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Abstract. L-banddataof 30 Doradusat3.5! mtakenwith SPIREX(SouthPolelnfraredExplorer)is presentedThephotometry
wascombinedwith 2MASS JHK dataat 1.25-2.21 m. Colourcolourandcolourmagnitudediagramsareconstructeéndused
to determinethe sourceswith infraredexcess.Theseareinterpretedascircumstellardisks,andenablethe fraction of sources
with disks (the clusterdisk fraction or CDF) to be determinedWe £nd that» 42% of the sourcedetectedat L-bandin 30
Doradushave anIR-excess’
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1. Introduction
1.1. IR-excess as a measure of circumstellar disks

During starformation,youngstellarobjects(Y SOs)areassoci-
atedwith the circumstellamaterialsurroundinghem,making
them bright at infrared wavelengthsas the dust absorbsand
re-emitsradiation from the central star As the star evolves
towardsthe main sequencethe distribution of the surround-
ing materialalso changesasis evident throughthe changing
spectralenepgy distribution (SED) of the source.SEDs can
thereforebe usedas an indicator of the evolutionary stateof
a YSO. In particular an excessin IR radiationabove that of
a blackbodyfor classll/lll YSOscanbe explainedby models
of circumstellardisks aroundprotostars(eg. Lada & Adams
1992. In IR colourcolourdiagramssuchstarslie outsidethe

region de£nedby the reddeningbandto the main sequence.

Colourcolour diagramscan thereforebe usedto identify the
starswith circumstellardisksin starforming regions,andto
estimatewhatfractionof the populationthis represents.

Sendo®print requestso: M. Maercler

? Table6 is alsoavailablein electronicform atthe CDSvia anory-
mousftp to cdsarc.u-strasbg.{.30.79.128.5pr via http//cdswehu-
strasbg.ffcgi-bin/gcat?JA+A/

1.2. L-band over K-band

The excessemissionis measurablén the K-bandat 2.2 1 m,

makinginfraredexcesgdetectableisingJHK (1-2.21 m) obser

vations However, thisradiationmaybecausedy acircumstel-
lar disk, the protostellarervelopeor emissionnehulosity from

HIl regions andthereforeJHK bandobsenationsalone may
not be sut cient to determinethe natureof the IR excess.L-

bandobsenations(3.51 m) proveto betheidealwavelengthfor

detectingcircumstellardisks (eg. Keryon & Hartmann1995.

Comparedto JHK colourcolour diagrams.the starswith IR

excessaremuchmoreclearlyseparateéh JHKL colourcolour
diagrams Additionally, the continuumemissionfrom the stel-
lar photospherés generallybright enoughin L-bandto allow

the determinatiorof the numberof starswith IR excesscom-
paredto the total numberof starsin a given region (i.e. the
clusterdisk fraction (CDF)). It is relatively easierto obtainL-

banddatawith the samesensitvities and spatialresolutionas
JHK bandobsenationsthanit is for mid-IR data,wherethe
signaturefrom disk emissionis even more pronounced(eg.

Rathborne2003.

1.3. 30 Doradus

30 Doradusin the Large Magellanic Cloud is the most lu-
minous giant HIl region in the Local Group of Galaxies
(Kennicutt 1984 and is located at a distanceof »55 kpc
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(Vermeijetal. 2002. Starformationwithin theregionwas£rst
identifedby Hylandetal. (1992. WalbornandBlades(1997)
identify four phasescomprisingan agesequencdor massve
OB clusterevolution (Walborn 19913 19911 in £ve spatial
andor temporalstructuresTheregion shavs recentandongo-
ing starformationat discreteepochswith a centralclusterof
massve starssurroundedoy extendednehulosity. The stellar
populationconsistsof multiple generationswith pre-mainse-
guencestars,early type main sequencestarsandevolved blue
andredsupegiants(Walborn& Bladesl1997). Agesrangefrom
youngstarslessthan1 Myr old, to the giant populationwith
agesup to 25 Myr. Two supernea remnant{SNR) candidates
have alsobeenidentifed(Lazendicet al. 2003. Using deep
broadband andV WFPC2imagesfrom the HST, Sirianni et
al. (2000 derived the IMF for the centralclusterR136in 30
Doradusdown to 1.35M—, suggestingthere are relatively
fewer lowermassstarsthanin the GalacticlMF (thoughthis
may also arisefrom not fully correctingfor extinction from
thesource)IR andradioobsenationsshav moleculargasand
warmdustconcentratedh anarcto the northandwestof the
centralcluster(Rubio et al 1998. They found 84 IR sources
linked with the nelular microstructuresand early O starsin
densenehular knots.6 of thesecould be matchedwith sources
found in this paper(Table 6). IdentiEcationof early O-type
starswas taken as evidencefor star formation (Walborn &
Blades1997). Theseknotshave beenrevealedto be compact
multiple systemsvhich areeachsimilarto starforming regions
in the Galaxysuchasthe Trapeziumsystemin the Orion clus-
ter (Brandneret al. 2001). In their paperBrandneret al. use
nearlR colourcolour diagramsobtainedfrom NICMOS data
to identify pre-mainsequencstarsby theirintrinsic IR-excess.
It is suggestethatthespatialdistribution of thesestarsindicate
the birth of an OB associationPresentay starformationco-
incideswith the denseregionsof moleculargas(Johanssoet
al. 1998 to the north andwestof R136 andwith their inter
faceswith thecavity createcby thecentralcluster(Brandneret
al. 200)). It is the nearestandthereforemosthighly resohed
starlurst region outsidethe Galaxy thus makingit a suitable
sourceto studyextragalacticstarformation.

This paperpresentd_-bandphotometryof the 30 Doradus
region takenwith the SPIREXtelescopatthe South-PolelR-
excessis detectedby combiningthe L-band datawith JHK-
datafrom 2MASS. Colourcolour and colourmagnitudedia-
gramsarepresentedwith a discussioron the implicationsfor
massve starformationandthe evolution of circumstelladisks.
Section2 describedhe obsenationaldata.Section3 presents
theresultsof the photometryon the L-bandimages.Section4
analysesheresultsandSection5 providesaninterpretation.

2. Obser vations
2.1. L-band data from SPIREX

The L-band data was taken using the 60 cm South Pole
InfraRedExplorer(SPIREX)(Hereld1994 Burtonetal. 2000
atthe Amundsen-ScotBouth-Polestationin the Antarcticain
1998by the winter-over scientistCharlie Kaminslky. The tele-
scopewasequippedvith anAladdin 1024x1024nSbAbu de-

tectorwith £lterssensitve in the rangefrom 2.4-51m. The

cameraprovided a 10° £eld of view with a pixel size of 0.6°°

Thedi®@ractionlimit of 1.4°° combinedwith seeingandtrack-
ing error, over the unguidedobsenations,resultedin atypical

resolutionof 2.6°2 ObsenationsweretakenthroughtheL-band
Elter (, cental = 3:514'm, ¢ | = 0:6181m) by taking oneset
of sky framesfollowed by two setsof objectframesandan-
other setof sky frames.Eachset consistedof £ve averaged
frameso®setby approximately30°°from the previous frame.
This allowed for the easyremoval of imageartefactsfrom the
arrayandsky emissionandof starsin the sky frames.Theto-

tal on-sourcentegrationtime was9.25hours.Reductionsvere
done automaticallyby the RIT SPIREXAbu pipeline*. This

imagewasarchval datafrom SPIREX,but unfortunatelyhad
not beenaux-calibratedrequiringusto determinethe calibra-
tion throughseperat@bsenations(seeSec.2.3).

2.2. JHK-band data from 2MASS

The obsenrationsfrom SPIREXwere complementedvith the
2MASS point sourcecatalogugPSC)(Cutri et al., 2003 and
Atlasimages’. The2MASStelescopescannedhesky in both
hemispheresn three nearinfrared £lters (J, H and K; 1.25,

1.65and 2.2 1 m respectiely) and detectedpoint sourcesin

eachbandwhich were brighterthanaboutlmJyusinga pixel

size of 2.0°% Two 1.3 metretelescopesvere used,locatedat
Mt Hopkinsin ArizonaandCTIO in Chile. Eachuseda cam-
eracapableof observingin the bandssimultaneouslywvith the
256x256arraysof HgCdTe detectors.The imagingwasdone
while the highly automatedelescopescannedverthesky in

declinationat a rate of » 1° per second.The imagesconsist
of six pointingson the sky with a total integrationtime of 7.8
secondgKleinmannet al. 1994). The Atlas Imagesfrom the
2MASS cataloguenereusedto derive K-bandmagnitudegor

sourcesseenin the L-bandthat could not be matchedwith the
sourcesn thePSC.

2.3. Calibration data from CASPIR

In order to calibrate the SPIREX image, obsenations
were carried out in early April 2004 using the Australian
National University (ANU) 2.3m telescopeat Siding Spring
Obsenatory, equipped with CASPIR (Cryogenic Array
Spectrometéimager) (McGregor 1994. CASPIR is a cryo-
genic re-imagingcamerawith pixel scalesof 0:5%pixel and
0:25%9pixel and2 di®erentreadoutmethods The detectoris a
hybrid device with 256x256pixels, capableof directimaging
and spectroscop betweenl-5 t m. To avoid saturationfrom
thesky in theL-band,anarrav band£lter (, cenrar = 3:592t m,
¢, = 0:0781m) hadto be usedaswell asthe smallerpixel
scale,resultingin a 60°°£eld of view. The standardstarused
is listedin Table 1. The starsin 30 Doradusthat were usedto
calibratethe remainingstarsin the L-band imagesare listed
in Table2. Thesearebright andisolatedstarsin the SPIREX
image.Comparisorof therelative photometryof the £ve stars

1 http//pipe.cis.rit.edu
2 Availableathttp/iwww.ipac.caltech.edapplication®MASSIM/
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Table 1. Standardstarusedto calibratethe CASPIRimages.

name RA (J2000) DEC(J2000) m,
(hms) (dms) Mag

BS2015 054446.5 -654408.0 3.711

Table2. Starsin 30 Doradususedfor calibration Bright, isolatedstars
were chosenfrom the SPIREX imageand usedto calibratethe re-
mainingstarsin theimage.Their L-bandmagnitude@anderrorswere
determinedrom the standardstar

id RA(J2000) DEC(J2000) my
(hms) (dms) Mag
11 053806.6 -690345.0 9.3§0.2
14 053809.6 -690621.2 8.7§80.1
26 053816.7 -690414.2 8.380.1
28 053817.0 -690400.8 8.780.2
29 053817.6 -690412.0 9.680.1

obsered bothwith CASPIRand SPIREXindicatesthat indi-
vidual errorsof §0:1 to §0:2 magnitudesaremade andtaking
the weightedaveragethis leadsto a zero point error of 0.04
mags.This hasbeenincludedin all subsequengrror calulca-
tion.

3. Results

3.1. Photometry

The SPIREXL-bandimageof 30 Doradusis shavn in Fig. 1.
Figure 2 shawvs an enlagementof the centralregion overlaid
with contoursshaving the nelulosity. A coordinateframewas
£t to the SPIREX imagesusing the koords programin the
Karmapackagé andthe2MASSatlasimagesfor thereference
frame. Photometrywas undertalen using the IRAFdaophot
packagé. The resultingauxeswere calibratedusingthe stars
measureavith CASPIR to determinghezeropointcorrection.
Errorestimationwasdoneusingtheaddstarpackagéy adding
220arti£cialstarsandrunningthesameanalysisasontheorig-
inal image.This resultedin a 90% completenesBmit of 13.5
magin L-band.In orderto includestarsfrom the 2MASSim-
agespossiblymissedby the automatedietectionprocesaused
to createthe PSC the sameanalysisvasrunonthe2MASSK-
bandimages.This resultedin 7 additionalmatchedor sources
in the L-bandimagethatwerenot matchedwith the PSC.

Matchesbetweenthe SPIREX and 2MASS imageswere
conErmedvisually by overlayingandblinking theimages For
24 starsno matchfor the L-bandstarscould be foundwith the
JHK data.Table 4 summarizeghe statisticsof the detections
in the variousbands.The resultsof the photometryincluding
errorsaregiven in Table 6. Table 4 alsolists the statisticsin
the variousbandsfor detectionsrighterthanthe 90% L-band
completeneskmit.

Figure3 shavs a HKL colourimageof the centralregion,
shaving the bright featuresseenin the L-band,indicatingre-
gionsof massve starformation.

3 http7/www.atnf.csiro.atkarma
4 httpyfiraf.noao.edu

3.2. Sensitivity

The detectionthresholdwas assumedo be three times the
backgroundrariation¥ayy, thetypical standardieviation of the
backgroundn a sky region neareachsource.This providesa
limiting magnitudeof m;mi; = 135. This correspondgo the
90% completenestimit determinecby addingartifcial stars.
However, the backgroundis variable over the image, partic-
ularly on accountof nehulosity and sourceconfusionin the
more crovdedregions. The faintestsourcedetectechasan L-
band magnitudeof 14.5, correspondingo a 78% complete-
nesdimit. Thissensitvity hasonly recentlybeenbetterecby a
ground-basetkelescopeStolteetal. (2004 achiezedalimiting
magnitudeof 15 at L-bandusingthe 8m VLT. This illustrates
the improved sensitvity asa resultof the low thermalback-
groundin Antarctica(100-300mJy=arcse@ at 3.5 m; Phillips
etal. 1999.

3.3. Foreground contamination

O®-source comparisonimages were not available for the
SPIREXimages.An estimationof the foregroundcontamina-
tion thereforehadto be madeusingthe (J-K) coloursof the
stars.If the visual extinction Ay to the sourceis known, the
(J-K) colour excessdueto interstellarreddeningbetweenthe
Earthandthe sourcecanbe calculated Assumingthatthe ma-
jority of all sourcestarsareembeddedndthereforeaddition-
ally reddenedary star bluer than this (J-K) colour is likely
to be a foregroundstar Adopting an extinction parameteiof
Ry = % of » 3:4 (Selmanetal. 1999 andthe (B-V) and
(B-V)o coloursfor sourcesn 30 Doradus(Walborn& Blades
1997 givesavisualextinction of » 1:4 whichcorrespond$o a
limiting (J-K) colourof » 0:25.

An additionalestimationof the (J-K) colourof likely fore-
groundstarswasdoneusingonly the2MASSdata.8 o®-source
£eldswith 3° radii were extractedfrom the PSC and com-
paredto a source£eld centredon 30 Doraduswith a 7° ra-
dius to encompasshe entire areaof the SPIREXimage.The
o®-sourcefeldswerecombinedandthe datawasthenplotted
in JHK colourcolour diagramsand the numberof IR-excess
sourceswas determined.To minimise scatterin the colour
colour diagrams,only sourcesthat lay aborve the sensitvity
limit (SNR>10)in eachof thebandswereincluded.Thestatis-
tics for the £eld and sourcestarsarelisted in Table 3. As ex-
pected the percentag®f sourceswith an IR-excessis higher
for sourcestarscomparedo £eld stars.ComparingtheseJHK
colourcolour diagramswith similar diagramsfor the entire
LMC using2MASS data(Nikolaer & Weinbeg 2000 showvs
that these£eld starsoccupy the sameregionsin the colour
colourdiagramswith a similar scatteraroundthe meanvalues,
althoughthegiantbranchstretchesnuchfurtheralongthered-
deningvectorin thediagramdor theentireLMC dataset.

As partof a comparisorbetweenthe 2MASS datasetand
the SloanDigital Sky Surwey, Finlatoretal. (2000 tracestel-
lar spectralsequencem JHK colourcolour diagramsderived
from the 2MASS data. Theseshow that starsof type M5 and
laterlie at (H-Ks)» 0.2 and(J-H)»0.6. The sequencenovesto
bluer (H-Ks) and (J-H) coloursfor starsof type G5 and ear
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Fig. 1. SPIREX L-band (3.5t m) image of 30 Doradus.Total integrationtime 9.25 hours; eRective resolution2.6° pixel scale0.6° 90%

completenesBmit at13.5mag;fainteststardetectedl4.5mag.

lier, with (H-Ks)»0.05and(J-H)» 0.3 giving a (J-K) colour of

»0.35.Thedistribution of (J-K) coloursoverthesourceFig. 4)

usingthe2MASSdataindeedshawvs a peakat (J-K)» 0.35with

an additionalpeakat (J-K)»1 anda low rise in sourceswith

even redder(J-K) coloursat (J-K)» 2:4. Both peakscan be
found again in the samediagramfor the £eld stars(Fig. 5),

althoughherethe peakat (J-K)» 1 is higherandthe very red
sourcesaaremissing.The(J-K) distribution for the sourceswith

completeJHKL data(Fig. 6) follows the samedistribution as
in Fig. 4 for the2MASSdata,indicatingthat (J-K) colourlim-

its determinedusingthe 2MASS JHK dataarealsoapplicable
to the JHKL data.Assumingthat the bulk of the starsin the
o®-sourceteldsareforeground(i.e. not partof the 30 Doradus
compl), sourcesbluer thanthe (J-K)=0.35 colour limit are
thereforelikely to be foreground.27 suchsourcesare found,
asindicatedin Table6. 12 of thesehave a moderatdR-excess
((K-L). 0:6) andthreea slightly larger value (of (K-L)=1.1,
1.3 and2.5 respectiely). Excludingthesestarsdecreasethe
clusterdiskfractionfrom 43%to 42%(seeSect.5.1) (Tableb).

Likely foregroundstarsaremarkedwith boxesin Figs.7 to 9.

Table 3. Statisticsor thedatafrom the2MASSPSCfor thecombined
o®-sourcefeldsandthe sourcefeld. The datafor the £eld starscon-

sistsof 8 o®-sourcefeldswith a 3° radiuseach.The sourcedatais

a£eld centredon 30 Doraduswith a radiusof 7° Only starsbrighter
thanthesensitvity limit (SNR>10)in all 3bandq15.8,15.1and14.3
for J,H andK respectrely) wereincluded.

Data numberof stars numberof IR-excess fraction
perarcmir? sourcegperarcmirt  (in %)
£eld 3.03 0.17 6
source 4.43 1.16 26
4. Analysis

4.1. Colour-colour and colour-magnitude diagrams

Colourcolourandcolourmagnitudediagramsverecreatedis-
ing the 2MASS JHK-bandand the SPIREX L-band magni-
tudes.Only sourceghatwerebrighterthanthe 90% complete-
nesslimit in L-bandwere usedin creatingthe diagramsand
determininghefractionof IR-excesssourcesUsingtheintrin-
sic(V-K), (J-K), (H-K) and(K-L) coloursof themainsequence
andgiantstarg(Koornneefl983 andtheirabsolutevisualmag-
nitudesMy (Allen 1973, the locationsof the main sequence
(spectratypesO6-8to M5) andthegiantbranch(spectratypes
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Fig. 2. Enlagementsf the centralregion of 30 Doraduswith contoursshaving the netulosity. Contourlevelsare0.11,0.22,0.33,0.56,0.75,
0.97,1.19,1.42and1.64mJyarcseé. The£rstfour levelsarelabeledin theimage. Theimageshovs the nelulousarcsanddenseknotsin the
centralregion. Thesedenseregionscoincidewith the distribution of moleculargas(Johanssoet al. 1998)andarebelievedto beregionsof

presenday starformation.

Fig.3. HKL (Blue=H, GreerK, Red=L) compositecolourimageof 30 Doraduscreatedusingthe 2MASS and SPIREXimages.Regions
brightin the L-band(3:5! m) canbe seento thenorth-easandwestof the centralcluster indicatingthe presencef youngstellarobjects.
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Fig. 4. (J-K) colourdistribution of JHK 2MASS dataover the source.
Thereis apeakat (J-K)» 0.35which corresponds themeancolourof
starsearlierthanG5in the2MASSPSC(Finlatoretal. 2000).Another
largepeakoccursat (J-K)» 1. Reddersourceswith (J-K)>1.75arealso
presentThe medianerrorin (J-K) is ¥g; k) = 0:08.

Fig. 5. (J-K) colourdistribution of the JHK 2MASS datafor the £eld
stars.The peakat (J-K)»0.35is still presentput is not asclearasin
Fig. 4. The peakat (J-K)» 1 is higherandred sourceswith (J-K)>1.4
areessentiallymissing.The medianerrorin (J-K) is ¥4; ) = 0:06.

KO to M5) wereplottedin all diagramsausingadistancenodu-
lus of 18.7magnitudes.

Figures 7 to 9 shav these colourcolour and colour
magnitudediagramdor 30 DoradusIn Figs.7 and8 thethick
solid curve shawvs the main-sequencdn Fig. 9 the main se-
quencefor starsealierthantype B0 is representeddy thethick
solid cune. In all diagramghe thin solid curve shaws the gi-
ant branchfor typesbetweenkK0 and M5. The dashedcurve
shavs thereddeningvectorup to Ay = 30 mags,assumingan
extinctionlaw / 117,

Fig. 6. (J-K) distribution of the sourcesdetectedn all JHKL bands
in 30 DoradusThisdistributionis similarto thedistributionin Fig. 4,

with bothpeaksat (J-K)»0.35and(J-K)» 1 andredsourcesindicating
thatthe limits derived usingthe 2MASS JHK dataalsoapply to the
JHKL data.Themedianerrorin (J-K) is ¥4;; k) = 0:05.

Table 4. Numberof detectionsn the di®erentbands.The £rst col-
umn givesthe total numberof detectionsn the SPIREXimage.The
secondcolumngivesthe numberof starsthatcould be matchedwith
the 2MASS PSC.Columnthreelists the numberof starsadditionally
matchedby comparisorof theK- andL-bandimagesThelastcolumn
liststhenumberof starsonly foundin the SPIREXL-bandimage. The
secondow liststherespectre numberdor starsbrighterthanthe 90%
completeneskmit. Usingthe(J-K) colourlimit determinedn sec.3.3
suggest®7 of the starsdetectecat JHKL arelik ely foregroundstars.

Total JHKL KL L
all stars 215 184 7 24
m. <13.5(90%limit) 199 171 4 24

4.2. Fraction of reddened sources

A large numberof starsin the JHKL diagramlie well to the
right of the reddeningband,indicatingan IR-excess.In deter
miningthelR-excessheindividual errorsof all starswereused
(Table6). All starswhichlie atleast1¥of theirindividual pho-
tometricerrorto theright andbelown thereddeningbandin the
JHKL planearede£nedio have an IR-excessandare marked
with the starsymbol. To estimatethe uncertaintyin this num-
ber, the numberof starsthatlie a 2% distanceto the right and
belov thereddeningrectorwasalsocalculatedThis procedure
excludesb starsfrom the JHKL dataset,onestarfrom sources
foundonly in K- andL-bandandalsoonestarfrom thoseseen
atL-bandonly. Thevariationof thenumberof starsto theright
of the reddeningbandwhenassumingl¥sand 2%, distancess
taken asan estimateof the uncertaintyof the numberof stars
that have an IR-excess.Starsde£nedto have an IR-excessin
the JHKL planeare marked with the samesymbolin Figs. 8
and9 aswell. In thecolourmagnitudeadiagram(Fig. 9) we can
alsoincludestarsseenjust at K andL (diamondshapedsym-
bols). We alsoinclude thoseseenonly in the L-band by pro-
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viding alower limit onthe (K-L) colour(circle symbols)since
the 2MASS sensitvity limit at K is 14.3 magnitudesThese
starsthereforelie to theright of the circlesin thesediagrams.
This malesit possibleto alsoestimatewhat starsseenin just
K- andL-bandshave anIR-excesshy comparingheirlocation
in Fig. 9 to the starsalreadyidentifedashaving an IR-excess
basedn JHKL colours.Four of the starsseenonly atK andL
lie in the sameregion andareconsideredo have anIR-excess,
and so are countedtowardsthe total disk fraction. 18 of the
starsseenjustin L-bandarealsolocatedin this region andare
alsocountedtowardsthetotal disk fraction. Table5 lists these
statistics.Excludingstarsbluer than (J-K)=0.35,asdiscussed
in Sect.3.3,decreasethefractionof reddenedtarsin Table5
by »1%.

4.3. Mass range

Figure 10 shavs the numberof detectedsourcesvs L-band
magnituddor all sourcesn theSPIREXimage At thedistance
of 30 DoradugO3mainsequencstarshave L-bandmagnitudes
of 12.8,06-8 main sequencetarshave magnitudeof » 139
andB0 mainsequencstarshave L-bandmagnitude®f » 15.5.
Masseganbecrudelyestimatedy comparinghemagnitudes
with thosefor starsof known spectraltype (Allen 1973. The
histogramin Fig. 10 peaksat m_ » 12 magnitudesshaving
thatwe aremainly pickingupthemassve, earlymainsequence
stars,extendingdown to masse®f order20 M— (ie late-type
O stars).Figure11 shaws the percentagef starsin eachmag-
nitudeinterval that have an IR-excess.The distribution seems
to peakcloserto m_ » 11 magnitudessuggestinghatthe IR-
excesspossiblyis not independenbf mass.However, the IR-
excessbiasegheseestimatedo highermass.IR-excessis de-
tectedfor masseslovnto»23M—, con£rminghat30Doradus
is aregion of high massstarformation.

5. Discussion
5.1. IR-excess as an indicator of circumstellar disks

UsingtheJHKL datashavsthat» 438 5% of thestarsdetected
in 30 Doradusat L-bandlie to theright of the reddeningoand
def£nedby interstellarextinction, and thus have an IR-excess
overastellarphotosphereModelsfor sourceswith circumstel-
lar disks canexplain suchpositionsin the colourcolour dia-
grams(eg. Lada& Adams1992). Starsshaving anIR-excess
in the colourcolourandcolourmagnitudediagramgTable5)
areinterpretedashaving circumstellardisks. The clusterdisk
fraction (CDF) is thereforeestimatedas the fraction of stars
with IR-excess.

5.2. Spatial Distribution of IR-excess sources

Figure 12 shaws the spatialdistribution of the detectedstars
in the centralpartof the SPIREXimage(seealsoFig. 3). It is
apparenthatstarsthatdonotshov anIR-excesdie outsidethe
nelulousregions,whereadR-excessstardlie within thecentral
nehula andalongthe arcsandknotsin theimage.Sourcesot
detectedn the J- andH-bandsare essentiallyconf£nedto the

Fig. 10. L bandluminosity function of all starsdetectecht L-bandin
the SPIREX image of 30 Doradus.Unreddenedd3 main sequence
starshave L-bandmagnitudesf 12.8 at the distanceof 30 Doradus,
unreddene®6-8 mainsequencstarshave magnitude®f » 13:9 and
unreddene®O starshave L-bandmagnitude®f » 15:5. Themajority
of detectedstarshave L-band magnitudesetweenll and 13, plac-
ing themwherethe massie, early type main sequencetarsare.The
verticalline atm_=13.5shawvs the 90% completeneskmit.

Fig. 11. The percentag®f sourcesvith anIR-excessin the di®erent
magnitudentervals. Thedistribution peaksatanL-bandmagnitudeof
» 1lindicatinghigh massstars.IR-excessis however detectecdonn
to magnitude®f L» 14:5. Theverticalline atm_=13.5shavsthe90%
completenesBmit.

string of netulousregionsin the centre.Thereseemgo be a
stringof starsonly detectedn theL-bandalongthearcnorthof
the centralcavity. The centreof 30 Doradustself liesin ahalo
of moleculamas(Garayetal. 1993 andthesource®only found
in L-bandarefound to preferentiallylie in the regionswhere
[ClI] andCO line emissionis detectedPoglitschetal. 1995.
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Fig. 7. JHKL colourcolour diagramfor 30 Doradus.The thick solid line is the main sequencédor spectratypesO6-8to M5. The thin solid
line is thegiantbranchfor spectratypesKO0 ((J-H)=0.5, (K-L)=0.07)to M5 ((J-H)= 0.9, (K-L)=0.19),but is hardto seedueto the numberof
starsin thatregion. Dashedinesarethereddeningvectorsup to Ay = 30. Starshapedsymbolsaresourcesdentifedashaving anIR-excess.
Sourcesn squaresrelik ely to beforegroundstars(Sec.3.3).Meanerrorsareindicatedby thecrossin thelowerright of thediagram 64 of the
171starsdetectedn the JHKL banddie outsidethe reddeningbandandarethereforecountedashaving anIR-excessTheseareinterpretecas
comingfrom circumstelladisksaroundthe stars(Sec.5.1).

Fig. 8. JHK colourcolourdiagramfor 30 DoradusThesamesymbolsareusedasin Figure7. Againthegiantbranchis hardto see but extends
from (H-K)=0.13to (H-K)=0.31with the same(J-H) valuesasin Figure7. Thediagramshawvs all sourcegletectedn the JHK- andL-bands.
The separatiorof starswith an IR-excessis muchlessclearin the JHK diagramthanin the JHKL diagram.Basedon the JHK datafor these
starsalonewould only give 49 sourceswith IR-excesscomparedo 64 sourcesisingthe JHKL data(Table5) leadingto anunderstimatef the
clusterdisk fraction.
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Table 5. Numberof starsfoundwith IR-excessandthereddeningraction.Numbersin the JHKL, KL andL columnsarethe numberof stars
with IR-excesdoundin therespectre bandsThesearelistedassumind¥and2¥adistance$rom thereddeningpand.Columns7 and8 give the
total numberof sourceswith IR-excessat 1%and2% Column9 givesthe clusterdisk fraction. Excludingpossibleforegroundstarsdecreases
the CDF to »42%. Only sourceghat are brighterthanthe 90% completenesimit (13.5magin L-band)areincludedwhen calculatingthe
fractionof IR-excesssources.

frac
4385%

L (2%
17

total (17)
86

total (239
78

JHKL (1%)
64

JHKL (2%) KL (13) KL (2%)
58 4 3

L (13
18

Fig. 9. InfraredL vs (K-L) colourmagnitudediagramfor 30 Doradus.The lower thick solid line is the unreddenednain sequencethe upper
thick solid line shaws the locationof supegiantsfor a distancemodulusof 18.7 magnitudesThe dashedine shavs reddeningup to Ay = 30
mags.Starshapedsymbolsaresourceswith anIR-excessasdeterminedrom the JHKL diagram Diamondsymbolsarestarsonly foundin K-

andL- bandsCircle symbolsarestarsonly foundin the L-bandandarelocatedatthelower limit for their (K-L) colour Sourcesn squaresre
likely to be foregroundstars(Sec.3.3). The positionof the starsonly foundin the KL-bandsandL-bandcanbe comparedo the locationof
starswith anIR-excesg(starshapedsymbols). Thoseoccupying the sameregion arealsocountedashaving anIR-excess giving anadditional

4 sourceswith anIR-excessfoundin K andL-bandsandanadditional18 sourceswith anIR-excessfoundonly in theL-band(Table5).

IR-excesssourcegletectedn all four bandstendto spreadbut
furtherthroughoutheregion.

5.3. Disk evolution

Togetherwith the CDF andthe ageof the cluster it is possi-
ble to estimatethelifetime of circumstelladisks.Walbornand
Blades(1997 £nd several regions with di®erentagesin the
30 Doradusregion. The massie centralregion is estimatedo
be» 2j 3 Myr old, but a muchyoungerpopulationof less
thanl Myr andanolder populationof about4-6 Myr arealso
found(Walborn& Blades1997 Massg & Hunter1998. Since
youngstarsarevery brightin thelR, sourcesvith anlR-excess
can be intepretedas being young stellar objectswith some
of thesesourcespossibly being more deeply embeddedpro-
tostarssurroundedyy dustshellsratherthandisks (Sect5.4).
However, dependingn thedistribution of dustaroundevolved
stars,thesealso presentan explanationfor the obsered IR-

excessandit would be necessaryo take spectreof the sources
to ascertairtheir evolutionarystate.

Adoptinga meanagefor 30 Doradusof 2-3 Myr, thenum-
ber of starswith IR-excess(»42%; Table 5 excluding fore-
groundstars)would imply thatmorethan50% of the circum-
stellardiskshave disappearedfter 2-3 Myr. It is possiblethat
theintenseradiationfrom theearlytypestarsin the30 Doradus
region e®ectively destrgs circumstelladisksandthereforede-
creaseghe CDFE Obsenrationsof HIl regionsin the Galaxy
have shavn that externally illuminated circumstellardisksget
photoeraporatedanddisappeaafter0.01-0.1Myr. This hasfor
examplebeenseenin theproplydsin the Orion Netula (O'Dell
& Wen1994). Proplydsaredisksor aattenedervelopesof cir-
cumstellarmaterialthat are photoeraporatedrom the outside
by anexternalionizing £eld. The variationin the form of pro-
plyds is explainedby a balancebetweenstellar gas pressure
andradial pressureandradiationpressurdrom dominantstars
in theregion. If thisis the casefor 30 Doradusthelifetime for
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Fig. 12. Spatialdistribution of sourcesn 30 Doradus Circlesmark starswithout anIR-excess squaresnark starswith anIR-excessfoundin
the JHKL-bands plus signsmark starswith an IR-excessfound only in the KL-bandsand crossesnark starswith an IR-excessonly found
in L-band(thereis no di®erencebetweenwhite/black sourcesthis is only in orderto make the starsin the nelulousregionsmorevisible). A
string of starsonly detectedn the L-bandfollows the nelulosity to the north-easbf the centralregion. Starswith anIR-excessareconfEnedo
theinnerregionsinsidethe nelula. Sourceswithout an IR-excessaremainly distributedin regionswithout ary nelulosity. The 6 reddesstars

((K-L)> 3) aremarkedin theimagewith theirid from Table6.

disksestimatedisingthe CDF of this region would betoo low,
andderivedlifetimesalower limit.

Combinedwith earlier JHKL obsenrations (Haischet al.
20011 of clusterdNGC 2264 ,NGC 2362,NGC 1960(ageshe-
tween2.5-30Myr) andyoungerclusterdNGC 2024, Trapezium
andIC 348, with agesdown to 0.3 Myr (NGC 2024),predic-
tions on the lifetime of circumstellardisks can be made.For
all theseclustersthe fraction of sourceswith JHKL IR-excess
is determined Eachclusteris then plottedin a CDF vs. age
diagram(Fig. 13). The positionof 30 Doradusin the diagram
is indicated.The errorin the CDF for 30 Doradusis §8% due
to the uncertaintyin the numberof IR-excesssources(85%,
Table5) andallowing for anuncertaintyin the numberof fore-
groundstars.The errorsin the agerececta meanageof 2-3
Myr. The location of 30 Doradusis consistentwith the £t of
Haischet al., despitethis being for sourceswhich extend to
much lower masseg0.13M~ for NGC 2024 up to 1M~ for
NGC2362at the completenesbmit; Haischetal. 2001h than
our studyof 30 Doradus.

A least-squarestraightline £t to the datashaws a linear
relationshipbetweendisk fraction and cluster age. An esti-
mateddisk lifetime of 6 Myr is derived. The initial disk frac-
tion appearso bevery high (2 80%)andthendeclinedinearly
with increasingage. Taking the contaminationof foreground
starsinto consideratioryields a CDF of »42% andan ageof
» 2:5Myr, thenthe CDF derivedhereliesjustbelav thatwhich
Haischet al. would predict(Fig. 13). This indicatesa quicker
evolution of circumstellardisks aroundmassve starsor that

the disksindeedare beingdestrgyed dueto photoeaporation
or possiblyboth.

5.4. High mass stars

Whereas30 Doraduscontainsa large rangeof stellarmasses
(Brandner2001), our obsenations are only sensitve to the
most massie stars.Sincethe derived CDF lies at the lower
endof the Haischet al. prediction,this again indicatesa faster
evolution of circumstellardisksaroundmassve stars Previous
studiesof the 30 Doraduscomplex shav 20 sourceswith
IR-excessin JHK colourcolour diagrams(Brandner2007).
8 of thesecould be matchedwith L-band sourcesfound in
the SPIREXimage (Table 6) and have an IR-excess.The 20
sourceswere associatedvith Class| protostarsand Herbig
Ae/Be or T Tauri starshy comparingthe measureccolours
with models.This again confErmsthe connectiorbetweenstar
formation,circumstellardisks and IR-excess.The majority of
sourcedn the Brandnerpaperhowever lie belov the 2MASS
detectionlimit (15.8 magsin J-band)which explainswhy we
only identify 8 sourcedrom their work. A scatterin the pho-
tometry of individual sourcescanbe explainedby di®erences
in spatialresolutionand nonstandardNICMOS passbanddn
the Brandnerstudy the sourcesof starformationwere found
to follow the densestegionsof the moleculargasandthein-
terfacewith the hollowed-outregionfrom thecentralstars.The
samads truefor mostof the24 starsdetecteanly in thelL-band,
whichlie in thenehulousregion northof thecentralstarcluster
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Fig. 13. Clusterdisk fraction (CDF) for 6 clustersby Haischetal. 2001bvs their meanages.The CDFsweredeterminedusingJHKL dataas
describedn their paper Thelocationof 30 Doraduss indicatedby a squarewith errorbarsindicatingthe uncertaintyin ageanddisk fraction.

Thedot-dashedine is the bestEt determinedy Haischetal. (2001b).

(Fig.12)(seeSect.5.2).IntheL vs(K-L) colourmagnitudedi-

agramthey occupy the sameregion asthe IR-excessstarsfrom
the (J-H) vs (K-L) colourcolourdiagram.This makesit likely
thatthesestarsarein the processof forming andalsocontain
circumstellardisks. Thesepropertiesare characteristiof pro-
tostellarobjectsand the sourcesonly detectedn the L-band
arepossiblythe equivalentof massve Classl protostargLada
etal. 2000. Sincethesestarsareonly detectedn the L-band,
andnotatshortewavelengthsit alsosuggestshey areheavily

embeddedh dustshells,andaremassve youngstellarobjects.

5.5. The reddest sources

In Fig. 12 six particularlyred sourceq(K-L)> 3) aremarked
with theirid from Table 6. Two of thesearefoundin all four
bands,oneonly in K andL andthreeare only found in L-
band.The reddestsource(#194, (K-L)>3.8) lies in a knot to
thenorthwestof thecentralcluster Theothersourcesrein the
centralnetulaandcoincidewith the brightestarcsandknotsof
the nelula. Threeof the sourcedollow the chainof starsonly
detectedn L-bandtowardsthe north-easbf the image(#127,
#190and#200).Source#67 lies closeto the centralcluster

5.6. Supergiants

The majority of the starsin the colourmagnitudediagramfor
30 Doradus(Fig. 9) are locatedabove the main sequence,
meaningthatthesestarsare brighterthan O6-8type stars(the
sensitvity thresholdof the SPIREXimageslies at 13.5mag-
nitudes,» 0.4 mag brighter than the location of O6-8 stars).
Massg and Hunter (1998) detected31 O8V or earlier type
starsin the 30 Doraduscluster Other studiesalso £nd a sig-
niEcantnumberof supegiantsandgiants(Walborn& Blades
1997 Boschetal. 1999 Parker 1993. Thelocationof super
giantsbetweerB0 andMO is drawvn in the 30 DoradusCMD in
Fig. 9 astheupperthick solidline above themainsequenceOf
the four paperson the stellarpopulationquotedhere,unfortu-
nately only Parker givescoordinatessothatit is not possible
to matchour datawith the otherthreestudies.

Matchinga BOI supegiantanda O3V starfrom the Parker
paperwith the SPIREX data(stars#76 and#187,seeTable6)
shaws that thesetwo starsindeedoccupy the region of the
CMD where most of the detectedstarslie, makingit likely
that supegiant, giant and early type OV starsare presentin
30 Doradus.
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6. Conclusions

L-band photometry for 30 Doradus has been presented.
Combiningthe L-banddatawith shorterwavelengthdatafrom
the JHK bandsprovesto be a powerful methodto detectIR-
excessln particular this IR-excesscanbeinterpretecasemis-
sionfrom circumstellardisks, makingL-bandobsenationsan
essentiatool for identifying theseadisks.Theclearerseparation
of starsin the JHKL diagramsprovidesa betterestimateof the
total clusterdisk fractionthan JHK dataalonedoes.Only us-
ing JHK datatendsto underestimatéhe numberof starswith
IR-excess(an analysisusing the samestarsasin the JHKL
colourcolourdiagram,but only consideringhe JHK informa-
tion, givesonly 49 IR-excesssourcesascomparedo 64 when
usingthe JHKL data(Table5)). Comparingheresultsobtained
for 30 Doraduswith otherL-band studiesof starforming re-
gionsin the Galaxyshaws aninverserelationbetweerageand
disk fraction, giving further supportto an estimatedisk life-
time of 6 Myr anda very high initial disk fraction. Sincethe
sensitvity limit achievedfor theobsenationsin this studyonly
includesstarsof type O6 and brighter theseresultsindicate
that high-massstarsform in a similar way to low-massstars
throughcircumstellardisks, however, it is possiblethat disks
aroundhigh massstarsevolve fasterthan aroundlow mass
stars.Several sourcesare seenin the L-band imagethat are
not found at shorterwavelengths Thesesourcesare possibly
heavily embeddedhigh-masgprotostarsThepositionsof these
starsin the colourmagnitudediagramindicatethatthey might
alsobe circumstellardisk systemslt is alsopossiblethat the
IR-excessoriginatesfrom evolved stars(AGB stars)or young
high andintermediatemassstars(seeSect.5.3). In particular
in the caseof a complex ervironmentwith mutiplegenerations
as30 Doradus(seeSect.1.3), a closerspectralexaminationis
necessaryo ascertairthe evolutionarystateof the sources.

No other extensie investigation of the JHKL colour ex-
cesshasbeenmadefor 30 Doradusmakingthis the £rststudy
of infrared excessusing L-band datafor a signiEcantnum-
ber of starsfor this region. The dataare consistentwith sim-
ilar dataobtainedrom Galacticsourcesindicatingthatsimilar
processeareatwork in starformationin the LMC.

The data illustrates the ability of Antarctic telescopes,
wherethelow thermalbackgroundmprovesIR sensitvity, to
probethe stateof the embeddedtarsin starforming regions.

Adknowledgments. This work could not have beenconductedwith-
out the great help receved from mary colleagueswithin the US
CARA andthe AustralianJACARA organisationsvhosee®ortsmade
the SPIREXADbu projectat the SouthPole sucha successto whom
we are extremely grateful. We also acknavledge the funding sup-
port from the AustralianResearciCouncil andthe AustralianMajor
NationalResearchracilities programthat madethis work possiblein
the £rstplace.We thankthe referee WolfgangBrandner for his per
ceptve commentswhich have greatlyimprovedthis paper This pub-
lication makes use of dataproductsfrom the Two Micron All Sky
Sunwey, which is a joint project of the University of Massachusetts
andthe Infrared Processingand Analysis CentefCalifornia Institute
of Technology funded by the National Aeronauticsand Space
Administrationand the National ScienceFoundation.This research
hasmadeuseof the NASA/ IPAC Infrared ScienceArchive, which
is operatedby the Jet PropulsionLaboratory California Institute of

M. MaerclerandM. G. Burton:L-band(3.51 m) IR-excessin massve starformation

Technologyundercontractwith the National Aeronauticsand Space
Administration.

References

Allen, C.W. 1973, Astroplysical Quantities,3rd ed., (The Athlone
Presslondon)

Bosch,G., Terlevich, R., Melnick, J., Selman,F. 1999,A&AS, 137,
21

BrandnerW., Grebel,E.K., Barba, R.H., Walborn,N.R., Moneti, A.
2001,AJ,122,858

Burton, M.G., Ashley, M.C.B., Marks, R.D., et al. 2000, ApJ, 542,
359

Cutri, R.M., Skrutskie,M.F., van Dyk, S., et al. 2003, VizieR On-
line Data Catalogue:U246. Originally publishedin: University
of Massachusettand Infrared Processingand Analysis Center
(IPAC/Californialnstituteof Technology)

Finlator, K., lvezic,Z., Fan,X., etal. 2000,AJ, 120,2615

Garay G., Rubio, M., Ramirez,S., Johanssonl..E.B., ThaddeusP.
1993,A&A, 274,743

Haisch K.E., Jr,, Lada,E.A., Lada,C.J.2001a,AJ, 121,2065

Haisch K.E., Jr, Lada,E.A., Lada,C.J.2001b,ApJ,553,L153

Hereld,M. 1994,ExA, 3,87

Hyland, A.R., Straw, S., Jones,T.J., Gatley, I. 1992, MNRAS, 257,
391

Johanssorl,.E.B.,Greve,A., Booth,R.S. etal. 1998, A&A, 331,857

Kennicutt,R.C.,Jr. 1984,ApJ, 287,116

Keryon, S.J.,& Hartmannl. 1995,ApJS,101,117

Kleinmann,S.G.,Lysaght,M.G., Pughe W.L., et al. 1994, Ap&SS,
217,11

Koorneef,J.1983,A&A, 128,84

Lada,C.J.,& Adams,F.C.1992,ApJ, 393,278

Lada,C.J.,Muench,A.A., Haisch K.E., Jr, etal. 2000,AJ, 120,3162

LazendicJ.S.,Dickel, J.R.,JonesPA. 2003,ApJ, 596,287

Masse, P, & Hunter D.A. 1998,ApJ, 493,180

McGregor, P, Hart,J.,Downing, M., Hoadlgy, D., Bloxham,G. 1994,
EXA, 3,139

Nikolaey, S.,& Weinbeg, M. D. 2000,ApJ, 542,804

O'Dell, C.R.,& Wen,Z. 1994,ApJ, 436,194

Parker, J.W. 1993,AJ, 106,560

Phillips,A., Burton,M.G., Ashley, M.C.B.,etal. 1999,ApJ,527,1009

Poglitsch A. Krabbe,A., Madden,S.C.,etal. 1995,ApJ, 454,293

Rathborne,J. 2003, Young Massve Stars:Trat ¢ Lights for Nearby
Star Formation, PhD thesis, University of New South Wales,
Sydng

RathborneJ.,& Burton,M.G. 2005,in press

Rubio,M., Barba, R.H.,Walborn,N.R., etal. 1998,AJ, 116,1708

SelmanF., Melnick, J.,Bosch,G., Terlevich, R. 1999,A&A, 341,98

Sirianni, M., Nota, A., Leitherer C., De Marchi, G., Clampin, M.
2000,ApJ, 533,203

Stolte,A., BrandneW., Brandl,B., Zinnecler, H., Grebel E.K. 2004,
AJ, 128,765

Vermeij,R., PeetersE., Tielens,A.G.G.M., vanderHulst, JM. 2002,
A&A, 382,1042

Walborn,N.R. 1991a,The MagellanicClouds,in Proceedingsf the
148thSymposiunof thelnternationalAstronomicalUnion,ed.R.
Haynes,& D. Milne (Dordrecht:Kluwer AcademicPublishers),
145

Walborn,N.R. 1991b,Massve Starsin Starlursts,in STScISymp.5,
ed.C. Leitherer N.R. Walborn, T.M. Heckman& C.A. Norman
(Cambridge CambridgeUniv. Press)

Walborn,N.R., & Blades,J.C.1997,ApJS,112,457



M. MaerclerandM. G. Burton:L-band(3.51 m) IR-excessin massve starformation

13

Table 6. (Also availablein electronicform atthe CDS).Magnitudesfor all sourcegincludingforegroundsourcesaandsourceselow the 90%
completenesBmit) in 30 Doradus.Starswith measurements all four bandsarelisted £rst. Thenstarswith measurementis K andL only,
and£nally stargustdetectedn L-band.Column1l givesthesourced. Columns2 and3 theRA andDecrespectiely in J2000.Thecoordinates
for sourcedoundin all four bandsarefrom the point sourcecataloguepositionsfor theremainingstarsaredeterminedrom referenc MASS
images.Columns4, 6, 8 and 10 give the JHK- andL-bandmagnitudesespectiely. Columns5, 7, 9 and 11 give the photometricerrors.For
sourcegletectedn all bandsthe JHK magnitudesanderrorsaretakenfrom the 2MASSPSC.A "null' aserrorindicatesthatno photometric
errorwasgivenin thePSC.TheL-banderrorsarecombinedrom the errorsin daophotandtheerrorsdueto thezeropoint correction.Sources
only detectedn theK- andL-bandshave magnituded$rom this work. For sourcesiotdetectechtJ,Hor K theupperlimits onthesemagnitudes
are15.8,15.1and14.3respectiely. Starswith anIR-excessaremarkedwith an“e' in Col. 12 (comments)Lik ely foregroundstarsaremarked
with “fg'. Starsthatmatchedsourcesn Rubioetal. (1998),Brandneretal. (2001)andParker atal (1993)aremarkedwith "Rubio’, "Brandner’
and Parker' respectrely togethemwith theid assignedn therespectie papers.

id RA (J2000) Dec(J2000) my Y My EZY 117% Y m. Y comments
(hms) (dms)

1 53750.2 -690424.2 10.0 0.02 09.5 0.02 09.4 0.02 09.7 0.05

2 53750.5 -690402.3 14.7 0.04 128 0.03 11.4 0.02 09.4 0.05 e

3 537547 -690903.2 10.3 0.02 09.4 0.02 09.1 0.02 09.1 0.08

4 53757.0 -690338.9 129 0.02 119 0.03 11.6 0.03 10.8 0.05 e

5 53758.1 -690503.8 126 0.02 11.6 0.03 11.2 0.02 10.9 0.05

6 53759.1 -690841.3 11.0 0.02 10.0 0.03 09.7 0.02 09.6 0.05

7 538055 -690926.6 13.2 0.02 12.2 0.03 11.8 0.02 11.3 0.12

8 53805.6 -690909.7 15.1 0.06 143 0.06 13.2 0.04 11.2 0.10 e

9 53806.2 -690542.0 14.1 0.02 13.1 0.03 129 0.04 12.3 0.06

10 53806.2 -6902355 11.8 0.03 10.8 0.03 10.2 0.02 10.1 0.04

11 53806.6 -6903454 105 0.02 09.7 0.02 09.4 0.02 09.3 0.04

12 53808.8 -6903454 135 0.02 126 0.03 124 0.03 12.1 0.07

13 53808.9 -690647.9 14.3 0.03 13.2 0.04 129 0.03 12.2 0.06

14 53809.6 -690621.2 09.3 0.02 09.1 0.02 09.0 0.02 08.7 0.04 e,fg

15 53810.0 -690343.2 12.1 0.02 109 0.03 10.2 0.02 09.7 0.04

16 53812.0 -690634.2 12.8 0.02 12.7 0.03 12.6 0.03 12.3 0.06 e,fg

17 53812.7 -690254.2 144 0.03 134 0.03 13.2 0.03 12.8 0.08

18 53813.2 -690536.6 12.7 0.02 12.3 0.03 12.2 0.03 12.2 0.05

19 53813.6 -690833.0 15.3 0.05 14.0 0.04 13.7 0.05 12.8 0.10

20 53814.6 -690057.6 12.0 0.02 109 0.02 10.6 0.02 10.3 0.05

21 53814.8 -690329.9 14.0 0.04 13.3 0.04 13.0 0.04 129 0.09

22 538149 -690348.6 125 0.02 125 0.03 125 0.02 12.3 0.06 e,fg

23 538154 -690403.4 119 0.04 11.7 0.04 116 0.04 11.4 0.05 fg

24 53815.7 -690437.2 16.0 0.10 156 0.18 15.3 0.22 145 0.30

25 53816.0 -691011.3 09.3 0.02 08.3 0.01 07.9 0.02 07.4 0.04

26 53816.7 -690414.2 09.8 0.04 08.9 0.03 08.6 0.03 08.3 0.04

27 53816.7 -690433.2 135 0.02 126 0.02 12.3 0.02 12.1 0.05

28 53817.0 -690400.8 10.1 0.03 09.2 0.03 08.9 0.02 08.7 0.04

29 538176 -690412.0 10.8 0.03 10.0 0.03 09.7 0.02 09.6 0.04

30 53818.3 -690402.3 124 0.05 12.3 0.05 12.3 0.06 12.3 0.07 fg

31 538199 -690710.2 13.1 0.02 12.3 0.02 12.1 0.03 11.7 0.05

32 53820.9 -690350.0 12.2 0.02 11.8 0.03 11.6 0.03 11.2 0.05 e

33 538214 -690949.0 13.2 0.02 12.1 0.02 11.8 0.02 11.4 0.07

34 53823.6 -690829.4 151 0.05 145 0.05 145 0.11 134 0.12 e

35 53823.7 -690455.6 13.8 0.03 12.8 0.03 12,5 0.04 125 0.06

36 53823.7 -6905035 126 0.02 126 0.02 12.7 0.02 12.7 0.06 fg

37 53826.7 -690852.8 09.8 0.02 08.8 0.03 08.3 0.02 07.9 0.04

38 538278 -690614.8 15.2 0.05 14.3 0.05 14.2 0.07 143 0.25

39 538279 -690432.2 14.8 0.08 13.6 0.06 13.3 0.05 12.6 0.06

40 538295 -6908215 15.2 0.06 14.0 0.05 139 0.05 13,5 0.15

41 538299 -691116.4 124 0.02 11.2 0.03 10.9 0.02 104 0.07

42 53830.0 -690625.9 13.6 0.02 129 0.02 12.8 0.02 11.7 0.10 e

43 53831.0 -690116.0 109 0.02 10.6 0.02 10.6 0.03 10.4 0.05 fg
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Table 6. continued.

id RA(J2000) Dec(J2000) m;, Y my Yy mg Y m Y comments
(hms) (dms)

44 53831.3 -690816.1 13.7 0.04 12.8 0.04 12.6 0.04 12.3 0.05

45 538317 -690214.6 14.6 0.10 13.6 0.09 125 0.07 10.3 0.08 e

46 538320 -690744.0 149 null 147 0.10 13.7 0.07 11.8 0.06 e

47 538336 -6904505 121 0.04 11.8 0.07 115 0.06 10.8 0.04 e

48 53834.6 -690556.8 13.7 0.14 12.7 0.10 10.8 0.04 08.5 0.04 Brandner3a,e

49 53834.7 -690606.1 13.6 0.14 135 0.23 125 0.12 115 0.07 e

50 53834.8 -690450.2 13.3 0.07 12.1 0.05 11.6 0.05 11.1 0.05

51 53836.0 -690609.0 12.1 0.05 12.0 0.07 12.0 0.06 126 0.11 fg

52 53836.1 -690646.8 12.4 0.05 12.2 0.05 12.0 0.07 12.0 0.06

53 53836.1 -690557.8 10.7 0.02 10.6 0.02 10.4 0.02 10.3 0.04 fg

54 53836.4 -690657.2 12.1 0.03 11.8 0.03 11.5 0.03 11.0 0.04 e

55 53836.6 -690526.5 14.1 null 149 0.39 13.8 0.22 11.3 0.07 e,fg

56 53837.0 -690507.8 11.6 0.03 115 0.04 114 0.04 11.2 0.06 fg

57 53837.4 -690842.7 13.4 0.02 125 0.03 12.3 0.02 12.2 0.05

58 53838.0 -690730.0 158 null 14.8 null 14.2 020 11.9 0.06 e

59 53838.1 -690714.9 149 0.04 132 0.03 12.6 0.03 12.3 0.06

60 538385 -690629.9 139 0.10 129 null 120 null 11.2 0.09 Rubio98,e

61 53838.7 -690613.0 142 0.08 14.0 0.11 13.7 null 141 0.16
62 53838.8 -690649.3 12.7 0.02 124 null 123 0.02 121 0.06

63 538389 -690814.6 11.2 0.03 109 0.03 10.7 0.03 10.3 0.04 e

64 53839.1 -690621.2 11.7 null 11.8 0.07 115 0.05 11.2 0.05 e,fg

65 538393 -690552.1 14.0 0.10 13.7 0.12 13.0 0.07 11.7 0.05 Rubio118,e
66 538394 -690606.1 135 0.12 134 0.19 13.3 0.13 142 0.20

67 53839.7 -690538.8 158 0.29 149 0.11 13.3 0.05 09.7 0.04 e

68 53839.8 -690634.9 148 0.11 148 0.21 135 0.11 115 0.06 e

69 53840.2 -690933.1 14.7 0.04 139 0.05 13.6 0.05 13.7 0.16

70 538405 -690557.1 11.2 0.09 111 0.11 10.8 0.07 10.3 0.04 e

71 53840.8 -690602.9 115 null 11.3 null 11.7 0.14 105 0.04 e,fg

72 538409 -691008.8 135 0.02 12.7 0.02 125 0.02 125 0.10
73 538412 -690852.1 13.6 0.02 13.0 0.03 128 0.03 12.6 0.07

74 53841.2 -690258.2 13.8 0.04 13.7 0.06 13.6 0.06 13.0 0.08 e,fg

75 53841.3 -690843.4 16.3 0.14 154 0.14 147 0.14 136 0.17

76 538413 -690532.3 13.2 0.05 13.1 0.08 13.1 0.09 13.8 0.13 Parker 150
77 538414 -690354.0 15.7 0.08 13.3 0.02 115 0.02 08.8 0.04 Brandnerl6a,e
78 538416 -690513.9 11.3 0.05 11.1 0.06 10.8 0.03 10.4 0.05 e

79 53842.1 -690555.3 119 0.18 119 0.22 11.6 0.13 115 0.07 fg

80 538422 -690804.2 138 0.02 13.0 0.02 129 0.02 13.0 0.09
81 53842.2 -690614.4 116 0.08 11.6 0.13 11.0 0.06 11.0 0.05

82 53842.2 -6908323 136 0.04 133 0.06 13.1 0.04 128 0.07 e
83 538424 -690458.1 115 0.02 114 0.02 11.3 0.02 11.4 0.05 fg
84 538424 -6906029 094 0.06 094 0.08 089 0.05 08.9 0.05 R136
85 538426 -690102.3 128 0.02 12.7 0.04 12.7 0.03 12.2 0.08 e,fg
86 53842.7 -690542.4 11.1 0.05 111 0.06 11.0 0.03 10.8 0.04 fg
87 53842.8 -690928.8 124 0.02 111 0.02 10.3 0.02 09.6 0.04

88 53843.2 -690614.8 124 0.09 125 0.13 121 0.08 12.0 0.07 e,fg
89 53844.0 -690659.4 14.0 0.13 13.7 0.17 13.0 0.13 11.8 0.06 e
90 53844.2 -690546.7 124 0.10 126 0.19 123 0.10 12.1 0.06 e,fg
91 53844.3 -690605.8 12.1 0.02 11.8 0.05 11.5 0.04 111 0.05 e
92 53845.0 -690806.7 13.3 0.03 13.1 0.05 129 0.05 124 0.06 e
93 53845.1 -6904469 14.2 0.12 140 0.16 135 0.17 124 0.09 e
94 53845.1 -690508.5 129 0.14 127 0.17 11.7 0.10 10.2 0.07 Rubio101,e
95 538456 -690547.8 11.8 0.05 11.7 0.07 11.6 0.04 114 0.05 e,fg
96 53845.7 -690622.3 11.6 0.04 115 0.03 114 0.03 11.2 0.05 fg

97 538459 -690243.4 134 0.04 125 0.04 123 0.04 122 0.06




Table 6. continued.

M. MaerclerandM. G. Burton:L-band(3.51 m) IR-excessin massve starformation

id RA(J2000) Dec(J2000) m;, Y my Yy mg Y m Y comments
(hms) (dms)

98 53846.1 -690520.4 14.2 0.13 144 0.16 13.2 0.12 11.2 0.05 Brandnerllb,e

99 53846.1 -690455.2 154 0.35 145 0.36 13.8 0.24 11.2 0.09 e

100 53846.3 -690313.3 14.0 0.03 13.0 0.04 12.7 0.03 124 0.06

101 53846.8 -690505.3 13.0 null 13.7 0.24 123 0.10 10.2 0.04 e

102 53847.1 -690501.7 129 null 13.3 0.20 114 0.08 08.8 0.04 Rubiol26,Brandnerl2d,e

103 53847.6 -690848.8 13.0 0.02 119 0.03 11.5 0.03 114 0.05

104 53848.1 -690411.6 15.2 0.17 13.1 null 120 null 10.2 0.05 e

105 53848.3 -690444.4 135 0.11 128 0.11 121 0.08 11.1 0.07 Rubio138,Brandnerl5b,e

106 538485 -690532.6 09.2 0.02 08.3 0.04 079 0.03 07.6 0.04

107 53848.7 -690138.6 129 0.02 11.4 0.02 104 0.02 09.3 0.04 e

108 53849.6 -690343.9 16.7 0.18 158 0.19 152 0.19 134 0.13 e

109 53849.8 -690642.8 125 0.05 12.4 0.09 121 0.07 11.2 0.07 e

110 53850.0 -690338.2 14.0 0.03 134 0.04 129 0.03 12.2 0.07 e

111 53850.6 -690200.2 13.8 0.03 12.8 0.03 126 0.03 124 0.07

112 538511 -690855.7 14.3 0.03 13,5 0.03 13.2 0.04 13.0 0.07

113 53851.2 -690641.0 115 0.03 10.6 0.03 10.3 0.02 10.1 0.04

114 53851.6 -690807.1 105 0.02 10.3 0.02 10.1 0.02 09.8 0.04 e

115 538526 -6911244 124 0.02 11.3 0.02 11.0 0.02 10.6 0.05

116 538527 -690437.6 16.3 0.20 149 0.14 136 0.06 11.2 0.06 Rubio169,e

117 538529 -690321.2 156 0.08 14.3 0.07 13.8 0.07 13.6 0.13

118 538534 -690200.6 109 0.02 10.8 0.02 10.6 0.02 10.1 0.04 e,fg

119 53853.6 -690458.8 13.6 0.18 135 0.25 121 0.12 109 0.08 e

120 53853.7 -690527.2 14.0 0.14 133 0.12 12.7 0.10 12.0 0.07 e

121 53853.8 -690332.0 14.2 0.04 13.3 0.03 131 0.04 13.0 0.09

122 538539 -690931.3 156 0.09 149 0.11 141 0.08 11.7 0.05 e

123 53854.7 -690744.8 10.6 0.02 10.2 0.03 10.1 0.02 10.1 0.04

124 53854.8 -690649.7 13.6 0.02 12.7 0.02 125 0.02 12.6 0.06

125 538555 -690426.8 13.7 0.02 13.1 0.02 12.7 0.02 12.6 0.10

126 53856.2 -690841.3 14.0 0.05 126 null 123 null 124 0.06

127 53856.5 -690416.7 16.8 null 151 null 145 0.13 109 0.05 e

128 53857.1 -6906054 11.2 0.02 11.1 0.03 109 0.02 10.6 0.04 e

129 53857.3 -690709.8 121 0.02 11.7 0.02 11.2 0.02 10.7 0.04 e

130 53857.7 -691039.7 13.6 0.03 125 0.03 121 0.03 11.4 0.07

131 53858.3 -690421.4 153 null 151 null 14.3 0.14 120 0.06 e

132 53859.0 -6902445 14.1 0.03 13.4 0.03 13.3 0.04 129 0.08

133 53859.1 -690108.4 128 0.02 115 0.02 109 0.02 10.0 0.04

134 53859.2 -690508.9 135 null 13.2 null 134 0.17 12.3 0.08 e,fg

135 539005 -690841.3 13.7 0.03 13.4 0.04 13.3 0.04 12.7 0.08 e

136 53901.0 -690758.8 13.7 0.04 128 0.05 125 0.04 125 0.05

137 539019 -690234.1 146 0.04 134 0.04 129 0.03 124 0.07

138 53903.8 -690346.4 149 0.02 143 0.04 13.6 0.04 13.6 0.16

139 53904.8 -690409.8 123 0.03 12.2 0.04 121 0.04 11.7 0.06 e,fg

140 539053 -690416.0 155 0.11 15.7 0.22 151 0.20 13.3 0.15 e

141 539058 -690614.0 13.7 0.02 12.6 0.02 123 0.03 12.1 0.05

142 53907.2 -690152.7 11.7 0.02 10.7 0.02 104 0.02 10.2 0.04

143 539074 -690420.3 13.7 0.02 134 0.02 13.3 0.04 143 0.37

144 53911.3 -690201.3 121 0.02 119 0.02 11.6 0.02 11.0 0.05 e

145 539114 -690825.1 14.1 0.02 124 0.02 11.2 0.02 10.2 0.04

146 539125 -690408.8 13.2 0.02 12.8 0.03 12.7 0.03 12.6 0.07

147 539125 -690209.6 12.8 0.02 126 0.02 125 0.03 12.3 0.07

148 539143 -690525.1 15.1 0.04 14.2 0.05 13.7 0.05 13.6 0.14

149 539146 -6905035 125 0.02 115 0.02 11.3 0.02 11.3 0.05

150 53916.3 -690528.7 14.0 0.03 13.0 0.03 12.7 0.04 125 0.07

151 53916.3 -690734.3 144 0.02 13.2 0.02 12.8 0.02 12.8 0.06
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Table 6. continued.

M. MaerclerandM. G. Burton:L-band(3.51 m) IR-excessin massve starformation

id RA(J2000) Dec(J2000) m;, Y my Yy mg Y m Y comments
(hms) (dms)

152 539181 -690516.4 14.2 0.04 13.4 0.04 133 0.05 13.1 0.10

153 53918.2 -690848.5 13.8 0.03 13.6 0.04 136 0.05 13.3 0.12 fg

154 53919.1 -690422.4 145 0.03 135 0.04 133 0.04 134 0.12

155 539198 -691010.9 13.1 0.02 12.0 0.02 11.4 0.02 10.9 0.05

156 53920.2 -690417.0 15.2 0.07 14.2 0.07 13.9 0.07 13,5 0.18

157 53920.2 -690626.3 12.0 0.02 119 0.02 11.8 0.03 11.7 0.05 fg

158 539258 -691135.9 09.0 0.02 08.4 0.05 08.3 0.02 08.2 0.04

159 53926.0 -690629.2 148 0.05 144 0.08 140 0.09 14.3 0.27

160 53928.2 -690550.6 11.4 0.02 10.7 0.03 10.6 0.02 10.6 0.04

161 539289 -690656.9 14.6 0.03 13.7 0.03 134 0.05 13.3 0.09

162 53929.3 -690518.6 15.1 0.07 14.3 0.05 14.0 0.08 13.7 0.15

163 53929.7 -690342.1 13.1 0.02 122 0.02 11.9 0.02 11.6 0.06

164 539320 -690440.8 13.1 0.02 12.0 0.03 116 0.02 11.2 0.05

165 53932.1 -690543.8 13.8 0.03 12.7 0.03 12.3 0.03 121 0.05

166 539329 -690340.7 144 0.03 13.3 0.03 13.0 0.04 12.6 0.07

167 53933.6 -690855.0 135 0.02 12.7 0.02 124 0.02 12.4 0.05

168 539344 -691044.8 13.8 0.02 12.8 0.03 125 0.02 12.1 0.08

169 539355 -690439.0 135 0.02 129 0.03 12.7 0.03 12.8 0.08

170 539358 -690408.0 13.6 0.02 125 0.03 12.1 0.02 11.9 0.05

171 53936.1 -6905154 140 0.03 13.1 0.03 12.8 0.03 12.9 0.08

172 539365 -690848.8 135 0.02 12.7 0.02 125 0.02 12.7 0.07

173 539378 -690501.0 124 0.02 11.3 0.03 11.0 0.02 10.8 0.05

174 539379 -691146.3 109 0.02 10.3 0.04 10.1 0.06 09.8 0.05

175 539385 -690900.4 14.2 0.03 13.6 0.02 12.3 0.03 105 0.06 e

176 539394 -691152.1 09.9 0.03 08.8 0.04 085 0.04 08.1 0.06

177 539394 -691152.1 09.9 0.04 09.0 0.04 085 0.04 08.8 0.05

178 539399 -690636.4 13.0 0.02 12.1 0.02 11.8 0.02 115 0.05

179 539418 -691130.8 10.3 0.02 09.4 0.03 08.9 0.02 08.6 0.05

180 539436 -691039.7 13.4 0.02 125 0.03 123 0.02 12.1 0.07

181 539447 -690430.4 129 0.03 123 0.03 121 0.03 12.1 0.07

182 539455 -690937.1 140 0.03 13.0 0.03 12.6 0.03 12.3 0.06

183 539524 -690941.4 10.7 0.02 09.7 0.02 09.4 0.02 09.3 0.04

184 53955.7 -691028.9 13.2 0.02 12.1 0.02 11.7 0.02 11.8 0.10

185 538414 -690305.8 - - - - 151 0.29 149 0.49

186 53843.3 -690521.5 - - - - 149 0.30 14.1 0.19

187 53848.2 -690441.2 - - - - 12,7 0.12 11.1 0.07 Parker 1429,e

188 53848.9 -690445.1 - - - - 13.4 0.18 10.5 0.05 e

189 53850.5 -690502.0 - - - - 12.8 0.14 11.7 0.09 e

190 53854.3 -690437.6 - - - - 153 0.29 12.2 0.08 e

191 53935.1 -690628.8 - - - - 156 0.37 141 0.21

192 538153 -690654.0 - - - - - - 12.6 0.08 e

193 538331 -690611.5 - - - - - - 11.8 0.06 Brandner7a,e

194 53834.1 -690452.3 - - - - - - 10.5 0.04 e

195 538374 -690251.0 - - - - - - 13.2 0.11 e

196 53840.5 -690557.5 - - - - - - 12.0 0.06 e

197 53845.1 -690500.2 - - - - - - 11.3 0.08 Brandnerl3b,e

198 538453 -690441.9 - - - - - - 12.0 0.06 e

199 53847.1 -690440.1 - - - - - - 12.0 0.09 e

200 53848.8 -690440.4 - - - - - - 11.1 0.07 Brandnerl4b,e

201 53851.6 -690441.5 - - - - - - 12.8 0.12 e

202 538545 -690500.2 - - - - - - 10.9 0.09 e

203 53855.1 -690436.8 - - - - - - 13.3 0.14

204 53855.1 -690521.8 - - - - - - 12.6 0.08 e

205 538559 -690538.0 - - - - - - 11.5 0.06 e




M. MaerclerandM. G. Burton:L-band(3.51 m) IR-excessin massve starformation

Table 6. continued.

id RA(J2000) Dec(J2000) m;, Y my Yy mg Y m Y comments
(hms) (dms)

206 53858.3 -690428.2 - - - - - - 12.0 0.12 e
207 53859.9 -690419.6 - - - - - - 125 0.12 e
208 53902.3 -690441.5 - - - - - - 13.4 0.14

209 53902.6 -690423.2 - - - - - - 12.8 0.09 e
210 53908.1 -690405.2 - - - - - - 13.1 0.10 e
211 53908.3 -690357.6 - - - - - - 13.4 0.16

212 53909.3 -690353.3 - - - - - - 13.3 0.17

213 539095 -690436.8 - - - - - - 13.4 0.13

214 53926.1 -691129.0 - - - - - - 13,5 0.32

215 53958.4 -690608.6 - - - - - - 12.6 0.18 e




