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Abstract. We present colour-colour and colour-magnitude diagrams for RCWN&C
3576) based on L-band data at g% taken with SPIREX (South Pole Infrared Explorer),
and 2MASS JHK data at 1.25-2.2m. A total of 251 sources were detected. More than
50% of the 209 sources included in the diagrams have an infraredsexides IR-excess

is interpreted as coming from circumstellar disks and hence gives therctlisk fraction.
Comparison with other JHI surveys, including results on 30 Doradus from a previous
paper, support a very high initial disk fraction80%) even for massive stars, although there
is an indication of a possible faster evolution of circumstellar disks aroigidrhass stars.
33 sources only found in the L-band indicate the presence of heavilgdaed, massive
Class | protostars. We also report the detection @ide PAHs emission throughout the

RCW 57 region.
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1. Introduction

1.1. IR-excess as a measure of circumstellar disks

This paper is the second of two papers using IR-excess inHKgLIplane (1.2 - 3.5um) to
measure the fraction of sources with circumstellar disksigh mass star forming regions. The
first paper concerned 30 Doradus in the LMC (Maercker & Bu2685, from now referred to
as Paper |). IR-excess can be detected using near infral@ar-@mlour diagrams by comparing
the position of sources relative to the reddening vectoestdinterstellar extinction. The excess
radiation above that of a blackbody can be explained by nsaafatircumstellar disks around a
young stellar object (eg. Lada & Adams 1992). Although thisess radiation can be detected
using JHK; data (1.2 - 2.2:um) alone, the nature of IR-excess is not always cl@araccount

of the difficulties of ground based observations at longer wavelengththe L-band (3.5um)
proves to be the ideal wavelength for detecting circumsteadr disks. JHK L observations
give a larger separation to the IR-excess sources in colowelour diagrams, whereas JHK;
observations tend to underestimate the fraction of stars wih IR-excess Kenyon & Hartmann
(1995) show the advantage of {K) as a measure of IR-excess by comparing the frequency
distributions in young stellar clusters for (HsKand (Ks-L). Whereas the (H-K) distribution
has one clear peak at (Hg)<0.2-0.4 and a long tail, the L) distribution has a clear second
peak at (k-L)~0.8-1.0 made up mostly of class Il sources with opticallgkhicircumstellar
disks.

1.2. RCW 57

This young massive star forming region, also known as NG®3&7ne of the brightest HIl re-
gions inthe infrared in our Galaxy. The kinematic distarscg.0+ 0.3 kpc, adopted from De Pree
et al. (1999). An asymmetrical structure in the region casdsn in the 21 cm map by Retallack
& Goss (1980), which extends to the northeast but has a sharpficin the southwest. The
spectral energy distributions of five objects detectedgiaiiOum map (Frogel & Persson 1974)
suggest that these are protostellar objects with silicasermtion features, therefore indicating
Class | objects (Persi et al. 1994). Near infrared photonistiPersi et al., together withan 8 - 13
um CVF spectrum of IRS 1 (IRAS 11097-6102 in the IRAS Point $euCatalogue), show that
the majority of stars¥ 70%) have an infrared excess in the JH#tane. 19 of these sources could
be matched with the present data, 15 of which we show can alstelsified as having an in-
frared excess in the JHK plane. The sources discussed by Persi et al. are confinkd tenhtral
region, confirming the youth of the cluster. Radio recomtiamalines were detected by McGee
& Gardner (1968), Wilson et al. (1970) and De Pree et al. (1.9B9e detection of maser sources
in CH3OH and HO (Caswell et al. 1995 and 1989 respectively) are indicatmiearly stages
of star formation in a dense circumstellar environment.réhgh investigations of the central

region have been undertaken by Figkdw et al. (2002) in the near-infrared (NIR), and Barbosa
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et al. (2003) in the mid-infrared (MIR). Nine of the MIR soeecmatch sources seen in the
L-band image presented here. In the NIR, JHidlour-colour and colour-magnitude diagrams
show sourcesfiected by excess emission, indicating the presence of caallar disks around
the less massive members of the cluster (Figderet al. 2002). Eight spectra of the brightest
sources show rising continua towards the IR. Three of thase h clear infrared excess. The
detection of CO bandheads (2.2%8%) in emission and absorption indicates the presence of
several sources still heavily embedded in their stellahblouds (Figuekdo et al. 2002, Barbosa
et al. 2003). Based on the radio data (Goss & Shaver 1970), BZWan be classified as a
Giant HII (GHII) region, with 16 x 10°° photonss™ in the UV (defining sources brighter than
10°° Lyman continuum photons per second as GHII regions (Fegileet al. 2002)). A possible
ionizing source has been found at the peak emission of ther8.fap (DePree et al. 1999),
the source being a cluster of stars that have broken out wfrthtal cocoons but remain hidden
behind dark clouds along the line of sight (Barbosa et al3200he radio peak emission (at

RA 11h11m51s, Dec -618457(J2000)) is also hidden behind clouds in the SPIREX image.
This is further confirmed by Walsh et al (2001), who find thekpefthe 8.64 GHz continuum
emission to lie at approximately the same position, behiodds in the N-band image (their Fig.
2). In their follow up survey, Barbosa et al. for the first timesolved IRS 1 into four sources
in the 10um band, approximately 1apart from each other (Nos. 48, 50, 60 and 60b in their
paper. Source numbers labelled in Table 7 with ‘No’ and a nremabe from Barbosa et al.). One
of these shows evidence for a UC HIl region and they conclhdéethe sources in the central
region of RCW 57 are in the UC HIl region phase. The positiodR$ 1 coincides with the
brightest L-band source in our study (#%.1, #88, Table 7) and is also found in the L-band by
Moneti (1992) with magnitude n+=4.05. Barbosa et al. also found a new MIR source, without a
counterpart in the NIR, which is possibly a hot core. In thetcd region a strong CO=2-1

line at 230 GHz was observed by White and Phillips (1983). Btecited H line emission may

also indicate the presence of gas outflows (Figderet al. 2002).

2. Observations

2.1. L-band data from SPIREX

The data at 3.5um was taken with the 60 cm South Pole InfraRed Explorer (SRIRE
(Hereld 1994; Burton et al. 2000) at the Amundsen-Scott IS®ale Station using the Abu
camera equipped with a 1024x1024 InSb array (Fowler et &I8JLh July and August 1999.
Observations were carried out using the L-band fi{ftRgra=3.514 um, A1=0.618um) and
had a field of view of 1Gand pixel scale 06 The image is a mosaic of a series of 3 minute
frames, each shifted by Y5rom each other, interleaved with seperate sky obsengtiand

comprises a total of 60 minutes of on-source integratiorduRgons were done automatically
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using the SPIREYAbu pipeliné. Unfortunately the data was not flux calibrated and seperate

observations were necessary to determine the calibrasodiscussed in Paper | (s2.4).

2.2. Narrow Band Filters from SPIREX

In addition to the L-band data, images were obtained thrahgge narrow band filters, centred
on the wavelengths of the,H/=1-0 Q-branch lines, a PAHs emission feature, and the hydroge
Br « line. The line centres of the filters were 2.42, 3.30 and 406 respectively, and their
widths 0.034, 0.074 and 0.054n. For the H and PAHs filters the data were self-calibrated
using interpolated values for magnitudes of the sourced JR8rsi 43 and Persi 106 (stars 88,
74 and 124, respectively in Table 7) from those we determinetthis Table for the K and

L bands. For the B filter, we self-calibrated based on a flux for IRS1 of 16 Jy @ingd as
measured by McGregor et al. (1984).

2.3. JHKs-band data from 2MASS

The L-band observations were complemented with Jid&ta from the 2MASS point source
catalogue (PSC) (Cutri et al. 2003) and atlas imag&he 2MASS telescopes (Kleinmann et
al. 1994) scanned the sky in both hemispheres in three nfgared filters (J, H and K 1.25,
1.65 and 2.2«m respectively) with limiting magnitudes of;=15.8,my=15.1 andng=14.3. The
L-band data was first matched with sources in the PSC. Phatpmvas also performed on the
Ks-band atlas images to derive the magnitudes for any soune¢sduld not be matched with
those in the PSC.

2.4. Calibration data from CASPIR

Since the SPIREX L-band image was not flux calibrated, anfufitiobservations were carried out
using the Australian National University (ANU) 2.3 m telepe at Siding Spring Observatory,
equipped with CASPIR (Cryogenic Array Spectromgteager)(McGregor 1994). The obser-
vations were carried out in early April 2004 together witle talibration observations for 30
Doradus (Paper I). A narrow band filtelcfwra = 3.592 um, Ad = 0.078 um) was used to
avoid saturation due to sky brightness, in contrast to tbadwer band it was possible to use with
SPIREX because of the lower sky background at the South Phiestandard star used to cal-
ibrate the images is listed in Table 1 and the stars in the BRIiRage used to determine the
zero-point correction are listed in Table 2. The individeaibr for the calibrated stars 1€.05
mags which leads to a weighted error in the zero-point cimeof ~0.03 mags and is included

in all subsequent error calculations.

1 httpy/pipe.cis.rit.edu
2 Available at http/www.ipac.caltech.edapplication®2MASSIM/
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Table 1. Standard star used to calibrate the CASPIR images (McGregor 1994).

name RA (J2000) DEC(J2000) m
(hms) (dms) Mag
BS4638 121139.1 -52 22 06 4,501

Table 2. Stars in RCW 57 used for calibration. Bright, isolated stars were chosentfre SPIREX image
and used to calibrate the remaining stars in the image. Their L-band magmitdle determined from the

standard star, and have an average errat0dd5 mags.

id RA(J2000) DEC(J2000) m
(hms) (dms) Mag
8 1111 10.6 -611745.2 7.4
19 111119.7 -611526.0 7.2
173 1112254 -611511.6 7.6
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Fig. 1. SPIREX L-band (3.5tm) image of RCW 57. Total on-source integration of 60 minuté&octive

resolution 2.8; pixel scale 0.8; 90% completeness limit at 11.2 mag; faintest star detected 13.5 mag.

3. Results
3.1. Photometry

The L-band image of RCW 57 from SPIREX is shown in Figure 1 ame@largement of the
central region overlaid with contour lines showing the Hebity is shown in Figure 2. The
same steps to obtaining the photometry were undertakensasilaled for 30 Doradus in Paper
I, including fitting coordinates using théarma packagé, runningl RAF/daophot to get the pho-
tometry and adding 400 artificial stars usemyistar to estimate the errors. This last step resulted
in a 90% completeness limit of 11.2 mag in the L-bahke individual errors for the L-band

magnitudes were given byl RAF/daophot.Matching sources not in the 2MASS PSC catalogue

3 httpy/www.atnf.csiro.atkarma
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Fig. 2. Enlargement of the central region of RCW 57 at L-band (8r§ with contours showing the nebu-
losity. Contour levels are 0.03, 0.2, 0.4, 0.7, 1.0, 1.7, 2.3, 330a8d 20 mJsarcseé.
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Fig. 3. HKL (Blue=H, Greer-Ks, Red=L) composite colour image of RCW 57 created using 2MASS and
SPIREX images. Regions bright in the L-band (3§ can be seen in red or orange, indicating the presence

of young stellar objects. Prominent dust lanes are also apparent.

with photometry performed on the 2MASSH¥and atlas images resulted in an additional 17

matches.

The mosaiced SPIREX imagefBered from irregular distortionsr( the upper most left
part of the image a recognizable patterns of 3 stars was"®ff). These were however small
over the largest part of the image, and the L-band data could arefully be matched with
the PSC and Ks-band imagesby marking the sources in the images and then selecting estch
‘by hand’, taking local distortions into account. Table &dithe statistics for detections in the

various bands including the statistics when aplying the @0%pleteness limit.
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Fig. 4. Contour map of the emission measured through th®Hbranch 2.42m narrow band filter, overlaid
on the 2MASS image of the &band emission from the central of RCW 57. Contours levels are at 3.8, 1
2.2,2.9,4.3,7.2and 1810 Jy arcse?®.
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Fig. 5. Contour map of the emission measured through the PAHs8rgarrow band filter, overlaid on the
L-band image of RCW 57. Contours levels are at 2.2, 3.9, 5.7, 10ardL02 Jy arcsec® for continuum,

or equivalently 4.4, 8.0, 12, 20 and 8810'7 W m~2 arcsec? if it is line emission.

3.2. Sensitivity

The detection threshold was taken to be three times theatadeviationr 4y of a typical region

of sky near each source. This resulted in a limit@R mag at L-band, corresponding to the 84%
completeness limit. The faintest source detected has aitadgrofm_=13.5 (69% completeness
limit). However, only sources above the 90% completenesis itm =11.2 mag are included in

the determination of the IR-excess fractigni(2).
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Fig. 6. Contour maps of the emission measured through the 805:m narrow band filter, overlaid on the
L band image of the central region of RCW 57. Contour levels are att®26.5, 9.8, 16, 23 and 641072
Jy arcse?®.

3.3. Foreground contamination

Unfortunately ¢f-source comparison images were not available for the SPIREX We there-
fore estimated the contamination by foreground stars ugiegJ-Ks) colours of the stars, to
determine a limiting (J-K) colour due to interstellar reddening. Assuming that sesitbat are
part of RCW 57 are additionally reddened, excluding all seamluer than the (J-JXlimit gives

a first order estimation of the number of foreground staigué&iedo et al. (2002) use the star HD
97499 to determine the interstellar component of the reiddeto RCW 57. This results in an
extinction parameter of\x=0.43 which in turn gives a limiting (J-§ colour of 0.7. This limit
corresponds also to a gap in the J vs g)-tlagram for RCW 57, indicating main sequence stars
between the source and Earth on the blue side of the gap asthtisebelonging to RCW 57 or
further away on the right side of the 0.7 (JKcolour limit. Applying this limit to the sources
detected in RCW57 results in 17 potential foreground starth€3e, 3 have moderate IR-excess
((Ks-L)<2) and 7 have larger excess (£K)~3-5). The extreme red colours in potential fore-
ground stars is suprising. However, a closer inspectioh®- and L-band images shows that
the 2MASS sources possibly are foreground objects clodeetpadsition of embedded stgien

the sky), and therefore result in large () colours. In two cases (# 33 and #43), the J-band
magnitude is only the 95% upper confidence limit (the unagstan the magnitude is given as
‘null’ in the PSC, indicating that the source either was netiedted in J-band or is inconsistently
deblended), resulting in an uncertain (JrKolour. Excluding these potential foreground stars
decreases the disk fraction from 55% to 54% ($8&€3). Likely foreground stars are indicated in

Table 7 and are marked with boxes in Figs. 7 to 9.
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3.4. Narrow Band Filters

The three narrow band images are shown in Figs. 4, 5 and 6l thrak images the contours
showing the emission through the line filters are similahtrearby continuum images they are
overlaid on. Indeed, there is no clear evidence for line simisin either the K or Br « images,
although this does not preclude their presence.

Oliva & Moorwood (1986) report a detection of 2610712 erg cn? s7* through a 30 beam
centred on RCW 57 for the HQ-branch emission, with the flux falling to approximatelyeon
tenth that value a beam away. Their measurements were theo@yF of similar spectral res-
olution to the narrow band filter we employed, with the lineénigeapproximately 10% of the
continuum. This would not be apparent in our image withoutftd continuum subtraction from
the narrow band image. Whilestémission is indeed likely present in RCW 57, all we can con-
clude is that it is not distinguishable from the continuunaimarrow band filter image. There are
no extended regions of bright pure khe emission evident.

Similarly, we cannot distinguish any Bremission from the continuum at:#h in a narrow
band filter, although again this line is most likely preséfiborwood & Salinari (1983) report
a detection of Brx 10”S of IRS1, but at a level that is about 10% of the continuum| lexee
measure. They also report a detection oByn IRS1 itself, though at a level inconsistent with
an upper limit of McGregor et al. (1984). In either case, el would not be distinguishable
from the strong continuum from IRS1 in a narrow band filter.

We can, however, report a clear detection of PAHs emissamm RCW 57. While the diuse
emission in the PAHs and L band images are similar in morghplwith extended emission
around IRS1 and a filament extending from it to the NE, the re@hiof the difuse emission to
the stellar sources is clearer through the PAHs filter thewuih the L band filter. A quantitative
comparison suggests that typically about one third of tifesk flux measured in the L band filter
must come from the PAHSs feature at @m3. It is likely that scattered continuum dominates the
remaining dffuse emission at L band, although we cannot demonstratertmtthe data here.
The PAHs emission is presumably fluorescently excited byah&lV photons also generated by
the ionizing source(s) which excites the HIl region. As carsben in our Figure 5, typical fluxes

for the 3.3:im PAHs emission are around 26 W m=2 arcsec? in the nebulosity.

4. Analysis
4.1. Colour-colour and colour-magnitude diagrams

Figs. 7 to 9 show the colour-colour and colour-magnitudg@ims. Fig. 7 shows the (J-H) colour
vs. (Ks-L) colour, Fig. 8 the (J-H) vs. (H-K colours and Fig. 9 the L-band magnitude vss{K
colour. The diagrams were created using the JH#ta from 2MASS and the L-band data from
the SPIREX image. Only sources above the 90% completermmagsalere included. The main
sequence (thick solid line) for spectral types 06-8 to M5 Hralgiant branch (thin solid line)

for spectral types KO to M5 are plotted in each diagram. Thygieaces were plotted using their
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Table 3.Number of detections in theftierent bands. The first column gives the total number of detections in
the SPIREX image. The second column gives the number of stars thidtlm® matched with the 2MASS
PSC. Column three lists the number of stars additionally matched by comparfshe K- and L-band
images. The last column lists the number of stars only found in the SPIRBXnd image. The second
row lists the respective numbers for stars brighter than the 90% comgdstémit. Using the (J-K colour

limit determined in§ 3.3 suggests 17 of the stars detected at JJHi¢e likely foreground stars.

Total JHKL KsL L
all stars 251 201 17 33
my <11.2 (90% limit) 209 168 8 33

intrinsic colours (Koorneef 1983) and their absolute visnagnitudes (Allen 1973). Reddening
vectors up to an extinction ¢k,=30 mags are plotted as dashed lines, assuming an extinction
law oc 77, The distance modulus used was 12.4 magnitudes, correisgandhe distance of 3

kpc to RCW 57The crosses in the lower right corners indicate the mean erns for the stars

in each figure.

4.2. Fraction of reddened sources

The fraction of reddened sources was determined takingnttieidual errors for each star into
account. Stars which lie at least Error to the right and below the reddening band are counted as
having an IR-excess and are marked with the star symbolxtiess stars in the JHK plane are
marked with the same symbol in Figs. 8 and 9 as well. In Figuste®s that are additionally only
detected in K and L (diamond shaped symbols) are included. Stars onlgtetén the L-band
can be included by providing a lower limit for the ¢K) colour using the 2MASS sensitivity
limit at K¢ (14.3 mag). These are indicated as circles and lie to thé¢ oigiheir positions in the
colour-magnitude diagram. By comparing the location of stes in Fig. 9 to the location of
already identified IR-excess sources (star shaped symiiakspossible to also estimate which
of the stars seen only atskand L also have an IR-excess. Of the 8 stars that lie above the
90% completeness limit, 6 occupy this region and so are eouas having an IR-excess. The
33 stars only detected in the L-band also lie in the regiorupier by the IR-excess stars and
therefore all of these are counted as having an IR-excessstéltistics are listed in Table 4. The
uncertainty in the number of stars with IR-excess is deteechiby counting the number of IR-
excess sources when assumingradistance to the reddening band. The variation in this number
gives an estimate of the uncertainty in IR-excess sourd@s.procedure excludes four sources
from the JHKL data set. The sources only detected aad L, and only at L, are nofi@cted

by this consideration. Thus, the determined fraction oEkgess sources is 883%. The JHK
data alone (Fig. 8), would yield only 25 IR-excess sourcempmared to 75 excess sources in
the JHK.L diagram. This would lead to a considerable underestimaticthe CDF. Our JHK
diagram looks similar to the one presented by Figderet al. (2002) (their Fig. 4). The majority
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of sources lie along the reddening vector, with severalasudisplaying clear IR-excess at (H-
Ks)>1.5. Previous determinations of the fraction of sourceb iRtexcess in JHKcolour-colour
diagrams (Persi et al. 1994), show that0% of the sources have significant IR-excess. This is
much higher than the fraction of excess sources determiessl Hlowever, the region covered
in Persi et al. is only 340340 square arc seconds, compared to a radiusAdD arc seconds
for the region covered in this paper. If an area equal to th®nein Persi et al.£3' in radius)

is considered, the fraction of IR-excess sources incre@s@9+2% (Table 5 and 5.3). The
determination of sources not part of RCW 57 is only a first oegimate § 3.3). In particular,
the estimate is a lower limit on the CDF since it may not exelall potential background stars.
Contamination from background stars is likely to be moraificant in the outer regions of the

image where these are not hidden behind the molecular choudsulting in a lower CDF.

4.3. Luminosity Function

Figs. 10 and 11 show the luminosity function for all sourceRCW 57, and IR-excess sources,
respectively. Vertical lines indicate the 90% completenasit. Both diagrams cover the range
fromm_ =7.5-13.5 and peak at_ ~10. The distribution is somewhat higher and narrower when
only taking IR-excess sources into account (Fig. 11). Caingahe L-band luminosity function
with the L-band magnitudes of main sequence stars, theatiagcover the range from spectral
types A3 to O5 and peak at early type B stars. Using the spegp@s, it is possible to make
crude estimates of the stellar masses. For early type Btbarsasses lie at approximately 7-17
Mo (Allen 1973). Both diagrams span a mass range60 Mg, confirming that RCW 57 is

a high mass star forming region. However, the IR-excess thsigverely bias the determination
of spectral types towards earlier type stars and higher esassd so the results here can only
be taken as indicative. There is a possible turnover at thé @@nfidence limit in the L-band
luminosity function (Fig. 10). A turnover is however not see the Ks-band luminosity function
(KLF) (Figuergdo et al. 2002) and an IMF derived from the KLF gives a slopE ef —1.62,
which is consistent with the Salpeter value (Salpeter 196% KLF derived in Figuédo et al.
included correction for non-cluster members, interstetadening, excess emission and photo-
metric completeness. The resulting cluster mass intedyfeden their derived IMF, is Muger =
5.4x 10°Mg (Figuedo et al. 2002). This is an upper limit, as their IMF is likedybe overesti-
mated due to excess emission. The IMF derived from the L-haméhosity function in Fig. 10
has a slope df = —1.42. The integrated cluster mass for stars above the 90% etemglss limit

is ~10*Mg (using Mower=5.8 Mg and Mipper =100 Mp). However, the cluster mass is domi-
nated by contribution from stars below the completeness, land so is highly sensitive to the

derived value for the slope of the IMF.



1Please give a shorter version wituthorrunning andor \titilerunning prior to \maketitle

T T T — T

I F)

Fig. 7. JHKL colour-colour diagram for RCW 57. The thick solid line shows the positich@unreddened
main sequence for spectral types O6-8 to M5. The thin solid line abowessthe giant branch for spectral
types KO to M5 and extends from (J-H).5, (Ks-L)=0.07 to (J-H¥0.9 to (Ks-L)=0.19. The dashed lines
show the reddening vector up A& = 30 assuming an extinction lawA~17. Star shaped symbols are stars
identified as having an IR-exce$s4.2). Sources in squares are have (J<0.7 (se& 3.3). The cross in the
lower right of the diagram indicates the mean errors for all stars. 2@9|&eabove the 90% completeness
limit and 75 of these lie outside the reddening band and are thereforiglemetsto have IR-excess (Table 3

and 4).
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Fig. 8. JHK; colour-colour diagram for RCW 57. The same symbols as in Figure Tised. The giant
branch extends from (H-§=0.13 to 0.31 with the same values for (J-H) as in the previous figiire.
cross in the lower right corner indicates the mean error for all stars. The diagram shows the same
sources as in the JHK diagram using only the JHKband data. Here the stars are clearly less separated
than sources with IR-excess compared to using the L-band data. Iriagisush only 25 sources would be
classified as having IR-excess, comapred to 75 in Figure 7, leadingundanestimate of the cluster disk

fraction.
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Fig. 9. Infrared L vs (K-L) colour-magnitude diagram for RCW 57. The thick solid line shows thenma
sequence for spectral types B5 and earlier, the thin solid line the giamttbfar the same spectral types
as in the other diagrams. The dashed line shows the reddening vectoAyg30. Star shaped symbols
are the same IR-excess sources as in Figure 7. Diamond shapedlswamgstars only detected inand
L-band and circles show the lower {K) limit for stars only detected in L-band @.2). Squares indicate
possible foreground stars with (J)0.7;§ 3.3.The cross in the lower right corner indicates the mean
error for all stars. 6 of the 8 stars detected insk&nd L occupy the same region as the stars with IR-excess
from Figure 7. All 33 stars detected only in L-band are also in the regibas@ stars are also classified as

IR-excess sources and are counted towards the total disk fractible @a
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Fig. 10. L band luminosity function of all stars detected at L-band in the SPIREX @r&gRCW 57.
Stars are detected down tq m13.5, corresponding to unreddened A5 stars at the distance of RCW 57
The upper limit is m ~4. O5 type and earlier stars correspond to an L-band magnitydefb. The
distribution peaks at m~10 indicating early type B stars. Based on the spectral types the massisang

from 2-60 My and peaks at 7-17 M. The vertical line shows the 90% completeness limit.
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Table 4. Number of stars found with IR-excess and the reddening fraction.déusrin the JHKL, K<L and

L columns are the number of stars with IR-excess found in the respdrivds. These are listed assuming
1o and 2r distances from the reddening band. Column 5 gives the total numbeuafes with IR-excess
at 1o- and 2r. Column 6 gives the cluster disk fraction. Excluding possible foregtmtars decreases the
CDF to~ 54%. Only sources that are brighter than the 90% completeness limitr{ledgan L-band) are

including in calculating the fraction of IR-excess sources.

distance JHKL KL L total frac
1o 75 6 33 114 5%05
20 71 6 33 110 53%05

% of sources with IR-excess

Fig. 11. The percentage of all sources with an IR-excess within each magnitigteaih The width of the
distribution is narrower than in Figure 10, but covers the same rangpectral types and masses. The

vertical line shows the 90% completeness limit.

5. Discussion

5.1. IR-excess as an indicator of circumstellar disks

The location of stars in the JHK diagram (Fig. 7) shows that 562% of the sources lie out-
side of the reddening vector defined by interstellar eximctThese sources have an IR-excess,
displaying more emission than simply a reddened stellatgsphiere. As discussed §1, the
position of these stars in the colour-colour diagram candpéaeed by models of circumstellar
disks around classical T Tauri stars and AeBe stars, depguti the characteristics of the disk
(e.g. whether these have central holes, varying inclinaimles etc) (Lada & Adams 1992). The
IR-excess stars here are therefore interpreted as stdrgwdumstellar disks, with the fraction
of IR-excess stars taken to be equal to the cluster diskidra¢CDF). The presence of disks is
also supported by the presence of the CQu2ibandhead emission or absorption, found in four
objects in RCW 57 (Figuédo et al. 2002). The preferred model for such molecular goris

is that it arises from the inner portions of disks (Barbosale?2003). Such an identification has
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Table 5. Cluster Disk Fraction as a function of angular distance from the centr&€®¥ B7 (central coor-
dinates are RA 11h11m53.41s, Dec>$6822.5’) based on the fraction of stars with an IR excess within

each radius.

radius CDF

(arcmin) %

<1 95+1
<2 90+1
<3 79+2
<4 732
<5 66+1
<6 62+2
<7 58+2
>7 556+2

been made, for example, for CO bandhead emission seen irgbsiva star formation region of
M17, where optical spectra of some of the stars also indit&tg@resence of circumstellar disks

(Hanson et al. 1997; Barbosa et al. 2003).

5.2. Spatial Distribution of IR-excess sources

The spatial distribution of IR-excess stars can be seengar€il2. Squares represent sources
detected in all four bands, plus signs sources only foundsiarkd L-band and crosses indicate
the positions of sources only found in L-band. Sources vttekcess are mainly located in the
central cluster and follow the nebulous arcs outside thstetuStars found in all four bands
dominate the cluster, while stars only found in L-band praith@antely lie in the nebulous arcs
away from the centre. However, four of the six reddest sfarmlthe central cluster (labelled
#220, #227, #229 and #230 in Fig. 12)%.4). Table 5 shows how the CDF varies at increasing
radii from the centre, and Table 6 shows how the CDF and seideosity of all detected stars
and IR-excess stars varies in regions at increasing distainom the centre. There is a slight
increase in disk fraction and density at a distance’et 3vhich coincides with the nebulous
arcs to the northeast and east of the central cluster. FEdaest al. (2002) find a gradient in the
spatial distribution ofnear IR (H-K) colour indices towards the southwest. They suggest that
this indicates a progression of star formation from thehreast to the southwest. Fig. 12 however
shows IR-excess sources throughout the source, favomdasimation without any particular

preferred gradient.

5.3. The Cluster Disk Fraction

The cluster disk fraction determined here, based on thaicalolour and colour-magnitude di-

agrams (Figs. 7 to 9) for the entire region of the image;54% when excluding potential fore-
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Table 6. Variation of the cluster disk fraction and the surface density of sourcasrimli at increasing

angular distance from the centre (same central coordinates as in Jableedisk fraction decreases with
increasing angular distance, though rises slightly however at a disthBeé arcmin. The surface density
of all stars and IR-excess stars behaves similarly. The slight incceasgdes with the nebulous arcs to the

northeast and east of the cluster seen in Figure 12, where many afutrees only detected in L-band lie.

Errors in the values for the surface density a6sl sources per arcmin

distance fraction no. stars no. IR-excess sources
(arcmin) % (per arcmif) (per arcmir)
0-1 95+ 1 7 6.7
1-2 82+1 1.8 1.5
2-3 59+ 5 1.4 0.8
3-4 64+ 3 1.6 1.0
4-5 50+ 2 1.6 0.8
5-6 45+ 7 0.8 0.4
6-7 27+ 5 0.5 0.1
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Fig. 12. Spatial distribution of IR-excess sources in RCW 57. Squares maskwithr an IR-excess found
in the JHK,L-bands, plus signs mark stars with an IR-excess found only in thebidnds and crosses mark
stars with an IR-excess only found in L-band (there is nféedénce between whjtdack symbols, with
the colour chosen in the nebulous regions for clarity). The stars with labekhe six reddest sources with

(Ks-L)>5 and are only seen in L-band.

ground stars (Table 4). However, as discussed earlier ghpsabably a lower limit due to the
contamination of background sources in the outer regiotseoimage. The CDF together with
the ages of the cluster, the CDF can give information abauetiolution and lifetime of circum-
stellar disks. In particular, since RCW 57 is a region of rivesstar formation (se¢ 1.2 and

§ 4.3), it is possible to gain valuable information about tbmfation of massive stars and their
circumstellar disks. Unfortunately, the age of RCW 57 is wetl known. However, there are
several indicators for recent and ongoing star formatioohsas CO 2.3m bandhead emission

and absorption, the detection of @BH and HO maser sources and the clustering of IR-excess
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sources in the central regiof {.2 and§ 5.2). Within a radius of4’ of the centre of the cluster,
the fraction of sources with an IR-excess-i83% (Table 5). This high IR-excess fraction, inter-
preted as the cluster disk fraction (CDE)H.1), suggests that the region is young. These signs of
early stages of star formation, combined with the fast ei@itimescales for massive pre-main
sequence stars (on the order of 10 1P years), indicates an upper limit for the age of RCW 57

of ~1-2 Myr, and an age spread within this limit.

In Fig. 13, the resulting CDF and age of RCW 57 are comparedtiiee JHKL surveys
of clusters in the Galaxy (Haisch et al. 2001) and the re$ait80 Doradus from Paper |. For
the purpose of comparison we have assumed an age for RCW 53xdf Myrs. The data from
Haisch et al. was determined in a similar way to this papergudHKL colour-colour diagrams.
The ages for the Trapezium, IC 348, NGC 2264 and NGC 2024 weterrdined using pre-
main-sequence (PMS) tracks, the ages for NGC 2362 and NGQ W@86e determined using
post-main-sequence isochrone fitting in HR-diagrams (¢heés al. 2001). The systemetic error
in the upper right corner of Fig. 13 gives their estimate efakerall systematic error introduced
in using diferent PMS tracks. The clusters included cover a range ofesassl ages (0.3 Myr to
30 Myr). The error in the CDF for RCW 57 is12% and includes the error due to the uncertainty
in the number of IR-excess sourca2fo). It also allows for the uncertainty in determining the
number of foreground stars. The position of RCW 57 in Fig. i£3 below the least-squares
straight line fit to the data of Haisch et al.. However, thisifon on the diagram is clearly
uncertain. The CDF determined includes data covering thieeeBPIREX image, although the
outer regions might be biased towards stars not belongiR{2y 57. If we only take the inner
5-6’into account (cf. the region considered by Persi et al. 1984 increases the CDF to 60-
65%. In the central arcmin the disk fraction is even high€@5%. Considering the additional
uncertainty in the age, our data is consistent with the ptiedis of Haisch et al. for the relation
between disk fraction and age. Certainly, the disk fracisomuch higher than that determined
for the oldest cluster NGC 2362. However, as with 30 Doradapé€r 1), our best estimates of
the disk fraction as a function of age lie below the relatietedmined by Haisch et al. Both 30
Doradus and RCW 57 are high mass star formation regions,entherevolution timescales for
the most massive members is expected to be less tfayrd. Nevertheless, if the CDF had been
determined from the JHKdata alone, the result would have appeared to fall significtelow
that of the Haisch et al. data. In RCW 57, it is possible thatdkternal photoevaporation of
circumstellar disks decreases the CDF. Lifetimes for pévdporated disks may then be of order
of 0.1 Myr (cf. Hollenbach et al. 1994). If this is true for RCSV, the initial disk fraction would
be higher than determined here from the JHidata. Extrapolating the best fit suggests that the

age for circumstellar disks is no more thaé Myr.
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Fig. 13. Cluster disk fraction (CDF) for 7 clusters by Haisch et al. (2001) and8tadus (Paper I) vs
their mean ages. The CDFs were determined usingsllHidta as described in the text%.3) and Paper .
The location of RCW 57 is indicated by a circle with error bars indicating themainty in age and disk

fraction. The dot-dashed line is the best fit determined by Haisch et0dl1]2

5.4. The Cluster Core

Several very red sources ({{()>4.5) lie in the central region (& 1’) and in the bright arc to
the southeast of the central cluster (Fig. 12). The six reiddeurces ((K-L)>5) in our data
were only detected in the L-band, with their colours therefanly being lower limits. These are
labelled in Fig. 12. Four of these lie in the central clustese to the position of IRS 1 (#220,
#227, #229 and #230). The remaining two lie in the bright arthe southeast (#232 and #235).
While we cannot classify these sources based on a single reeaesot, Barbosa et al. (2003)
examined the cluster core in the mid-IR, determining spéatdices for 3 sources. Comparing
these to indices for low mass protostars, they find two (N8s58) that would be classified as
Class | objects (two of the four sources in IRS 1 that werelvesidoy Barbosa et al., s€el.2).
Silicate absorption features in the spectra of the five dbjeeen at 1@ by Frogel & Persson
(1974) in the inner 1.4 square arc minutes, also indicataslprotostellar objects. Barbosa et
al. (2003) overlay a K-band image of the cluster core withréftBo continuum map by DePree et
al. (1999). None of their sources can be associated withettie peak emission and they suggest
that the ionizing source lies hidden behind dark clouds @lite of sight. The position of the
radio peak emission is confirmed by Walsh et al. (2001). Ak e results from Barbosa et al.,
none of our L-band sources can be connected with the raditincom peak, which coincides
with the dark lane just south of the bright cluster core (RAIIIm51s, Dec -61.8 457 (J2000)).
The sources we see only at L-band are likely to be massives Cla®tostars with circumstellar

disks, still heavily embedded in their dust shells (Ladale2@00). The fact that they are not
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detected at shorter wavelengths, and occupy the same negiba colour-magnitude diagram
as the IR-excess stars, gives further support to this stigget addition, 22 sources only seen
in the L-band are found in the nebulous arcs further away fileencluster core (see Fig. 12).
This indicates the possible presence of massive protastdhgse regions as well, suggesting

that massive star formation is not just confined to the ckaluater.

6. Conclusions

As the second of two papers on IR-excess in massive starrigrngigions measured by the
SPIREX telescope at the South Pole, L-band photometry fergiant HIl region RCW 57
has been presented. The L-band photometry from SPIREX wabioed with JHK data from
2MASS to determine the fraction of sources with IR-exces¥HKsL colour-colour and colour
magnitude diagrams. As for 30 Doradus, it is apparent tleadHiKs data alone would consider-
ably underestimate the fraction of IR-excess sources, avith 25 sources classified as having
an IR-excess. Using the JHK data, 75 are counted towards the total fraction of starh it
IR-excess in the JHK diagram. More than 50% of detected L-band sources have @x¢Bss.
This is, however, likely to still be a lower estimate, sinoesground contamination has not fully
been taken into account. Limiting the analysis to the ino@rof the source, the disk fraction
increases t6-65%. The results were compared to earlier surveys (Haisah 2001) of clusters
of varying ages and masses in the Galéages between 0.3 Myr for NGC 2024 to 4.5 Myr for
NGC 2362; masses down to 0.13 ¥ for NGC 2024). Although the CDF for RCW 57 lies at
the lower end of what is predicted by Haisch et al., it is stilhsistent with their data, confirm-
ing a very high initial disk fraction¥80%) and a lifetime ok6 Myr. However, our results for
both RCW 57 and 30 Doradus (Paper I) suggest a faster ewolotioircumstellar disks around
high mass stars, since the disk fractions appear to be Iglitfiwter. This could be caused by
photoevaporation of the disks due to the intense radiatwir@ment generated by high mass

stars.
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Table 7. (The complete table (251 rows) is only available in electronic form at the)CR&gnitudes for

all sources (including foreground sources and sources below Hec@bnpleteness limit) in RCW 57.
Stars with measurements in all four bands are listed first. Then stars wétbunggnents in Kand L only,

and finally stars just detected in L-band. Column 1 gives the source idn®s 2 and 3 the RA and
Dec respectively in J2000. The coordinates for sources found in@llfands are from the 2MASS point
source catalogue (PSC), positions for the remaining stars are detdrhyimeference to 2MASS images.
Columns 4, 6, 8 and 10 give the Jkgiand L-band magnitudes respectively. Columns 5, 7, 9 and 11 give
the photometric errors. For sources detected in all bands, the dtdi§nitudes and errors are taken from
the 2MASS PSC. A ‘null’ as error indicates a 95% confidence upper limitffe 2MASS magnitude in
the PSC. The L-band errors are combined from the errors in da@pidothe errors due to the zero point
correction. Sources only detected in the Knd L-bands have magnitudes determined from this work. For
sources not detected at J, H og e upper limits on these magnitudes are 15.8, 15.1 and 14.3 respective
Stars with an IR-excess are marked with an ‘e’ in Col. 12 (commentsgly fioreground stars are marked
with ‘fg’. Stars that match sources in Persi et al. (1994) are markédRersi’ together with the id assigned

in their paper. Stars that match the MIR sources in Barbosa et al. (2003)arked with ‘No’ and the id

used in their paper.

id RA (J2000) Dec (J2000) m; o My OH mk oK my oL comments
(hm's) (dms)

1 111050.0 -611820.2 09.8 0.02 089 0.03 086 0.02 083 0.06

2 111056.8 -611708.6 09.7 0.02 089 0.05 085 0.02 085 0.04

3 111059.1 -611758.3 12,6 0.02 107 0.02 099 0.02 09.3 0.07

4 1110599 -611839.8 151 0.06 146 0.12 143 0.08 09.7 0.04 e

5 1111052 -611532.8 104 0.02 09.7 0.02 09.4 0.02 09.4 0.06

6 111106.0 -611505.3 115 0.02 106 0.02 103 0.02 10.0 0.12

7 1111096 -611536.1 11.0 0.02 10.3 0.02 10.0 0.02 10.2 0.05

8 1111106 -6117452 082 0.02 078 0.05 076 0.02 07.5 0.03 g f

9 1111124 -6115204 11.4 0.02 108 0.02 10.7 0.02 11.4 0.04

10 1111124 -6119089 121 0.02 104 0.02 09.7 0.02 10.1 0.05

11 1111127 -6117049 10.6 0.02 09.6 0.02 09.3 0.02 09.0 0.05

12 111115.0 -6115265 105 0.02 09.7 0.02 09.2 0.02 089 0.04

13 111116.7 -612119.7 181 null 139 0.02 120 0.02 10.6 0.04

14 111116.7 -611251.1 08.7 0.01 076 0.03 07.2 0.01 06.8 0.03

15 1111177 -611939.7 122 0.02 121 0.05 12.0 0.02 10.6 0.03 e, fg

16 111117.8 -611800.0 109 0.02 108 0.02 10.7 0.02 11.6 0.04

17 1111186 6116256 11.1 0.02 10.2 0.02 09.8 0.02 09.5 0.05

18 1111195 -6120095 124 0.03 102 0.02 09.2 0.02 08.6 0.03

19 1111197 -611526.0 08.0 0.01 074 0.04 07.3 0.02 07.2 0.03




2Please give a shorter version wituthorrunning andor \titilerunning priorto \maketitle

Table 7.continued.

id RA(J2000) Dec (J2000) m; o3 My OH Mk oK my oL comments
(hms) (dms)

20 1111201 -6117240 122 0.04 111 0.04 10.7 0.03 10.2 0.09

21 1111212 -611843.0 148 0.05 135 0.05 129 0.05 12.0 0.35

22 1111224 -611607.8 104 0.02 09.6 0.02 09.3 0.02 09.0 0.04

23 1111240 -6117227 111 0.02 104 0.02 102 0.02 10.1 0.08

24 1111241 -6117123 123 0.02 115 0.02 109 0.02 10.7 0.04

25 1111244 -6120495 174 null 13.6 0.03 11.8 0.02 105 0.04

26 1111249 -611816.6 105 0.02 103 0.02 10.2 0.02 09.9 0.05 e, fg

27 1111265 -611306.6 128 0.03 11.1 0.02 105 0.02 09.9 0.09

28 1111266 -611839.8 144 0.04 120 0.03 109 0.03 09.7 0.04

29 1111271 -6117039 150 0.05 13.7 0.06 131 0.05 11.7 0.09

30 1111277 -611612.7 139 0.03 13.6 0.08 135 0.07 121 0.11

31 1111279 -6117014 164 0.15 157 0.14 148 0.14 11.7 0.05

32 1111284 -611808.6 153 0.06 143 0.05 13.6 0.08 10.5 0.08 e

33 1111293 -612136.1 148 null 148 0.15 141 0.17 101 0.07 e, fg

34 111130.1 -611723.6 13.0 0.03 11.0 0.02 10.2 0.02 09.6 0.06

35 1111314 -6116046 151 0.06 149 0.09 146 0.10 106 0.04 e, fg

36 1111316 -611723.7 13.2 0.03 11.8 0.02 111 0.02 104 0.04 Persi 4

37 1111316 -612205.1 15.7 0.15 145 0.15 13.7 0.11 10.6 0.09 e

38 1111317 -6121469 104 0.03 09.8 0.03 094 0.03 088 0.04 e

39 1111319 -6116126 149 0.04 143 0.04 138 0.06 11.3 0.06

40 1111320 -611806.4 149 0.04 145 0.04 144 0.10 122 0.06

41 1111330 -612351.8 11.7 0.02 09.2 0.02 081 0.03 07.3 0.03

42 1111334 -612019.7 16.8 null 157 0.22 104 0.02 075 0.03 e

43 1111336 -6121355 141 null 13.2 null 140 0.21 09.2 0.05 e, fg

44 1111339 -6111350 09.0 0.03 082 0.04 07.8 0.02 075 0.03

45 1111343 -611316.8 123 0.02 109 0.02 103 0.02 09.7 0.07

46 1111346 -6121369 139 0.08 126 0.10 11.8 0.07 08.7 0.06 e

47 1111353 -6118253 158 0.09 143 0.07 134 0.04 12.0 0.08

48 1111364 -611655.0 16.3 0.13 152 0.09 146 0.09 119 0.08

49 1111366 -611204.6 158 0.08 152 0.09 150 0.14 108 0.05 e

50 1111371 -6118086 136 0.04 120 null 111 null 08.7 0.05 e

51 1111380 -611205.2 127 0.03 115 0.02 11.2 0.02 10.2 0.03 e

52 1111381 -611904.3 126 0.03 121 0.04 119 0.04 09.9 0.06 e

53 1111386 -6122224 168 null 17.0 null 121 0.02 086 0.04 e

54 1111395 -6111349 156 0.08 150 0.08 151 0.17 11.0 0.04 e, fg




Please give a shorter version wittguthorrunning andor \titilerunning prior to \maketitl@3

Table 7.continued.

id RA(J2000) Dec (J2000) m; o3 My OH Mk oK my oL comments
(hms) (dms)

55 111139.6 -6113546 123 0.04 115 null 11.3 0.03 11.7 0.04

56 111139.7 -611930.1 16.3 null 145 null 133 0.08 10.6 0.04 e

57 1111398 -611449.2 13.7 0.02 116 0.02 10.7 0.02 10.3 0.05

58 1111410 -6120221 09.7 0.02 09.1 0.02 089 0.02 089 0.03

59 1111411 -612229.1 176 null 134 0.05 103 0.02 08.2 0.03

60 1111425 -611625.2 11.6 0.02 09.7 0.03 089 0.02 08.2 0.03

61 1111425 -6118156 179 null 146 0.06 12.7 0.03 11.0 0.04

62 1111426 -611846.5 170 null 16.8 null 127 0.02 10.7 0.04 e

63 1111429 -611257.2 118 0.02 11.0 0.02 106 0.02 09.9 0.08 e

64 1111432 -611839.2 16.1 null 145 null 135 0.07 101 0.05 e

65 1111432 -6119156 164 null 150 0.10 139 0.06 129 0.15

66 1111435 -6114335 127 0.04 106 0.03 09.6 0.02 089 0.04

67 1111451 -6114243 165 0.15 150 0.09 143 0.09 11.0 0.04 e

68 1111454 -612118.2 146 0.03 14.2 0.03 141 0.06 122 0.13

69 111146.2 -611430.7 158 0.08 14.2 0.04 136 0.06 11.7 0.04

70 1111469 -6111319 09.3 0.02 09.1 0.02 09.1 0.02 09.0 0.07 fg

71 1111471 -611349.0 103 0.02 09.7 0.02 095 0.02 10.6 0.05

72 1111473 -6115250 135 0.02 11.7 0.02 109 0.02 105 0.04

73 1111477 -6120445 16.1 0.10 158 0.14 151 null 11.8 0.06

74 1111477 -611830.6 125 0.03 109 0.02 10.0 0.02 084 0.03 e, Persi 43, No 04

75 1111478 -611617.3 134 0.04 116 0.03 10.7 0.02 09.7 0.05

76 1111479 -611324.7 10.2 0.02 09.7 0.02 095 0.02 09.8 0.05 fg

77 1111494 -611309.3 103 0.02 089 0.07 084 0.02 08.0 0.03

78 1111496 -6119085 144 null 13.3 0.29 10.7 0.15 06.7 0.06 e, Persi45, No 11

79 1111501 -611630.0 174 null 147 0.05 12.7 0.02 135 0.19

80 111150.2 -6120226 106 0.02 09.9 0.02 09.8 0.02 09.6 0.05

81 111150.2 -611258.6 123 0.02 109 0.02 104 0.02 10.0 0.04

82 1111511 -6118143 126 null 128 0.34 114 0.27 07.6 0.06 e

83 1111512 -6114535 128 0.02 11.2 0.02 105 0.02 10.8 0.04

84 1111517 -6122040 16.2 null 150 null 150 0.17 109 0.11 e

85 1111518 -6118204 13.0 0.16 122 0.03 094 null 07.1 0.06 e

86 1111518 -6114205 13.0 0.02 114 0.02 108 0.02 103 0.12

87 1111520 -6118374 136 0.10 119 0.15 101 0.12 06.6 0.06 e

88 1111532 -6118224 11.2 null 09.9 0.11 07,5 0.02 04.1 0.83Persi60, Nos. 48,50, 60, 60b, IRS

89 1111533 -611505.1 13.3 0.03 11.8 null 10.8 null 10.1 0.03




2#lease give a shorter version wituthorrunning andor \titilerunning priorto \maketitle

Table 7.continued.

id RA(J2000) Dec (J2000) m; o3 My OH Mk oK my oL comments
(hms) (dms)

90 1111533 -611940.2 147 null 128 null 123 0.16 084 0.06 e

91 1111535 -6118045 137 null 13.2 0.16 11.3 0.08 083 0.05 e, Persi 62, No 52
92 1111535 -6118495 16.1 0.13 150 0.15 114 null 08.0 0.03 e, Persi 61
93 1111537 -6119045 16.1 null 13.6 null 115 0.10 08.2 0.04 e

94 1111539 -611828.3 11.3 null 10.2 null 106 0.07 07.1 0.05 e

95 1111542 -6114504 11.8 0.02 109 0.02 101 0.02 09.0 0.04 e

96 1111542 -612329.6 149 0.04 143 0.04 141 0.07 11.2 0.05 e

97 1111543 -612211.3 146 null 139 null 144 0.16 12.2 0.29

98 1111544 -6118240 120 0.14 106 0.14 09.0 0.09 06.5 0.04 e

99 1111544 -612204.0 105 0.02 09.7 0.02 093 0.02 08.7 0.03 e
100 1111546 -6113484 127 0.02 11.3 0.02 10.8 0.02 11.47 0.0
101 1111548 -611830.6 135 0.02 109 null 09.6 null 08.050.0
102 1111553 -6118452 155 0.08 138 0.10 122 0.10 09.45 0.0 e, Persi 69
103 1111554 -612309.3 14.7 0.02 125 0.02 115 0.02 11.00 0.1
104 1111557 -611420.0 16.6 0.17 153 0.10 150 0.15 10.35 0.0 e
105 111156.2 -6121465 144 0.03 13.9 0.04 138 0.06 12.32 0.3
106 111156.3 -611610.2 11.7 0.02 103 0.02 09.7 0.02 09.45 0.0
107 111156.3 -611403.3 127 0.02 10.7 0.02 09.9 0.02 09.45 0.0
108 1111565 -6118550 135 null 13.2 null 109 0.10 07.9 40.0 e, Persi 77, No 160
109 1111566 -6117183 135 0.03 125 0.03 11.7 0.02 11.19 0.0 Persi 79
110 111156.7 -611706.4 144 null 134 null 13.6 0.08 13.200.2
111 1111570 -611802.0 125 0.09 11.3 0.08 104 0.06 08.24 0.0 e, No 184
112 1111578 -611430.6 150 0.07 145 0.08 14.2 0.09 10.38 0.0 e
113 1111583 -6116344 155 0.08 141 0.05 135 0.05 11.78 0.0
114 1111583 -611154.2 140 0.05 13.0 0.04 12.7 0.03 10.64 0.0 e
115 1111587 -6117511 134 0.02 121 0.06 114 0.06 08.76 0.0 e, Persi 89
116 1111594 -6111555 11.2 0.02 105 0.02 10.3 0.02 09.84 0.0
117 1111595 -612026.6 146 null 135 null 134 0.17 09.9 60.0 e
118 1111596 -611839.8 120 0.09 114 0.14 10.7 0.12 08.85 0.0 e, Persi 90
119 1111599 -6121388 16.6 0.15 152 0.12 144 0.12 1048 0.0 e
120 1112003 -611527.1 144 0.05 129 0.05 12.0 0.03 11.44 0.0
121 1112006 -611050.6 10.6 0.02 09.3 0.02 08.9 0.02 08.44 0.0
122 1112016 -611916.7 16.2 null 154 null 149 0.20 104 60.0 e
123 1112025 -611502.1 105 0.03 09.3 0.03 089 0.02 08.64 0.0
124 1112028 -611940.7 131 0.03 101 0.02 087 0.02 07.73 0.0 Persi 106




Please give a shorter version wittguthorrunning andor \titilerunning prior to \maketitl@5

Table 7.continued.

id RA(J2000) Dec (J2000) m; o3 My OH Mk oK my oL comments
(hms) (dms)
125 1112039 -6119579 13.8 0.04 133 0.07 131 0.08 09.46 0.0 e, Persi 110
126 1112040 -611811.2 148 0.15 122 null 11.1 null 08.6 50.0 e, Persi 111
127 1112041 -612111.2 13.0 0.02 108 0.02 10.0 0.02 09.44 0.0
128 111204.8 -612245.2 16.7 null 156 0.12 145 0.08 12.07 0.0
129 1112052 -612147.6 150 0.03 146 0.05 14.7 0.10 12.36 0.0
130 111205.7 -6119350 150 0.05 14.7 0.04 144 0.11 09.75 0.0 e, fg
131 111206.1 -612231.7 140 0.04 13.7 0.05 137 0.05 12.38 0.0
132 111206.7 -612219.3 143 0.03 120 0.02 11.0 0.02 10.37 0.0
133 1112072 -6112283 105 0.02 09.7 0.02 095 0.02 09.43 0.0
134 1112076 -611717.3 114 0.03 108 0.03 10.6 0.04 10.26 0.0 e, Persi 177
135 1112080 -611553.8 121 0.02 11.2 0.02 10.8 0.02 10.67 0.0
136 1112085 -611631.9 09.6 0.02 095 0.02 094 0.02 09.34 0.0 fg
137 1112086 -6118279 156 null 150 null 149 0.19 103 70.0 e
138 1112088 -6114239 108 0.02 106 0.02 105 0.02 10.33 0.0 e, fg
139 1112098 -6115236 170 null 146 0.09 127 0.05 10.060.0 e
140 1112100 -6118442 089 0.02 08.9 0.04 089 0.02 09.04 0.0 fg, Persil23
141 1112100 -6125436 10.7 0.02 09.1 0.02 084 0.02 08.04 0.0
142 111210.2 -611726.7 11.2 0.02 10.6 0.02 10.5 0.03 09.46 0.0 e, Persi 125
143 1112109 -6117349 157 0.17 135 null 122 null 09.4 60.0 e
144 1112112 -6117415 146 null 13.6 null 137 0.16 09.4 60.0 e
145 1112121 -6114155 126 0.03 111 0.02 10.6 0.02 10.03 0.0
146 1112124 -6115288 165 0.15 154 null 146 null 10.1 70.0 e
147 1112128 -611513.3 175 null 137 0.02 121 0.02 11.740.0
148 111213.0 -6114446 120 0.02 11.3 0.02 11.1 0.02 13.05 0.2
149 1112133 -611338.0 125 0.02 109 0.02 10.2 0.02 09.84 0.0
150 1112137 -6122214 144 0.02 126 0.02 11.6 0.02 10.94 0.0
151 1112143 -6116439 13.2 0.02 129 0.05 12.8 0.06 09.56 0.0 e, fg
152 1112143 -611255.7 13.0 0.04 114 0.03 10.9 0.02 09.93 0.0
153 1112154 -612250.2 16.2 null 155 0.14 148 0.14 11.890.0
154 1112157 -6121040 155 0.08 141 0.04 136 0.06 10.33 0.0 e
155 1112159 -6122234 13.0 0.03 11.2 0.02 104 0.02 09.66 0.0
156 111216.0 -6121429 159 null 152 0.11 145 0.13 11.870.0
157 1112163 -6121564 13.3 0.03 11.8 0.03 11.3 0.02 10.84 0.0
158 1112170 -6121141 154 null 139 0.06 13.1 0.07 10930.1 e
159 1112173 -611336.3 123 0.02 11.0 0.02 10.6 0.02 09.74 0.0 e




2®lease give a shorter version witauthorrunning andor \titilerunning priorto \maketitle

Table 7.continued.

id RA(J2000) Dec (J2000) m; o3 My OH Mk oK my oL comments
(hms) (dms)

160 1112191 -6120121 153 0.08 148 0.08 146 0.10 13.38 0.1

161 1112200 -6119505 140 0.04 137 0.04 136 0.06 12.45 0.0

162 1112205 -6117079 153 0.07 150 0.07 14.8 0.13 11.24 0.0 e, fg

163 1112211 -611156.0 109 0.03 10.6 0.02 10.2 0.02 08.85 0.0 e

164 1112213 -6116105 100 0.02 09.3 0.02 09.2 0.02 09.45 0.0

165 1112216 -6119480 111 0.03 106 0.02 105 0.02 10.48 0.0 fg

166 1112217 -6114352 104 0.02 09.1 0.02 086 0.02 08.24 0.0

167 1112235 -611615.2 13.8 0.03 11.2 0.03 10.0 0.02 09.35 0.0

168 1112239 -6117034 129 0.03 11.8 0.03 10.8 0.02 09.45 0.0 e

169 1112240 -6121252 11.7 0.02 09.7 0.02 088 0.02 08.23 0.0

170 1112243 -612358.2 13.2 0.03 11.2 0.02 104 0.02 09.97 0.0

171 1112247 -6116049 16.6 0.16 144 0.06 128 0.05 10.24 0.0 e

172 1112249 -611955.7 10.6 0.02 106 0.02 105 0.02 11.24 0.0

173 1112254 -6115116 11.2 0.02 09.1 0.02 082 0.03 07.53 0.0

174 1112256 -6114380 120 0.04 106 null 10.1 null 09.8 30.0

175 1112270 -6119550 142 0.04 13.0 0.04 122 0.04 11.65 0.0

176 1112282 -6121449 152 025 136 null 125 null 09.7 30.0 e

177 1112294 -611354.1 114 0.03 10.0 0.02 09.5 0.02 09.33 0.0

178 1112296 -611901.9 126 0.03 103 0.02 09.2 0.02 08.64 0.0

179 1112296 -611621.8 123 0.02 114 0.02 10.8 0.02 09.94 0.0 e

180 1112296 -6123271 124 0.03 104 0.02 095 0.02 08.84 0.0

181 111229.7 -6124221 135 0.02 11.3 0.02 10.3 0.02 09.68 0.0

182 111229.7 -6120429 143 null 153 0.19 134 null 10.3 40.0 e

183 111230.1 -6121143 149 0.19 145 0.20 13.8 0.16 10.14 0.0 e

184 1112317 -612359.1 125 0.02 103 0.02 09.3 0.02 08.64 0.0

185 1112329 -611413.8 119 0.02 10.7 0.02 10.2 0.02 10.34 0.0

186 1112334 -6115521 116 0.02 10.2 0.02 094 0.02 08.84 0.0

187 1112334 -6116053 16.2 null 13.6 0.04 12.0 0.02 09.930.0 e

188 1112343 -611648.7 127 0.02 120 0.02 115 0.02 11.05 0.0 e

189 1112349 -6118515 14.0 0.02 11.2 0.02 099 0.02 08.96 0.0

190 1112370 -611639.1 16.0 0.10 139 0.05 12.7 0.04 10.54 0.0 e

191 1112396 -612141.7 103 0.02 09.2 0.02 088 0.02 08.75 0.0

192 1112416 -6121054 11.8 0.02 108 0.02 10.3 0.02 10.24 0.0

193 1112484 -6121104 13.0 0.03 108 0.03 09.8 0.02 09.24 0.0

194 1112491 -611813.2 109 0.02 104 0.02 10.2 0.02 10.35 0.0 fg




Please give a shorter version wittguthorrunning andor \titilerunning prior to \maketitl@7

Table 7.continued.

id RA(J2000) Dec (J2000) m; o3 My OH Mk oK my oL comments
(hms) (dms)

195 1112532 -611641.0 14.2 0.03 111 0.02 09.6 0.02 08.64 0.0

196 1112546 -611651.0 105 0.02 09.2 0.02 087 0.02 08.60 0.1

197 1112556 -611638.0 140 0.03 11.3 0.02 10.1 0.02 09.77 0.0

198 111258.7 -611638.8 129 0.03 09.7 0.02 08.2 null 07.030.0

199 1112590 -612010.6 124 0.03 104 0.02 095 0.02 08.94 0.0
200 1113014 -611653.6 119 0.02 104 0.02 099 0.02 09.27 0.0
201 111303.3 -611748.6 12.6 0.02 10.1 0.02 089 0.02 08.14 0.0
202 111116.0 -611540.2 - - - - 09.7 0.01 09.3 0.05
203 1111241 -611641.7 - - - - 144 0.13 121 0.12
204 1111259 -611628.8 - - - - 156 040 121 0.09
205 1111287 -612154.9 - - - - 148 0.21 11.0 0.14 e
206 1111293 -611833.1 - - - - 156 039 108 0.11 e
207 1111359 -612300.6 - - - - 145 0.16 114 0.09
208 1111486 -611423.7 - - - - 159 054 128 0.14
209 1111501 -612141.9 - - - - 148 0.23 109 0.12 e
210 1111519 -611440.7 - - - - 146 0.17 13.2 0.09
211 111200.8 -611826.2 - - - - 10.8 0.09 08.1 0.05 e
212 1112018 -612019.2 - - - - 13.7 0.17 09.5 0.05 e
213 111208.2 -611448.7 - - - - 09.7 0.02 09.7 0.03
214 1112200 -612240.6 - - - - 149 0.18 115 0.05
215 111220.7 -6120524 - - - - 153 0.27 115 0.06
216 1112273 -612013.5 - - - - 127 0.04 115 0.04
217 1112297 -612032.1 - - - - 134 0.08 104 0.04 e
218 1112313 -612042.3 - - - - 11.7 0.02 12.0 0.08
219 1111223 -611849.1 - - - - - - 111 0.14 e
220 1111256 -612136.9 - - - - - - 10.7 0.12 e
221 1111301 -611342.7 - - - - - - 10.8 0.04 e
222 1111501 -612238.5 - - - - - - 10.4 0.09 e
223 1111522 -6122454 - - - - - - 10.4 0.10 e
224 1111523 -612257.0 - - - - - - 10.9 0.15 e
225 1111524 -612114.7 - - - - - - 10.2 0.08 e
226 1111524 -611828.2 - - - - - - 07.2 0.06 e
227 1111532 -611833.6 - - - - - - 07.4 0.05 e
228 111153.7 -611630.6 - - - - - - 10.6 0.04 e
229 1111553 -611826.2 - - - - - - 08.2 0.05 e, Persi 68




2®lease give a shorter version wituthorrunning andor \titilerunning priorto \maketitle

Table 7.continued.

id RA(J2000) Dec (J2000) m; o3 My OH Mk oK my oL comments
(hms) (dms)
230 111156.1 -611900.5 08.8 0.05 e, Persi 71
231 1112044 -611946.5 09.5 0.05 e
232 1112056 -611834.3 08.8 0.06 e
233 111206.6 -611928.5 10.2 0.06 e
234 111208.1 -611926.8 09.7 0.06 e
235 1112109 -611854.3 09.1 0.06 e
236 1112134 -611758.5 10.0 0.06 e
237 1112140 -6115294 10.6 0.10 e
238 1112161 -611611.4 09.8 0.06 e
239 111216.8 -611616.2 10.5 0.08 e
240 111218.0 -611542.7 10.7 0.10 e
241 1112182 -612058.2 10.4 0.05 e
242 1112220 -612052.5 11.1 0.07 e
243 111226.6 -612017.7 10.6 0.04 e
244 1112285 -612221.2 09.6 0.03 e
245 1112294 -611955.6 11.0 0.05 e
246 111229.7 -612027.9 10.8 0.06 e
247 1112300 -612129.7 09.7 0.04 e
248 1112308 -612119.8 10.3 0.04 e
249 1112329 -612014.7 109 0.04 e
250 1112416 -611606.0 11.1 0.05 e
251 1112554 -611643.5 09.6 0.24 e




