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Abstract. L-banddataof 30Doradusat3.5¹ m takenwith SPIREX(SouthPoleInfraredExplorer)ispresented.Thephotometry
wascombinedwith 2MASSJHK dataat1.25-2.2¹ m. Colour-colourandcolour-magnitudediagramsareconstructedandused
to determinethesourceswith infraredexcess.Theseareinterpretedascircumstellardisks,andenablethe fractionof sources
with disks(the clusterdisk fraction or CDF) to be determined.We £nd that » 42% of the sourcesdetectedat L-bandin 30
DoradushaveanIR-excess.?
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1. Intr oduction

1.1. IR-excess as a measure of circumstellar disks

Duringstarformation,youngstellarobjects(YSOs)areassoci-
atedwith thecircumstellarmaterialsurroundingthem,making
them bright at infrared wavelengthsas the dust absorbsand
re-emitsradiation from the central star. As the star evolves
towardsthe main sequence,the distribution of the surround-
ing materialalsochanges,as is evident throughthe changing
spectralenergy distribution (SED) of the source.SEDs can
thereforebe usedasan indicatorof the evolutionarystateof
a YSO. In particular, an excessin IR radiationabove that of
a blackbodyfor classII /III YSOscanbeexplainedby models
of circumstellardisks aroundprotostars(eg. Lada & Adams
1992). In IR colour-colourdiagrams,suchstarslie outsidethe
region de£nedby the reddeningbandto the main sequence.
Colour-colour diagramscan thereforebe usedto identify the
starswith circumstellardisks in star forming regions,and to
estimatewhatfractionof thepopulationthis represents.

Sendo®print requeststo: M. Maercker
? Table6 is alsoavailablein electronicform at theCDSvia anony-
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1.2. L-band over K-band

The excessemissionis measurablein the K-bandat 2.2 ¹ m,
makinginfraredexcessdetectableusingJHK (1-2.2¹ m) obser-
vations.However, thisradiationmaybecausedby acircumstel-
lar disk, theprotostellarenvelopeor emissionnebulosity from
HII regions and thereforeJHK bandobservationsalonemay
not be su± cient to determinethe natureof the IR excess.L-
bandobservations(3.5¹ m) proveto betheidealwavelengthfor
detectingcircumstellardisks(eg. Kenyon & Hartmann1995).
Comparedto JHK colour-colour diagrams,the starswith IR
excessaremuchmoreclearlyseparatedin JHKL colour-colour
diagrams.Additionally, thecontinuumemissionfrom thestel-
lar photosphereis generallybright enoughin L-bandto allow
thedeterminationof thenumberof starswith IR excesscom-
paredto the total numberof starsin a given region (i.e. the
clusterdisk fraction(CDF)). It is relatively easierto obtainL-
banddatawith the samesensitivities andspatialresolutionas
JHK bandobservationsthan it 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 HII 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
identi£edby Hylandet al. (1992). WalbornandBlades(1997)
identify four phasescomprisingan agesequencefor massive
OB clusterevolution (Walborn 1991a, 1991b) in £ve spatial
and/or temporalstructures.Theregionshows recentandongo-
ing starformationat discreteepochs,with a centralclusterof
massive starssurroundedby extendednebulosity. The stellar
populationconsistsof multiple generations,with pre-mainse-
quencestars,early typemainsequencestarsandevolvedblue
andredsupergiants(Walborn& Blades1997). Agesrangefrom
youngstarslessthan1 Myr old, to the giant populationwith
agesup to 25 Myr. Two supernova remnant(SNR)candidates
have also beenidenti£ed(Lazendicet al. 2003). Using deep
broadbandI andV WFPC2imagesfrom the HST, Sirianni et
al. (2000) derived the IMF for the centralclusterR136in 30
Doradusdown to 1.35 M¯ , suggestingthere are relatively
fewer lower-massstarsthanin the GalacticIMF (thoughthis
may also arisefrom not fully correctingfor extinction from
thesource).IR andradioobservationsshow moleculargasand
warmdustconcentratedin anarc to thenorthandwestof the
centralcluster(Rubio et al 1998). They found 84 IR sources
linked with the nebular microstructuresand early O starsin
densenebular knots.6 of thesecouldbematchedwith sources
found in this paper(Table 6). Identi£cationof early O-type
starswas taken as evidencefor star formation (Walborn &
Blades1997). Theseknotshave beenrevealedto be compact
multiplesystemswhichareeachsimilarto starformingregions
in theGalaxysuchastheTrapeziumsystemin theOrion clus-
ter (Brandneret al. 2001). In their paperBrandneret al. use
near-IR colour-colour diagramsobtainedfrom NICMOS data
to identify pre-mainsequencestarsby their intrinsicIR-excess.
It is suggestedthatthespatialdistributionof thesestarsindicate
thebirth of anOB association.Presentdaystarformationco-
incideswith thedenseregionsof moleculargas(Johanssonet
al. 1998) to the north andwestof R136andwith their inter-
faceswith thecavity createdby thecentralcluster(Brandneret
al. 2001). It is the nearestandthereforemosthighly resolved
starburst region outsidethe Galaxy, thusmaking it a suitable
sourceto studyextragalacticstarformation.

This paperpresentsL-bandphotometryof the30 Doradus
region takenwith theSPIREXtelescopeat theSouth-Pole.IR-
excessis detectedby combiningthe L-band datawith JHK-
datafrom 2MASS. Colour-colour and colour-magnitudedia-
gramsarepresented,with a discussionon the implicationsfor
massivestarformationandtheevolutionof circumstellardisks.
Section2 describesthe observationaldata.Section3 presents
theresultsof thephotometryon theL-bandimages.Section4
analysestheresultsandSection5 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)
at theAmundsen-ScottSouth-Polestationin theAntarcticain
1998by thewinter-over scientistCharlieKaminsky. The tele-
scopewasequippedwith anAladdin1024x1024InSbAbu de-

tectorwith £lterssensitive in the rangefrom 2.4 - 5 ¹ m. The
cameraprovided a 100 £eld of view with a pixel sizeof 0.600.
Thedi®ractionlimit of 1.400, combinedwith seeingandtrack-
ing error, over theunguidedobservations,resultedin a typical
resolutionof 2.600. ObservationsweretakenthroughtheL-band
£lter (¸ central = 3:514 ¹ m, ¢ ¸ = 0:618 ¹ m) by takingoneset
of sky framesfollowed by two setsof object framesandan-
other set of sky frames.Eachset consistedof £ve averaged
frameso®setby approximately3000 from the previous frame.
This allowedfor theeasyremoval of imageartefactsfrom the
arrayandsky emissionandof starsin thesky frames.Theto-
tal on-sourceintegrationtimewas9.25hours.Reductionswere
doneautomaticallyby the RIT SPIREX/Abu pipeline1. This
imagewasarchival datafrom SPIREX,but unfortunatelyhad
not been¤ux-calibrated,requiringusto determinethecalibra-
tion throughseperateobservations(seeSec.2.3).

2.2. JHK-band data from 2MASS

The observationsfrom SPIREXwerecomplementedwith the
2MASSpoint sourcecatalogue(PSC)(Cutri et al., 2003) and
AtlasImages2. The2MASStelescopesscannedthesky in both
hemispheresin threenear infrared £lters (J, H and K; 1.25,
1.65 and 2.2 ¹ m respectively) and detectedpoint sourcesin
eachbandwhich werebrighterthanabout1mJyusinga pixel
sizeof 2.000. Two 1.3 metretelescopeswereused,locatedat
Mt Hopkinsin ArizonaandCTIO in Chile. Eachuseda cam-
eracapableof observingin thebandssimultaneouslywith the
256x256arraysof HgCdTe detectors.The imagingwasdone
while thehighly automatedtelescopesscannedover thesky in
declinationat a rate of » 10 per second.The imagesconsist
of six pointingson thesky with a total integrationtime of 7.8
seconds(Kleinmannet al. 1994). The Atlas Imagesfrom the
2MASScataloguewereusedto derive K-bandmagnitudesfor
sourcesseenin theL-bandthatcouldnot bematchedwith the
sourcesin thePSC.

2.3. Calibration data from CASPIR

In order to calibrate the SPIREX image, observations
were carried out in early April 2004 using the Australian
National University (ANU) 2.3m telescopeat Siding Spring
Observatory, equipped with CASPIR (Cryogenic Array
Spectrometer/Imager) (McGregor 1994). CASPIR is a cryo-
genic re-imagingcamerawith pixel scalesof 0:500/pixel and
0:2500/pixel and2 di®erentreadoutmethods.Thedetectoris a
hybrid device with 256x256pixels,capableof direct imaging
and spectroscopy between1-5 ¹ m. To avoid saturationfrom
thesky in theL-band,anarrow band£lter (¸ central = 3:592¹ m,
¢ ¸ = 0:078 ¹ m) had to be usedaswell as the smallerpixel
scale,resultingin a 6000£eld of view. The standardstarused
is listed in Table1. Thestarsin 30 Doradusthatwereusedto
calibratethe remainingstarsin the L-band imagesare listed
in Table2. Thesearebright andisolatedstarsin the SPIREX
image.Comparisonof therelative photometryof the£ve stars

1 http://pipe.cis.rit.edu
2 Availableathttp://www.ipac.caltech.edu/applications/2MASS/IM/
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Table1. Standardstarusedto calibratetheCASPIRimages.

name RA (J2000) DEC(J2000) mL

(h m s) (d m s) Mag
BS2015 054446.5 -654408.0 3.711

Table2.Starsin 30Doradususedfor calibration.Bright, isolatedstars
were chosenfrom the SPIREX imageand usedto calibratethe re-
mainingstarsin theimage.Their L-bandmagnitudesanderrorswere
determinedfrom thestandardstar.

id RA (J2000) DEC(J2000) mL

(h m s) (d m s) Mag
11 053806.6 -690345.0 9.3§ 0.2
14 053809.6 -690621.2 8.7§ 0.1
26 053816.7 -690414.2 8.3§ 0.1
28 053817.0 -690400.8 8.7§ 0.2
29 053817.6 -690412.0 9.6§ 0.1

observed both with CASPIRandSPIREXindicatesthat indi-
vidual errorsof §0:1 to §0:2 magnitudesaremade,andtaking
the weightedaveragethis leadsto a zero point error of 0.04
mags.This hasbeenincludedin all subsequenterror calulca-
tion.

3. Results

3.1. Photometry

TheSPIREXL-bandimageof 30 Doradusis shown in Fig. 1.
Figure2 shows an enlargementof the centralregion overlaid
with contoursshowing thenebulosity. A coordinateframewas
£t to the SPIREX imagesusing the koords programin the
Karmapackage3 andthe2MASSatlasimagesfor thereference
frame. Photometrywas undertaken using the IRAF/daophot
package4. The resulting¤uxeswerecalibratedusingthe stars
measuredwith CASPIR,to determinethezeropointcorrection.
Errorestimationwasdoneusingtheaddstarpackageby adding
220arti£cialstarsandrunningthesameanalysisasontheorig-
inal image.This resultedin a 90%completenesslimit of 13.5
magin L-band.In orderto includestarsfrom the2MASSim-
agespossiblymissedby theautomateddetectionprocessused
to createthePSC,thesameanalysiswasrunonthe2MASSK-
bandimages.This resultedin 7 additionalmatchesfor sources
in theL-bandimagethatwerenotmatchedwith thePSC.

Matchesbetweenthe SPIREX and 2MASS imageswere
con£rmedvisually by overlayingandblinking theimages.For
24 starsno matchfor theL-bandstarscouldbefoundwith the
JHK data.Table4 summarizesthe statisticsof the detections
in the variousbands.The resultsof the photometryincluding
errorsaregiven in Table6. Table4 also lists the statisticsin
thevariousbandsfor detectionsbrighterthanthe90%L-band
completenesslimit.

Figure3 shows a HKL colour imageof thecentralregion,
showing the bright featuresseenin the L-band,indicatingre-
gionsof massive starformation.

3 http://www.atnf.csiro.au/karma/
4 http://iraf.noao.edu/

3.2. Sensitivity

The detectionthresholdwas assumedto be three times the
backgroundvariation¾sky, thetypicalstandarddeviationof the
backgroundin a sky region neareachsource.This providesa
limiting magnitudeof mlimit = 13:5. This correspondsto the
90% completenesslimit determinedby addingarti£cial stars.
However, the backgroundis variableover the image,partic-
ularly on accountof nebulosity and sourceconfusionin the
morecrowdedregions.The faintestsourcedetectedhasanL-
bandmagnitudeof 14.5, correspondingto a 78% complete-
nesslimit. Thissensitivity hasonly recentlybeenbetteredby a
ground-basedtelescope;Stolteetal. (2004) achievedalimiting
magnitudeof 15 at L-bandusingthe8m VLT. This illustrates
the improved sensitivity asa result of the low thermalback-
groundin Antarctica(100-300mJy=arcsec2 at 3.5¹ m; Phillips
etal. 1999).

3.3. Foreground contamination

O®-source comparisonimages were not available for the
SPIREXimages.An estimationof the foregroundcontamina-
tion thereforehad to be madeusing the (J-K) coloursof the
stars.If the visual extinction AV to the sourceis known, the
(J-K) colour excessdueto interstellarreddeningbetweenthe
Earthandthesourcecanbecalculated.Assumingthatthema-
jority of all sourcestarsareembeddedandthereforeaddition-
ally reddened,any star bluer than this (J-K) colour is likely
to be a foregroundstar. Adopting an extinction parameterof
RV = AV

E(B¡ V) of » 3:4 (Selmanet al. 1999) andthe (B-V) and
(B-V)0 coloursfor sourcesin 30 Doradus(Walborn& Blades
1997) givesavisualextinctionof » 1:4 whichcorrespondsto a
limiting (J-K) colourof » 0:25.

An additionalestimationof the(J-K) colourof likely fore-
groundstarswasdoneusingonly the2MASSdata.8 o®-source
£elds with 30 radii were extractedfrom the PSC and com-
paredto a source£eld centredon 30 Doraduswith a 70 ra-
dius to encompassthe entireareaof the SPIREXimage.The
o®-source£eldswerecombinedandthedatawasthenplotted
in JHK colour-colour diagramsand the numberof IR-excess
sourceswas determined.To minimise scatterin the colour-
colour diagrams,only sourcesthat lay above the sensitivity
limit (SNR>10) in eachof thebandswereincluded.Thestatis-
tics for the £eld andsourcestarsarelisted in Table3. As ex-
pected,the percentageof sourceswith an IR-excessis higher
for sourcestarscomparedto £eldstars.ComparingtheseJHK
colour-colour diagramswith similar diagramsfor the entire
LMC using2MASSdata(Nikolaev & Weinberg 2000) shows
that these£eld starsoccupy the sameregions in the colour-
colourdiagramswith a similar scatteraroundthemeanvalues,
althoughthegiantbranchstretchesmuchfurtheralongthered-
deningvectorin thediagramsfor theentireLMC dataset.

As partof a comparisonbetweenthe2MASSdatasetand
theSloanDigital Sky Survey, Finlatoret al. (2000) tracestel-
lar spectralsequencesin JHK colour-colourdiagramsderived
from the 2MASS data.Theseshow that starsof type M5 and
later lie at (H-KS)»0.2and(J-H)»0.6.Thesequencemovesto
bluer (H-KS) and(J-H) coloursfor starsof type G5 andear-
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Fig.1. SPIREX L-band (3.5¹ m) imageof 30 Doradus.Total integration time 9.25 hours;e®ective resolution2.600; pixel scale0.600; 90%
completenesslimit at13.5mag;fainteststardetected14.5mag.

lier, with (H-KS)»0.05and(J-H)»0.3giving a (J-K) colourof
»0.35.Thedistributionof (J-K) coloursoverthesource(Fig.4)
usingthe2MASSdataindeedshowsapeakat (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
sourcesaremissing.The(J-K) distributionfor thesourceswith
completeJHKL data(Fig. 6) follows the samedistribution as
in Fig. 4 for the2MASSdata,indicatingthat(J-K) colourlim-
its determinedusingthe2MASSJHK dataarealsoapplicable
to the JHKL data.Assumingthat the bulk of the starsin the
o®-source£eldsareforeground(i.e.notpartof the30Doradus
complex), sourcesbluer than the (J-K)=0.35 colour limit are
thereforelikely to be foreground.27 suchsourcesare found,
asindicatedin Table6. 12 of thesehave a moderateIR-excess
((K-L) . 0:6) andthreea slightly larger value(of (K-L)=1.1,
1.3 and2.5 respectively). Excludingthesestarsdecreasesthe
clusterdiskfractionfrom 43%to 42%(seeSect.5.1)(Table5).
Likely foregroundstarsaremarkedwith boxesin Figs.7 to 9.

Table3.Statisticsfor thedatafrom the2MASSPSCfor thecombined
o®-source£eldsandthesource£eld.Thedatafor the£eldstarscon-
sistsof 8 o®-source£eldswith a 30 radiuseach.The sourcedatais
a £eldcentredon 30 Doraduswith a radiusof 70. Only starsbrighter
thanthesensitivity limit (SNR>10) in all 3 bands(15.8,15.1and14.3
for J,H andK respectively) wereincluded.

Data numberof stars numberof IR-excess fraction
perarcmin2 sourcesperarcmin2 (in %)

£eld 3.03 0.17 6
source 4.43 1.16 26

4. Anal ysis

4.1. Colour-colour and colour-magnitude diagrams

Colour-colourandcolour-magnitudediagramswerecreatedus-
ing the 2MASS JHK-bandand the SPIREX L-band magni-
tudes.Only sourcesthatwerebrighterthanthe90%complete-
nesslimit in L-bandwereusedin creatingthe diagramsand
determiningthefractionof IR-excesssources.Usingtheintrin-
sic(V-K), (J-K), (H-K) and(K-L) coloursof themainsequence
andgiantstars(Koornneef1983) andtheirabsolutevisualmag-
nitudesMV (Allen 1973), the locationsof the main sequence
(spectraltypesO6-8to M5) andthegiantbranch(spectraltypes
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Fig.2. Enlargementsof thecentralregion of 30 Doraduswith contoursshowing thenebulosity. Contourlevelsare0.11,0.22,0.33,0.56,0.75,
0.97,1.19,1.42and1.64mJy/arcsec2. The£rstfour levelsarelabeledin theimage.Theimageshowsthenebulousarcsanddenserknotsin the
centralregion. Thesedenserregionscoincidewith thedistribution of moleculargas(Johanssonet al. 1998)andarebelievedto beregionsof
presentdaystarformation.

Fig.3. HKL (Blue=H, Green=K, Red=L) compositecolour imageof 30 Doraduscreatedusingthe 2MASS andSPIREXimages.Regions
bright in theL-band(3:5¹ m) canbeseento thenorth-eastandwestof thecentralcluster, indicatingthepresenceof youngstellarobjects.
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Fig.4. (J-K) colourdistribution of JHK 2MASSdataover thesource.
Thereis apeakat(J-K)»0.35whichcorrespondsto themeancolourof
starsearlierthanG5in the2MASSPSC(Finlatoretal.2000).Another
largepeakoccursat(J-K)»1.Reddersourceswith (J-K)>1.75arealso
present.Themedianerrorin (J-K) is ¾(J¡ K) = 0:08.

Fig.5. (J-K) colourdistribution of theJHK 2MASSdatafor the£eld
stars.Thepeakat (J-K)»0.35is still present,but is not asclearasin
Fig. 4. Thepeakat (J-K)»1 is higherandredsourceswith (J-K)>1.4
areessentiallymissing.Themedianerrorin (J-K) is ¾(J¡ K) = 0:06.

K0 to M5) wereplottedin all diagramsusingadistancemodu-
lusof 18.7magnitudes.

Figures 7 to 9 show these colour-colour and colour-
magnitudediagramsfor 30 Doradus.In Figs.7 and8 thethick
solid curve shows the main-sequence.In Fig. 9 the main se-
quencefor starsealierthantypeB0 is representedby thethick
solid curve. In all diagramsthe thin solid curve shows the gi-
ant branchfor typesbetweenK0 andM5. The dashedcurve
shows thereddeningvectorup to AV = 30 mags,assumingan
extinction law / ¸ ¡ 1:7.

Fig.6. (J-K) distribution of the sourcesdetectedin all JHKL bands
in 30Doradus.Thisdistribution is similar to thedistribution in Fig. 4,
with bothpeaksat(J-K)»0.35and(J-K)»1 andredsources,indicating
that the limits derived usingthe 2MASS JHK dataalsoapply to the
JHKL data.Themedianerrorin (J-K) is ¾(J¡ K) = 0:05.

Table 4. Numberof detectionsin the di®erentbands.The £rst col-
umngivesthe total numberof detectionsin theSPIREXimage.The
secondcolumngivesthenumberof starsthatcouldbematchedwith
the2MASSPSC.Columnthreelists thenumberof starsadditionally
matchedby comparisonof theK- andL-bandimages.Thelastcolumn
liststhenumberof starsonly foundin theSPIREXL-bandimage.The
secondrow liststherespectivenumbersfor starsbrighterthanthe90%
completenesslimit. Usingthe(J-K) colourlimit determinedin sec.3.3
suggests27of thestarsdetectedat JHKL arelikely foregroundstars.

Total JHKL KL L
all stars 215 184 7 24

mL <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 thereddeningband,indicatingan IR-excess.In deter-
miningtheIR-excesstheindividualerrorsof all starswereused
(Table6).All starswhichlie at least1¾of their individualpho-
tometricerrorto theright andbelow thereddeningbandin the
JHKL planearede£nedto have an IR-excessandaremarked
with thestarsymbol.To estimatetheuncertaintyin this num-
ber, thenumberof starsthat lie a 2¾ distanceto the right and
below thereddeningvectorwasalsocalculated.Thisprocedure
excludes6 starsfrom theJHKL dataset,onestarfrom sources
foundonly in K- andL-bandandalsoonestarfrom thoseseen
atL-bandonly. Thevariationof thenumberof starsto theright
of the reddeningbandwhenassuming1¾ and2¾ distancesis
taken asan estimateof the uncertaintyof the numberof stars
that have an IR-excess.Starsde£nedto have an IR-excessin
the JHKL planearemarked with the samesymbol in Figs. 8
and9 aswell. In thecolour-magnitudediagram(Fig. 9) wecan
alsoincludestarsseenjust at K andL (diamondshapedsym-
bols). We also includethoseseenonly in the L-bandby pro-
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viding a lower limit on the(K-L) colour(circlesymbols)since
the 2MASS sensitivity limit at K is 14.3 magnitudes.These
starsthereforelie to the right of thecirclesin thesediagrams.
This makesit possibleto alsoestimatewhatstarsseenin just
K- andL-bandshaveanIR-excess,by comparingtheir location
in Fig. 9 to thestarsalreadyidenti£edashaving an IR-excess
basedon JHKL colours.Four of thestarsseenonly at K andL
lie in thesameregionandareconsideredto haveanIR-excess,
and so are countedtowardsthe total disk fraction. 18 of the
starsseenjust in L-bandarealsolocatedin this region andare
alsocountedtowardsthetotal disk fraction.Table5 lists these
statistics.Excludingstarsbluer than(J-K)=0.35,asdiscussed
in Sect.3.3,decreasesthefractionof reddenedstarsin Table5
by »1%.

4.3. Mass range

Figure 10 shows the numberof detectedsourcesvs L-band
magnitudefor all sourcesin theSPIREXimage.At thedistance
of 30DoradusO3mainsequencestarshaveL-bandmagnitudes
of 12.8,O6-8mainsequencestarshave magnitudesof » 13:9
andB0 mainsequencestarshaveL-bandmagnitudesof » 15:5.
Massescanbecrudelyestimatedby comparingthemagnitudes
with thosefor starsof known spectraltype (Allen 1973). The
histogramin Fig. 10 peaksat mL » 12 magnitudes,showing
thatwearemainlypickingupthemassive,earlymainsequence
stars,extendingdown to massesof order20 M¯ (ie late-type
O stars).Figure11 shows thepercentageof starsin eachmag-
nitudeinterval thathave an IR-excess.Thedistribution seems
to peakcloserto mL » 11 magnitudes,suggestingthat theIR-
excesspossiblyis not independentof mass.However, the IR-
excessbiasestheseestimatesto highermass.IR-excessis de-
tectedfor massesdown to»23M¯ , con£rmingthat30Doradus
is a regionof highmassstarformation.

5. Discussion

5.1. IR-excess as an indicator of circumstellar disks

UsingtheJHKL datashowsthat» 43§ 5%of thestarsdetected
in 30 Doradusat L-bandlie to theright of thereddeningband
de£nedby interstellarextinction, andthushave an IR-excess
overastellarphotosphere.Modelsfor sourceswith circumstel-
lar diskscanexplain suchpositionsin the colour-colour dia-
grams(eg. Lada& Adams1992). Starsshowing an IR-excess
in thecolour-colourandcolour-magnitudediagrams(Table5)
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 shows the spatialdistribution of the detectedstars
in thecentralpartof theSPIREXimage(seealsoFig. 3). It is
apparentthatstarsthatdonotshow anIR-excesslie outsidethe
nebulousregions,whereasIR-excessstarslie within thecentral
nebula andalongthearcsandknotsin the image.Sourcesnot
detectedin the J- andH-bandsareessentiallycon£nedto the

Fig.10. L bandluminosity functionof all starsdetectedat L-bandin
the SPIREX imageof 30 Doradus.UnreddenedO3 main sequence
starshave L-bandmagnitudesof 12.8at thedistanceof 30 Doradus,
unreddenedO6-8mainsequencestarshavemagnitudesof » 13:9 and
unreddenedB0 starshaveL-bandmagnitudesof » 15:5. Themajority
of detectedstarshave L-bandmagnitudesbetween11 and13, plac-
ing themwherethemassive, early typemainsequencestarsare.The
verticalline atmL=13.5shows the90%completenesslimit.

Fig.11. Thepercentageof sourceswith an IR-excessin thedi®erent
magnitudeintervals.ThedistributionpeaksatanL-bandmagnitudeof
» 11 indicatinghigh massstars.IR-excessis however detecteddown
to magnitudesof L» 14:5.Theverticalline atmL=13.5showsthe90%
completenesslimit.

string of nebulousregions in the centre.Thereseemsto be a
stringof starsonly detectedin theL-bandalongthearcnorthof
thecentralcavity. Thecentreof 30Doradusitself lies in ahalo
of moleculargas(Garayetal.1993) andthesourcesonly found
in L-bandarefound to preferentiallylie in the regionswhere
[CII] andCO line emissionis detected(Poglitschet al. 1995).
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Fig.7. JHKL colour-colourdiagramfor 30 Doradus.The thick solid line is themainsequencefor spectraltypesO6-8 to M5. The thin solid
line is thegiantbranchfor spectraltypesK0 ((J-H)=0.5,(K-L)=0.07)to M5 ((J-H)= 0.9,(K-L)=0.19),but is hardto seedueto thenumberof
starsin thatregion.Dashedlinesarethereddeningvectorsup to AV = 30.Starshapedsymbolsaresourcesidenti£edashaving anIR-excess.
Sourcesin squaresarelikely to beforegroundstars(Sec.3.3).Meanerrorsareindicatedby thecrossin thelowerright of thediagram.64of the
171starsdetectedin theJHKL bandslie outsidethereddeningbandandarethereforecountedashaving anIR-excess.Theseareinterpretedas
comingfrom circumstellardisksaroundthestars(Sec.5.1).

Fig.8. JHK colour-colourdiagramfor 30Doradus.Thesamesymbolsareusedasin Figure7.Again thegiantbranchis hardto see,but extends
from (H-K)=0.13to (H-K)=0.31with thesame(J-H) valuesasin Figure7. Thediagramshows all sourcesdetectedin theJHK- andL-bands.
Theseparationof starswith anIR-excessis muchlessclearin theJHK diagramthanin theJHKL diagram.Basedon theJHK datafor these
starsalonewouldonly give49sourceswith IR-excesscomparedto 64sourcesusingtheJHKL data(Table5) leadingto anunderstimateof the
clusterdisk fraction.
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Table 5. Numberof starsfoundwith IR-excessandthereddeningfraction.Numbersin theJHKL, KL andL columnsarethenumberof stars
with IR-excessfoundin therespectivebands.Thesearelistedassuming1¾and2¾distancesfrom thereddeningband.Columns7 and8 givethe
total numberof sourceswith IR-excessat 1¾and2¾. Column9 givestheclusterdisk fraction.Excludingpossibleforegroundstarsdecreases
the CDF to »42%.Only sourcesthat arebrighterthanthe 90% completenesslimit (13.5magin L-band)areincludedwhencalculatingthe
fractionof IR-excesssources.

JHKL (1¾) JHKL (2¾) KL (1¾) KL (2¾) L (1¾) L (2¾) total (1¾) total (2¾) frac
64 58 4 3 18 17 86 78 43§5%

Fig.9. InfraredL vs (K-L) colour-magnitudediagramfor 30 Doradus.Thelower thick solid line is theunreddenedmainsequence,theupper
thick solid line shows thelocationof supergiantsfor a distancemodulusof 18.7magnitudes.Thedashedline shows reddeningup to AV = 30
mags.Starshapedsymbolsaresourceswith anIR-excessasdeterminedfrom theJHKL diagram.Diamondsymbolsarestarsonly foundin K-
andL- bands.Circlesymbolsarestarsonly foundin theL-bandandarelocatedat thelower limit for their (K-L) colour. Sourcesin squaresare
likely to be foregroundstars(Sec.3.3).Thepositionof thestarsonly found in theKL-bandsandL-bandcanbecomparedto the locationof
starswith anIR-excess(starshapedsymbols).Thoseoccupying thesameregion arealsocountedashaving anIR-excess,giving anadditional
4 sourceswith anIR-excessfoundin K andL-bandsandanadditional18sourceswith anIR-excessfoundonly in theL-band(Table5).

IR-excesssourcesdetectedin all four bandstendto spreadout
furtherthroughouttheregion.

5.3. Disk evolution

Togetherwith the CDF andthe ageof the cluster, it is possi-
ble to estimatethelifetime of circumstellardisks.Walbornand
Blades(1997) £nd several regions with di®erentagesin the
30 Doradusregion. Themassive centralregion is estimatedto
be » 2 ¡ 3 Myr old, but a much youngerpopulationof less
than1 Myr andanolderpopulationof about4-6 Myr arealso
found(Walborn& Blades1997; Massey & Hunter1998). Since
youngstarsareverybright in theIR, sourceswith anIR-excess
can be intepretedas being young stellar objectswith some
of thesesourcespossiblybeing more deeplyembeddedpro-
tostarssurroundedby dustshellsratherthandisks(Sect5.4).
However, dependingonthedistributionof dustaroundevolved
stars,thesealso presentan explanationfor the observed IR-

excessandit would benecessaryto take spectraof thesources
to ascertaintheir evolutionarystate.

Adoptinga meanagefor 30Doradusof 2-3Myr, thenum-
ber of starswith IR-excess(»42%; Table 5 excluding fore-
groundstars)would imply thatmorethan50%of thecircum-
stellardiskshave disappearedafter2-3 Myr. It is possiblethat
theintenseradiationfrom theearlytypestarsin the30Doradus
regione®ectively destroyscircumstellardisksandthereforede-
creasesthe CDF. Observationsof HII regions in the Galaxy
have shown thatexternally illuminatedcircumstellardisksget
photoevaporatedanddisappearafter0.01-0.1Myr. Thishasfor
examplebeenseenin theproplydsin theOrionNebula(O'Dell
& Wen1994). Proplydsaredisksor ¤attenedenvelopesof cir-
cumstellarmaterialthat arephotoevaporatedfrom the outside
by anexternalionizing £eld.Thevariationin theform of pro-
plyds is explainedby a balancebetweenstellar gas pressure
andradialpressureandradiationpressurefrom dominantstars
in theregion. If this is thecasefor 30Doradus,thelifetime for
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Fig.12.Spatialdistribution of sourcesin 30 Doradus.Circlesmarkstarswithout anIR-excess,squaresmarkstarswith anIR-excessfoundin
the JHKL-bands,plus signsmark starswith an IR-excessfound only in the KL-bandsandcrossesmark starswith an IR-excessonly found
in L-band(thereis no di®erencebetweenwhite/blacksources,this is only in orderto make thestarsin thenebulousregionsmorevisible).A
stringof starsonly detectedin theL-bandfollows thenebulosity to thenorth-eastof thecentralregion.Starswith anIR-excessarecon£nedto
theinnerregionsinsidethenebula.Sourceswithout anIR-excessaremainly distributedin regionswithout any nebulosity. The6 reddeststars
((K-L)> 3) aremarkedin theimagewith their id from Table6.

disksestimatedusingtheCDFof this regionwouldbetoo low,
andderivedlifetimesa lower limit.

Combinedwith earlier JHKL observations(Haischet al.
2001b) of clustersNGC2264,NGC2362,NGC1960(agesbe-
tween2.5-30Myr) andyoungerclustersNGC2024,Trapezium
andIC 348,with agesdown to 0.3 Myr (NGC 2024),predic-
tions on the lifetime of circumstellardiskscanbe made.For
all theseclustersthe fractionof sourceswith JHKL IR-excess
is determined.Eachclusteris then plotted in a CDF vs. age
diagram(Fig. 13). Thepositionof 30 Doradusin thediagram
is indicated.Theerror in theCDF for 30 Doradusis §8% due
to the uncertaintyin the numberof IR-excesssources(§5%,
Table5) andallowing for anuncertaintyin thenumberof fore-
groundstars.The errorsin the agere¤ecta meanageof 2-3
Myr. The locationof 30 Doradusis consistentwith the £t of
Haischet al., despitethis being for sourceswhich extend to
much lower masses(0.13M̄ for NGC 2024 up to 1M¯ for
NGC2362at thecompletenesslimit; Haischet al. 2001b) than
ourstudyof 30Doradus.

A least-squaresstraightline £t to the datashows a linear
relationshipbetweendisk fraction and cluster age.An esti-
mateddisk lifetime of 6 Myr is derived.The initial disk frac-
tion appearsto beveryhigh(»> 80%)andthendeclineslinearly
with increasingage.Taking the contaminationof foreground
starsinto considerationyields a CDF of »42% andan ageof
» 2:5Myr, thentheCDFderivedherelies justbelow thatwhich
Haischet al. would predict(Fig. 13). This indicatesa quicker
evolution of circumstellardisks aroundmassive starsor that

the disksindeedarebeingdestroyed dueto photoevaporation
or possiblyboth.

5.4. High mass stars

Whereas30 Doraduscontainsa large rangeof stellarmasses
(Brandner2001), our observations are only sensitive to the
most massive stars.Sincethe derived CDF lies at the lower
endof theHaischet al. prediction,this again indicatesa faster
evolutionof circumstellardisksaroundmassivestars.Previous
studiesof the 30 Doraduscomplex show 20 sourceswith
IR-excessin JHK colour-colour diagrams(Brandner2001).
8 of thesecould be matchedwith L-band sourcesfound in
the SPIREX image(Table6) andhave an IR-excess.The 20
sourceswere associatedwith ClassI protostarsand Herbig
Ae/Be or T Tauri starsby comparingthe measuredcolours
with models.This again con£rmstheconnectionbetweenstar
formation,circumstellardisksandIR-excess.The majority of
sourcesin the Brandnerpaperhowever lie below the 2MASS
detectionlimit (15.8magsin J-band),which explainswhy we
only identify 8 sourcesfrom their work. A scatterin the pho-
tometryof individual sourcescanbe explainedby di®erences
in spatialresolutionandnonstandardNICMOS passbands.In
the Brandnerstudy the sourcesof star formationwere found
to follow the densestregionsof the moleculargasandthe in-
terfacewith thehollowed-outregionfrom thecentralstars.The
sameis truefor mostof the24starsdetectedonly in theL-band,
which lie in thenebulousregionnorthof thecentralstarcluster
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Fig.13.Clusterdisk fraction(CDF) for 6 clustersby Haischet al. 2001bvs their meanages.TheCDFsweredeterminedusingJHKL dataas
describedin theirpaper. Thelocationof 30Doradusis indicatedby asquarewith errorbarsindicatingtheuncertaintyin ageanddisk fraction.
Thedot-dashedline is thebest£t determinedby Haischetal. (2001b).

(Fig.12)(seeSect.5.2).In theL vs(K-L) colour-magnitudedi-
agramthey occupy thesameregionastheIR-excessstarsfrom
the(J-H) vs (K-L) colour-colourdiagram.This makesit likely
that thesestarsarein theprocessof forming andalsocontain
circumstellardisks.Thesepropertiesarecharacteristicof pro-
tostellarobjectsand the sourcesonly detectedin the L-band
arepossiblytheequivalentof massive ClassI protostars(Lada
et al. 2000). Sincethesestarsareonly detectedin theL-band,
andnotatshorterwavelengths,it alsosuggeststhey areheavily
embeddedin dustshells,andaremassiveyoungstellarobjects.

5.5. The reddest sources

In Fig. 12 six particularlyred sources((K-L)> 3) aremarked
with their id from Table6. Two of thesearefound in all four
bands,one only in K and L and threeare only found in L-
band.The reddestsource(#194,(K-L)>3.8) lies in a knot to
thenorthwestof thecentralcluster. Theothersourcesarein the
centralnebulaandcoincidewith thebrightestarcsandknotsof
thenebula. Threeof thesourcesfollow thechainof starsonly
detectedin L-bandtowardsthenorth-eastof the image(#127,
#190and#200).Source#67liescloseto thecentralcluster.

5.6. Supergiants

Themajority of thestarsin thecolour-magnitudediagramfor
30 Doradus(Fig. 9) are locatedabove the main sequence,
meaningthat thesestarsarebrighterthanO6-8 typestars(the
sensitivity thresholdof the SPIREXimageslies at 13.5mag-
nitudes,»0.4 mag brighter than the location of O6-8 stars).
Massey and Hunter (1998) detected31 O8V or earlier type
starsin the 30 Doraduscluster. Otherstudiesalso£nd a sig-
ni£cantnumberof supergiantsandgiants(Walborn& Blades
1997; Boschet al. 1999; Parker 1993). The locationof super-
giantsbetweenB0 andM0 is drawn in the30DoradusCMD in
Fig.9 astheupperthick solid line abovethemainsequence.Of
the four paperson thestellarpopulationquotedhere,unfortu-
nately, only Parker givescoordinates,so that it is not possible
to matchourdatawith theotherthreestudies.

Matchinga B0I supergiantanda O3V starfrom theParker
paperwith theSPIREXdata(stars#76and#187,seeTable6)
shows that thesetwo starsindeedoccupy the region of the
CMD wheremost of the detectedstarslie, making it likely
that supergiant, giant and early type OV starsare presentin
30Doradus.
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6. Conc lusions

L-band photometry for 30 Doradus has been presented.
CombiningtheL-banddatawith shorterwavelengthdatafrom
the JHK bandsproves to be a powerful methodto detectIR-
excess.In particular, this IR-excesscanbeinterpretedasemis-
sion from circumstellardisks,makingL-bandobservationsan
essentialtool for identifyingthesedisks.Theclearerseparation
of starsin theJHKL diagramsprovidesabetterestimateof the
total clusterdisk fraction thanJHK dataalonedoes.Only us-
ing JHK datatendsto underestimatethenumberof starswith
IR-excess(an analysisusing the samestarsas in the JHKL
colour-colourdiagram,but only consideringtheJHK informa-
tion, givesonly 49 IR-excesssourcesascomparedto 64 when
usingtheJHKL data(Table5)).Comparingtheresultsobtained
for 30 Doraduswith otherL-bandstudiesof star forming re-
gionsin theGalaxyshows aninverserelationbetweenageand
disk fraction,giving further supportto an estimateddisk life-
time of 6 Myr anda very high initial disk fraction.Sincethe
sensitivity limit achievedfor theobservationsin thisstudyonly
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.Thesesourcesarepossibly
heavily embedded,high-massprotostars.Thepositionsof these
starsin thecolour-magnitudediagramindicatethatthey might
alsobe circumstellardisk systems.It is alsopossiblethat the
IR-excessoriginatesfrom evolvedstars(AGB stars)or young
high andintermediatemassstars(seeSect.5.3). In particular
in thecaseof acomplex environmentwith mutiplegenerations
as30 Doradus(seeSect.1.3),a closerspectralexaminationis
necessaryto ascertaintheevolutionarystateof thesources.

No other extensive investigation of the JHKL colour ex-
cesshasbeenmadefor 30 Doradus,makingthis the£rststudy
of infrared excessusing L-band data for a signi£cantnum-
ber of starsfor this region. The dataareconsistentwith sim-
ilar dataobtainedfrom Galacticsources,indicatingthatsimilar
processesareatwork in starformationin theLMC.

The data illustrates the ability of Antarctic telescopes,
wherethe low thermalbackgroundimprovesIR sensitivity, to
probethestateof theembeddedstarsin starforming regions.
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Table 6. (Also availablein electronicform at theCDS).Magnitudesfor all sources(includingforegroundsourcesandsourcesbelow the90%
completenesslimit) in 30 Doradus.Starswith measurementsin all four bandsarelisted£rst.Thenstarswith measurementsin K andL only,
and£nallystarsjustdetectedin L-band.Column1 givesthesourceid. Columns.2 and3 theRA andDecrespectively in J2000.Thecoordinates
for sourcesfoundin all four bandsarefrom thepointsourcecatalogue,positionsfor theremainingstarsaredeterminedfrom reference2MASS
images.Columns4, 6, 8 and10 give theJHK- andL-bandmagnitudesrespectively. Columns5, 7, 9 and11 give thephotometricerrors.For
sourcesdetectedin all bands,theJHK magnitudesanderrorsaretakenfrom the2MASSPSC.A `null' aserror indicatesthatno photometric
errorwasgivenin thePSC.TheL-banderrorsarecombinedfrom theerrorsin daophotandtheerrorsdueto thezeropointcorrection.Sources
only detectedin theK- andL-bandshavemagnitudesfrom thiswork. For sourcesnotdetectedatJ,Hor K theupperlimits onthesemagnitudes
are15.8,15.1and14.3respectively. Starswith anIR-excessaremarkedwith an`e' in Col. 12 (comments).Likely foregroundstarsaremarked
with `fg'. Starsthatmatchedsourcesin Rubioetal. (1998),Brandneretal. (2001)andParkeratal (1993)aremarkedwith `Rubio', `Brandner'
and`Parker' respectively togetherwith theid assignedin therespectivepapers.

id RA (J2000) Dec(J2000) mJ ¾J mH ¾H mK ¾K mL ¾L comments
(h m s) (d m s)

1 5 3750.2 -690424.2 10.0 0.02 09.5 0.02 09.4 0.02 09.7 0.05
2 5 3750.5 -690402.3 14.7 0.04 12.8 0.03 11.4 0.02 09.4 0.05 e
3 5 3754.7 -690903.2 10.3 0.02 09.4 0.02 09.1 0.02 09.1 0.08
4 5 3757.0 -690338.9 12.9 0.02 11.9 0.03 11.6 0.03 10.8 0.05 e
5 5 3758.1 -690503.8 12.6 0.02 11.6 0.03 11.2 0.02 10.9 0.05
6 5 3759.1 -690841.3 11.0 0.02 10.0 0.03 09.7 0.02 09.6 0.05
7 5 3805.5 -690926.6 13.2 0.02 12.2 0.03 11.8 0.02 11.3 0.12
8 5 3805.6 -690909.7 15.1 0.06 14.3 0.06 13.2 0.04 11.2 0.10 e
9 5 3806.2 -690542.0 14.1 0.02 13.1 0.03 12.9 0.04 12.3 0.06
10 5 3806.2 -690235.5 11.8 0.03 10.8 0.03 10.2 0.02 10.1 0.04
11 5 3806.6 -690345.4 10.5 0.02 09.7 0.02 09.4 0.02 09.3 0.04
12 5 3808.8 -690345.4 13.5 0.02 12.6 0.03 12.4 0.03 12.1 0.07
13 5 3808.9 -690647.9 14.3 0.03 13.2 0.04 12.9 0.03 12.2 0.06
14 5 3809.6 -690621.2 09.3 0.02 09.1 0.02 09.0 0.02 08.7 0.04 e, fg
15 5 3810.0 -690343.2 12.1 0.02 10.9 0.03 10.2 0.02 09.7 0.04
16 5 3812.0 -690634.2 12.8 0.02 12.7 0.03 12.6 0.03 12.3 0.06 e, fg
17 5 3812.7 -690254.2 14.4 0.03 13.4 0.03 13.2 0.03 12.8 0.08
18 5 3813.2 -690536.6 12.7 0.02 12.3 0.03 12.2 0.03 12.2 0.05
19 5 3813.6 -690833.0 15.3 0.05 14.0 0.04 13.7 0.05 12.8 0.10
20 5 3814.6 -690057.6 12.0 0.02 10.9 0.02 10.6 0.02 10.3 0.05
21 5 3814.8 -690329.9 14.0 0.04 13.3 0.04 13.0 0.04 12.9 0.09
22 5 3814.9 -690348.6 12.5 0.02 12.5 0.03 12.5 0.02 12.3 0.06 e, fg
23 5 3815.4 -690403.4 11.9 0.04 11.7 0.04 11.6 0.04 11.4 0.05 fg
24 5 3815.7 -690437.2 16.0 0.10 15.6 0.18 15.3 0.22 14.5 0.30
25 5 3816.0 -691011.3 09.3 0.02 08.3 0.01 07.9 0.02 07.4 0.04
26 5 3816.7 -690414.2 09.8 0.04 08.9 0.03 08.6 0.03 08.3 0.04
27 5 3816.7 -690433.2 13.5 0.02 12.6 0.02 12.3 0.02 12.1 0.05
28 5 3817.0 -690400.8 10.1 0.03 09.2 0.03 08.9 0.02 08.7 0.04
29 5 3817.6 -690412.0 10.8 0.03 10.0 0.03 09.7 0.02 09.6 0.04
30 5 3818.3 -690402.3 12.4 0.05 12.3 0.05 12.3 0.06 12.3 0.07 fg
31 5 3819.9 -690710.2 13.1 0.02 12.3 0.02 12.1 0.03 11.7 0.05
32 5 3820.9 -690350.0 12.2 0.02 11.8 0.03 11.6 0.03 11.2 0.05 e
33 5 3821.4 -690949.0 13.2 0.02 12.1 0.02 11.8 0.02 11.4 0.07
34 5 3823.6 -690829.4 15.1 0.05 14.5 0.05 14.5 0.11 13.4 0.12 e
35 5 3823.7 -690455.6 13.8 0.03 12.8 0.03 12.5 0.04 12.5 0.06
36 5 3823.7 -690503.5 12.6 0.02 12.6 0.02 12.7 0.02 12.7 0.06 fg
37 5 3826.7 -690852.8 09.8 0.02 08.8 0.03 08.3 0.02 07.9 0.04
38 5 3827.8 -690614.8 15.2 0.05 14.3 0.05 14.2 0.07 14.3 0.25
39 5 3827.9 -690432.2 14.8 0.08 13.6 0.06 13.3 0.05 12.6 0.06
40 5 3829.5 -690821.5 15.2 0.06 14.0 0.05 13.9 0.05 13.5 0.15
41 5 3829.9 -691116.4 12.4 0.02 11.2 0.03 10.9 0.02 10.4 0.07
42 5 3830.0 -690625.9 13.6 0.02 12.9 0.02 12.8 0.02 11.7 0.10 e
43 5 3831.0 -690116.0 10.9 0.02 10.6 0.02 10.6 0.03 10.4 0.05 fg
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Table6. continued.

id RA (J2000) Dec(J2000) mJ ¾J mH ¾H mK ¾K mL ¾L comments
(h m s) (d m s)

44 5 3831.3 -690816.1 13.7 0.04 12.8 0.04 12.6 0.04 12.3 0.05
45 5 3831.7 -690214.6 14.6 0.10 13.6 0.09 12.5 0.07 10.3 0.08 e
46 5 3832.0 -690744.0 14.9 null 14.7 0.10 13.7 0.07 11.8 0.06 e
47 5 3833.6 -690450.5 12.1 0.04 11.8 0.07 11.5 0.06 10.8 0.04 e
48 5 3834.6 -690556.8 13.7 0.14 12.7 0.10 10.8 0.04 08.5 0.04 Brandner3a,e
49 5 3834.7 -690606.1 13.6 0.14 13.5 0.23 12.5 0.12 11.5 0.07 e
50 5 3834.8 -690450.2 13.3 0.07 12.1 0.05 11.6 0.05 11.1 0.05
51 5 3836.0 -690609.0 12.1 0.05 12.0 0.07 12.0 0.06 12.6 0.11 fg
52 5 3836.1 -690646.8 12.4 0.05 12.2 0.05 12.0 0.07 12.0 0.06
53 5 3836.1 -690557.8 10.7 0.02 10.6 0.02 10.4 0.02 10.3 0.04 fg
54 5 3836.4 -690657.2 12.1 0.03 11.8 0.03 11.5 0.03 11.0 0.04 e
55 5 3836.6 -690526.5 14.1 null 14.9 0.39 13.8 0.22 11.3 0.07 e, fg
56 5 3837.0 -690507.8 11.6 0.03 11.5 0.04 11.4 0.04 11.2 0.06 fg
57 5 3837.4 -690842.7 13.4 0.02 12.5 0.03 12.3 0.02 12.2 0.05
58 5 3838.0 -690730.0 15.8 null 14.8 null 14.2 0.20 11.9 0.06 e
59 5 3838.1 -690714.9 14.9 0.04 13.2 0.03 12.6 0.03 12.3 0.06
60 5 3838.5 -690629.9 13.9 0.10 12.9 null 12.0 null 11.2 0.09 Rubio98,e
61 5 3838.7 -690613.0 14.2 0.08 14.0 0.11 13.7 null 14.1 0.16
62 5 3838.8 -690649.3 12.7 0.02 12.4 null 12.3 0.02 12.1 0.06
63 5 3838.9 -690814.6 11.2 0.03 10.9 0.03 10.7 0.03 10.3 0.04 e
64 5 3839.1 -690621.2 11.7 null 11.8 0.07 11.5 0.05 11.2 0.05 e, fg
65 5 3839.3 -690552.1 14.0 0.10 13.7 0.12 13.0 0.07 11.7 0.05 Rubio118,e
66 5 3839.4 -690606.1 13.5 0.12 13.4 0.19 13.3 0.13 14.2 0.20
67 5 3839.7 -690538.8 15.8 0.29 14.9 0.11 13.3 0.05 09.7 0.04 e
68 5 3839.8 -690634.9 14.8 0.11 14.8 0.21 13.5 0.11 11.5 0.06 e
69 5 3840.2 -690933.1 14.7 0.04 13.9 0.05 13.6 0.05 13.7 0.16
70 5 3840.5 -690557.1 11.2 0.09 11.1 0.11 10.8 0.07 10.3 0.04 e
71 5 3840.8 -690602.9 11.5 null 11.3 null 11.7 0.14 10.5 0.04 e, fg
72 5 3840.9 -691008.8 13.5 0.02 12.7 0.02 12.5 0.02 12.5 0.10
73 5 3841.2 -690852.1 13.6 0.02 13.0 0.03 12.8 0.03 12.6 0.07
74 5 3841.2 -690258.2 13.8 0.04 13.7 0.06 13.6 0.06 13.0 0.08 e, fg
75 5 3841.3 -690843.4 16.3 0.14 15.4 0.14 14.7 0.14 13.6 0.17
76 5 3841.3 -690532.3 13.2 0.05 13.1 0.08 13.1 0.09 13.8 0.13 Parker150
77 5 3841.4 -690354.0 15.7 0.08 13.3 0.02 11.5 0.02 08.8 0.04 Brandner16a,e
78 5 3841.6 -690513.9 11.3 0.05 11.1 0.06 10.8 0.03 10.4 0.05 e
79 5 3842.1 -690555.3 11.9 0.18 11.9 0.22 11.6 0.13 11.5 0.07 fg
80 5 3842.2 -690804.2 13.8 0.02 13.0 0.02 12.9 0.02 13.0 0.09
81 5 3842.2 -690614.4 11.6 0.08 11.6 0.13 11.0 0.06 11.0 0.05
82 5 3842.2 -690832.3 13.6 0.04 13.3 0.06 13.1 0.04 12.8 0.07 e
83 5 3842.4 -690458.1 11.5 0.02 11.4 0.02 11.3 0.02 11.4 0.05 fg
84 5 3842.4 -690602.9 09.4 0.06 09.4 0.08 08.9 0.05 08.9 0.05 R136
85 5 3842.6 -690102.3 12.8 0.02 12.7 0.04 12.7 0.03 12.2 0.08 e, fg
86 5 3842.7 -690542.4 11.1 0.05 11.1 0.06 11.0 0.03 10.8 0.04 fg
87 5 3842.8 -690928.8 12.4 0.02 11.1 0.02 10.3 0.02 09.6 0.04
88 5 3843.2 -690614.8 12.4 0.09 12.5 0.13 12.1 0.08 12.0 0.07 e, fg
89 5 3844.0 -690659.4 14.0 0.13 13.7 0.17 13.0 0.13 11.8 0.06 e
90 5 3844.2 -690546.7 12.4 0.10 12.6 0.19 12.3 0.10 12.1 0.06 e, fg
91 5 3844.3 -690605.8 12.1 0.02 11.8 0.05 11.5 0.04 11.1 0.05 e
92 5 3845.0 -690806.7 13.3 0.03 13.1 0.05 12.9 0.05 12.4 0.06 e
93 5 3845.1 -690446.9 14.2 0.12 14.0 0.16 13.5 0.17 12.4 0.09 e
94 5 3845.1 -690508.5 12.9 0.14 12.7 0.17 11.7 0.10 10.2 0.07 Rubio101,e
95 5 3845.6 -690547.8 11.8 0.05 11.7 0.07 11.6 0.04 11.4 0.05 e, fg
96 5 3845.7 -690622.3 11.6 0.04 11.5 0.03 11.4 0.03 11.2 0.05 fg
97 5 3845.9 -690243.4 13.4 0.04 12.5 0.04 12.3 0.04 12.2 0.06
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Table6. continued.

id RA (J2000) Dec(J2000) mJ ¾J mH ¾H mK ¾K mL ¾L comments
(h m s) (d m s)

98 5 3846.1 -690520.4 14.2 0.13 14.4 0.16 13.2 0.12 11.2 0.05 Brandner11b,e
99 5 3846.1 -690455.2 15.4 0.35 14.5 0.36 13.8 0.24 11.2 0.09 e
100 5 3846.3 -690313.3 14.0 0.03 13.0 0.04 12.7 0.03 12.4 0.06
101 5 3846.8 -690505.3 13.0 null 13.7 0.24 12.3 0.10 10.2 0.04 e
102 5 3847.1 -690501.7 12.9 null 13.3 0.20 11.4 0.08 08.8 0.04 Rubio126,Brandner12d,e
103 5 3847.6 -690848.8 13.0 0.02 11.9 0.03 11.5 0.03 11.4 0.05
104 5 3848.1 -690411.6 15.2 0.17 13.1 null 12.0 null 10.2 0.05 e
105 5 3848.3 -690444.4 13.5 0.11 12.8 0.11 12.1 0.08 11.1 0.07 Rubio138,Brandner15b,e
106 5 3848.5 -690532.6 09.2 0.02 08.3 0.04 07.9 0.03 07.6 0.04
107 5 3848.7 -690138.6 12.9 0.02 11.4 0.02 10.4 0.02 09.3 0.04 e
108 5 3849.6 -690343.9 16.7 0.18 15.8 0.19 15.2 0.19 13.4 0.13 e
109 5 3849.8 -690642.8 12.5 0.05 12.4 0.09 12.1 0.07 11.2 0.07 e
110 5 3850.0 -690338.2 14.0 0.03 13.4 0.04 12.9 0.03 12.2 0.07 e
111 5 3850.6 -690200.2 13.8 0.03 12.8 0.03 12.6 0.03 12.4 0.07
112 5 3851.1 -690855.7 14.3 0.03 13.5 0.03 13.2 0.04 13.0 0.07
113 5 3851.2 -690641.0 11.5 0.03 10.6 0.03 10.3 0.02 10.1 0.04
114 5 3851.6 -690807.1 10.5 0.02 10.3 0.02 10.1 0.02 09.8 0.04 e
115 5 3852.6 -691124.4 12.4 0.02 11.3 0.02 11.0 0.02 10.6 0.05
116 5 3852.7 -690437.6 16.3 0.20 14.9 0.14 13.6 0.06 11.2 0.06 Rubio169,e
117 5 3852.9 -690321.2 15.6 0.08 14.3 0.07 13.8 0.07 13.6 0.13
118 5 3853.4 -690200.6 10.9 0.02 10.8 0.02 10.6 0.02 10.1 0.04 e, fg
119 5 3853.6 -690458.8 13.6 0.18 13.5 0.25 12.1 0.12 10.9 0.08 e
120 5 3853.7 -690527.2 14.0 0.14 13.3 0.12 12.7 0.10 12.0 0.07 e
121 5 3853.8 -690332.0 14.2 0.04 13.3 0.03 13.1 0.04 13.0 0.09
122 5 3853.9 -690931.3 15.6 0.09 14.9 0.11 14.1 0.08 11.7 0.05 e
123 5 3854.7 -690744.8 10.6 0.02 10.2 0.03 10.1 0.02 10.1 0.04
124 5 3854.8 -690649.7 13.6 0.02 12.7 0.02 12.5 0.02 12.6 0.06
125 5 3855.5 -690426.8 13.7 0.02 13.1 0.02 12.7 0.02 12.6 0.10
126 5 3856.2 -690841.3 14.0 0.05 12.6 null 12.3 null 12.4 0.06
127 5 3856.5 -690416.7 16.8 null 15.1 null 14.5 0.13 10.9 0.05 e
128 5 3857.1 -690605.4 11.2 0.02 11.1 0.03 10.9 0.02 10.6 0.04 e
129 5 3857.3 -690709.8 12.1 0.02 11.7 0.02 11.2 0.02 10.7 0.04 e
130 5 3857.7 -691039.7 13.6 0.03 12.5 0.03 12.1 0.03 11.4 0.07
131 5 3858.3 -690421.4 15.3 null 15.1 null 14.3 0.14 12.0 0.06 e
132 5 3859.0 -690244.5 14.1 0.03 13.4 0.03 13.3 0.04 12.9 0.08
133 5 3859.1 -690108.4 12.8 0.02 11.5 0.02 10.9 0.02 10.0 0.04
134 5 3859.2 -690508.9 13.5 null 13.2 null 13.4 0.17 12.3 0.08 e, fg
135 5 3900.5 -690841.3 13.7 0.03 13.4 0.04 13.3 0.04 12.7 0.08 e
136 5 3901.0 -690758.8 13.7 0.04 12.8 0.05 12.5 0.04 12.5 0.05
137 5 3901.9 -690234.1 14.6 0.04 13.4 0.04 12.9 0.03 12.4 0.07
138 5 3903.8 -690346.4 14.9 0.02 14.3 0.04 13.6 0.04 13.6 0.16
139 5 3904.8 -690409.8 12.3 0.03 12.2 0.04 12.1 0.04 11.7 0.06 e, fg
140 5 3905.3 -690416.0 15.5 0.11 15.7 0.22 15.1 0.20 13.3 0.15 e
141 5 3905.8 -690614.0 13.7 0.02 12.6 0.02 12.3 0.03 12.1 0.05
142 5 3907.2 -690152.7 11.7 0.02 10.7 0.02 10.4 0.02 10.2 0.04
143 5 3907.4 -690420.3 13.7 0.02 13.4 0.02 13.3 0.04 14.3 0.37
144 5 3911.3 -690201.3 12.1 0.02 11.9 0.02 11.6 0.02 11.0 0.05 e
145 5 3911.4 -690825.1 14.1 0.02 12.4 0.02 11.2 0.02 10.2 0.04
146 5 3912.5 -690408.8 13.2 0.02 12.8 0.03 12.7 0.03 12.6 0.07
147 5 3912.5 -690209.6 12.8 0.02 12.6 0.02 12.5 0.03 12.3 0.07
148 5 3914.3 -690525.1 15.1 0.04 14.2 0.05 13.7 0.05 13.6 0.14
149 5 3914.6 -690503.5 12.5 0.02 11.5 0.02 11.3 0.02 11.3 0.05
150 5 3916.3 -690528.7 14.0 0.03 13.0 0.03 12.7 0.04 12.5 0.07
151 5 3916.3 -690734.3 14.4 0.02 13.2 0.02 12.8 0.02 12.8 0.06
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Table6. continued.

id RA (J2000) Dec(J2000) mJ ¾J mH ¾H mK ¾K mL ¾L comments
(h m s) (d m s)

152 5 3918.1 -690516.4 14.2 0.04 13.4 0.04 13.3 0.05 13.1 0.10
153 5 3918.2 -690848.5 13.8 0.03 13.6 0.04 13.6 0.05 13.3 0.12 fg
154 5 3919.1 -690422.4 14.5 0.03 13.5 0.04 13.3 0.04 13.4 0.12
155 5 3919.8 -691010.9 13.1 0.02 12.0 0.02 11.4 0.02 10.9 0.05
156 5 3920.2 -690417.0 15.2 0.07 14.2 0.07 13.9 0.07 13.5 0.18
157 5 3920.2 -690626.3 12.0 0.02 11.9 0.02 11.8 0.03 11.7 0.05 fg
158 5 3925.8 -691135.9 09.0 0.02 08.4 0.05 08.3 0.02 08.2 0.04
159 5 3926.0 -690629.2 14.8 0.05 14.4 0.08 14.0 0.09 14.3 0.27
160 5 3928.2 -690550.6 11.4 0.02 10.7 0.03 10.6 0.02 10.6 0.04
161 5 3928.9 -690656.9 14.6 0.03 13.7 0.03 13.4 0.05 13.3 0.09
162 5 3929.3 -690518.6 15.1 0.07 14.3 0.05 14.0 0.08 13.7 0.15
163 5 3929.7 -690342.1 13.1 0.02 12.2 0.02 11.9 0.02 11.6 0.06
164 5 3932.0 -690440.8 13.1 0.02 12.0 0.03 11.6 0.02 11.2 0.05
165 5 3932.1 -690543.8 13.8 0.03 12.7 0.03 12.3 0.03 12.1 0.05
166 5 3932.9 -690340.7 14.4 0.03 13.3 0.03 13.0 0.04 12.6 0.07
167 5 3933.6 -690855.0 13.5 0.02 12.7 0.02 12.4 0.02 12.4 0.05
168 5 3934.4 -691044.8 13.8 0.02 12.8 0.03 12.5 0.02 12.1 0.08
169 5 3935.5 -690439.0 13.5 0.02 12.9 0.03 12.7 0.03 12.8 0.08
170 5 3935.8 -690408.0 13.6 0.02 12.5 0.03 12.1 0.02 11.9 0.05
171 5 3936.1 -690515.4 14.0 0.03 13.1 0.03 12.8 0.03 12.9 0.08
172 5 3936.5 -690848.8 13.5 0.02 12.7 0.02 12.5 0.02 12.7 0.07
173 5 3937.8 -690501.0 12.4 0.02 11.3 0.03 11.0 0.02 10.8 0.05
174 5 3937.9 -691146.3 10.9 0.02 10.3 0.04 10.1 0.06 09.8 0.05
175 5 3938.5 -690900.4 14.2 0.03 13.6 0.02 12.3 0.03 10.5 0.06 e
176 5 3939.4 -691152.1 09.9 0.03 08.8 0.04 08.5 0.04 08.1 0.06
177 5 3939.4 -691152.1 09.9 0.04 09.0 0.04 08.5 0.04 08.8 0.05
178 5 3939.9 -690636.4 13.0 0.02 12.1 0.02 11.8 0.02 11.5 0.05
179 5 3941.8 -691130.8 10.3 0.02 09.4 0.03 08.9 0.02 08.6 0.05
180 5 3943.6 -691039.7 13.4 0.02 12.5 0.03 12.3 0.02 12.1 0.07
181 5 3944.7 -690430.4 12.9 0.03 12.3 0.03 12.1 0.03 12.1 0.07
182 5 3945.5 -690937.1 14.0 0.03 13.0 0.03 12.6 0.03 12.3 0.06
183 5 3952.4 -690941.4 10.7 0.02 09.7 0.02 09.4 0.02 09.3 0.04
184 5 3955.7 -691028.9 13.2 0.02 12.1 0.02 11.7 0.02 11.8 0.10
185 5 3841.4 -690305.8 - - - - 15.1 0.29 14.9 0.49
186 5 3843.3 -690521.5 - - - - 14.9 0.30 14.1 0.19
187 5 3848.2 -690441.2 - - - - 12.7 0.12 11.1 0.07 Parker 1429,e
188 5 3848.9 -690445.1 - - - - 13.4 0.18 10.5 0.05 e
189 5 3850.5 -690502.0 - - - - 12.8 0.14 11.7 0.09 e
190 5 3854.3 -690437.6 - - - - 15.3 0.29 12.2 0.08 e
191 5 3935.1 -690628.8 - - - - 15.6 0.37 14.1 0.21
192 5 3815.3 -690654.0 - - - - - - 12.6 0.08 e
193 5 3833.1 -690611.5 - - - - - - 11.8 0.06 Brandner7a,e
194 5 3834.1 -690452.3 - - - - - - 10.5 0.04 e
195 5 3837.4 -690251.0 - - - - - - 13.2 0.11 e
196 5 3840.5 -690557.5 - - - - - - 12.0 0.06 e
197 5 3845.1 -690500.2 - - - - - - 11.3 0.08 Brandner13b,e
198 5 3845.3 -690441.9 - - - - - - 12.0 0.06 e
199 5 3847.1 -690440.1 - - - - - - 12.0 0.09 e
200 5 3848.8 -690440.4 - - - - - - 11.1 0.07 Brandner14b,e
201 5 3851.6 -690441.5 - - - - - - 12.8 0.12 e
202 5 3854.5 -690500.2 - - - - - - 10.9 0.09 e
203 5 3855.1 -690436.8 - - - - - - 13.3 0.14
204 5 3855.1 -690521.8 - - - - - - 12.6 0.08 e
205 5 3855.9 -690538.0 - - - - - - 11.5 0.06 e
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Table6. continued.

id RA (J2000) Dec(J2000) mJ ¾J mH ¾H mK ¾K mL ¾L comments
(h m s) (d m s)

206 5 3858.3 -690428.2 - - - - - - 12.0 0.12 e
207 5 3859.9 -690419.6 - - - - - - 12.5 0.12 e
208 5 3902.3 -690441.5 - - - - - - 13.4 0.14
209 5 3902.6 -690423.2 - - - - - - 12.8 0.09 e
210 5 3908.1 -690405.2 - - - - - - 13.1 0.10 e
211 5 3908.3 -690357.6 - - - - - - 13.4 0.16
212 5 3909.3 -690353.3 - - - - - - 13.3 0.17
213 5 3909.5 -690436.8 - - - - - - 13.4 0.13
214 5 3926.1 -691129.0 - - - - - - 13.5 0.32
215 5 3958.4 -690608.6 - - - - - - 12.6 0.18 e


