Ghoshet al. (1988).Thesesources
wereobservedin two differentballoonflightswith slightly differentFIR passbandsof
thephotometer. Thejournalof observationsandotherdetailsarepresentedin Table1.
Thespectralresponsesof thetwo bands,relative responsesof thedetectors,absolute
calibrationof the photometerandotherdetailsspecificto thesetwo flights in 1993
and1995have beenpresentedin Ghoshet al. (2000)andMookerjeaet al. (1999)
respectively.

Table 1. Thejournalandotherobservationaldetails.

λeff λeff Planet Planet
FIR Ch-I Ch-II Planet FWHM FWHM

Flight date target (µm) (µm) used Ch-I Ch-II

18thNov 1993 W3(OH) 148 209 Jupiter 1.′0 × 1.′4 1.′0 × 1.′3

12thNov 1995 S209 138 205 Saturn 1.′6 × 1.′9 1.′6 × 1.′8
S187

Theobservedchoppedsignalshavebeendeconvolvedusinganindigenouslydevel-
opedprocedurebasedon the Maximum Entropy Method(MEM) similar to that of
Gull & Daniell (1978)(seeGhoshet al. 1988,for details).Theaccuracy of theabso-
lute aspectof the telescopewasimprovedby usinga focal planeopticalphotometer
whichdetectsstars(in anoffsetfield) while thetelescopescanstheFIR targetsource.
Theachievedabsolutepositionalaccuracy is ∼ 0.′5.

2.2 IRAS Data

The datafrom the IRAS survey in the four bands(12, 25, 60 and100 µm) for the
regionsaroundthethreetargetsourceswereHIRESprocessed(Aumannet al. 1990)at
theInfraredProcessingandAnalysisCenter(IPAC1, Caltech).Thesemapshavebeen
usedfor extractingsourcesandquantifyinginterbandpositionalassociationsandflux
densities.

1IPAC is fundedbyNASA aspartof theIRASextendedmissionprogramundercontract
to JPL.
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3. Results

3.1 Intensity maps

TheMEM deconvolvedTIFRmapsat148and209µmandtheHIRESprocessedIRAS
mapsat12,25,60and100µm for theGalacticstarformingregionW3(OH)hasbeen
presentedin Figs1 and2 respectively. Similarly, theintensitymapsfor S209at 138,
205µm andthe IRAS bandshave beenpresentedin a similar format in Figs 3 and
4. Dueto limited dynamicrangeachievedin the138µm bandfor S187,theintensity
mapsfor this sourceareshown only at205µm andtheIRAS bands(Figs5 and6).

Whereasthe IRAS mapshave very high dynamicranges(>1000), the samefor
theTIFR mapsis restrictedto ∼300underthebestcircumstances.Thecontourlevels
displayedin TIFR mapsfor eachprogrammesourcedependonthedetectornoisecon-
dition (whichvariedfrom timeto time)at thetimeof thecorrespondingobservations.

Theangularresolutionachievedin theTIFR bandsis approximatelyrepresentedby
thedeconvolvedsizesof thepoint-like (planet)sourcein respective bands(seeTable
1). All threeprogrammesources,W3(OH), S209andS187show extendedemission
in boththeTIFR bands.

Theangularresolutionsin theHIRESprocessedmapsfor eachregion arelistedin
Table2, which dependon the observationaldetailslike relative orientationof scan
tracksof the telescopeboresightamongdifferentHCONs(Aumann,Fowler & Mel-
nyk 1990).Althoughextensionsareseenin many IRAS bands,theTIFR mapsshow
superiorangularresolutionasa resultof their smallerandcircularbeam.

Discretesourceshave beenextractedfrom the TIFR and HIRES mapsusing a
proceduredescribedin Ghoshet al. (2000).Thelongestwavelengthchannel(TIFRCh-
II) maphasbeenusedastheprimaryband.Thesourcesdetectedin thisareassociated
with sourcesin otherbandsif they satisfythepositionalmatchcriterion(< 1′ separation
with TIFR Ch-I and< 1.′5 for HIRES bands).A total of nine sourcesin all three
regionshave beendetected,detailsof which arelisted in Table3. Six of thesehave
beendetectedin boththeTIFR bands.All theseninesourceshaveanassociationwith
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Figure 1. Theintensitymapsfor theregion aroundW3(OH) in TIFR bands:– (a) at 148µm
with peak= 3059Jy/sq.arcmin,(b) at 209 µm with peak= 2101Jy/sq.arcmin.The isophot
contourlevelsin both(a)and(b) are90,70,50,40,30,20,10,5, 2.5,1 & .5 % of therespective
peaks.Thecrossesdenotethepositionsof theIRAS PSCsources02232+ 6138(mainsource)
& 02236+ 6142.
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Figure 2. TheHIRESprocessedIRAS mapsfor asimilar regionaroundW3(OH),asshown in
Fig. 1, in thefour bands:- (a) at12µm with peak= 66.9Jy/sq.arcmin,(b) at25µm with peak
= 1420Jy/sq.arcmin,(c) at 60µm with peak= 9870Jy/sq.arcmin,(d) at 100µm with peak=
3140Jy/sq.arcmin.Theisophotcontourlevelsin (a) (b) & (c) are90,70,50,40,30,20,10,5,
2.5,1, .5,& .25% of therespectivepeaks.In (d), only thehigher11of thesecontourshavebeen
displayed.
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Figure 3. Theintensitymapsfor theregion aroundS209in TIFR bands:(a) at 138µm with
peak= 441Jy/sq.arcmin,(b) at 205µm with peak= 213Jy/sq.arcmin.The isophotcontour
levels in both (a) and(b) are90, 80, 70, 60, 50, 40, 30, 20, 15, 10, & 5 % of the respective
peaks.Thecrossesdenotethepositionsof theIRAS PSCsources04073+ 5102(aminsource),
04072+ 5100(thenearbysourcewhich is resolvedin 205µm map)and04064+ 5052.
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Figure 4. The HIRES processedIRAS mapsfor a similar region aroundS209,asshown in
Fig. 3, in thefour bands:- (a) at 12µm with peak= 374Jy/sq.arcmin,(b) at 25µm with peak
= 5470Jy/sq.arcmin.(c) at 60 µm with peak= 12300Jy/sq.arcmin.(d) at 100µm with peak
= 5830Jy/sq.arcmin.The isophotcontourlevels in (a) are30, 20, 10, 5, 2.5,1 & .5 % of the
peak,andin all theotherthreebandsare90, 80, 70, 60, 50 ,40,30, 20, 10, 5, 2.5,1 & .5 % of
therespectivepeaks.

HIRESsourcein at leastoneband(8 haveassociationsin 2 or moreIRAS bands).The
listedflux densitieshavebeenobtainedby integratingoveracircleof 3′ diameter. Six
of thesealsoappearin theIRAS PointSourceCatalog(hereafterPSC).ThePSCflux
densitiesarealsolisted for comparisonwith thoseobtainedfrom the HIRES maps.
Fourof thesesixPSCsourceshaveupperlimits in atleastoneIRASband.Thisreflects
thecomplexity of themorphologyof theseregions.Thedusttemperaturesin theFIR,
TFIR, have beencomputedfrom the flux densitiesin the TIFR bands,assumingan
emissivity law of ελ ∝ λ−2. Thesearealsolistedin Table3.

3.1.1 W3(OH)

Strongemissionis seenin both148and209µm bandsfrom W3(OH) andthepeak
position (S2) matcheswith that of the IRAS PSCsource02232+ 6138 (Fig. 1).
Thecorrespondingsourceis alsothestrongestin all the four HIRES maps(Fig. 2).
Whereasin TIFR bandsS2 is resolved, it is pointlike in the IRAS bands.Thereare
two othersourcesdetectedin boththeTIFR maps.Thesecondbrightestsource(S3)
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Figure 5. Theintensitymapfor theregionaroundS187in TIFR bandat205µm. Theisophot
contourlevelsare90,80,70,60,50,40,30,20& 10% of thepeakintensity(388Jy/sq.arcmin).
Thecrossdenotesthepositionof theIRAS PSCsource01202+ 6133(mainsource).

hascounterpartsin 12,25and60µm mapsandaclearextensionin 100µm map.The
diffuseemissionhasbeendetectedin all thesix bands.

Theextensionof theisophotcontourstowardsNE of W3(OH) in theTIFR bands,
matchremarkablywell with theplume(∼ 2pc× 1.3pc) seenin therecentmappingin
NH3 line by Tieftrunk et al. (1998).In fact they concludedthat theW3(OH) coreis
muchlargerthanthoughtearlier.

CombiningTIFR dataalongwith thesub-millimetermeasurementof Chini et al.
(1986),thedustemissivity index is foundto be1.8between200and350µm.

The total emissionfrom a circular region of 16′ diameteraroundthe strongpeak
W3(OH),are9601and6305Jy at 148and209µm respectively. Thefractionof this
in diffuseemissionhasbeenestimatedto be15%and13%respectively by subtracting
the contributionsfrom the detecteddiscretesources(Table3). A similar analysisof
the IRAS-HIRESmapsof thesameregion hasquantifiedthediffuseemissionto be
85,55,56and71%at 12,25,60and100µm respectively. It maybenotedthatsince
the mappingin TIFR bandsarecarriedout in sky choppedmode(in contrastto the
IRAS bands),somepartof thediffuseemissionwith low spatialgradientcouldhave
beenmissedin thesebands.The total infraredluminosity estimatedfrom the entire
region is 1.91×105 L�.
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Figure 6. TheHIRESprocessedIRAS mapsfor asimilarregionaroundS187,asshown in Fig.
5, in thefour bands:– (a) at 12 µm with peak= 48.8Jy/sq.arcmin,(b) at 25 µm with peak=
557Jy/sq.arcmin,(c) at 60µm with peak= 754Jy/sq.arcmin,(d) at 100µm with peak= 460
Jy/sq.arcmin.Theisophotcontourlevelsin (a)are30,20,10,5, 2.5& 1%of thepeak(thepeak
is outsidetheregion displayedhere)andin (b), (c) & (d) are90,80,70,60,50,40,30,20,10,
5, 2.5,& 1%of therespectivepeaks.

Table 2. Angularresolutionsin theHIRESmaps.

Resolution Resolution Resolution Resolution
Source at12µm at25µm at60µm at100µm
region FWHM FWHM FWHM FWHM

W3(OH) 74′′
× 29′′ 66′′

× 31′′ 114′′
× 57′′ 74′′

× 29′′

S209 56′′
× 27′′ 54′′

× 28′′ 91′′
× 54′′ 110′′

× 64′′

S187 39′′
× 27′′ 41′′

× 28′′ 76′′
× 46′′ 113′′

× 97′′

3.1.2 S209

Thereis a goodcorrelationandstructuralsimilarity betweenthe extendedemission
from the dustcomponentin all the six bands.The complex emissionstructurehas
restrictedthereliablesourceextractionfor theIRAS PointSourceCatalogasevident
from inconsistentflux densitiesin differentbandsfor themainsourcecorresponding
to S209,IRAS 04073+ 5102. However, numericalaperturephotometryon HIRES
processedIRAS mapsprovide reliableestimatesof flux densities.

The main sourcein the S209region is clearly resolved into two sources(S5 &
S6)at 205µm mapandthereis indicationfor thesamein the138µm map(Fig. 3).
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Table 3. Positionandflux densitydetailsof thedetectedsources.

Flux Density(Jy) Tb
FIR

RA Dec TIFR IRASa

(1950) (1950) IRAS PSC 209/ 148/
# h m s o ′ ′′ associations 205µm 138µm 100µm 60µm 25µm 12µm (K)

W3(OH) Region
S1 2 2228.3 +613932 ... 128 260 – – 35 30 30
S2 2 2311.3 +613854 02232+6138 4872 7198 10030 9488 683 66 22

" " " 10600c 9269c 535c 40.6c

S3 2 2329.0 +614334 02236+6142 476 744 1886 901 67 36 23
" " " <10600c <1712c <91c 12.3c

S209 Region
S4 4 0626.7 +505118 04064+5052 323 224 190 149 48 30 15

" " " 171.2c 83.4c 43.3c 25.4c

S5 4 0717.4 +510245 04073+5102 970 2139 2298 2159 409 70 31
" " " 2723c <0.4c 97c 16c

S6 4 0722.6 +510107 04072+5100 873 – – 1905 236 38 –
" " " <2700c <439c 41c 2.4c

S187 Region
S7 1 1925.7 +613402 ... 885 1770 – 829 – 41 28
S8 1 2001.3 +613745 ... 1094 – 2005 1310 – 52 –
S9 1 2013.6 +613252 01202+6133 1304 – 1908 1400 211 32 –

" " " <1700c 882c 182c 10.4c

a FromHIRESprocessedmapsunlessspecifiedotherwise.Theflux densitiesareintegratedoveracircleof 3.′0 diameter.
b Determinedusingtheflux densitiesin TIFR bandsandassumingagraybodyspectrumwith emissivity ελ ∝ λ−2.
c FromIRAS PointSourceCatalog.
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Thestrongestpeaksin boththeTIFR bands(S5)coincidewith thepositionof IRAS
04073+ 5102. TheneighbouringsourceS6is associatedwith IRAS 04072+ 5100.
In 25and60µm IRAS bands,S6is clearlyseenandanindicationis presentin the12
µm map(Fig. 4). The100µm HIRESprocessedmapdoesnot resolveS5/S6.

Chiniet al. (1984)havedetectedS209in 1-mmcontinuumandpresentedthethermal
emissionfromthedustaftercorrectingfor theexpectedfreefreeemissionfromthehot
gas.Usingtheflux densitiesat205µm and1-mm,averyflat dustemissivity exponent
of 0.64hasbeenfoundfor thissub-mmregion.In casetheemissionat1-mmoriginates
from adifferentcolderdustcomponent,thentheabove index is anunderestimate.

The total emissionfrom theS209region presentedin Fig. 3 is 5548and4000Jy
at 138 and 205 µm respectively. The fraction of this in diffuse emissionhasbeen
estimatedto be57%and46%respectively by subtractingthecontributionsfrom the
detecteddiscretesources.A similar analysisof the IRAS-HIRESmapsof the same
region (Fig. 4) hasquantifiedthediffuseemissionto be52,44,49and77%at12,25,
60 and100µm respectively. Henceright throughthemid andfar infraredregion, a
goodpartof theemissionis in diffuseform. Thetotal infraredluminosityestimated
from theentireregion is 2.0×106 L� (for distance= 12kpc).

Balseret al. (1995)have modelledtheir 8.7 GHz radiocontinuummeasurements
of the S209region (8′

×8′) and they concludethat the exciting sourceis either a
ZAMS O6.5 star or a O5 star dependingon the dataused(VLA / MPIR). These
stellartypescorrespondto a luminosityof 1.5x 105 L� or 6.8x 105 L� respectively
(Thompson1984).

3.1.3 S187

Thedynamicrangeof theTIFR mapsof S187region is ratherlimited dueto larger
thanusualnoisein thebolometerchannelsduringtheseobservations(only the205µm
mappresentedhere).Thestrongestsource(S9)associatedwith IRAS 01202+ 6133
is resolvedat 205µm (Fig. 5). Themorphologyof thediffuseemissionin theTIFR
bandresemblesthe samein the HIRES maps(Fig. 6). This is despitethe fact that
TIFR observationsusedsky choppingwhereasIRAS survey did not. Theemissions
in all the five bandsare dominatedby the sourceassociatedwith IRAS 01202+

6133.Most of theadditionalemissionoriginatesfrom anannularring like structure
of diameter∼ 10′. Theionizedgasresidesat thecentralcavity of theannularregion
as inferred from high resolutionradio continuummap at 1.4 GHz (Snell & Bally
1986).Thepositionof thehigh velocity molecularoutflow lies about2′ westof S9.
TheH2O masersourcedetectedby Henkel, Haschick& Gusten(1986)is positionally
very closeto the outflow source.No local enhancementhasbeenobserved in any
of the TIFR or HIRES bandsat the locationof the H2O maser/outflow source.The
positionof theNH3 coredetectedin theS187region (Jijina,Myers& Adams1999),
alsodoesnot show positionalmatchwith any peakin the mapsof dustcontinuum
emission.

Thetotal emissionfrom theS187region presentedin Fig. 5 is 7256Jy at 205µm.
Thefractionof this in diffuseemissionhasbeenestimatedto be55%by subtracting
thecontributionsfrom thedetecteddiscretesources.A similar analysisof theIRAS-
HIRESmapsof thesameregion (Fig. 6) hasquantifiedthediffuseemissionto be66,
68,53and69%at12,25,60and100µmrespectively. For thissourcetoo,right through
themid andfar infraredregion,alargepartof theemissionis in diffuseform,whichis
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quiteexpectedconsideringthecomplex morphologyof theregion.Thetotal infrared
luminostyestimatedfrom theentireregion is 1.7×104 L� (for distance= 1kpc).

Using the massof the molecularcloud associatedwith S187,as estimatedby
Yonekuraet al. (1997)from their 13CO survey (their cloud# 164),we determinethe
averageluminosityperunit massto be∼2.2L�/M�. Thisvalueis verysimilarto that
foundfor W 31starformingcomplex (Ghoshet al. 1989).

3.2 Distribution of dust temperature and optical depth

Taking advantageof the nearly identicalcircular beamsof the TIFR bandsandthe
simultaneityof observations,reliablemapsof dusttemperatureandopticaldepth(at
200 µm, τ200) have beengeneratedfor W3(OH) and S209regions. The available
dynamicrangesin boththeTIFR bandsfor thesetwosourcesallow ustomeaningfully
determinethedusttemperatureandopticaldepthdistributions.Thesearepresentedin
Figs.7 and8 respectively. A dustemissivity law of ελ ∝ λ−2 hasbeenassumedfor
thispurpose.Detailsof theprocedurecanbefoundin Ghoshet al. (2000).

For W3(OH) region, thedistribution of τ200 shows a peaknearthe intensitypeak
but theT(148/209)distributionshowsaplateauthere(Fig. 7). Someregionsof higher
dust temperatureare also seen.The secondpeakin the optical depthmap clearly
correspondsto thematterdistributionaround02236+ 6142. Thedusttemperatureat
the positionof IRAS 02232+ 6138is 21K, whereasthe kinetic temperatureof the
NH3 componenthasbeenfound to be 27K (Tieftrunk et al. 1998).In addition,the
shapeof the τ200 distribution aroundIRAS 02232+ 6138(within 2′) resemblesthe
gasdistribution tracedby NH3. A detailedcomparisonshouldhelpunderstandingthe
gas-dustcouplingin denserregionsof starformation,liketheinterstellarenvironment
aroundW3(OH).
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Figure 7. Thedistribution of dusttemperatureT(148/209),andopticaldepthat 200µm, τ200,
for the region aroundW3(OH) assuminga dust emissivity law of ελ ∝ λ−2. The isotherms
correspondto 15K to 36K in stepsof 3K, 40& 45K. Temperaturevaluesaredisplayednearthe
contours.Thehighestcontourof τ200 (innermostat thebottom)correspondsto a valueof 0.16
andthesuccessivecontoursrepresentvaluesreducingby factorof 2.



184 S. K. Ghosh et al

 4h 7m40s  7m30s  7m20s  7m10s  7m 0s  6m50s

+50o59

+51 o 0

+51 o 1

+51o 2

+51
o 3


+51o 4

+51o 5

+51o 6

+51o 7

+51o 8

Right Ascension (1950)

D
ec

lin
at

io
n
 (

1
9
5
0
)

T(138/205)

15

15

18

18

18

21

21

24

24

2424

27

27

27

2727

2727

30

30

30

30

30

30

30

33

33

33
33

3333

33

36

36

36 36

36

40
4040

40

45

45

 4h 7m40s  7m30s  7m20s  7m10s  7m 0s  6m50s

Right Ascension (1950)

τ_200

Figure 8. Thedistribution of dusttemperatureT(138/205),andopticaldepthat 200µm, τ200,
for theregion aroundS209assuminga dustemissivity law of ελ ∝ λ−2. Theisothermsreferto
thesametemperaturesasin Fig. 7. Theτ200 contoursrepresent100,75,50,25 & 12.5% of the
peakvalueof 0.67.

TheT(138/205)andτ200 distributionsfor S209show analmostanticorrelation(Fig.
8). Thehotspotsarelocatednearthetwo resolvedsourcesin the205µm map.Most
of theregion in S209hasthedusttemeparturehigherthan27 K andthepresenceof
colderdustis limited to theoutermostperiphery. This is in contrastto W3(OH)region
wherethedustis relatively cooler.
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