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ABSTRACT

We present the results of high angular resolution adapptie®(AO) near-infrared
(JHK) observations of the deeply embedded massive cluster RCWsid§ NACO
on the VLT. Narrowband AO observations centered at wavétengf 1.28um, 2.12
pum, and 2.17um were also obtained. The area covered by these observatiabeut
0.5 pc square, centered on the O star RCW 38 IRS2. We uskHKegcolors to iden-
tify young stars with infrared excess in this region. Thrioagdetailed comparison to
a nearby control field, we find that most of the 337 stars detkict all three infrared
bands are cluster members317), with essentially no contamination due to back-
ground (likely due to the high cluster extinction Af ~ 15) or foreground sources.
Five sources with 3 band detections have colors suggedtideaply embedded pro-
tostars, while 53 sources are detectelabnly; their spatial distribution with respect
to the extinction suggests they are highly reddened clustnbers but their evolu-
tionary status is unclear. Detectalidgband excess is found toward 28% of the
stars. For comparison to a similar area of Orion Nebula €lusbserved in the near-
infrared, mass and extinction cuts are applied, and thesexXcactions redetermined.
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The resulting excesses are thenti25% for RCW 38, and 42 8% for Orion. RCW
38 IRS2 is shown to be a massive star binary with a projectearagon of~ 500 AU.
Two regions of molecular hydrogen emission are revealeslityir the 2.121m imag-
ing. One of these shows a morphology suggestive of a prdiarsget, and is clearly
associated with a star only detectedHaandKs, and previously identified as a highly
obscured X-ray source. Three spatially extended coméitaaebjects, suggestive of
photoevaporating disks, are identified, but only one isrtfedirectly influenced by
RCW 38 IRS2. The structure of the inner core of RCW 38 is alswratterized and
compared to Orion and other clusters. A King profile providesasonable fit to the
cluster radial density profile and a nearest neighbor distanalysis shows essentially
no sub-clustering.

Subject headingsstars: formation — infrared: stars — ISM: individual (RCW) 38

1. Introduction

The study of embedded clusters is vital to our understanalirsgar formation because most
stars have been shown to form in large clusters with hundresisars (Lada & Lada 2003, Porras
et al. 2003, Carpenter 2000 and Allen et al. 2007). Of pddrcinterest are the largest clusters
with thousands of stars because it is in these clusters Wéigge numbers of low mass stars live
in close proximity to luminous O-stars. In the Lada & Lada 2Q@@bulation of clusters within
2 kpc, there are two such larger embedded clusters with @84 4tars: the Orion Nebula Cluster
(ONC) and RCW 38 (Wolk et al 2006). The other clusters withikpt typically contain only a
few hundred stars, making direct comparisons with the ONi(assible. It is even likely that our
Sun was formed in such a cluster. A possible explanatiorti®abundances of many radioactive
isotopes in our Solar System is the presence of a nearbyrsm@eduring its formation which
would have been a more probable occurrence in a rich clukéetie ONC or RCW 38(Meyer &
Clayton 2000).

Studying embedded star clusters not only yields importafiorimation regarding the forma-
tion and evolution of stars, it also yields important infatmon regarding the formation and evolu-
tion of planetary systems around these stars. As first studithe Orion Nebula Cluster (ONC),
proplyds (PROto PLanetarY DiskS) exist as large disks of dod gas that provide material for
future planet formation. However, when exposed to unatttediultraviolet (UV) radiation the

!Based on observations performed at the European Southeser@iory Very Large Telescope on Cerro Paranal,
Chile, under program ID 70.C-0400(A).
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molecular hydrogen dissociates causing the outer portibttse disk to photoevaporate (Hollen-
bach et al. 1994). Since many young low-mass stars in otlgawre exist in close proximity to
massive OB stars that output a significant amount of UV raahait is important to determine
whether this process seriously inhibits planet formati@uad them. Low-mass stars are impor-
tant because they represent the majority of young clusterbees, which means the vast majority
of planets may be formed around them. Thus, low-mass stasteceéd around OB sources are at
the same time the most likely to form planets and the moshyliteeexperience photoevaporation
effects. Knowledge of the disk frequency in a cluster as atfan of the distance from the massive
OB stars can constrain the affect of photoevaporation dnelislution (Balog et al. 2007). Such
knowledge will help to constrain the conditions that areassary for those disks to evolve into
planets.

The HIl region RCW 38, at a distance of 1.7 kpc (Beck, Fische8&ith 1991), contains
an embedded cluster centered around a O5 star IRS2. RCW 3&é&ambedded than the ONC
and due to the OB stars in the center it provides a similarenment for the study of disk pho-
toevaporation and evolution. Smith et al. (1999) showetttifewinds from IRS2 have created a
0.1 pc bubble that is relatively free of dust, leaving staithiw the bubble directly exposed to UV
radiation. This bubble is filled with diffuse thermal and slrotron X-ray emission (Wolk et al.
2002) and the intersection of the central gas bubble wittstineounding dust cloud appears to be
a site of active star formation (Smith et al. 1999).

Wolk et al. (2006) observed the central region of RCW 38 at)-and near-infrared wave-
lengths, identifying a large cluster population of 360 X-saurces that are likely cluster members
over the total field down to Log[ll~30. Comparing this to the COUP (Chandra Orion Ultradeep
Project) measurements of the ONC discussed in Feigelsdn @08Q7), roughly 200 sources of
their sample are more luminous than Log[t-30. The number of sources in the COUP measure-
ment is on the same order as Wolk et al. (2006). The somewiggrlaumbers in the latter study
may be explained by the larger physical area surveyedvelaithe former. Since the ONC and
RCW 38 have similar populations of young stars, this showslibth the ONC and RCW 38 are
unique large clusters within 2 kpc. For the central regioR@W 38, Wolk et al. (2006) deter-
mined that 97% of the-200 X-ray sources within 200of IRS2 are likely cluster members. In
this region they determine that the disk fraction is 49% frogar-infrared JHKs) excess measure-
ments. The infrared observations of Wolk et al. (2006) ofdaetral 25 of the RCW 38 cluster
were performed with ISAAC at the Very Large Telescope (VLW)th resolution insufficient to
resolve close sources in the most crowded region around Br&tdd. We present here the results
of our observations of the centrall’ of RCW 38 with adaptive optics near-infrared imaging with
the NACO system on the VLT, which allow us to better separbisecsources and to separate the
source emission from the nebular background emission,igirva sample that is more easily
compared to the nearer ONC. In 82 we describe the obsergaiim83 we discuss the photome-
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tery and completeness limits, and in 84 we present the sesalinfrared excess sources, cluster
membership, the central O star, protostellar candidateseaular hydrogen emission, proplyd

candidates, and the disk fraction. In 85 we analyse thesdtsediscussing cluster structure and
the effect of the O stars on disks around low mass stars. @amsuly is presented in 86.

2. Observation and Data Reduction
2.1. NAOS-CONICA

High angular resolution near infrared imaging of RCW 38 wadg@med on February 20,
2003 and February 23, 2003 using NAOS-CONICA (NACO) at Yepame of the 8.2m unit
telescopes of the Very Large Telescope (VLT) installed atEaropean Southern Observatory’s
(ESO) site on Cerro Paranal, Chile. NAOS (Nasmyth Adaptiy#ic3 System) is an adaptive
optics (AO) system that assists imaging at wavelengthsanmahge 0.8-5.m by directing light
from the telescope partially into a (either optical or iné@) wavefront sensor. The remaining light
is directed into the CONICA infrared camera that is equippéti a 1024x 1024 pixel Aladdin
InSb array detector (Lenzen etal. 2003; Rousset et al. 2003)

The CONICA S54 setup (pixel scale 0/054; instantaneous field-of-view 56" x 56”) was
used to take 3 sets of 14 frames each in the broad-baAandKs filters, centered at a wavelength
of 1.27um, 1.66um and 2.1&m, respectively. In addition, 3 sets of 12 frames each weenta
in narrow-band filters centered at the following wavelesgth.28m (bandwidth= 0.014um),
2.12pm (bandwidth= 0.022um) and 2.17m (bandwidth= 0.023um), covering théPa3, Ho (1—
0) S(1), andBry lines, respectively. Detector integration times (DITsiiaMDITs are given in
Table 1. The integration time per frame is DKTNDIT.

Wavefront sensing was performed with the IR sensor to clbeeAO loop on the bright
infrared source RCW 38 IRS 2 (self-referencing) at RA #8055, DEC = —47°3039/4
(J2000), and SpE O5V (Frogel & Persson 1974; Smith etal. 1999). The airmasged from
1.15 to 1.30 during the observations. For both nights, ofisgrconditions were exceptionally
good and stable, with a clear sky and optical seeing mostiierrange 04—0'6. As measured
on the obtained data sets themselves, the image qualitytlieemedian FWHM PSF of randomly
selected point sources) is found to be better thahfor all six filter settings.

To allow corrections for cosmic rays and bad pixels, a jiftattern (random offsets within
a jitter box of width 2) was applied, resulting in a total field of view of 8x 58’3. This
corresponds to linear scales of 0.5p0.48 pc at the distance of 1.7 kpc. Twilight flats, lamp
flats and dark frames were taken through the usual NACO eadildor plan. For each individual
frame, all basic steps of data reduction (i.e., flat-fieldslgy subtraction and bad pixel correction)



—-5—

were performed using standard routines within the IRAFvgafé package. For an exhaustive
description of the processing of crowded field IR data werredeNurnberger & Petr-Gotzens
(2002). Figure 1 shows the final data set as a combined 3-icoége.

2.2. SOFI Control Field

In order to estimate the degree of background contaminatiacontrol field (J. Ascenso,
private communication) was imaged on June 17, 2005 inJthe, andKs passbands using the
SOFI (Son of ISAAC) on the NTT (New Technology Telescope)@afilla, Chile. The resolution
of the image is approximately 0.29 arcsec/pixel and cedtara #18M0152 and—57°1531/1. A
total of 6 frames per passband were combined togethertiregsul an integration time of 36 s per
band. The total FOV is approximately & 4'.

3. Source Identification and Photometry
3.1. PhotVis Identification

Point source detection and photometry was accomplished @uitermuth’s IDL photometry
and visualization tool, PhotVis version 1.10 (GutermuthleR008). PhotVis selects point sources
from embedded regions containing significant amounts otilesity with a modification to the
standard DAOphot algorithm. PhotVis is heavily dependerthe FITS procedures and DAOphot
version 1 port supplied by the IDL Astronomy Users Libranafidsman 1993).

Gaussian distributions were assumed for all sources andeowith a full-width at half-
maximum (FWHM) greater than 2.5 pixels(035) were discarded. The images were also visually
inspected to remove false positives due to image artif&ttsx measurements were taken using a
3 pixel (0.162) radius and background measurements were determinedinsieigand outer sky
annuli of 5 pixels (027) and 8 pixels (432) respectively. This procedure was used to perform
relative photometry on both NAOS-CONICA data and the SORLiem field. Absolute photometry
was not performed on the NACO narrow band images.

3.2. Completeness and Detection Limits

Differential completeness limits of 90% were calculatedalhimages by inserting succes-
sively fainter fake stars with gaussian profiles and FWHMiajant to those in the image and
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taking 90% of the false sources recovered. For this testceswith magnitude errors greater
than 0.2 were discarded as well as sources that deviate@yimniess by 8 more than the original
(due it being overlayed over a brighter source). Final valioe the completeness limits of the
NACO data areJ=19.01 magH=18.13 mag, an&s=16.97 mag. Detection limits ¢§ in these
bands arg=20.3 magH=19.0 mag, ané&ks=18.0 mag. The 90% completeness limit for the SOFI
control field calculated in the same manneKis15.67 mag.J andH completeness limits were
not calculated because only tKg-band control field was necessary for background contamina-
tion estimates. The saturation limits for both fields wasrapimately 11th magnitude in all 3
passbands.

Utilizing the J andH completeness limits yields a mass detection limit of (Mi2at 1 Myr
for an average extinction ddy = 10 (Ax = 1.1; Rieke and Lebofsky 1985). The mass detection
limit was approximated using the Baraffe 1 Myr isochroneré®fe et al. 2002) and the distance
modulus of 11.15 calculated with the assumed distance okdc7 This detection limit is right
above the hydrogen burning limit of 0.08., so there are no brown dwarf candidates in the
NACO sample.

3.3. NAOS-CONICA Calibration

The NACO WCS and zero-point flux calibrations were performgidg larger FOV images of
RCW 38 obtained with ISAAC (Infrared Spectrometer And Aragmera) on the VLT. We used
the photometry extracted from the ISAAC data by Ascenso §20Due to the use of PSF fitting
and to a better estimate of the sky contribution on the netsub@ckground, the Ascenso (2008)
photometry is believed to be more reliable than the apephiotometry of Wolk et al. (2006). The
ISAAC data was registered and calibrated using sources fhen2MASS Point Source Catalog
in the larger ISAAC field. The SOFI control field was flux and pios calibrated using 2MASS
sources at measurements up to magnitude DHiKs, due to the fact that the SOFI field is much
deeper. All sources in all images with a measured unceytgneiater than 0.2 magnitudes (outside
of 10) have been discarded.

In addition, because the AO feedback loop was closed usimgiat source for the NACO
data, there is a significant amount of off-axis elongatiomany sources in the images. This caused
a linear trend in magnitude difference between the ISAACIMAGO photometric measurements
as a function of radial distance from IRS2. We therefore yesition dependent zero points given
by the equations:

J: 24.426—0.0176X rof
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H: 22.828—0.0247x rof (1)
Ks: 21.648— 0.0274x I

wherer o5 is the radial offset from IRS2 in arcseconds.

4. Results
4.1. Color-color and Color-magnitude Diagrams

The infrared photometry for the 483 sources detected inast lene band with a magnitude
uncertainty ok 0.2 is listed in Table 3. The number of sources detected in etthe three broad-
bands are shown in Table 2. We detected 409 sourdésimdKg and 344 sources in all bands with
uncertainties< 0.2 magnitudes. This uncertainty cutoff results in avenalgetometric errors of
0.07 mag ford and 0.06 mag foH andKs. Inspection of the 344 sources detected iiKs shows
that seven sources hawe-{ H) values less than 1 magnitude and deviated significantiy fitoe
bulk of the sample. Of these seven, four havésdand excess. Upon visual inspection, it was
evident that two of these sources had an excess of flux ddteciedue to artifact contamination
in that image (where residual images of the central sour&2 I€an be seen in multiple places in
the central portion of the image). Along the same lines, fafuthe other sources were very near
IRS2 or partially obscured by a much larger, brighter st&ictv explains the excess flux detected
in J. The final source, that remains unexplained by the pusveaplanations, is likely a foreground
source (especially due to the fact that it does not skgwand excess) and thus, is not a cluster
member. Of the seven sources, six have incorrect photopaetdyare tagged in Table 3 with an
‘X’. These sources have been omitted from the final data savjig the total number afHKs
sources at 337. Itis this data set of 337 sources that is osdltkf rest of the analysis in this paper.
The color-color diagram for these sources is shown in Figuaed the color-magnitude diagram
in Figure 3.

4.2. The IRS2 O Star Binary

IRS2, the central source of RCW 38, has been previously titdiegoe a single source, but
with the increase in resolution enabled by the AO systens, jitassible to show that it is in fact
a binary system. The separation of the two sources can bermewdfiin all three broad-bands
through visual inspection, but due to the brightness of W gources, the detector is saturated
in this region for the broadbandHKs filters. Therefore, the narrowband images (Zuh7and
2.12um) have been used for a relative photometric analysis of IR&2 ratio of the detected flux
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from the brightest pixel in each source shows the dimmercsotar have~ 94% of the flux of the
brighter source (89% in the case of the Ju28mage). Comparing this ratio to the ratio of Lyman
continuum photons given for various ZAMS spectral typesandjia (1973; Martins et al. 2005),
shows that both stars in the binary should have the samerapigte. Figure 4 shows magnified
images of IRS2 with contours in these two bands. From theomdnrand images, the projected
separation between the two sources!i2 Dwhich is 459 AU at 1.7 kpc.

Smith et al. (1999) address the question of the effectivegpeature and hence spectral type
of IRS2 by treating it as a single source and fitting nebul@cspscopic lines to models of Hil
regions using stars with Kurucz stellar atmosphere mottels, which they determine an effective
temperature in the range of 43000K to 48000K. Smith et abried the lower range for IRS2,
43000— 44000 K, corresponding to a spectral type of O®5.5 (Panagia 1973), but not ruling
out a temperature of 48000 K, corresponding to an O4.5 spdgpe. More recent modelling
suggests the lines used by Smith are very sensitive to ma@dahpeters, and after an effective
temperature of 40000K, the lines are rather insensitivekibta et al. 2004). Therefore, a new
look at Smith et al. suggests only that the effective tentpeedas greater than 40000K.

The ionizing flux can be measured independently at radio lwagéhs. At 5 GHz, Wilson et
al. (1970) measured a flux of 172 Jy (over a large area wittbaam), while Vigil (2004) measured
99 Jy (with a 10 beam interferometrically) at the same frequency. The \(fi04) observations
focused on the immediate region around IRS2, and is likelyetanore representative of the flux
solely due to IRS2.

Taking the electron temperature to be 7500 K (Caswell & Hayl#87), and assuming the
Wilson et al. and Vigil results represent the upper and Idimeits respectively, we find that the
number of Lyman continuum photonl, is in the range Z — 4.7 x 10*® s~ (Armand et al.
1996), or log N) ~ 49.1 —49.4. Following Martins et al. (2005) this range of loly.( values
implies a spectral type of O4 #©05.5 for luminosity class (LC) V stars, and 05.5 to O7 for LC
lll stars. For an effective temperature40000 K, the calibration of Martins et al. (2005) suggests
a spectral type of O5.5 or earlier for LC V and O5 or earlierlf@rlll. Therefore, the radio flux
and effective temperature measurements give inconsissults for LC Ill, while for LC V they
are consistent. Futher, as these are young stars, LC V islikelg and thus we conclude that the
spectral types of the IRS2 binary, which we assume to be ddlegass, are likely to be O5 'V,
with a range of O4-05.5 consistent with the available datzeNhat the other OB star candidates
in the immediate vicinity of IRS 2 have lo@{o) < 3.4 (Wolk et al. 2006), and thus are not likely
to contribute significantly to the continuum radiation.



—9—

4.3. Cluster Membership

Completeness histograms ldf and Ks magnitudes do not show the characteristic steep rise
towards the fainter magnitudes that is often present duadkdround sources if the cloud is being
penetrated. This implies that the region is relatively freen extensive background contamination
to the depth of our survey (Carpenter et al. 1997), but thelihkod of a small fraction of the
detections being from background sources is estimatedtiherOFI control field.

An extinction map for the NACO field was calculated followitige method of Gutermuth et
al. (2005) and is shown in Figure 5. We ugddd- K colors for groups of the 20 closest sources
detected in all bands, sampled at each point in a uniformwitid a spacing of 37, in order to
analyze the extinction surface density. The reddening fdRieke and Lebofsky (1985) was used.
Sources used are all sources detecteHl i& Ks with 0 < 0.2. It is important to note that the
measurements used to make this extinction map are domibgtellister members, and so it is
mostly a map of the extinction in front of and intrinsic to ttlaster.

The NACO extinction map yields a mean extinctionfaf = 14.8, which is a much higher
extinction than the SOFI field due to the molecular cloud. akerage extinction in the SOFI
Ks-band control field isAy = 1.83, which was calculated as described above for the NACO. field
Therefore, for comparison, the control fifd-band magnitudes were artifically extinguished by
Ak = 1.45 magnitudes. This is an underestimate of the reddening, ttte amount of contami-
nation should be considered an upper limit. The extinguisg@anple yields a 90% completeness
limit of 17.12 magnitudes for the control field compared toQl6for the RCW 38 field.

Figure 6 show¥s magnitude histograms (regardless of a detection or lack dbad/orH)
for the NACO RCW 38 data, the artificially extinguished caohfreld data scaled by area, and the
“corrected” histogram given by their subtraction. The k&t@V of the control field is &2 x 4/2
and the area covered in the NACO observations is only 5.8%igfwhich gives the area scaling
factor. Integrating over the bins brighter than the NACO 9f¥npleteness limit cutoff and using
/N counting statistics to calculate error, the histogram st2¢ total NACOKs-band sources and
Npkgd = 20+ 2 control field sources (scaled by the area ratio) so the4f the NACO sources
are potential background contaminants. Therefore, of 81&)BiKs sources (including protostellar
candidates), 31F 5 sources can be considered cluster members. This estimhbgekground
contamination should represent an overestimate becagseithber of reddened background stars
is reduced by requiring andH detections as well. Because the contamination from backgio
sources is small, all 337 sources are included in the arsadysl diagrams of this paper, except for
the disk fraction analysis where the corrected total of-8b/sources is used.

The small amount of contamination is due to two reasons. ©sanply the small field-of-
view of our observations, combined with the extinction iorfr of and intrinsic to the cluster, of
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Ay ~ 15. The other is the large background column density, asettfrom observations of the
thermal dust continuum near 1-mm wavelength (Cheung et9&0)l The peak column density
is measured to be 81072 cm2, corresponding to an extinction 8 = 400 (Wolk et al. 2006).
Thus it appears that the embedded cluster lies in front ofrseenolecular cloud whose high
extinction screens out background sources.

4.4. Candidate Protostars andKs-band only Sources

There are fivelHKg sources whosedlerror bars in both coordinates of color-color space fall
completely outside the reddening vector extending fromTtiauri locus in Figure 2. These are
protostellar candidates identified in a similar way as LadAdams (1992), and they represent
approximately 2% of the population. They are tagged in Tabléth a ‘p’. These candidates were
visually inspected and appear to be true detections. Ladh €000) find that protostellar can-
didates compose 13% of sources detectetHiKL in the Trapezium Cluster, with the difference
likely due to the additiondl-band sensitivity represented in the Lada et al. data set.

There are also 53 sources with magnitude error less tharh@t2viere detected iKs-band
only. These sources are mostly cluster members due to thkamaunt of background contam-
ination as shown in Figure 6. These sources could eitherdidyhextinguished T-Tauri stars or
protostellar candidates. We have compared their distabub the extinction map shown in Fig 5,
and we find that most of the sources are located in regionsgbf éaxtinction. In Figure 1 these
sources are clearly seen in the east and south-east as redssotlihere are also 65 sources with
magnitude error less than 0.2 that were detected #ndKs-band only. These sources are dis-
tributed in a similar way to the sources only detected inKgdand, suggesting they are likely
extinguished T-Tauri stars or embedded sources.

4.5. Molecular Hydrogen Emission

Narrowband imaging of the H1-0 S(1) line at 2.1221m is often used to identify shocked
molecular emission due to outflows. In a nebulous region asdRCW 38, pure blline emission
must be distinguished from the extensive and bright contimemission using multi-band data.
By comparing the 2.12@m narrow-band image with the broad-bagtgimage, two regions of K
emission have been identified (Fig. 7). Both lie along the 1IR%&ige, which has previously been
identified as a region of active star formation (Smith et 809; Wolk et al. 2006). Region A in
Fig. 7 shows H emission extending to the SW from an infrared point soureg i one of the
redder sources in the region (No. 174 in Wolk et al. 2006)sTifrared source is coincident with
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one of the brighter X-ray sources (over 500 counts) but islpatetected afl in the NACO data.
It is likely to be an embedded protostar with an outflow.

In region B, B emission extends to the SW from a kink in the IRS 1 ridge emigsugges-
tive of a relationship between the two features. No infrgreiht source can be directly associated
with this emission however, and so its origin is unknown. A&plg embedded protostar may be
waiting to be found in this region, perhaps through deep miidied imaging and/or through
interferometric imaging at millimeter wavelengths. Urlithe ONC (Kristensen et al. 2003; Mc-
Caughrean & Mac Low 1997; Allen & Burton 1993), or a large n@mbf small scale outflows
from the cluster members (Davis et al. 2008), there is n@lacgle H emission in the RCW 38 re-
gion that could be suggestive of a recent explosive evemt)ange number of small scale outflows
from the cluster members.

4.6. Photoevaporating Disks

The narrowband imaging reveals three candidate photoestipgdisks — stars with cometary-
like head-tail morphologies (Figs. 8, 9, 10, 11). While alh stellar-like point sources at their
heads, only one of these is clearly directly affected by IR®%ith its tail pointing directly away
from the O-star and lying in close proximity (Fig. 9). Thedgexts are well seen in the narrow-
band images at 2.12m (Hy) and 2.17um (Bry), when compared to the broadband imageH at
andKs that are dominated by continuum emission. The proplyds inrOrave typical sizes/15
to 1’ (O'dell 1998), which translates to 62—-413 AU assuming theaglice to the ONC is 414
pc (Menten et al. 2007). Our observations have a pixel sdd)é@b4 (91 AU at a distance of 1.7
kpc), which should allow for the identification of any larg@rion-like proplyds in the region. We
have detected at most three similar objects with tail sihas are approximately 1275 AU (Fig.
10) and 2208 AU (Figs. 9, 11). ltis interesting to note thab ¥ these objects are located in
the IRS 1 ridge. One of the goals of undertaking both narradbend broadband imaging was
to identify both resolved and unresolved proplyds. In theedde proplyds are unresolved, they
would be identified as sources of line emission in the nareswlimages after careful subtraction
of the continuum (broadband) emission. However, the v&iBISF, both in time and across the
FOV, make such a comparison difficult if not impossible, arellvave not attempted to do this.
Stable PSFs like those provided by space-based platforensesded to undertake a search for
unresolved emission from evaporating disks.
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4.7. Disk Fraction

Using the § —H) vs. H — Kg) color-color diagram (Figure 2), it is possible to isolaté 8
sources (92 including protostellar candidates) vidthband emission greater than that expected
for a stellar photosphere. These sources are tagged in Jatikh an ‘e’ for excess sources, and
a ‘p’ for protostellar candidate. Figure 5 shows a spatiatrdiution of these sources and Figure
12 shows a histogram of sources vs. radial distance from.IE3@ess infrared emission is often
indicative of the presence of inner disks. The disk fraciois calculated as:

NEXCESS
D= _——"">">> 2
Ntot — Nobkgd @

where NeycessiS the number of sources with an infrared excéds; is the total number of
sources, antyigq is the number of background sources. The disk fraction aseion of radial
distance from IRS2 is plotted in Figure 13. In this manner we f disk fraction of 2% 3%.
The disk fraction is quoted without mass and extinctiont@disampling because it did not affect
the final value. We perform mass and extinction limited samgplvhen comparing RCW 38 and
the ONC. This is a lower fraction than found in similar stied{@HK) of similar clusters (Lada et
al. 2000; Haisch et al. 2000; Hillenbrand 2005), given itgréde of embeddednes&(~ 10) and
inferred young age (0.5 Myr; Wolk et al. 2006).

As mentioned previously, RCW 38 is an interesting regionttmlyg in that we are able to
compare what we find to the best studied young cluster, the @dN§ee if the trends found there
exist elsewhere. Lada et al. (2000) in théKL survey of the ONC covering approximately
the same linear scale as our RCW 38 study (a 0.4 pc squarenjdgiond a disk fraction of
50+ 7% determined b¥s-band excess, while a disk fraction of 8% % was determined using
L-band excess. BotKs andL are sensitive to warm inner disk emission { AU) and require
favorable angles of inclination, inner disk holes, and efion rates for detection (Lada et al.
2000). However, the photospheric emission of a given starahawer intensity irl rather than
Ks, Which means th&-band excess must compete with photospheric emission maod timanL-
band. Thus, longer wavelengths such as the L-band, that oas maliably detect disks, resulting
in higher disk fractions than for studies relying Kg-band excess only, are needed. It is highly
likely that our survey of RCW 38 only detects a fraction ofkdigpresent. The only way to test
this would be to image the region irband or longer wavelengths with sufficient sensitivity and
resolution to resolve individual sources, which is a difititask for a cluster at 4 times the distance
of the ONC (1.7 kpc) with bright nebulosity.

The disk fraction of 5& 7% found for the ONC usin${s-band excess is difficult to directly
compare to the present result due to differences in setigitvand photometric techniques. In
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order to make a fairer comparison, thelKs data on the ONC from Muench et al. (2002) was
obtained and a 0.3 Mmass cut and aJ(— H) < 2 extinction cut applied to both data sets, over
the same linear region. This resulted in 218 sources in th€ ,M¢luding 71 excess sources, and
112 sources in RCW 38, with 28 excess sources. The over&lfwdistions for the two data sets
subjected to these cuts are 25% for RCW 38 and 42 8% for the ONC. These fractions are
significantly different, for reasons unknown. As noted, kuer, determining the infrared excess
fraction fromJHK data only is likely to underestimate the true fraction (Latlal. 2000).

5. Analysis
5.1. Photoevaporating Disks?

Sources with disks in RCW 38 seem to be evenly distributedutlinout the region, with
the majority of disks found between 0.07 and 0.17 parsees fRS2 (48%, compared with only
24% at smaller distances). Because of the UV radiation etimgnfaom the massive O-star binary
IRS2, it might be expected that the disks nearest to theaesdurce would have been evaporated.
Photoevaporating disks in the inner region of a cluster baes well documented in the Trapezium
Cluster on account of the O st@t C Ori through both radio observations (Churchwell et al.7;98
Felli et al. 1993) and both ground and space based opticgimgdLaques & Vidal 1979; O’'dell,
Wen, & Hu 1993). Instead of a deficit of disks near IRS2, we fistight increase in disk fraction
with decreasing projected distance from IRS2 (Fig 13). Haxeghe physical separations are not
known and the proximity of some of these stars to IRS2 could psojection effect. In addition,
since the cluster is quite young and thus dynamically actters moving at 1 km/s would move
across the entire FOV in just 0.5 Myr, making it nearly impblgsto tell which stars have spent
prolonged amounts of time near IRS2. This could explain phgaeent lack of resolved proplyd-
like objects in the inner region near to IRS2.

It is also possible that the outer disks of many of these ssunave been blown away, leaving
the inner disks intact which is the portion most sensitivikKg¢dband measurements. O5.5 stars
such as IRS2 emit large quantities of Far-Ultraviolet (Flavyl Extreme-Ultraviolet (EUV). More
FUV radiation is emitted than EUV radiation, which meand tRdV radiation is the dominant
cause of photoevaporation because it works to evaporateutiee portions of the disks at a faster
rate. EUV radiation works to evaporate the disk at a slowty, 0 when the outer portion of the
disk has been photoevaporated from FUV radiation, it is tleeenenergetic EUV radiation that
slowly works to cook away the inner disk. Adams et al. (200@deied this photoevaporation
effect for embedded clusters with varying memberships.yTefine aGg term given in units of
the typical interstellar radiation field at FUV wavelengtgsven as 16 x 1072 ergs s cm2).



—14 —

For an O star binary (assuming a temperature of 41000KRinég 15R.), sources at 0.01 pc
would experiencéSg = 43000 which decreases as 1/(distaRe®) that sources at 0.1 pc would
experiencesg = 430. Since the O stars represent the dominant source of Faistian, theGy
values given take into account just the central source amorégycontributions from nearby less
massive sources. However, if we were to take into accour8thmandidate OB stars identified in
Wolk et al. (2006), the average FUV radiation experienced given star would be greater. Higher
Go values represent a faster photoevaporating effect andemesy affect lower mass stars whose
disks are less tightly bound.

If we assume large planet formation occurs in the region 8 %U, for M, = 0.5M, or less
it would be inhibited over a 2 Myr period in a region wheésg = 3000, though this would only
impact the stars minimally if the clusteris2 Myr. As an example from Adams et al. (2004), disks
around 0.25V, stars would be photoevaporated down to around 14 AU, redubmreservoir of
material for planet formation around the star by half andlijiipreventing the formation of outer
planets. Without velocity dispersion data for the clusteryever, it is difficult to know what kind
of orbits the cluster members follow around IRS2 and how ntiumhb they actually spend close to
this central source. However, if we assume circular orlmtcfuster members so that they spend
100% of their time at their projected radial distance, theme 18JHKg sources that experience
Go > 3000. Of these, 5 sources have detected infrared excessg giwdisk fraction of 27%.
However, random sampling of the sources using the diskifraatalculated previously gives a
28% chance of choosing 5 or less excess sources, so thatighidyslower disk fraction is not
statistically significant. This result is to be expectedsis-band excess detects the inner wall
of disks which can be found at distances less than 1 AU froncéméral source so that even if a
star’s disk was significantly reduced in size, this lack skdnaterial would not be noticeable. As
an example, Eisner et al. (2008) measured the mass of diske @NC versus Taurus and found
that the ONC disks are much less massive, indicating thatopkaporation effects from the OB
stars in the field, have played a key role in evaporating theralisks in the ONC.

5.2. Cluster Structure
5.2.1. Azimuthally Averaged Surface Density Profile

The azimuthally averaged surface density profile, or rgatiafile, of a cluster is a common
tool used to probe the decrease in surface density as adanatiradius from the central peak
(Carpenter et al. 1997; Hillenbrand & Hartmann 1998). KibgG2) surveyed 15 globular clusters
in order to examine their radial profiles and found a relaiop that could be expressed with only
the tidal radius and the core radius of a cluster. Hillendr&rHartmann (1998) fitted their radial
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profile for the ONC using such a King profile. Neither the ONGR&@W 38 is a globular cluster in
equilibrium which makes the King model less physically #igant for this application; however,
as RCW 38 shares many similarities with the ONC, it seemesbresble to determine the King
profile parameters for RCW 38 for comparison to the Hillenbr& Hartmann values.

The radial profile of RCW 38 was made using only the sourcesctled aKs with magnitude
< 17 and uncertainties 0.2. As shown in Figure 14 it is relatively flat inside the coifethe
cluster at radial distances less than 0.1 pc and then begfal off at further distances. The radial
profile can only be examined up to a distance of 0.25 pc froncémeer of the cluster in order to
limit edge effects caused by sampling distances outsidE@\¢éin certain radial directions. This
radial profile represents only the sources resolved in dmspde, whereas it is possible that there
are deeply embedded and extinguished sources that areralustnbers but not taken into account
in this radial profile. Figure 15 shows a contour magKefstellar surface density that illustrates
the fairly uniform distribution with only a few small areabpbssible subclustering.

The shape of the radial profile in Figure 14 motivates theaof a flat-topped profile with
a power-law drop off to fit the radial profile of the data sucliesKing model. For regions where
the tidal radius is much larger than the core radius (as isrgdlg assumed), the King model can
be expressed as:

-1
1+ (L) ] 3)
ro
whererg is the core radius of the cluster, ang is the initial stellar surface density. With
re=0.1 pc andog = 5700 pc 2, the model provides a reasonable fit to the radial profile O\RZS
(Fig. 14). Hillenbrand & Hartmann (1998) give best-fit Kingpdel parameters aof, = 0.164 pc

ando, = 5600 pc? for the ONC. This central density is very close to that of RC8Waile the
scale radius is larger, suggesting that RCW 38 is more dgnt@ncentrated than the ONC.

o(r)=0p

Because the King model is applicable for globular clustebservations show that it is not
a good fit to the extended outer envelopes of young star ctusteour Galaxy and the LMC
and SMC. In this case a modified King model (Elson, Fall, & Ftaa 1987; EFF) is a better

description:
-y
r 2] 2
14 (-) ] @)
o

where the introduction of the exponerallows the more extended nature of Galactic clusters
to be fitted. This model differs from the King model in thatihés no truncation radius included.

o(r) =00
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For RCW 38 we obtain a best fit withy = 0.1 pc, 0, = 5200 pc? andy = 1.7. As in the case
of the King model, the EFF model provides a reasonable fite¢odhta in the flat and power-law
fall-off regions.

5.2.2. Nearest Neighbor Distance Analysis

We use a nearest neighbor distance analysis to look forsstiecing among close pairs. Our
King model (eqn. 3; dashed line in Figure 14) was used to geaergroup of 1000 random clusters
with the same radial distribution and number of sources a8/R8. If the RCW 38 distribution
of close pairs was significantly different from the Poissamsa models, then we would expect
subclustering among close pairs. A nearest neighbor disthistogram of the NACO data with
a bin size of 800 AU is compared with the averaged histograoegaor these model clusters in
Figure 16. The model fits with the data quite well, with almaatry bin matching when taking into
account the error bars. This shows that there is a fairly legrée of subclustering on a smaller
scale, a fact that should be expected given the fairly flaaradofile.

5.2.3. Q Parameter Analysis

Cartwright & Whitworth (2004) use & parameter in order to classify star clusters based
on the degree a cluster is dominated by either fractal setaring or a monolithic radial density
gradient. They show that a uniform 2D (or unconstrained 3ijgated into 2D) distribution gives
Q ~0.72 while a uniform 3D distribution constrained to a sptervolume and projected into 2D
givesQ ~0.79. Thus, spherical clusters with some degree of suleclngtare expected to have
Q < 0.79 while clusters with a smooth radial gradient are exqubtti haveQ > 0.79.

The paramete is defined a® = T wheremis the mean distance from a minimum spanning
tree scaled by a factor df\&:lA (with N being the number of stars addbeing the 2D cluster area)
ands is the mean of the two point correlation function measuredfiof the stars in the cluster
divided by the cluster radius. Using this procedure in otdefurther characterize the structure
of RCW 38, a value of) =0.84 is found, which places it on the border between cluskertsare
characterized by a relatively uniform distribution (snmoetith a large scale radial gradient) and
clusters that show some degree of subclustering. Togeilietive analysis in the previous section,
this result suggests that RCW 38 is quite uniform and doeshm# strong subclustering.
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5.2.4. Larson Analysis

Figure 17 recreates the surface density vs. angular sepamot from Larson (1995). The
power law for RCW 38 differs fairly significantly from the ginal Larson plot and does not
contain the same elbow evident in the Larson plot that istifled as the transition from the
clustering to the binary regime. The absence of the elbovasdyeexplained by the fact that it
occurs at an angular separation of 8663 AU, which is at the kigsh end of the nearest-neighbor
histogram in Figure 16 and thus not easily measurable bysthaller field of view. Bate et al.
(1998) also explains that we should expect the elbow in tliedraplot to be washed out in a large
3D cluster where the angular separation of many sourceseattiibuted to projection effects. In
addition, from Figure 17 itis clear that RCW 38 is much denbkan the Taurus cluster and thus it
is possible that different physical processes govern etandtion in these regions.

Nakajima et al. (1998) uses a similar Larson analysis on faeng star forming regions
observed at visible wavelengths, fitting broken power lagvgheir sample. As a similar break
in the Larson plot is not observed in our RCW 38 data, due tohigh density, we can only
compare the slope found at larger angular separationse Fabhows the slopes from Nakajima
et al. (1998), whergs gives the power-law index at small angular separationsenhiljives the
power-law index at large angular separations, alongsieléaéinson result for Taurus and the value
for RCW 38. The RCW 38 result is intermediate between theesbfys andy listed for other
regions.

It is difficult to compare the deep near-infrared data fronViR@8 to theV andR band data
presented by Nakajima et al. because in those bands theoeipmpleteness due to the high
levels of extinction in the visible bandy ~ 10-30). Because of the variability in extinction and
distance among the clusters surveyed, the mass senegiiiteach region are likely to differ sig-
nificantly. Allen et al. (2002) show that these factors cdadfthe Larson plot results significantly
in their HST/NICMOS survey of the Ophiuchus cluster.

6. Summary

We have presented high resolution adaptive optics nesarad imaging (broadbandH, Kg;
narrowband 1.28m, 2.12um, and 2.17um) of the deeply embedded massive cluster RCW 38,
over a field-of-view of~ 0.5 pc, centered on the O5.5 star IRS2. Our main results are:

1. Atotal of 360 sources are detected in all three broadbadfithese, 344 have uncertainties
in all bands of< 0.2 mag, and the remainder are removed from the sample. Befuseven
sources were removed due to contamination from other laigigtarby stars or due to image
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artifacts, leaving 337 reliable sources. Of these 337, fiwehl — K colors in excess of that
expected for T Tauri stars, and are considered to be prdtostandidates. A comparison
to a nearby control field suggests that 15-25 sources arsaociaged with the cluster. There
are 53K only detected sources, that are most likely to be cluster ineesndue to the small
amount of background contamination. These sources cotlidrede highly extinguished
T-Tauri stars or protostellar candidates.

2. AJ—H vs. H—Ks color-color diagram is used to identified stars with an irdchexcess
indicative of inner disk emission. In this manner the disicfron is found to be 29 3%. For
comparison to similar data from the ONC, a 0.3 hass cut and aJ(- H) < 2 extinction cut
was applied to both regions over the same linear area, igguttdisk fractions of 25-5%
for RCW 38 and 42-8% for the ONC.

3. The central star IRS2 is found to be an equal mass binageatsal type~O5 and projected
separation 459 AU.

4. Molecular hydrogen line emission, a good tracer of shdckeflow emission, is seen at two
locations, from a comparison of the narrowband Zii@images with both broadbaikd and
narrowband 2.1m images. At one location this emission has a morphologyestig of
outflow emission, and is associated with a deeply embeddedethat is also a hard X-ray
source (Wolk et al. 2006).

5. Three candidate photoevaporating disks are identifigd h@ad-tail morphologies, and with
stellar-like sources at their heads. Only one lies in clasximity to IRS2 and has a tall
pointing directly away from the O star. Although one goal loé tstudy was to identify
unresolved proplyds through a careful comparison of naseswl and broadband imaging,
this was not possible due to the varying PSF between the bands

6. The cluster radial density profile is well described by adified King profile, which is
widely used to fit globular clusters. In young star clusters;h a profile breaks down in
fitting the extended outer envelopes. This is not a problentHe data presented here,
as the FOV is too small to trace the outer envelope regio®.25 pc). Nearest neighbor
analysis, both directly on the data and on a model densitfli@rthat fits the data, show
essentially no substructure (sub-clustering). Compariemther clusters suggests that this
is not surprising for our limit FOV. The stellar surface diénsn the inner region of the
clusters is~ 5700 pc2.

There are a number of observational programs on RCW 38 tkdttode undertaken in order
to improve on this work and that of Wolk et al. (2006). The camgively low disk fraction of
~ 29% found using onlyJHK data needs to be confirmed through sensitive observatidthe in
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L-band. The large distance and nebula emission will maketbleservations difficult. The nature
of the protostellar candidates akd-band only sources should be further investigated, through
sensitive mid-infrared imaging. The OB star candidatestified in Wolk et al. (2006) should
be observed with infrared spectroscopy to determine tipsctsal types. Finally, the age of the
cluster needs to be better determined, a difficult task gigegxtinction and youth.

We thank Joana Ascenso for providing the SOFI data in advaihygeblication, and for shar-
ing her ISAAC results in advance of publication. We thank YAd Science Operations team
for successfully executing our NACO observations in se&rvitode. Partial support for this work
was provided by NASA through contract 1279160 issued by GRléch, and by NASA contract
NASB8-03060. This research has made use of NASA's Astrophy3ata System.
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Table 1. DITs (Detector Integration Times) and NDITs foretstions in each band.

Band ‘DIT(S) NDIT

J 4.0 16
H 0.75 80
Ks 0.50 120

NB_2.12| 10.0 14
NB_2.17| 10.0 12
NB_1.28| 90.0 4
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Table 2. Number of detected sources.

Band Detections with 0.2 magnitude uncertainty cap

J 355
H 420
Ks 465

JHKS All 344
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Table 3. Infrared Photometry of sources detected with ntagaiuncertainties: 0.2.
Source Number R.A. (J2000) Dec. (J2000) J Jerr H Herr Ks (Ks)err Notes
1 859 2.49 -47 30 20.7 14.09 0.06
2 859 2.50 -47 30 52.6 15.02 0.09
3 859 2.55 -47 30 39.9 14.41  0.06
4 859 2.56 -47 30 46.2 12.08 0.02
5 8 59 2.57 -47 30 53.5 13.09 0.03
6 859 2.60 -47 30 31.7 13.35 0.04
7 859 2.62 -47 30 35.2 12.86 0.03
8 859 2.63 -47 30 28.7 15.07 0.08
9 859 2.66 -47 30 42.3 13.52 0.04
10 8 59 2.67 -47 30 57.4 15.68 0.14
11 8 59 2.67 -4730211 - 14.83 0.08
12 8592.74 -473043.4 17.72 0.07 --- 15.32 0.09
13 859 2.76 -473053.8 17.28 0.13--- -~ 1495 0.07
14 8592.78 -473046.8 1497 0.02 13.61 0.02 1265 0.03 e
15 859 2.83 -47 30 34.0 16.49 0.15
16 859 2.89 -47316.5 -~ 15.25 0.10
17 859291 -473030.8 16.97 0.05 1511 0.05 13.83 0.04 e
18 859 2.92 -473121 15.01 0.02 13.44 0.02 1236 0.02 e
19 8592.93 -473054.1 1227 0.01 1051 0.01 9.81 0.01
20 8592.93 -473054.1 12.14 0.02--.
21 859 2.97 -473039.8 15.10 0.02 13.71 0.02 1285 0.03 e
22 859 2.98 -473051.7 17.88 0.10 1590 0.06 14.12 0.05 p
23 859 2.99 -47310.9 16.78 0.10 15.49 0.10
24 859 3.00 -473044.4  16.25 0.03 1354 0.02 11.00 0.01 p
25 859 3.02 -473035.6 14.88 0.02 12.67 0.01 11.47 0.01
Note. — In the Notes column, ‘e’ refers to those sources witinérared excess, ‘p’ to protostars, which

are sources with an excess greater than of that expectededtianmed T Tauri stars, and 'x’ to sources that



—- 26—

haveJ —H < 1 and whose photometry is incorrect, for reasons describ#teitext. Units of right ascension

are hours, minutes and seconds, and unites of declinatotegrees, arcminutes, and arcseconds. Units C
J, Jerr H, Herr Ks (Ks)err @are magnitudes. Table 3 is published in its entirety in tleetebnic edition of the

Astronomical Journal. A portion is shown here for guidaresgarding its form and content.
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Table 4. Slopes for Larson plots for Taurus (Larson 1995)thacatlusters surveyed by
Nakajima et al. (1998)ys gives the power-law index at shorter angular separationiewhgives
the power-law index at longer angular separations.

Region Vs VL
Orion OB | -1.6+0.4 -0.15t0.02
Orion A -0.23+0.02
Orion B -0.69+0.01

pOph |-2.5£0.3 -0.36£0.06
Chal |-2.1£0.2 -0.57:0.04
Cha |-2.4+0.5 -0.55:0.03

Vela -0.614+0.02
Lupus | -2.2+0.4 -0.82:0.13
Taurus -2.15 -0.62

RCW 38 -1.32
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Fig. 1.— Color composite image of RCW 38 throudl{blue), H (green), andKs (red) filters.
The bright star in the center is IRS2. The blue sources to ¢inén mnd south of IRS2 are J-band
artifacts, as is the ring-like structure to the west of IR&2hie nebulous filament (known as IRS1
from mid-infrared wavelengths).
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Fig. 2.— Color-Color Diagram for the NACO field. Plotted aine 337 sources detectedliH Ks as
discussed in Section 4.1. Reddened sourcesavithD.2 are displayed with crosses. Open circles
indicateKs-band excess sources identified by discarding sourceswlithof the lowest reddening
vector in either dimension. Filled triangles representgstellar candidates (Class | sources) or
extreme CTTS’s (Lada & Adams 1992 or Carpenter et al. 199f)pdd and lower reddening
vectors are from Rieke & Lebofsky (1985) and plotted as slhitids for an M5 giant (Bessell
& Brett 1988) and M5 dwarf (B. Patten 2004, private commuticg respectively. Reddening of
Ak =1 and 2 is indicated by the filled circles. The classical T¢Tstars (CTTS) locus from Meyer
et al. (1997) is plotted as a dotted line. Some of the souneeglantified as non-excess sources
despite appearing in quite far into the region where theyldvappear to be excess sources, due to
greater than average errors that overlap with the non-exegson to the left of the first reddening
vector. These sources are all faint sources, and are evistijpdted at different radii from IRS2.
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Fig. 3.— Color-Magnitude diagram for NACO field. Symbols asHigure 2: reddenedHKg
sources are crossd&s-band excess sources are circles, and candidate protastargangles. The
single black diamond indicates the only source detectedandH that was not detected iKs
(thus our sample is not biased towards detected excé&3.i€ompleteness limits far andH are
represented as dashed lines. The curved line at left is tredldaned 1 Myr pre-main-sequence
isochrone from Baraffe et al. (2002) with reddening vec{®®ke & Lebofsky 1985) at 0.025
M, 0.08 M., and 1.0 M, shown as downward sloping lines. From this diagram it isrdieat the
cluster is reddened by aroudgk = 1. Despite the surrounding differential reddening thasexi
due to the nebulosity, the cluster is surrounded by a bubhteloulosity with the central region
evacuated due to the wind from the O stars. This causes thallnezldening to be fairly constant
over the sources within the cluster core.
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Fig. 4.— a) Magnified image of IRS2 from the narrowband uirRimage. Contours are plotted
at 60, 70, 80, 90, 95 and 100% of the peak flux in arbitrary ubitdlagnified image of IRS2 from
the narrowband 2.1dm image. Contour levels are the same as in a).
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Fig. 5.— Shaded extinction contour map for the NACO FOV. Wlaiteas indicate areas of higher
extinction, expressed in a linear scaling where black sprsA, = 10 and white represents
Ay = 20. Contours are given fahAy = 1, starting atAy = 10. Ks-band excess sources and
potential protostellar candidates as identified in Figusee€2overplotted using the same symbols
as that figure (white circles and white triangles respelgtjveThe bright central source IRS2 is
overplotted as a white star.
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Fig. 6.— a) Histogram of NAC®<-band magnitudes divided into bins of 1 magnitude. All sesrc
detected aKs, regardless of detectability dtor H, are included. The dotted line represents the
90% completeness limit. b) Histogram of SOFI control figldband magnitudes divided in bins
of 1 magnitude and normalized by the ratio between the NAC® B@d the SOFI FOV. The
dotted line represents the 90% completeness limit. Thedram has been shifted to the right by
the amoundAg as described in the text. ¢) NACO histogram corrected byraatihg the SOFI
control field histogram. Only bins within the 90% differeaitcompleteness limit for the NACO
measurements are included.
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10000 AU

Fig. 7.— Molecular hydrogen emission in the 1-0 S(1) lineegealed in these images, which
combine narrow-band images at 2,4 (red), 2.17um (green), and 1.28m (blue). In the left
panel is shown the IRS 1 ridge region, and on the right are slzmemed in regions A and B. The
H> emission is shown in red.
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Fig. 8.— Finding chart for proplyd-like objects. The image¢he narrowband 2.3#n image, and
the three proplyd-like objects shown in more detail in Fi#341 are indicated by the boxes marked
C, D and E. IRS2 is indicated with an asterix.
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1000 AU

Fig. 9.— Image at 2.1@m showing a candidate proplyd with a tail near IRS2. Iderttifis Region
C in Figure 8. The arrow points to the head of this globulehwlie tail stretching leftwards and
slight upwards, away from the location of IRS2.
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Fig. 10.— Images in four bands (as noted) of a proplyd candidéth tail. Identified as Region D
in Figure 8.
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Fig. 11.— Images in four bands (as noted) of a proplyd candidéth tail. Identified as Region E
in Figure 8. The arrows point to the head of the globule.
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Fig. 12.— Radial surface density plot IRS2. Bin size s Zhe dashed line indicates alHKg
sources and the solid line ks-band excess sources from Figure 2.
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Fig. 13.— Disk fraction vs. radial distance from IRS2. Bimesis about 4.
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Fig. 14.— Radial stellar surface density plot for RCW 38 eeatl on IRS2 using NACO data. Bin
size is about 0.02 pc (®). The stellar surface density is computed for all souregeaed with
K < 17 witho < 0.2. The dashed line represents the fitted King model (eqn. #ge dotted
line represents the fitted Elson et al. (1987; EFF) model.(énn
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Fig. 15.— Stellar surface density plot. The contour&gétellar surface densities for sources with
K <17 ando < 0.2 are shown in the upper image. The contours representrgetface densities
of 30, 100, 500, 1000, 2500, 5000, 10000, 20000, and 25008 stz?. Densities are computed
using 5 nearest neighbors. For reference, in the lower paisélown the same FOV using tKg
band image.
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Fig. 16.— Nearest neighbor histogram. Black represents GA@ta (using sources with < 17
ando < 0.2) and grey is the average of 1000 randomly generated ctusiién the same radial
profile as shown in Figure 14. Error bars represent the stdrkviation of the random averaged
clusters in each bin. Bin size is 800 AU. As a note, the twaipoorrelation function (TPCF) of
this same data set yields nearly identical results, so ibisntluded here. Since the data does not
deviate significantly from the model (where sources areaarig distributed for the given radial
profile), it is consistent with the model that no major substnring exists in this FOV. This is as
expected because the radial density plot in Figure 14 isy@a#lg flat over most of the region.
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Fig. 17.— Surface density of companions as a function of Emgeparation (after Larson 1995).
The Larson result, scaled to the same distance, is shown ashedl line (the original Larson
result shows an elbow at around 18g -1.75 which translates to log = -2.83, for the distance

to RCW 38 of 1.7 kpc, cf. 140 pc for Taurus). The grey line shavp®wer law of -1.32 which is

significantly different from the -2.15 power law for the bigaegime and -0.62 power law for the
clustering regime measured in Larson (1995).



