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Abstract

Circumstellar disks play an essential role in the star formation process artticaught to be the sites
where new planetary systems come into being. Knowledge of the evolutioresd thbjects is pivotal
to our understanding of star and planet formation. In this thesis, | présee studies aimed at charac-
terizing the properties of newly formed stars and their circumstellar accréists in three qualitatively
different environments: the sparse stellar associatitima, the L1630 and L1641 regions of clustered and
distributed star formation in Orion, and the massive cluster Pismis 24. | cominifiaced observations,
taken from the ground and with the Spitzer Space Telescope, with opticahignagd spectroscopy ob-
tained with various ground-based facilities. | characterized the disk geparal evolutionary state using
the infrared data, and from the optical data | determined the stellar prapastiwell as the rate at which
disk material is accreted onto the central stars. Two important insights ghimegyh my studies are: (1)
the disk lifetimes for stars formed in isolation or sparse stellar associatiofsnger than those of stars
formed in relatively dense clusters, whereas the disk lifetimes in clusteogritag very massive stars
with spectral types earlier tharO5 are shorter than those in otherwise similar clusters that lack such very
massive stars; (2) the accretion rates show a steeper dependenesstalén mass in the sub-solar mass
regime than in the solar or intermediate mass regime.

Zusammenfassung

Zirkumstellare Scheiben spielen eine entscheidende Rolle im Prozess den&tehung und gelten
dariberhinaus als die Geburtaten neuer Planetensysteme. Notwendig zum &edstis der Planeten-
und Sternentstehung ist daher das Wissen um die Entwicklung zirkumstélldkeetionsscheiben in
Abhangigkeit von der stellaren Umgebung. In dieser Arbeit lege ich dreii&tuwbr zur Charakter-
isierung der Eigenschaften von Sternen und Scheiben in unterschaditarnentstehungsgebieten: im
lockeren SternenverbardCha, in den AulR3enregionen des Orion-Nebels (L1630-North und 1)164d

im massereichen Haufen Pismis 24. Dazu wurden Infrarotdaten ausdeimendenen Durchmusterungen
und desSpitzerWeltraumteleskops kombiniert mit optischen Bildern und Spektroskopie \ietssier
bodengebundener Teleskope. Anhand der Infrarotbeobackehgeakterisierte ich die Scheibengeome-
trie. Desweiteren verwende ich die optischen spektralen und photometrif€diten zur Bestimmung
der Akkretionsraten sowie zur Ermittlung der Eigenschaften der Zenstiige. Meine Untersuchungen
zeigen, dal’ die Lebensdauer zirkumstellarer Scheiben in Isolation allerdo Sternvednden sehr viel
langer als in relativ dichten Sternhaufen ist. Dalddl flie Lebensdauer in grof3en Haufen, die auch ex-
trem massenreichen Sterne (Spektraltyp O5 uialder) enthalten, sehr viel geringer aus als in Haufen, in
denen solche extrem massenreichen Sterne fehlen. Desweiterenedigkbtionsrate im Massenbere-
ich der sub-solaren Sterne einarkere Ablingigkeit von der Zentralsternmasse als im Falle von solaren
oder mittelschweren Sternen.
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Chapter 1

Introduction

1.1 Star formation

Star formation occurs in cold and dense interstellar clmfdaolecular gas and refractory ma-
terial collectively referred to as “dust”. Initially, su¢molecular clouds” are supported against
collapse under their own gravity by magnetic fields and tietbce. The densest regions inside
the molecular clouds may develop into self-gravitatingespmwhich become denser and denser
and can eventually no longer be sustained by magnetic abdlémt support. Thus, they become
unstable to gravitational collapse in “inside-out” faghi@hu et al. 1987). The cores have fi-
nite angular momentum which is conserved during collapssgmting a substantial fraction of
the infalling material to fall directly to the core centenstead, this material builds a flattened
structure around the forming central object, through whmdterial may be further transported
inwards while angular momentum is carried away. Througldhecretion disksa substantial
fraction of the final stellar mass is fed onto the stellar grabr

The formation of low-mass stars, such as our own Sun, hasdieled into four phases, with
the corresponding objects being referred to as Class 0,dnd,lll sources (Lada 1987; Andre
et al. 2000). While this division is primary empirical and ed®n the appearance of the Spectral
Energy Distribution (SED) of a forming stellar object, iflexts to some extent also how the
formation of a young star is driven by various physical mai$ras in successive phases. The
extremely young Class 0 objects show SEDs that closely rdsembtold blackbody spectrum
peaking at far-infrared wavelengths, and have a typicadlifs of ~10° yr (Evans et al. 2009).
During this phase, energetic outflows can develop that &tantear out material along the rota-
tional poles of the protostellar systems. This causes tlgxbto evolve into a less embedded
class | source, with a well developed, optically thick digkhandreds of astronomical units in
diameter. The lifetime of class | objects#&x10°yr (Evans et al. 2009) and such objects typ-
ically drive strong outflows that help further clearing ofvelope material. The rate at which
material is accreted onto the central star through the @istams high and the disks are fed with
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fresh material that is infalling from the envelope. When nadghe envelope is dissipated and
the supply of fresh material to the disk is halted, a longerpain sequence phase ensues during
which the stars typically become visible at optical wavglés while accretion continues at a
strongly reduced rate. This so-called Class Il phase lag&saamillion years, and is thought to
be the main planet formation phase. Through still not fulgerstood mechanisms, the disks
are dissipated on timescales of a few Myrs, and after someytGWoung star may be left
with an optically thin, gas-deprived “debris disk” which yneo-exist and interact with a newly
formed planetary system. During this last phase of the etandtion process the young stars and
whatever circumstellar material is left are referred to @&ass 111" sources. The stars are still
contracting until at some point the pressures and tempesata their centers are high enough
to ignite Hydrogen fusion. The young object has reached ¢ne-age main sequence and will
remain stable, with only a modest and very gradual incraaseninosity, for billions of years.

A star like our sun will remain on the main sequence for apipnaxely 10 billion years.

In this thesis | present studies of a large number of young stavarious environments, with
the goal of improving the observational characterizatibthe forming stars and their disks.
My studies include sources in the latter three phases in dga Iclassification, with a particular
emphasis on sources in the Class Il phase and the evolutiblesd# into Class 1l objects.

1.2 Disk evolution

It is more than five decades ago that T Tauri stars (TTSs) wiergified as being “special”’ (Joy
1945), and were recognized as pre-main sequence objectisafdsamian 1947). Later TTSs
were found to often show strong excess emission over theceegh@hotospheric level at near-
infrared and longer wavelengths (Mendoza 1966, 1968). Aisignt fraction of nearby known

TTSs have been detected at far-infrared to millimeter wengths (Rucinski 1985; Harris et al.
1988; Weintraub et al. 1989; Beckwith et al. 1990). The ol=gspectral energy distributions
of TTSs can be naturally explained if these stars are sudiagrby circumstellar disks (Lynden-
Bell & Pringle 1974; Adams et al. 1987).

Circumstellar disks are formed as a result of angular monmewtanservation during the proto-
stellar core collapse (Shu 1977). These disks have poltémfiarm the planets and are thus also
referred to aprotoplanetarydisks. The disk dissipation process has been constrairszhab
tionally by investigating what fraction of young stars I(stshows strong excess emission from
disk material at infrared wavelengths, in clusters withrageaof ages. Near-infrared imaging sur-
veys, which are sensitive to hot disk material very closééocentral star, have indicated that the
inner disk frequency is50% at ages of 1-2 Myr but dramatically decreases10% at ages of
5-10 Myr, indicating that the lifetime of inner disks is a féMyr (Strom et al. 1989; Haisch et al.
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Figure 1.1: The disk frequencies vs. ages fdfaient cluster'SFRs. The dashed line is the fit
to disk frequencies of the clustggFRs, which isfyis=e7%°. Heret is in the unit of Myr.

2001; Hillenbrand 2002). This has been confirmed by recentga performed with the Spitzer
Space Telescope (e.g. Gutermuth et al. 2004; Young et ad; 20rtmann et al. 2005; Megeath
et al. 2005b; Lada et al. 2006; Sicilia-Aguilar et al. 2008208; Heriandez et al. 2006; Dahm
& Hillenbrand 2007; Herandez et al. 2007b; Flaherty & Muzerolle 2008). Fig. 1.1 shtive
(inner) disk frequency vs. age diagram for the various yotingters and star-forming regions
collected from the literature. Overall, the data pointshiis diagram can be well represented by
an exponential decay of the forfgisx=exp(-¥7o), yielding a typical timescaley ~2.9 Myr for
the dissipation of at least the hot inner parts of circunetelisks (Fedele et al. 2010).

A number of diferent physical mechanisms have been proposed to drive th&iewn and dissi-
pation of a circumstellar disk, such as disk accretion (iartn et al. 1998), stellar encounters
(Pfalzner et al. 2006), photoevaporation by the centrasstador nearby massive stars (John-
stone et al. 1998; Clarke et al. 2001; Alexander et al. 200&hgh formation (Rice et al. 2003;
Quillen et al. 2004), and stellar binarity (Artymowicz & Lol 1994). The individual mecha-
nisms are briefly described as follows:

Accretion: Turbulence and magnetic fields can transport disk angulanentum outward, al-
lowing the disk material to move inward and eventually bereted onto the central star. The
timescale for viscous dispersal of the disk depends on silesdaadius (Hartmann et al. 1998).
Due to the conservation of angular momentum the outer diskexpand, and the viscous
timescale in the outer disk becomes longer. Thus, viscoalkigen may be only important
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in the dissipation of the inner parts of disks (Hollenbachle2000).

Stellar encounters: The stellar encounter mechanism involves a circumsteb&rahd a nearby
passing star. Mutual gravitational interaction can indasggnificant exchange of angular mo-
mentum and lead to disruption of material from the outer degkons or strongly enhanced ac-
cretion rates, both accelerating the dissipation of theuanstellar disk (Clarke & Pringle 1993;
Pfalzner et al. 2006; Olczak et al. 2006; Pfalzner & OlczaB7Z2@®Iczak et al. 2010).

Photoevaporation: UV photons emitted by the central star or by nearby massars sgin heat
the gas in the disk surface layers to such high temperatuaethte sound speed exceeds the local
escape velocity from the gravitational potential well af gystem. The gas will then flow freely
into interstellar space in a photo-evaporative flow and tbk id slowly eroded (Johnstone et al.
1998; Sbrzer & Hollenbach 1999; Richling & Yorke 2000; Hollenbache&t2000; Clarke et al.
2001; Armitage et al. 2003; Alexander et al. 2006).

Planet formation: When the planets are forming deep in the disk interior they sudgtantially
affect the structure of the disk through gravitational intecacwith the disk gas. Giant gas
planets may become massive enough open a gap in the disiglgtrondering further transport
of outer disk material across the gap to the inner disk regyidhe inner disk regions will further
accrete onto the central star but, no longer being supplidcelsh material from larger radii, are
quickly dissipated. Thus these systems can evolve intatSit@n Disks” with inner holes (Rice
et al. 2003; Quillen et al. 2004).

Binarity: In a young binary system we distinguish two types of disks$ thay be present: a
circumstellar disk that surrounds one of the componenth (®gstem members may have such a
disk), and a “circum-binary” disk that surrounds the whalealy pair. Circumstellar disks may
be truncated on the outside by gravitational interactiotinwhe binary companion, which is in
some scene a special case of the previously discusse@tstatounters” scenario (Artymowicz
& Lubow 1994). In the inner region of a disk surrounding a loyngair a gap will quickly form
(Lin & Papaloizou 1993). Potentially present circumstetiésks will be dynamically isolated
from the much larger circumbinary disk, and both will evoirdependently.

1.3 Dust processing in protoplanetary disks

The dust in protoplanetary disks originates in the intdlestenedium (ISM). It consists of sili-
cates with olivine and pyroxene stoichiometry and carbenas material (Henning et al. 2004;
Henning 2010). The silicate grains in the ISM have typicaésiof<0.25um and appear to be
present essentially exclusively in amorphous form, asrddrirom an analysis of the “1@m sil-
icate feature” seen in absorption through lines of sighihwétge interstellar extinction (Kemper
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et al. 2004). Towards young stars, e.g. HerbigBeestars and T Tauri stars, the 1@ feature is
usually in emission (Cohen & Witteborn 1985; Natta et al. 2@ouwman et al. 2001, 2003;
van Boekel et al. 2004, 2005). The emission features arideeioptically thin disk atmosphere
that “blankets” the optically thick disk interior (Chiang &d&ireich 1997; Henning & Meeus
2009; Henning 2010). Since in the whole disk, with the exioepof the innermost regions of
strongly accreting sources, the main energy source of silerdaterial is irradiation from the
outside by the central object, the disk atmosphere is wathaar the disk interior. Thus, it is
easily understood why peaks in the opacity curve of the digtenal result in emission features
in the spectrum.

Analysis of the 1(um silicate feature in protoplanetary disk spectra revealéatge variety of
grain properties. The disk atmospheres contain dust gthatsn many, but not all, cases are
substantially larger than their ISM counterparts, typicaéveral microns. Also, often a substan-
tial fraction of the disk silicates are present in a crystalform (Bouwman et al. 2001, 2003; van
Boekel et al. 2003, 2005; Bouwman et al. 2008;akmet al. 2010). The observedfdrences
between the ISM and disk silicates indicates that physiedhanisms are at work in the disks
that alter the properties of the dust. These processes rolglethermal annealing &t >800 K
close to the central star or also in the colder disk regiomthéu out in brief “flash” heating
events induced by shocks, evaporation and recondensatiors 2200 K, and grain growth. In
addition, transport mechanisms such as turbulent mixing mave processed material through
the disk, and we may observe it in dférent location from where the dust processing originally
took place (Henning & Meeus 2009; Henning 2010).

1.4 Outline of this work

In this section, | will outline this thesis. First, | will desbe the scientific goals | have pursued,
and then explain the observational methods that | used to dbisally, | will briefly introduce
the star-forming regions that | have studied.

1.4.1 Scientific motivation

Over the past decades our understanding of star formatisk gdolution, and planet formation
processes has advanced dramatically. This was to a largetekie to the advent of a new gen-
eration of ground- and space-based observatories thatwastly more powerful than anything
that preceded. In parallel theoretical models of formiragsstdisks, and planets have developed
spectacularly, much helped by the dramatic increases ipdiver and availability of computing
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facilities. Yet, there are still many important open quassi out there, waiting to be answered,
some of which | will address in this thesis. | will focus on flefowing main questions:

e What is the primary physical mechanism responsible for dis&ipation?

e How do the disk properties (geometry, accretion) dependcerptoperties of the central
star, and the (close) stellar environment?

e How are the properties of the dust in disks related to theajlptoperties of the disks and
their central stars?

1.4.2 Observational approach
(1) Characterizing disks

The excess emission at infrared or longer wavelengths flaumg stars has been well understood
in terms explained circumstellar material in the form of akdfLynden-Bell & Pringle 1974;
Adams et al. 1987). The disk material may span a large rang@mperature and density, from
the hot regions at less an AU from the central star to thewdusold outer regions at radii of
100 AU or more. This is reflected in the SED, which may show sg@mnission over the stellar
photospheric level over many decades in frequency, frorméae-infrared where the hot inner
disk dominates, through the mid-infrared where the warrk disnosphere contributes most, to
far-infrared and (sub-) mm wavelengths where we see everedéso the disk, and are sensitive
to an ever increasing fraction of the disk mass and ever comd¢erial. Fig. 1.2 shows a typical
SED from a TTS with a flared disk (Dullemond et al. 2007), gadilrely illustrating how the
various disk regions contribute to the SED. At mm waveleagftie disks are normally optically
thin and the emission is dominated by the the cool disk iotevhere most of the mass resides.
The infrared excess emission is almost exclusively theamassion from dust grains, except in
some cases atcm or longer wavelengths (not shown in Fig. 1.2) where it magidbminated by
non-thermal (free-free) emission from a stellar wind.

The Spitzer Space Telescope featured two imaging camémasnfrared Array Camera (IRAC,
Fazio et al. 2004) and the Multiband Imaging Photometer @JIRieke et al. 2004). These
provide broad-band images with exquisite sensitivity atelengths from 3.@m to 24um and
were used to do large area mapping of the infrared sky. Numsestar-forming regions and
clusters with ages from 1 Myr to tens of Myrs were observegd. (Ehapter 3; Gutermuth et al.
2004; Young et al. 2004; Hartmann et al. 2005; Megeath et08l58; Lada et al. 2006; Sicilia-
Aguilar et al. 2006a, 2008; Heandez et al. 2006; Dahm & Hillenbrand 2007; Haemdez et al.
2007b; Flaherty & Muzerolle 2008), yielding well observeairgples of many thousands of young
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Figure 1.2: A sketch of construction of the SED from a yourag stith a flaring disk. Diferent
part of the disk can have contributions in the SED #iedéent wavelengths: (1)the near-infrared
and mid-infrared emission come from the inner disk, (2)ifdirared emission is from the outer
disk, and (3) the (sub-)millimeter emission mostly origagfrom the mid-plane of outer disk.
The figure is taken from Dullemond et al. (2007)

stars down to very low masses. Combining the Spitzer data existing ground based near-
infrared data from e.g. the 2MASS and DENIS surveys, we castcact SEDs of the individual

young stars in these star-forming clouds. This allows attargzation of their disks from the

innermost regions out to a radius that, depending on thenlosity of the central star, may be
several to several tens of astronomical units.

(2) Characterizing dust properties of protoplanetary disks
The properties of dust grains in circumstellar environreémigeneral, and protoplanetary disks

in particular, have been studied mostly studied using ieftespectroscopy. In particular sili-
cate dust shows many spectral features at infrared wavblemgose presence, shape, strength,
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and exact wavelength depend on the chemical compositiam gize and structure (compact
or porous), and solid state lattice structure (amorphousyatalline), and therefore provides a
wealth of information about the nature of the dust. Spiteérared Spectrograph (IRS) spectra
are ideally suited for a mineralogical analysis of the dagtriotoplanetary disks (e.g. Henning
& Meeus 2009; Henning 2010). In Figs. 1.3(a), (b), (c), andwe show the mass mass ab-
sorption coefcients of amorphous silicates (with olivimel @yroxene stoichiometry), forsterite,
and enstatite with grain sizes of Quh, 1.5um, and 6.Qum (Dorschner et al. 1995; Servoin &
Piriou 1973; Jaeger et al. 1998). The mass absorptiofiiceats of the various dust species are
calculated from their optical constants (complex refracindices) using classical Mie theory
for the amorphous dust and a distribution of hollow sphe#3S) approach for the crystalline
dust (Min et al. 2007; Jusz et al. 2009). Laboratory measurements provided theedeeda-
surements of the optical constants (Servoin & Piriou 1978idsch et al. 1993; Dorschner et al.
1995; Henning & Mutschke 1997; Jaeger et al. 1998). Thikemint dust species orfterent
grain sizes generally show veryfidirent spectral signatures, and can therefore be distimgiis
from one-another in a mineralogical de-composition.
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Figure 1.3: Panels (a), (b), (c), and (d): The mass mass p@atiimoicodiicients of amorphous
silicates (with olivine and forsterite stoichiometry)réterite, and enstatite with grain sizes of
0.1um(solid lines), 1..um(dashed lines), and 6.dn(dash-dotted lines). Panel (e): The Spitzer
IRS spectrum of Herbig Ae star HD 104237.
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The Spitzer IRS covers the wavelength range from 5.3 tai®8with spectral resolutions+80
and 600 (Houck et al. 2004). In this wavelength domain theeenaany silicate features due
to to Si-O stretching and O-Si-O bending vibrations in thidsstate lattice (Henning 2010).
Fig. 1.3(e) shows the IRS spectrum of HD 104237, the optidailyhtest Herbig Ae star. A first
glance at this spectrum directly shows that it cannot beagxgtl using silicate grains as found
in the ISM that are typically much smaller than a micron andaat fully amorphous (Kemper
et al. 2004) and whose opacity curve closely resembles theueve in Fig. 1.3(a). Instead,
larger grains and a substantial amount of crystalline rredtere required. A combination of the
opacities shown in Fig. 1.3(a-d) can provide a good matchdémbserved spectrum. In this the-
sis | will use the Two Layer Temperature Distribution (TLTEpectral decomposition routines
developed by Judsz et al. (2009, 2010) in order to fit the Spitzer IRS spectra mfiimber of
young stars. In this method the abundances of the indivdiusti species (i.e. multiplication fac-
tors of their respective opacity curves in the model spet}are fit parameters which are varied,
along with several parameters that describe the disk steiend temperature in a simplified
fashion, until the residuals between the observed and nspdsitra are minimized. Thus, IRS
spectra provide a powerful way to constrain the relativendlnces of the various dust species.
We must keep in mind, though, that the IRS spectra are semsitily to the surface layers of the
disk and probe only a minor fraction of the total dust mass. dimmons on the bulk composi-
tion of the dust based on IRS spectra rely ondssumptiorthat the dust in the disk surface is
representative of the whole disk.

(3) Measuring accretion rates

The process of mass accretion onto the central star is keyderstanding the evolution and dis-
sipation of circumstellar disks, and therefore also to usid@d the process of planet formation.
Theoretical and observational studies of classical T Tstars (CTTS) have favored the mag-
netospheric accretion model for mass transfer from theuistellar disk onto the young star
(Calvet & Hartmann 1992; Hartmann et al. 1994; Muzerolle e1888b, 2001). In this model,
the stellar magnetosphere truncates the disk at a fewrstatla. Gas from the disk is lifted out
of the disk midplane by magnetic pressure and is funneleal thiet star along the magnetic field
lines. It hits the stellar surface at approximately the fia@develocity, causing a strong “accre-
tion shock” and the associated hot-spots on the stellaaseirfVarious emission lines, such as
the hydrogen Balmer series, H&+5876, and By, are formed in the infalling magnetospheric
flow. Opticajultraviolet excess continuum emission is produced in tlveedion shocks. Fig. 1.4
illustrates the magnetospheric accretion model (Hartnz@@%a).

The most robust estimates of the accretion rate can be elt&iom measurements of the lu-
minosity of UV excess emission which veils the photosphgpiectrum of a young star (Calvet
& Hartmann 1992; Calvet & Gullbring 1998). The excess emissidses as the gravitational
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T Tauri star  (not to scale)
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Figure 1.4: A sketch of the magnetospheric accretion mddwed.figure is taken from Hartmann
(2005a).

energy of the infalling material is radiated away in the ation shock and it thus forms a very
direct measure of the accretion rate (Muzerolle et al. 199Bbpractice, however, the UV ex-
cess is measurable only in sources th#ltesudow extinction, and only if the accretion luminosity
Is a substantial fraction of that of the stellar photosphditas limits the use of the UV-excess
method to sources with accretion rates abe¥61° Myyr1.

Emission lines in optical or near-infrared spectra proadauch more easily accessible tracer
for the accretion rate. Observational studies have shoanttte emission line luminosities
are strongly correlated with the accretion luminosities #imerefore with the rates, however
generally with individual sources showing a large scatberua the average relation (Chapter 3;
Herczeg & Hillenbrand 2008; Dahm 2008). This scatter mayrbpart be due to the fact that
accretion in young stars can be a strongly time-variablegs®s, and the emission lines and
accretion rates (UV-excess) were not measured simultaheo&or optically thick lines, the
viewing geometry alsoffects the observed line luminosity. In particular the khe is a very
sensitive and easily accessible accretion tracer (Nadla2004; Muzerolle et al. 2001), that does
however show one of the largest scatters in the line lumipesrsus accretion rate relation. The
full width at 10% of the peak intensity of theaHine shows a tighter relation with the accretion
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rate (Natta et al. 2004), but also here the scatter is sbiétsuntial and individual sources can lie
off the average relation by as much as an order of magnitude. W&s® the observed scatter

is may in part be explained by time-variability of the acwet(the Hr profiles and accretion
rates were not measured simultaneously), and in part beodiif¢rences in viewing geometry
(the Hx line normally has the highest optical depht of all lines usetrace the accretion). In
practice, this means that thexHines may not be a very accurate quantitative measure of the
accretion rate for individual objects, but is well suitedstody the accretion properties of an
ensemble of young stars in a statistical sense.

The luminosities of the Bland He I1=5876 emission lines are well correlated with the accretion
luminosity, as shown using simultaneous observationsefitte fluxes and optical optigalV
excesses (Chapter 3; Herczeg & Hillenbrand 2008; Dahm 2008 accretion rates can be
derived from the accretion luminosities once the stellassreand radius are known. The latter can
be estimated from theffective temperatures and bolometric luminosities of thessia derived
from a combination of optical and near-infrared spectrpgand photometry, by comparison to
theoretical pre-main sequence evolutionary tracks. Tihed}3 and He 11=5876 emission lines
are also good tracers of the accretion rate, in additioneédJ¥-veiling. In this thesis, the &

HpB, and He =5876 emission lines are used to estimate the accretionafile$auri stars.

1.4.3 Regions studied in this thesis

In this thesis, | will study three star-forming regions, regenting a range of fierent environ-
ments in which new stars can form: the sparse associatitima, the extended regions of star
formation in small clusters and aggregates and also medimet clusters in the outskirts of
Orion (the Lynds 1630-North and Lynds L1641 clouds), and asiva, dense young OB asso-
ciation Pismis 24. The Cha association contains two intermediate mass stars anchlaenwof
lower-mass objects, down to the sub-stellar regime. Anyistéypically a long way from its
nearest neighbor. In the L1641 cloud stars are formed botblative isolation as well as in
small clusters that are substantially more “crowded” tHaetCha. Most of the young stars in
the L1630N cloud are formed in either of the two clusters tl@hinate this region. Pismis 24
is by far the most “violent” environment that | studied, hayithe highest number density of
stars and several early-O type causing an intense intersté/ radiation field. A comparison
of the disk properties in these venyigirent environmentféers a great chance for studying and
understanding disk evolution inféierent environments.

(1) The e Cha association

Thee Cha association, located at a distance b14 pc, was firstly discovered by Feigelson et al.
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(2003), and named after the most massive menalidramaeleontis AB. The initial catalog of
members ire Cha consisted of 9 sources (Feigelson et al. 2003). A speopassurvey covering

a region of 05 in radius centered onCha AB was performed by Luhman (2004b), identifying
3 possible new members. At an age of (3-5 Myr) the disks inrefika association are expected
to be in a very interesting evolutionary stage in terms oif tthissipation (Feigelson et al. 2003).
Studying thee Cha associationsfiers great prospects to understand disk evolution, and ¢hus t
provide fundamental observational constraints on thedaalke of planet formation.

(2) L1630N and L1641

The L1630 and L1641 clouds are located in the Orion moleatltand complex at distances
between 400 and 500 pc (Anthony-Twarog 1982; Hirota et &0.720L1630 lies in the north-
ern part of the Orion complex (Orion B), and L1641 is locatedhi& southern part (Orion A).
Toward L1630, near-infrared surveys show that most youais stre found in four clusters, i.e.
NGC 2023, NGC 2024, NGC 2068, and NGC 2071, rather than benfgrmly distributed
(Ladaetal. 1991; Lietal. 1997). The clusters NGC 20681 are located in the northern part of
L1630 and named L1630N hereafter. In contrast to the L16§@mnethe L1641 cloud harbors a
large population of young stars existing in relative isolatin addition to a population of stars
in a number of clusters or aggregates (Strom et al. 1993nAlg95). Thus, a comparative study
of disks around young stars in L1630 and L164fers the opportunity to study theéfect of a
clustered or isolated environment on the disk evolution.

(3) The massive cluster Pismis 24

Pismis 24 is located in the Sagittarius spiral arm and costdozens of massive OB-type stars,
with two extremely luminous members: Pis 24-1 and Pis 24€13.51Il) (Massey et al. 2001).
Pis 24-1is a triple system consisting of Pis 24-1 NE (unressbspectroscopic binary) and Pis 24-
1 SW (Médz Apellaniz et al. 2007). Pis24-1NE and Pis 24-1 SW have an estimmsss of
around 100M,, each. The distance to Pismis 24 has been estimatefématit ways, and ranges
from ~1-3 kpc (Wilson et al. 1970; Neckel 1978; Massey et al. 200A)total of 779 X-ray
sources have been found in the Pismis 24 region, of which 6aices have associated optical
or infrared counterparts (Wang et al. 2007). With an es@hatge of~1 Myr (Massey et al.
2001) Pismis 24 is an extremely interesting laboratory fwestigating the circumstellar disk
evolution in the harsh environments in the vicinity of ertiedy massive stars. The similarly old
and similarly dense Orion Nebula Cluster serves a and extyensd studied local reference.
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Overview of this thesis
| have organized this thesis as follows:

¢ In Chapter 2 | investigate the disk properties of the membetisée Cha association, and
characterize the dust properties using Spitzer IRS spectra.

e In Chapter 3 | analyze our own observations and archive datheof. 1630-North and
L1641 star-forming clouds. The data include the photoroetata in 13 bands between
~0.4um and~24um, and optical spectroscopy performed with VWIMOS. | use the
data at1 < 1.5 um to derive the properties of the central stars (mass, agkth@maccretion
rates, and the longer wavelength data to establish thenmesnd evolutionary state of
the disks. | investigate relations between the stellak, @disd accretion properties.

e In Chapter 4 | investigate the star-formimg region NGC 635thwi special focus on the
central cluster Pismis 24. | includes X-ray data from ther&ture, optical photometry
and spectroscopy performed with VIMIMOS, HST archival data, infrared data from the
literature as well as our own Spitzer imaging of the centhaster, and millimeter data.
| study the global star formation in NGC 6357, and the stedlad disk properties of the
central cluster Pismis 24.

¢ In Chapter 5 | summarize the results of my thesis work, and &wad to research | wish
to perform in the future.






Chapter 2

Disk properties in the e Cha association

M. Fang, R. van Boekel, J. Bouwman, Th. Henning, W. A. LawsahAaSicilia-Aguilar
to be submitted to &A

The observational characterization of the structure amdugwn of circumstellar disks is key

to our understanding of the disk dissipation and planet &ion processes. Nearby pre-main
sequence (PMS) associations are well suited for detailebiigations of young stars and their
disks, since their members can be observed with high sigrabise throughout the electromag-
netic spectrum. Several PMS associations have been stwitlethe Spitzer Space Telescope,
e.g. MBM12,eCha, andpCha (Meeus et al. 2009; Megeath et al. 2005b; Bouwman et al.
2006; Sicilia-Aguilar et al. 2009), using the IRAC (Fazio &t2004) and MIPS (Rieke et al.
2004) cameras, and the Infrared Spectrograph (IRS, Houdk20@4). The Spitzer data allow
characterization of the disks around low-mass stars updio & ~10 AU. The observed disk
frequencies in the MBM 12 anglCha associations suggest that disk dissipation proceeds mor
slowly in these sparse PMS associations compared to demgesrements. MBM 12 has a disk
frequency 0f~90% at an age of 2 Myr (Meeus et al. 2009) and in the 8 Myr old (déely et al.
2005b; Sicilia-Aguilar et al. 2009) Cha association 40-50% of the stars still retain a disk. In
the latter cluster, binarity was shown to play an importahé in protoplanetary disk evolution
(Bouwman et al. 2006).

Silicates are an important dust component in protoplapeliaks. The most convincing evidence
that silicates are present in the protoplanetary disksistitong "1Q:m feature” in mid-infrared
spectra of Herbig ABe stars and T Tauri stars (Cohen & Witteborn 1985; Natta etQfl0B;
Bouwman et al. 2001, 2003; van Boekel et al. 2004, 2005). Thagife is emitted by silicate
grains with the sizes of up to several microns that resideeroptically thin surface layers of the
disk (Chiang & Goldreich 1997). The shape and the strengthefium silicate feature were
found to be correlated and this was interpreted as evidemaggdin growth in disks (van Boekel
et al. 2005; Kessler-Silacci et al. 2006; Bouwman et al. 2008)e Spitzer IRS Spectrograph
has provided spectra of many young objects covering the leagth range from 5.3 to 3gm.
Analysis of the spectral features in the Spitzer IRS spectraighes constraints on the chemical
composition and grain sizes (see e.g. Henning 2010for anteegiew). The dust properties
derived from Spitzer IRS spectra of the members of the MBM 12gbla associations suggest

15



16 CHAPTER 2

that dust processing in the disks occurs very early, and#adl mixing is not éicient (Meeus
et al. 2009; Sicilia-Aguilar et al. 2009).

Because the Cha association is much younger than MBM 12 it is highly de&erady study an
association an intermediate age in order to draw a more @mpicture of disk evolution in
sparse stellar associations. With an estimated age of 3r§f&ygelson et al. 2003), theCha
association well suited for this purpose. Located at a degaf~114 pc, thes Cha association
was discovered by Feigelson et al. (2003) who identified 9 begm The most massive member,
€ Cha AB, has a spectral type of B9. Luhman (2004b) have found 3 reawlrars ot Cha from a
survey covering a region with a radius gbGrounde Cha AB. At 3-5 Myr thee Cha association
is younger than the Cha group (5-10 Myr, Mamajek et al. 1999; Luhman & Steeghs 2004
Lawson et al. (2009) provide a model-independent way to taekages of the nearest PMS
associations employing gravity-sensitive spectral fietun optical spectra. They confirmed
that thee Cha association is younger than h€ha and TW Hya associations.

In this Chapter we will investigate the disks surroundingdi@ha members in terms of overall

(geometry) evolution and dust mineralogy. We arrange thigp@dr as follows. In section 4.1

we describe the observations and data reduction. In settiowe present our results which are
then discussed. We summarize offods in section 4.4.

2.1 Observations, data reduction and analysis

2.1.1 Targets

There are 12 stars reported as the membersGiia in the literature (Feigelson et al. 2003;
Luhman 2004b). We collected the photometric and spectpsatata of these stars that are
available in the literature and list these in Tables 2.1, ard 2.3. For the 10 stars whose
spectral types have been estimated we performed SED fits optircal and near-infrared spectral
range to derive the luminosity of each star and its linetghsextinction, using the method
described in Chapter 3. We take a model atmosphere spectitina Vixed éfective temperature
corresponding to the observed spectral type, and genegmatieesic photometry with two free
parameters: the visual extinctidy and the stellar angular diameterBoth fit parameters are
fine-tuned as to minimize the residuals between synthetioaserved optical and near-infrared
photometry. We adopt a standard extinction law (Cardelli.e1@89) with a total to selective
extinction ratio ofR=3.1. We used all the available optical photometry and the-iméa@ared

J- and H-bands. The bolometric luminosity of each star is thigtained by integrating the de-
reddened model spectrum and adopting a distance of 114 pthd«oCha AB, which is a double
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system, we estimate the luminosity of the A component fraViband magnitude (5.34 mag,
Torres et al. 2008) which has corrected for duplicity. Theuleng extinctions and luminosities
are listed in Table 2.3.

Table 2.1: Optical and near-infrared photometry for memloéithee Cha association. Column
5: the B-band photometry of member ID#2,5 come from the Ty2ZHoatalogue (Hag et al.
2000); the B-band photometry for members ID#10,11,12 arutzted from B-I colors derived
from low-resolution spectra by Lyo et al. (2008) and I-bahdtometry from the DENIS survey
(Epchtein et al. 1997). Column 6: the V-band photometry of iners 1D#1,6,7,8,9 is taken
from Feigelson et al. (2003); the V-band photometry of memsth®#2,5 are from the Tycho-
2 Catalogue (Hgg et al. 2000); the V-band photometry of mest2#10,11,12 are derived
using the V-I colors by Lyo et al. (2008) and DENIS I-band maggtes. Column 7: the R-band
photometry of members ID#1,6,7,8,9 is adopted from Feagekt al. (2003), whereas the R-
band photometry of members ID#10,11,12 are obtained usihgdfrs from Lyo et al. (2008).
Column 8: the I-band photometry for members ID#1,6,7,8,9 al#sined by Feigelson et al.
(2003), whereas the I-band photometry for members ID#1021vas taken from the DENIS
survey (Epchtein et al. 1997). Column (9)(10)(11): the phuty for members ID#3,4,6,7 are
for the J, H, and K bands and are teken from Grady et al. (2004 photometry for other
members comes from the 2MASS survey (Skrutskie et al. 2006).

@ @ 3 ()] (5) (6) M C) 9) (10) (11)
RA DEC B \% R | J H Ks

ID Name (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

1 CXOU J115908.2-781232 11:59:07.98 -78:12:32.2 --- 16.99 15,57 13.83 12.01 11.45 11.17

2 eChaAB 11:59:37.53  -78:13:18.9 486 4.91 5.02 5.04 4.98

3 HD 104237C 12:00:03.89 -78:11:31.0 --- 15.28 14.8% 14.48

4 HD 104237B 12:00:04.76  -78:11:34.8 --- 11.4% 10.2F 9.5%

5 HD 104237A 12:00:05.21  -78:11:34.4 6%86 6.62 5.81 5.25 4.59

6 HD 104237D 12:00:08.39  -78:11:39.2 --- 14.28 13.09 11.62 10.53 9.7%¥ 9.6

7 HD 104237E 12:00:09.43 -78:11:42.2 --- 12.08 11.25 10.28 9.10 8.0% 7.7¢

8 USNO-B120144.7-781926 12:01:44.42  -78:19:26.8 --- 17.18 15.61 13.72 11.68 11.12 10.78

9 CXOU J120152.8-781840 12:01:52.52 -78:18:414 --- 16.78 15.29 13.52 11.63 11.04 10.77

10  2MASS J12005517-7820296  12:00:55.17 -78:20:29.7 19.617.88 16.08 14.00 11.96 11.40 11.01

11  2MASS J12014343-7835472  12:01:43.43 -78:35:47.2 £0.118.55% 17.15 15.96 14.36 13.38 12.81

12 2MASS J12074597-7816064 12:07:45.98 -78:16:06.5 17.686.08' 14.74 13.11 11.55 10.98 10.67
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Table 2.2: Infrared photometry for members in #€ha association. Column 4,5,6: taken from
Grady et al. (2004). Column 7: taken from Luhman et al. (200@umn 8,9,10,11,12,13: taken
from the AKARI IRC Point Source Catalogue and FIS Bright Sourcealdgue (Ishihara et al.
2010; Yamamura et al. 2010).

1 @ (3) (4) (5) (6) (7 (8) 9) (10) (11) (12) (13)
RA DEC L M 11.9um  [24] SOW L18W  N60 WIDE-S WIDE-L N160

ID  (J2000) (J2000) (mJy) (mJy) (mdy)  (mdy) (mJy) (mJy) (mJy)  (mdy) jmJy (mJy)

2 11:59:37.53 -78:13:18.9 --- 737 5614

5 12:00:05.12 -78:11:34.7 9795. 9091. 14167.--- 13479.7 13000.1 10036.2 8600.1  5116.1  4531.8

6  12:00:08.30 -78:11:39.6 45. ... .

7  12:00:09.32 -78:11:425 481. 329. 498, 1055.2. -

8  12:01:44.42 -78:19:26.8 --- 15.4

9 12:01:52.52 -78:18:41.4 --- 0.8

10 12:00:55.17 -78:20:29.7 --- 15.5

11 12:01:43.43 -78:35:47.2 --- 55.4

12 12:07:45.98 -78:16:06.5 - -- 0.9

Table 2.3: Stellar parameters for members in dl@&ha association. Column 4,5: taken from
Luhman (2004b). Column 10: The EWs ofHine for ID#1,2,5,6,7,8,9 come from Feigelson
et al. (2003). The equivalent widths (EWs) ofrHine for ID#10,11,12 are estimated from the
optial spectra presented in Lyo et al. (2008). Negativeeslindicate emission lines. Column
11: W for weak T-Tauri star, C for classical T-Tauri star, ahébr Herbig AgBe star.

(ONE) ©) @ 6 6 O 6 © w @ @0 @ (15) (16)
RA DEC Ter Loot Ay mass age EW(Ha) Mace e COH0) Us

ID (J2000) (J2000) Spt  (K) Le) (mag) (Me) (Myr) (A) Class Mo yrt) Disk (magyr) (magyr) Member
1 11:59:07.98 -78:12:32.2 M4.75 3161 0.027 0 0.17 9.6 -6.2 W-.. N -35.713.6 -5.813.6 Y
2A 11:59:37.53 -78:13:18.9 B9 10500 99.7 0 287 27+13 .- N -351x15 4.0¢:1.9 Y
3 12:00:03.60 -78:11:31.0--- .-~ 0.015 5 Y
4 12:00:04.00 -78:11:37.0- - - -~ 45 042 4 Y Y
5 12:00:05.12 -78:11:34.7 A7.75 7648 42.8 091 253 3.2 -20 H17E-07 Y -36.91.4 -5.6:1.8 Y
6 12:00:08.30 -78:11:39.6 M3.5 3342 0.12 0 0.29 3.0 -3.9 W ... N Y
7 12:00:09.32 -78:11:42.5 K5.5 4278 0.92 10 0.90 2.1 -4.5 C59B-10 Y Y
8 12:01:44.42 -78:19:26.8 M5 3125 0.036 0 0.16 5.1 -23 C LUBEY -31.57.7 0.57.7 Y
9 12:01:52.52 -78:18:41.4 M4.75 3161 0.039 0 0.18 59 -7.8 W-.. N -28+7.7 -34t7.7 ?
10 12:00:55.17 -78:20:29.7 M5.75 3024 0.029 0 0.11 31 -23.€ 105E-11 Y -33.67.7 -2.27.7 Y
11 12:01:43.43 -78:35:47.2 M2.25 3524 0.0038 0 0.27 4 -192@ Y -43.1+8.8 -6.5:8.8 Y
12 12:07:45.98 -78:16:06.5 M3.75 3306 0.042 0 0.27 125 -7.9V N -68.7+7.8 -17.97.7 2
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2.1.2 VISIR imaging

We observed the HD 104237 system with VUTSIR on the night starting 2006 March 17
through the SiC filter, which transmits radiation betweel©.7 and~12.9um. We employed

standard chopping and nodding techniques to eliminate ititeihstrumental and atmospheric
background emission, with a chop throw d¢fi8 the N-S direction and a nod throw of i& the

E-W direction. We assessed the quality of the individualpchalf-cycles (here referred to as
"frames”) by fitting a 2D Gaussian to the A component, whickesected at high SNR in each
frame. We find that the quality of most frames is good, meathiegmage of the A component
is sharp and round. The medi&WHM of the 75% best frames i$'83 and we shift-and-add
these into our final image with sub-pixel accuracy, usinffskietermined by cross-correlation.

T L = T T T T T T T T T TR=T T

SIC 10.7-12.9 um .

L= = g )

|
IS
T T T T

Z
By e |, o | el LS ] R

|
— |
(@] (04]
L L |
M-
L M

|
u

|
o

|
u

Figure 2.1: VLTVISIR image of the HD 104237 region taken through the SICrfilb@ a square
root scaling from -0.1% te-6.5% of the peak flux of the HD 104237A component. The position
of the HD 104237D component is indicated with a circle butehie no significant detection of
this source. Coordinates arffgets in arcseconds with respect to HD 104237A.

In Fig. 2.1 we show our final VISIR image of the HD 104237 syst&ime A and E components,
corresponding to sources 3 and 6 in Grady et al. (2004), ctisply, are clearly detected. No
sources are seen at the positions of the C and D componentsésaumbers 1 and 5 in Grady
et al.). We have not attempted an absolute flux calibratioouofVISIR data, but instead have
performed PSF photometry on the D component, using the A ocoet as the reference star.
We find an AE flux ratio of 23.4:0.4. To set the absolute flux scale we integrated the Spitzer
spectrum of the A component over the transmission curve®flIC filter. Assuming that the
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spectrum of the E component is iso-photonic one obtains afl$%1+10 mJy at 12:m for this
source. At the position of the D component we do not detectieceavith confidence, and derive
a 3o upper limit of 18 mJy at 12m, again assuming an iso-photonic spectrum.

2.1.3 Spitzer IRS spectroscopy

The e Cha members have been observed with Spitzer Space Telescapeaa of a larger pro-
gramme aimed at studying the evolution of circumstellaksglia nearby associations (GO pro-
posal 20691, PI: Bouwman). We obtained 7485 low-resolution (R-60-120) spectra with the
Infrared Spectrograph (IRS, Houck et al. 2004). The extthspectra are based on the droopres
products processed through the S18.7.0 version of theeBpitta pipeline. Partially based on
the SMART software package (Higdon et al. 2004), our dataiather processed using spec-
tral extraction tools developed by the “Formation and Etioluof Planetary Systems” (FEPS)
Spitzer science legacy team (see also Bouwman et al. 2008)sfédctra were extracted using
a 6.0 pixel and 5.0 pixel fixed-width aperture in the spatiedehsion for the observations with
the first order of the short- (7.5-14m) and the long-wavelength (14-3&) modules, respec-
tively. The background was subtracted using associates piimaged spectra from the two nod
positions along the slit, also eliminating stray light camination and anomalous dark currents.
Pixels tagged by the data pipeline as being "bad” were repladth a value interpolated from
an 8 pixel perimeter surrounding the errant pixel. Low-létiaging at wavelengths20um was
removed using thexsringe package (Lahuis & Boogert 2003). To remove afiget of pointing
offsets, we matched orders based on the point-spread fundtite dRS instrument, thereby
correcting for possible flux losses. The spectra are caéldrasing a spectral response function
derived from multiple IRS spectra of the calibration star Idus and a MARCS stellar model
provided by the Spitzer Science Centre. The spectra of thigraabn target were extracted in
the same way as our science targets. The relative errorebptapectral channels within one
order are dominated by the noise in each channel and not byatli®ation. We estimate the
relative flux calibration within a spectral order to be goodvti% and the absolute calibration
between dterent orders to be accurate¥8%, the uncertainty being dominated by mainly due
to uncertainties in the scaling of the MARCS model.

We use the Two Layer Temperature Distribution (TLTD) speadecomposition routines devel-
oped by Juhsz et al. (2009, 2010) to investigate derive the minerakdgiomposition of the dust
from the observed IRS spectra. The spectrum emitted by theadiptthin surface layers of the
disk is approximated by the following expression:

N M Tamin 27T 2-qa
Fy = Fucont+ ) > Dijwij S BMT e dT (2.1)

Tamax
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where the dferent dust species in the model are denoted with subscaptsfor each species we
include three dferent grain sizes, indicated withsubscripts.k;; denotes the mass absorption
codficient of dust specieswith grain sizej. The abundances of each dust component are
indicated byD;;, B,(T) denotes the Plank function, agerepresents the exponent of the adopted
power law temperature distribution. The disk atmosphereaheange of temperatures between
the integration boundarieB,, andd denotes the distance between the star and Edf{len:
denotes the continuum flux from the optically thick disk mdeand is approximated by

RZ Tr,min 27.[ _ar
Fy.cont = DO&BV(T*) + le _BV(T)TZq_?dT
7 d2 Tr max dZ
T .
m,min 27-( 2-gm
+D2 fT Z BT dT (2.2)

HereR, andT, are the radius andiective temperature of the star. The optically thick inner ri
and midplane of the disk are assumed to have power law tetopedistributions between the
T, and T, boundaries, with exponents denoteddryandgm The Dy, D; and D, parameters
denote scaling factors for the emission from the stellatqsmhere, the hot inner rim, and the
disk midplane, respectively.

Our dust model includes amorphous silicates with oliving gyroxene stoichiometry, crystalline
silicates forsterite, enstatite, and amorphous silicar daxh species we include three grain
sizes with radii of 0.1, 1.5, and 6un. We calculated the opacity curves for the amorphous
species using MIE theory and those of the crystalline sgeeseng a Distribution of Hollow
Spheres (DHS) approximation. The optical constants wdent&dom Servoin & Piriou (1973),
Dorschner et al. (1995), Henning & Mutschke (1997), and daegal. (1998). To estimate the
uncertainties in the derived abundances we apply a simplenati established Monte Carlo
technique. We add normally distributed noise to the obskspectra with an amplitude given by
the flux uncertainty in each spectral channel, and so gen&@ét versions of each spectrum that
are all consistent with the data. For each of these spectthemgerform the same compositional
fit as described above, yielding 100 values for each fit par@me€he mean is then adopted as the
best-fit value for each parameter and the standard deviattbe positive and negative directions
yields the lo- uncertainty on each parameter. The fit results will be prteseand discussed in
Section 2.2.2(5).
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2.2 Results and discussion

2.2.1 Stellar properties

In this section, we will first confirm the membershipsed€ha using proper motion data, and
then estimate the masses and ages of the members.

(1) Proper motions
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Figure 2.2: Proper motions of known stars in th€ha association taken from the catalogue
by Roeser et al. (2010). The mean proper motions of the menalpershe 1 and 2 ellipses
of the standard deviation of the distribution are shown wl&éished-line and dotted-line curves,
respectively.

Proper motions provide kinematic information of stars, athis often a very useful discrimi-
nant to separate members of a cluster or stellar assocfabionunrelated field objects (see e.qg.
Rochau et al. 2010). Recently, Roeser et al. (2010) presented aatalog of proper motions
based in the International Celestial Reference System (ICRBQ ascombination of USNO-
B1.0 and 2MASS astrometry. This catalog provides properanstof 8¢ Cha members, which
are shown in Fig. 2.2 and listed in Table 2.3. It is clear thasthstars have very similar proper
motions, with the exception of the stars ID#9 and 12, whiclvenio different directions. We
calculate the weighted mean of the proper motions of thegymembers, excluding the latter
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two sources, and find an average proper motion,ef36.0 mag/r andus=-1.2 magyr, for the

€ Cha association, corresponding to a projected linear wgloti~19.5kms. The 1 and 2
error ellipses are also shown in Fig. 2.2. Since the stats Wi# 9 and 12 have proper motions
that both difer >3 sigma from the average group value, casting doubt on themipership of
thee Cha association. No proper motion estimates are availabteéassources with ID# 3, 4, 6,
and 7. Since these sources show X-ray emission and arelgpasisociated with HD 104237A,

it is highly likely that they aree Cha members. In summary, we confirm ten of previously iden-
tified members as the membersed€ha, and challenge two stars, ID#9, 12 as the members of
the association. The refined memberships ©ha are also listed in Table 2.3. We must stress
that we cannot absolutely exclude ID#9, 12 asdlha members. Both sources may be in the
binary systemswhere their orbit motions can alter theippranotions. Moreover, the optical
spectra of ID#9, 12 show strong Li absorption line, and preBa | and K | strengths, which are
intermediate between those of dwarfs and giants (Luhmadt20@nd ID#9 is an X-ray emitter
(Feigelson et al. 2003). All these suggest that both ID#9Xhdre pre-main sequence stars. If
ID#9 and 12 are unrelated widtCha, they could be the foreground pre-main sequence stdrs wit
ages older thaaCha.
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Figure 2.3: HR diagram of members (filled circles)ed€ha. The open diamond marks the
underluminous object ID#11. The grey lines are PMS isoatsaf 1, 3, 10, and 100 Myr, and

the dark line is the PMS isochrone of 4 Myr (Dotter et al. 2008)e dashed lines are the PMS
evolutionary tracks for individual masses. The open cirele for stars ID#9 and 12, which have
proper motions that deviate from the other stars and whoseb®iship is less certain.
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(2) The masses and ages of theCha members
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Figure 2.4: The observed photometry (filled circles) and ehqguhotometry (open circles) for
HD 104237C in the J, H, andfbands. Panel (a) shows model photometry for a 33 brown
dwarf with an age of 3 Myr, panel (b) shows a model of a 15;2,Mbject of 5 Myr. The model
photometry was adopted from Chabrier et al. (2000).

Fig. 4.8 shows the HR diagram of the sources ind@a association, where the temperatures
were adopted from the observed spectral types (Kenyon &kdarh 1995; Luhman et al. 2003),
and the luminosity was determined as described in Sectibft.2ZThe masses and ages were then
deduced by comparing the location of each object in the HBrdra with theoretical pre-main
sequence evolutionary tracks (Dotter et al. 2008). For tbéable non-members ID#9 and 12
were estimated assuming that they are at the same distatiee<dSha association, but we note
that if these objects are really unrelated, as we will furdgsume here, this not very meaningful

The resulting ages and masses for all stars are listed ire ZaBl The ages of all the assumed
members, with the exception of CXOU J115908.2-781232, amenak 3-5 Myr, which is consis-
tent with the previous estimate (Feigelson et al. 2003). skhece ID#11 appears sub-luminous
by a factor~30 with respect to objects of similar spectral type placingelow the ZAMS and
inhibiting a mass and age estimate through placement in Bhdibigram. We estimated its mass
from its spectral type (M2.25) by assuming an age of 4 Myr. $aurce HD 104237B (ID#4)
there is no estimate of its spectral type. We estimated itssrfram its position in the Jvs. J-H
color-magnitude diagram, assuming an age of 4 Myr and usiogeinJ and H magnitudes from
Dotter et al. (2008). The results are listed in Table 2.3.

HD 104237C, located-5’3 to the North-West of HD 104237A, is a source of X-ray emissio
seen by Chandra (Feigelson et al. 2003) with a near-infravadterpart (Grady et al. 2004). At
a distance 116 pc, the projected distance between HD 104328dCGD 104237A is~612 AU.
Fig. 2.4 shows the observed photometry for HD 104237C in & dnd K bands from Grady
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etal. (2004). Since no spectral type estimate is availalelD 104237C we estimate its mass by
comparing the observed near-infrared photometry to maduaeatigmetry for young brown dwarfs
at ages of 3 and 5Myr Chabrier et al. (2000). The best-fit massebe assumed ages, and
the assumed distance of 116 pc, are 13.0 and 15.2 Jupiteespasspectively. We will adopt
these numbers as the mass range for HD 104237C, putting fleist @b the boundary between a
very low mass brown dwarf and a "free-floating planet”. Of terently known members of the
e Cha association, HD 104237C has by far the lowest mass.

2.2.2 Disk properties

In this section we will first estimate the rates at which mates accreted onto the central
stars in thee Cha member systems, and then characterize their disks irs tefrevolutionary
state. Finally, we will derive the dust properties of thosat@planetary disks that show emission
from silicate dust in their IRS spectra, and compare them téhdust properties found for
protoplanetary disks in other sparse stellar associationkisters.

(1) Accretion

We estimated the accretion rates from the observeceiission-line luminosity using the em-
pirical relation between the latter quantity and the ae@nduminosity derived in Chapter 3:

10g(Lace/Lo) = (2.27 + 0.23) + (1.25 + 0.07) x 10g(Lia/Lo) (2.3)

The inferred accretion luminosities are then converteal imdss accretion rates using the follow-
ing relation:

LacdRx

~ M-y (2.4)

acc

whereR;, denotes the truncation radius of the disk, which is takeret® B, (Gullbring et al.
1998). G is the gravitational constam, is the stellar mass as estimated from the location of
each star in the HR diagram, aRq is the stellar radius derived using the SED fitting procedure
described in Section 2.1.1. There are four sourcesdha showing signs of active accretion and
their accretion rates are listed in Table 2.3.
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Figure 2.5: SEDs of apparently diskless stars. The photygpamission level is indicated with
a grey dotted curve in each panel. The circles show the phedtgnm different bands. The filled
circle show the upper limit derived from our VIYISIR imaging for ID#6. The thick solid lines
in panels a), b), d) and e) show the Spitzer IRS spectra.

(2) Demographics of disk population ine Cha

In Figs. 2.5, 2.6, and 2.7(b), we show the spectral energyilalisions (SEDs) of the 10 sources
for which spectral types are available, together with th&t-fie stellar model atmospheres (see
Sect 2.1.1). In total we have detected 9 sources with the@&piRS. Among these, 7 were
confirmed as members of tkeCha based on common proper motion in Section 2.2.1(1). Two
of the members, CXOU J115908.2 (ID#1) an@ha AB (ID#2), do not show significant excess
emission over the stellar photosphere in the IRS spectrgkraflso both stars whose member-
ships were challenged based on their proper motions, ID&9ando not show infrared excess
emission in the IRS spectra, strongly suggesting that theyaddany longer) harbor circum-
stellar disks. For the sources that were not detected weHRI$ we characterized their disks
based on infrared photometric data only. The source HD 10B2BD#6) cannot be spatially
separated from HD 104237A with the IRS and MIPS instrumenéstduhe comparatively poor
spatial resolution of the Spitzer Space telescope at longleagths. In our VISIR imaging at
12um HD 104237D is not detected and we derivedsaupper limit of ~18 mJy for its flux at
this wavelength. This upper limit is just above the expegiedtospheric emission level as ex-
trapolated from shorter wavelengths and shown in Fig. Bdicating that HD 104237D has no
disk any longer, though the possibility of an evolved diskiva large inner hole that would be
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Figure 2.6: SEDs of the disk populationdi€ha. The photospheric emission levels are indicated
with a grey dotted curves in each panel. The circles show bwometry in various bands.
The filled circles show the photometry from our VMISIR imaging. The solid lines show
the IRS spectra in each panel. In panel(a), the dashed limesems the median SED of the
disk population around stars with A-F spectral types in 18(243 Myr) (Lada et al. 2006). The
dashed lines in other panels show the median SEDs of the disklgtion around stars with
spectral types of b) K6-MO, ¢) M1-M4, and d) M5-M6 in L16431 Myr, distributed population,
see Chapter 3). The dash-dotted lines show the median SEBs disk population with spectral
types a) B9-A9, b) K5-M2, c) and d) M3-M5 in upper ScorpiudMyr) (Dahm & Carpenter
2009a).

observable only at longer wavelengths cannot be excludseedoan the currently available data.
The underluminous object 2MASS J12014343 (ID#11) showsyaflee SED, which is similar
to the SEDs of similarly underluminous objects discoveredther star formation regions (see
Chapter 3). For sources HD 104237B (ID#4) and HD 104237C (JD#8 only have photometry
in JHKg bands. The [J-H] vs. [H-Y color-color diagram shows only HD 104237B to still have
near-infrared excess emission indicative of a hot, op¥i¢aick inner disk (Grady et al. 2004).

In Fig. 2.6(a) we show the SED of HD 104237A, which exhibitesg excess emission at wave-
lengths beyond-2um. HD 104237A therefore shows clear evidence for a hot, alii¢hick
inner disk. For comparison we also show the median SEDs &fbpulation for early spec-
tral type stars in IC 348 and upper Scorpius (Dahm & Carper@@©&; Lada et al. 2006) in
Fig. 2.6(a). HD 104237A~3 Myr) may be slightly younger than upper Scorpiu® Myr) and
slightly older than IC 348+2-3 Myr). However, the SED of HD 104237A is veryfidirent from
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the median SED of both aforementioned regions. The averbgetan IC 348 shows excess
emission at wavelengths of~5um, suggesting that an inner hole has been formed in its disk. A
similar behavior is seen in upper Scorpius but with the exeesission starting only at20um,
indicative of larger inner holes. Even though HD 104237A @ of substantially dferent in
age than 1C 348, its SED shows much stronger excess emidsiding from a much shorter
wavelength. Since HD 104237A is the only early-type stah&tCha association, drawing any
firm conclusions from this observation is premature. Suilhat we see indicates that the disk
surrounding HD 104237A evolved more slowly than the diskaiad early type stars in IC 348.
This is consistent with the notion that disk dissipation tlustellar encounters, which is pre-
dicted to be particularlyféective for early type stars (Pfalzner et al. 2006), has begoitant

in 1C 348 but not in thes Cha group, due to the veryftkrent space number densities of stars in
both environments.

In Figs. 2.6(b), (c) and (d), we show the SEDs of group memB&404237E (ID#7), USNO-
B120144.7 (ID#8), and 2MASS J12005517 (ID#10), as well asntleelian SEDs of objects
with similar spectral types in L1641~@ Myr, Chapter 3) and upper Scorpius5Myr, Dahm

& Carpenter 2009a). Overall the is a clearly decreasing tierttie level of infrared excess
emission with increasing age, from L641d4€&ha to upper Scorpius. It can also be seen that the
excess emission in the MIPS 24n band of source ID#7 (spectral type K5.5) is similar to the
median SED of L1641 whereas its infrared excess at shorteglegths is substantially lower
and intermediate between the median SEDs of L1641 and umaepi8s. This indicates that
source ID#7 has started to dissipate its inner disk whileuter disk remains relatively intact. In
contrast to object ID#7, the very low-mass objects ID#8 ahdHow a fairly uniform depletion
of the SED, with an infrared excess emission level that ha lbeduced by a similar factor
across the whole IRS spectral range compared with the me&BRmEL1641.

Spitzer observations of clusters with ages of several Myreh as IC348, NGC2362, anha,
suggest that, qualitatively, two evolutionary paths efastgoing from a primordial to a debris
disk configuration (Lada et al. 2006; Currie & Kenyon 2009; @uet al. 2009; Sicilia-Aguilar
et al. 2009; Currie 2010). Each path shows a characterishavie of the SED: (1) some
objects show little or no excess emission in the shorter IRAQMS and strong excess emission
at 24um, suggesting that disks are dissipated in an inside outdiasf2) some objects show
infrared excess of an approximately uniformly reduced ntage compared to primordial disks
over all wavelengths out to 24m, suggesting a reduction of th&ective disk height, i.e. the
height above the disk midplane where the disk becomes digtibeck to the stellar radiation. A
reduced disk height causes a smaller fraction of the enexpuped by the star to be absorbed
and reprocessed by the disk, and thereby yields an infraseebs of reduced magnitude. This
may occur if dust coagulation takes place in the disk, causia grains to couple somewhat less
well to the gas and allowing them to settle towards the miapldHow dfective this is depends
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also on the level of turbulence in the disk, in a disk with labulence grains settle more easily.
In e Cha, source ID#7 shows an SED reminiscent of the first type si eivolution, whereas
sources ID#8 and 10 show an SED corresponding to the secendrsz. Both latter sources
show strong evidence of dust growth, which seems to havegsegd particularly far in source
ID#8 judging from the absence of silicate features &0 and 20um, indicating that there is no
substantial population of dust grains with sizess@D um left in the atmosphere of this disk. It
is interesting to note that source ID#7, showing evidencaioinside-out disk clearing, has a
silicate feature emitted by predominantly small, sub-omncsized grains.

(3) 2MASS J12014343: a disk system with high inclination?

When inspecting the HR diagram of tk&€ha sample (Fig. 4.8) one object stands out in the
sense that it lies welbelowthe ZAMS. Compared te-4 Myr old stars with the same spectral
type, 2MASS J12014343-7835472 (ID#11) appears underlbusiby a factor 0~30. Since
evidence of group membership is strong (X-ray emissionicapemission lines, infrared excess,
and in particular a proper motion in agreement with ¢@ha group, see Section 2.2.1(1)) its
underluminosity cannot be simply explained as ID#11 beibgekground star. To understand
its nature we should resort to other explanations. In Fig(a2, we show the optical spec-
trum of ID#11, on which Balmer emission lines and forbiddeggen emission lines with very
high equivalent widths are seen. Source ID#11 also showstigydarly strong infrared excess
(Fig. 2.7(b)). Objects with these characteristics havenbdeend in other star forming regions,
e.g. Lupus 3 dark cloud, Taurus, L1630, and L1641 (Camext al. 2003; White & Hillenbrand
2004; Chapter 3). One possible explanation for this phenomesthat these sources are systems
harboring flared disks with moderately high inclinationsendthe stellar photospheric light is
largely absorbed by the material in the cold, flared outek. dige still receive photospheric light
but at least a large fraction of the light we see is scattefethe disk surface and has a much
reduced total flux. The optical emission lines of large egjeint width may arise in an outflow or
disk wind. They need not intrinsically be brighter than imgar objects with "normal” apparent
luminosities; it the reduced strength of the continuum fluag the intrinsic line strength, that
causes thequivalent widthgo be high. This scenario only works if the line forming regis
much larger than the central star, such that at least paledirie flux reaches us relatively un-
hindered while the photospheric continuum is strongly s, In particular, this scenario also
explains why some of these apparently underluminous abgubw some emission lines like
He I5876A, and the Call near-infrared triplet (8498, 8542 8662 A) with equivalent widths
that appeanot enhanced (see Conder et al. 2003; Chapter 3): these lines are mainly formed in
the magnetospheric infall flows (Muzerolle et al. 1998a)johfhare close to the stellar surface
and should be as much occulted as the photospheric continuum
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Figure 2.7: The optical spectrum and SED of 2MASS J120148221(1). (a) the optical spec-

trum of source ID#11 (black) and of a similarly underlumisalbject in L1641 (L1641-1D#122,

Chapter 3). (b) The SED source ID#11. The photospheric eomdsvel is indicated with a grey

dotted curve. The open circles show the broad band photgroglib#11, and the IRS spectrum
of this source is shown in black. The photometry of underhous source L1641-ID#122 is
shown with the grey diamonds and dashed line for compariadrshows striking resemblance
to that of ID#11. The dash-dotted line presents the medidh&Hhe distributed disk population

in L1641 (Chapter 3).

In Fig. 2.7 we also compare the optical spectrum and SED atsedid%11 with an object that
shows very similar characteristics, that was recently doimthe Lynds 1641 cloud in Orion
(ID#122, named L1641#122 hereafter, see Chapter3). L1@2l#slalso apparently underlu-
minous compared to stars of similar spectral type in the salmed by a factor 0~30, similar
to ID#11. But, contrary to ID#11 it shows the He 15876A, [S IcaCa Il near-infrared triplet
(8498, 8542, and 8662 A) in emission, indicating active eiion. The optical spectrum of
ID%11 did not show signs of active accretion at the time ofeptation. In Fig. 2.7(b), we
compare the median SED of the distributed disk populatiohlf41 (L1641D) and that of
L1641#122 (Chapter 3) with the SED of ID#11. From this congmariwe can see that the in-
frared SEDs of ID#11 and L1641#122 are remarkably similad, l3oth underluminous objects
show much stronger mid-infrared excesses than the avecageesin L1641, even though the
L1641D population is much youngerI Myr) thane Cha.

(4) The disk and accretor frequencies inre Cha

In order to estimate the disk frequencyeha, i.e. the fraction of sources that shows evidence
for a circumstellar disk in the form of infrared excess elissone needs to identify all members
of thee Cha association and characterize their infrared SEDs. $laishallenging task since the
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Figure 2.8: The disk frequencies forfldirent clusterstar-forming regions (SFRs) plotted as a
function of their ages. In panel (a) we plot the disk freqyeamong all known members, in
panel (b) we show only the low-mass (0.1-816) population. The filled pentagram represent
the sparse stellar associations MBM &Z ha,n Cha, and TW Hya. The open circles show the
disk frequencies in other clustgg$Rs (see Appendix (1) for a detailed description). In each
panel, the dashed line represents the best fit exponentiay der all regions, excluding the four
sparse associations. We find best fits of the fdgee/2° in panel (a), andy=e"27 in panel

(b), wheret is in units of Myr.
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€ Cha association is spread over a large area of the sky, andrav&nitory is beyond the scope of
the current work. Instead, we restrict ourselves to theoregiithin a radius of 05 of e Cha AB.
This part of the sky has been surveyed by Luhman (2004b) ankhawledge of the association
can be considered to be essentially complete here. As disduis Section 2.2.1(1), there are 10
members in this region confirmed by proper motion. In Fig§, 2.6, and 2.7, we show the
spectral energy distribution of 8 members with publisheztsal types. Among these, 5 objects
show excess emission at near- or mid-infrared wavelengittishais are harboring circumstellar
disks. We include also HD 104237C, which shows excess emisgits bands according to
Grady et al. (2004), and obtain a disk frequency among the éflmers ofe Cha association
of 60+24% (§10). This is quite high for a 3-5 Myr old population, thouglistkalue is clearly
subject to low-number statistics and it is premature to katecthat the disk frequency mCha

is high based on these data alone. However, as we will seerai@s section, the three other
sparse associations of which we estimated the disk freqggendBM 12, Cha, and TW hya,
show a similar trend, and the ensemble of data providesg®uitence that disk lifetimes in
sparse associations are longer than those in more crowgedr@nents.

In Fig. 2.8 we illustrate this by showing the estimated digqtiencies in the aforementioned
sparse associations and a number of other star-formingnggas a function of their age (see
Appendix (1) for a detailed description). Figure 2.8 alsovgb a fit to the observed disk frequen-
cies of all regionsexceptthe four sparse associations, of the fofgac=exp({/7). We find a
value ofry=2.9 Myr to yield a very good fit to the overall distribution. i§ragrees well with
the value 0f~2.9 Myr found by Fedele et al. (2010) in an earlier, similardst Because the disk
lifetime in any given environment may depend on the masset#ntral star (e.g. Kennedy &
Kenyon 2009) it is useful to investigate the low-mass pojaaseparately. In Fig. 2.8(b) we
show the disk frequency among stars with estimated massée i0.1-0.6 M, range, for the
same star forming regions as shown in Fig. 2.8 but includimyg those for which the low-mass
population has been characterized. We find essentiallyatine $ypical disk dispersal time as for
the whole mass rangey= 2.7 Myr), and again the sparse associations are devianeiaghse
that they show systematically higher disk frequencies.

To estimate the accretor frequency, i.e. the fraction of Emhthat shows signs of active accre-
tion, we turn to the K line as a diagnostic. Estimates of the EHquivalent width are available
for 8 of thee Cha members, of which 5 are classified as accretors accottngiteria in Chap-
ter3. This brings our estimate of the accretor frequency@ma to 63:28%, again obviously
subject to low-number statistics. Fedele et al. (2010)stigated the age-dependency of accretor
frequency, and derive an empirical relatif=e"%3, wheret is in units of Myrs, by fitting an
exponential profile to the observed accretor frequenciesmimber of star forming regions. For
€ Cha, aged 3-5Myr, the empirical relation predicts an accifeéguency of 27-11%, substan-
tially below the observed value.
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In conclusion, we can state that the disks around stars nsspasociations evolve more slowly
than those in denser environments.

(5) The dust properties of disks

We have used the Two Layer Temperature Distribution (TLT@8csral decomposition method
developed by Jusz et al. (2009) to analyze our IRS spectra of élgha members. In this
section, we will first present the derived dust propertieshef protoplanetary disks iaCha.
Then, we will join thee Cha sample with a collection of cool T Tauri stars in the MBM 18 an
n Cha associations and the Coronet cluster, for which IRS speawtabeen previously analyzed
using identical methods. The combined data set is then wsed & statistical study on the dust
properties of protoplanetary disks around the cool stars.

(a) The IRS spectra of thee Cha disks

There are five Cha members for which we have IRS spectra that show evidenespiatoplan-
etary disk. Four of these show the well known silicate feathatween 8 and 13m in emission
(ID#5,7,10,11, see Fig. 2.9). Before using the TLTD routiteslerive the dust composition
we divide the IRS spectra into a “short” (7-&ih) and a “long” (17-37:m) wavelength regime,
which are analyzed independently. Since the short wavtiepart of the spectrum is domi-
nated by warm disk regions closer to the central star thacdb&er regions that dominate long
wavelength data, we can thus search for radial gradienkeidust properties.

The derived dust properties are listed in Tables 2.4 and I8.3able 2.4, we list the outcome
of the fits in terms of mass abundances of thféedent species. In Table 2.5, we give the mass-
averaged grain sizes of the amorphous and crystallineatgk¢ and fractional contribution of
the crystalline species to the total dust mass present ingtieally thin disk atmosphere. As
shown in Table 2.5, the crystalline fractions of the objécts Cha are comparable to the those
of the young stars with similar spectral type in the literat(Sicilia-Aguilar et al. 2008, 2009;
Meeus et al. 2009; Jaisz et al. 2010), with the exception of source ID#10 whosetap®a is
best reproduced with exceptionally highly crystalline tduslso, in the warm disk regions, the
dust grains of our objects typically show typical largeresizhan those in interstellar medium
(ISM), suggesting dust growth in these regions.

We will now briefly describe the individual objects:

HD 104237A(ID#5) Jutasz et al. (2010) fitted the IRS spectrum of this object usingrahrous
dust with olivine and pyroxene stoichiometries, and sjliséh grain sizes of 0.1, 2.0, 5.0m,
with crystalline species forsterite and enstatite withirgisizes of 0.1 and 2.um, and with
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Figure 2.9: The 1@m Silicate features fitted using the Two Layer TemperaturgrDution
method (solid red lines). The observed spectra are repezban filled circles with the errors in

gray.
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Figure 2.10: IRS spectra in the 17-ag range and spectral fits using the Two Layer Tempera-
ture Distribution method. The observed spectra are reptegeas filled circles with the errors in
gray whereas the fits are shown in red.
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Polycyclic Aromatic Hydrocarbons (PAHS). They divided IRS spectrum into two sections:
5-17um and 17-3%m, which are similar to those we use. From the short wavelepgtt
they derived mass-averaged grain sizes of the amorphousrgsidlline silicates, which are
4.6um and 1.4m, respectively, and a mass fraction of 9.5% in crystalliieates. In the long
wavelength part of the spectrum they find @rmhand 0.4/m for the mass-averaged grain size
and 7.1% for the crystallinity. Even though we use a sligdilferent set of grain sizes in our
fit, our results agree well with those derived by dsih et al. (2010), with the exception of the
mass-averaged grain size of the amorphous silicates ddrive the long wavelength channel
where we find a somewhat higher value. This may be due to theHatthe mass absorption
codficients of amorphous silicates with sizes of 0.1 anduin5are very similar in the 17-37/m
spectral range.

2MASS J12005517ID#10) We find that the spectrum of this object is best repoed using
an extraordinarily high mass fraction of crystalline siies 0f~82%. This may be a contrast
effect: because of the very low luminosity of ID#10 its A6 silicate feature arises mainly in
the inner~0.5 AU of the disk. The central regions of disk can be highlystalline (van Boekel
et al. 2004), possibly leading to very high apparent criistaés if only the very central disk
regions contribute to the part of the spectrum used in theralagical analysis (see also Apai
et al. 2005). In Fig. 2.11 we compare the IRS spectrum of ID#lthe 7.8-14.3m spectral
range with the mass absorption coefcients of enstatite araEhous silicates with fferent
grain sizes. The spectral signature of enstatite is clgadgent in the spectrum of ID#10.

2MASS J12014343ID#11) As discussed in Section 2.2.2(3), source (ID#11y beharboring

a disk with a high inclination. Therefore, the IRS spectrurtDgfl1 can be moderately reddened
by the cold outer disk. In order to deredden the spectrum wedvteed to know the magnitude
of the extinction and the proper extinction law at the mittared wavelengths, both of which
are not well known. We therefore applied no reddening ctioectook the observed spectrum
at face value, and fed it to the TLTD routines. Since the TLDDtines only work properly for
low-extinction sources our results for source ID#11 shdiddegarded as tentative.

USNO-B120144.7ID#8) The luminosity and spectral type of this source amilar to those

of ID#10. Both sources also show similar accretion activitgeg( Table 2.3), and show similar
SEDs (see Fig. 2.6). However, in contrast to ID#10 the IRStspecof ID#8 does not show a
silicate feature around 10m (see Fig. 2.11). This suggests that the silicates in thenvesk
atmosphere of ID#8 have grown to larger sizes than thoseQB#lisk. In the IRS spectrum
of ID#8 we clearly detect the £, rovibrational band at13.7um, but do not find the HCN
rovibrational band at14.0um (see Fig. 2.11). This s consistent with what Pascucci €2a09)
discovered in Spitzer spectra of other other cool starsghathat the GH,/HCN ux ratios from
cool star disks are large with a median~8.8, which is an order of magnitude higher than the
median GH,/HCN ux ratio in spectra of disks surrounding sun-like stai.84).
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Figure 2.11: (a)The IRS spectrum of source ID#8. The postmithe GH, and HCN rovi-
brational bands are marked. (b)The IRS spectrum of the séD#ED. The dashed lines mark
the features of enstatite. c), d) and e): The mass absorptieftients of enstatite and amor-
phous silicates (with olivine and pyroxene stoichiometmth grain sizes of 0.m(solid lines),
1.5um(dashed lines), and 6udn(dash-dotted lines). The dotted lines in panels (b) anare)
identical.
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Table 2.4: Silicate dust compositions deduced from the IRS8ts@ ofe Cha members, using the
Two Layer Temperature Distribution spectral decompositieethod.

Am. (Olivine-type) Am. ( Pyroxene-type) Forsterite Enstatit Silica
ID 2 0.dgm 1.5um 6.0um 0.1ym 1.5um 6.0um 0.1um 1.5um 6.0um 0.1ym 1.5um 6.0um 0.1ym 1.5um 6.0um
Short wavelength

5 1412 .. 0133 28925 .. 18113 39718 2803 . 0697 01926457 0558 1.201 00751 1.373
713 2778 0230 147183 5098 300 K] 5.7 2810 03208 0632233 403l 0 1eltsed
10387 . . 237 6248 6558 021 1730wy .. 1633393374947 2785 04

11 44 0319 2625] 728 .. 673} 25013 2484008t . 02Rori2s2dl .. . 6233

Long wavelength

5 584 . 17.23¢ 112l .. e85 .. 482lordl .. 209 .. o .. 6453
10 40 161280632 1132 . 667 0ufl 073 . . 123o7is 7612
11 .63 .. 70085 .. 878 8693 0.7 26970157085, 0475 0.197 8458 0.7 .. 0283

Table 2.5: Summary of the results of the spectral decomipadior thee Cha members: mass
averaged grain sizes and mass fractions of crystallinsasas.

1) (@) ) (4) 5) (6) (7)
(@3msil. <a>§rystsi|. foyst (@imsil <a>|c_rystsil. feryst

ID (pm)  (um) (%) (um) (um) (%)

5 5r3 1691 1064 1631 019 683

7 20 203 1207

10 1.313 5501 82.143 1595 0495 2513

-0.2 -0.1 -0.9
0.5 +0.1 3.8 +0.1 +0.3 2.2
11 3.695 5401 28.438 1401 4503 12322
6F —~ b (b) Ve 100 (C> ' s ~
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Figure 2.12: (a) Comparison of the mass-averaged sizes ofpfimws dust grains as derived
from the shorter and longer wavelength part of the IRS spdotchcated with “S” and “L”
superscripts) of sources Cha, MBM 12,7 Cha, and the Coronet cluster. The filled circles
indicate the two M-type object ID#10 and 11 érCha. (b) Similar to (a), but for the average
sizes of crystalline dust grains. (c) Comparison of the miasgibn of crystalline dust grains as
derived from the shorter and longer wavelength part of thedg&tra.
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(b) Dust properties of disks around cool T Tauri stars

We will now join the dust properties derived for ta€ha members with those derived for several
other regions, and do a statistical analysis of the combila¢a set. We collected the available
literature data for protoplanetary disks surrounding \patars of spectral type MO or later in
the MBM 12 (Meeus et al. 2009) angCha (Sicilia-Aguilar et al. 2009) associations and the
Coronet cluster (Sicilia-Aguilar et al. 2008). The dust @ujes for these targets are all derived
from Spitzer IRS spectra using the same TLTD spectral decsitiqo routines that we used for
thee Cha data. As described in Section 2.2.2(5a), the IRS spe@rdiaded into two regions,

a short (7-17:m) wavelength part tracing the warm inner disk regions andng 17-37:m)
wavelength part that is more sensitive to cooler regionthé&urfrom the central star. In Fig. 2.12
we compare the dust properties in the warmer and coolermeg¥e compare the average size
of dust grains for both the amorphous and crystalline grajpugation, and the mass fractions
of crystalline silicates. As shown in Fig. 2.12(a)(b), theermage sizes of the amorphous and
crystalline silicates in the warmer regions of protoplangtdisks are substantially larger than
the those in the cooler disk. This may indicate that dust grdvas been morefigcient closer

to the central star than in regions at larger distance, lboait also mean that the disks are more
turbulent in the warm inner regions than further out, allogdiarger grains to remain visible in the
disk surface instead of settling to the midplane. A comlamabf both dfects is also plausible.
Fig. 2.12(c) shows that the dust in the warm inner regionsrofgplanetary disks contains a
higher fraction of crystalline material than the dust in leooegions. This is consistent with
earlier findings (e.g. van Boekel et al. 2004; Meeus et al. 2009

We estimated the accretion rates for all stars from theirliHe luminosity using the method
described in Section 2.2.2(1) and list these in Table 2.Fidgn 2.13, we plot the average grain
sizes of amorphous and crystalline silicates as againsttme rate. The data suggest a positive
correlation between the average grain size of the amorppgmiss and the accretion rate if
the latter is above-10° M, yr-(see panel a of Fig. 2.13). Below this value, the grains in the
majority of disks are small, independently of the accretate. A possible explanation for this
relation is that both accretion and the presence of largegra the disk surface require some
level of turbulence in the disk. Thus, both a large averagegize and a high accretion rate are
tell tale signs of a turbulent disk, though there need not Oeext causal connection between
both observables. There are two outliers in this diagram, MBMO and G-14, which both are
are classified as WTTSs due to their smadt Blquivalent widths. Yet, both show show large
average grain sizes in their IRS spectra. A possible exptanédr this deviant behavior lies in
the time-variability of the accretion: objects that appaaMWTTSs may turn into CTTSs when
observed at a ffierent time. The variations in the accretion rate are likalysed by dynamical
processes occurring near the very inner disk edge, i.e. ahramnaller scales than the region
responsible for the emission seen in the IRS spectra. It ikelplthat the turbulence in the
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Figure 2.13: (a) The average sizes of amorphous grainegletrsus the accretion rate of the
central stars. The grain sizes are derived in ati7region of the IRS spectra. The thick solid
lines are the fits to the relation between the accretion &tdshe grain sizes. (b) The average
sizes of crystalline grains vs accretion rates. In eachlpémefilled circles show the CTTSs,
and the open circles represent the WTTSs. The accretionaegesstimated from thedline
luminosity, for the WTTSs only upper limits can be derived.eTgentagram represents object
ID#10 in e Cha.

latter region varies on the same timescale as the accréliergby destroying the one-to-one
correlation. If this proposed explanation is correcty khonitoring of MBM 12-10 and G-14
should reveal a variable accretion rate.

Fig. 2.13(b) shows the average grain sizes of crystalliheases as plotted against accretion
rates. In order to see whether there is any correlation lmtvibeth observables we apply a
Kendall  test. If two datasets are fully correlated this test retlanglue ofr =1, if they
are anti-correlated we get=-1, and if they are independent independerfitas a value of O.
The Kendallr test also returns a probability which is smaller when the correlation is more
significant. We find a very weak correlation=0.36, p=0.22) between the average grain sizes
of crystalline silicates and the accretion rates.

Sicilia-Aguilar et al. (2007) have discovered a similarretation between the average grain
sizes of silicates and accretion rates as we find for acoregi@s above T8 M, yr~1. They also
argue that turbulence in disks prevents large grains fratiingginto the disk interior where they
are invisible to Spitzer, and also promotes a accretiometheleading to a correlation between
both observables. What is new in the current study is thatdhelation between the accretion
rates and grain sizes is breaks down .. <10° M, yrt, suggesting that the turbulence for
required to sustain such accretion rates isfiisient to support large grains against settling. We
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fit the relation between the average grain size of the amagpbast and the accretion rate with
the following curve:

@S - 36.95+ 3.95X LOgMace  if Mace > 1070 Mg yr?
el ~15 if Mace < 107° Mg yr?

Here, (a)S in unite of um, is the average sizes of amorphous silicates in the “wérdigk

amsil.!

regions, andVl,.. is the accretion rates in unit &f, yr-2.

Fig. 2.14 shows the mass fraction of crystalline materialh@ “warmer” and “colder” disk
regions versus thelective temperatures of the central stars for our sampleafcdauri stars.
Again we use the Kendalt test to evaluate any possible correlation between bothtijiesn
which yields7=0.01 andp=0.95 for the warm disk part (panel a in Fig. 2.14), ard-0.25
and p=0.31 for the cooler disk part (panel b). Thus there is no ficant correlation between
the mass fraction of crystalline silicates in the disk arelstellar éective temperature for cool
T Tauri stars.

In Fig. 2.15 we plot the crystallinity of the disk materialegst the mass accretion rates. Once
again we run the Kendatt test, and find essentially no correlation in the warm diskaresg)
(r=-0.14, p=0.62) and possibly a slight anti-correlation=-0.57, p=0.05) between both ob-
servables in the colder parts of the disks.

2.3 Summary

We have studied the members of thh€ha association focusing on the properties of the central
stars and their circumstellar disks, using a combinatioavaiilable archive data and our own
Spitzer spectroscopy and VIMISIR imaging data.

Using proper motions we confirm the membership of most stlstiers but question the member-
ship of stars CXOU J120152.8 (ID#9) and 2MASS J12074597 (A)#l/e estimated the masses
and ages of the Cha members and find HD 104237C to be a sub-stellar object wignyalow
mass of 13-15 N, putting it at the boundary between brown dwarfs and “freatiitg planets”

The object 2MASS J12014343-7835472 (ID#11) is unusuaiiyt &t optical wavelengths while
also showing exceptionally large equivalent widths of sap#cal emission lines and an ex-
ceptionally strong infrared excess. Similar objects hasenbdiscovered in other star-forming
regions and we tentatively explain this behavior with a fladesk seen at moderately high in-
clination in which the cold outer disk regions causdisient extinction to &ectively screen
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Figure 2.14: (a)The mass fractions of crystalline matexahpared to theféective temperature
of the central stars (which correlates closely with the bwtric luminosity, see Fig.4.8. The
crystallinities are derived from the 7-Lh part of the IRS spectra. (b) similar to (a), except that
the crystallinities are derived from in 17-3 part of the IRS spectra. The filled circles show

the CTTSs, and the open circles represent the WTTSs. The pamtagarks object ID#10 in
€ Cha.
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Figure 2.15: (a)The mass fractions of crystalline silisgitted versus the accretion rates of the
central objects. Panel (a) shows the crystallinities asel@ifrom the 7-17m part of the IRS
spectra, panel (b) shows the same quantity derived in tH&7 L spectral region. The symbols
are identical to those in Fig. 2.14.
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the central star which is then seen mostly in scattered, llgkttallow most of the infrared light
from the warm disk regions to pass. The protoplanetary disk®unding the cool stars USNO-
B120144.7 and 2MASS J12005517 show evidence for a reducegtithafi the optically thick
disk due to dust settling. The disk around HD 104237E shovudeace for partial dissipation in
its inner part while its outer disk remains essentially ¢hta

We found that both the disk frequency and the accretor frecuén thee Cha association are
higher than those in relatively dense clusters of simila. abhree other sparse stellar associa-
tions for which data are available in the literature alsovwslcomparatively high disk frequen-
cies. Disk evolutions appears to proceed substantiallyesiin sparse associations compared to
denser environments.

We derive the mineralogical composition and grain sizerithstion of the (sub-) micron sized
dust in the disk atmosphere using the Two Layer Temperatisgiliution (TLTD) method.
We find that the average grain sizes and fraction of crys&laterial are higher in the warm
inner disk regions that dominate the short wavelength gdheolRS spectra compared to cooler
regions at larger distance from the central star that daurtii mostly to the longer wavelength
range covered by the IRS. We also find that the average sizesapaous grains in the warm
inner disk regions show a positive correlation with the ation rates if the latter is higher than
~10° Mg yr .

appendix

(1) The disk frequencies in star-formation regions

In Table 2.6, we list each SFR used in Fig. 2.8. In total 16 SFRs&luded with median ages
ranging from~0.9 to~11 Myr. It can be noted that the disk frequencies in the spstesléar
association, MBM 12¢ Cha,n Cha, and TW hya tend to be systematically above those of the
other SFRs with similar ages.

MBM 12 In this association, there are 12 known members with K to Mspktypes. Among
these, 8 objects have been detected by the Spitzer IRS, an@dtbhow evidence for a cir-
cumstellar disk (MBM 12-2,3,4,5,6,10,12) (Meeus et al. 200§ we only use the Spitzer IRS
spectra to judge the presence of disks in MBM 12, its disk feegy can be underestimated com-
pared to other SFRs toward which the Spitzer IRAC photomettea dre used to characterize
the disks. To remedy it, we use all the available informatiated to the disks, e.g.dHemis-
sion line that can be used as a tracer of accretion actitigyefore an indication of the presence
of disks. Among the 4 objects without Spitzer IRS spectra, MEMB1shows signs of active
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accretion in the form of a strongdHemission line (EW,=-120A), suggesting that also around
MBM 12-8 a disk is present. Thus, the disk frequency for allkinanembers is~67+24%
(8/12), and the one for the members with masses of 0.MQ.& ~67+27% (§9).

nCha Inthen Cha association 18 members have been observed with Spiteedidk frequency
is estimated to be44+16% (818) (Megeath et al. 2005b; Sicilia-Aguilar et al. 2009). Hue
members with masses of 0.1-0V&,, the disk frequency is58+22% (712).

TW hya To estimate the disk frequency of this association we firgstocted a catalog of
members of this group. Our catalog is based on the TW Hya meshipecriteria as refined by
Mamajek (2005), and includes TWA-1, 2A, 2B, 3A, 3B, 4, 5A, 5B, 68A, 8B, 9A, 9B, 10,
11A, 11B, 13A, 13B, 14, 15A, 15B, 16, 20, 21, 23, 25, 26, 27, 28s plew identified members
TWA-29 30A, 30B (Looper et al. 2007, 2010a,b). Among thesenimers, TWA-1, 3A, 4, 7,
11A, 27, 28, 30A, and 30B show evidence for a disk (Jayawaraled al. 1999; Riaz & Gizis
2008; Looper et al. 2010a,b). Thus, the disk frequency fokradwn members is estimated to
be ~27+9%(833), and the disk frequency for members with masses of @ MQ.is ~24+12%
(4/17).

The dust properties around M-type pre-main-sequence stars in MBM 12,
n Cha, and Coronet cluster

In Table 2.7, we list the targets used in Figs. 2.12, 2.134,Aafd 2.15. The total luminosity, ex-
tinction, and accretion rates listed here for each objextlarived using the procedure described
in Section 2.1.1 and in Chapter 3. The stellar masses and agestamated by comparison to
theoretical pre-main sequence (PMS) evolutionary tracks Dotter et al. (2008). We collected
the dust properties for each disk from the literature (BieMguilar et al. 2008; Meeus et al.
2009; Sicilia-Aguilar et al. 2009). These include the ageraize of amorphous and crystalline
silicate grains, and the mass fractions of crystallinesié grains, and were derived using the
same TLTD method as we used for the analysis of the spectn@eftha members, as described
in Section 2.1.3.
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Table 2.6: the fractions of YSO with disks infiirent SFRs. Column 2: the median age of each
SFR. Column 3: the references for the median age of SFR. Colunhe 4ligk frequencies for all
known members. Column 5: the references for disk frequetiab known members. Column

6: the disk frequencies for the members with masses of & MQ. Column 7: the references
for disk frequencies listed in Column 6.

1) 2 6 @ 06 (6) (7)
Age DFaj DFo.1-06M,

SFR (Myr) Ref (%) Ref (%) Ref
L988 06 (1) 838 (2

NGC206871 09 (3) 729 (3,4) 6813 (3,4
Taurus 15 () 644 (6) 711 (7)
Chal 20 (8 535 (9 549 (7)
IC 348 25 (10) 5e6 (10) 485 (7)
NGC 2264 25 (11) 383 (12)

o Ori 3.0 (13) 364 (13)

Tr37 4.0 (14) 486 (15) 7@:15 (7)
A0ri 50 (16) 284 (16)

NGC 2362 50 (17) 182 (18) 94 (7
OriOBlb 5.0 (19,20) 184 (21) 147 (7)
25 Ori 8.0 (19,20) &3 (21) 33 (7
NGC7160 11.0 (14) 43 (15 1313 (7)
Upper Sco 5. 7 92 () 15:4 7

MBM 12 2. (22) 6&24 (23) 6E27 (24)
¢Cha 4. (24) 5820 (25) 6&33 (24)
nCha 6. (22) 4416(2526) 5822 (24)
TW hya 10. (27) 229 (24) 2412 (24)

(1) Herbig & Dahm (2006); (2) Luhman et al. (2010); (3) Chatef4) Flaherty & Muzerolle
(2008); (5) Bricéio et al. (2002); (6) Luhman et al. (2010); (7) Kennedy & Kemy@009);(8)
Luhman (2007); (9) Luhman et al. (2008a); (10) Lada et al0o@)0(11) Dahm et al. (2007); (12)
Sung et al. (2009); (13) Luhman et al. (2008b); (14) Siclguilar et al. (2005); (15) Sicilia-
Aguilar et al. (2006a); (16) Barrado y Navagslet al. (2007); (17) Moitinho et al. (2001); (18)
Currie et al. (2009); (19) Bride et al. (2005); (20) Brid#o et al. (2007); (21) Heandez et al.
(2007a); (22) Luhman & Steeghs (2004); (23) Meeus et al.g20q@4) this paper; (25) Megeath
et al. (2005b); (26) Sicilia-Aguilar et al. (2009); (27) Webt al. (1999).
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Table 2.7: Stellar and disk properties for young stellaeoty. Column 13, 14, 15: the average
size of amorphous(®)3, ;) and crystalline grains(@)§ ;) and the mass fractions of crys-
talline grains (csryS,) are derived from 7-14m, besides the objects CRA-466, CRA-4107, G-14,
G-85, and G-87, of which IRS spectra between Zd#ivdare used for fitting. Column 16, 17, 18:
the average size of amorphoya)t, ) and crystalline graing4);. .., ) and the mass fractions

crystsil
of crystalline grains {;;,) are derived from 17-3am.

@ @ ® @ & © 0 @© © W @@ 12 @) (14) (15 (18) an 1 @9
RA DEC Ter Lool Ay EW(Ha) Log Macc Mass Age <E’D:msil, <a>§rystsil. f<:Swst <a>|e:\msil. <a>|(;rys'(sil. ftl:_ryst
Object (J2000)  (J2000)  sSpt (K)L§) (mag) (A) class KMloyrh) (Mo) (Myn) (um)  (um) )  wm)  (um) (%) Ref
MBM12-2 02:56:07.99+20:03:24.3 MO 3850 0476 0.5 -40.0 C  -832 057 18 *#i 5201 10757 0152 0805 18031 (1)
MBM12-3 02:56:08.42+20:03:38.6 M3 34150636 00 -250 C  -845 027 02 *Bb 1717 5821 1201 0453 4805 )
MBM12-6 02:58:16.09+19:47:19.6 M5 3200 0.204 0.0 -200 C  -944 021 06 *3% 5302 46522 1584 0180 7115 ()
MBM12-10 02:58:21.10+20:32:52.7 M3.25 3379 0.280 0.0 -120 W - 028 08 5331 1921 4675 0453 ... 2931 (1)
MBM12-12 03:02:21.05¢17:10:342 M3 34150563 00 -690 C  -800 027 03 *Bd 5501 32822 0633 0833 33 ()
CRA-466  19:01:18.93-36:58:28.2 M2 3650 0.154 64 -145 C  -982 054 7.8 5 4302 23030 4323 1831 14075 (2
CRA-4107 19:02:54.65-36:46:19.1 M4.5 3198 0.029 0.0 --- .. o019 109 57138 4133 19071] - (2
G-14 19:02:12.02-37:03:09.3 M4.5 3198 0.016 1.1  -7.4 W 018 229 4533 0294 2853 .. (@
G-85 19:01:33.86-36:57:44.8 M2.5 3488 0.348 155 -27.0 C  -887 033 08 *@1 2498 14029 1008 0738 16085 (2
G-87 19:01:32.33-36:58:03.0 M35 3343 0127 136 -4.0 W .- 029 27 1808 o712 26085 .- )
J0843 08:43:18.58-79:05:18.2 M3.4 3357 0.080 0.0 -900 C  -944 030 62 *}5 0791 20037 1471 o080l 582 (3)
RECX-5  08:42:27.11-78:57:47.9 M3.8 3299 0.061 0.0 -350 C -1017 026 68 *}5 0951 22020 1885 0281 9018 (3
RECX-9  08:44:16.38-78:50:08.1 M4.4 3212 0.092 0.0 -100 W ... 021 24 1202 1001 10030 2030 129¢ 16.020 (3)

(1) Meeus et al. (2009); (2) Sicilia-Aguilar et al. (20083) Sicilia-Aguilar et al. (2009)






Chapter 3

Star and protoplanetary disk properties in Orion’s
suburbs

M. Fang, R. van Boekel, W. Wang, A. Carmona, A. Sicilia-Agualad Th. Henning
A&A 2009, 504, 461-489

Circumstellar disks play a key role in the formation of newstand planetary systems, and form
as a result of angular momentum conservation during thegteitar core collapse (Shu 1977,
Hartmann 2005a). Through the disks, a significant fractiathe stellar mass is accreted, while
the excess angular momentum is transported outward.

After the main accretion phase has ended, gas-rich cir@li@stlisks can survive at low accre-
tion rates until they are eroded by stellar winds, photgaevation, or interaction with giant gas
planets or stellar companions (Artymowicz & Lubow 1994; Gé&et al. 2001; Alexander et al.
2006; Rice et al. 2003; Quillen et al. 2004; Hillenbrand 2008js during this phase that plan-
ets are believed to form inside the disks. A direct obseowali link between planet formation
and disk evolution was recently proposed by Setiawan e2@0§), who found evidence for a
massive planet in close orbit around TW Hya, whose disk isecilly being dissipated and is
thought to be in a transition state between a gas-rich digkay of classical T-Tauri stars and a
gas-poor debris disk. This finding was, however, questidniyelduélamo et al. (2008), who in-
stead attribute the observed radial velocities to a lagjéasispot that rotationally modulates the
signal. However, the brightness variations that are inftdrethe spot model were not detected
in 2008 by Rucinski et al. (2008) while the radial velocity iaéions first seen by Setiawan et al.
(2008) remain present (Setiawan et al. in prep), seriousjlenging the spot model of Klamo
et al. (2008). At any rate, knowledge of disk evolution isatlg pivotal to understanding planet
formation (Henning 2008).

The disk dissipation process has been constrained obeeraty by investigating the fraction
of young stars that have strong excess emission from dis&rrabat near-infrared wavelengths,
in clusters exhibiting a range of ages. Near-infrared img@gurveys have suggested that the
inner disk frequency is50% at ages of 1-2 Myr, and dramatically decreasesloo at ages of
5-10 Myr, indicating that the lifetime of inner disks is a féMyr (Strom et al. 1989; Haisch et al.
2001; Hillenbrand 2002). Observations at longer mid-irgidsto millimeter wavelengths, tracing
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cooler dust at larger radii within the disks, have suggestatithe outer parts of the disks survive
somewhat longer than the regions close to the central s&efloh & Beckwith 1995; Meyer &
Beckwith 2000; Mamajek et al. 2004; Andrews & Williams 2005y@ater et al. 2005).

The rate at which disk material accretes onto the centratatabe estimated from the infrared
excess, veiling in optical spectra, and emission linesatathought to be due to magnetospheric
accretion (Hillenbrand et al. 1992; Hartigan et al. 1995lli@ung et al. 1998; Muzerolle et al.
1998b; Calvet et al. 2000; Muzerolle et al. 2001). The aconetate has been found to scale
approximately with the square of the stellar mass from tbe/brdwarf to the HAeBe star regime
(Muzerolle et al. 2003; Natta et al. 2006; Calvet et al. 2004izbtolle et al. 2005; Herczeg
& Hillenbrand 2008). Additionally, a clear trend of decrg@saccretion rate with increasing
age has been identified (Hartmann et al. 1998; Calvet et aD;2Bi@ilia-Aguilar et al. 2004;
Hartmann 2005b).

With the advent of the Spitzer Space Telescope our abilistudy disk evolution has dramat-
ically increased, both by largely increasing of the numbestars and clusters studied, as well
as extending the wavelength range at which large sampldg@dts can be accurately measured
further into the infrared. Many young stars in clusters vaties from 1 Myr to tens of Myrs
have been studied (e.g. Gutermuth et al. 2004; Young et @4;28artmann et al. 2005; Megeath
et al. 2005b; Lada et al. 2006; Sicilia-Aguilar et al. 2008208; Herandez et al. 2006; Dahm
& Hillenbrand 2007; Herandez et al. 2007b; Flaherty & Muzerolle 2008). The innek fliac-
tion changes from-54+15% in the core of the 1-Myr-old cluster NGC 7129 (Gutermtitale
2004), to~44+7% in the cluster IC 348 with an age of 2-3 Myr (Lada et al. 20883.9+3.1%

in the 3-Myr-old clustero- Orionis (Herrandez et al. 2007b);20% in the 5-Myr-old cluster
NGC 2362(Dahm & Hillenbrand 2007), to 4% in the cluster NG®J With an age 0o&~10 Myr
(Sicilia-Aguilar et al. 2006a). Generally, the disk fractidecreases with increasing cluster age,
confirming previous results on the dissipation timescakedamainly on ground-based near-
infrared data.

Some studies show that the disk fraction peaks for starsam thauri mass range (Heandez
etal. 2007b), especially for those of K6-M2 types with mass®und one solar mass, suggesting
that planet formation is favored around solar-mass youmg ¢t.ada et al. 2006; Heandez et al.
2007a). Research on weak-line T Tauri stars (WTTS) with ag&s2dflyr shows that up to 50%
of WTTSs no longer possess inner disks, indicating that sooomay stars can dissipate their
disks at very early ages (Cieza et al. 2007). Observationsdainfiared or longer wavelengths
identify many stars with prominent excesses at these wagtis, in some cases also in objects
showing no near-infrared excess, whose inner disk regippsa to already have dissipated
(Muzerolle et al. 2004; Young et al. 2004; D’Alessio et al080Calvet et al. 2005; Gautier et al.
2008).
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In this chapter, we combine optical spectroscopy with @pticear-, and mid-infrared photom-
etry to characterize the stellar- and disk properties ofrgelaet of young stars located in the
Lynds 1630 and Lynds 1641 clouds, located in the Orion méde@loud complex. The distance
to this complex is estimated to be between 400 and 500 pcAethony-Twarog 1982; Hirota
et al. 2007), and the region probably has a “depth” of at leagtral tens of parcecs. Throughout
this work we will assume a distance of 450 pc for both the L1680 L1641 clouds. L1630
lies in the northern part of the Orion complex (Orion B), and41 is located in the southern
part (Orion A). Toward L1630, near-infrared surveys shoat tlnost young stars are found in
four clusters (NGC 2023, NGC 2024, NGC 2068, and NGC 207herahan being uniformly
distributed (Lada et al. 1991; Li et al. 1997). In NGC 288 1, which are located in the north-
ern part of L1630 and named L1630N hereafter, a previougysthdws that 53 out of the 67
identified members have infrared excesses, and all stangwitared excess also display active
accretion (Flaherty & Muzerolle 2008). Here, we extend thenber of identified and charac-
terized young stars in this region. In contrast to the L168§lan, the L1641 cloud harbors a
large population of young stars existing in relative isolatin addition to a population of stars
in a number of clusters or aggregates (Strom et al. 1993nAl895). Thus, a comparative study
of disks around young stars in L1630 and L164fers the opportunity to study théfect of a
clustered or isolated environment on the disk evolution.

We arrange the chapter as follows:§r8.1 we describe the observations and data reduction, in
§ 3.2 we delineate our data analysis, we present our res§lIBiB3, followed by a discussion in
§ 3.4, and we summarize the results of this stud§ $5.

3.1 Observations and data reduction

The data employed in this work consist of photometry in thet0.24um range, and optical
spectroscopy from4000 to~9000 A. The optical photometry of the south-east half of L1.64
is new, and the rest of the photometry are publicly availabtdive data. We performed optical
spectroscopy with the multi-object spectrograph VIMOShatESO-VLT.

3.1.1 Optical photometry

Optical photometry was taken from the Sloan Digital Sky 8yr{SDSS, York et al. 2000) in the
u'g'r’'i’Z bands centered on 0.35, 0.48, 0.62, 0.76 and @ 1Irespectively. The L1630N cloud
was covered entirely and scanned multiple time3.8 times on average), resulting in average
100 limiting magnitudes of 21.9, 23.0, 22.4, 21.8, and 20.2peesvely. The L1630N data are
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publicly available in the SDSS “Low Galactic Latitude Figldlata release (Finkbeiner et al.

2004). Only about half of the L1641 cloud was covered by SD&$bthe covered parts were

scanned an average 1.3 times, with resulting 1® limiting magnitudes of about 20.5, 21.7,

21.4, 21.1 and 19.7, respectively. The south-east halfeof. 641 cloud has not been observed
by SDSS.

Table 3.1: Observing log for the LAICA imaging observatiohs ©641.

Pointing center Observation date Airmass  Exposure times
Fields (J2000) uT) (gt'/i'/z") (second)  Calibartion fields
L1641-1 0539 17.2907 12 41.7 2007-12-15 21:52:15-22:37:36/1.61.61.7 1, 45, 300 SA98
L1641-2 0540 18.76-07 28 03.5 2007-12-15 22:40:01-23:24:01/1.941.51.5 1, 45,300 SA98
L1641-3 0541 20.16-07 43 26.3 2007-12-15 23:27:25-00:12:01/1.41.41.4 1, 45,300 SA98
L1641-4 0542 21.46-07 58 48.9 2007-12-16 00:13:57-00:57:30/1.41.41.4 1, 45,300 SA98
L1641-5 0543 22.9308 14 10.5 2007-12-16 00:59:17-01:43:11/1.91.51.5 1, 45,300 SA98
L1641-6 0544 24.2508 29 33.3 2007-12-16 01:45:51-02:29:56/1.71.61.6 1, 45, 300 SA98
L1641-7 0540 18.26-07 43 35.7 2008-03-11 20:07:04—-20:54:23/1.%1.7/1.8 1, 45, 300 SA98
L1641-8 0541 19.5507 58 58.6 2008-03-11 20:58:16-21:41:39/2.02.2/1.8 1, 45, 300 SA98

L1641-9 0542 20.89-08 14 20.5 2008-03-12 20:19:18-20:34:37/1.61.61.7 1, 45, 300 SA95,SA98
L1641-10 05 43 22.3508 29 43.5 2008-03-12 20:47:01-21:26:38/1.92.02.1 1, 45, 300 SA95,SA98

We complemented the SDSS photometry of L1641 with CCD imagmthe SDSSy'r'i’z
bands performed at the Calar Alto 3.5m telescope, using thgelArea Imager for Calar Alto
(LAICA). LAICA is a wide field optical imager employing four 4dk CCDs. Part of the south-
east half of L1641 was observed on December 15, 2007. Conslitiere photometric, but
the seeing was poor (28 somewhat limiting the sensitivity for faint point souscé-19.6,
19.6, 19.9, and 18.9 mag @t’i’Z band, respectively). In order to increase the dynamic range
three exposures were taken at each position and in eachMiiterintegration times of 45300
seconds (see table 3.1). Standard data reduction for b2 imaging consisted of bias sub-
traction, flat-fielding using sky flats, and removal of fringidue to night sky airglow in thg
andz bands.

The astrometric solution was determined for each indiMid@@D frame by correlating stellar
positions with the USNO A-2 catalog, typically using a fewzda stars but never fewer than
5. The resulting positional uncertainties of detectedsstae less than’8 over the whole field,
suficient for unambiguous cross-identification with sourcetected in the infrared data. Pho-
tometric calibration was performed by observing Landa@nsfard field SA98, and SA95. These
fields have been observed by SDSS. We used the SDSS photarhathyhe isolated stars to
calibrate our LAICA observation. The photometry for eachr steas chosen from the longest
unsaturated exposure. In total, almost the entire L1630NLA®41 Spitzer fields are covered
by our optical imaging.
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3.1.2 Infrared photometry

Near-infrared photometry in thé H, andKs bands was taken from the Two-Micron All Sky
Survey (2MASS, Skrutskie et al. 2006), withda@imiting magnitudes of 16.2, 15.3, and 14.6
magnitudes, respectively. The L1630N and L1641 clouds weaged using the Spitzer Space
Telescope IRAC (Fazio et al. 2004) and MIPS (Rieke et al. 208%)eras.

(1) IRAC photometry

IRAC images at 3.6, 4.5, 5.8, and &t were made in High-Dynamic Range mode with inte-
gration times of 0.4 and 10.4 seconds (Spitzer program IDE&)r mosaics were made of each
cloud, with a fair amount of overlap between the individugl@sures in each mosaic. The IRAC
data of the L1630 and L1641 clouds were published previdoglylegeath et al. (2005a).

The Spitzer archive provides pipeline reduced (version.GB@}image mosaics as well as the
corresponding pixel to pixel flux uncertainty maps. For efeld the individual mosaics were
combined into a final image by making a weighted averager(afismic ray rejection by a
sigma-clipping procedure, and using the uncertainty mapseghts). Separate images were
created from the 0.4 and 10.4 second exposures.

A custom made IDL program was used to search for point sounc® IRAC images. At its
heart is thefind.pro procedure from thastrolib library. However, rather than searching
for point sources in the images themselves, wefletd search in an imagminusa smoothed
version of that image, thugfectively removing the sometimes bright and inhomogenobslae
background. Moreover, we used a variable detection thtéghat is low in “clean” regions,
but higher in regions with a high background. After detelimgnproper extraction parameters
and extensive testing of the procedure, checking the sebuleye, we found that our procedure
is very robust andféectively finds all but the very faintest sources in the whatage, without
yielding false detections in regions with high and varididekground.

The source finder was run in each of the 4 IRAC bands, on the ahdrtong exposures sep-
arately. Source detections in the various bands were eteceby spatial coincidence within
1 pixel ('2). Only sources that were seen in both the 3.6 and 4.5 micaoddwere kept in
the analysis (source counts amount~5000 and~40000 in the L1630N and L1641 fields,
respectively).

PSF photometry was performed on the detected sources. éfobaad, the point spread function
was determined from bright, isolated, non-saturated sféine psf-fitting program is based on
the StarFinder code (Diolaiti et al. 2000). The psf-fittingraction box is 15.6x15.8’for each
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IRAC band. The zero-point magnitudes are 17.30, 16.82, 16:33 15.69 in the 3.6, 4.5, 5.8,
and 8.0um bands, respectively. We compared the photometry at shdrtceng exposures to
determine the saturation level for the longer exposurdseltars are not saturated on the long-
exposure images, we select their photometry from thesedapgsure images. Otherwise, we
select them from the short-exposure images. Flaherty & bliee(2008) present photometry
of 69 stars in L1630N. A comparison between their photoroetagnitudes and ours shows rms
differences 0~0.06-0.1 mag for the four IRAC bands. Adopting these valudy@sal uncer-
tainties in our photometry, we conclude that the photoroeitcuracy of the pipeline processed
data as we have used them, without any custom post-progessiperfectly adequate for our
purposes

(2) MIPS photometry

The L1630N and L1641 clouds were mapped with the MIPS instntniSpitzer program ID
47). The d&ective integration time was 80, 40, and 8 seconds at 24, #168um, respec-
tively. Following Flaherty & Muzerolle (2008), who previsly presented the L1630N data, we
included only the 24m data due to lack of detected Class Il sources at the longezlarayths.
The same searching and psf-fitting programs as used for th€ iR#a were used on the 2rh
image, with a psf-fitting extraction box of 56./3656.33’and a zero-point magnitude of 11.76.

3.1.3 Optical spectroscopy

The main new data set presented in this chapter is/VIMOS optical spectroscopy of over
700 targets in the direction of the L1630N and L1641 stamiog clouds. Accurate stellar
parameters and extinction estimates for individual oljeetnnot be derived from photometry
alone, but instead require the combination of spectroseopyphotometry.

(1) Target Selection

The L1630 and L1641 clouds subtend large solid angles orkthasd to cover them completely
with VIMOS observations would require very large amountdedéscope time. Instead, we
concentrated on a number of subfields, 3 VIMOS pointings i630IN and 5 in L1641. The

1The [5.8] magnitude for YSO #105 in L1630N, as well as the |[8o@gnitudes for the YSOs #24, 54, 76,
84,105, 116, 125, 128 in L1630N, were adopted from FlaherMuerolle (2008).

2The MIPS [24] magnitudes for YSOs #24, 81, 125, 126 in L1630eadopted from Flaherty & Muzerolle
(2008).
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pointings were chosen on the basis of the Spitzer IRAC datanenskelected those fields with
many potential YSO candidates, i.e. IR excess sources ptorad follow-up. In the [5.8]-[8.0]
vs. [3.6]-[4.5] color-color diagrams, we selected YSO adatks using the following criteria
(see Fig. 3.1): (1) 04[5.8]-[8.0] <1.1 and 0.%[3.6]-[4.5] <0.8 (classical T Tauri candidates),
(2) 0.%<[5.8]-[8.0] <1.0 and -0.%[3.6]-[4.5] <0.2 (transition disk candidates), or (3) 8[8.8]-
[8.0] <1.4 and 0.8[3.6]-[4.5] <2.0 (class i candidates), see also Allen et al. (2004).
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Figure 3.1: Spitzer [5.8]-[8.0] vs. [3.6]-[4.5] color-awl diagrams for all objects detected at
all four IRAC bands in L1630N and L1641. Three boxes enclosebibundaries of candidate
selection regions for three types of YSOs, i.e. clab¥&O0s, classll YSOs, and YSOs with
transition disks.

Pre-imaging in R-band of the selected fields was performeld MIMOS. Based on these data,
targets that are sciently bright were selected for spectroscopic follow-were, preference
was given to sources with IRAC colors that suggest they aragastars possessing disks, but
many sources that do not posses colors within the boxesiedtikbove were selected as well,
mostly sources without obvious IR excess emission. Thisagmh has the advantage that a large
fraction of available resources are spent on young staisadf unrelated background objects,
but it also introduces a bias toward IR excess sources inghmle of cluster members (see
Sect. 3.1.3(3)).

(2) VLT /VIMOS observations

We usedVIMOS the Visible Multi-Object Spectrograph (LeFevre et al. 2Dthounted on the
ESO Very Large Telescope to obtain optical spectra. Theregasens were performed during
the period from December 2006 to March 2007 with two interiatedresolution grisms, the
HR blue (1/A1=2050 for a slit width of ¥) and HR red {/A1=2500 for a slit width of 1)
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Figure 3.2: The distribution of YSOs in L1630N and L1641 @letted on a*CO integrated

intensity image (Bally et al. 1987; Miesch & Bally 1994). Thdsefi circles mark the YSOs

discussed in this chapter, which have confirmed spectraktyphe asterisks and pluses represent

the class 0 and class Il YSOs, respectively. The boxes show our fieldsest of our VIMOS

observations, each set of four quadrants representing tM®S pointing.

grisms, covering the wavelength range from 4100A to 875@k% (able 3.2). We observed 322
targets in L1630N and 393 in L1641, distributed over 3 and®BE pointings, respectively (see
Fig. 3.2). For each pointing we performed three 25-minuf@eures. The VIMOS spectra were
reduced using the VIMOS pipeline provided by ESO (Carlo Izgtvate communication). Two
methods can be applied to subtract telluric and nebularstomdines from the stellar spectra: the
“skylocal” and “skymedian” options. In the “skylocal” meatli, the sky spectrum is subtracted
from CCD science data before the data are corrected for oplis@lrtions. In the “skymedian”
method, the sky subtraction is performed on the distortiomected science data, which have
been resampled. We prefered the skylocal method, and omyoeeasionally used spectra
from the skymedian method, in cases where the the reduciging the skylocal method contain
artifacts.

(3) Biases introduced in target selection

We observed a large number of cloud members with and withdtdared excess emission, as
well as unrelated field objects, mostly background starsvéder, since sources with IR excess
emission were more likely (see Sect. 3.1.3(1)) to be inadudehe optical spectrocopic obser-
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Table 3.2: Observing log for the VIMOS optical spectroscopy

Pointing center Dajéime of observations Integration time
Fields (J2000) (UT) (second) Airmass
L1630-1 BLUE 05 46 57.0800 23 34.4 2007-02-11 01:14;/08:40:3702:07:10 %1526 1.11.711
RED 05 46 57.08-00 23 34.2 2007-02-09 02:13:42:40:0803:06:40 %1526 1.71.21.3
L1630-2 BLUE 0546 11.0%00 08 33.3 2007-02-19 01:07;24:33:4402:00:16 %1526 1.11.171.2
RED 05 46 11.06-00 08 33.0 2007-02-18 01:19;@2.:45:2902:12:00 %1526 1.11.21.2
L1630-3 BLUE 05 46 04.81-00 06 54.8 2007-02-20 00:54;24.:20:4801:47:19 %1526 1.11.71.2
RED 05 46 04.86-00 06 54.8 2007-02-21 00:52;21.:18:4201:45:13 %1526 1.11.91.2
L1641-1 BLUE 05 35 50.4106 20 43.3 2007-01-28 01:35;@2:01:2202:27:54 %1526 1.01.171.1
RED 05 35 50.41-06 20 43.3 2007-01-28 03:08;/813:35:1204:01:46 %1526 1.11.21.2
L1641-2 BLUE 05 36 19.38-06 46 15.1 2006-12-22 04:53;2%:16:3105:39:44 %1326 119711
RED 05 36 19.38-06 46 15.2 2006-12-21 04:3348:56:4705:20:01 %1327 11911
L1641-3 BLUE 05 38 25.92-06 59 43.2 2007-02-17 00:58;84.:25:2701:51:51 %1526 1.11.711
RED 05 38 25.92-06 59 43.2 2007-02-15 01:11;@4.:37:3702:04:01 %1526 1.11.711
L1641-4 BLUE 0542 01.92-08 04 49.0 2007-02-22 01:30;04.:56:3002:23:01 %1526 1.11.72.2
RED 0542 01.94-08 04 49.4 2007-03-12 00:56;23.:22:4%01:49:16 %1526 1.21.21.3
L1641-5 BLUE 0540 51.66-07 51 01.4 2007-01-25 01:54;02:20:2302:46:55 %1526 1.01.01.1
RED 05 40 51.66-07 51 02.0 2007-01-27 01:16;81:43:1902:09:49 %1526 1.11.01.0

vations, our sample will be biased towards these. Thergtprentities like theabsolutedisk
fraction will be dfected, and in general will be over-estimated. Howenedativetrends, such as
the disk fraction as a function of stellar mass, are in pplecundfected by our target selection.

3.1.4 Matching of optical and IR data.

We matched the dierent photometric data sets and spectra based on spatiaid=zce using a
2” tolerance. Since the investigated fields are not very crawticis approach is adequate.

3.2 Analysis

In this section we will describe the methods that we applieeixtract the physically interesting

information from our data. The main goals are the identificadf young stars, the determination
of their stellar parameters, characterization of theik disometry and estimation of the rate at
which disk material is accreted onto the central star.
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3.2.1 YSO selection criteria

A star in our sample observed with VIMOS is classified as a gostar if it obeys any of the
following criteria:

1. IR excess
2. Lil absorption

3. Ha emission

We find that sources with IR excess emission always shavemdission, though the opposite is
not necessarily true, i.e. some sources shawerhission but no IR excess. A large fraction of
the sources with H emission show Lil absorption in their spectra, and all sesishowing Li |
also show k emission. We note that there may be a small contaminatiowmotample with
dMe stars, which are old, M-type stars that show éinission due to chromospheric activity.

3.2.2 Spectral classification

We determined the spectral types of the stars for which we RAMOS spectroscopy using
the classification scheme developed by Hewtez et al. (2004). The method uses empirical
relations between the equivalent widths of selected atamdamolecular absorption lines and the
effective temperature. In general, each individual line orenolar band is a sensitive measure
of Teg Over a limited range in spectral types only, but the comlbdmabf a number of absorption
features yields a unique determination of the spectral ityplee range of early B to late M. The
classification scheme consists of 3 subregimes, each sgpamange iM¢;: the "HAeBe” type,
"G”" type, and "late” type scheme. For a detailed descriptibthe method, we refer to Heandez

et al. (2004).

In Fig. 3.3, we show several examples of VIMOS spectra of axget stars, covering the early K
to mid M spectral type range, representative of the vast ntgjof the young stars in our sample.
The changes in spectral shape over this range are well&jsibparticular TiO absorption bands
become prominent in spectral types later than M2. Since VBWOes not use fibers but rather
employs masks with multiple slits that are directly imagetbahe detectors, the spectral range
covered depends on the position of a star within the field efvwviThis is illustrated by, e.g.
spectra (b) and (d) in Fig. 3.3.
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Figure 3.3: Example spectra of our VIMOS observations dagethe range of spectral types
of the young stars discussed in this work. The main emissi@s lhave been marked, and the
insets show the LiA6707 absorption line.

(1) Reliability and accuracy of the classification code

In order to test the accuracy and reliability of our speattassification code, we ran it on 1273
spectral templates from the Indo-US library (Valdes et @04) and compared the spectral types
derived using our code to those listed in the spectral fbraMe found that we accurately
recovered the spectral types of the templates over the vepeletral region from early B to late
M, with a standard deviation ofl sub type. Since the spectral templates in the library have
their own intrinsic uncertainty that is not much better tHasub type, we may safely assume
1 sub type as the intrinsic accuracy of our method.

In order to assess thefect of limited SNR in our spectra, we ran the classificatiodecagain
after adding normally distributed noise to the templatecspe such that their SNR was reduced
to 30 and 10, respectively. From this exercise, we foundftret SNR of 30, we recovered the
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Figure 3.4: Left panel: the flierences between the spectral types in this chapter and litethe
ature vs their spectral types in literature. Right paneldiksg&ibution of spectral-type fferences

in left panel. Among the total of 95 stars, there are 65% wiffedences less than one subclass,
and~ 82% with less than two subclasses.

spectral types nearly as well as for the original templdtesa SNR of 10, we reliably recovered
spectral types later thapF5, with a accuracy of 1 sub type. For spectral types earlier than F5,
the method can yield results that ané loy as much as 10 sub types for spectra with a SNR of
10, and no robust estimates can be made.

Of the 540 stars for which we could reliably determine thectaétypes from our VIMOS data,
94 have been classified previously by other authors (Alle®b1&laherty & Muzerolle 2008;
Galfalk & Olofsson 2008), allowing an independent check on@assification. Fig. 3.4 shows
the direct comparison between the spectral types we deamddhose quoted in the literature.
65% of this sample agrees within 1 subclass, 82% within 2lasbes.

(2) Complementary literature spectroscopy

A substantial number of young stellar objects with confirrapdctral types can be found in the
literature, which we used to complement our sample. All€&99E) presents a list of 337 YSO
candidates. Among these, there are 78 stars that we did setwabwith VIMOS, and which
have published equivalent widths of thexlemission line or exhibit IR excess emission in our
Spitzer data. In @lfalk & Olofsson (2008) we found 39 YSOs withoHemission and confirmed
spectral types, of which 10 were not covered by our VIMOS oladens and were added to our
YSO sample in L1641. Flaherty & Muzerolle (2008) identify 880s in L1630N, of which
we observed 23 with VIMOS. In total, the literature data addad 88 YSOs to our sample in
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the L1630N and L1641, respectively. We used only the spagas and k equivalent widths
given in the quoted papers, and complemented these dateowitbwn optical and infrared
photometry. Subsequently, we derived stellar and disk gntags in the same way as for the
VIMOS sample.

3.2.3 Determining the stellar properties

Our optical spectroscopy and photometry provide the olbgiemnal basis for determining the
stellar parameters of our targets. First, tiffieetive temperatures of the target stars are inferred
from their measured spectral types. Reddened model atmespare then fitted to the optical
photometry to determine the angular diameter and the dxim¢owards each star. Together
with the assumed distance, the angular diameter #edt&ve temperature yield the bolometric
luminosity. Subsequent placement in the HR diagram finaéidg estimates of the stellar mass
and age by comparison to theoretical pre-main sequencetsrwry tracks.

(1) Effective temperatures, model atmospheres, and extinction

We transformed the spectral types téeetive temperatures using the relation given by Kenyon
& Hartmann (1995) for stars with spectral types earlier tM and those by Luhman et al.
(2003) for stars of type later than MO. We used model atmagste represent the optical SED
of our target stars. At temperatures above 4500 K we used dlgelsiby Kurucz (1979, 1994),
at lower temperatures we adopted MARCS models (Gustafsstr2€08). The surface gravity
was assumed to be those of ZAMS stars and we adopted soldlicitgta

The optical spectra of our stars mayften from strong extinction by intervening dust. We used
the extinction law of Cardelli et al. (1989) to model this, aadopted a total to selective extinc-
tion value typical of ISM dustR,=3.1).

(2) Optical SED fitting

We fitted the optical photometry of each star with a (reddgneadel atmosphere, keeping the
effective temperature fixed at the spectroscopically detexdwalue. Our SED fit thus has only
2 free parameters: the angular diamétand the extinction in the V banl,. In general we used
the photometrigy/,r’,i’,Z, and J bands in our SED fit, but for stars without near-inffaecess
emission we also included the H and Bands. We calculated model fluxes by integrating the
intensity of the (reddened) model atmospheres over thargheesponse curve of the system for
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each filter. The synthetic photometry thus obtained was ewetpto the observations and the
resultingy? was minimized in an automated iterative procedure, in wkilehoptimum values
for 6 andAy are found.

(3) HR diagrams

The bolometric luminosity of our stats,, is easily calculated from theffective temperatures
and angular diameters, if the distance is known:

Lpol = 760°d?0 T2 (3.1)

whered is the angular diameted, is the distancey is the Stefan-Boltzmann constant, ahg
IS the dfective temperature. We adopt a distance of 450 pc for botl3@NiGand L1641 (Genzel
et al. 1981; Anthony-Twarog 1982; Maddalena et al. 1986suVilet al. 2005). Note that we
have implicitly corrected for extinction by calculatingetbolometric luminosities in this way.

The thus determinedfective temperatures and bolometric luminosities alloveg@taent of our
stars in the HR diagram. Stellar masses and ages can thetirhated by comparison to theo-
retical pre-main sequence (PMS) evolutionary tracks. Heweseveral sets of such tracks exist,
by various authors, which yield significantlyfiirent results, in particular for the age (see e.g.
Hillenbrand et al. 2008for a discussion). We estimated ssmasd ages using fourffirent sets
of publicly available PMS evolutionary tracks: those by DtAna & Mazzitelli (1997) (DM97),
Bardte et al. (1998) (B98), Siess et al. (2000) (S00), and Dottel. ¢2@08) (D08). In the re-
mainder of the discussion, we will adopt the values obtaimeemploying the PMS evolution
tracks from Dotter et al. (2008), as these have the bestugsoin both mass and age. We stress,
however, that there are substantial systematfiedinces between thefidirent sets of tracks (e.g.
Hillenbrand et al. 2008), and our motives for choosing thog®otter et al. (2008) are merely
pragmatic.

The uncertainties in mass and age of the individual starse estimated using a simple Monte-
Carlo method, in which we created a large number of synth@tigll.] points for each star,
assuming the errors in both quantities to be normally disted. These points were then inter-
polated in the HR diagram, and the standard deviations irethdting mass and age distribution
were adopted as the uncertainties in these quantities pftcedure accounts well for the obser-
vational errors, but we stress that systematic uncerggmémain. As noted above, the choice of
theoretical PMS tracks can influence the resulting mass gagtongly, by factors upte2-3.
Also, for highly extincted sources, the shape of the adopieihction law matters, with higher
values for the total to selective extincti®leading to higher stellar luminosities and correspond-
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ingly younger ages and, for the earlier spectral types,drigiasses.

3.2.4 Determining the disk properties

The disk properties that we can determine from our data aséotd: the spatial structure of the
disk as inferred by the infrared SED, and the accretion ratdealuced from optical emission
lines. Optical emission lines also trace outflow activitpracess intimately related to accretion.

(1) Disk structure from the infrared SED

Excess emission above the stellar photospheric level isntb&t employed indicator for dusty
circumstellar material. The infrared emission from thekdiaround T Tauri stars is essentially
fully comprised of reprocessed stellar radiation, withepaty minor contributions from the re-
lease of gravitational energy close to the central starréffbee, they are usually referred to as
"passive” disk$. The infrared SED is directly related to the spatial streetof the circumstel-
lar material, even though models fitted solely to SED data sufigr from degeneracies in the
derived material distribution. In general, models of cimstellar disks adequately reproduce the
SEDs of young stars, and observations that spatially redbkse objects confirm that interpre-
tation (e.g. Eisner et al. 2003; Leinert et al. 2004; Moneieal. 2005; Akeson et al. 2005a,b;
Isella et al. 2006; Monnier et al. 2006; Eisner et al. 2007kéAet al. 2008; Kraus et al. 2008),
though there is continued discussion on the relative impmea@f anadditional“spherical halo”
component (e.g. Vinkogiet al. 2003, 2006).

The near-infrared excess1.5um < A <5um) traces hot dust in the inner disk { AU), with a
possible contribution from small amounts of material in atically thin envelope. In the longer
part of the observed wavelength rang® im < 1 < 24um) the slope of the SED is related to the
shape of the disk on scafesf ~ 1-10 AU: “red” slopes indicate disks with “flared” geometries,
whereas “blue” slopes in this wavelength range point at™tlegks (see e.g. Meeus et al. 2001;
Dullemond & Dominik 2004; Leinert et al. 2004). It has beeggested that disks with flared
geometries evolve into disks with flat geometries, and tliat dettling and grain growth have
proceeded in the latter (e.g. Acke et al. 2004). We mse.4, the slope between the Spitzer
IRAC 5.8um and MIPS 24:m bands as a measure for the disk flaring.

3Even in objects where accretion is the dominant source oiflosity (e.g. FUOR and EXOR systems), irradia-
tion by the hot, innermost disk regions is the dominant ensagirce in most of the disk, except close to the central
star. Such disks thus have an “active” character within tageradius and are “passive” further out.

4This is approximately the spatial range probed in this wevgih regime for YSOs of 1 L, characteristic for
our sample. The range scales witfL., and is correspondingly larger for e.g. HAe stars and smfdieyoung
brown dwarfs.
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A distinct population of young stars shows essentially phpheric emission or a small and very
blue excess at short wavelengtiisq 6 um), while simultaneously exhibiting moderate to strong
excess emission at longer wavelengths. In these objeetsyribr disks appears to have largely or
completely dissipated, whereas the disk at larger radiillgalatively intact. They are thought
to be in a transition stage between optically thick disks deblris disks. Recently, Muzerolle
(2008) discussed these so-called “Transition Disks”, astindjuished three types: (1) objects
with weak or zero IRAC excess and strong MIPS-24 excess (‘fdaabtransition disks”); (2)
objects with moderate IRAC excess and strong MIPS-24 exc¢pss-ffansition disks”); and
(3) objects with weak or zero IRAC excess and weak MIPS-24sxfgeak or evolved disks).
We have visually inspected the SEDs of all stars in our sarapte selected all objects that
match one of the aforementioned descriptions. These algdlaticcupy the lower right part of a
2MASSSpitzer Ks-[5.8] vs. [8.0]-[24] color-color diagram (seecs 3.3.3).

(2) Accretion rates

Several diagnostics can be used to estin\kig, the rate at which disk material is accreted onto
the central star. UV excess emission above the photospleggtis generally attributed to hot
spots on the star, shock-heated by accreting materiaidpittie stellar surface at high velocities.
If the amount of excess emission can be well determinedoiiges a robust estimate of the
accretion rate (e.g. Gullbring et al. 1998). Similarly,lwej of optical stellar spectra in which an
additional, featureless continuum from accreting mateeduces the contrast of photospheric
absorption features can be used (e.g. Hartigan et al. 199dfjcal and near-infrared emission
lines, in particular of hydrogen, are widely used as aconatieasures. Their fluxes are relatively
easy to measure and they are sensitive to accretion everydbwdevels. However, geometrical
and optical depthféects can strongly influence the appearance of the emissies, land while
the average line strength correlates strongly with the raeseetion rate, individual objects can
scatter up to two orders of magnitude around the averageorelg@.g. Natta et al. 2006). More
detailed studies of emission line profiles, in particulamswing the full width of the line close
to the base, provide more robudt.. estimates for individual objects, but are feasible for very
broad profiles only in medium resolution spectra like ours.

While many of our target stars are detected in SDS&nd, these measurements cannot be used
to estimate the mass accretion rate, for the following neaso objects with very red optical
SEDs, the observed U-band flux can be severely contamingtetidions that “leak in” from
longer wavelengths, since here the throughput ofuthiéter is close to, but not perfectly, zero.
The typical YSO in our sample has K or M spectral type and arcalpeéxtinction of several
magnitudes, leading to very red optical SEDs and a stromg)l&ak”. We note that the U-band
filters in other photometric systemsfir from the sameftect. We donot employ theu’-band
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photometry to determine accretion rates, neither do we tusethe fits to the optical SEDs
(Sect. 3.2.3(2)).

Rather, we used thed{ Hg, and He 1 = 5876 emission lines, whose luminosity.(, L+z, and
Luer) correlates with the accretion luminosity,(o) for YSOs with masses ranging from vastly
subsolar to several solar masses (Dahm 2008; Herczeg &Hiked 2008). In Appendix (2) we
derive the proportionalities between the line strengths @stretion luminosities. We applied
these relations to derive the accretion luminosities fartarget stars in L1630N and L1641.
These were converted into mass accretion rates via thevioliprelation:

LacdRx

e (3.2)

acc

whereR;, denotes the truncation radius of the disk, and is taken taRye(&ullbring et al. 1998).
The stellar radiiR,) were obtained using the SED fitting procedure describecktt.S.2.3(2),
and the stellar masses were derived from the location of @@¥in the HR diagram.

3.2.5 Spatial distribution of YSOs

The young stars in L1630N are mostly confined to two clust&SE 2068 and NGC 2071, see
e.g. Lada et al. 1991). In L1641, there are a large numberustals or aggregates, as well as
a more distributed population (Strom et al. 1993). Follagyvioman-Zifiga et al. (2008), we
applied the nearest neighbor method (NNM) towards the Y S@adion in L1641 to determine
which YSOs are in isolation and which are in aggregates @teis, and to outline the extension
of the clusters. For each star we located th& mBarest neighbor and calculated the surface
density of YSOs within the corresponding radius. If this slgnis higher than the average
surface density over the whole cloud, the star is taken torberaber of a clustgaggregate.

3.3 Results

From our multi-wavelength data of the L1630N and L1641 ckywde derived the stellar prop-
erties of the observed objects as well as properties of digks. To some extent, we also gained
information about the molecular clouds in the form of actaifpencil-beam” extinction mea-
surements towards our targets. In L1641, we frequentlyridiscate between the “clustered”
(L1641C) and “distributed” (L1641D) populations.



64 CHAPTER 3

3.3.1 Survey products

The main product of our survey is a list of identified YSOs. &ach object we give the spectral
type, bolometric luminosity, bl and Lil equivalent widths, CTT/SVTTS classification, line of
sight extinction, the precence in a clustered or distridhevironment, IRAC infrared spectral
indice, mass and age estimates using the PMS evolutioracistrof Dotter et al. (2008), an
SED-based classification of the disk, and estimates of thss mecretion rate usinga;iHB and
Hel in Tables 3.3 and 3.4, for stars in L1I630N and L1641, rethgedy. We list the photometric
magnitudes in a number of optical and infrared filters in €al3.5 and 3.6. Mass and age esti-
mates using the PMS evolutionary tracks of D’Antona & Maefi{1997), Bardte et al. (1998),
Siess et al. (2000), and Dotter et al. (2008) are listed ineEeh 7 and 3.8. The equivalent widths
of a number of optical emission lines are listed in TablesaB@ 3.10.

We further supply an ensemble of stars that were identifiddraground or background objects
by the presence of andHabsorption line and the absence of kA707 absorption, and list their

photometric magnitudes, spectral types and optical extinestimates in Tables 3.11 and 3.12
for the fields of L1630N and L1641, respectively.

Additionally, we provide optical and infrared magnitudésdotal of 21694 sources detected in
our optical imaging data with matching sources in the 2MA8®&log. These consist of public
SDSS data for L1630N (Finkbeiner et al. 2004), previouslpublished SDSS data and new
LAICA data for L1641, publicly available NIR photometry frodfMASS (Skrutskie et al. 2006),
as well as publicly accessible and previously publishedg@é¢h et al. 2005a) Spitzer data.
Without measured spectral types, reliable estimation®fuiminosity and ffective temperature

is hampered by a degeneracy between the stellar tempeeatdreeddening. Therefore, these
object are notincluded in our analysis, and we instead gedtfiese data as a photometric catalog
only. This list contains many young stars as well as numebag&ground objects. We list the
optical and infrared magnitudes of these sources in Tahl&seéhd 3.14.



Table 3.3: Parameters for YSOs in L1630N. Columr*4he values estimated from our VI-
MOS spectray the values from Flaherty & Muzerolle (2008). Column 6: stebalometric
luminosity derived from optical SED fitting (see Sect. 3)2Bolumn 9: classification based on
the criteria in Appendix (1). Column 11: aggregatester population or distributed population.
Column 13-14: stellar masses and ages estimated using PM8ienary tracks from Dotter
et al. (2008). Column 16-18: accretion rates estimated with B, and He | 5876A emission
line luminosities, respectively.

(€} @) 3 4) () (6) ) (®) (9 (10) (1) (12) (13) (14) (15) (16) a7 (18)
RA DEC adopted Lum EW(Ha) EWL) TTS Ay Mass Age Disk LogMacc Log Macc Log Mace

ID (J2000) (J2000)  Spectral type Spectral typdoX A A type (mag) clu «(3.6-8.0um) (Mg) (Myr) property Mo yr*l) (Mo yr*l) (Mo yr*l)

1 054521.38-00 00 45.9 M3 M3 0.298 4.4 02 WTTS 09 yes -2.69 030030 084311 No disk

2 054522.68-001427.5 M8 M6 0.128 -12.% 060 WTTS 00 yes -258 0.135%% 0.38:279 No disk

3 054526.16+000637.9 M8 M3 0.393 -20.8 0 CTTs 04 yes -139 02999 05195} Thick -8.94

4 054538.26-0008 11.0 M8 MO 0.552 -4.1° 04 WTTS 21 yes -2.60 05302 1.3631° No disk

5 054541.68-000402.4 M&M3° M4 0273 -10.04,-5.4° 04 WTTS 02 yes -277 0.2459%  0.56'0:29 No disk

6 054541.94-001205.3 K5.8K4P K5 0994 -28-12 0508 WITS 13 yes -257 092923 2.00733% Transition disk

7 054542.80-000101.8 M5.8 M5.5 0.093 -14.8 0.2 WTTS 03 yes -1.24 013283 1.07383 Thick .

8  054544.37+002258.2 VA M1 0.608 -29.4 06 CTTS 08 vyes -1.37 0.43522 0.68'382 Thick -8.26

9 05454456-001035.6  M4.8 M4.5 0.075 —-7.07 0.8 WTTS 1.0 yes -255 0.200%5 2.68339 Thin

10 054544.64+001300.6  MO.8 MO0.5 0.434 1.8 .. WTTS 02 yes -2.84 053088 172074 No disk

11 05 45 45.58+00 04 35.6 M8 M5 0.245 6.2 05 WTTS 01 yes -2.68 019592 0.370.99 No disk

12 054546.91+001429.4 M4.8,M4P M4.5 0089 -7.0A-6.8 06,07 WITS 00 yes -271 019285 2.00388 No disk

13 0545 49.56-00 08 38.8 VL] M5 0.048 -19.3 CTTS 1.1 yes -1.06 0.165%8 3.38'15> Thick -10.74

14 054553.11-001324.9 M1.5,M1P M15 0308 -11.R-18F 0506 CTTS 07 yes -243 046035 210%¢% Transitondisk -9.38  -942 -850

15 05 45 53.54+00 33 08.8 M2 M2 0.468 -150.8 02 CTTS 16 yes -1.15 0.362%9 0.65370 Thick -7.64

16 0545 53.60+00 22 42.1 K K7 0.300 2.0 03 WTTS 06 yes -2.73 0.88592 10.53 759 No disk

17 054554.09-000316.7  M5.8 M55  0.053 -9.4 WTTS 1.8 yes 0.14%% 218221

18 054555.13+001139.4 M58 M5.5 0.039 3472 .. CTTS 09 yes -142 013285 3.129%° Thick -10.59

19 054556.20+003310.3 M55 M5.5 0.252 -8 04 WTTS 02 yes -2.65 0.165%5 0.21328 No disk

20 054556.31+000708.6 K7.8,K9P K75 0769 -65-62 0607 WITS 14 yes -159 053315 08693 Thick

21 05 4556.73-00 00 25.4 M8 M3 0.249 3.4 062 WTTS 6.0 yes -1.20 031283 117531 Transition disk

22 0545 57.38+00 20 22.2 KP K7 0.997 -35.9 08 CTTS 1.6 vyes -1.65 0.6301 0.8973%%* Thick -7.80

23 054557.62+000721.1 M58 M55 0078  -26.4 .. CTTS 03 yes -118 013255 1.00'55 Thick -10.25 -10.59 -10.32

24 054557.93+000248.6 M4.8,M4P M4.5 0121 -81.#-75.° 04204 CTTS 02 yes -184 0.200%2 1.32:351 Thin —9.28  -964  -9.14

25 0546 00.18+000307.0 M4.8,M4P M4.5 0477 -37.2,-27.2 08504 CTTS 04 yes -1.01 0.19592  0.12:39% Thick -865  -8.99  -8.92

26 05460353+000254.7 M58 M55 0146  -12.6 .. WTTS 0.7 yes 0.18%2 054220

27 0546 04.64+000458.1 KP®K9P K7 0.989 -131.8,-126.® 0.42,0® CTTS 1.9 yes -1.19 0.64511 0.85'055 Thick -7.09 -7.64 -7.22

28 05460458+0000382 M2 M2 0.267 -1.4 02 WTTS 25 yes -135 040933 18958 Thick

29 0546 07.89-001156.9 K8 K3 16.767 -3 06 CTTS 45 vyes -1.90 161330 010210 Thin -7.31

30 0546 09.27+00 13 32.6 mP M1 1.088 -10.8 05 CTTS 12 vyes -1.19 0.3852% 0.23'025 Thick -8.32

31 054609.61-000331.2 M18 M15 0235  -12.2 .. CTTS 55 yes -149 048329 3383158 Thick -9.56

32 054610.31-00 00 06.7 M2 M2 0.142 -38.6% 042 CTTS 24 vyes -086 0.43212 6.002%20 Thick -939  -9.01 -8.69

33 054611.34-000755.1 M358 M3.5 0.004  -211.4 CTTS 07 yes -0.26 Thick
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Table 3.3: continued.

(€} ) 3) 4) (5) (6) @) () (9 (10) (11) (12) (13) (14) (15) (16) (a7 (18)
RA DEC adopted Lum EW(He) EW(L) TTS Ay Mass Age Disk LogMace LOg Mace Log Macc

ID  (J2000) (J2000)  Spectral type Spectral type_o ) (A) A) type (mag) clu a(3.6-80um) (Mo) (Myr) property  Moyr'l) (Moyrl) (Meyr 1)

34 054611.86+0032259 K2 K2 5.010 -3.8 07 CTTS 35 yes -237  1.64925 0.81°05! Transitiondisk -8.13

35 054612.27-00 08 07.8 M7 M7 0.053 -116.8 CTTS 1.9 yes -0.99 Thick

36 054612.99-000814.8  M4.8 M4.5 0.008 —29.3 CTTS 0.1 yes 0.91 0.1§%8 56.18255¢ Thick -11.82 -12.13

37 05461358-0010340 M58 M55  0.008 -4.6% .. WTTS 00 yes 0.190° 25563401

38 0546 14.48+00 20 24.4 M2 M4 0.115 3.6 03 WTTS 08 yes -1.90 0.28030  2.24:3%2  Transition disk

39 0546 16.75+00 07 13.5 M8 M5 0.563 —29. CTTS 40 yes -1.82 0.175%%  0.04'019 Thin -8.69

40 054617.71-000014.3  K3.8 K35 3056  -19.6 04 CTTS 82 yes 0.51 1.2825 0.83'098 Thick -7.50

41 0546 18.30+000657.8 K5.8,K1P K5.5 1572 -16.6,-34.7 05,04 CTTS 43 yes -090 081235 07935! Thick -7.95 817

42 0546 18.60+000708.0  M3.8 M3.5 0.236 —45.8 CTTS 51 yes -0.71 0.26522 0.8375:23 Thick -8.97

43 054618.89-000538.1 KPK4P K7 2144 9.3 -39 07 CTTS 24 yes -132 057913 02202 Thick -7.89

44 0546 19.06+000329.6 K6 K5P K6 20.667 -31.0*-443 04 CTTS 89 yes -1.23 08009 0.017318 Thick 563  -6.34  -454

45 054619.47-000520.0  K2.B K2.5 6.154 -28.8 08 CTTS 37 yes -076 150932 048339 Thick -6.85

46 054620.88+000809.4 K8 K8 1.053 -8.7 07” CTTS 46 yes -080 05801 063438 Thick -8.50

47 054622.43-000852.6 K2&K1P K2 2732 -28.9-32.00 0406 CTTS 35 yes -1.70 161098 2.12%31 Transitondisk -7.49  -8.26

48 054622.99+0004264 M2 M2 0386  -104.0P 08 CTTS 28 yes -106 037932 093138 Thick -8.00

49 054623.83+000427.2  MS$ M3 0.333 -3.3 WTTS 4.1 yes 0.3¢%5 072348

50 054625.09+000541.2  K7.8 K7.5 0.844 -82.72 .. CTTS 80 yes -1.16 0.62338 0.9971543 Thick -7.47

51 0546 25.89+000932.0 M3.8,M2° M3.5 0201 -13.9#,-324 06,04 WITS 10 yes -1.18 027257 1.20%%2 Thick

52 054626.65+003107.5 KP?KeP K7 1231 -58-4P 05,06 WITS 46 yes -1.22 0.63229 065312 Thick

53 054627.13+001549.7  M4.8 M4.5 0.108 -3.12 .. WTTS 00 vyes 0.2¢0% 165589

54 054627.83+000548.4 M2 M2.5 0.543 -3.0 0 WTTS 31 yes -272 031252 037332 No disk

55 054628.36+001227.0 M3.8 M3.5 0.346 —29.3 .. CTTS 6.0 yes -1.17 0.280%5 055851 Thick -8.87

56 054628.87+001330.7  MO0.8 M0.5 0.833 -214.9 CTTS 6.1 yes -0.89 0.4353% 0503186 Thick -6.91

57 054629.00+002907.2  M1B M15  0.769 -4.8 08 WTTS 18 yes -270 03791 033042  Nodisk

58 054629.06+0011457  M4.8 M4.5 0.023 -7.2 WTTS 0.0 yes 0.18%% 12202638

59 054629.59+001057.2  M5.8 M5.5 0.294 -53.8 CTTS 33 yes -1.09 0.165%% 0.17029 Thick -8.90

60 054630.03+001111.1 M6 M6 0.050 -3L.F .. CTTS 28 yes

61 054630.06+001209.7 M1 M1.5 0.774 -15.4 05 CTTS 41 vyes -1.33 0.38232 0.33332 Thick -8.42

62 054631.03+002712.1 M7.8 M7.5  0.018 .. 07 vyes -126 Thick

63 054631.46+002015.8 M358 M3.5 0.036 2.7 WTTS 0.0 yes 0.28%2 16.36'1748

64 054631.71+002508.2  M3.8 M3.5 0.199 12,9 .. WTTS 43 yes -161 0.28051  1.34°253 Thick

65 054633.28+000251.9 K&K7° K4 1869 -31.4,-244 0406 CTTS 49 yes -101 112333 13638 Thick ~7.60 -7.63 -6.85

66 0546 34.54+00 06 43.5 K& K4 4.380 5.5 05 CTTS 70 vyes -1.35 11232 040028 Thick -7.89

67 054634.90+000420.7 M& M2.5° M4 0420 -6.12-5.0° 06,02 WTTS 21 vyes -154 0.2228%  0.24:32¢ Thick

68 05463550+0001389 M6 M6 0.233 -28.8 CTTS 24 vyes 0.1898 0.15:087 -9.44

69 0546 36.10+00 06 26.8 mé MO 6.114 2.7 .. WTTS 133 yes -0.66 0.44272 0.02:320 Thick

70 054637.06+000121.8 K58 K5.5 1.991 -61.0° 04 CTTS 37 vyes -1.24 0.77522 051037 Thick -7.04

71 054637.57+0004025  M$ M5 0.276 -10.8 WTTS 21 yes 0.1¢92 030529

72 0546 38.33+00 05 48.7 M6 M6 0.541 -83.6% .. CTTS 58 yes -0.88 01328 0.02:313 Thick -8.24

73 054638.40+001511.6  M5.8 M5.5 0.185 -10.6¢ 068 WTTS 16 yes -1.71 0.165%% 0.39'033 Thick

74 05463857+002206.0 ME£M1P M1 0395 -7.3#-58 06,02 WITS 39 yes -144 047057 1.5299° Thick

75 05 46 39.89+00 06 44.9 m2 M2 0.880 -63.81 CTTS 85 yes -1.34 031233 019205 Thick -7.58

76 0546 40.18+00 05 01.9 VA M1 0.584 -7.8 0.8 WTTS 29 yes -242 0.4354%  0.74'085 Thin

77 054640.44-000838.2  M238 M25  0.038 -4.58 WTTS 2.3 yes 0.4815 42163227
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Table 3.3: continued.

) ) 3) 4) (5) (6) @) (©)) (9 (10) (11) (12) (13) (14) (15) (16) a7 (18)
RA DEC adopted Lum EW(He) EW(L) TTS Ay Mass Age Disk LogMacc LOg Mace Log Macc

ID  (J2000) (J2000)  Spectral type Spectral type o) (R) AR) type (mag) clu a(3.6-80um) (M) (Myr) property  Moyr'l) (Meyrl) (Moyr?)

78 0546 40.43+000507.7  M2.8 M2.5 0.702 -3.6* 068 WTTS 1.9 yes 0.299% 0227099

79 054640.77+0027225 M8 M3P M3 0233 -154.8-166.0 01 CTTS 17 yes -127  03095! 1.17%%7 Thick -829  -853 -850

80 0546 43.82+00 03 21.8 M5 M5 0.040 —9.7 .. WTTS 05 vyes 0.18.15 4292187

81 05464384+001532.4 M1.5M2° M15 0430 -11.8-4% 06,06 CTTS 22 yes -160 043338 108072 Thick -9.07  -911  -853

82 054644.08+0018032 K8 K6 K5 2072 -85-7.1° 06,07 CTTS 29 yes -117 082330 056352 Thick -813  -7.74

83 054644.25+003029.5 M5.8 M5.5 0.192 —-19.4 .. CTTS 23 yes —2.65 013282 0.317329 No disk -9.80

84 0546 44.84+00 16 59.8 mP M1 0.481 -14.0 04 CTTS 37 vyes -1.94 046333 1.08381 Transition disk -8.87

85 054645.00+001132.7 M4.8 M4.5 0.112 —22.8 CTTS 4.0 yes -091 019292 1.383% Thick -10.03 -10.53

86 054645.00+002448.7 M5.8 M5.5 0.040 -9 WTTS 0.0 vyes 01893 25213

87 054645.04+000533.9  M0.8 MO0.5 1.268 -26.7 CTTS 28 yes -0.89 040085 0.2173%2 Thick -7.69

88 054645.14+000346.4  M2.58 M2.5 0.298 -33.8 CTTS 39 yes 03§58 1.25:077 . -8.86

89 05 46 46.87+00 09 07.6 M8 MO 1.105 -45.0P 04 CTTS 38 yes -0.76 0.47528 0.37068 Thick -7.53

90 054648.55+0021282  K6.8 K6.5 0.037  -275.7 CTTS 6.8 yes -0.21 Thick

91 054648.73+002138.3  M4.8 M4.5 0.237 —6.6% .. WTTS 65 yes -145 0.213%2 054352 Thick

92 0546 49.09+00 28 38.3 M8 M5 0.096 -13.7 1.2 WTTS 42 yes -1.21 0.17598  1.22t207 Thick .

93 054651.19+0018082 M58 M55 0090  -20.9 06° CTTS 11 yes 0.19%% 116958 . -10.27 1043 -10.49

94 0546 51.40+00 19 47.2 M2 M2 0.028 -113.3 .. CTTS 48 yes 0.68 Thick .

95 054651.48+001921.3 M38ML5 M35 0179 -25R-251° 0603 CTTS 10 yes -086 027355 14003 Thick -949  -932  -9.34

96 054651.85+0019386  M& M4 0.264 -28.8 07 CTTS 39 yes -078 02433 060353 Thick -9.17 -9.08

97 054652.41+00 20 01.7 K9 K9 0.586 -41.0 05 CTTS 33 yes -1.02 0.61229 15458 Thick -8.14

98 05 46 56.54+00 20 52.9 & K3 2.238 2.3 07 WITS 45 vyes -2.64 134327 165319 No disk

99 0546 58.03+00 14 27.8 M3 M3 0.327 -19.0 04 CTTS 20 yes -0.80 030032 0717339 Thick -9.14

100 05 46 58.13+00 05 38.1 Mé MO 2.957 2.0 0 WITTS 36 yes -171 042215 0.06°531  Transition disk

101 0547 01.95+00 16 56.7 M6 M6 0.046 -20.7 CTTS 25 vyes 0.1607 1287312 -10.71

102 054702.87+001651.9  M4.8 M4.5 0.111 -19.8 CTTS 3.6 yes 02§32 165353 . -10.11

103 0547 03.97+00 11 14.4 M2 M2 0.378 —42.0 04 CTTS 09 yes -1.00 037332 o0.97128 Thick -8.51

104 054704.48+001547.2  KP K7 2.393 -1.58 .. WTTS 113 yes -138 057952 019381 Thick

105 0547 04.94+001831.6 M1.8,M0.5°  ML15 1123 -35,-2.3 04 WTTS 36 yes -223 038023 018312 Thin

106 0547 04.98+00 18 12.6 M8 M5 0.100 -9.8 WTTS 3.3 yes 0.180% 125331

107 054705.06+001834.8  M1.8 M15 0640  -13.0 CTTS 45 yes -121 036592 0433% Thick -8.68

108 054705.12+001826.7  M3.8 M3.5 0.249 -10.3 .. WTTS 3.0 vyes 0.28%8 0.94:2%9

109 0547 05.34+0028 46.1 M8 M1.5° M3 0151 -4.3-6.0° 0 WITS 15 yes -2.37 0.34508  2.942.28 Thin

110 054706.00+0032085 K8 Ko 8.749 -20.0° 07 CTTS 85 yes -126 242098 1.06038 Thick -7.01

111 054705.98+002553.1  M4.8 M4.5 0.060 .. 41 yes -1.66 02133 4153327 Thick

112 0547 06.17+00 20 32.5 ME M1 1.230 -14.22 08 CTTS 69 yes -081 0.375%8 017079 Thick -8.07

113 054706.96+000047.7 K48 K45 1907  -28.4 08 CTTS 20 yes -0.94 10033 1.00'5%% Transition disk -7.60

114 05 47 06.99+00 31 55.9 mP M1 0.450 -63.0 03 CTTS 37 yes -072 048018 123518 Thick -8.11

115 0547 07.26+00 19 32.2 Y] MO 6.445 -48.0° 0 CTTS 39 yes -113 042232 0.013%¢ Thick -6.11

116 05 47 08.69+00 00 14.0 M3 M3 0.961 -9.4 04 WTTS 08 vyes -265 0.280%8 o0.09374 No disk

117 05 47 08.62+00 19 23.9 M8 M3 0.308 -39.48 05 CTTS 51 yes -141 0.3009% 077347 Thick -8.80 -8.36

118 054708.71+001634.7  M4.8 M4.5 0.120 -78.9 .. CTTS 51 yes 0.2¢02 1.36'332 . -9.30

119 0547 10.72+00 18 46.3 ME M1 0.684 5.0 06 WTTS 6.1 vyes -0.85 040052 050318 Thick

120 054710.89+003206.0  M15 M1.5 0.520 8.4 06 WITS 19 vyes -1.43 0.4052% 0.70°083 Thick .

121 054710.98+0019148  GB G6 11106 -17.0° 06 CTTS 61 yes -127 24325 233038 Thick -6.99
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Table 3.3: continued.

(h) @) @) 4 (©) (6) ) ®) (9 (@0 (11 (12) (13) (14) (15) (16) A7) (18)
RA DEC adopted Lum EW(He) EW(L) TTS Ay Mass Age Disk LogMace LOg Mace Log Macc
ID  (J2000) (J2000)  Spectral type Spectral type_o ) (A) A) type (mag) clu a(3.6-80um) (Mo) (Myr) property  Moyr'l) (Moyrl) (Meyr 1)
122 0547 10.98+00 21 32.2 ME M1 0.283 25 0.8 WTTS 50 yes -2.84 050912 278828 No disk
123 0547 12.92+00 22 06.5 mé MO 2.706 -154.2 .. CTTS 127 vyes -1.27 0.42220 0.08'352 Thick -6.14
124 0547 13.85+00 00 17.1 m¥ M1 1.868 -30.4 077 CTTS 14 vyes -1.60 0.38299 0.08310 Thick -7.31
125 05 47 16.58-00 00 56.4 m& M4 0.249 -10.9 04 WTTS 11 yes -145 0.242%8 063352 Thick
126 0547 17.16+00 18 24.6 M2 M1 0.234 -65.9 03 CTTS 23 yes -155 054014 431524 Thick -8.65
127 0547 17.28+00 38 21.4 K K7 1.320 8.3 06 CTTS 17 vyes -1.38 0.61517 0533955 Thick -8.35
128 054719.72+000121.8  M§ M5 0070  -300.° 0% CTTs 00 yes -129  0179%% 216372 Thick -8.98
129 0547 19.90+00 16 13.1 VL] M5 0.240 -60.9 .. CTTS 41 yes -117 019283 0.40349 Thick -8.92
130 0547 22.99+00 17 56.7 M2 M4 0.110 -4.5 068 WTTS 1.6 vyes 0.299%> 206323
131 054725.05+0031050  KP K7 0.250 1.3 02 WTTS 03 yes -272 086592 1509521  Nodisk
132 0547 57.53+00 11 31.2 M2 M4 0.396 -9.8° 04 WTTS 1.0 yes -2.68 0.23257 0.28:330 No disk
Table 3.4: Parameters for YSOs in L1641. Columni the values estimated from our VIMOS
spectrap the values from Allen (1995, the values from @lfalk & Olofsson (2008). Column
6: stellar bolometric luminosity derived from optical SERtifig (see Sect. 3.2.3). Column 9:
classification based on the criteria in Appendix (1). Colurindggregateluster population or
distributed population. Column 13-14: stellar masses aed agtimated using PMS evolution-
ary tracks from Dotter et al. (2008). Column 16-18: accretamtes estimated with & HB, and
He | 5876A emission line luminosities, respectively.
() 2 ®) 4 (©) (6) @] ®) (9 (@0 (1 (12) (13) (14) (15) (16) (17 (18)
RA DEC adopted Lum EW(He) EW(L)) TTS Ay Mass Age Disk LogMacc LOg Mace LOg Mace
ID  (J2000) (J2000) Spectral type  Spectral typd.o) (A) (A) type (mag) clu a(3.6-80um) (Mo) (Myr) property  Moyrl) (Moyr) (Meyr?l)
1  053514.56 -061512.7 M1 M1 0.569 -9.8 CTTS 23 no -1.20 042255 0707032 Thick -892  -911  -8.74
2 053514.67-061507.3 E] M5 0.168 -23.2 CTTS 26 no  -075 01953 069053 Thick -9.71
3 053514.72-06 13 39.9 M5.8 M5.5 0.292 -19.8 CTTS 08 no -2.60 0.185%% 014522 No disk -9.48 -9.86 -9.79
4 053515.83-062445.7 ] M5 0.126 -10.9 0.9 WITS 00 no  -256 018535 099547 Thin
5 053517.80-0624384  MMm2P M1 0.964 -6.32,-24.0 0.2 WTTS 03 no -0.35 039093 0.2805% Thick
6 053518.26-062430.3 M6E M3.5° M6 0.116 -12.7 WTTS 00 no -2.48 0.135%5 051198 Thin
7 053518.95-06 27 25.6 ] M4 0.187 -80.0° CTTS 00 no  -116 024592 102317 Thick -8.90
8 053519.34-062414.5 M2.8,M2.5° M2.5 0.262 3.4 WTTS 00 no -2.65 0.3400% 1347048 No disk
9 053521.77-061851.2 M4.8 M4.5 0.116 -23.48 CTTS 00 no -1.77 01959 130523 Thick -9.98  -10.31 -10.56
10 053523.60-062824.4 M&M3.5° M4 0.633 5.0 WTTS 00 no -2.80 021395 0117282 No disk
11 053524.45-062747.2 MA4.8M3.5° M4.5 0.048 -0.2,-59.0° WTTS 00 no 0.219%¢ 5917359
12 0535 24.49-06 28 40.5 M8 M5 0.153 -13.9 WTTS 0.0 no -2.55 018597 07039 Thin
13 0535 25.11-06 47 56.6 mé MO 1.146 .. 11 no -084 047038 0353 Thick
14 053525.70-062318.9  M3.8,M3° M3.5 0.284 3.9 068 WTTS 00 no -2.62 0.283%% 075052 No disk
15 0535 26.59-06 15 32.8 M3.8 M3.5 0.187 -7.8 WTTS 00 no -2.79 0.27004 1 27+085 No disk
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Table 3.4: continued.

(@) (@) ®) 4) (5) (6) @] ®) (9 (10) (1) (12) (13) (14) (15) (16) () (18)
RA DEC adopted Lum EW(Ha) EW(Li)) TTS Ay Mass Age Disk LogMacc Log Macc Log Macc

ID  (J2000) (J2000) Spectral type  Spectral typd_o ) A) A) type (mag) clu a(3.6-80um) (Mo) (Myr) property  Moyrt) (Moyrl) (Meyrt)

16  053526.80-06 1534.4 M2 M4 0.186 -9 . WTTS 00 no -270 023595 10998} No disk

17 053526.83-062647.6  M®@Mo° MO 0.567 2R 05 WTTS 00 no -2.80 059329 154118 No disk

18 05 3526.96-06 27 13.0 M4.8 M4.5 0.050 -6.2 WTTS 00 no 0.1800%  4.43217

19 053527.17-0619420 M15M25° M15 1203  -85-10.0 WTTS 06 no  -162  0333%% 016058 Thick

20 053527.35-061931.3 ME M1 0.021 —32.8 CTTS 11 no  -052 Thick

21 05 3528.28-06 22 29.3 M6 M6 0.024 -15.8 WTTS 00 no

22 053529.21-061629.7  M$§M5P M5 0.553  -10.6%-14.0° WTTS 1.0 no  -273 019392 00805 No disk

23 0535 29.46-06 16 26.6 M2.8 M2.5 0.500 3.3 WTTS 1.1 no -1.88 030093 039034 Thin

24 0535 30.41-06 27 07.2 M5.8 M5.5 0.018 -11.8 WTTS 00 no 0.112%8 6731443

25 053531.05-06 45 18.1 M3 M3 0.627 .. 00 no -102 0.273%8 0217020 Thick

26 053531.49-06 14 18.9 V] M3 0.193 -10.8 05 WTTS 0.0 no -2.78 0.315%% 167552 No disk

27 053531.89-06 36 25.5 Y] M6 0.070 w00 no -117  01r3% 0.82:2% Thick

28 0535 33.93-06 14 32.8 M8 M5 0.235 -50.4 05 CTTS 00 no -1.11 019251 040258 Thick -9.04

29 053534.17-062257.8 M8 M3 0.217 -3.2 04 WTTS 0.0 no -2.61 0.315%% 148555 No disk

30 053534.19-06 3943.3 M3.8 M35  0.274 . 00 no -152 02759 072082 Thick

31 053534.34-062422.8 M5.8 M5.5 0.032 -17.3 .. WTTS 00 no -1.86 013293 39333 Thin

32 053538.59-062343.1  M&M3° M4 0.145 -6.12,-13.0° 0.6 WTTS 00 no -2.46 0.2650 177578 Thin

33 053540.83-06 18 06.7 M8 M3 0.202 -6.5% 05 WTTS 00 no  -289  0330%% 179071 No disk

34 053541.02-0622454 M@ M1P MO 1839  -11.64-14.0° 0.6 CTTS 1.0 no -1.74 042381 013288 Thick -7.84  -8.01

35 05 3541.65-06 25 19.2 M6 M6 0.024 -18.8% CTTS 05 no

36 053542.09-061620.8 M6 M6 0.027 -21.¢% CTTS 00 no  -1.82 01039 328383 Thin -11.09

37 053542.84-06 21 44.6 M2.8 M25  0.264 4R WTTS 00 no  -1.42 033094 1.3603% Thick

38 053542.76-06 34 51.9 Mo.8 MO0.5 0.491 .. 00 no -1.06 051218  1352% Thick

39 053543.37-062219.6 M1.8 M1.5 0.820 -103.4 03 CTTS 29 no -1.55 0.342%1 026255 Thick -735  -7.63  -6.97

40 053544.18-06 28 16.4 m2 M2 0.073 -141.6 CTTS 12 no -0.90 04709 18642015 Thick -9.23  -9.11  -882

41 05 3544.27-06 26 39.5 M6 M6 0.035 -17.2 WTTS 00 no

42 053547.65-06 21 36.1 M2 M4 0.293 -30.0° CTTS 00 no -1.26 0.23051 048039 Thick -9.08

43 053548.28-06 17 59.4 M2 M2 0.287 -10.0° WTTS 03 no -2.73 0.40522 165359 No disk

44 053548.39-06 17 36.2 ] M4 0.214 -11.0 WTTS 00 no  -265 024032 08103 No disk

45 05 3550.19-06 50 40.2 K K7 0.285 -124.9 .. CTTS 13 no -0.67 0.88093 11.8314%6 Thick -8.19

46 053557.30-064028.1  M3.8,M3° M35  0.303 -113.8 04 CTTS 00 no  -094 027531 06652 Thick -825  -881  -8.95

47 053557.31-061537.7 M2.5,M3° M25 0284  -34.%-60.0° 04 CTTS 00 no  -146 036390 139083 Thick -888  -871  -8.62

48 053557.45-064241.9  K&MoP K4 3.208 .. 20 no -062 113538 065292 Thick

49 053557.45-061635.0 M8 M3P M3 0.900 1.7 WTTS 0.0 no -2.66 0.235%% 010593 No disk

50 053557.85-062344.4 E] M5 0.156 -19.3 CTTS 00 no  -112 01953 079048 Thick -9.87 1013

51 053558.10-06 14 50.9 M8 M6 0.144 -13.0 WTTS 00 no -2.62 013285 032081 No disk

52 05 3558.25-06 36 43.1 M8 MO 0.985 11 no  -1.37 0.48528  0.46'579 Thick

53 053558.26-06 14 04.6 Mo.8 MO0.5 0.105 2.6 .. WTTS 42 no -1.02 0.64292 25.05311¢ Thick

54 053559.75-06 16 06.4  K4.8,M0P K4.5 1.336 —4.02,-20.0° 0.4 WTTS 00 no -1.49 1.00922 1.64302° Thick

55 053559.84-06 42 30.5 M4.8 M45  0.140 -132.2 CTTS 00 no  -097 02233 136073 Thick -891  -945  -9.08

56 0536 00.18-06 42 33.9 K8 K5 3.383 .. 22 no  -146 082332 027043 Thick —7.42

57 053601.09-062507.7 M2 M3.5° M4 0.254 —-7.9-45.0 068 WTTS 0.0 no -1.74 0.245%% 061931 Thick

58 053601.10-061531.4 M1.5,M1° M15 0458 -35.(%-120.0 06 CTTS 03 no -115 043538 1.0295% Thick -841  -841  -8.23

59 053601.66-064236.2 M5.8,M5° M5.5 0.128 -53.¢ 0.4 CTTS 01 no -1.65 0.16829% 074030 Thick -9.50  -10.09
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Table 3.4: continued.

(@) 2 ®) 4) (5) (6) @) (®) (9 (10) (11) (12) (13) (14) (15) (16) @ (18)
RA DEC adopted Lum EW(Ha) EW(Li) TTS Ay Mass Age Disk LogMlacc Log Mace  Log Macc

ID (J2000) (J2000) Spectral type  Spectral typdo X A A) type (mag) clu «(3.6-8.0um) (Mg) (Myr) property Mo yr*l) (Mo yr*l) (Mo yr*l)

60 053605.00-0642440  M3,Ms5P M5 0.361 -19.0% 03 CTTS 00 no -1.55 017085 0147288 Thick -9.27  -9.65  -9.72

61 0536 04.98-06 46 41.4 Mo.B MO0.5 1.027 .. 00 no -1.96 043033 033032 Thin

62 0536 05.08-06 29 32.2 M Mo 0.549 -14.0 . CTTS 00 no  -135 058020 1377203 Thick -8.76

63 053605.16-062525.4  M1.B,m0° M1.5 0.550 4.8 06 WTTS 0.0 no -2.75 03903 063039 No disk

64 0536 06.59-06 31 43.0 M3.8 M3.5 0.159 00 no -1.23 0.2853%  1.84232  Transition disk

65 0536 06.65-06 3217.2 K8 K5 1.917 -18.0° . CTTS 42 no -138 088332 0707%%%8 Thick -7.81

66 053606.66-0614259  K&MOP K6 1092  -13.2-22.0° 05 CTTS 16 no -1.42 078318 122198 Thick -831  -801  -751

67 0536 06.93-06 18 53.4 M4.8 M4.5 0.878 -10.9 .. WTTS 0.0 no -2.74 0.195%%  0.0359¢ No disk

68 053608.29-064836.3 M0.8,M2° MO5  0.705 -67.8 . CTTS 17 no  -041 04903 07502 Thick -769  -7.88

69 0536 08.34-06 24 37.9 M5.8,M6°,M7¢ M55 0.252 -14.,-17.0,-27.4 05 WTTS 00 yes -179 018285 0.180%3 Thick

70 053608.57-064033.6 M6,M5.5° M6 0.046 -32.8 05 CTTS 00 no

71 053609.35-061710.8 M§M2.5 M3 0.483 -3.2 07 WTTS 00 no  -277 03033 04008 No disk

72 053609.49-061836.3 M2 M1° M2 0.744 -6.%F 0.4 WTTS 00 no -2.63 033090 02704 No disk

73 0536 09.52-062433.7 M4.5M4.5 M4.5 0.044 -188.0,-66.1° CTTS 00 yes -1.53 02003 617330 Thick -10.13

74 053610.19-061854.8  K7.8K5P K75  0.163 0.2,-13.° . CTTS 31 no  -247 07339 23252023 Thin -9.81

75 053610.44-0620015 K8 K7.5 K3 0.964 2.3 03 WTTS 09 no -2.76 128098 650341 No disk

76 053611.12-061814.1  M6,M6° M6 0.043  -19.R,-22.4 0.8 CTTS 00 no 0.112%> 189257 -10.82 -11.12

77 0536 11.31-06 16 56.0 M5.8 M5.5 0.077 —12.2 05 WTTS 00 no -1.62 013295 1.08232 Thick .

78 053611.46-062222.1 K? K7 1.436 -21.6 CTTS 63 yes -1.14 0.6051%  0.44'13¢ Thick -7.76

79 053611.67-062458.4 M8 M6.5° M5 0045  -7.°-11.F .. WTTS 00 yes -123 016597 355318 Transitondisk ..

80 053612.61-062339.6 M35 M5 M3° M5 0232 -23.2,-36.°,-39.% .. CTTS 04 yes -151 017392 031210 Thick -9.50 -10.12  -9.87

81 053612.97-062333.0 M2.8M1.5° M2.5 0.910 4.2 -5.0° 0.68,0.X WTTS 1.9 yes -2.67 0.2850%  0.14'508 No disk

82 0536 12.97-06 23 33.0 M1.5 M1.5 1.699 7.3 ..  WTTS 35 yes -2.06 03823 012238 Transition disk

83 0536 13.15-06 2541.1 M8 M3° M2.5° M3 0.223 —2.6%,-3.4 0.61,05 WTTS 00 yes -274 0.320%%  1.4470%8 No disk

84 05 3613.45-06 43 55.1 M8 M3 0.005 -36.8 .. ~CTTS 18 no

85 0536 14.76-06 13 16.9 ME M1 0.355 -66.7 05 CTTS 02 no -1.19 0510% 20939 Thick -829  -821  -805

86 053615.07-061736.9  K&Ks5P K3 2.356 —2.3-11.0 0.4 WTTS 16 no -1.19 130915 1.42:087 Thick

87 0536 15.60-06 27 20.0 M3.8 M3.5 0.128 -4.48 0.5 WTTS 0.0 no -2.72 0.26505 225147 No disk

88 053615.84-061450.7 M2.8,M2.5° M2.5 0214  -106.4,-63.0° 0.6 CTTS 00 no -1.50 038038 224214 Transitondisk -852  -9.38  -9.40

89 0536 17.11-06 28 20.2 V] M5 0.022 -78.8 .. CTTS 10 no -1.44 014312 8573143 Thick -1052 -11.51

90 053617.23-06 17 24.5 M8 M5 0.372 -6.42 0.6 WTTS 00 no -1.61 019292  0.183%  Transition disk

91 053618.48-062038.7 MO,M0.5° MO 0533  -75.0-44.¢ 05 CTTS 06 yes -152 056021 1.452[° Thick -8.16

92 0536 18.88-06 22 04.2 M8 M3° M2.5° M3 0.130 —7.#,-5.F .. WTTS 0.0 vyes 0.3%50% 3277088

93 053619.09-062250.6  M6,M7° M6 0033  -11.6-13.¢ .. WTTS 00 yes 0.18% 25088;

94 053619.38-062551.3 M8§,M4.5° M5 0189 -123.2-123.¢ 03 CTTS 04 yes -1.11 019283 058028 Thick -872  -905  -9.38

95 053621.10-061717.3  M4.5,M5P M4.5 0249  -11.9,-14.0 .. WTTS 00 no -2.64 020081 040289 No disk

96 0536 21.16-06 26 56.9 M4.8 M45  0.049 -2 0.9 CTTS 00 yes -146 019535 458185 Thick -10.63 -10.80 -10.41

97 053621.57-062252.4 Mo0.5 MO0.5 0.636 -70.7 .. CTTS 95 yes -083 050018 089138 Thick -7.75

98 053621.84-062602.0 M@ K7?K7.5° MO 1.166 -10.2,-71.0-18.F 0.6%0.F CTTS 38 yes -101 0.495% 03792 Thick -8.30

99 053621.88-062329.9  MP,Mm4c M1 2138  -10.0-12.7 .. CTTS 102 yes 0.14 03832 0.06323 Thick -7.68

100 05 36 21.96-06 41 42.0 M8 M5 0.231 .. 00 no -143 0.183%% 036045 Thick

101 0536 22.47-06 23 44.8 M0.5 M0.5 0.451 -243.% 1.¥ CTTS 6.0 yes -1.49 054218 170778 Thick -7.38

102 053623.26-061937.5 M3.8M2.5° M35  0.156 -8.1° 0¥ WITS 12 no  -260 02852 190254 No disk

103 053624.48-062223.2 M2 M3° M4 0.380 -8.5%-16.5 068 WTTS 25 yes —2.06 023093 030022 Thin
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Table 3.4: continued.

(@) (@) ®) 4) (5) (6) @] ®) (9 (10) (1) (12) (13) (14) (15) (16)
RA DEC adopted Lum EW(Ha) EW(Li)) TTS Ay Mass Age Disk LogMacc Log Macc Log Macc

ID  (J2000) (J2000) Spectral type  Spectral typd_o ) A) A) type (mag) clu a(3.6-80um) (Mo) (Myr) property  Moyrt) (Moyrl) (Meyrt)

104 05 36 24.54-06 52 34.2 V] M5 0.132 -50.0% 05 CTTS 00 no  -151 019592 09993t Thick -9.48

105 053625.13-064441.9  K4.8K3P K4.5 3.575 -8.7 0.£24 CTTS 60 vyes -0.34 092342 034219 Thick -7.73

106 05 36 25.28-06 23 07.2 m? M7 0.041 -13.7 0 WTTS 0.0 vyes

107 053625.41-062431.2  M6,M6° M6 0083  -9.8%-17.6 . WITS 00 yes -270 01233 07138 No disk

108 05 36 25.55-06 51 28.3 M8 M5 0.112 -10.2 05 WTTS 00 no -2.53 016293  0.932% Thin

109 0536 26.08-06 26 15.5 M3.5,M8.5° M3.5 0.094 -12.8,-10.0,-74.% . WTTS 29 yes -272 0.2952% 434875 No disk

110 053626.71-062629.0 MO0.BK7.5° MO5  1.866 -3.F 04 WITTS 1.1 yes -266 039522 01103t No disk

111 05 36 26.83-06 24 57.5 M5 M5 0.196 -16.9 066 WTTS 00 yes -281 017388 0.42°083 No disk

112 053627.01-062107.6 M3,M2.5 M3 0.023 -15.0 CTTS 0.0 yes 0.389% 59502358 .

113 0536 27.72-06 23 12.3 M5 M5 0.570 -36.5° .. CTTS 03 yes -123 01728 0.042%3 Thick -8.56

114 0536 27.89-06 25 36.0 M3 M3 0.230 -21.9 0 CTTS 01 yes -191 0.30520 12633 Transition disk -9.35

115 05 36 28.10-06 44 32.6 M2.8 M25  0.252 .. 04 yes -187 033012 154170 Thin

116 053629.06-063840.7  M&M3P M8 0.053 —42.0% .. CTTS 00 no  -149 Thick

117 053629.59-063850.4  M4.8,M5° M4.5 0.109 -8.2 0.& WTTS 00 no 0.1803%  1.43°078

118 053630.10-062310.2  MO0.5K6® MO5 0450  -13.0°-7.F 05 WITS 09 yes -116 052518 158239 Thick .

119 053630.23-064246.1  M1.8,M2° M1.5 0.664 -35.8 CTTS 65 yes -1.08 037330 042212 Thick -8.09

120 053630.50-062356.6 M4.8,M6° M4.5 0.028 -36.16 .. ~CTTS 00 yes -175 019522 11.352032 Thick -10.78

121 053630.52-0642032  M6,M6° M6 0.030 -21.8 060 CTTS 00 vyes 0.9 256537 . -11.00

122 05 36 30.96-06 52 41.0 M2 M2 0.012 .. 17 no 0.40 Thick .

123 05 36 31.84-06 23 23.1 M6.5 M6.5 0.040 -37.¢ CTTS 0.0 yes -1.27 012387 263522 Thick -10.55

124 0536 32.38-06 19 19.9 GB G8 4.874 w29 no 203 19629 3.6729% Transition disk

125 05 36 32.42-06 40 43.0 V] M5 0.144 —39.2 0.4 CTTS 00 no -1.25 019392 090029 Thick -9.54

126 053632.82-063954.9  K7.8,MQP K7.5 0.442 -0.78 0.# WTTS 03 no -2.99 0.6951%  3.1025% No disk

127 053632.89-064420.9  ME£M2° M1 0.544 -70.72 .. CTTS 48 yes -104 04322 0.8130%° Thick -7.88

128 05 36 33.81-06 19 27.0 M5 M5 0.155 9.7 11 WTTS 00 no -2.72 017387 060238 No disk

129 053635.23-0650122  M6,M6° M6 0.058 -5.1 0.5 WTTS 00 no 0.11595  1.11+2%4

130 05 36 35.76-06 42 49.9 M2.8 M2.5 0.213 -34.12 CTTS 25 yes -1.10 034038 1877859 Thick -9.18

131 05 36 36.93-06 33 24.2 K8 K8 1.913 -110.8 CTTS 39 no -1.27 053511 0.22:52¢ Thick -6.63

132 05 36 40.69-06 30 09.3 M Mo 0.570 . 00 no -157 058020 128779 Thick

133 05 36 40.69-06 52 04.5 m2 M2 0.383 -6.2 05 WTTS 00 no -2.64 037388 0907238 No disk

134 0536 40.94-06 41 17.8 YE] M5 0.204 -20.12 05 CTTS 05 no -1.23 019592 054518 Thick -9.64

135 05 36 41.35-06 34 00.4 M MO 4.188 -148.0 CTTS 57 no  -030 041528 003338 Thick -5.82

136 05 36 41.98-06 20 45.4 M8 M6 0.056 -17.0 WTTS 00 no -2.72 017385 10828 No disk

137 05 36 43.77-06 15 28.6 v M4 0.215 -10.0° WTTS 00 no -1.36 024092 0817038 Thick

138 05 36 45.21-06 28 09.6 M3.8 M35  0.453 -12. WTTS 00 no  -266 02803, 02902 No disk

139 05 36 45.79-06 48 16.0 M4.8 M4.5 0.007 —4.6% .. WTTS 00 no 0.1692 65.632127

140 0536 46.62-063950.0  M5.8,M2° M5.5 0.065 -15.2 048 WTTS 0.0 no 0.1#003 153113

141 053650.14-064129.2 K8 MoP K5 1.849 -7.6% 05 CTTS 35 no -1.68 08303 07212 Thick -8.30

142 053650.23-064858.2  M4.8M5° M4.5 0.333 53 068 WTTS 0.0 no -2.57 0.2059  0.25504 No disk

143 0536 54.41-06 51 05.5 M5.8 M55  0.019 -1.8 .. WTTS 00 no 0.11210  6.562434

144 05 37 49.54-06 56 27.4 M3.8 M3.5 0.586 —-20.0% 06 CTTS 06 yes -1.98 0.262%3 020988 Transition disk -8.65

145 0537 51.72-06 56 51.9 M1.8 M1.5 1.324 -39.0 05 CTTS 14 yes -1.43 0.34508 012523 Thick —7.47

146 05 3753.28-07 02 27.2 M4.8 M45  0.059 -3 .. WTTS 00 no 0.20%5  4.133%

147 0537 54.48-06 57 31.1 K6.8 K6.5 0.939 —2.6% 0.4 WTTS 09 yes -1.11 072028 1217348 Thick
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Table 3.4: continued.

(@) 2 ®) 4) (5) (6) @) (®) (9 (10) (11) (12) (13) (14) (15) (16) @ (18)
RA DEC adopted Lum EW(Ha) EW(Li) TTS Ay Mass Age Disk LogMlacc Log Mace  Log Macc

ID (J2000) (J2000) Spectral type  Spectral typdo X A A) type (mag) clu «(3.6-8.0um) (Mg) (Myr) property Mo yr*l) (Mo yr*l) (Mo yr*l)

148 05 37 54.51-06 56 45.5 K K7 2.799 -0.5% 05 WTTS 19 yes -2.65 057215 01582 No disk

149 0537 55.15-06 57 40.7 M5.8 M5.5 0.135 -14.8 068 WTTS 0.2 vyes 0.1695  0.627079

150 05 37 55.22-06 57 35.8 M4.8 M45  0.273 -6.3 060 WTTS 02 yes -180 020535 035913 Thin

151 05 37 55.65-06 57 18.1 mé MO 1.554 —1.R WTTS 21 vyes -258 044325 01904 No disk

152 0537 55.74-06 58 37.9 V] M3 0.243 3.7 WTTS 13 yes -1.00 0.305%6 110578 Thick

153 0537 55.99-06 52 33.7 M5.8 M55  0.161 -11.8 WTTS 00 no  -266 015992 042023 No disk

154 0538 00.67-07 01 14.3 M2 M4 0.021 -5.68 WTTS 00 no 0.283% 29.503328

155 05 38 04.84-07 02 21.6 M5.8 M5.5 0.136 -12.8 . WTTS 27 no -1.12 0.185%% 055557 Thick

156 05 38 10.50-06 57 07.1 M8 M3 0.194 -9.7 068 WTTS 15 no  -171  03403% 21072 Transition disk

157 05 38 13.45-07 06 43.3 K4.8 K4.5 2.519 5.4 WTTS 103 no  -0.99 09203 056723 Thick

158 05 38 19.52-06 55 29.7 M8 M3 0.382 2.7 WTTS 7.1 no -2.73 0.3053% 060575 No disk

159 05 3821.22-07 01 20.3 M3 M5 0.102 -47.8 CTTS 14 no  -1.27 017395 125072 Thick -9.70  -10.04  -9.59

160 05 38 34.06-07 04 36.8 m2 M4 0.007 —1.3 WTTS 00 no 0.29%2 101.662%8,

161 05 38 40.22-06 56 53.3 M2 M2 0.208 -3.12 WTTS 24 yes  -2.63 0.3952% 261938 No disk

162 05 38 40.59-07 02 23.8 M8 M3 0.155 -107.# . CTTS 35 yes -111 03202 2591%% Thick -881  -9.65  -9.33

163 05 38 41.48-07 01 52.6 M4.8 M4.5 0.183 -9.6% 05 WTTS 26 yes -1.15 02138 07808 Thick

164 05 38 41.56-06 5251.0 YE] M5 0.140 9.4 068 WTTS 02 no -2.68 0.195%¢  0.91°577 No disk

165 05 38 43.22-06 58 08.9 K7.8 K7.5  14.069 -98.7 CTTS 126 yes -1.27 Thick

166 05 38 43.84-06 58 22.3 M2.8 M2.5 0.359 -66.9 CTTS 45 yes -052 0.33525 080558 Thick -8.36 -9.13 -9.00

167 0538 44.95-06 58 14.7 M M1 0.598 -37.3 CTTS 60 vyes -097 048593 077817 Thick -815  -7.22  -7.56

168 05 38 46.84-07 05 08.9 M2.8 M2.5 0.243 -99.3 CTTS 43 yes -164 034080 152138 Thick -849  -919  -9.14

169 0538 47.17-07 02 40.4 KR K7 6.562 2.3 WTTS 13.0 yes  -2.69 0.53578  0.03'289 No disk

170 05 3847.74-07 06 14.9 M M1 1.473 -76.8 .. CTTS 104 no  -119 03703 01385 Thick -7.00

171 05 38 47.93-07 05 06.1 M8 M5 0.378 -10.3 05 WTTS 41 yes —2.62 018393 016318 No disk

172 053849.88-07 02354 mé MO 0.087 -4.8 WTTS 6.6 yes 0.698 44512880

173 05 3850.44-07 00 43.0 K6 K6 4113 -1.8 WTTS 109 yes -235 068035 012352 Thin

174 05 3852.97-07 05 50.6 mé M6 0.055 -32.¢% CTTS 00 no -2.56 01038, 0.97°2% No disk -10.35

175 0538 53.33-07 05 45.2 K3.8 K3.5 0.016 -30.9 .. ~CTTS 21 no 0.47 Thick

176 05 38 54.45-07 04 46.7 M8 M3 0.177 -7 062 WTTS 26 yes -2.72 0.330%% 2183 No disk

177 05 3854.93-07 07 10.9 M3.8 M3.5 0.156 —12.12 072 WTTS 21 no -1.30 030083 2.1608¢ Thick

178 05 38 55.02-06 56 18.6 F8 F5 0.120 05 .. WTTS 58 no 0.01 Thick

179 05 3857.04-06 52 59.3 M1.8 M1.5 0.156 -184.8 03 CTTS 07 no -1.33 058095 8.06358 Thick -8.44  -876  -834

180 054019.41-08 14 16.4 KP K7 1.152 58 no  -0.67 0.6351¢ 0.68573 Thick

181 0540 21.84-08 08 55.9 M8 M3 0.269 -25.0° CTTS 24 no  -124 031531 101223 Thick -9.15

182 0540 24.97-07 55 35.3 m2 M2 1.723 —77.8 CTTS 82 no -0.91 028239 0.052%8 Thick -6.94  -7.63  -6.88

183 05 40 24.97-08 07 33.2 K8 KO 8.857 -47.0 CTTS 44 no -0.53 243099 1.05952 Thick —6.54

184 0540 24.97-07 5535.3 V&) M3 1.557 .. 80 no -091 02499 0.030%5 Thick

185 0540 25.75-08 11 16.8 M8 M3 0.385 -38.0° CTTS 42 no -1.16 0.290%9 053053 Thick -8.63

186 0540 27.14-08 07 36.5 M3 M3 0.184 -230.0 CTTS 15 no -0.80 0.32532  1.98929 Thick -8.26

187 05 40 35.44-07 56 36.5 Mo.8 MO5  0.596 2.3 WTTS 85 no  -276 051038 104736  Nodisk

188 05 40 37.36-08 04 03.0 e F 60.687 67 no -0.82 3.01318 1947218 Thick

189 0540 41.01-08 02 18.6 M8 MO 1.126 79 no  -116 0.47537 036532 Thick

190 05 40 42.66-07 46 03.0 M5.8 M55  0.024 -7.9 WTTS 0.0 no 0183 497882

191 05 40 46.22-08 05 24.3 K K1 13.154 -16.° CTTS 48 yes -179 234031 0427032 Thick -6.79
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Table 3.4: continued.

(@) (@) ®) 4) (5) (6) @] ®) (9 (10) (1) (12) (13) (14) (15) (16) () (18)
RA DEC adopted Lum EW(Ha) EW(Li)) TTS Ay Mass Age Disk LogMacc Log Macc Log Macc

ID  (J2000) (J2000) Spectral type  Spectral typd_o ) A) A) type (mag) clu a(3.6-80um) (Mo) (Myr) property  Moyrt) (Moyrl) (Meyrt)

192 05 40 46.40-08 04 36.1 KP K7 4.795 20 yes -248 05351 00638  Debris disk

193 05 40 46.62-08 07 12.8 KP K7 8.229 .. 100 yes -261 057213 002283 Transition disk

194 05 40 46.84-08 04 54.6 M2.8 M2.5 1.231 -13.9 CTTS 5.2 yes 0.08 0.2857  0.08259 Thick

195 05 40 48.07-08 05 58.7 KP K7 5.832 w19 yes -126  0580F 00408 Thick

196 05 40 57.49-07 48 08.8 M2.8 M2.5 0.566 -37.3 CTTS 46 no -1.04 032225 038853 Thick -8.26

197 0540 59.75-08 06 03.2 M8 M6 0.097 -42.0 CTTS 00 no -0.35 0.125%¢ 0557113 Thick -9.83

198 0540 59.92-07 48 16.1 M2.8 M25  0.187 -65.0% CTTS 42 no  -141 040928 3102457 Thick -8.89 -8.94

199 05 41 03.55-07 57 46.3 M6 M6 0.027 -17.8 .. WTTS 00 no  -277 No disk

200 05 41 04.09-07 43 38.6 M8 M3 0.138 -7.0% 05 WTTS 15 no -1.31 032050 29933 Thick

201 0541 04.36-07 46 40.6 VL] M5 0.045 5.7 WTTS 00 no 0.1835 393475

202 0541 05.03-07 45 34.2 M4.8 M4.5 0.179 -1 WTTS 24 no -2.67 020092 0717199 No disk

203 0541 05.49-07 47 07.5 Gl G1 8.105 -53.8 CTTS 106 no  -159  1.9851% 482:201 Thick -656  -6.51

204 0541 07.00-07 47 15.9 M3.8 M3.5 0.108 -136.68 CTTS 00 no -2.07 030092 378281 Transitiondisk -8.97  -9.20

205 0541 07.08-07 46 22.5 M3.8 M3.5 0.155 -18.0% CTTS 1.3 no -1.32 0.30532 223913 Thick -9.79 -9.83

206 054114.03-08 07 57.4 M2 M2 0.953 -10.0° WTTS 12 no  -125 032302 017353 Thick

207 0541 16.25-07 4351.4 M5.8 M5.5 0.024 8.0~ WTTS 09 no -2.69 013293 6517552 No disk

208 0541 20.12-07 55 24.0 M2 M4 0.581 -48. CTTS 102 yes -1.41 0.23529 015528 Thick -8.23

209 0541 25.35-08 0554.7 K K1 4.941 -110.0 .. ~CTTS 26 no 0.18 19810 136078 Thick -6.40

210 054126.37-075817.8  M%,M6P M5 0.030 -7.0% 0628 WTTS 00 no 0.18357  7.095%

211 054130.59-08 04 48.2 KP K7 3.357 -40.0° CTTS 100 no  -0.80 058313 0117022 Thick -6.74

212 054133.38-07 59 56.3 M1.8 M15  1.097 -69.8 CTTS 97 no  -138 034532 017923 Thick -7.31

213 05 4141.66-08 00 18.5 K7.8 K7.5 0.047 —28.48 .. CTTS 45 no  -102 Thick

214 0541 43.74-07 58 22.3 M5.8 M5.5 0.468 -405.3 048 CTTS 24 no -1.01 016593 0.0459 Thick ~7.49 -8.40 -8.68

215 054149.23-075712.3 M3.8 M3.5 0.150 -18.8 CTTS 31 no -1.53 028090 209337 Thick -9.80

216 0541 49.74-08 00 32.3 K8 K5 8.432 -18.0° CTTS 04 no -0.94 0.8653¢  0.07523 Thick -6.69

217 0541 51.84-08 06 56.6 M4.8 M45  0.129 -5.50 072 WITS 27 no  -270 020532 1230925 No disk

218 054154.66-075912.4  K3.8,ksP K3.5 2.039 —6.6% 0.6 CTTS 59 no -1.73 120024 1.427163 Thick -8.40

219 0541 55.96-07 58 36.6 M2 M4 0.063 -4.12 WTTS 38 no -2.04 023012 483391 Thin

220 0542 05.59-08 01 05.6 M2 M2 0.192 09 no -176 043513 3511190 Transition disk

221 0542 07.25-08 05 24.4 M8 M6 0.049 .. 16 no -118 010985 1277353 Thick

222 054210.51-080735.1  M5,M4° M5 0.084 -7.8 .. WTTS 00 no 0.18%% 1847397

223 054211.04-080105.4  M4.8,M3° M45  0.056 08 .. 00 no -116 01903 3.873% Thick -10.98

224 0542 13.51-08 10 01.5 M8 M3 0.080 -50.0° .. CTTS 16 no -1.09 0.33012  8.432249 Thick -9.76

225 0542 14.60-07 58 57.9 M3.8 M3.5 0.200 -13.2 068 WTTS 1.1 no -1.09 0.295%5 136198 Thick

226 0542 15.93-08 09 37.8 E] M5 0.134 -6.3 .~ WTTS 33 no  -231 01803 085032 Thin

227 054218.11-080810.9  K4.8,K5P K4.5 0.924 —1.0% 05 WTTS 15 yes —2.96 113598 3.897432 No disk

228 0542 18.56-07 59 23.0 M4.8 M4.5 0.069 -6.9% 068 WTTS 00 no -2.74 019592 268555 No disk

229 054219.05-07 59 12.2 M5.8 M55  0.041 -18.9 08 CTTS 00 no 0.1199%  2.09222 . -10.87

230 0542 19.56-08 05 07.6 M2.8 M2.5 0.134 20 no -1.31 0.3351% 4.8872333 Thick

231 0542 21.36-08 06 47.9 M3.8 M35  0.237 -12.9 . WTTS 48 no  -257 02659 08893} No disk

232 054221.56-080829.8  M@,KgP MO 0464  -39.#,-10.0 05 CTTS 05 yes -2.12 058032 195221 Transiondisk -8.35 ~ -8.42  -7.98

233 0542 23.24-07 58 28.9 V] M5 0.034 5.8 072 WTTS 01 no 017395 6.8731%

234 054223.61-0809103  M8,M2° M3 0248  -44.8,-65.0 09 CTTS 11 yes -149 030595 114553 Thick -891  -9.07  -875

235 054223.94-080945.9 K& KsP K4 1.197 —0.9 0.4 WTTS 31 yes -2.88 123010 3421488 No disk
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Table 3.4: continued.

(@) 2 ®) 4) (5) (6) @) (®) (9 (10) (11) (12) (13) (14) (15) (16) @ (18)
RA DEC adopted Lum EW(Ha) EW(Li) TTS Ay Mass Age Disk LogMlacc Log Mace  Log Macc

ID (J2000) (J2000) Spectral type  Spectral typdo X A A) type (mag) clu «(3.6-8.0um) (Mg) (Myr) property Mo yr*l) (Mo yr*l) (Mo yr*l)

236 054225.32-081018.0  M#£ MoP M1 0.420 3.3 072 WTTS 07 yes -2.82 048033 147280 No disk

237 054225.44-080955.4 M KsP M1 0216  -21.2-27.0 . CTTS 1.8 yes -1.66 058523 510729 Thick -9.34 -9.38 -9.40

238 0542 25.68-07 58 22.0 M8 M3 0.135 -3.3 02 WITS 05 no  -260 034535 36615 No disk

239 0542 25.79-08 08 50.1 M2.8 M2.5 0.210 -61.8 05 CTTS 12 vyes -1.30 034083 189277 Thick -887  -9.33  -9.32

240 05 42 26.50-07 58 50.9 K6 K6 1.542 -91.8 04 CTTS 44 no -0.64 0.69035 0.57+1L54 Thick -6.95

241 0542 26.96-08 09 17.3 M3.8 M35  0.109 -3.4 WTTS 0.0 yes 03835 40803

242 054227.50-081103.8  M3,M3° M5 0.034 —9.4 WTTS 00 vyes  —2.09 013284 492331 Transition disk

243 05 42 27.59-08 09 52.6 M2 M1 0.294 -13.0 .. CTTS 11 yes -120 05131 28299 Thick -9.33

244 0542 29.78-08 07 26.4 M M1 0.372 -3.4 060 WTTS 28 yes 0534 1.922280

245 05 42 30.62-07 59 54.0 m2 M2 0.108 2R 05 WTTS 01 no -2.87 047219 10322081 No disk

246 0542 30.87-08 10 45.7 YE] M5 0.090 -5.0% 068 WTTS 09 vyes -1.64 018593 1717385 Transition disk

247 0542 31.00-08 06 38.1 M3.8 M35  0.166 -30. . CTTS 00 yes -172 028089 17172% Thick -9.46

248 05 42 31.33-08 02 35.3 M4.8 M4.5 0.086 8.3 072 WTTS 00 no -2.79 019383 212012 No disk

249 054231.55-080822.8  M&M2P M4 0270 -12.£-150 WTTS 28 yes -0.60 0.2250%  0.47°538 Thick

250 0542 32.66-08 10 07.9 M4.8 M45  0.119 -6.7 WTTS 1.5 yes 0.2¢%2 141703

251 0542 32.77-08 07 04.8 V] M5 0.132 ~11.¢% .. WTTS 03 vyes 0.1992 102932

252 05 42 34.02-08 09 59.7 K& K70 K4 2.186 1.9 0.5 WTTS 50 vyes -233 117338 1227338 Transition disk

253 054234.31-080212.1  M%,M4P M5 0068  -86.0,-48.0° 0.4 CTTS 00 no -1.28 016324 1.99:33% Thick -9.68 -9.98

254 0542 34.92-08 07 50.5 V] M5 0.126 -6.07 WTTS 1.9 yes 0.199% 108313

255 054236.41-081017.8 &) M3 0.063 -36.0° .. ~CTTS 28 yes 03812 12.49257 -10.12

256 0542 36.51-08 11 51.5 K8 K5 0.687 -1 05 WTTS 30 no 1.08295  5.06719

257 05 42 40.06-08 05 07.7 m® M2 0.086 -12.0 CTTS 04 no -1.85 0.49299 15811678 Transition disk -10.43

258 054242.10-08 15 15.3 v M1 0.356 . 85 no -118 049014 195772 Thick

259 05 42 44.12-08 06 26.4 M8 M3 0.251 —22.0 CTTS 02 no -1.22 031339 115318 Thick -9.28

260 0542 47.18-08 05 57.0 V4 M2 0.110 .. 02 no  -1.99 047312 9.97°987  Transition disk

261 054247.44-080405.4 M2.8 M25  0.115 -76.0° CTTS 08 no  -087 040013 6393388 Thick -9.23

262 0542 48.24-08 0557.1 mP M1 0.088 —24.0 CTTS 08 no 0.60% 28.012219 -9.99

263 0542 51.65-08 07 41.2 M2 M1 0.093 -34.0 CTTS 20 no -1.56 0.6159% 25512061 Thick -9.76

264 0542 52.30-08 08 54.9 VE] M5 0.065 . 06 no -138 017087 237300 Thick

265 05 42 59.13-08 09 23.6 mP M1 0.389 -67.0 CTTS 20 no -0.88 04831 163320 Thick -8.20

266 0543 01.78-08 04 50.6 K8 K5 1.869 -32.0° CTTS 27 no -2.12 086022 073037 Transition disk —7.52

267 054308.49-08 11 32.3 M2 M2 0.053 01 no -159 050095 36.342437 Thick
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Table 3.5: Photometric magnitudes of YSOs in L1630N.

RA DEC
(32000) (32000)

u
(mag)

q
(mag)

v
(mag)

i’
|

(mag)

’

Z
(mag)

J
(mag)

H

Ks

(mag) (mag)

[3.6]
(mag)

[4.5]
(mag)

[5.8]
(mag)

8.0]
(mag)

[24]

© o ~NoaswN g

BB DS DD D WWWWWWWWWWNNNNNNRNNNDNEREERRRR B P B PP
O WONRPROO®OMNOOOAOPNO®NPRP, O O©D0NO®JT_RWNRPO®©®®NO®UNAWNLERO

0545 21.38-00 00 45.9
05 45 22.68-00 14 27.5
05 45 26.16 +00 06 37.9
05 45 38.26-00 08 11.0
05 45 41.68-00 04 02.4
0545 41.94-00 12 05.3
0545 42.80-00 01 01.8
05 45 44.37 +00 22 58.2
05 45 44.56-00 10 35.6
05 45 44.64+00 13 00.6
05 45 45.58+00 04 35.6
0545 46.91+00 14 29.4
05 45 49.56-00 08 38.8
054553.11-00 13 24.9
05 45 53.54+00 33 08.8
0545 53.60+00 22 42.1
05 45 54.09-00 03 16.7
0545 55.13+00 11 39.4
05 4556.20+00 33 10.3
05 45 56.31+00 07 08.6
0545 56.73-00 00 25.4
0545 57.38+00 20 22.2
054557.62+00 07 21.1
05 45 57.93+00 02 48.6
05 46 00.18+00 03 07.0
05 46 03.53+00 02 54.7
05 46 04.64+00 04 58.1
05 46 04.58+00 00 38.2
0546 07.89-00 11 56.9
05 46 09.27+00 13 32.6
0546 09.61-00 03 31.2
0546 10.31-00 00 06.7
0546 11.34-00 07 55.1
0546 11.86+00 32 25.9
0546 12.27-00 08 07.8
0546 12.99-00 08 14.8
0546 13.58-00 10 34.0
0546 14.48+00 20 24.4
0546 16.75+00 07 13.5
0546 17.71-00 00 14.3
05 46 18.30+00 06 57.8
05 46 18.60+00 07 08.0
0546 18.89-00 05 38.1
05 46 19.06+00 03 29.6
0546 19.47-00 05 20.0

21.520.06
22.360.11
19.240.01
21.160.05
21.080.05
18.550.01
22.9¥0.22
18.580.01

18.980.01
21.350.06
22.020.11
23.5%0.61
19.650.02
20.260.02
19.1¥0.01

21.420.05
19.540.01

18.060.01
23.150.26
20.480.03
20.250.02
22.620.17
18.280.01
22.320.11

19.0¥ 0.01

21.820.09
24.4%0.94
17.020.01

22.610.19

21.280.05
24.490.93
19.480.01
20.610.03
17.990.01

18.7% 0.01
19.9% 0.01
17.62 0.01
18.16:0.01
18.3%# 0.01
15.850.01
20.590.01
16.8& 0.01
21.540.03
16.39: 0.01
18.83 0.01
19.76:0.01
22.08& 0.06
17.6@ 0.01
18.58& 0.01
16.66 0.01
23.340.15
22.240.05
19.290.01
16.8% 0.01
22.590.06
16.4@0.01
21.0%:0.02
19.56: 0.01
18.24 0.01
20.79:0.01
16.7& 0.01
20.22 0.01

16.7%:0.01
23.680.19
20.7%0.01
23.2%0.12
15.8& 0.01
23.480.14
22.8#0.09
22.950.09
20.3%0.01
23.260.10
21.760.04
18.82 0.01
23.9%0.20
16.55 0.01
18.59 0.01
15.7@ 0.01

17.090.01
18.35 0.01
16.1& 0.01
16.3@ 0.01
16.79:0.01
14.440.01
18.98 0.01
15.3%0.01
19.43 0.01
14.98 0.01
17.3%0.01
18.2#0.01
20.2@ 0.02
16.08 0.01
16.6@ 0.01
15.32 0.01
21.020.03
20.3%:0.01
17.850.01
15.2%0.01
20.0% 0.01
14.8% 0.01
19.36:0.01
17.98 0.01
16.58 0.01
18.88 0.01
15.28 0.01
18.1% 0.01

15.0% 0.01
20.44-0.02
18.74 0.01
21.330.04
13.2#0.01
21.190.03
20.99 0.03
21.320.04
18.4% 0.01
19.95 0.01
18.5% 0.01
16.48 0.01
21.06:0.03
14.79:0.01
16.2& 0.01
14.08 0.01

15.46:0.01
16.3%0.01
14.8%0.01
15.130.01
15.26:0.01
14.05 0.01
16.8% 0.01
14.8%0.01
17.4@:0.01
14.56 0.01
15.53 0.01
16.58& 0.01
18.05 0.01
15.04 0.01
15.330.01
14.96:0.01
18.5@ 0.01
18.250.01
15.740.01
15.4% 0.01
18.4%0.01
14.460.01
17.190.01
16.3%0.01
15.16:0.01
17.5@ 0.01
15.260.01
16.48 0.01

14.48 0.01
18.440.01
17.160.01
20.38 0.02
12.92 0.01
18.64 0.01
19.2%:0.01
19.33 0.01
16.64 0.01
17.2%0.01
16.92 0.01
15.25 0.01
18.58:0.01
15.5%0.01
14.83 0.01
13.96:0.01

14.55 0.01
15.250.01
13.93 0.01
14.3#0.01
14.4%0.01
13.32 0.01
15.640.01
13.7@¢0.01
16.26:0.01
13.76:0.01
14.540.01
15.6% 0.01
16.730.01
14.350.01
14.360.01
14.28 0.01
17.02 0.01
16.9@ 0.01
14.6%0.01
13.64 0.01
17.1&0.01
13.420.01
15.9@ 0.01
15.240.01
13.720.01
1543 0.01
13.550.01
15.38 0.01

13.250.01
16.95 0.01
15.98 0.01
19.42 0.04
13.650.01
16.96@ 0.01
18.2% 0.02
18.23 0.02
15.6% 0.01
15.450.01
15.540.01
14.2% 0.01
16.82 0.01
13.0%0.01
13.6%0.01
12.6%0.01

12.96 0.02
13.5@ 0.02
12.3%#0.02
12.65 0.02
12.86:0.03
11.93 0.02
13.85 0.02
12.02 0.02
14.23 0.03
12.52 0.03
12.9@ 0.02
14.0% 0.03
14.76:0.03
12.7& 0.02
12.45 0.02
13.04 0.03
14.83 0.03
14.74 0.03
12.82 0.02
12.130.02
13.99 0.03
11.750.02
14.0% 0.02
13.52 0.03
12.05 0.02
13.4% 0.02
11.340.03
13.36 0.02

9.800.04
11.69 0.03
14.0% 0.03
14.23 0.03
17.6%0.28
10.94 0.02
14.63 0.03
16.550.10
16.66:0.13
13.82 0.03
12.8& 0.02
12.840.03
12.23 0.02
13.99 0.03
11.2@ 0.02
10.63 0.03
10.69 0.02

12.22 0.02
12.8%0.03
11.6%0.02
11.820.02
12.080.03
11.180.02
13.18 0.03
11.050.02
13.2%0.02
11.78 0.02
12.2%0.02
13.350.03
13.850.03
11.96 0.02
11.460.02
12.34 0.02
13.85 0.04
13.92 0.03
12.250.02
11.330.02
12.850.03
10.82 0.02
13.3%:0.02
12.68 0.03
11.22 0.02
12.52 0.02
10.130.03
12.28 0.02
8.6% 0.05
10.7@ 0.03
12.450.02
12.9% 0.03
15.86:0.14
10.05 0.02
13.94:0.02
15.63 0.11
16.0& 0.20
12.89:0.03
11.62 0.02
11.280.03
11.0# 0.02
12.5% 0.02
10.16:0.02
9.0%0.03
9.65 0.02

11.93 0.02
12.54 0.03
11.2%0.02
11.53 0.02
11.850.03
10.99:0.02
12.750.03
10.3& 0.02
12.88 0.03
11.59 0.02
11.9%0.02
13.040.03
13.3@ 0.03
11.690.02
10.8% 0.02
12.150.02
13.44.0.04
13.3@ 0.03
11.920.02
11.0% 0.02
12.38 0.02
10.22 0.02
12.99-0.03
12.150.02
10.9@ 0.02
12.26:0.03
9.4% 0.02
11.740.03
8.4@ 0.03
10.0& 0.02
11.720.02
12.02 0.02
15.180.15
9.45:0.02
13.5% 0.04
14.98 0.12
15.690.23
12.52 0.02
11.080.02
10.4@0.03
10.4% 0.02
11.78 0.02
9.72:0.02
7.8%0.01
9.06: 0.02

11.62 0.06
12.2% 0.06
10.5@ 0.06
11.38 0.06
11.5@ 0.06
10.84 0.06
11.93 0.06
9.3% 0.06
12.52 0.06
11.440.06
11.53 0.06
12.7@0.06
12.8@ 0.06
11.38 0.06
10.14 0.06
12.04 0.06
12.840.07
12.490.06
11.48 0.06
10.19:0.06
11.8@ 0.06
9.16 0.06
12.330.07
11.330.06
10.46:0.06
11.7%0.06
8.2& 0.06
11.0% 0.06
8.14- 0.06
8.9% 0.06
10.84: 0.06
10.59 0.06
13.75 0.06
8.52:0.06
12.7% 0.06
14.1% 0.06
15.2% 0.06
12.1#40.06
10.56: 0.06
9.9@: 0.06
9.3& 0.06
10.24 0.06
8.8% 0.06
6.5@ 0.06
7.98 0.06

11.64 0.06
12.05 0.06
10.3@ 0.06
11.38& 0.06
11.46 0.06
10.93 0.06
11.68 0.06
8.92 0.06
12.46:0.06
11.4% 0.06
11.56 0.06
12.62 0.06
12.16:0.06
11.2%0.06
9.9a: 0.06
12.04 0.06
12.450.07
12.12 0.06
11.490.06
9.85% 0.06
11.390.06
8.92 0.06
12.16:0.06
10.98 0.06
10.18 0.06
11.760.06
7.9 0.06
10.79:0.06
7.96 0.06
8.5 0.06
10.5% 0.06
10.04 0.06
13.14 0.06
8.52:0.06
12.290.06
13.6@ 0.06
15.2% 0.07
12.05 0.06
10.3@ 0.06
9.7 0.06
9.0& 0.06
9.8% 0.06
8.76 0.06
6.1@ 0.06
7.4%0.06

11.44 0.06
12.03 0.06
9.9% 0.06
11.26:0.06
11.36:0.06
10.86 0.06
11.250.19
8.62 0.06
12.3@ 0.06
11.53 0.06
11.45 0.06
12.65 0.06
11.9% 0.06
11.1% 0.06
9.3& 0.06
11.96 0.06

11.86:0.08
11.29 0.06
9.42 0.06
10.850.14
8.74-0.06
11.820.08
10.8%0.14
9.6% 0.08
11.250.19
7.5%0.06
10.4@0.11
7.64-0.06
8.0% 0.06
10.240.10
9.6% 0.07
12.72 0.07
8.3@ 0.06
11.9% 0.06
12.6% 0.07
15.240.26
11.66: 0.06
9.92 0.06
8.62: 0.06
8.5& 0.06
9.09 0.06
8.120.06
5.5 0.06
7.0%0.06

11.52 0.06
11.96:0.07
9.25 0.06
11.1#0.06
11.450.06
10.6% 0.06
10.55 0.06
8.05: 0.06
12.2%0.08
11.420.22
11.420.06
12.56 0.09
11.16:0.06
11.0% 0.06
8.6& 0.06
11.96:0.09

11.230.19
11.350.06
9.1% 0.07

8.0% 0.06
10.8& 0.15
10.4% 0.06
8.8%0.15

6.8% 0.06
9.720.33
7.2& 0.06
7.4& 0.06
9.5% 0.26
8.7%0.14
11.440.07
8.0%: 0.06
11.05 0.06
10.8& 0.06

11.380.22
9.64 0.08
7.06:0.07
7.6% 0.06
8.3% 0.06
7.6@:0.07
5.06: 0.06
6.09: 0.06

6.45-0.06

5.1& 0.06

8.58& 0.06
6.3% 0.06
5.93 0.06

5.34:0.06
6.0& 0.06
4.94 0.06

7.8%0.07
5.62 0.06

3.74 0.06
6.6& 0.06
5.06: 0.06
4.36 0.06
6.32 0.06
5.7% 0.06
7.9% 0.06
4.3% 0.06
8.3% 0.06
6.26- 0.06

7.94 0.06

4.8% 0.06
5.46:0.06
5.69: 0.06
2.180.06
2.95 0.06
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Table 3.5: continued.

RA DEC
(J2000)  (32000)

u
(mag)

/

g
(mag)

v

(mag)

i’
I

(mag)

7

(mag)

J
(mag)

H

Ks

(mag) (mag)

[3.6]
(mag)

[4.5]
(mag)

[5.8]
(mag)

[8.0]
(mag)

[24]

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90

05 46 20.88+00 08 09.4
05 46 22.43-00 08 52.6
05 46 22.99+00 04 26.4
05 46 23.83+00 04 27.2
05 46 25.09+00 05 41.2
05 46 25.89+00 09 32.0
05 46 26.65+00 31 07.5
0546 27.13+00 15 49.7
05 46 27.83+00 05 48.4
05 46 28.36+00 12 27.0
05 46 28.87+00 13 30.7
05 46 29.00+00 29 07.2
0546 29.06+00 11 45.7
05 46 29.59+00 10 57.2
0546 30.03+00 11 11.1
05 46 30.06+00 12 09.7
0546 31.03+0027 12.1
0546 31.46+00 20 15.8
0546 31.71+00 25 08.2
05 46 33.28+00 02 51.9
05 46 34.54+00 06 43.5
05 46 34.90+00 04 20.7
05 46 35.50+00 01 38.9
05 46 36.10+00 06 26.8
0546 37.06+00 01 21.8
05 46 37.57+00 04 02.5
05 46 38.33+00 05 48.7
05 46 38.40+00 15 11.6
05 46 38.57+00 22 06.0
05 46 39.89+00 06 44.9
05 46 40.18+00 05 01.9
05 46 40.44-00 08 38.2
05 46 40.43+00 05 07.7
0546 40.77+00 27 22.5
05 46 43.82+00 03 21.8
05 46 43.84+00 15 32.4
05 46 44.08+00 18 03.2
05 46 44.25+00 30 29.5
05 46 44.84+00 16 59.8
0546 45.00+00 11 32.7
05 46 45.00+00 24 48.7
05 46 45.04+00 05 33.9
05 46 45.14+00 03 46.4
05 46 46.87+00 09 07.6
05 46 48.55+00 21 28.2

22.140.10
18.44 0.01

23.080.34

21.120.06
21.9¥0.09
21.750.09

24.080.68
23.150.35
20.790.03
22.7£0.27
23.020.63

22.140.16
23.680.37
23.020.27
24.880.88
20.9¥ 0.06
24.140.87

19.280.03

22.8¥0.23
23.3¥0.67

20.6920.09
20.680.03

21.370.12
19.260.02
23.360.28
22.120.17

23.180.28

20.2¥ 0.06
23.190.81

19.94 0.01
15.96:0.01
20.060.05
22.0% 0.06
25.360.90
19.65 0.01
19.6@ 0.01
19.350.01
20.37 0.05
24.05 0.26
22.0%0.05
18.03 0.01
21.140.03
22.4%0.13
24.280.70
20.46:0.02
23.05 0.09
20.220.01
23.420.10
18.99 0.01
20.22 0.01
20.160.05

17.83 0.01

21.460.03
20.98 0.03

19.640.02
23.190.12
18.93 0.01
19.83 0.01

19.0#0.01
16.88 0.01
22.32 0.05
20.540.02
22.200.12
21.2@0.02

18.92 0.01

17.440.01
14.44 0.01
17.96 0.05
19.76:0.01
20.54 0.02
17.730.01
17.180.01
17.84 0.01
18.19 0.05
21.050.03
19.360.01
16.1% 0.01
19.7%0.01
20.05 0.03
21.640.10
18.12 0.01
21.140.03
18.73:0.01
20.58 0.01
16.76 0.01
17.530.01
18.1% 0.05

22.990.26
15.750.01
19.400.02

19.35 0.01
18.53 0.01
21.470.07
17.05 0.01
20.4%0.02
16.55 0.01
18.0% 0.01

17.0&0.01
15.02 0.01
20.08 0.01
18.12 0.01
20.48 0.04
19.6& 0.01

16.96:0.01
21.460.10

15.99 0.01
13.8%0.01
16.35 0.05
17.460.01
18.440.01
16.130.01
15.75 0.01
16.240.01
16.2# 0.05
18.65 0.01
17.4@:0.01
14.8@ 0.01
18.04 0.01
17.6@0.01
19.35 0.02
16.350.01
18.9% 0.01
17.330.01
18.23 0.01
15.42 0.01
15.94 0.01
16.15 0.05

19.73 0.02
14.6%0.01
16.740.01

17.03 0.01
16.86 0.01
18.930.01
15.7@& 0.01
18.550.01
15.160.01
16.3%0.01

15.62 0.01
14.33 0.01
17.460.01
16.4% 0.01
18.96: 0.02
17.66 0.01

15.96 0.01
20.2& 0.05

14.850.01
13.150.01
15.22 0.05
15.96 0.01
16.74 0.01
15.0& 0.01
14.620.01
15.38 0.01
15.02 0.05
16.9@ 0.01
15.84:0.01
13.92 0.01
17.0@:0.01
15.83 0.01
17.330.02
14.98 0.01
17.49:0.01
16.54 0.01
16.63 0.01
14.2%0.01
14.65 0.01
14.96: 0.05

17.56 0.02
13.62:0.01
15.2¢0.01

15.55 0.01
15.6@ 0.01
17.0%0.01
14.76:0.01
17.5@ 0.01
14.130.01
15.02 0.01

14.7@:0.01
13.250.01
15.84 0.01
15.28 0.01
17.1%#0.02
16.55 0.01

14.76¢0.01
19.0%0.08

12.53 0.03
11.53% 0.02
13.06: 0.03
13.4%0.03
13.6@ 0.03
13.190.02
12.69 0.02
13.9% 0.02
12.7% 0.02
13.95 0.02
12.66:0.04
12.1#%0.02
15.45 0.05
13.380.02
14.95 0.04
12.64 0.02
15.440.05
15.14 0.04
13.790.02
12.720.02
11.96: 0.03
12.7%0.02

13.210.03
13.190.02
11.6%0.02
13.08& 0.02

13.370.04
13.4@0.03
13.4% 0.02
13.840.03
12.7& 0.03
0.0% 0.01
12.23 0.04
12.9@¢ 0.02

14.#30.03
12.93 0.02
11.56 0.02
13.4& 0.02
13.190.02
14.54 0.03
14.84 0.04

11.890.04

13.680.02
12.290.02
16.96:0.20

11.320.03
10.65 0.02
11.9%0.03
12.190.02
11.74 0.02
12.190.02
11.33 0.02
13.350.02
11.58 0.02
12.450.02
11.1%0.05
11.3@0.02
14.8% 0.05
12.250.02
14.16:0.04
11.38 0.02
14.8% 0.06
14.53 0.05
12.340.02
11.1%#0.02
10.5%#0.03
11.56:0.03
12.24 0.02
10.9% 0.02
10.42 0.02
12.180.03
11.96 0.04
12.48 0.02
12.19:0.02
12.0% 0.02
11.720.03
0.0% 0.01
11.24 0.04
12.040.03
13.8% 0.03
11.93 0.02
10.6% 0.02
12.59 0.02
12.06: 0.02
13.18 0.03
14.2@ 0.05
10.6%0.03
12.3@ 0.02
11.130.02
15.4%0.10

10.69 0.02
10.2% 0.02
11.430.02
11.6% 0.02
10.740.02
11.640.02
10.52 0.02
13.02 0.03
11.1%0.02
11.750.02
9.99:0.03
10.99 0.02
14.5@ 0.08
11.6%0.02
13.66: 0.04
10.72 0.02
14.25 0.06
14.24 0.06
11.5%0.02
10.2% 0.02
9.7 0.03
11.1@0.02
11.6% 0.02
9.6% 0.02
9.52 0.02
11.7%0.03
11.080.03
11.99-0.02
11.76 0.02
11.120.02
11.4@:0.03
0.0% 0.01
10.88 0.03
11.390.03
13.240.02
11.3%:0.02
10.22 0.02
12.13 0.02
11.5%0.02
12.440.02
14.0% 0.05
10.04: 0.02
11.53 0.02
10.4@ 0.02
14.15 0.06

9.940.06 9.4%0.06 9.040.06
9.530.06 9.2&0.06 9.210.06

10.76:0.06
11.1%0.06
9.8% 0.06
10.74 0.06
9.5& 0.06
12.6% 0.06
10.7#0.06
10.22 0.06
9.158 0.06
10.63% 0.06
14.3@ 0.07
10.8% 0.06
12.96:0.06
9.7% 0.06
13.45 0.06
13.95 0.06
10.6% 0.06
8.82:0.06
8.7 0.06
10.66:0.06
10.73 0.06
8.2% 0.06
8.13-0.06
11.250.06
9.86 0.06
11.330.06
11.0% 0.06
9.5& 0.06
10.93 0.06
13.56: 0.06
10.6% 0.06
10.2@:0.06
12.5@ 0.07
10.32 0.06
9.42 0.06
11.55 0.06
10.95 0.06
11.290.06
13.52 0.06
9.4} 0.06
10.68& 0.06
9.4& 0.06
11.7%0.06

10.340.06
11.1%0.06
9.46 0.06
10.28& 0.06
9.1 0.06
12.66: 0.06
10.62 0.06
9.7% 0.06
8.6% 0.06
10.59 0.06
14.18 0.06
10.350.06
12.96: 0.06
9.5% 0.06
13.18 0.06
13.93 0.06
10.48 0.06
8.3% 0.06
8.2% 0.06
10.56: 0.06
10.5% 0.06
7.84:0.06
7.74:0.06
11.04 0.06
9.3@ 0.06
11.040.06
10.8% 0.06
9.0& 0.06
10.8@:0.06
13.6@ 0.06
10.4% 0.06
9.9a- 0.06
12.04 0.07
10.19:0.06
9.12 0.06
11.5% 0.06
10.73 0.06
10.83 0.06
13.4% 0.06
8.94-0.06
10.140.06
9.04- 0.06
11.1%0.06

9.8%0.08
10.98 0.16
9.0% 0.07
10.08& 0.06
8.82 0.06
12,56 0.11
10.550.12
9.34-0.06
8.1%0.06
10.54 0.06

9.9% 0.06
12.820.13
9.19 0.06
12.7@ 0.06
13.86:0.09
10.05 0.06
7.92 0.06
7.94 0.06
10.06: 0.09
10.290.10
7.4% 0.06
7.46-0.06
11.26:0.20
8.85 0.06
10.84 0.06
10.5% 0.06
8.6% 0.07
10.7%0.13
13.540.07
10.440.11
9.46 0.06

9.6% 0.09
8.6& 0.06
11.38 0.07
10.58 0.17
10.220.13
13.29:0.16
8.4% 0.06
10.1¢0.11
8.6Q- 0.07
10.42 0.06

8.06 0.06
8.49-0.06
9.120.19

8.3k 0.10
9.22:0.07
8.09 0.06

10.6% 0.08
8.6% 0.06
7.36:0.06
10.48 0.06

9.23 0.07

8.41 0.06
12.09 0.09

9.52 0.06
7.150.07
7.3%0.07
9.56: 0.26

6.16: 0.06
6.7% 0.07

8.05 0.09
10.3@ 0.10
9.76 0.07
8.14 0.06
10.52 0.11

8.8% 0.06
9.2% 0.07
7.94 0.06
11.3¢0.19
10.08: 0.06

7.66 0.09

7.66-0.09
9.3% 0.07

4.9% 0.06
4.74 0.06
6.28 0.06
5.3% 0.06

6.78& 0.06
5.84 0.06

5.5% 0.06
4.29- 0.06
6.6@- 0.06
5.41% 0.06
6.52 0.06

4.75% 0.06
5.02 0.06

2.3& 0.06
3.09: 0.06
5.1% 0.06

7.6& 0.06
5.26:0.06

6.3@- 0.06

6.9% 0.07
5.93 0.06

5.84:0.06
5.8 0.06

4.7& 0.06

4.3% 0.06
5.49- 0.06
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Table 3.5: continued.

RA DEC
(32000) (32000)

u
(mag)

q
(mag)

v
(mag)

i’
|

(mag)

’

Z
(mag)

J
(mag)

H

Ks

(mag) (mag)

[3.6]
(mag)

[4.5]
(mag)

[5.8]
(mag)

8.0]
(mag)

[24]

91
92
93
94
95
96
97
98
99

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

0546 48.73+00 21 38.3
05 46 49.09+00 28 38.3
0546 51.19+00 18 08.2
0546 51.40+00 19 47.2
0546 51.48+00 19 21.3
05 46 51.85+00 19 38.6
0546 52.41+00 20 01.7
05 46 56.54+00 20 52.9
05 46 58.03+00 14 27.8
0546 58.13+00 05 38.1
0547 01.95+00 16 56.7
0547 02.87+00 16 51.9
0547 03.97+00 11 14.4
0547 04.48+00 15 47.2
0547 04.94+00 18 31.6
0547 04.98+00 18 12.6
0547 05.06+00 18 34.8
0547 05.12+00 18 26.7
0547 05.34+00 28 46.1
05 47 06.00+00 32 08.5
0547 05.98+00 25 53.1
0547 06.17+00 20 32.5
05 47 06.96+00 00 47.7
0547 06.99+00 31 55.9
0547 07.26+00 19 32.2
05 47 08.69+00 00 14.0
0547 08.62+00 19 23.9
0547 08.71+00 16 34.7
0547 10.72+00 18 46.3
0547 10.89+00 32 06.0
0547 10.98+00 19 14.8
0547 10.98+00 21 32.2
0547 12.92+00 22 06.5
0547 13.85+000017.1
0547 16.58-00 00 56.4
0547 17.16+00 18 24.6
0547 17.28+00 38 21.4
0547 19.72+00 01 21.8
0547 19.90+00 16 13.1
0547 22.99+00 17 56.7
0547 25.05+00 31 05.0
0547 57.53+00 11 31.2

22.240.19

21.910.14
23.950.90
20.780.07
20.780.07
21.190.15
20.580.06

19.060.01

21.7%0.14
22.980.69
23.640.74
23.880.93
23.1140.23
22.380.12

17.560.01
21.880.08
19.7% 0.03
19.98 0.02

21.280.05
19.980.03

18.580.01
22.220.15
21.180.06
18.050.01
19.800.02
23.660.50
21.750.44
19.04 0.01
21.480.06

25.600.95
21.58 0.04
24.590.73
19.850.01
23.1&0.16
19.09: 0.01
18.09 0.01
19.89 0.02
18.04 0.01
23.380.23

17.9¢ 0.01

19.7% 0.01
23.050.29
21.840.07
21.28 0.04
20.33:0.01
20.1@0.01

22.660.11
15.72 0.01
20.4%0.01
17.66 0.01
17.3%0.01

18.55 0.01
17.490.01
22.870.15

16.4%0.01
19.73 0.01
19.5& 0.01
16.240.01
19.58 0.01
24.320.34
21.2@0.10
16.53 0.01
19.1%0.01

23.160.31
22.0& 0.06
19.720.01
22.1%0.14
17.750.01
20.020.02
17.160.01
15.94 0.01
18.03 0.01
15.7% 0.01
22.160.14

21.500.06
16.32 0.01

23.030.22
17.160.01

18.7% 0.01
19.350.01
18.26:0.01
17.720.01
22.340.07
19.72 0.01
14.26:0.01
18.23% 0.01
15.1%0.01
15.64 0.01
20.590.03

19.820.01
16.55 0.01
15.330.01
19.8% 0.02

22.690.19
14.6%0.01
18.09: 0.01
17.680.01
14.740.01
17.950.01
20.7@ 0.02
19.350.03
15.1& 0.01
17.340.01

19.54 0.02
19.3@ 0.01
17.48 0.01
20.4% 0.04
16.28 0.01
17.792:0.01
15.840.01
14.74 0.01
16.12 0.01
14.240.01
19.23 0.02
18.63 0.01
15.14 0.01
19.350.01
15.550.01
18.64 0.01
16.750.01
17.16¢0.01
16.6% 0.01
16.3& 0.01
19.540.01
17.5%3 0.01
13.72 0.01
16.58 0.01
15.150.01
14.580.01
18.18 0.01

17.620.01
15.24 0.01
14.29:0.01
17.88 0.01
19.8% 0.02
14.9@:0.01
16.03 0.01
16.43 0.01
14.4@-0.01
17.060.01
18.16:0.01
17.340.01
16.05 0.01
15.4% 0.01

17.5% 0.02
17.5%0.01
16.06 0.01
19.04 0.06
15.130.01
16.16 0.01
14.86:0.01
13.8&0.01
14.88 0.01
13.240.01
17.420.01
17.0%0.01
14.260.01
17.130.01
14.320.01
16.99 0.01
15.38 0.01
15.740.01
15.5% 0.01
15.1% 0.01
17.950.01
15.82 0.01
12.94 0.01
15.36:0.01
12.6%0.01
13.2¢0.01
16.52 0.01

16.0%0.01
14.32 0.01
13.16:0.01
16.5% 0.01
17.7%0.02
12.7& 0.01
14.8% 0.01
15.33 0.01
13.1%0.01
15.720.01
16.4% 0.01
15.93 0.01
14.38 0.01
14.3%0.01

14.5% 0.03
14.72 0.03
14.08& 0.03
16.3@ 0.09
13.29 0.02
13.550.02
12.66: 0.02
11.94 0.02
13.0% 0.02
11.230.02
15.02 0.04
14.45 0.03
12.46 0.02
13.69 0.02
11.840.01
14.45 0.02
12.090.01
13.46:0.04
13.720.03
11.740.03
14.55 0.04
12.96 0.02
11.350.02
12.86:0.02
10.23 0.02
11.56:0.02
13.83 0.03

14.860.04
13.43 0.03
12.56 0.02
11.0@ 0.02
14.04 0.03
14.0% 0.03
10.750.06
13.06: 0.02
13.0% 0.02
11.52 0.02
13.76:0.02
13.82 0.02
14.040.03
12.64 0.03
12.56 0.02

13.06: 0.02
13.2%0.03
13.24.0.02
14.89 0.06
12.3@ 0.03
12.280.03
11.480.02
10.92 0.02
12.1@ 0.02
10.13:0.02
14.190.04
13.330.03
11.4@ 0.02
11.720.02
10.88 0.07
13.3%#0.02
11.6%0.05
12.340.03
12.73 0.02
10.4@0.03
13.320.03
11.3%#0.02
10.5% 0.02
11.69 0.02
9.02 0.02
10.8@ 0.02
12.5% 0.02
13.4% 0.02
11.930.03
11.640.03
9.84-0.02
12.7% 0.04
11.84 0.02
9.8@ 0.05
12.320.02
11.86 0.02
10.54 0.02
13.09: 0.02
12.54 0.02
12.9% 0.02
12.1@ 0.04
11.750.03

12.240.02
12.5@ 0.03
12.84.0.03
14.1@ 0.05
11.840.02
11.560.02
10.8@ 0.02
10.56:0.02
11.640.02
9.69 0.02
13.68 0.04
12.76:0.03
10.8@ 0.02
10.63 0.02
10.45 0.05
12.92 0.02
11.08:0.03
11.940.03
12.4% 0.03
9.3% 0.02
12.720.03
10.64 0.02
10.22 0.02
10.89 0.02
8.320.02
10.52 0.03
11.86 0.02
12.76:0.03
11.26:0.02
11.190.02
9.0& 0.02
12.140.03
10.54 0.02
9.23 0.05
11.890.02
11.180.02
9.9% 0.02
12.6% 0.02
11.950.02
11.9%0.01
11.830.03
11.4%0.02

11.350.06
11.64 0.06
12.19:0.07
12.2#0.07
11.14 0.06
10.9% 0.06
9.7@: 0.06
10.3% 0.06
10.65:0.06
9.32 0.06
13.1@0.09
11.83 0.06
9.8% 0.06
9.620.06
10.06: 0.06
12.4% 0.07
10.4& 0.06
11.65 0.06
11.9% 0.06
8.1@:0.06
12.86:0.06
9.6% 0.06
9.8% 0.06
10.0@ 0.06
7.26:0.06
10.2@:0.06
10.8@ 0.06
11.9@0.06
10.4% 0.06
10.32 0.06
8.24-0.06
11.6@ 0.06
9.3 0.06
8.25:0.06
11.06: 0.06
9.96 0.06
8.74-0.06
11.5%0.06
11.1@ 0.06
11.99:0.07
11.6% 0.06
11.12 0.06

11.12 0.06
11.22 0.06
12.04 0.07
11.29:0.06
11.0e 0.06
10.750.06
9.21 0.06
10.32 0.06
10.2@ 0.06
9.16 0.06
12.95 0.09
11.5%0.06
9.6% 0.06
9.0% 0.06
9.99 0.06
12.34 0.07
10.16:0.06
11.48 0.06
12.0% 0.06
7.5&0.06
12.32 0.06
9.320.06
9.6% 0.06
9.5& 0.06
6.7% 0.06
10.25 0.06
10.52 0.06
11.5%0.06
9.8% 0.06
9.9@ 0.06
7.84-0.06
11.6% 0.06
8.7% 0.06
7.8%0.06
10.7#0.06
9.48& 0.06
8.4% 0.06
11.02 0.06
10.6% 0.06
11.96:0.07
11.74 0.06
10.96:0.06

10.74 0.06
10.83 0.06

10.36: 0.06
10.55 0.06
10.240.13
8.82 0.07
10.160.13
9.7%0.10
8.96: 0.07

9.1% 0.07
8.75 0.07
9.8 0.07

9.63 0.09

11.9%0.08
7.2&0.06
12.08 0.08
8.7% 0.07
9.24-0.07
9.1% 0.06
6.3% 0.06
10.0%0.11
10.02 0.12
11.3@0.29
9.25 0.08
9.6% 0.06
7.6%0.06
11.58 0.07
8.5% 0.06
7.64:0.06
10.440.14
9.1 0.08
8.04-0.06
10.750.18
10.160.13

11.56 0.07
10.85 0.06

10.06: 0.08
10.14 0.09

9.13 0.06
9.42 0.07
9.15 0.07
8.04 0.06
10.1@0.08
8.830.21
8.3&0.13

8.2%0.14
8.14:0.12
9.5@ 0.09

9.04:0.24

11.530.24
6.56: 0.06
11.720.25
7.8% 0.06
8.150.11
8.0 0.06
5.76:0.06
10.0% 0.06
9.5% 0.07

8.5& 0.17
9.04 0.06
6.72:0.07
11.53 0.22
7.7% 0.06
7.1%0.07
9.8% 0.06
8.7%0.19
7.45 0.06
10.1%0.06

11.520.22
10.9% 0.06

7.24 0.06
7.68& 0.06

5.74 0.06
6.6& 0.06
5.7% 0.06
4.83% 0.06

5.9% 0.06
5.24 0.06

5.3@ 0.06

3.0% 0.06

4.52 0.06
4.83 0.06
4.65 0.06
3.3& 0.06

6.62 0.06
3.35%0.06

4.76 0.06
4.46: 0.06
7.520.07
5.86: 0.08
4.68& 0.06
7.0% 0.06
6.7% 0.06
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Table 3.6: Photometric magnitudes of YSOs in L1641.

RA DEC
(J2000)  (32000)

u
(mag)

/

g
(mag)

v

(mag)

i’
I

(mag)

7

(mag)

J
(mag)

H

Ks

(mag) (mag)

[3.6]
(mag)

[4.5]
(mag)

[5.8]
(mag)

[8.0]
(mag)

[24]

Lﬂm\lmtﬂbwl\),_\a

BB DS DD DWW WWWWWWWWNNRNNNNNNNDNEREERRRR B B PP
OB WOWNRPROO®OMNOOONO®NPRP, O O©NO®JUP»WNEREO®O©®NO®UANAWNLERO

0535 14.56-06 15 12.7
05 35 14.67-06 15 07.3
0535 14.72-06 13 39.9
05 35 15.83-06 24 45.7
0535 17.80-06 24 38.4
05 35 18.26 -06 24 30.3
05 35 18.95-06 27 25.6
0535 19.34-06 24 14.5
053521.77-06 18 51.2
05 35 23.60-06 28 24.4
05 35 24.45-06 27 47.2
05 35 24.49-06 28 40.5
0535 25.11-06 47 56.6
05 35 25.70-06 23 18.9
05 35 26.59-06 15 32.8
05 35 26.80-06 15 34.4
05 35 26.83-06 26 47.6
05 35 26.96-06 27 13.0
053527.17-06 19 42.0
053527.35-06 19 31.3
05 35 28.28-06 22 29.3
0535 29.21-06 16 29.7
05 35 29.46-06 16 26.6
05 35 30.41-06 27 07.2
0535 31.05-06 45 18.1
0535 31.49-06 14 18.9
05 35 31.89-06 36 25.5
05 35 33.93-06 14 32.8
053534.17-06 22 57.8
0535 34.19-06 39 43.3
05 35 34.34-06 24 22.8
05 35 38.59-06 23 43.1
05 35 40.83-06 18 06.7
0535 41.02-06 22 45.4
05 3541.65-06 25 19.2
05 35 42.09-06 16 20.8
05 35 42.84-06 21 44.6
053542.76-06 34 51.9
05 35 43.37-06 22 19.6
053544.18-06 28 16.4
05 35 44.27-06 26 39.5
0535 47.65-06 21 36.1
05 3548.28-06 17 59.4
05 35 48.39-06 17 36.2
05 35 50.19-06 50 40.2

21.820.22

21.890.24
21.480.14
17.850.01
22.640.72
20.040.06
19.020.03
21.120.19
19.180.04
22.2%0.45
21.240.22
15.140.01
20.180.08
20.880.14
20.680.13
18.180.01
22.480.55
18.16 0.02
21.840.37

22.660.74
21.6¥0.30

16.36 0.01
20.160.13
21.740.34
20.060.13
20.190.09
19.980.11

20.620.13
20.26 0.09
17.240.01
22.660.72
22.420.59
19.84 0.07
16.350.01
20.860.16
20.540.12

17.480.01
20.08 0.04
20.780.08
18.82 0.03

18.89:0.01
22.040.09
20.14-0.02
19.190.01
15.7& 0.01
19.95 0.02
18.59 0.01
17.1&0.01
19.05 0.01
16.66 0.01
19.8@ 0.02
19.0% 0.01
14.65 0.01
17.59 0.01
18.25 0.01
18.3@ 0.01
15.58 0.01
19.86:0.02
16.03 0.01
20.8%0.04
21.820.08
19.2#0.01
18.5@ 0.01

15.6% 0.01
17.8%0.01
20.36:0.03
18.53 0.01
17.6%0.01
17.53 0.01
20.790.04
18.42 0.01
17.7%0.01
15.54 0.01
22.590.17
21.64 0.07
17.320.01
15.66: 0.01
18.8% 0.01
20.120.03
21.620.06
17.340.01
17.560.01
18.22 0.01
17.4@0.01

16.78 0.01
19.86:0.02
18.290.01
17.7& 0.01
14.38 0.01
18.5% 0.01
17.2@ 0.01
15.79:0.01
17.6%0.01
15.28 0.01
18.28 0.01
17.66 0.01
14.1%0.01
16.16:0.01
16.86: 0.01
16.8% 0.01
14.29:0.01
18.46:0.01
14.5%0.01
19.130.01
20.3%3 0.03
17.3%0.01
16.490.01

14.6@ 0.01
16.35% 0.01
18.7& 0.01
17.020.01
16.24:0.01
16.04:0.01
19.33 0.01
17.0%0.01
16.32 0.01
14.08 0.01
21.14 0.06
20.1%0.02
15.88 0.01
14.6%0.01
17.1&0.01
18.74 0.01
20.13 0.02
16.34:0.01
16.09: 0.01
16.8@ 0.01
15.89:0.01

15.420.01
17.650.01
16.03 0.01
15.99 0.01
15.250.01
16.5% 0.01
15.64 0.01
15.05 0.01
15.99 0.01
17.490.01
16.78 0.01
15.7%0.01
13.7%:0.01
14.93 0.01
15.430.01
15.4%0.01
13.74 0.01
16.78 0.01
13.98 0.01
18.14 0.01
18.230.01
15.28 0.01
15.04 0.01

14.14 0.01
15.140.01
17.160.01
15.42 0.01
15.120.01
15.16:0.01
17.5%0.01
15.62 0.01
15.180.01
16.8@ 0.01
18.6% 0.01
18.160.01
14.86:0.01
14.320.01
15.4%0.01
17.040.01
17.8%0.01
15.35 0.01
14.94 0.01
15.320.01
15.25 0.01

14.480.01
16.08& 0.01
14.76:0.01
15.02 0.01
12.940.01
15.3%0.01
14.730.01
14.1#0.01
15.08& 0.01
13.0&:0.01
15.98 0.01
14.8@ 0.01
12.940.01
14.18& 0.01
14.66:0.01
14.62 0.01
13.29:0.01
15.86:0.01
12.86:0.01
17.3%0.01
17.02 0.01
14.05 0.01
14.130.01

13.04 0.01
14.490.01
15.960.01
14.42 0.01
14.5% 0.01
14.230.01
16.42 0.01
14.850.01
14.550.01
12.52 0.01
17.1&0.01
16.9% 0.01
14.24 0.01
13.620.01
14.3%:0.01
15.8%40.01
16.5%4 0.01
14.26:0.01
14.240.01
14.5@ 0.01
14.5 0.01

12.49:0.04
13.58 0.04
12.6% 0.03
13.42 0.02
11.3%0.02
13.69 0.03
13.140.03
12.82 0.02
13.52 0.03
11.490.03
14.52 0.03
13.23 0.03
11.3%#0.03
12.730.03
13.1%0.03
13.19 0.07
12.0% 0.02
14.33 0.03
11.29 0.02
15.9% 0.08
15.3@ 0.05
12.09 0.06
12.38 0.02

15.320.04
11.550.02
13.04 0.02
14.1% 0.02
12.750.02
13.1%0.02
12.8@ 0.02
14.82 0.04
13.4%0.03
13.16:0.02
10.9% 0.02
15.330.01
15.12 0.05
12.98 0.02
12.3%0.02
12.1@0.02
14.12 0.03
14.76 0.04
12.58 0.02
12.86:0.02
13.0% 0.02
13.0% 0.02

11.38 0.04
12.43 0.04
11.850.03
12.840.03
10.52 0.03
13.1%0.03
12.3%0.03
12.1%0.03
12.8%0.03
10.760.03
13.9% 0.05
12.52 0.03
10.4%0.03
12.0%0.03
12.440.08
12.5% 0.04
11.360.03
13.7%0.03
10.48:0.03
14.76 0.07
14.7% 0.06
11.28 0.07
11.420.03
14.84 0.08
10.85:0.03
12.39:0.03
13.18:0.03
12.1%0.03
12.4%0.03
12.0& 0.04
14.24 0.05
12.750.03
12.46:0.03
10.0%#0.03
14.85 0.09
14.52 0.08
12.250.03
11.5& 0.03
11.2%0.03
13.6% 0.04
14.23 0.05
11.9%0.03
12.16:0.03
12.350.03
11.820.03

10.86:0.03
11.79:0.02
11.49-0.02
12.55 0.02
10.22 0.02
12.8@ 0.03
11.8%0.02
11.9%0.02
12.53 0.02
10.56 0.02
13.72 0.04
12.28 0.02
9.9% 0.02
11.820.02
12.22 0.06
12.2%:0.03
11.1&0.02
13.56 0.03
10.140.02
13.940.04
14.4% 0.06
10.86:0.05
10.95 0.02
14.58 0.08
10.5% 0.02
12.2% 0.02
12.48 0.02
11.8%0.02
12.230.02
11.73 0.02
13.9@:0.05
12.4%0.02
12.2% 0.02
9.7G:0.02
14.6@0.10
14.15 0.05
11.96 0.02
11.160.02
10.6% 0.02
13.150.03
13.83 0.04
11.3%:0.02
11.96 0.02
12.1%0.02
10.86:0.02

10.02 0.06
10.93 0.06
11.0% 0.06
12.2@ 0.06
9.2} 0.06
12.36 0.06
11.190.06
11.73 0.06
12.02 0.06
10.3% 0.06
13.3% 0.06
12.0% 0.06
9.5} 0.06
11.650.06
11.83 0.06
12.0% 0.06
11.0@:0.06
13.03 0.06
9.65 0.06
12.6%0.06
14.02 0.06
10.52 0.06
10.35 0.06
13.95 0.06
9.94- 0.06
11.93 0.06
11.54 0.06
11.250.06
12.1@0.06
11.0& 0.06
13.4% 0.06
12.120.06
11.98 0.06
9.0% 0.06
13.98 0.06
13.48 0.06
11.490.06
10.46: 0.06
10.0@:0.06
12.5% 0.06
13.36:0.06
10.5% 0.06
11.7@ 0.06
11.86:0.06

9.3%0.06 9.320.06 8.4%0.06 4.8& 0.06

10.36:0.06
10.92 0.06
12.0% 0.06
8.5% 0.06
12.23 0.06
10.89 0.06
11.65 0.06
11.760.06
10.0% 0.06
13.3@ 0.06
11.9@ 0.06
8.9% 0.06
11.62 0.06
11.96: 0.06
12.05 0.06
10.95 0.06
13.03 0.06
9.3% 0.06
11.9% 0.06
13.85 0.06
10.36: 0.06
9.96 0.06
13.7& 0.06
9.6% 0.06
11.750.06
10.99: 0.06
10.9% 0.06
12.06:0.06
10.8@ 0.06
13.28 0.06
12.1%40.06
11.9@0.06
8.6% 0.06
13.94 0.06
13.240.06
11.150.06
9.9& 0.06
9.5% 0.06
12.040.06
13.25 0.06
10.140.06
11.6@ 0.06
11.7% 0.06

9.96- 0.06
10.8% 0.06
12.05 0.07
7.95 0.06
12.1%#0.07
10.46 0.06
11.63 0.06
11.59 0.06
10.25 0.06
13.3@0.12
11.8%0.07
8.56 0.06
11.460.06
11.850.07
11.9%0.07
10.9% 0.06
12.96:0.09
9.0& 0.06
11.36:0.06
13.9¢ 0.18
10.32 0.06
9.66 0.06

9.24 0.06
11.86:0.07
10.66: 0.06
10.4@ 0.06
11.96 0.07
10.44 0.06
13.3@ 0.12
11.94 0.06
11.86:0.06
8.4% 0.06

13.020.10
11.06 0.06
9.5% 0.06
9.28 0.06
11.66 0.07
13.240.11
9.7& 0.06
11.4% 0.06
11.6% 0.06

9.03 0.06
10.8@ 0.08
11.920.17
7.0%0.06
12.020.22
9.7% 0.06
11.550.13
11.06:0.11
10.22 0.07

11.8&0.16
7.76: 0.06
11.420.13
11.860.17
11.950.17
10.95 0.09

8.56- 0.06
10.62 0.08

10.39 0.07
9.49 0.06

8.34 0.06
11.820.15
10.04 0.08
9.7% 0.06
11.930.17
9.94 0.08
12.550.28
11.840.16
12.030.15
8.0&: 0.06

12.580.27
10.18& 0.06
8.96: 0.06
8.8@:0.06
10.84:0.08

9.18& 0.06
11.620.11
11.680.11

4.94 0.06

6.5& 0.06

5.06: 0.06

5.96- 0.06
7.82-0.06
6.8% 0.06
5.2% 0.06

7.130.06
7.0% 0.06

7.4% 0.06

4.74 0.06

7.74-0.06
6.4% 0.06
6.06: 0.06
8.13 0.06

6.29- 0.06

9.520.06 9.040.06 8.3%0.06 7.76:0.06 4.830.06
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Table 3.6: continued.

RA DEC
(32000) (32000)

u
(mag)

q
(mag)

v
(mag)

i’
|

(mag)

’

Z
(mag)

J
(mag)

H

Ks

(mag) (mag)

[3.6]
(mag)

[4.5]
(mag)

[5.8]
(mag)

8.0]
(mag)

[24]

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

05 3557.30-06 40 28.1
053557.31-06 15 37.7
053557.45-06 42 41.9
05 3557.45-06 16 35.0
053557.85-06 23 44.4
05 3558.10-06 14 50.9
05 35 58.25-06 36 43.1
05 35 58.26-06 14 04.6
05 3559.75-06 16 06.4
05 35 59.84-06 42 30.5
0536 00.18-06 42 33.9
05 36 01.09-06 25 07.7
0536 01.10-06 15 31.4
05 36 01.66-06 42 36.2
05 36 05.00-06 42 44.0
05 36 04.98-06 46 41.4
05 36 05.08-06 29 32.2
05 36 05.16-06 25 25.4
05 36 06.59-06 31 43.0
05 36 06.65-06 32 17.2
05 36 06.66-06 14 25.9
05 36 06.93-06 18 53.4
05 36 08.29-06 48 36.3
05 36 08.34-06 24 37.9
05 36 08.57-06 40 33.6
0536 09.35-06 17 10.8
05 36 09.49-06 18 36.3
05 36 09.52-06 24 33.7
0536 10.19-06 18 54.8
05 36 10.44-06 20 01.5
053611.12-06 18 14.1
0536 11.31-06 16 56.0
0536 11.46-06 22 22.1
0536 11.67-06 24 58.4
0536 12.61-06 23 39.6
0536 12.97-06 23 33.0
0536 12.97-06 23 33.0
0536 13.15-06 25 41.1
0536 13.45-06 43 55.1
0536 14.76-06 13 16.9
0536 15.07-06 17 36.9
05 36 15.60-06 27 20.0
05 36 15.84-06 14 50.7
0536 17.11-06 28 20.2
0536 17.23-06 17 24.5

18.38 0.02
17.460.01
16.520.01
19.280.03
19.380.03
21.580.19
18.04 0.02
22.610.41
15.990.01
18.24 0.02
17.540.01
20.180.04
16.650.01
21.480.23
20.580.11
17.560.01
17.360.01
18.68 0.01
20.780.08
19.88 0.04
18.020.01
19.44 0.02
19.180.02
21.280.10
22.180.37
19.56 0.02
18.4¥ 0.01
21.120.09
23.420.67
17.040.01
22.740.36
21.680.14

21.150.10
21.790.20
21.790.20
20.280.04
21.680.42
17.840.01
16.450.01
21.060.08
19.280.02

20.440.05

17.4%0.01
16.740.01
14.99 0.01
16.26:0.01
18.6% 0.01
18.95 0.01
16.33 0.01
20.7& 0.04
14.74 0.01
18.69: 0.01
15.5%40.01
18.0% 0.01
15.9%0.01
19.98& 0.02
18.56: 0.01
15.130.01
15.6% 0.01
16.2% 0.01
18.3@ 0.01
17.7&0.01
16.06: 0.01
16.99 0.01
17.280.01
19.330.01
21.340.06
16.85 0.01
15.93 0.01
20.3%:0.02
20.52 0.02
14.82 0.01
21.2%0.04
20.38& 0.02
21.260.04
20.760.02
19.33 0.01
18.740.01
18.740.01
17.740.01
22.430.38
16.73:0.01
14.8& 0.01
18.62 0.01
17.550.01
23.080.17
18.160.01

16.05 0.01
15.7% 0.01
14.94 0.01
14.86:0.01
17.440.01
1753 0.01
14.8%0.01
19.72 0.02
14.86:0.01
17.440.01
13.7#0.01
16.62 0.01
14.8% 0.01
18.43 0.01
17.090.01
13.72 0.01
14.4% 0.01
14.86:0.01
16.92 0.01
16.16:0.01
14.65 0.01
15.58 0.01
15.7#0.01
17.830.01
19.9@ 0.02
15.34.0.01
14.5% 0.01
18.99:-0.01
18.26:0.01
13.9% 0.01
19.740.01
18.94 0.01
18.48 0.01
19.32 0.01
17.590.01
16.45 0.01
16.45 0.01
16.340.01
21.5%0.16
15.440.01
14.08 0.01
17.230.01
16.09 0.01
20.94 0.04
16.63 0.01

15.02 0.01
14.8% 0.01
12.240.01
13.62 0.01
15.8%0.01
15.720.01
14.330.01
18.42 0.01
15.5%0.01
16.03 0.01
15.18 0.01
15.250.01
14.2% 0.01
16.440.01
15.23 0.01
13.140.01
13.440.01
13.98 0.01
15.5%0.01
15.2@:0.01
15.88 0.01
16.2% 0.01
14.65 0.01
15.750.01
17.6%0.01
14.350.01
13.7&0.01
17.330.01
17.050.01
13.350.01
17.6% 0.01
16.95 0.01
16.7% 0.01
17.4%0.01
15.840.01
14.92 0.01
14.92 0.01
15.180.01
20.3% 0.07
14.5% 0.01
14.8% 0.01
15.86:0.01
15.040.01
18.86 0.01
14.8%:0.01

14.2#0.01
14.130.01
12.6%0.01
12.950.01
15.09 0.01
14.790.01
13.540.01
17.450.01
12.36 0.01
15.16:0.01
13.040.01
14.48 0.01
13.66 0.01
15.22 0.01
14.08& 0.01
12.480.01
13.4%0.01
13.3%:0.01
14.7& 0.01
14.04 0.01
13.2%0.01
13.02 0.01
13.7%0.01
14.5@ 0.01
16.1& 0.01
13.5& 0.01
13.1%0.01
16.2#0.01
16.1& 0.01
13.060.01
16.4@0.01
15.750.01
15.340.01
16.3% 0.01
14.740.01
13.830.01
13.83 0.01
14.52 0.01
19.68& 0.11
13.9% 0.01
12.66:0.01
15.08 0.01
14.3& 0.01
17.550.01
13.820.01

12.86:0.02
12.62 0.02
10.96:0.03
11.62 0.02
12.84 0.03
13.290.02
11.7%0.03
14.98 0.04
0.0%0.01
13.44 0.05
10.94 0.03
12.98 0.02
12.1& 0.02
13.350.03
12.3% 0.02
11.0% 0.02
12.3%0.02
11.82 0.02
13.320.03
12.130.02
11.53 0.04
11.5@ 0.02
12.0& 0.02
12.76:0.02
14.43 0.03
12.03 0.02
11.750.02
14.64 0.03
14.3@ 0.03
11.66 0.02
14.64 0.04
13.99 0.02
12.69 0.04
14.750.03
12.74 0.03
11.48&0.03
11.480.03
13.1% 0.02
17.2@ 0.22
12.4%0.02
11.19 0.02
13.65 0.02
13.0% 0.02
15.5% 0.05
12.220.02

12.140.03
11.9@ 0.03
10.14:0.03
11.06:0.03
12.3@ 0.04
12.690.03
10.85 0.03
13.6& 0.05
0.0%0.01
12.74 0.06
10.050.03
12.2%#0.03
11.440.03
12.730.03
11.650.03
10.340.03
11.2#0.03
11.09:0.03
12.690.03
10.66:0.03
10.72 0.05
10.8% 0.03
11.130.03
12.08 0.03
13.84 0.04
11.3%0.03
11.040.03
14.0& 0.05
13.290.03
11.0#0.03
14.06:0.05
13.4%0.03
11.24 0.04
14.040.04
11.86:0.04
10.4% 0.05
10.4%0.05
12.4%0.03
16.250.22
11.740.03
10.42 0.03
13.0@:0.03
12.290.03
14.68 0.06
11.6@0.03

11.8% 0.02
11.450.02
9.65:0.02
10.82 0.02
12.0%0.03
12.4%20.02
10.38 0.02
12.9% 0.02
0.0% 0.01
12.24 0.05
9.4& 0.02
12.1@0.02
11.050.02
12.33 0.02
11.3@ 0.02
10.12 0.02
10.49:0.02
10.9% 0.02
12.4%0.02
9.6& 0.01
10.160.03
10.53 0.02
10.6% 0.02
11.740.02
13.53 0.03
11.120.02
10.9% 0.02
13.740.03
12.96:0.02
10.9% 0.02
13.79:0.04
13.1%0.03
10.4% 0.03
13.8% 0.04
11.36:0.03
10.04 0.04
10.04: 0.04
12.230.02
15.8%0.23
11.5@0.02
9.99 0.02
12.8@:0.04
12.0& 0.02
14.2% 0.05
11.320.02

11.330.06
10.6% 0.06
8.3& 0.06
10.53 0.06
11.4@ 0.06
12.0% 0.06
9.7% 0.06
11.340.06
8.6@: 0.06
11.290.06
8.5% 0.06
11.740.06
10.36 0.06
11.6@ 0.06
10.65:0.06
9.7& 0.06
9.0% 0.06
10.5% 0.06
12.14 0.06
8.4@:-0.06
8.7% 0.06
10.23 0.06
9.2%:0.06
11.140.06
13.03 0.06
10.9% 0.06
10.74 0.06
13.16:0.06
12.6% 0.06
10.7% 0.06
13.23 0.06
12.46:0.06
9.76& 0.06
13.26:0.06
10.7@ 0.06
9.6% 0.06
9.6% 0.06
12.05 0.06
15.4% 0.09
10.99:0.06
9.3% 0.06
12.490.06
11.8% 0.06
13.58 0.06
10.85:0.06

10.88& 0.06
10.32 0.06
7.7@:0.06
10.42 0.06
11.05 0.06
11.93 0.06
9.3% 0.06
10.750.06
8.28 0.06
10.55% 0.06
8.26-0.06
11.420.06
10.05 0.06
11.420.06
10.29: 0.06
9.7} 0.06
8.5& 0.06
10.5% 0.06
11.93 0.06
7.980.06
8.2% 0.06
10.14 0.06
8.64-0.06
10.9@ 0.06
12.86:0.06
10.6% 0.06
10.6% 0.06
12.840.06
12.62 0.06
10.73 0.06
13.2% 0.06
12.1#0.06
9.12 0.06
13.0%0.06
10.29 0.06
9.6% 0.06
9.5% 0.06
11.94 0.06
15.0% 0.07
10.7% 0.06
9.0& 0.06
12.46:0.06
11.820.06
13.2& 0.06
10.66:0.06

10.45 0.06
10.0% 0.06
7.2%0.06
10.38 0.06
10.66 0.06
11.9@0.06
8.99 0.06
10.34 0.06
7.95 0.06
10.29: 0.06
7.78&0.06
11.28 0.06
9.6% 0.06
11.04 0.06
10.06: 0.06
9.5} 0.06
8.120.06
10.35 0.06
11.6% 0.07
7.620.06
7.9% 0.06
10.1% 0.06
7.95 0.06
10.6% 0.06
12.86:0.13
10.79 0.06
10.5% 0.06
12.58 0.08
12.48 0.07
10.62 0.06
13.08 0.09
11.96 0.06
8.8@ 0.06
12.83 0.08
10.09: 0.06
9.4 0.06
9.35 0.06
11.94 0.06

10.2% 0.06
8.82 0.06
12.350.07
11.54 0.06
12.93% 0.09
10.3% 0.06

9.66 0.07
9.4% 0.06
6.38& 0.06
10.36:0.07
9.9@- 0.06
11.8%0.15
8.45 0.06
9.66: 0.06
7.42:0.06
9.58 0.07
7.3% 0.06
10.750.07
8.8% 0.06
10.58:0.10
9.5@ 0.07
9.02 0.06
7.74:0.06
10.490.07
10.740.09
7.08: 0.06
7.4% 0.06
10.14 0.06
7.1%0.06
10.22 0.07

10.790.07
10.54 0.07
12.0&:0.14
12.290.18
10.7@ 0.07

11.380.10
8.16- 0.06
11.8%0.12
9.5@ 0.06
9.54 0.10
8.9% 0.06
11.950.14

9.56: 0.06
7.840.06
12.4@-0.19
10.68& 0.07
12.350.18
9.7% 0.06

7.260.06
6.95 0.06
4.08& 0.06

7.45% 0.06

5.24 0.06
5.86: 0.06
5.32:0.06

4.8% 0.06
8.4& 0.06
6.3% 0.06

6.88 0.06
6.7% 0.06
5.340.06

7.5% 0.06
4.73 0.06

4.7} 0.06

4.02: 0.06
8.0& 0.06

8.42 0.06
5.74:0.06
7.3%0.06
6.72 0.06
5.1 0.06
7.3%0.06
5.0% 0.06

6.72- 0.06

6.46: 0.06
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Table 3.6: continued.

ID

RA DEC
(J2000)  (32000)

u
(mag)

/

g
(mag)

v

(mag)

i’
I

(mag)

7

(mag)

J
(mag)

H

Ks

(mag) (mag)

[3.6]
(mag)

[4.5]
(mag)

[5.8]
(mag)

[8.0]
(mag)

[24]

91

92

93

94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

05 36 18.48-06 20 38.7
05 36 18.88-06 22 04.2
05 36 19.09-06 22 50.6
0536 19.38-06 25 51.3
053621.10-06 17 17.3
0536 21.16-06 26 56.9
0536 21.57-06 22 52.4
05 36 21.84-06 26 02.0
05 36 21.88-06 23 29.9
05 36 21.96-06 41 42.0
05 36 22.47-06 23 44.8
05 36 23.26-06 19 37.5
05 36 24.48-06 22 23.2
05 36 24.54-06 52 34.2
0536 25.13-06 44 41.9
05 36 25.28-06 23 07.2
05 36 25.41-06 24 31.2
05 36 25.55-06 51 28.3
05 36 26.08-06 26 15.5
05 36 26.71-06 26 29.0
05 36 26.83-06 24 57.5
05 36 27.01-06 21 07.6
0536 27.72-06 23 12.3
05 36 27.89-06 25 36.0
05 36 28.10-06 44 32.6
05 36 29.06-06 38 40.7
05 36 29.59-06 38 50.4
05 36 30.10-06 23 10.2
05 36 30.23-06 42 46.1
05 36 30.50-06 23 56.6
05 36 30.52-06 42 03.2
05 36 30.96-06 52 41.0
05 36 31.84-06 23 23.1
0536 32.38-06 19 19.9
05 36 32.42-06 40 43.0
05 36 32.82-06 39 54.9
05 36 32.89-06 44 20.9
05 36 33.81-06 19 27.0
05 36 35.23-06 50 12.2
05 36 35.76-06 42 49.9
05 36 36.93-06 33 24.2
05 36 40.69-06 30 09.3
05 36 40.69-06 52 04.5
0536 40.94-06 41 17.8
05 36 41.35-06 34 00.4

17.950.01
20.740.07
23.460.76
20.290.04
20.7#0.06
21.860.17

19.480.03

20.640.08
23.280.87
21.280.10
21.960.20
20.790.09
23.380.88
23.540.82
22.490.30
21.850.29
23.4%0.96
18.6¥ 0.01
21.280.10
22.760.37
20.210.04
19.840.03
20.060.05
20.180.07
21.380.19
18.720.01

21.350.12

22.8%0.45
16.790.01
20.660.08
18.880.02
22.940.63
21.780.15

17.5¢0.01
17.8#0.01
19.380.03
22.660.49
19.880.09

16.36:0.01
18.43 0.01
21.59 0.05
19.5% 0.01
18.440.01
20.02:0.01
24.50.82
18.040.01

18.6& 0.01
22.6%0.19
19.86: 0.01
20.940.03
19.350.01
19.58 0.01
21.2@0.03
20.48& 0.02
19.38 0.01
22.450.14
15.8& 0.01
18.98 0.01
20.16:0.02
18.26:0.01
18.0# 0.01
18.140.01
19.4%0.01
19.2#0.01
17.150.01

20.8% 0.02
21.450.05

21.050.03
14.8%0.01
19.0% 0.01
16.09 0.01
21.63 0.06
19.3@ 0.01
20.900.03
21.080.04
16.64 0.01
15.58 0.01
16.9% 0.01
19.7#0.01
17.450.01

15.03:0.01
16.96:0.01
20.15 0.02
17.98 0.01
17.0&:0.01
18.66: 0.01
22.0&0.12
16.88 0.01
22.300.14
17.2#0.01
19.59 0.02
18.63 0.01
18.68 0.01
17.9@0.01
16.9% 0.01
19.6% 0.01
18.98 0.01
17.840.01
20.65: 0.04
14.120.01
17.53 0.01
18.6& 0.01
16.72 0.01
16.7@ 0.01
16.48 0.01
18.35 0.01
17.86 0.01
15.55 0.01
20.170.02
19.56: 0.01
20.06:0.02

19.580.01
13.160.01
17.6@ 0.01
14.720.01
18.8% 0.01
17.8% 0.01
19.440.01
18.66: 0.01
15.33 0.01
14.3%0.01
15.56 0.01
17.98 0.01
15.73 0.01

14.2%0.01
15.740.01
17.92 0.01
16.140.01
15.360.01
16.93 0.01
19.76:0.02
15.9%40.01
18.99 0.01
15.56 0.01
17.96 0.01
17.840.01
16.53 0.01
16.190.01
15.440.01
17.66 0.01
16.9@: 0.01
16.130.01
18.09 0.01
15.04 0.01
15.7& 0.01
17.52 0.01
14.86:0.01
15.26:0.01
15.2%:0.01
16.96 0.01
16.2%0.01
14.68 0.01
17.940.01
17.840.01
17.9%0.01

17.66:0.01
14.54 0.01
15.94 0.01
14.840.01
17.1%0.01
16.0% 0.01
17.28 0.01
16.86:0.01
14.73 0.01
13.7& 0.01
14.490.01
16.02 0.01
14.5%0.01

13.640.01
15.08 0.01
16.65 0.01
14.86 0.01
14.340.01
15.9%0.01
17.850.02
15.06:0.01
16.790.01
14.5%0.01
16.4% 0.01
16.2#0.01
15.08 0.01
15.1%0.01
14.140.01
16.46: 0.01
15.7@0.01
15.140.01
16.36: 0.01
12,59 0.01
14.7%0.01
16.8% 0.01
13.730.01
14.430.01
14.49:0.01
15.83 0.01
15.24 0.01
14.02 0.01
16.32 0.01
16.72 0.01
16.82 0.01

16.52 0.01
12.8%0.01
15.0@ 0.01
13.73 0.01
15.7@¢ 0.01
15.06: 0.01
16.0%0.01
15.65 0.01
13.88 0.01
13.120.01
13.830.01
14.8%0.01
13.9@:0.01

12.26:0.02
0.0%0.01
14.9@-0.03
13.16 0.02
12.7%0.02
14.6% 0.04
14.45 0.03
12.2%0.02
13.440.03
12.8% 0.03
13.9% 0.02
13.2% 0.02
12.750.02
13.5@ 0.02
11.36:0.03
14.73 0.03
13.98 0.03
13.540.03
14.22 0.02
11.040.03
13.16:0.03
15.55 0.06
11.96 0.03
12.93 0.03
12.830.03
14.2%0.03
13.790.03
12.1%#0.03
13.420.03
15.0% 0.04
15.15 0.04

16.49.11
14.94 0.04
10.8% 0.03
13.3%#0.03
12.53% 0.03
13.02 0.03
13.44 0.02
14.3@ 0.03
13.58 0.03
11.7#0.03
11.98 0.03
12.34 0.03
13.0% 0.02
11.0& 0.03

11.430.03
0.0%0.01
14.28 0.05
12.36 0.03
12.180.03
13.9% 0.05
12.280.03
11.13 0.04
11.58 0.03
12.220.03
12.46:0.03
12.5%0.03
11.520.03
12.850.03
9.4% 0.03
14.15 0.05
13.320.03
12.99 0.04
13.480.03
10.2%0.03
12.58 0.03
15.02 0.09
11.2%0.03
12.3%0.03
11.9%0.03
13.48 0.03
13.0#0.03
11.040.03
11.940.03
14.48 0.05
14.49-0.05
15.56:0.10
14.3@ 0.04
10.26:0.03
12.6%0.03
11.8%0.03
11.52 0.03
12.840.03
13.720.03
12.44 0.03
10.62 0.03
11.280.03
11.6%0.03
12.1%0.03
10.15 0.04

11.160.02
0.0% 0.01
13.95 0.04
11.8@0.01
11.940.02
13.52 0.04
10.9% 0.02
10.26:0.03
10.45 0.02
11.9@ 0.02
11.58 0.02
12.36:0.02
11.0%0.02
12.5% 0.02
8.21 0.02
13.95 0.05
13.02 0.02
12.69 0.03
13.0@:0.03
10.0€ 0.02
12.28 0.02
14.56:0.07
10.7% 0.02
12.040.02
11.68 0.02
12.96:0.03
12.86:0.03
10.32 0.02
11.26:0.02
14.18 0.05
14.2@0.05
15.06:0.10
13.850.05
9.94-0.02
12.4@ 0.02
11.6@0.02
10.68 0.02
12.5%0.02
13.4%0.03
11.940.02
9.66: 0.02
10.94: 0.02
11.460.02
11.8%0.02

10.25 0.06

13.5% 0.06
10.8@ 0.06
11.53 0.06
12.9% 0.06
9.22 0.06
9.0@:0.06
9.02- 0.06
11.46 0.06
10.5% 0.06
12.23 0.06
10.54 0.06
12.0@:0.06
6.55 0.06
13.54 0.06
12.62 0.06
12.350.06
12.45 0.06
9.8% 0.06
11.9@ 0.06
14.4% 0.06
10.25 0.06
11.7% 0.06
10.8% 0.06
11.93 0.06
12.53 0.06
9.3@:0.06
10.2% 0.06
13.56: 0.06
13.82:0.06
14.160.06
13.38 0.06
9.22:0.06
11.62 0.06
11.5%0.06
9.66 0.06
12.2% 0.06
12.88 0.06
11.3%0.06
8.25 0.06
10.5% 0.06
11.3%0.06
11.350.06

9.9& 0.06 9.66:0.06 9.0% 0.06

13.240.06
10.43 0.06
11.36 0.06
12.55% 0.06
8.5& 0.06
8.5% 0.06
8.1% 0.06
11.1%0.06
10.05 0.06
12.08& 0.06
10.3@ 0.06
11.6% 0.06
5.84 0.06
13.32 0.06
12.490.06
12.19:0.06
12.23 0.06
9.66 0.06
11.93 0.06
14.32 0.06
9.98& 0.06
11.6%0.06
10.59 0.06
11.460.06
12.43 0.06
8.84-0.06
9.9¢: 0.06
13.49:0.06
13.68& 0.06
13.340.06
13.1% 0.06
9.12-0.06
11.34 0.06
11.6@ 0.06
9.12 0.06
12.1& 0.06
12.8% 0.06
11.0% 0.06
7.7%0.06
10.1%0.06
11.2% 0.06
11.0%0.06

12.9% 0.08
10.0% 0.06
11.4%0.06
12.0% 0.07
7.98 0.06
7.8%0.06
7.25:0.06
10.79: 0.06
9.75 0.06
12.04 0.06
10.13 0.06
11.3& 0.06
5.16 0.06

12.4%0.08
12.1%0.07
12.22 0.07
9.66 0.06
11.76 0.06
14.130.15
9.5% 0.06
11.5% 0.06
10.43 0.06
11.16:0.06
12.3%0.10
8.4%0.06
9.36 0.06
13.2@ 0.09

12.440.08
12.720.09
8.9¢: 0.06
10.9% 0.06
11.53 0.06
8.8% 0.06
12.0# 0.07
12.780.14
10.46:0.06
7.3& 0.06
9.9% 0.06
11.08 0.06
10.59 0.06

9.2% 0.06
11.3@0.09
11.73 0.22
7.3% 0.06
7.3%0.06
6.29- 0.06
10.22 0.08
9.28& 0.06
11.990.14
9.8% 0.06
10.8% 0.09
4.28 0.06

12.5@ 0.21
12.06:0.19
12.280.18
9.6& 0.06
11.920.26

8.8&: 0.06
10.950.13
9.99 0.07
10.730.11

7.8@:0.06
8.6% 0.06
12.63 0.23

11.280.11
12.020.14
8.4& 0.06
10.240.07
11.720.23
7.96 0.06
12.120.16

9.8@ 0.06
6.8% 0.06
9.3& 0.07
11.140.10
9.94 0.07

6.5} 0.06
6.36& 0.06

4.13 0.06
5.32 0.06
3.18& 0.06

8.15 0.06
0.55: 0.06

6.3@ 0.06
6.73 0.06

4.26:0.06
5.49: 0.06
7.3% 0.06

5.75% 0.06
7.63 0.06

4.6@: 0.06
7.16: 0.06
4.8% 0.06

6.82- 0.06

6.16: 0.06

9.520.03 8.48&0.06 7.850.06 7.040.06 6.230.06 2.290.06
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Table 3.6: continued.

ID

RA DEC
(32000) (32000)

u
(mag)

q
(mag)

v
(mag)

i’
|

(mag)

’

Z
(mag)

J
(mag)

H

Ks

(mag) (mag)

[3.6]
(mag)

[4.5]
(mag)

[5.8]
(mag)

8.0]
(mag)

[24]

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

05 36 41.98-06 20 45.4
05 36 43.77-06 15 28.6
05 36 45.21-06 28 09.6
05 36 45.79-06 48 16.0
05 36 46.62-06 39 50.0
05 36 50.14-06 41 29.2
05 36 50.23-06 48 58.2
05 36 54.41-06 51 05.5
05 37 49.54-06 56 27.4
0537 51.72-06 56 51.9
05 37 53.28-07 02 27.2
0537 54.48-06 57 31.1
05 37 54.51-06 56 45.5
05 37 55.15-06 57 40.7
05 37 55.22-06 57 35.8
05 37 55.65-06 57 18.1
05 37 55.74-06 58 37.9
05 37 55.99-06 52 33.7
0538 00.67-07 01 14.3
05 38 04.84-07 02 21.6
05 38 10.50-06 57 07.1
05 38 13.45-07 06 43.3
05 38 19.52-06 55 29.7
05 38 21.22-07 01 20.3
05 38 34.06-07 04 36.8
05 38 40.22-06 56 53.3
05 38 40.59-07 02 23.8
05 38 41.48-07 01 52.6
05 38 41.56-06 52 51.0
05 38 43.22-06 58 08.9
05 38 43.84-06 58 22.3
05 38 44.95-06 58 14.7
05 38 46.84-07 05 08.9
0538 47.17-07 02 40.4
0538 47.74-07 06 14.9
05 38 47.93-07 05 06.1
05 38 49.88-07 02 35.4
05 38 50.44-07 00 43.0
05 38 52.97-07 05 50.6
05 38 53.33-07 05 45.2
05 38 54.45-07 04 46.7
05 38 54.93-07 07 10.9
05 38 55.02-06 56 18.6
05 38 57.04-06 52 59.3
054019.41-08 14 16.4

20.290.13
19.580.04

23.040.68
20.540.08
20.41 0.07

20.040.04
18.44 0.02
22.220.32
17.6% 0.01
17.220.02
22.440.37
21.360.15
17.76 0.02
22.5¥0.44
21.820.19

22.560.41
23.020.65
23.460.95

23.120.64

21.620.44

16.6¥ 0.23

18.86 0.05

20.940.03
18.16: 0.01
17.260.01
22.120.09
20.48 0.02
17.750.01
17.92 0.01
22.240.10
17.750.01
16.88 0.01
19.66 0.01
15.5%0.01
15.7%:0.01
20.2%0.02
18.93 0.01
15.8#0.01
19.74 0.02
19.55 0.01
20.780.03
23.150.23
20.05 0.02

21.650.06
22.600.15
20.720.02
22.780.13
22.390.15
19.82 0.02
22.660.21
22.840.24
22.570.18
22.460.17

23.000.31

22.940.25
17.820.14

21.640.08
21.320.07
21.660.08
18.22 0.01
18.580.01

19.2#0.01
16.7#0.01
15.850.01
20.4%0.03
19.03 0.01
15.64: 0.01
16.56 0.01
20.53 0.03
16.0& 0.01
15.2%0.01
18.22 0.01
14.0& 0.01
13.0& 0.01
18.62 0.01
17.2%0.01
15.34 0.01
17.7@0.01
18.120.01
19.180.01
20.6%0.04
17.86:0.01
21.04 0.06
21.520.11
19.52 0.02
20.9% 0.05
18.3%0.01
20.08 0.02
19.8@: 0.02
18.19:0.01
19.69 0.02
19.6% 0.02
19.63 0.02
19.86 0.02
21.160.07
21.600.09
20.3@ 0.04
22.090.14
20.02 0.03
17.0&0.11

19.0@ 0.01
18.9@-0.01
19.84:0.02
16.8% 0.01
16.92 0.01

17.2& 0.01
15.3%0.01
14.48 0.01
18.740.01
17.0%3 0.01
14.54 0.01
15.06: 0.01
18.42 0.01
14.6@0.01
13.930.01
16.73 0.01
13.640.01
13.88 0.01
16.46:0.01
15.440.01
14.02 0.01
16.0% 0.01
16.140.01
17.760.01
18.06:0.01
16.32 0.01
18.5% 0.01
18.9% 0.02
17.440.01
19.19:0.02
16.750.01
17.820.01
17.4%0.01
16.240.01
17.6%0.01
17.58 0.01
17.720.01
17.86 0.01
18.82 0.02
19.35 0.02
17.63 0.01
20.050.04
17.950.01

17.160.01
17.0%0.01
18.98 0.02
15.7& 0.01
16.04: 0.01

16.22 0.01
14.48 0.01
13.6& 0.01
17.85 0.02
15.94 0.01
13.750.01
14.160.01
17.340.01
13.740.01
13.120.01
15.9% 0.01
13.120.01
13.450.01
15.2%0.01
14.4%0.01
13.2& 0.01
15.03 0.01
15.04 0.01
16.9% 0.01
16.440.01
15.320.01
16.7@ 0.01
17.2%0.01
16.0#4 0.01
18.18 0.02
15.63 0.01
16.43 0.01
16.0@:0.01
15.130.01
15.82 0.01
16.04 0.01
16.22 0.01
16.3& 0.01
16.82 0.01
17.440.02
15.96: 0.01
18.55 0.04
16.3@ 0.01
15.72 0.19

15.9% 0.01
15.84:0.01
17.620.02
15.0@ 0.01
15.32 0.01

14.09: 0.04
13.0% 0.03
12.150.02
16.56:0.11
14.25 0.03
12.0% 0.02
12.640.03
15.61 0.05
12.0@ 0.02
11.450.02
14.390.03
11.3%0.02
10.7@ 0.02
13.380.03
12.6% 0.04
11.190.02
13.0#0.03
13.36:0.03
15.55 0.07
14.0% 0.03
13.1%0.02
13.490.03
14.32 0.03
13.88 0.03
16.790.19
13.430.03
14.120.03
13.52 0.03
13.290.02
12.050.03
13.530.03
13.32 0.02
13.7% 0.02
13.120.03
13.890.03
13.26:0.02
15.83 0.08
13.04 0.02
14.16:0.03

16.490.14
13.750.03
13.61 0.03
16.08& 0.09
13.490.02
13.09 0.03

13.53 0.04
12.3%0.03
11.5@0.03
15.730.14
13.66: 0.04
10.99:-0.03
12.02 0.03
14.93 0.07
11.1@ 0.02
10.56 0.02
13.83 0.04
10.5% 0.02
9.92 0.02
12.730.03
11.96 0.04
10.42 0.02
12.08 0.02
12.74 0.02
14.9@ 0.09
12.96:0.03
12.150.02
11.6% 0.02
12.62 0.03
12.92 0.03
15.66:0.16
12.2%#0.03
13.08 0.03
12.23 0.02
12.6%0.03
9.9& 0.03
12.020.03
11.6% 0.02
12.28 0.02
10.940.03
12.040.02
12.0%0.03
14.2% 0.05
11.150.02
13.2%0.03
16.02 0.22
12.64 0.03
12.53 0.03
14.69 0.06
12.750.03
11.390.02

13.28 0.04
12.1@ 0.02
11.230.02
15.3%0.13
13.4@ 0.03
10.49:0.02
11.740.02
14.7@ 0.08
10.66:0.02
10.05 0.02
13.45 0.05
9.99 0.02
9.7@ 0.02
12.450.03
11.6% 0.05
10.19: 0.02
11.690.03
12.48 0.03
14.76¢ 0.12
12.320.03
11.8@ 0.02
10.7% 0.02
11.9%0.03
12.4%0.03
15.58 0.01
11.720.03
12.5%0.03
11.73 0.02
12.290.03
8.62 0.02
11.1@:0.03
10.65 0.02
11.340.02
9.9% 0.02
10.95 0.02
11.450.02
13.82 0.06
10.2#4 0.02
12.68 0.04
15.33 0.01
12.14 0.02
12.040.02
13.43 0.04
12.33 0.02
10.22 0.02

12.83 0.06
11.58 0.06
10.96:0.06
15.29 0.07
12.94 0.06
9.8& 0.06
11.490.06
14.35 0.06
10.26:0.06
8.9G- 0.06
13.350.06
9.1% 0.06
9.62 0.06
12.09:0.06
11.340.06
10.16 0.06
11.3%0.06
12.0@ 0.06
14.4@ 0.06
11.340.06
11.5@ 0.06
10.0& 0.06
11.320.06
11.62 0.06
15.29:0.06
11.23 0.06
11.8% 0.06
10.82: 0.06
11.9%0.06
7.2%0.06
10.0% 0.06
9.6% 0.06
10.22 0.06
9.26:0.06
10.38& 0.06
11.0% 0.06
13.2@:0.06
9.76 0.06
12.24 0.06
13.98 0.06
11.8@ 0.06
11.3@:0.06
11.4% 0.06
11.5% 0.06

12.7% 0.06
11.26:0.06
10.81 0.06
15.1@ 0.06
12.76:0.06
9.64- 0.06
11.44 0.06
14.32 0.06
9.98 0.06
8.53 0.06
13.240.06
8.5& 0.06
9.5& 0.06
11.9@ 0.06
11.0% 0.06
9.8% 0.06
11.0@ 0.06
12.14 0.06
14.34 0.06
10.8% 0.06
11.16:0.06
9.55 0.06
11.2@:0.06
11.18 0.06
15.29:0.07
11.1%0.06
11.2% 0.06
10.63 0.06
11.65 0.06
6.6% 0.06
9.2%0.06
9.1% 0.06
9.7% 0.06
9.1% 0.06
9.9¢- 0.06
10.69: 0.06
13.19:0.06
9.54 0.06
11.9@ 0.06
12.8%0.06
11.6%0.06
10.85:0.06
10.43 0.06
11.0% 0.06

12.590.07
10.93 0.06
10.6% 0.06

12.9%0.11
9.28 0.06
11.18 0.06

9.8% 0.06
8.12 0.06
13.16:0.09
8.34-0.06
9.3& 0.06
11.8% 0.06
10.88 0.06
10.02 0.06
10.58: 0.06
11.94 0.06
14.36 0.16
10.4% 0.06
10.98 0.06
9.0% 0.06
11.1@0.06
10.840.06

10.96:0.06
10.8% 0.06
10.16:0.06
11.64 0.06
6.2& 0.06
8.8% 0.06
8.5& 0.06
9.56 0.06
8.9@ 0.06
9.45 0.06
10.66 0.06
13.0& 0.08
9.34 0.06
11.86 0.06
12.14 0.06
11.6% 0.06
10.4% 0.06
9.63 0.06
11.0% 0.06

12.76 0.25
10.28 0.07
10.8%0.12

8.84- 0.06
11.3@¢0.11

9.48 0.06
7.66: 0.06

7.52 0.06
9.46- 0.06

10.390.07
9.82 0.06
9.6% 0.06
11.960.13

9.79 0.06
10.46:0.06
8.28 0.06
11.13 0.07
10.2% 0.06

11.0% 0.08
10.24 0.06
9.4% 0.06
11.79:0.11
5.76: 0.06
7.88 0.06
7.9% 0.06
9.06: 0.06
8.99 0.06
8.7% 0.06
10.74 0.07

9.19 0.06
11.960.11
11.0%0.07
11.6% 0.09
9.9% 0.06
8.84-0.06
10.0& 0.06

8.22 0.06

5.8% 0.06
6.8% 0.07
5.06: 0.07

4.72 0.06

6.5@: 0.06

7.53 0.06
7.1& 0.07
5.1% 0.07

7.1% 0.06
7.26& 0.06
6.34- 0.06
2.82 0.06
4.56: 0.06
5.3% 0.06

5.96 0.06

6.04- 0.06

7.86-0.06

7.7&:0.06
5.420.06
7.6% 0.06

8.420.06 7.96:0.06 7.290.06 6.530.06 2.9%0.06
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Table 3.6: continued.

RA DEC u g r i’ 4 J H Ks [3.6] [4.5] [5.8] [8.0] [24]
D (J2000)  (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
181 0540 21.84-08 08 55.9 20.860.03 18.4@0.01 16.5#0.01 15.36:0.01 13.0%0.02 11.9@¢ 0.03 11.3%0.02 10.750.06 10.230.06 9.96:0.06 9.2% 0.06 6.82 0.06
182 054024.97-07 55 35.3 18.590.01 17.340.01 16.0& 0.01 12.450.02 11.3%0.02 10.66:0.02 9.84-0.06 8.7%0.06 8.6&0.06 7.8%-0.06 5.75 0.06
183 0540 24.97-08 07 33.2 14.600.01 13.1%0.01 12.7@ 0.01 12.290.01 10.520.02 9.630.02 892 0.02 7.9%0.06 7.56-0.06 6.79:0.06 5.9@¢-0.06 3.1} 0.06
184 054024.97-07 55 35.3 18.590.01 17.340.01 16.0& 0.01 12.450.02 11.3%#0.02 10.66 0.02 9.84-0.06 8.7%0.06 8.6&0.06 7.8%0.06 5.75% 0.06
185 054025.75-08 11 16.8 18.640.01 16.88 0.01 15.8%0.01 13.3%0.02 12.1%0.03 11.52 0.03 10.5% 0.06 10.08 0.06 9.66-0.06 8.98 0.06 6.36-0.06
186 0540 27.14-08 07 36.5 18.200.01 16.3%-0.01 15.340.01 12.940.02 12.020.02 11.330.02 10.58& 0.06 9.99-0.06 9.3%0.06 8.82-0.06 5.96-0.06
187 0540 35.44-07 56 36.5 18.970.01 17.350.01 14.250.02 12.6%0.03 11.890.03 11.4%#0.06 11.2& 0.06 10.9% 0.06 11.34 0.07
188 0540 37.36-08 04 03.0 15.560.01 13.46:0.01 12.380.01 11.720.01 9.740.02 8.730.02 7.9%0.05 6.720.06 6.220.06 5.7%0.06 4.850.06 0.88 0.06
189 054041.01-08 02 18.6 19.820.01 17.730.01 16.350.01 13.5@ 0.02 11.7%0.02 10.85% 0.02 9.4%#0.06 9.150.06 8.430.06 4.920.06
190 0540 42.66-07 46 03.0 17.830.01 15.3@& 0.05 14.78 0.08 14.3@ 0.09 14.1%0.06 14.02 0.06 13.92 0.08
191 0540 46.22-08 05 24.3 14.760.01 13.020.01 12.4%0.01 12.020.01 10.16:0.02 9.220.02 8.5% 0.02 6.520.06 6.210.06 3.3%0.06
192 0540 46.40-08 04 36.1 15.260.01 13.450.01 12.590.01 12.140.01 10.36:0.02 9.3%-0.02 9.1&:0.02 9.2%0.06 8.840.06 9.00.06 8.7& 0.06 7.93 0.06
193 0540 46.62-08 07 12.8 20.400.01 18.0#0.01 16.420.01 15.130.01 11.930.03 10.26:0.03 9.3%0.02 8.8%0.06 8.740.06 8.5} 0.06 8.5%0.06 5.3% 0.06
194 0540 46.84-08 04 54.6 19.290.01 16.950.01 15.98 0.01 15.0%0.01 12.340.02 11.16:0.02 10.450.02 9.76:0.06 8.99-0.06 8.1&0.06 7.150.06 4.44 0.06
195 0540 48.07-08 05 58.7 13.720.01 12,52 0.01 12.0%0.01 11.76:0.01 9.9%0.02 9.140.03 8.750.02 8.48&0.06 7.9&-0.06 7.5%0.06 7.040.06 3.78 0.06
196 054057.49-07 48 08.8 19.230.01 17.08&0.01 15.590.01 12.9@¢ 0.02 11.160.02 10.190.02 9.0%0.06 8.8%0.06 8.140.06 7.5} 0.06 3.95 0.06
197 0540 59.75-08 06 03.2 21.400.01 18.9%0.01 16.730.01 15.6%0.01 13.2%0.02 12.38:0.03 11.98 0.02 11.330.06 10.7%0.06 10.250.06 9.14-0.06 6.2} 0.06
198 054059.92-07 48 16.1 20.020.01 17.99-0.01 16.58 0.01 13.9%40.02 12.62 0.03 11.8% 0.03 10.76 0.06 10.320.06 9.850.06 9.4% 0.06 6.96- 0.06
199 054103.55-07 57 46.3 20.080.01 18.020.01 16.9%0.01 15.14 0.05 14.6% 0.06 14.120.09 13.8%0.06 13.61% 0.06 13.74 0.08 13.6%0.22
200 0541 04.09-07 4338.6 18.840.01 16.720.01 15.6& 0.01 13.3%0.03 12.14 0.03 11.59-0.02 10.9% 0.06 10.490.06 10.160.06 9.54-0.06 6.8% 0.06
201 0541 04.36-07 46 40.6 20.180.01 18.790.01 17.160.01 16.2& 0.01 14.63 0.04 14.120.04 13.7& 0.06 13.74 0.06 13.36:0.06 13.51 0.07
202 0541 05.03-07 4534.2 19.670.01 15.92 0.01 13.5%0.03 12.620.03 12.19-0.03 11.820.06 11.79-0.06 11.65 0.06 11.65 0.07
203 0541 05.49-07 4707.5 17.840.01 15.44 0.01 12.650.02 11.230.03 10.26:0.02 9.140.06 8.76:0.06 8.380.06 7.9%0.06 4.9% 0.06
204 054107.00-07 47 15.9 18.540.01 17.740.01 16.06 0.01 15.2# 0.01 13.55%0.02 13.0% 0.03 12.64 0.03 12.36 0.06 12.1& 0.06 12.09 0.06 11.6& 0.07 7.0% 0.06
205 054107.08-07 46 22.5 20.360.01 18.320.01 16.5@ 0.01 15.42 0.01 13.46:0.02 12.54:0.03 12.08 0.03 11.550.06 11.25 0.06 10.9@-0.06 10.2@ 0.06 7.45 0.06
206 0541 14.03-08 07 57.4 17.420.01 15.520.01 14.190.01 13.350.01 11.68& 0.02 10.6%0.02 10.3%0.02 10.040.06 9.6% 0.06 9.160.06 8.6%0.06 5.53 0.06
207 054116.25-074351.4 18.7210.01 17.43 0.01 15.25 0.05 14.54 0.07 14.0#40.08 13.55 0.06 13.7@& 0.06 13.65 0.08 13.43 0.16
208 0541 20.12-07 55 24.0 19.930.01 18.190.01 14.48 0.03 12.6& 0.03 11.73:0.02 10.720.06 10.1@0.06 9.7%0.06 9.3@:-0.06 5.9% 0.06
209 0541 25.35-08 0554.7 13.270.01 14.480.01 10.6@ 0.03 9.820.02 9.290.02 7.9%0.06 7.16:0.06 6.3%0.06 5.230.06 1.4% 0.06
210 054126.37-075817.8 19.870.01 17.8%0.01 16.7#0.01 14.930.04 14.130.04 13.8#0.05 13.64 0.06 13.62 0.06 13.22 0.07
211 0541 30.59-08 04 48.2 19.450.01 17.66:0.01 16.120.01 12.790.03 11.160.02 10.16¢:0.02 8.3 0.06 7.66:0.06 7.240.06 6.4@-0.06 2.93 0.06
212 0541 33.38-07 59 56.3 20.740.01 18.620.01 17.2%0.01 13.730.03 12.040.02 11.220.02 10.18 0.06 9.76:0.06 9.3&-0.06 8.78& 0.06 4.49-0.06
213 054141.66-08 0018.5 19.890.01 18.98 0.01 18.2% 0.01 16.150.09 14.7%0.06 14.1% 0.07 13.6% 0.06 13.5%0.06 12.4%0.06 12.150.12 7.0& 0.06
214 054143.74-07 58 22.3 20.980.01 18.73:0.01 16.53 0.01 14.940.01 12.340.03 11.440.03 10.860.02 10.1£0.06 9.52-0.06 9.2% 0.06 8.46:0.06 5.3% 0.06
215 054149.23-075712.3 19.940.01 17.720.01 16.340.01 13.720.03 12.440.02 12.0& 0.02 11.690.06 11.0& 0.06 11.08& 0.06 10.39- 0.06 8.5& 0.06
216 054149.74-08 00 32.3 11.310.01 10.96:0.01 11.38&0.01 9.4%0.03 8.540.03 7.8%:0.01 6.7&:0.06 6.3%0.06 5.7%0.06 5.0%0.06 2.16 0.06
217 054151.84-08 06 56.6 18.940.01 16.850.01 16.4% 0.01 13.83 0.03 13.0% 0.03 12.62 0.03 12.340.06 12.320.06 12.0% 0.06 12.24 0.09
218 054154.66-07 59 12.4 19.880.01 17.320.01 15.8#40.01 14.7& 0.01 12.36:0.02 11.06:0.02 10.35%0.02 9.56:0.06 9.06:0.06 9.0%0.06 8.420.06 5.4% 0.06
219 054155.96-07 58 36.6 19.040.01 17.6& 0.01 15.1%0.04 13.940.03 13.420.03 13.16 0.06 12.9@ 0.06 12.76:0.07 12.38 0.14
220 0542 05.59-08 01 05.6 18.800.01 17.0#0.01 15.7#0.01 14.9%0.01 13.2%0.02 12.4% 0.03 12.040.02 11.6%0.06 11.450.06 11.0Z 0.06 10.7#% 0.07 7.18 0.06
221 054207.25-08 0524.4 20.830.01 18.48 0.01 16.98 0.01 14.3%0.03 13.43 0.03 12.84 0.03 12.08& 0.06 11.63 0.06 11.2@ 0.06 10.6% 0.07 8.64 0.06
222 054210.51-080735.1 20.500.01 18.75:0.01 16.6%#0.01 16.2%0.01 13.950.02 13.19-0.03 12.8% 0.03 12.55 0.06 12.56 0.06 12.41 0.10
223 054211.04-08 01 05.4 20.200.01 18.66:0.01 16.96:0.01 16.0% 0.01 14.2% 0.03 13.5%0.04 13.240.03 12.76:0.06 12.6@ 0.06 11.890.06 11.4@ 0.08 9.55 0.06
224 054213.51-081001.5 19.380.01 17.3#0.01 16.320.01 14.040.02 13.030.03 12.3&0.03 11.2#0.06 10.7@ 0.06 10.3%0.06 9.6%-0.06 6.6& 0.06
225 0542 14.60-07 58 57.9 19.760.01 17.740.01 16.0#0.01 15.0%0.01 12.760.02 11.850.02 11.4@ 0.02 10.8%0.06 10.43 0.06 10.18&0.06 9.26:0.06 5.94 0.06
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Table 3.6: continued.

RA DEC u g v i 7 J H Ks [3.6] [4.5] [5.8] 8.0] [24]
ID  (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
226 05 42 15.93-08 09 37.8 20.680.01 17.98 0.01 16.6@ 0.01 14.14 0.02 13.0& 0.02 12.6%0.02 12.1% 0.06 12.0%0.06 11.88 0.08 11.6& 0.15
227 054218.11-08 08 10.9 16.060.01 14.4%0.01 13.6%0.01 13.93 0.01 12.080.03 11.23 0.02 11.030.02 10.78 0.06 10.8%0.06 10.7%:0.06 10.9@ 0.10
228 05 42 18.56-07 59 23.0 20.190.01 18.58& 0.01 16.86 0.01 15.9@ 0.01 14.14 0.03 13.4% 0.03 13.180.04 13.02 0.06 12,53 0.06 12.7% 0.07 12.83 0.20
229 054219.05-07 59 12.2 19.770.01 17.650.01 16.460.01 14.5%0.03 13.84 0.03 13.52 0.05 13.13 0.06 12.86 0.06 12.9% 0.07
230 05 42 19.56-08 05 07.6 18.%70.01 17.040.01 15.930.01 13.84 0.03 12.820.02 12.36:0.03 11.72 0.06 11.4%0.06 10.7%:0.07 10.45 0.06 8.5% 0.06
231 05 42 21.36-08 06 47.9 19.350.01 17.26 0.01 16.66 0.01 13.84 0.03 12.68 0.03 12.26:0.03 11.95 0.06 11.6& 0.06 11.7%0.07 11.5¢ 0.09 ..
232 05 42 21.56-08 08 29.8 15.000.01 14.22 0.01 13.76:0.01 12.0%0.02 11.28 0.02 10.94 0.02 10.6% 0.06 10.66 0.06 10.52 0.06 9.98 0.10 4.93 0.06
233 0542 23.24-07 58 28.9 19.650.01 17.7%0.01 16.62 0.01 14.68& 0.03 13.9% 0.03 13.5%0.04 13.28 0.06 13.3% 0.06 13.1% 0.07
234 0542 23.61-08 09 10.3 19.970.01 17.6%0.01 16.280.01 15.36 0.01 13.030.02 11.95 0.02 11.330.02 10.76 0.06 10.320.06 10.0Z 0.06 9.5% 0.08 6.81 0.06
235 05 42 23.94-08 09 45.9 17.440.01 15.36-0.01 14.33 0.01 13.88 0.01 12.16 0.02 11.3%0.02 11.020.02 10.75 0.06 10.86 0.06 10.65 0.06 10.8% 0.18
236 05 42 25.32-08 10 18.0 17.320.01 15.38 0.01 14.48 0.01 13.99 0.01 12.3%0.03 11.53 0.03 11.250.03 11.0%0.06 10.8%0.06 10.94 0.06 11.03021 ..
237 05 42 25.44-08 09 55.4 21.350.02 17.36 0.01 16.040.01 15.24 0.01 13.0%0.03 11.9%0.02 11.3 0.02 10.6% 0.06 10.4@ 0.06 10.02 0.06 9.64-0.09 7.3% 0.06
238 05 42 25.68-07 58 22.0 19.360.01 17.46:0.01 16.080.01 15.18 0.01 13.4%0.02 12.62 0.02 12.230.03 12.1%0.06 12.130.06 11.96:0.06 11.930.11 ..
239 05 42 25.79-08 08 50.1 19.790.01 17.56: 0.01 15.98 0.01 15.02 0.01 12.78 0.02 11.66 0.02 11.060.02 10.3%0.06 9.9%0.06 9.6:0.06 8.930.07 5.85 0.06
240 05 42 26.50-07 58 50.9 18.460.01 16.4@ 0.01 15.3%0.01 14.28 0.01 11.96 0.04 10.73 0.04 9.96:0.04 8.720.06 8.2%0.06 7.560.06 6.7%0.06 3.02 0.06
241 0542 26.96-08 09 17.3 17.950.01 16.33 0.01 15.1%0.01 14.7% 0.01 13.340.02 12.76:0.03 12.53 0.02 12.38 0.06 12.16 0.06 12.05 0.08
242 0542 27.50-08 11 03.8 19.950.01 17.63 0.01 16.66 0.01 14.68& 0.03 13.95% 0.03 13.4& 0.04 13.12 0.06 12.8% 0.06 12.7% 0.17 9.08: 0.06
243 05 42 27.59-08 09 52.6 17.940.01 16.1%0.01 15.26 0.01 14.5%0.01 12.83 0.02 11.8%0.02 11.2%0.02 10.26:0.06 9.8%-0.06 9.46-0.06 8.830.07 5.53 0.06
244 05 42 29.78-08 07 26.4 20.020.01 17.6%0.01 16.28 0.01 1515 0.01 13.220.02 12.16 0.02 11.7%0.03 11.48 0.06 11.280.06 11.35 0.08
245 05 42 30.62-07 59 54.0 18.790.01 17.1%0.01 15.6% 0.01 15.63 0.01 13.5%0.02 12.83 0.02 12.52 0.03 12.46 0.06 12.420.06 12.26 0.12 12.530.15 ..
246 0542 30.87-08 10 45.7 20.980.02 19.15 0.01 17.2%0.01 15.96 0.01 14.13 0.03 13.3%0.02 13.03 0.04 12.7% 0.07 12.22 0.06 12.0 0.08 8.7% 0.06
247 05 42 31.00-08 06 38.1 19.190.01 17.3%0.01 15.9% 0.01 14.7% 0.01 12.930.02 12.03 0.02 11.430.02 10.76 0.06 10.14:0.06 10.0%0.06 9.69-0.09 6.8% 0.06
248 05 42 31.33-08 02 35.3 19.800.01 18.1% 0.01 16.2% 0.01 15.9% 0.01 13.78:0.02 13.0& 0.03 12.68 0.03 12.5% 0.06 12.280.06 12.2% 0.12 12.450.15 ..
249 0542 31.55-08 08 22.8 19.240.01 17.09 0.01 15.6%0.01 13.1% 0.03 12.040.03 11.48 0.03 10.83 0.06 10.23 0.06 9.8%0.06 8.8%0.07 5.16:0.06
250 05 42 32.66-08 10 07.9 21.320.02 19.23 0.01 17.22 0.01 15.9% 0.01 13.930.02 13.08 0.02 12.6%0.02 12.7% 0.06 1228 0.06 12.1 0.09
251 0542 32.77-08 07 04.8 20.720.01 18.62 0.01 16.34 0.01 15.82 0.01 13.24 0.02 12.38 0.02 11.9% 0.02 11.52 0.06 11.68& 0.06 11.46 0.08
252 05 42 34.02-08 09 59.7 18.750.01 16.44 0.01 15.2%0.01 14.14 0.01 12.030.02 10.9% 0.03 10.58 0.02 10.52 0.06 10.23 0.06 10.18 0.07 9.9%0.10 5.680.06
253 0542 34.31-08 02 12.1 20.580.01 18.9¢-0.01 16.9%0.01 16.5% 0.01 14.1%0.03 13.53 0.03 13.140.04 12.42 0.06 12.44 0.06 11.68 0.09 11.1g 0.07 8.5% 0.06
254 05 42 34.92-08 07 50.5 19.640.01 17.48 0.01 16.0% 0.01 13.920.02 12.98 0.02 12.58 0.02 12.1 0.06 12.04 0.06 11.9@0.10
255 0542 36.41-08 10 17.8 18.710.01 17.1%0.01 14.730.04 13.86 0.03 13.38 0.04 13.32 0.06 12.53 0.06
256 0542 36.51-08 1151.5 18.140.01 16.26:0.01 15.33 0.01 14.5@ 0.01 12.8%0.02 12.0& 0.02 11.720.03 11.58 0.06 11.32 0.06 11.3% 0.07
257 05 42 40.06-08 05 07.7 20.320.01 18.330.01 16.5%0.01 15.5% 0.01 13.8%0.05 13.12 0.05 12.85 0.04 12.6%0.06 12.4% 0.07 12.08 0.11 9.320.06
258 0542 42.10-08 15 15.3 19.740.01 17.8% 0.01 16.640.01 15.52 0.01 13.430.03 12.3% 0.02 11.54 0.02 10.98 0.06 10.28 0.06 10.24 0.06 9.36:0.08 5.930.06
259 05 42 44.12-08 06 26.4 17.720.01 16.04 0.01 15.2% 0.01 14.14 0.01 12.7%0.02 11.8%0.02 11.1%0.02 9.950.06 9.4%0.06 9.06:0.06 8.54-0.06 5.1% 0.06
260 05 42 47.18-08 05 57.0 19.480.01 17.430.01 16.12 0.01 15.23 0.01 13.72 0.03 12.8%0.03 12.42 0.03 12.0%0.06 11.8% 0.06 11.730.09 11.3% 0.27 8.4G-0.06
261 05 42 47.44-08 04 05.4 19.970.01 17.93 0.01 16.36:0.01 15.49 0.01 13.720.02 12.9% 0.02 1255 0.03 12.28 0.06 11.550.06 11.66 0.09 10.3% 0.13 7.230.06
262 05 42 48.24-08 05 57.1 20.320.01 18.3@-0.01 16.58 0.01 15.73 0.01 14.02 0.02 13.34 0.03 13.0%0.04 12.6& 0.06 12.64 0.06 12.43 0.14
263 05 42 51.65-08 07 41.2 19.720.01 18.1%0.01 17.320.01 16.2%0.01 14.26 0.02 13.4%0.02 12.8% 0.03 11.430.06 11.39 0.08 10.6%0.17 7.14-0.06
264 05 42 52.30-08 08 54.9 19.180.01 17.36:0.01 16.1%0.01 14.330.02 13.5%0.02 13.1%0.03 12.5% 0.06 12.3@- 0.06 11.96:0.10 11.290.26 8.48:0.06
265 05 42 59.13-08 09 23.6 18.080.01 16.4& 0.01 15.5%0.01 14.7% 0.01 13.02 0.02 12.0% 0.02 11.5%0.02 10.8%0.06 10.430.06 9.9 0.06 9.14-0.07 6.12 0.06
266 05 43 01.78-08 04 50.6 16.150.01 14.53 0.01 14.080.01 13.34 0.01 11.9%0.02 10.96:0.03 10.430.02 9.75:0.06 9.6@-0.06 9.42-0.06 9.08 0.07 5.25 0.06
267 0543 08.49-08 11 32.3 19.680.01 17.96-0.01 16.3%0.01 15.4@ 0.01 14.64 0.03 13.4%0.02 12.63 0.02 11.46 0.06 11.2%0.06 10.85 0.06 10.4% 0.06 6.56:0.06
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Table 3.7: Mass and age estimate for YSOs in L1630N wiffecknt PMS evolutionary tracks.

RA DEC mass age mass age mass age mass age
ID  (J2000)  (J2000) Mo, DM97) (Myr, DM97) (Ms, DO8) (Myr, DO8) Mo, SO0) (Myr, S00) Mo, BI8) (Myr, BIS)

1 05452138 -000045.9 0289 0920 03001 08471 02839 1.9207° 0410 1.762%
2 054522.68 -001427.5 0133 08253 01353 038270 013533 0.6173%

3 054526.16+000637.9 0.2%% 06822 02929 051057 032007 15424 045218 133123
4 05453826 -000811.0 043¢  0.9073° 05507 13631 05702 214350 0967012 4.417188
5 054541.68 -000402.4 0183 072518 024533 05672 025592 204095 03153 11553
6 054541.94 -0012053 0.6327 09323 092025 200733 1.079% 352377 1.35093 6.09598
7 054542.80 -000101.8 01%2 17433 015035 107058 015037 3.77°985 0.15095 1.5338)
8 054544.37+0022582 0.30% 060938 043512 06805 04654 140051 078518 233208
9 05454456 -001035.6 0182 27153 02003 268310 01852 47405 020993 3.181%
10 054544.64+001300.6 0.4%% 116238 053298 172072 0517208 244597 0.853% 494158
11 05454558+000435.6 0.185 026931  0.192% 03753 022991 20859

12 054546.91+001429.4 0.18%  21307%  0.19033 2.0098 o0.185% 413035 020053 2500
13 05454956 -000838.8 01333 422332 016029 3.3848 01320 58728 0.153% 352388
14 054553.11 -001324.9 07 15608 04673 21054 04309 2741 0667} 4.72233
15 054553.54+003308.8 0.30% 068735 03671 065570 03950 149070 05908 1.8573%
16 054553.60+002242.1 0.7%5% 558343  0.88092 1053} 0.815% 11.548%2 0.94399 17.381%0!
17 054554.09 -000316.7 0A%3 32278 01403 218228 01289 501739 013093 2.612%
18 054555.13+001139.4 0.16)% 48448 013035 3.12%% 01133 576372 01205 3.38¢1
19 054556.20+003310.3 014595  0.1793%  0.167055 0.2192% 0.185% 0.61°33¢

20 054556.31+000708.6 0.4151% 06023 055215 086932 061518 1617135 1.05210 3.33208
21 054556.73 -000025.4 0263  1.10515 03153 11703 03252 228020 04093 215553
22 054557.38+0020222 04813 05537, 065077 0893 075018 1.805%7 1.189330 3.17337
23 054557.62+000721.1 0.1#392  1.963% 013353  1.00057 013097 410925 01330 1.59%53
24 054557.93+000248.6 0.17997 15432 02005 132031 01809 3.2393% 0217903 1.80938
25 054600.18+000307.0 0.18% 00833 01925 0127933 0.2435 0.26723

26 0546 03.53+000254.7 0.1591  1.02%%7  0.1673% 054920 0.16905 1.82952

27 054604.64+000458.1 0.48% 054522 064511 085035 073512 1.7807% 11699 3.07133
28 054604.58+000038.2 0.3013 14638 04002 1.8955 03853 267593 054515 37453
29 054607.89 -001156.9 1.3¥7 013392  1.61723% 01090 262532 046732

30 054609.27+001332.6 0.28% 01202 038731 02302 046735 085038 08533 100988
31 054609.61 -000331.2 042 241781 04802 3382138 042022 37314 062323 6.39°341%
32 05461031 -000006.7 0.5  3.848%% 045212 6.00332° 0.36'50° 559722 050013 832210
33 054611.34 -000755.1 000

34 054611.86+003225.9 141532 063033  1.642% 081957 211597 2127317

35 05461227 -000807.8 013%° 23643 .29
36 054612.99 -000814.8 0:p8% 56.18258¢ . 0.145% 39.41°520
37 05461358 -001034.0 0132 3436878 01105 25563401 010092 28.201%82 0.103%3 19.7013%
38 054614.48+002024.4 02(%  1.93Z15 025210 224382 02300 390199 026212 2833538
39 054616.75+0007 135 0.12% 00458 01753 0.047%5 02293 0.1573

40 054617.71 -000014.3 Off5 04398 122029 0830% 167701 20318

41 054618.30+000657.8 05837 04471 08123 079733 1.0203 1.683%

42 0546 18.60+000708.0 0.2¢621  0.9837% 026012 08332 02809 225317 03208 15153
43 054618.89 -000538.1 O8¥s 01202 057013 02222 079918 082239 127708 101975
44 0546 19.06+00 03 29.6 0.8G3%  0.01528

45 054619.47 -000520.0 128% 03993 150032 04803 217010 14008
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Table 3.7: continued.

RA DEC
(J2000)  (J2000)

age

46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
v
78
79
80
81
82
83
84
85
86
87
88
89
90

05 46 20.88+00 08 09.4
0546 22.43 -000852.6
05 46 22.99+00 04 26.4
05 46 23.83+00 04 27.2
0546 25.09+00 05 41.2
05 46 25.89+00 09 32.0
05 46 26.65+00 31 07.5
0546 27.13+00 15 49.7
0546 27.83+00 05 48.4
05 46 28.36+00 12 27.0
05 46 28.87+00 13 30.7
05 46 29.00+00 29 07.2
0546 29.06+00 11 45.7
05 46 29.59+00 10 57.2
0546 30.03+001111.1
05 46 30.06+00 12 09.7
0546 31.03+00 27 12.1
05 46 31.46+00 20 15.8
0546 31.71+00 25 08.2
05 46 33.28+00 02 51.9
05 46 34.54+00 06 43.5
05 46 34.90+00 04 20.7
05 46 35.50+00 01 38.9
05 46 36.10+00 06 26.8
0546 37.06+00 01 21.8
0546 37.57+00 04 02.5
05 46 38.33+00 05 48.7
0546 38.40+00 15 11.6
05 46 38.57+00 22 06.0
05 46 39.89+00 06 44.9
05 46 40.18+00 05 01.9
0546 40.44 -00 08 38.2
05 46 40.43+00 05 07.7
05 46 40.77+00 27 22.5
05 46 43.82+00 03 21.8
05 46 43.84+00 15 32.4
05 46 44.08+00 18 03.2
05 46 44.25+00 30 29.5
05 46 44.84+00 16 59.8
05 46 45.00+00 11 32.7
05 46 45.00+00 24 48.7
05 46 45.04+00 05 33.9
0546 45.14+00 03 46.4
05 46 46.87+00 09 07.6
05 46 48.55+00 21 28.2

*~0.00

mass age mass age mass age mass
Mo, DM97) (Myr, DM97) (Mo, DO8) (Myr, D08) Mo, SO0) (Myr, S00) Ko, B9S) (Myr, BIS)
041555 046755 058317 063535 06801 1497, 1137318 253348
14 15053 16998 212Gy 1740% 4427 L
031359 08543 03735 09353 038GF 179538 05771 23330
02855 0835 030058 072535 02807 17673 04393 1.627732
0453 062350 06293 099737 06955 200135 110735 345137
02130F 11893 02733 1200 02803 26073% 03258 1.9470
04533  044%57 065319 06553 07705 143308 1237309 24955
018 1759} 02003 16533 01803 35504 0217907 21470
0250 050033 03193 0375R 03500 1.280% 05535 1.20533
0.2%5  0723% 02833 05555 02797 16353 04007 12977
0383 04783 04593 050GL° 0519F 11373 0.919% 187700
02808 03895 037330 03397 04200 1.0495 07275 12837
0107 1412337 01795 1220753 014907 1215358 0.14007 9.04 743"
0148 01333 0169 0175% 020988 09473 ..
018 2789 238 009557 174755
02632 037352 036703 0333R 04273 10435 072817 127378
0.073%8 4.01879 ..1000
0250 13.05%75 0273 16.3635° 020000; 13.4553; 0.250% 14.32357
0270 125G 02805 134753 02903 26533 03350 2.14%%
07603 06073 11203 13675 14470 29475

07693 02397 11295 040930 16197 10995

017585 014798 02298 0.24737% 026953 129938

0158 01545 01498 01598 01695 03553

04475 00233 063337 00553

05¢5 03233 07798 05I9% 09983 120735

01591 02005 0199% 03075 02255 1.903%

019 002358  0153% 00297 01955 01255

0145 03433 01698 0395% 01798 16005 ..
03%%  L1r9% 047900 15203 04603 22308 07355 4.007H
02455 013 03135 019773 03833 00152 ..
0350 06395 04375 07493 04605 146338 078715 24533
0857 2582137 043013 4216377 028715 2358175 0.39013 34.94707%,
0288 014938 02998 022fR 035308 10599 ..
0288, 11293 03098 11753 0300337 2.333% 0379 2057
017303 54235 016G 42975 013030 65730 01497 4.0975%°
03808 08753 043408 108033 04300 18503 0.68771 294742
05%%  0335% 08257 056357 108358 1315

0.14% 02743 015087 03197 017988 05853 ..
0375  083F]] 04675 10838 04605 181308 076701 3.16973
017501  164%% 01993 13803 01703 34797 02000 1.86777]
01585 436G 01295 25253 015 53033 0117907 2.98G%
02¢% 01003 040938 02I%5F 049307 078558 ..
0300 10845 036308 125077 03600 219950 0497357 26155
0385 03745 047358 03798 05695 096735 1.03315 1.65G73

+0.00
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Table 3.7: continued.

RA DEC mass age mass age mass age mass age
ID  (J2000)  (J2000) Mo, DM97) (Myr, DM97) (Ms, DO8) (Myr, DO8) Mo, SO0) (Myr, S00) Mo, BI8) (Myr, BIS)

91 0546 48.73+002138.3 0.17096 0.64111 0211009 054190 (24006 9 ogrl73

~0.03 ~0.41 ~0.05 ~0.26 ~0.05 ~0.98
92 054649.09+0028383 0.1653 174332 017258 122200 016303 3.80138 0.162%8 1.68333
93 054651.19+001808.2 0.18%  1.80:525  0.155% 1.1673 015532 3.89%% 01553 1.62430
94 0546 51.40+00 19 47.2 1200
95 054651.48+001921.3 021392 1317338 027353 1407037 027032 28791 031305 211990
96 054651.85+001938.6 0.1 08053 02453 060705 02653 20802 03159 1.217582
97 054652.41+002001.7 04815 095327 061929 1.54555 0.6353% 247535 1.02519  4.9558
98 054656.54+002052.9 09835 08473  1.342% 16531 1.630%; 3.56152
99 054658.03+001427.8 0209 084571 03052 071730 02859 1.7808 042518 1.60253
100 0546 58.13+000538.1  0.28%  0.013% 042215 00654 056228 0.450522
101 0547 01.95+001656.7 0.1%%>  3.09231  0.10007 128312 0.092%7  2.08'392
102 054702.87+001651.9 0.18%7 173232 021012 1.653%2 0.18508 350237 02200 21678
103 0547 03.97+001114.4 03%%  0.882% 037212 097125 03829 18311 056218 2407270
104 054704.48+001547.2 03843  0.08732 057032 0.19381 0800332 0.74733

105 0547 04.94+001831.6 02793  0.100%° 036033 0.18712 044526 0837132
106 054704.98+001812.6 0.16)%% 171082 01703 1.25%3 0.163% 374958 017987 1717358
107 0547 05.06+001834.8 0.20% 052230 03673 0433% 0410% 118725 067015 1.4938
108 054705.12+001826.7 0.283%7 10128 02808 09423 027507 21429 03695 17782
109 054705.34+002846.1 0.26007 2107132 034098 294228 03100 389743 03709 4.072%
110 054706.00+003208.5 2.3%12 09695 24208 106958 233517 271729
111 054705.98+002553.1 0.20%7  3.95%8% 021011 4151327 01800 586622 020011 4.33888
112 054706.17+0020325 0.2719%%  0.09572 037038 017572 045038 078572

113 0547 06.96+000047.7 0.6925 048937  1.00027 100995 1.320% 224778
114 0547 06.99+003155.9 0.38% 091337 046217 1.23578 04632 1.96388 076012 3.48581
115 0547 07.26+00 19 32.2 0.48%  0.01591

116 054708.69+000014.0 0.260%5 006353  0.257%% 0.09F7¢ 032793 047329
117 0547 08.62+001923.9 0235 08822 03029 077517 02829 185535 041790 1667217
118 0547 08.71+0016 34.7  0.17055 15632 020292 1.362%° 0.182% 326112 021701 184342
119 054710.72+001846.3 0.3%7 052052 04009 0507518 045507 12129 07671 1.807252
120 054710.89+003206.0 0.3%%8 066755 04005 07058 042510 14708 06701 216218
121 054710.98+001914.8 2.2%2> 268013 24308 233038 212512 443227
122 054710.98+002132.2 0.4%32 19678 050012 278928 0450310 329720 0690} 5.89720
123 0547 12.92+002206.5 0.28%  0.0227° 042220 008332 056323 0.4933°

124 054713.85:000017.1 0.250¢  0.043%7 036705 0.08'520 0.46'52% 056217
125 0547 16.58 -000056.4 037 08502 024038 06358 02509 217038 0307087 1.233F%9
126 0547 17.16+001824.6 047513 310847 054014 43132 04654 45072 070212 821118
127 054717.28+003821.4 0.4%1% 03955 06101 053293 074518 130838 12109 20882
128 054719.72+000121.8 0.17%% 26022 0177038 216372 01535 469218 017057 2.647¢38
129 0547 19.90+001613.1 0.1855  0.28358  0.1990% 04091 022503 2.11938
130 054722.99+001756.7 0.19% 19108 02309 2067128 02200 38108 024793 264755
131 0547 25.05+003105.0 0.76295 848322  0.867092 150952 0.8079 15.6278 0.89°0%5 2223558

.06 0.39 0.07 0.30 0.06 0.19
132 054757.53+t001131.2 01703 01793 02333 028330 02799 1439L
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Table 3.8: Mass and age estimate for YSOs in L1641 wiffecent PMS evolutionary tracks. A
complete version of this table, containing 267 stars, idavie at the CDS. Here we only show
the first 10 entries.

ID

RA DEC
(J2000)  (J2000)

© 00 N O U b W N

A D D W W W WWWWWWWNDNDNDNDDNDNDDNDNDDNDMDNERERERRRRERERERPRPRE
N P O © 00 N O O & WNPFP O O© 0~NO O S~ WNPEP O OOWWNOOOOGPMMWDNLPREP O

05 35 14.56-06 15 12.7

0535 14.67-06 15 07.3

0535 14.72-06 13 39.9

05 35 15.83-06 24 45.7

0535 17.80-06 24 38.4

05 35 18.26-06 24 30.3

05 35 18.95-06 27 25.6

05 35 19.34-06 24 14.5

053521.77-06 18 51.2

05 35 23.60-06 28 24.4

053524.45 -062747.2
0535 24.49 -062840.5
053525.11 -064756.6
053525.70 -062318.9
053526.59 -061532.8
053526.80 -061534.4
0535 26.83 -06 26 47.6
053526.96 -062713.0
053527.17 -06 19 42.0
053527.35 -0619 31.3
0535 28.28 -06 22 29.3
053529.21 -06 16 29.7
0535 29.46 -06 16 26.6
053530.41 -062707.2
053531.05 -064518.1
053531.49 -061418.9
053531.89 -063625.5
053533.93 -061432.8
053534.17 -062257.8
053534.19 -063943.3
053534.34 -062422.8
053538.59 -062343.1
0535 40.83 -06 18 06.7
053541.02 -062245.4
053541.65 -062519.2
053542.09 -06 16 20.8
053542.84 -062144.6
053542.76 -063451.9
053543.37 -062219.6
053544.18 -06 28 16.4
0535 44.27 -06 26 39.5
053547.65 -062136.1

Mass Age Mass Age
Mo, DM97) (Myr, DM97) (Mg, D08) (Myr, D08)
0.3%0;  063%% 042365  0.70%5
0.180 11U 01956 0.6955%
0.1%51  012%e; 01536  0.147%5
0.1&0;  142%3; 01835 0.99%%
0267  019%% 03950 02855
0.1%40  1329% 01338  0.515%
0.15, 115G 0240 102Gy
0.27o5s 116077 03405 134072
0176 157G 01961 13035
0.180 00783 02156  0.1L5E
03  567I% 02135 5913
0135 118G 01835 07073
0 03553 0470 0.35%3
0% 0903 028758 07505
0%s 12453 02705 127053
015 1173 02505 10955
Ofps  0.96G% 0590i 154G
0M%%5 47257 0187QK 4430
0Zf5 00855 03505 01605

“500

0f5he  TOLIEY 150

011 00638 01905 0088
0Z5 05333 03005 03953
0Ms  11.663% 01IGR 67355
0Zhs 013055 027585 020
0365  140%ie 03IZE 16705
01365 20755  0TZR 08274
O156i  029%55 01938 040G
0565  127%i5  03IR% 14805
OZhs 089G 02755 0720%
045 63193 01305 393Gy
0% 15753 0265 L1770%
0%5%s 144575 03305 L7904
0Z%hs  0.06%G5 04205 01375
0138 5897132 L1000

0Mfs  64TIE 010038 328%%
0Zfs L1747 03505 13603
0fly;  0.935% 05I0I5 13555
0%Jaq 01855 03405 02657
0k 1089537 04755 1864705
0f%%e  428T%  -15%

01355 043735 02335 04803

Mass Age Mass Age
Mo, S00) (Myr, S00) Me, B98) (Myr, B98)
04555 14437 07433 22938
02088 25598
0199% 0373 .
0.179% 31792 0.199% 14533
0.469% 0.939% 0829% 11797
0.149% o7a%% .
02598 26838 02834 1643%
0349% 2359% 0.440% 2579%
0478% 33638 0203% 1789%
0263% 02438 ..
01783 7233% 0180% 5291%
0.193% 26498 .
05633 0924% 103318 15634
02688 1919% 0379% 1543
02788 2759% 0313% 1973%
02638 27095 0299% 17437
06188 240%% 10131 49732
0.163% 6383 0479% 44233
0.433% 0.799%

. 00909 3gsi2et
0239% 01992 .
0.349% 1349% 0519% 12093

0.09%%5  5.75:998
03283 114318 .
0309% 28203 03638 25992
0.1138 38755
02093 21382 ..
0310% 25833 0383% 2483
0263% 1999% 03538 14633
01138 63731 0119% 397%%
0253% 34094 0283% 24433
03288 28693 0399% 2831L
053010 063014 .

0.0837 338337

. 0090% 36531
0.343% 2359% 0459% 26303
05133 20658 0860% 4074l
0.409% 0989% 07108 1054%
03333 1227338 048310 20041432

0.093% 26335
0.259% 19592
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Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age
ID  (J2000)  (J2000) Nio, DM97) (Myr, DM97) (Mo, DO8) (Myr, D08) (Mo, S00) (Myr, SO0) Mo, B98) (Myr, BIS)
43 05354828 -061759.4 0. 1.31991 040512 16515 03829 24673 05401 340327
44 05354839 -061736.2 01¥7  1.0204 0245 08153 026298 241047 029012 141259
45 053550.19 -065040.2 077  6.387020 0.88093 11.831486 0817098 12.787515 0.92307 18.997518
46 053557.30 -064028.1 0.9 0.832% 027251 066310 0.2630 1.810%8 0.385%2 1.42517
47 05355731 -061537.7 OFP. 116938 03655 1.3993%5 03635 231038 049037 283733
48 053557.45 -064241.9 0707 03308 11323 06572 15832 1.62352
49 053557.45 -061635.0 028> 006755 0.25255 010595 031355 0577228
50 053557.85 -062344.4 0132 12007 01905 079348 020033 267532 0195 1.17378
51 053558.10 -061450.9 01%5  04297% 013255 03258 014925 05535
52 05355825 -063643.1 O0FHL 043523 04858 0460573 05692 1077799 1.0201 1.93%78
53 053558.26 -061404.6 0598 17.997138 0.6429% 25053110 049012 17.1125%7 0.67595 31.0771%12
54 053559.75 -061606.4 0.65%2  0.74735:  1.00022 1.647%%° 1247017 3.24921
55 053559.84 -064230.5 01%3 14323 02205 136072 023033 31304 024508 1.925%
56 053600.18 -064233.9 05828 02002 0822% 02708 11303 07958
57 053601.09 -062507.7 01%2 08222 02425 06123 02502 2140831 03050 1.20543
58 053601.10 -061531.4 0. 08222  0432% 10205 044703 1.785% 07051 2.86'15
59 053601.66 -064236.2 0.1%2 1.33518 01695 07455 01625 3.210%
60 05360500 -064244.0 0132 01025 01725 014298 021092 0.3557¢
61 053604.98 -064641.4 0.8%58 034022 043013 033032 05151 093242 093218 138101
62 05360508 -062932.2 043 091270 055220 13735 057702 216255 09691 4.4432
63 053605.16 -062525.4 0.8%7 062022 039011 063739 042510 13905 068018 201138
64 05360659 -063143.0 028 156335 02801 18423 02703 3.26398 031912 261337
65 053606.65 -063217.2 05585 03809 08633 070398 11205 1567378
66 053606.66 -061425.9 0537 06431 078318 12209 09202 224778 1.335% 4.09250
67 053606.93 -061853.4 0.1%¢ 001937 01925 00353 02425 010933
68 05360829 -064836.3 0855 058022 04900 07532 053258 1.4302 0933% 26807
69 05360834 -062437.9 01%? 01501 01505 01853 018255 0.42%1]
70 05360857 -064033.6 01%3 3023 .00 0.09531 1.997%
71 053609.35 -061710.8 0.883 05209 030093 040308 034703 1.3650; 05050 1.1992
72 053609.49 -061836.3 0.&0% 01922 033292 027221 039039 1.03%31 0.6631% 1.05575
73 05360952 -062433.7 0.&P7 621092 0200 617330 0167 75738 01753 5.29719%8
74 053610.19 -061854.8 0.8  17.033578 075293 23.252723 0.70709° 23.43131 0.785% 32.93922
75 053610.44 -062001.5 1.gp2  3.1628] 125003 650347 124085 1072352 1.21:598 15.70'528
76 053611.12 -061814.1 01383 372377 01105 1.892%7 0.100% 4.8022¢ 0.105%5 25223
77 053611.31 -061656.0 01%%  1.99%9% 01329 1.03232 01309 416l 01355 1.6335
78 053611.46 -062222.1 041  0362% 060215 0445% 07301 118232 121019 1.792%°
79 05361167 -062458.4 01332 4.493% 016037 355518 013505 6.032% 01405 3.62453
80 05361261 -062339.6 011 02352 017532 03150 02009 20393
81 05361297 -062333.0 0.2%3 0.0830% 028357  0.1472%¢ 0.35533 0.830%°
82 05361297 -062333.0 0258 006555 0385k 012555 04808 064337
83 053613.15 -062541.1 0243 12503 032003 144933 031097 254705 03905 245072
84 0536 13.45 -064355.1 +0.00
85 053614.76 -061316.9 047  1.450%  05170% 2.093% 04708 274318 076919 5.21218
86 05361507 -061736.9 O&&. 07003  1.3001 14255 1.630% 3.167%
87 053615.60 -062720.0 025 18708 02605 225147 025255 38408 02835 290753




STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’'S SUBURBS

Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age
ID  (J2000)  (J2000) Mio, DM97) (Myr, DM97) (Ms, D08) (Myr, D08) (Mo, S00) (Myr, SO0) Ko, B98) (Myr, B98)
88 05361584 -061450.7 O 167325 03828 224212 035002 3.091% 047310 3.88273
89 053617.11 -062820.2 0M%)7 11741487 014212 857313 011097 9737143 0.110%% 6.4025%°
90 053617.23 -0617245 01%1 01228 019292 01829 023092 04799
91 05361848 -062038.7 04Zs  095%1% 056021 1.4527° 057921 224320 09501 46175
92 05361888 -062204.2 0252 233028 032053 327085 0297032 43204 034307 422718
93 053619.09 -062250.6 01%°  5077% 011793 25088 0.103%7 3.06'3%3
94 053619.38 -062551.3 01%5 08805 019053 058528 0.21709% 2.397218
95 053621.10 -061717.3 01%1 02822 02005 040097 02203 2.089%
96 053621.16 -062656.9 01%7 48479 019035 458185 016037 64812 017255 452720
97 05362157 -0622524 OFFL 065938 050018 089138 05358 159173 09191 298292
98 053621.84 -062602.0 08%; 03709 0490% 037320 05835 0959% 1.073% 170932
99 053621.88 -062329.9 02 002737 035312 006337 04635 044735
100 0536 21.96 -064142.0 0433  0272% 01829 036218 021950 21302
101 05362247 -062344.8 0438 11439 054018 17078 053523 246572 088212 4.9478
102 05362326 -061937.5 028 15973 02805 19025 02700 332143 031213 2.6632°
103 053624.48 -062223.2 O0AFS 01923 02329 03022 027595 15203
104 05362454 -065234.2 048 13701 019085 099231 01793 3.02018 019295 1.44%10
105 0536 25.13 -064441.9 0455 02209 092032 034279 128040 092148
106 05362528 -062307.2 0% 2927178 . +000
107 053625.41 -062431.2 04%% 18003 01208 071142 012005 31312
108 0536 25.55 -065128.3 0437 1517037  0.1675 0.93280 0.165%3 3.50092 0.16597 1.35388
109 053626.08 -062615.5 0242 31835 029023 434875 02503 549327 03003 5.047%2
110 053626.71 -062629.0 0Zf; 005522 039027 0113l 0500% 06172
111 0536 26.83 -062457.5 01®7 036775 017055 0.420% 01903 21898
112 053627.01 -062107.6 0P  39.723%7, 03679 59503198 0.24503 34.1483% 0.307053 42.367378,
113 053627.72 -062312.3 042  0.040%5 01708 00439 02203 015941
114 053627.89 -062536.0 0242 116775 030019 12633 03193 23999 0383 2217238
115 0536 28.10 -064432.6 0282 127719 035212 1547171 035538 250138 04658 29039
116 053629.06 -063840.7 OGF3 06433  ..73%
117 0536 29.59 -063850.4 032 168033 019053 1.4327% 017933 354038 020007 1.91773%
118 0536 30.10 -062310.2 0#%2 108718 05201 158259 051028 231728 085012 4.62153
119 0536 30.23 -064246.1 02%¢ 051251 037010 042312 042000 11625 069913 151373
120 0536 30.50 -062356.6 O0.4PS 12112933 01901 11352032 015598 11.31213 0.16705 8.65328°
121 05363052 -064203.2 0A%% 542417  0.1002% 256837 0.09%%* 3.183%8
122 0536 30.96 -06 52 41.0 000
123 053631.84 -062323.1 0485 44241 01208 26382 011035 53939 01220 3.053511
124 05363238 -061919.9 1§41 383110 19609 36709 17201 7.30142
125 05363242 -064043.0 0% 129097 01995 09022 020002 281013 020008 1.34093°
126 053632.82 -063954.9 O0FAL 179337 069015 310751 068515 4413l 09959 7.8632
127 053632.89 -064420.9 04588 06858 04372 0811%1° 046920 155747 07622 253818
128 053633.81 -061927.0 017 10858 01703 060035 01873 24997
129 05363523 -065012.2 07 25172 01108 11129 01193 424188 010908 1.80332
130 0536 35.76 -064249.9 02A3 147322 034219 187850 0.33520 2867030 042518 311091
131 053636.93 -063324.2 O0FS  0.11322 053211 022020 067527 082032 1.21915  1.03538
132 053640.69 -063009.3 0#Z> 08595 055029 128119 057920 205218 096715 4.2532¢
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CHAPTER 3

Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age
ID  (J2000) (J2000) WM, DM97) (Myr, DM97) (Mg, DO8) (Myr, D08) Mg, S00) (Myr, S00) iy, B98) (Myr, B98)

133 0536 40.69 -065204.5 00 08531 03705 090238 038932 1.78328 05539 225038

-0.16 -0.05 ~0.26 -0.03 -0.18 -0.58

134 0536 40.94 -064117.8 04T  0.6993>  0.19%% 054215 0217532 232071
135 0536 41.35 -06 34 00.4 03¢ 0.03%05 057522 0.10703%
136 053641.98 -0620454 0% 256338 011308 10820 01053 4.2018 0109 1.75238

7 0.50 0.09 0.96 0.06 0.48 0.11 3.97
137 053643.77 -061528.6 04%7 10202 02479 08I70% 02655 24033 02938 141337
138 053645.21 -062809.6 027  0.1803 025057 02992 02903 1.35915
139 0536 45.79 -06 48 16.0 0982 65.633127 .. 0.1450% 47.06 375,

2 0.56 0.03 113 0.03 0.61 0.04 2.27
140 0536 46.62 -063950.0 0482 24603 0147053 153313 012038 454081 013307 2.0633]
141 053650.14 -064129.2 OFF 039378 08523 07232 110933 15922

142 053650.23 -064858.2 0431  0.163% 020291 02520 0.235% 1.64012
143 053654.41 -065105.5 048  11.1373°% 011080 6.56343% 0.13595 21797115 0.09057 55771284

~4.97 —0.01 -0.88 ~0.02 ~8.11 -0.02 -167
144 0537 49.54 -065627.4 02 013313 026053 02009 03003 1.189%
145 053751.72 -065651.9 028¢ 006735 03408 012215 04203 0.73929
146 053753.28 -070227.2 O0A%3  4.007%58 02009 41330 017592 58917 02000 4.29313
147 053754.48 -065731.1 042 06725 07208 121%48 082028 216358 1.220% 4.05718
148 05375451 -065645.5 O 00675 05721 015210 081310 0.650513
149 053755.15 -065740.7 0483 122028 01605 062272 016035 2.96933
150 053755.22 -065735.8 0432 02302 02008 035215 023092 1.970%
151 053755.65 -065718.1 08 009928  0440% 01928 055328 07198
152 053755.74 -065837.9 023 108332 030709 110078 03153 2247051 0375% 1.98733°
153 053755.99 -065233.7 04T 048932  0.153% 0.4202  0.169%2 0.6773
154 053800.67 -070114.3 029 2585133 0.250% 29503328 0.18737 2250723 0.2170%°5 21.4313%
155 053804.84 -070221.6 042 11403 015053 055057 01503 0.77°23]
156 053810.50 -065707.1 02%3 16195 03473 21038 03299 31008 04003 32918
157 053813.45 -070643.3 O0XA7 031312 09203 056723 1.24703 13570
158 053819.52 -065529.7 0ZHS 075932 03003 060075 03398 16005 04605 1.492%
159 053821.22 -070120.3 0442 169035 017083 125075 01793 370977 o0.18%% 1.70%82
160 0538 34.06 -07 04 36.8 07242 101.66%8,

161 053840.22 -065653.3 0FzZs  1.89318 039213 261958 03650 3.34735 049516 445887
162 05384059 -070223.8 0ZF2  1.91°19% 032023 2597%%2 030018 3.64719% 036725 3.631%°

-0.12 —-1.68 -0.10 =177 -0.12 -160

3 0.32 0.05 0.65 0.03 0.50 0.07 2.80

163 053841.48 -070152.6 0185 109522 02198 07828 0237993 25403 02403 126280

3 0.29 0.06 0.77 0.04 047 0.08 5.16

164 05384156 -065251.0 093 13102 01908 091277 020032 287947 0.193% 1.35516
165 0538 43.22 -06 58 08.9 . 000

166 053843.84 -065822.3 O0ZA: 0843 03321 0808% 03551 1.7638 049921 190572

-0.54 -0.08 -0.48 -0.08 -0.81 -011 -0.55
167 053844.95 -065814.7 04892  0.630% 045053 077217 048002 148218 0.813% 259538
168 053846.84 -070508.9 0287 12708 03405 152138 034005 252198 0449310 279229
169 053847.17 -07 0240.4 0:83¢  0.03280 0.76'05% 0.2532%
170 053847.74 -070614.9 O0ZF:  0.06338 037331  0.13850 046937 0.697537
171 053847.93 -070506.1 0442  0.119s5  0.183%% 0.1633¢ 0.225%2 0.367332
172 053849.88 -0702354 089 342057 06308 44512880 055512 3279935
173 053850.44 -070043.0 O0#ES 004388 065035 012382 091958 048233
174 053852.97 -070550.6 0497 25433 01093 0.973% 0.093%7 1.46°2%°
175 0538 53.33 -07 0545.2 .00
176 053854.45 -070446.7 0297 167574 033001 21838 031502 32503 03735 3.22779

2 0.36 0.03 0.67 0.02 0.45 0.04 0.83
177 05385493 -0707109 022 170936 030008 216067 029002 343045 03300 299083




STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’'S SUBURBS

Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age
ID  (J2000)  (J2000) Mio, DM97) (Myr, DM97) (Ms, D08) (Myr, D08) (Mo, S00) (Myr, SO0) Ko, B98) (Myr, B98)
178 0538 55.02 -06 56 18.6 oo
179 053857.04 -065259.3 04F2 55833  0550% 8.0655 042008 683433 06209 1190832
180 054019.41 -081416.4 0482 046927 06331 06825 075018 151130 119210 259170
181 054021.84 -080855.9 0242 10113 0319  1012% 032597 211718 04001 19632
182 054024.97 0755353 0Z 001597 028029 00538 037798 0.117%
183 054024.97 -080733.2 2343 094079 24309 10535 23401 26899
184 054024.97 -075535.3 0245 003355 032037 0.07937
185 054025.75 -081116.8 0ZF% 070539 02999 05305 0320 15604 044798 1.35310
186 054027.14 -080736.5 0ZFI 15533 032022 198820 03199 3.0738 03795 3.017%%
187 054035.44 -075636.5 0F%: 073701 0517038 1.041L% 054050 1761105 0917922 34271329
188 054037.36 -08 04 03.0 Qe 194018 3127012 1797038
189 054041.01 -080218.6 O0F4: 03672 04701 03625 056025 094973 1.0331% 1.6079°
190 054042.66 -074603.0 0153 8547330  0.1203° 49788 012592 123833 0.1005) 4.6745)
191 054046.22 -080524.3 2:1%8 040032 23403 042032 28401 1.320%
192 0540 46.40 -08 04 36.1 0:8%°  0.067¢%8 0.80917 0.402%0
193 0540 46.62 -08 07 12.8 082 0.022% 083922 01705
194 054046.84 -080454.6 0205  0.043%7 027957 0.0825 035538 032241
195 0540 48.07 -08 0558.7 08583 0.042%5 079018 0.34210
196 054057.49 -074808.8 0ZFS 051338 032025 038§ 037518 1.25%55 058030 125744
197 054059.75 -080603.2 0493 155040  0.129% 05531 0.125%° 0.85335
198 054059.92 -074816.1 0FF, 217715 040028  3.103%%7 035528 374748 048933 5007050
199 05410355 -075746.3 01%3 6367322 .00 0.099%3 3.59°2%3
200 054104.09 -074338.6 0245  21627° 03200 2993 02908 406271 03520 39550
201 054104.36 -074640.6 0X%5 472271 0169338 3.937> 01453 623231 01593 3.96753
202 054105.03 -074534.2 O0XS 10608 02005 07139 02103 251937 0193 1.04587
203 054105.49 -074707.5 245 329379 19501 48220 1767012 7.76152
204 054107.00 -074715.9 0287  273%% 03005 378287 02709 492158 031910 451378
205 054107.08 -0746225 O0Z4L 174331 030032 223812 029997 3483 033313 3.07882
206 054114.03 -080757.4 0247 01005 032092 0177353 03808 0.873%
207 054116.25 -074351.4 0% 978373 01309 651982 011933 82953 011993 5.25755
208 054120.12 -075524.0 O0:X37  0.0933 023210 015228 02809 0.75932
209 054125.35 -080554.7 1722 10908  1.094210 136278 20709 3.22%30
210 054126.37 -075817.8 032 88131 01605 7.093% 01303 858320 013307 546783
211 05413059 -080448.2 O0FPI 00428 05528 011212 08201 057929
212 054133.38 -075956.3 O0ZFE 00922 034212 01722 04201 08393
213 054141.66 -08 00 18.5 000
214 054143.74 -0758223 04%2  0.052%5  0.1625 0.0429% 020033 017942
215 054149.23 -0757123 029,  1.70%12 02809 209¢dT 02700 3.493% 031210 2843578
216 054149.74 -080032.3 01868 0.0733% 1.28'931 0.367031
217 054151.84 -080656.6 0081  1.4629 02009 1.23%25 01803 3.0991 0.21:9%2 1.72:93!
218 054154.66 -075912.4 07835 06573  1.200%2% 14218 153007 3.112%
219 054155.96 -075836.6 020, 423931 023022 48330 02099 6.1671% 0.22012  4.90883
220 05420559 -080105.6 O0%Fs 244822 043013 3517110 0377219 3.95%5 052015 577938
221 054207.25 -080524.4 0:98% 294228 01005 1.27352 0.10%07 2.04331
222 05421051 -080735.1 0x5%2 215050 018057 1.84%% 017033 421708 019307 23223
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Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age
ID  (J2000) (J2000) WM, DM97) (Myr, DM97) (Mg, DO8) (Myr, D08) Mg, S00) (Myr, S00) iy, B98) (Myr, B98)

223 054211.04 -080105.4 043 40037 019055 3873% 01673% 5.861%8 01830 4.082%

-0.79 -0.03 -1.34 -0.03 ~0.75 —0.04 -117
224 05421351 -081001.5 OZHe 54111208 035212 8432219 02808 775338 03701 9721430
225 054214.60 -075857.9 025 12595 02993 13639 029033 265015 0347057 22073
226 054215.93 -080937.8 O0xF7 13323 01829 08523 01703 299931 017910 12339
227 054218.11 -080810.9 O7F; 168352  1.133% 3.891%% 1230% 6.627097 1.30059% 10.1755%
228 05421856 -075923.0 0MFT 28693 019532 268535 017391 4.900%7 01995 3.18047
229 054219.05 -075912.2 0:98%  3.98%%  0.417951 209228 010703 490733 01155 267730
230 054219.56 -080507.6 0  3.1581 039013 488133 03328 5117830 043211 6.663552
231 054221.36 -080647.9 0Zp; 100918 02653 08855 028033 225219 033095 1.61979
232 05422156 -080829.8 0Affe  1.245% 0585i2 195221 057011 277218 094008 569333
233 054223.24 -075828.9 043  7.92337 047055  6.87377 0.1470%3 8.3333 01455 5423
234 054223.61 -080910.3 0287  1.0923% 03005 1.142%% 0317033 225931 03950 2.07592
235 054223.94 -080945.9 O0F53 146355 123210 342488 135097 61955 1.383% 0.4888]
236 054225.32 -081018.0 O#F%  1.05314 04823 147218 04708 218952 077533 4.0212%
237 054225.44 -080955.4 0449  3743% 05501 5107719 04609 50739 06959 9.20'786
238 054225.68 -075822.0 0582 25239 03425 36658 03103 44410 033508 4.84212
239 05422579 -080850.1 0.5  1.48238 03425 1.89077 033035 28995 04250 31112
240 05422650 -075850.9 04A: 03889 06923 057713 08673 1257289 1.345% 215715
241 054226.96 -080917.3 0292 286235 031055 408091 02770392 506992 03355 4.9311
242 05422750 -081103.8 0155  6.64238 015537 492331 012093 701218 013003 4.40758
243 05422759 -080952.6 0443 19638 05121 2829 04675 335352 07201 6.17783
244 054229.78 -080726.4 0427  133139° 050033 1.922280 048398 2581784 077031 4.9479%0
245 054230.62 -075954.0 0%z 6247187 047210 10.322%8 0.352% 8.0573%2° 050519 1271135
246 054230.87 -081045.7 0x5%2 201733 0180353 171738 017032 404922 019503 219788
247 054231.00 -080638.1 0ZF? 14832 028010 171231 028090 31212 03191t 248358
248 054231.33 -080235.3 O0AF)? 22303 01995 212372 01803 42553 020502 262080
249 05423155 -080822.8 01987 04170531 02205 047338 025033 207527
250 054232.66 -081007.9 01%2 158923 020002 141998 0.1899 32903 021933 1.90933
251 054232.77 -080704.8 051 139518 019532 102832 018992 303232 020092 1.4803
252 054234.02 -080959.7 0.2 05633,  1.173% 1.2213% 153009 274248
253 054234.31 -080212.1 OAF7 25572 0.16237 1992285 014015 46773332 0.16531 24372899
254 054234.92 -080750.5 053  1.445% 0195 10811 017935 3.149% 020007 1.54338
255 054236.41 -081017.8 OZfL  8.007%' 036212 12497877 0277038 10.103%1 0.36'911 13.591382
256 054236.51 -081151.5 0732  227¢3% 10609 506719 112093 7.798%7 1.200592 11.80°3%1°
257 054240.06 -080507.7 OFfS  9.2812% 049299 15811878 035039 1076382 0.51'99% 17.67°142°
258 054242.10 -081515.3 042 138313 04921  1.95¢72 04605 26138 074312 4.8938]
259 054244.12 -080626.4 OZ4l  1.0927% 031210 115138 032000 225083 039915 212238
260 054247.18 -080557.0 OFA>  6.055% 047212 097987 03671 7.8555 051912 12.36121°

13 8.03 0.13 1383 0.08 6.48 0.14 1211
261 054247.44 -080405.4 0F3 40189 040013 639238 03298 61051 043317 819720
262 054248.24 -080557.1 053

7 1370 0.03 2219 0.09 1353 0.03 8.87
5 18.82355 0.617); 28.0L35;, 044755 17.695¢;° 0.6357; 33.607,g,
263 054251.65 -080741.2 0488 17.187378 0.61°093 25512087 0.440% 16.41337° 06459 30.771988

=0 ~8.02 —0.12 -10.84 -0.09 ~6.24 -0.12 -1285
5 2.95 0.09 5.70 0.06 3.04 0.09 5.54
264 054252.30 -080854.9 01085 2842 04705 23730 015035 4.903% 017500 2.82351
1 2.80 0.14 5.27 0.13 3.77 0.12 5.33
265 054259.13 -0809236 OAff: 11728 048218 163327 04605 233311 075312 431%%
266 054301.78 -080450.6 OXF>  03903¢ 086372 07303 1.12928 1.612%

9 1349 0.06 2457 0.09 1224 0.08 7.44
267 054308.49 -081132.3 O0AFS 21231349 05009 36342457 033009 20131224 0.490% 3635724,




STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’'S SUBURBS

93

Table 3.9: The equivalent widths of emission lines on thécapspectra for YSOs in L1630N.

RA DEC o1 o1 NI He | [s s Call call call

ID  (J2000)  (J2000) (5577 A) (6300A) (6548A)  (6583A) (6678A)  (6716A)  (6731A)  (8498A)  (8542A)  (8662A)
14 054553.11-00 13 24.9 ~0.6£0.01 ~0.5+0.01

20 0545 56.31+00 07 08.6 ~1.3:0.01

23 054557.62+000721.1 -1.0:0.02 5.1+ 0.15 ~1.3:0.02

24 054557.93+000248.6 —0.8:0.01 -3.2+0.04 ~2.0£0.02 ~3.6:0.03 —4.6:0.04 —-4.6:0.04
25 0546 00.18+00 03 07.0 ~0.4+0.01 ~0.8+0.01

27 054604.64+000458.1 —0.6:0.01  -1.5:0.01 ~0.7+ 0.01

32 054610.31-000006.7 —0.9+0.01  —1.9+ 0.02 ~2.7+0.02 ~2.0£0.02 —2.260.02 -1.6£0.01
33 054611.34-000755.1 —42.0:2.26 -85.9:6.18 -27.71.32 -2.1+0.10 —7.8:0.38 ~1.9:0.08 -4.2:0.17

36 054612.99-000814.8 —2.8:0.08 -15.8:0.41 ~1.9:0.04 ~1.5:0.03

42 05 46 18.60+00 07 08.0 ~2.0£0.05 —2.5:0.04 —1.7+0.02
44 05 46 19.06+00 03 29.6 ~1.5:0.01 ~0.8+0.01 ~3.6:0.03 -4.5:0.04 —-4.0+0.03
47 05 46 22.43-00 08 52.6 ~0.6+0.01

51 0546 25.89+00 09 32.0-205.4: 10.03 —241.7% 20.40 —148.6: 22.99 ~1.4+0.03

52 0546 26.65+00 31 07.5 ~0.7+0.01 —0.7+0.01 -0.5:0.01
55 0546 28.36+00 12 27.0 -10.8: 0.91 .. -1.7£0.03 -1.7+0.03
56 0546 28.87+00 13 30.7 ~14.4: 0.29 —20.8+ 0.39 —13.8£ 0.21
58 054629.06+00 1145.7 —21.9: 1.74
59 0546 29.59+00 10 57.2 ~0.740.01 -1.4:0.01 -1.4+0.01
65 0546 33.28+00 02 51.9 ~0.6£0.01 ~5.6:0.04 —3.740.03 3.7+ 0.03
69 0546 36.10+00 06 26.8 -17.0:1.34

73 054638.40+001511.6 —6.3+ 022 —19.5:1.22
74 0546 38.57+00 22 06.0 ~0.740.01 —0.7+0.01 -0.7+0.01
79 0546 40.77+00 27 22.5 ~2.4+0.02 ~2.0+ 0.03 ~11.6:0.11 -9.6:0.08 -9.6+0.10
85 054645.00+001132.7 -1.740.03 -5.6£0.13

87 0546 45.04+00 05 33.9 ~0.7+0.01 1.0+ 0.01

90 0546 48.55+00 21 28.2 ~124.5:7.12 -36.0:1.55 -4.9:0.24 ~11.9: 0.55 ~11.1+ 0.52 —23.0: 1.04

93 0546 51.19+00 18 08.2 ~11.8:0.22

94 0546 51.40+00 19 47.2 ~18.5: 2.17 -9.3+ 0.90

95 0546 51.48+00 19 21.3 ~0.7£0.01 ~1.1:0.01

96 0546 51.85+00 19 38.6 ~0.8+0.01

104 0547 04.48+00 1547.2 —16.2= 2.31
107 0547 05.06+00 18 34.8 ~0.7£0.01 —0.7+0.01 -0.7+0.01
108 0547 05.12+00 18 26.7 ~0.740.01 —0.7+0.01 —0.7+0.01
112 0547 06.17+00 20 32.5 ~2.5: 0.08
117 0547 08.62+001923.9 5.6+ 0.47 ~0.5:£0.01 —0.7+0.01 -0.7+0.01
118 0547 08.71+00 16 34.7 ~25:0.03 —3.4:0.05 —-3.4:0.05
123 0547 12.92+00 22 06.5 -8.8:0.11 -10.1+ 0.15 6.6+ 0.08
129 0547 19.90+00 16 13.1 ~2.9+ 0.09

Table 3.10: The equivalent widths of emission lines on thecapspectra for YSOs in L1641.

RA DEC o1 o1 NI He | s s Call Call Call

ID  (J2000)  (J2000) (5577 A) (6300A) (6548A)  (6583A) (6678A)  (6716A)  (6731A)  (8498A)  (8542A)  (8662A)
5 053517.80—06 24 38.4 ~0.6£0.01 —0.6:0.01 —0.6...
20 053527.35-06 19 31.3 ~35:0.12

28 053533.93-06 14 32.8 ~1.2+0.01 ~0.9+ 0.01

34 053541.02-0622454 -0.7+0.01 -1.6+0.02

39 053543.37-06 22 19.6 ~4.6+0.05 ~2.4+0.02

40 053544.18-06 28 16.4 ~4.3+ 0.06

45 053550.19-06 50 40.2 —283.0+ 28.22 —56.5¢ 6.12 ~12.2+ 1.46

46 053557.30-06 40 28.1 ~1.0+ 0.01
47 053557.31-06 15 37.7 ~1.2:0.01 ~1.6:0.01 -0.8:0.01 -0.7+0.01
55 053559.84-064230.5 -1.1+0.01 -11.4:0.16 ~4.2+ 0.05 -22+001 -3.2:003 -4.6:0.03 -3.2:0.03
56 0536 00.18-06 42 33.9 -2.0£0.01 -3.1:0.01 -3.1+0.01
57 053601.09-062507.7 —0.8:0.01 -1.5:0.01
58 053601.10-061531.4 —0.4:0.01 —0.7+0.01 ~0.7+ 0.01 ~1.0£0.01 -1.0:0.01 -0.5:0.01
66 0536 06.66-06 14 25.9 ~1.0+ 0.01 ~1.960.02 -0.8:0.01 -2.9:0.05
68 0536 08.29-06 48 36.3 ~190.5 13.46 —12.4+ 0.08 -4.0+ 0.02 —0.6+0.01 -1.3:0.01 —-1.6:0.01 —5.1+0.03 -9.3+0.04

80 0536 12.61-06 23 39.6 ~1.1+ 0.01 ~1.2+0.01

84 0536 13.45-06 43 55.1 ~7.5+0.40 ~1.8:0.08 -5.1+0.21 ~4.4:0.23 -5.4+0.26




94 CHAPTER 3
Table 3.10: continued.
RA DEC [on o1 [o1n N1 N1 Hel [si [si call call call
ID  (J2000) (J2000) (5577 R) (6300A)  (6363A)  (6548A)  (6583A) (6678A)  (6716A)  (6731A)  (8498A)  (8542A)  (8662A)
85 053614.76-06 13 16.9 -1.3:0.01 -0.5+0.01 -1.1+ 0.01
88 053615.84-061450.7 -0.8+ 0.01 -0.6+ 0.01
94 053619.38-062551.3 -1.2+0.03 -10.3:0.26 -2.4+0.04 -1.0+0.01 -1.4+0.02 -1.1+0.02 -2.1+0.04
96 053621.16-06 26 56.9 -2.2+ 0.05 -1.1+ 0.03
104 053624.54-065234.2 -0.9+0.01 -1.2+£0.01 -1.5+ 0.01
105 0536 25.13-064441.9 —-6.6+£ 0.06 -1.9+0.01 -1.1+0.01 -3.1+0.02 -12.5:0.07 -9.5+0.04 -7.6+0.04
122 053630.96-065241.0 -3.8-0.08 -40.9+0.72 -13.7+0.25 -1.8+ 0.04 -9.5+ 0.37 -2.6+ 0.07 —-16.9+ 0.55 —-34.1+ 1.22 -11.1+ 0.28 -5.3+0.12 -3.7+0.09
125 0536 32.42-06 40 43.0 -1.1+ 0.01 -0.9+ 0.01
127 0536 32.89-064420.9 -1.3+0.03 -3.7+0.09 -3.2+0.07 -2.7+0.04
130 053635.76-064249.9 -1.2+0.04 -1.6+£0.03
134 0536 40.94-064117.8 -0.7+ 0.01
140 05 36 46.62-06 39 50.0 -1.4+0.02
143 0536 54.41-06 51 05.5 -3.4+0.17
144 0537 49.54-0656 27.4 -0.6+0.01 -0.9+ 0.01
145 053751.72-065651.9 -0.5+0.01 -1.2£0.01 -0.5+0.01 -1.1+ 0.01
147 0537 54.48-0657 31.1 -0.8+ 0.01
152 0537 55.74-06 58 37.9 -1.2+£0.01
156 0538 10.50-06 57 07.1 -1.3+0.01
159 053821.22-07 01 20.3 -1.5+ 0.04
160 0538 34.06-07 04 36.8 -3.9+0.20
162 053840.59-070223.8 -0.7+0.01 -2.6:£0.02 -0.8+0.01 -2.3+ 0.05 -0.8:0.01 -0.8£0.01 -0.8+0.01
163 0538 41.48-07 0152.6 -0.5£0.01 -0.5£0.01
165 0538 43.22-06 58 08.9 -4.3+0.10 -4.2+0.05 -3.3+0.06
166 0538 43.84-065822.3 -0.9+0.01 -0.7+0.01 -0.6+0.01
167 0538 44.95-06 58 14.7 -9.5+ 0.57 -0.8:0.01 -1.3+0.01 -1.3+0.02
168 05 38 46.84-07 05 08.9 -1.8+0.07 —11.6+ 0.30 -15.0+ 0.37 —-15.0+ 0.40
170 053847.74-070614.9 -21.8:1.94
173 053850.44-070043.0 -5.6+0.26
175 053853.33-070545.2 -1.8:0.05 -6.0£0.14 -2.4+0.05
177 053854.93-07 07 10.9 -15.4+ 0.30
179 053857.04-065259.3 -0.8+0.01 -1.6+£0.01 -0.7+0.01 -2.4+0.01
182 054024.97-075535.3 -0.6+0.01 -1.9-+0.01 -0.9+0.01 -1.0£ 0.01 -25.5-0.23 -44.6+ 0.43 —-26.5-0.17
196 054057.49-07 48 08.8 -7.3:0.33 -3.0£0.03 -3.0+£0.03
200 054104.09-07 4338.6 -1.6+0.04 -2.0+£0.03 —-0.6+0.01 -0.5+0.01 -0.5+0.01
203 0541 05.49-07 47 07.5 -6.8+0.08 -4.0:0.04 -3.3+0.04
204 054107.00-074715.9 -0.9+0.01 -2.5:£0.02 -0.6+0.01 -3.5+ 0.05 —-0.9+0.01 -1.9£0.02 -0.5+0.01
205 0541 07.08-07 46225 -0.5+0.01
210 0541 26.37-07 58 17.8 -123.8- 12.69
212 0541 33.38-075956.3 -2.7+ 0.10
213 054141.66-080018.5 -8.6+0.94 -4.3+0.13 -1.9+ 0.04
214 054143.74-075822.3 -4.5+0.13 -24.5:0.69 -6.8+0.13 -3.0:0.04 -3.4+0.05 -4.2+0.06 -6.3+0.08 -7.1+0.07 -5.8+0.04
215 054149.23-075712.3 -3.2+0.23 —7.5+£0.61
219 0541 55.96-07 58 36.6 -21.5+ 1.60
225 0542 14.60-07 58 57.9 -5.9+0.09 -2.6+0.03 -0.6+ 0.01 -0.6+ 0.01
231 054221.36-08 06 47.9 —-0.6+0.01 -0.8+0.01 -0.8+0.01
232 0542 21.56-08 08 29.8 -0.8+ 0.01
233 0542 23.24-07 58 28.9 -31.9+1.93
234 054223.61-080910.3 -1.8+0.02 -1.0+0.01
239 054225.79-080850.1 -1.2+0.02 -1.6+0.02 -0.7+£0.01
240 0542 26.50-07 58 50.9 -0.6+ 0.01
245 0542 30.62-075954.0 -7.4+0.07 -1.6+ 0.04
248 0542 31.33-0802 35.3 -2.8+ 0.05
253 054234.31-080212.1 -10.2+ 0.33 -2.5+ 0.06 -1.5+ 0.02




Table 3.11: Unrelated field stars with photometric magragioh L1630N. A complete version

of this table, containing 108 stars,

is available at the CDSehkive only show the first 10 entries.

RA DEC u g r i’ 4 J H Ks [3.6] [4.5] [5.8] [8.0] [24] Ay

1D (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)  (mag)  Spt (mag)

1 054529.13-001349.4 24.240.68 20.82 0.02 18.82 0.01 17.88 0.01 17.2%0.01 15.43 0.05 14.73:0.05 14.29-0.09 14.2% 0.06 14.24 0.06 14.19-0.10 14.23 0.26 K6 2.7

2 054529.45-001212.9 21.090.02 19.2#0.01 18.020.01 17.350.01 15.8%0.08 15.48 0.14 15.18 0.17 14.8%0.06 14.84 0.06 M35 0.1

3 054530.81-000943.1 23.480.36 20.62 0.01 19.220.01 18.4% 0.01 17.83 0.01 16.2@ 0.11 15.8%# 0.17 15.36 0.20 15.23 0.06 15.4@ 0.06 F8 3.8

4 054531.70-000833.5 21.990.10 19.3%#0.01 17.7%0.01 16.83 0.01 16.2% 0.01 14.66 0.03 13.86:0.03 13.6#0.05 13.4@ 0.06 13.4@0.06 13.450.07 13.250.13 Gl15 40

5 054533.01-000455.0 23.720.46 21.730.03 20.1%0.01 19.2% 0.01 18.6@ 0.02 15.960.06 15.9% 0.07 GO 41

6 054533.72-000449.0 21.280.06 18.28 0.01 16.6& 0.01 15.9@ 0.01 15.3#0.01 13.9%0.02 13.1%0.02 12.93 0.03 12.750.06 12.78 0.06 12.7#0.06 12.830.10 ... K4 23

7 054534.32-000427.5 23.460.42 21.190.02 18.9%0.01 17.330.01 16.450.01 14.6% 0.03 13.63 0.04 13.36:0.03 13.26 0.06 13.0#0.06 12.98 0.06 12.9%0.10 ... M25 1.6

8 054536.34-001333.9 24.520.88 21.86 0.04 19.49 0.01 18.03% 0.01 17.09-0.01 15.3% 0.06 14.44 0.06 14.0920.07 13.6@ 0.06 13.650.06 13.550.07 13.830.19 ... M15 23

9 054538.07-001008.9 23.420.35 20.05 0.01 18.2& 0.01 17.340.01 16.7& 0.01 15.160.06 14.25 0.04 14.19-0.07 13.98 0.06 13.98 0.06 13.85 0.08 13.68& 0.17 K15 3.7

10 054539.17+000936.3 22.680.15 20.09 0.01 18.76:0.01 18.130.01 17.68 0.01 16.36 0.12 15.73 0.13 15.6& 0.21 15.4% 0.06 15.48 0.06 K35 1.9

Table 3.12: Unrelated field stars with photometric magratuish L1641. A complete version of
this table, containing 71 stars, is available at the CDS. Merenly show the first 10 entries.
RA DEC u g r i’ z J H Ks [3.6] [4.5] [5.8] [8.0] [24] Ay

ID (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) Spt (mag)
1 053518.65-062509.7 21.120.16 18.420.01 17.0%0.01 15.76 0.01 15.1@ 0.01 13.720.02 13.0% 0.03 12.82 0.02 12.5% 0.06 12.4%0.06 12.33 0.07 12.02 0.18 M35 0.1
2 053528.58-061700.0 22.4080.59 22.6#0.17 19.7#0.02 18.06 0.01 16.83 0.01 14.48 0.03 13.42 0.03 12.8& 0.02 12.52 0.06 12.38 0.06 12.3% 0.07 12.48& 0.25 K5 5.7
3 053532.41-061648.0 21.020.18 20.8%0.04 16.86:0.01 13.630.01 11.750.01 7.93-0.03 6.240.06 543 0.01 559006 4.940.06 4.790.06 4.640.06 405006 M6 7.3
4 053534.81-062151.3 13.740.01 10.9%0.01 10.440.01 10.350.01 12.830.01 9.56-0.02 9.250.03 9.120.01 9.1%0.06 9.120.06 8.9930.06 9.1% 0.06 B85 2.1
5 053539.41-0616 02.7 19.8#0.07 17.150.01 15.7%0.01 15.14 0.01 14.54 0.01 13.2%0.03 12.6% 0.03 12.3% 0.02 12.09 0.06 12.2% 0.06 12.23 0.07 12.23 0.20 M1.5 0.1
6 053540.03-06 23 54.3 21.440.06 18.990.01 17.58 0.01 16.54 0.01 14.48 0.03 13.5%0.03 13.1@&0.02 12.78 0.06 12.650.06 12.7% 0.07 12.6% 0.23 K5 4.5
7 053546.67-063955.1 22.3560.75 20.62 0.04 19.03 0.01 18.220.01 17.59 0.01 16.03 0.09 15.46 0.12 15.36 0.16 15.12 0.08 15.06 0.07 F6.5 4.0
8 053548.24-064135.2 17.230.21 16.1@ 0.21 15.56 0.17 15.19 0.08 15.0% 0.07 K55 4.7
9 053556.56-06 52 45.7 21.950.09 19.94 0.02 18.9%40.01 18.28 0.03 16.85 0.15 15.6%0.13 15.58 0.19 15.290.07 15.1% 0.06 K6.5 2.5
10 053556.58-065035.2 21.640.27 18.48 0.01 16.83 0.01 15.94 0.01 15.34 0.01 13.850.02 13.14 0.04 12.9%0.03 12.76:0.06 12.64 0.06 12.62 0.07 12.53 0.14 K4 26
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Table 3.13: Photometric magnitudes for stars in L1630N. Aglete version of this table,
containing 12199 stars, is available at the CDS. Here we drdwshe first 10 entries.

RA DEC u g v i" 7 J H Ks [3.6] [4.5] [5.8] [8.0] [24]
D (J2000)  (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)  (mag)
1 054521.05+00 00 52.7 23.790.30 22.2@-0.11 21.18 0.21 17.080.08 17.03 0.10
2 054521.07+004919.8 21.180.06 19.6@0.01 18.7%0.01 18.43 0.01 18.2% 0.02 16.540.07 16.2% 0.07
3 054521.11+00 38 36.9 23.150.39 21.92 0.21 21.2% 0.38 16.680.08 16.66 0.08
4 054521.14+003748.4 23.90.44 21.280.02 19.82 0.01 19.2@-0.01 18.7% 0.02 16.300.07 16.46 0.07
5 054521.15-001105.2 19.820.02 17.44 0.01 16.030.01 15.3%0.01 14.8@:0.01 13.38& 0.02 12.82 0.04 12.5% 0.02 12.45 0.06 12.4& 0.06 12.3%-0.06 12.04 0.07
6 054521.15+00 18 48.0 24500.38 22.440.10 20.86 0.04 20.0a 0.08 16.970.10
7 054521.16+00 47 15.0 22.980.35 21.5@ 0.16 20.08 0.14 16.960.09
8 054521.17+000006.5 19.050.01 17.0%0.01 15.82 0.01 15.2%0.01 14.7%0.01 13.5%0.02 13.0%0.02 12.860.03 12.7% 0.06 12.72 0.06 12.5% 0.06 12.62 0.09
9 054521.19+00 45 35.9 21.400.03 19.6% 0.01 18.6%0.01 18.02 0.02 16.74 0.17 15.82 0.15 15.82 0.25 15.75 0.06 15.7& 0.06 15.64 0.28
10 054521.19+0026 07.1 17.040.01 15.7%0.01 14.38:0.01 12.8%0.01 13.320.01 11.34 0.02 10.76:0.02 10.5& 0.02 10.32 0.06 10.4@ 0.06 10.4% 0.06 10.38 0.06

Table 3.14: Photometric magnitudes for stars in L1641. Amlete version of this table, con-
taining 9495 stars, is available at the CDS. Here we only shewitst 10 entries.

RA DEC u [+ r [ 4 J H Ks [3.6] [4.5] [5.8] [8.0] [24]
ID_ (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
1 053404.47-063137.9 22.480.56 19.53 0.02 18.1@ 0.01 16.4%0.01 15.52 0.01 13.9@ 0.03 13.13 0.04 12.6& 0.02 11.480.08
2 053405.73-062851.7 21.6¥0.18 17.9@& 0.01 15.6%0.01 14.460.01 13.630.01 11.7#0.02 10.84 0.03 10.4% 0.02 10.080.06
3 053406.23-063045.1 19.740.06 16.74 0.01 15.24 0.01 16.3#0.01 13.14 0.01 11.5%0.02 10.84 0.03 10.5% 0.02 10.180.06 5.7@ 0.06
4 053406.28-062839.8 23.4¥0.91 19.76 0.01 17.690.01 16.5%0.01 15.79:0.01 14.040.03 13.1@ 0.03 12.73 0.02 12.260.13
5 053406.96-063207.9 20.8#0.15 18.22 0.01 16.8@ 0.01 15.45 0.01 14.7% 0.01 13.2%0.02 12.590.03 12.26 0.02 9.340.06 5.6% 0.06
6 053409.07-063356.7 21.0560.18 19.26 0.01 17.9%0.01 16.3@:0.01 15.3& 0.01 13.840.02 13.2@ 0.03 12.99 0.02 12.480.15
7 053409.57-062541.4 22.920.16 21.330.05 20.54 0.04 19.9%0.07 17.460.16 17.120.13
8 053410.01-06 26 22.5 22.420.10 20.28 0.02 19.230.01 18.56:0.02 16.8%0.16 15.96:0.16 15.5%0.17 15.3%0.06 15.34 0.06
9 053410.36-062437.9 21.520.16 18.4@ 0.01 16.83 0.01 16.09 0.01 15.6% 0.01 14.16 0.03 13.440.04 13.240.03 12.950.06 13.06:0.06 12.88 0.09 13.05 0.24
10 053410.51-06 3040.0 21.130.06 19.090.02 17.68& 0.02 15.18 0.04 13.8% 0.04 13.240.03 12.580.17
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3.3.2 Stellar properties

We determined the spectral type for each star in our samptiessribed Sect. 3.2.2, and es-
timated masses and ages using the methods described i13.2e&t.We could obtain reliable
spectral types for 71% of the observed sample in L1630N af6lindL1641, the remainder of
the sample usually having too low SNR for a robust analysis.

(1) Spectral types

In Fig. 3.5 we show a histogram of spectral types within ounga. The distribution is bi-
modal, with peaks around spectral type GO and mid M. In thigsréigwe distinguish between
YSO candidates, selected according to the criteria owtlin&Sect. 3.2.1 and shaded gray in the
histogram, and probable "field” objects. The young starsunsample are all of K or M type,
with the exception of one F and one G star in L1641. The fielcsstamprise essentially the
entire peak around spectral type GO and placement of th¢seten the HR diagram shows that
11% (761) in L1630 and 25% (20) are foreground dwarfs, the majority of the rest are main
sequence stars behind the clouds. The second peak in theljjeltts distribution, around K and
M spectral types, consists mostly of foreground dwarfs aaxkground giants.

S0 ¥ [ ]

40}

30¢

Numbers
Numbers

20F

wog

BO A0 FO GO KO M2 L2 BO A0 FO GO KO M2 L2
Spectral type Spectral type

Figure 3.5: The spectral-type distributions of our samjigenved with VIMOS in L1630N and
L1641. The open histograms show the distribution of all ttaesswith reliable spectral types.
The filled histograms display the YSO distribution
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(2) Stellar masses and ages

In Fig. 3.6 we show the HR diagrams of the L1630N and L1641ddp@rom which we derive
mass and age estimates as outlined in Sect. 3.2.3(3). We smavate diagrams for the “dis-
tributed” and “clustered” population in L1641, as definethgghe NNM (Sect. 3.2.5). The vast
majority of objects lie between the 0.1 and 3 Myr isochroné& use distinct symbols ( filled
asterisks) for objects with SEDs typical for transitionksigsee also Sect. 3.3.3), as well as four
“exotic” objects that are apparently under-luminous angehaery high emission line equivalent
widths (blue-boxed points, see Sect.3.3.4(1)).

" L1630N £ " L1641C

log (L/Le)
o

4?0 3.I9 3.I8 3?7 3.I6 3.I5 4.IO 3.I9 3.I8 3.I7 36 35
log Ten (K) log Ten (K) log Tey (K)

Figure 3.6: HR diagrams of YSOs in L1630N (left panel), L164Iniddle panel) and L1641D
(right panel). Gray circles: YSOs. The error bars for tlfileaive temperatures reflect the
uncertainties of the deduced spectral types provided bgl#ssification code. The errors bars for
the lumonisity come from the optical SED fitting and incluble tincertainties in the photometry
as well as the fective temperatures. Asterisks: YSOs with transition slisBpen squares: the
exotic objects, see Sect. 3.3.4(1).

In Fig. 3.7, we show the age distribution of L1630N, L1641Cd &1641D. The median ages
are 0.9 Myr in L1630N, 1.1 Myr in L1641C, and 1.3 Myr in L1641Dai distance of 450 pc is
assumed for both clouds. In this case, a Kolmogorov-Smi(K&) test yields a very low prob-
ability (P ~0.03) that the YSOs in L1641 and L1630N are drawn randomiyftile same age
distribution. However, if one assumes a distance of 400 p£I630N, which is within current
uncertainties (Flaherty & Muzerolle 2008; Anthony-Twart®B82), the discrepancy between the
age distributions of both clouds disappears completely.

In Fig. 3.8, we show the mass distributions (filled histogsanterived for our sample. The me-
dian masses are0.34M,, in L1630N, 0.33Vl, in L1641C, and 0.28/ in L1641D, respectively.
A KS test toward the mass distributions in LL630N and L164&{zeals a relatively low proba-
bility (P ~0.08) for stars in both clouds to be drawn randomly from theesdistribution. In
Fig. 3.8 we see that there are fewer objects in the lowest iassin L1641C compared to
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Figure 3.7: The age distribution of YSOs in L1630N, L1641G] 41641D. The dotted lines
show the median masses of YSOs, 6.9 Myr in L1630N, 1.1 Myr in L1641C ,and 1.3 Myr in
L1641D.
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Figure 3.8: The mass distribution of YSOs in L1630N and L16/ie dotted lines show the me-
dian masses of YSOs, i.e0.34 M, in L1630N, 0.33Vl, in L1641C, and 0.28V, in L1641D.
The shaded histograms are the mass distributions withoatmpleteness correction, while the
open histograms are the mass distribution corrected fampteteness (see Sect.3.3.2(2)). A
linear regression toward the latter mass spectra in theerahg0.4<log(M,/M,) < 0.4 gives
slopes of -1.360.36 and -1.740.19 for the population in L1630N and L1641D (dashed lines),
respectively.
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L1641D and L1630N. This may, however, be caused by highénatidn in the former popula-
tion, causing the lowest mass members to be excluded froreasuple as they are too faint for
optical spectroscopy. The mass distributions for stars@BdbM, in L1630N and L1641D are
indistinguishable, with a probability & ~0.9 for both samples being drawn at random from the
same parent distribution, in a KS test.

We used a Monte-Carlo method to estimate the incompleterfess @ample. According to
an assumed mass function, we constructed 1000 synthellier giepulations, each contain-
ing 2x10° stars. Assuming ages of 0.9 Myr for L1630N, 1.1 Myr for L1644ad 1.3 Myr for
L1641D, we obtained synthetic photometry for each starqusiie PMS evolutionary tracks
from Dotter et al. (2008). We reddened the photometry ugipgalues randomly sampled
from the observed extinction distributions in both regiomspectively. We used=21.5mag
as a flux limit, and assumed that stars brighter than thid lnave spectra of sficient signal-
to-noise for reliable spectral classification. Examinatod the VIMOS spectra of our sample
shows that this limit is realistic. The incompleteness ection factors for each mass bin can
be obtained by comparing the input mass function and theglvesl” mass function, including
all stars brighter than 21.5mag @t The open histograms in Fig. 3.8 show the mass distribu-
tion corrected for incompleteness. A linear regressioratovthis mass function within the mass
range -0.& log(M,/M;) < 0.4 yields slopes of -1.38.36 and -1.740.19 for the population in
L1630N and L1641D, respectively.

3.3.3 Disk properties

From our infrared SED data we derived approximate disk gé&oesefor the observed objects
whereas optical emission lines yield accretion and outfliogwagures. See Sect. 3.2.4 for a de-
scription of the diagnostics used.

(1) Disk geometry
(a) Qualitative description of SEDs & physical interpretation

In Fig. 3.9 we show a set of representative SEDs of YSOs dispgjea range of spectral shapes
that are thought to indicate féierent stages of disk evolution. In Table 3.15 we list theairdd
excess from 3.am to 24um of these same stars in magnitudes.

The object displayed in Fig. 3.9(a) shows a strong IR excésam approximately flat spectrum
(in AF,). The SED of the system in Fig. 3.9(b) shows excesses thatdneed by a similar factor
across the whole wavelength range compared to the objed.iB8.B(a). The excess fluxes of the
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object shown Fig. 3.9(c) are substantially smaller stillparticular at 24m. The SEDs shown
in Figs. 3.9(a) to (c) can be understood in terms of dust dramd settling, which decrease the
vertical scale height of the disk and thus the amount ofastedidiation that is absorbed by the
disk and re-emitted in the infrared. The corresponding destmetries could be referred to as
"strongly flaring” (a), "mildly flaring” (b), and "flat” (c). Note that the designation "flat” does not
imply a geometrically thin disk, but rather indicates the tatio of the disk vertical scale height
and the distanceH/R) doesn’t increase significantly with radius. For flared djgkis ratio does
increase with radius, the classical solution for an opifdhick disk beingH/R « R?7 (Kenyon

& Hartmann 1987).

—8F1D#166, L1641  (a)} ID#239, L1641  (b)E ID#177, L1641  (c)}1D#205, L1641  (d)
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Figure 3.9: Example SEDs of YSOs whose disks are tfeddnt evolutionary stages. The
photospheric emission level is indiacted with a grey curveach panel. From (a) to (e-f), the
disks evolve from a “strongly flared” optially thick disk td'@®ansition disk”. (g): a star showing
no excess emission in any of the Spitzer bands. (h): a ddlslkscandidate with a weak excess
at 24um only.

From Fig. 3.9(c) to Fig. 3.9(e) the excess emission fromuB@o 8.0um decreases steadily while
the flux at 24um remains roughly constant. This indicates that the vergiimarts of the disk
are dissipated while the outer disk remains essentialfctnt.e. an inner hole may form. Going
from Fig. 3.9(e) to Fig. 3.9(f) we see that the excess emissi@.Qum is significantly reduced,
while the excess at 24n has more than doubled. This may be understood in terms ofren i
disk that has essentially dissipated, i.e. an inner gapddral AU in radius, combined with a
dusty outer disk whose inner edge is no longer partiallyldbe by the inner disk but rather is
fully exposed to the stellar radiation field, and has a temapee 0f<200 K making it very bright
at 24um but very faint a8 um.
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The star shown in Fig. 3.9(g) displays no excess emissionyabvfthe Spitzer bands, indicating
it has essentially no circumstellar material withiB0 AU. In Fig. 3.9(h) we show a star that has
essentially photospheric emission levelstat8 um but shows a weak excess ati@. Such
an SED is typical of “debris disks”, which possess relagiv&mnall amounts of circumstellar
material originating in the collisional grind-down of lagbodies (“planetesimals”). While the
source shown in Fig. 3.9(g) does show a debris disk-like SEB,unclear whether it is of the
same physical nature, given its young age4iMyrs.

Table 3.15: Excess emission fluxes for YSOs in Fig. 3.9

sub- ID [3.6] [4.5] [5.8] [8.0] [24]

panel (L1641) (mag) (mag) (mag) (mag) (mag)
(@ 166 1.39 2.07 246 3.34 6.45
(b) 239 149 189 215 281 5.71
(0 177 0.84 1.24 157 212 4.12
(d 205 056 0.82 1.13 1.83 4.38

() 64 -~ 0.05 034 122 4.20
(H 204 0.06 0.23 029 0.72 5.17
(99 44

(b) Disk frequency

In Fig.3.10(a) we show the “classical Spitzer IRAC coloresdldiagram of all YSOs in our
sample, i.e. the [3.6]-[4.5] vs. [5.8]-[8.0] colors. A nusgrof stars cluster around the origin,
indicating approximately photospheric near-infrarecdbe®bnd the absence of an optically thick
inner disk. Most stars are located towards the top-righthef @rigin due to infrared excess
emission indicative of hot dust in the inner disk. Note tmafFig. 3.10, the k4 equivalent width
of each star is indicated using a color coding, this will beffer discussed in Sect. 3.3.3(2).

The average slopek.. of the SED in the IRAC spectral range is often used as a proxthtor
nature of the inner disk. Fig. 3.11 shows this slope as a ilmcif stellar €fective tempareture,
again with symbols color-coded according ta Blquivalent width. Diskless M-type stars show a
spectral slope aofr\c < —2.56, while objects with an optically thick inner disk havig,. >-1.8.
An intermediate spectral slope 6R.56< a . <—1.8 points at a partially dissipated “evolved”
inner disks. Using these criteria, we find the following dsétistics in our sample of YSQgth
detections in all four IRAC band$n L1630N, the YSOs with optically thick disks and evolved
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Figure 3.10: Spitzer [3.6]-[4.5] vs. [5.8]-[8.0] (left) drKs-[5.8] vs. [8.0]-[24] (right) color-
color diagrams for our YSO sample in L1630N, L1641C, and L16%ke pluses mark YSOs
with transition disks. The debris disk candidate is markét evsquare box. All points are color-
coded according to theddequivalent width (blank circles represent sources wher&/eMOS
spectra did not cover thedspectral region)



104 CHAPTER 3

:L1630N | N 400

@ Y = 73%

Airac

- 134
59% =
- L
=
L
\16%
/ __F 110
63% F 13
0% |

7000 5000 3000
Effective temperature

Figure 3.11: (a): The dereddened power-law slope of the IREDS(r.) for YSOs in
L1630N, L1641C, and L1641D, plotted as a function fiéetive temperature. (b): Distributions
of ajpacfOr YSOs in L1630N, L1641C, and L1641D.
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Figure 3.12: The spectral slopg g »4 between the IRAC 5.8 and MIPS 24 bands iffefient
age bins. This slope is a measure for the disk geometry oesobh few AU, see Sect. 3.3.3(1c).
The solid lines show the median value of this slope for eaehba

disks account for 789% and 1@-3% of all sources, respectively. In L1641C 289 % of sources
have an optically thick disk and 3#6% have an evolved disk. In L1641D, these fractions are
63+7% and 1@-3%, respectively.

Some YSOs, preferentially those without strong excesssomsdid not have solid detections in
all four IRAC bands. For these sources, we visually inspetttec5EDs for signs of infrared ex-
cess emission, by comparing the observed IRAC fluxes withettidened model atmospheres fit-
ted to the optical and near-infrared data. Including thémes $eads to somewhat lower total disk
frequencies (optically thick evolved) compared to the numbers quoted above: 70% in L1630N
67% in L1641C (aggrega™utser population in L1641), and 59% in L1641D (distrilwifeop-
ulation in L1641). We remind the reader that these valuesliktill slightly overestimate the
true disk frequencies in an abolute sense, due to the biaglirded by our target selection (see
Sect. 3.1.3(3)).

(c) Disk flaring & dust settling
In Fig. 3.12 we show histograms of the spectral slope betwez=RAC 5.8 and MIPS 24 bands.

As discussed in Sect. 3.2.4(1), this slope is a measure dishkgeometry on scales of a few AU.
We have split our sample into three age bins, and have ex@lksméces with an SED indicative
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Figure 3.13: The distributions of the spectral slopes betwthe IRAC 3.6 and 8.0 bands, the
IRAC 3.6 and MIPS 24 bands, and the IRAC 5.8 and MIPS 24 bands faiISSTand WTTSs
with disks.

of a transition disk. Since the special geometry of transisystems causes the pr@ radiation

to mostly not arise in the disk whereas the stellar photoascanverted into 24m radiation
with above averageficiency, theirasg_»4 as a proxy for the disk geometry cannot be compared
directly with that of normal disks.

From Fig. 3.12 it becomes immediately apparent that theadasge range of observed spectral
slopesasg 24 in each of the age bins. The median slope decreases sligh#éy going to larger
ages, but thisféect is much smaller than the scatter within the individua bos. Thus, while
our data do suggest the occurence of “flat” disks to increa#ie pvogressing age, they also
imply that age is not the main factor determining whethersk tlias a flared or a flat geometry.
Assuming that all disks start out with a flared geometry, e at which dust settling turns
them into flat disks varies strongly from source to sourcee Uhcertainties in the ages of the
individual objects are too small to explain the observeceagrin the rates at which the disks
evolve, and the spread must instead be intrinsic. A priméidate mechanism for influencing
this process is binarity (e.g. Bouwman et al. 2006), a prgpehich we do not assess in this
work.

In Fig. 3.13 we show distributions of the spectral slopesvben the IRAC 3.6 and 8.0 bands
(az36-8), the IRAC 3.6 and MIPS 24 bands4s_»4), and the IRAC 5.8 and MIPS 24 bands{ ,4),

for CTTSs and WTTSs with disks. For the same reason as discabsed, we have excluded
transition disk objects. Though a large dispersion in treespl slopes is present for both popu-
lations, the CTTSs show on average “redder” slopes than theS8With disks in all the spectral
indices considered, especially foss_ 24, andasg »4. A KS test toward the distributions of the
specral slopes hints that_g is different for both populations, with a probability B+0.14 for
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CTTSs and WTTSs with disks to be drawn randomly from the samenpdistribution. The dif-
ference in the other two indices ¢ >4 andasg o4 iS more evident, with probabilities ¢ ~ 0.02
andP ~ 0.03 for both sets to be drawn randomly from the same populatespetively. Since
the infrared spectral slopes trace the disk geometry, osgrvhations provide evidence for a cor-
relation between disk geometry evolution and accretiodugham (see also e.g. Sicilia-Aguilar
et al. 2006b). This does, however, not necessarily implyugalaconnection between the two.

(d) Transition disks

The SEDs of all sample stars were visually inspected to s&lese that comply with the de-
scription of a transition disk given by Muzerolle (2008). Welude all 3 flavors of transition
disks discussed by Muzerolle (2008), see also Sect. 3)2.Z(te SEDs are shown in Fig. 3.14,
in which we also show the best fit (reddened) model atmosphérd-ig. 3.10(b) we show a Ks-
[5.8] vs. [8.0]-[24] color-color diagram incorporating 2M6S and Spitzer data. In this diagram,
the transition disks have been marked witlsymbols. They occupy a well defined area in the
lower right part of the diagram, outlined by the folowing bers:

[8.0] - [24] > 2.5 (3.3)
Ks— [5.8] < 0.56+ ([8.0] — [24]) x 0.15 (3.4)

Note that the transition objects are much more clearly sgpdifrom the rest of the population in
this diagram than in the “classical” IRAC [3.6]-[4.5] vs. 8[8.0] color-color diagram shown in
Fig. 3.10(a). In the latter diagram, the transition objectger on average intermediate positions
between “diskless” stars and normal disks, but show a sagrifiverlap with both distributions.
Stars with little or no excess emissiondat 8 um but strong excess at 24n are naturally prop-
erly identified only in the Ks-[5.8] vs. [8.0]-[24] diagramFi@. 3.10(b)). Among the 256 stars
we identify to possess a circumstellar disk there are 2&ifian disk objects, i.e. the transition
disks constitute-11% of the disk population. Note that, Using the criteriacdibed above, we
indentify 47 additional transition disk candidates basedh®ir photometry. Their photometric
magnitudes at optical and infrared wavelengths are listd@ble 3.16.
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Figure 3.14: The SEDs of YSOs with transition disks in L1630 L1641. The photospheric
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Table 3.16: Photometric magnitudes for transition disleobgandidates.

RA DEC u g r i 7 J H Ks [3.6] [4.5] [5.8] [8.0] [24]
D (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
1 054256.39-08 37 45.9 17.760.01 16.26 0.01 13.440.02 12.8#0.02 12.5%0.02 12.4% 0.06 12.1%0.06 12.2% 0.06 12.36 0.09 8.8% 0.06
2 054245.03-08 33 36.2 20.310.01 18.06 0.01 16.7290.01 13.26 0.03 12.02 0.04 11.4@0.02 10.96 0.06 10.96 0.06 10.46& 0.06 10.23 0.06 6.4Q 0.06
3 054230.62-08 3255.2 13.970.01 12.92 0.01 12.480.01 12.520.01 10.820.02 10.130.02 9.76:0.02 9.26¢:0.06 8.920.06 8.76:0.06 8.4%0.06 3.8% 0.06
4 054313.53-083100.5 20.880.01 18.700.01 17.250.01 14.22 0.03 12.54 0.03 11.7#0.02 11.2% 0.06 10.8%0.06 10.78& 0.06 10.82 0.06 5.9&- 0.06
5 054239.33-08 26 28.2 17.480.01 15.5%0.01 14.570.01 14.650.01 12.580.02 11.730.02 11.530.02 11.39-0.06 11.2@& 0.06 10.7& 0.06 9.8%0.06 6.3& 0.06
6 054253.59-082022.7 19.020.01 16.8%0.01 15.720.01 14.7220.01 12.8@0.02 11.740.02 11.350.02 10.8% 0.06 10.3%0.06 10.340.06 9.52-0.06 5.6& 0.06
7 054304.56-081639.1 18.920.01 17.120.01 15.880.01 13.63:0.02 12.49 0.03 11.940.02 11.6%0.06 11.04 0.06 10.960.06 10.0%0.06 6.8% 0.06
8 05423559-081501.9 18.790.01 16.98& 0.01 15.720.01 14.690.01 13.0%0.02 12.040.02 11.69 0.02 11.340.06 11.3%0.06 11.0%4 0.06 10.66 0.08 5.7% 0.06
9 054249.78-081210.2 20.260.01 17.8& 0.01 16.440.01 15.290.01 13.06: 0.02 11.93 0.02 11.56 0.02 11.02 0.06 11.0&0.06 10.8% 0.06 10.42 0.14 5.19-0.06
10 054227.56-08 05 26.0 17.820.01 17£9.01 14.62 0.03 13.6% 0.03 13.140.04 12.88 0.06 12.59-0.06 12.26 0.12 11.9@ 0.10 8.3& 0.06
11 054247.40-08 04 05.3 19.900.01 17.9%0.01 16.380.01 15.%10.01 13.720.02 12.9% 0.02 12.55 0.03 12.2& 0.06 11.55%0.06 11.66 0.09 10.3%0.13 7.23 0.06
12 054013.75-08 0259.4 22.460.12 20.650.04 19.120.02 18.170.03 16.150.12 1596 0.22 15.2%0.22 15.190.06 15.04 0.06 14.54 0.11 13.430.12 8.220.06
13 054229.13-07 58 29.5 19.560.01 17.7%0.01 15.770.01 15.430.01 12.950.02 12.140.02 11.7&0.02 11.230.06 11.3%0.06 11.23 0.06 11.06 0.07 8.43-0.06
14 053946.05-07 5300.6 22.18€0.34 20.150.02 18.4%0.01 16.56 0.01 15.340.01 13.8@ 0.03 13.1@:0.03 12.83 0.04 12.460.06 12.440.06 11.94 0.06 11.450.06 8.8% 0.06
15 054204.41-075149.8 20.480.01 18.260.01 17.610.01 14.690.03 13.88 0.03 13.46:0.04 12.98 0.06 12.950.06 12.82 0.06 12.66: 0.10 8.58& 0.06
16 054152.59-07 50 25.0 17.380.01 16#8.01 14.750.04 14.120.04 13.720.05 13.230.06 12.86:0.06 12.740.06 12.64 0.09 9.2% 0.06
17 053835.19-075019.5 16.120.01 15.48 0.01 12.850.01 12.400.01 13.270.01 10.6%0.02 9.940.02 9.7%0.02 9.580.06 9.13-0.06 9.09-0.06 7.84-0.06 4.05 0.06
18 054154.06-07 49 53.2 17.640.01 16.1@0.01 14.550.01 14.10.01 12.23 0.03 11.450.03 11.0& 0.02 10.8%0.06 10.5@ 0.06 10.5Z 0.06 10.5% 0.06 6.5@ 0.06
19 054006.25-07 47 44.3 19.240.04 17.76 0.01 16.2@-0.01 15.150.01 14.450.01 12.98 0.02 12.23 0.03 11.98 0.02 11.740.06 11.56 0.06 11.48& 0.06 10.84 0.06 5.96 0.06
20 054049.33-07 46 32.7 T, 17.@70.01 14.0&0.02 12.46:0.02 11.720.02 11.340.06 11.130.06 11.03 0.06 10.78& 0.06 5.25 0.06
21 054104.62-07 4540.3 17.440.01 15.6@&0.01 14.390.01 13.530.01 11.630.02 10.6#0.03 10.3@ 0.02 10.0%0.06 10.0%0.06 9.8%0.06 9.86-0.06 6.18& 0.06
22 054059.83-07 43 14.3 18.100.01 16#8.01 14.76:0.04 14.14 0.04 13.6%0.06 13.16:0.06 12.850.06 12.7%0.06 11.92 0.08 9.12 0.06
23 053753.26-07 3344.7 21.680.18 20.2@ 0.02 18.8% 0.01 17.030.01 15.990.01 14.35 0.04 13.8& 0.04 13.4%0.05 12.9%0.06 12.65 0.06 12.5@ 0.06 12.0%0.07 9.1& 0.06
24 054020.39-07 2553.6 19.9¥0.06 17.82 0.01 16.04 0.01 14.910.01 14.220.01 12.6#0.02 11.850.03 11.5%0.03 11.5%0.06 11.3% 0.06 11.350.06 10.93 0.07 5.96 0.06
25 0539 18.39-07 20 23.4 24.040.74 21.120.07 19.410.03 18.230.04 16.2@ 0.12 15.13 0.11 14.730.12 14.33 0.06 14.0%0.06 13.62 0.09 13.46 0.29 6.91 0.06
26 053920.54-071731.1 20.290.01 15466.08 14.2% 0.04 13.4%0.05 12.92 0.06 12.65 0.06 12.4@ 0.06 11.9& 0.10 8.0&: 0.06
27 053833.84-071702.8 17.760.01 15.7%0.01 14.33 0.01 13.510.01 12.250.01 11.090.02 10.36 0.02 10.14 0.02 9.940.06 9.950.06 9.7%0.06 10.0& 0.06 7.4@ 0.06
28 053716.41-071146.3 18.380.04 17.720.02 17.08& 0.01 16.790.01 16.640.02 14.65 0.03 13.9& 0.04 13.63 0.05 13.0&0.06 12.59-0.06 12.86:0.06 12.1& 0.10 7.7& 0.09
29 053817.44-070939.4 22.790.54 20.25%0.02 17.7%0.01 15.770.01 14.600.01 12.44 0.02 11.26 0.02 10.8% 0.03 10.43 0.06 10.38& 0.06 10.05 0.06 9.46-0.06 4.3% 0.06
30 053620.55-070531.6 18.990.03 16.74 0.01 15.350.01 14.390.01 13.720.01 12.16:0.02 11.4@ 0.03 11.16 0.02 10.78& 0.06 10.44 0.06 10.2@ 0.06 9.36-0.06 6.5@ 0.06
31 053756.03-07 01 49.9 21.150.10 18#9.04 15.42 0.07 13.76 0.04 13.03 0.04 12.4%0.06 12.190.06 12.050.06 11.5%0.09 8.02 0.12
32 053749.34-065137.1 21.120.10 18.790.01 17.090.01 15.520.01 14.580.01 12.86:0.02 12.05 0.03 11.7#0.03 11.450.06 11.430.06 11.3%0.06 10.7% 0.07 6.62 0.07
33 053459.02-064217.6 19.0¢0.02 17.340.01 15.96 0.01 14.940.01 14.300.01 12.73:0.02 11.940.03 11.68 0.02 11.38 0.06 11.190.06 11.130.06 10.320.06 7.3% 0.06
34 053732.44-063904.9 19.690.08 17.7%0.01 16.320.01 15.090.01 14.410.01 12.9%0.02 12.28 0.02 12.0%0.03 11.990.06 11.6& 0.06 11.740.06 11.590.13 6.88 0.07
35 053747.46-063629.7 22.640.37 19.68 0.01 17.320.01 15.950.01 14.950.01 12.9% 0.02 11.84 0.03 11.38& 0.03 10.98 0.06 10.9% 0.06 10.7@ 0.06 10.54 0.07 6.2% 0.06
36 053639.32-063010.9 20.680.06 18.68 0.01 17.3%0.01 15.740.01 14.850.01 13.340.03 12.6%0.03 12.46 0.03 12.14 0.06 11.840.06 11.99 0.07 11.330.17 6.7@-0.06
37 053658.98-06 29 04.7 20.060.05 17.76 0.01 16.3% 0.01 14.920.01 14.140.01 12.620.02 11.88 0.03 11.65 0.03 11.320.06 11.2& 0.06 11.130.06 10.8#0.12 6.8% 0.06
38 053449.97-062812.0 17.960.01 15.8a 0.01 14.430.01 13.820.01 13.360.01 12.08& 0.03 11.32 0.03 11.14 0.02 10.98 0.06 10.820.06 10.54 0.06 9.520.06 6.4% 0.06
39 053537.32-062326.3 18.880.03 17.13 0.01 15.740.01 14.910.01 13.980.01 12.52 0.02 11.88 0.03 11.6% 0.02 11.33 0.06 11.3%0.06 11.230.06 11.1#0.09 5.8% 0.06
40 0536 55.22-062025.7 19.410.03 17.58 0.01 16.2@0.01 15.040.01 14.380.01 13.0€ 0.03 12.3@& 0.03 12.08& 0.03 11.88 0.06 11.6#0.06 11.64 0.06 10.6% 0.07 6.64-0.06
41 053457.45-061933.1 20.290.04 18.03 0.01 16.64 0.01 15.27 0.01 14.550.01 13.16 0.03 12.4@ 0.03 12.23 0.02 11.820.06 11.850.06 11.750.06 11.0Z 0.11 6.94 0.06
42 053640.40-061333.3 17.7#0.01 16.1%0.01 14.740.01 14.520.01 13.480.01 12.26:0.02 11.5% 0.03 11.2& 0.02 10.9% 0.06 10.94 0.06 10.9% 0.06 10.49-0.07 6.13 0.06
43 053647.51-06 0820.2 19.980.05 17.6%0.01 16.3@:0.01 15.120.01 14.400.01 13.05%0.03 12.36:0.03 12.120.02 11.740.06 11.3%-0.06 11.5@ 0.06 11.5& 0.11 6.9% 0.06
44 054806.03-001516.8 17.48.21 16.430.24 1543 0.18 15.36:0.06 15.050.06 14.62 0.09 13.290.09 9.2% 0.06
45 0547 21.50-000859.6 22.740.21 20.730.02 19.23 0.01 17.620.01 16.660.01 15.18 0.04 14.54 0.04 14.33 0.08 13.840.06 13.740.06 13.850.08 13.1@ 0.11 9.3% 0.06
46 0546 40.58-00 08 10.4 16.88.01 16.190.22 14.950.15 14.6%0.06 14.48 0.06 14.090.08 11.6%0.07 9.08& 0.06
47 0546 42.48+00 23 01.3 16.470.01 15.190.09 14.3& 0.07 13.56 0.06 13.26:0.06 13.1% 0.07 12.7& 0.14 5.92 0.06
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(2) Accretion signatures

Accretion characteristics are obtained from observatadraptical emission lines, in particular
the hydrogen Balmer series and the He | 5876A line.

(a) Ha emission profiles

We observed H emission in 86 young stars in L1630N, and 178 objects in L16Be vast
majority of these stars, 78% in L1630N and 88% in L1641, shpmraetrical profiles with a
single peak in our observations. These have a median futhvatd10% of the peak intensity of
FWig~270 km st. If we divide the sample into CTTSs and WTTSs according to tHeiEWs
(see Appendix (1)), we find that the former have broader higs a mediarF W gy,~320 km st

and the latter are narrower with a mediaW,g,,~230 km s*. The limited spectral resolution of
our observations would yield BW,,,~180 km s for a line with zero intrinsic width. There-
fore, the majority of the observedaHines are spectrally resolved, even if in some cases only
marginally so.

About 22% and 12% of YSOs in L1630N and L1641, respectivélgynsbroad asymmetricaldd
lines that are easily resolved in our observations. We shmmalized Hv profiles for most of
these in Fig. 3.15. The medidfW,q, of these stars is approximately 500 kmh,d.e. their Hy
lines are much broader than those of the CTTSs with symmeElinegprofiles. We generally see
clear substructure in the line, mostly in the form of doupéaked emission. For comparison, we
have overplotted their Biprofiles, which are usually similar but on occasions stgkgrdifferent
from the Hr lines. They illustrate a complex accretion geometry in \utifee line emission is at
least partially optically thick.

(b) Ha equivalent widths

The equivalent widths of the ddlines we observed in our sample range from less than 1 A
to over 300 A. Equivalent widths of more than 3 to 20 A (depagdin spectral type) point at
active accretion and our measurements reveal a range et@ccrates spanning several orders of
magnitude (see Appendix (1) for an exact description of theshuivalent width threshold used
to distinguish between CTTSs and WTTSs, as a function of sgdgpe). Hr emission with

an equivalent width below the CTITWTTS threshold cannot be unambiguously attributed to
accretion activity, as it may also be caused by stellar cractivity. While Hr emission below
the threshold may in some cases be caused by weak accretdia{Sguilar et al. 2006b), our
purpose here is to define the EW limit above which we can be thatethe Hr emission is
dominantly accretion induced.
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Figure 3.15: Normalized &l (solid lines) and I8 (dashed lines) emission lines of sources that
show particularly broad and complex line profiles. Note thatmajority of sources show single-
peaked, much more symmetric profiles.

(c) Accretion rates derived from Ha, HB, and He |

In Fig. 3.16(a-c) we show the accretion rates as derived ftfwerHy, HB, and He | equivalent
widths using the methods described in Sect. 3.2.4(2) anceAgig (2), as a function of stel-
lar mass. The uncertainties in the accretion rates wereleadd from the uncertainties in the
equivalent width measurements, and assuming a 10% erroe iocantinuum flux when convert-
ing equivalent widths to line luminosities. For theeEWSs from the literature that did not have
published uncertainties, we assigned an error of 10% of®omdine flux. Since these diagrams
are mostly populated with the same stars, we can use thenvdsetigate whether the derived
mass accretion rate of an ensemble of stars depends on wiecis lused as a diagnostic. We
have excluded stars with extinctions ab@ve=5 mag.
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Figure 3.16: (a)(b)(c): The relation between accretioagaeduced from thed{a), H3 (b), or
Hela = 5876 (c) emission line luminosity and stellar mass for the€D¥3n our spectroscopic
sample in L1630N and L1641. In panel (a), the filled circlggesent the YSOs observed with
VIMOS, and the open circles show the YSOs from literatures 3dlid line in each figure repre-
sents the best fit power law to the observed distribution faaaurces in the VIMOS sample. In
panel (a), the dashed line shows the best fit if also liteeatatues are included. (d): the relation
between accretion rates and stellar masses for YSOs irt¢hatlire, i.e. explicitly excluding our
results (see Sect. 3.4.2). The filled circles represent W&Msaccretion rates estimated from U-
band excess emission or veiling in UBptical spectra, the open circles represent stars for which
accretion rates were estimated from emission linesg €k 1118662, By, P&, and P&).

The relation between the mass accretion rate as derivedtfrerdy emission line and the stel-

lar mass is shown in Fig.3.16(a). A linear regression inltagspace of the entire sample
investigated (including spectral types and BWs from the literature), taking into account the
uncertainty in the mass accretion rate of individual olgjegields the following best fit:

LOgMacc = —7.44(x0.11) + 2.78(0.22) x logM, (3.5)

whereM,is the mass accretion rate M., yr-%, andM, is the stellar mass itM,. If we include
only those stars that we observed with VIMOS, the best fit resn@ssentially unchanged:

l0gMaee = —7.50(£0.17) + 2.7(+0.30) x logM, (3.6)

If we use the I8 emission line to estimate the accretion rate, a linear ssgpa gives a best fit
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of:
logMacc = —7.46(+0.18) + 3.36(+0.38) x log M., (3.7)

and in case of the Hell5876 A emission line, we get:

logMace = —7.18(x0.21) + 3.42(0.38) x logM., (3.8)

Thus, within uncertainties, we find the same behavior of tueedion rate with stellar mass from
each of the three emission lines investigated. Taking simpVeighted average of the exponents
in the above relations, we findl,ccoc M313:034 where the standard deviation in the distribution
was adopted as the uncertainty in the exponent.

(d) Accretion rates as a function of stellar mass and age

As outlined above, we find that the mass accretion rate in ampge shows an approximate
power law relation with the stellar mass, with an exponer2.8f3.4. This is only an average
relation, and individual objects scatter around this retaby at least an order of magnitude.
Interestingly, the relation that we find is steeper thanehfoesind in previous work, where ex-
ponents in the range of 2.1 were found (White & Basri 2003; Muzerolle et al. 2003; Calvet
et al. 2004; Muzerolle et al. 2005; Mohanty et al. 2005; Nattal. 2006; Garcia Lopez et al.
2006; Herczeg & Hillenbrand 2008; Gatti et al. 2008). We wiicuss this further in Sect. 3.4.2.
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Figure 3.17: The relations between accretion rates franemission luminosity and stellar ages
for YSOs in L1630N, L1641C, and L1641D. The symbol colors espond to dferent stellar
masses.
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In Fig. 3.17 we show the accretion rates as a function ofastalje. In this figure, each star is
color-coded according to its mass. On the whole, we obserleaatrend of decreasing accretion
rate with increasing age. This trend is more obvious forssteow 0.9V, than for the more
massive members, though. For very low mass stats<Q.3M,), the accretion rate evolves
from ~108 - 10° M, yr! at ages below 1 Myr t6-107° — 1011 M, yr~! at ages above 3 Myr.
Our ensemble of stars with measured accretion rates centaily 11 stars with a mass above
1.0M,. These all are younger than 3 Myr and have accretion rateslef 40° — 10t M, yr1.
Within this sample there is no clear evidence for an evotutibaccretion rate with age.

(3) Other emission lines

In addition to the hydrogen and helium emission lines, whigre discussed in the previous
section, a number of other emission lines are frequently sethe optical spectra of our sample
stars. These may trace accreting material, the disk surfatse or stellgidisk winds. In the
following paragraph we briefly recall existing knowledgencerning these lines.

Forbidden line emission in the [O 116300 A line often showswa and a high-velocity compo-
nent. The low-velocity component may trace the disk surig@cg. Acke & van den Ancker 2006)
or in a poorly collimated disk wind (e.g. Kwan & Tademaru 199%hereas the high-velocity
component arises in a jet close to the star (Hartigan et &5)19Forbidden line emission in
the [01]5577A line appears primarily as a low-velocity camngnt (Hamann 1994; Hartigan
et al. 1995). Note that this line mayfer from terrestrial atmospheric contamination in some
cases. Forbidden line emission in the [N1l] 6583 A and 667&%4d usually shows up only
in the high-velocity component, tracing the unresolvediatget (Hartigan et al. 1995). The
Call near-infrared triplet (8498, 8542, and 8662 A) oftenvgh@nomalous intensity ratios in
T Tauri stars, strongly deviating from the nominal 1:9:%eliatio for optically thin media, with
the 8498A line being stronger than the 8542A line in somea@si(Hamann 1994). The Call
triplet often shows a broad emission profile, and the linegbuoorrelate strongly with the accre-
tion rate, suggesting these lines are formed in the magpletois infall flow (Muzerolle et al.
1998a). Forbidden emission in the [S1I] line is rarely olveertowards T Tauri stars due to the
low abundance of sulfur in the interstellar medium (Hamigaal. 1995).

We examined all young stars observed with VIMOS for the abrem@tioned emission lines. In
Tables 3.9 and 3.10 we give an inventory of the lines detantéte individual stars, listing their
equivalent widths. In Fig. 3.18, we compare the observedrasities in six emission lines with
the accretion luminositied (.o as derived from k. All lines are strongly correlated with the
accretion luminosity, but some lines show a larger disperaround the average correlation than
others. In particular, the [O1] 5577 and 6300 A lines show thealarge scatter. This agrees
with the notion that these lines are not directly relatechedccretion process but instead arise
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Figure 3.18: The correlation between accretion luminesiand the emission luminosities of
different emission lines: (a) [0 1]5577 A, (b) [O1]6300 A, (c) [N6583 A, (d) He 16678 A, (e)
[S1]6730A, and (f) Call 8498 A. The accretion luminositie® @alculated from | emission
luminosity using the formulae in Appendix (2).

in, e.g., the disk surface (see e.g. Acke & van den Ancker 2B8@ele et al. 2008; van der Plas
et al. 2008). For these lines, the correlation between ling@nosity and accretion luminosity
may simply be explained by the scalinglof. with stellar mass, and the fact that more massive,
more luminous stars will induce more [O I] emission in theiinity. The Hel 6678 A line is
very strongly correlated with,., showing only a very small dispersion. This confirms thas it i
a good tracer for accretion. The Call 8498 A line only appeasbjects withL.s>3x10% L,
and also shows a relatively small dispersion around theageerelation. The [N 1116583 A and
[S1]6730A lines are detected in too few sourcesl) to properly assess how tightly they
correlate withL,.. These lines are thought to arise in jets emerging from &ogreystems and
therefore their luminosities are expected to roughly seatle L ... Based on our data we cannot
distinguish between such an accretion-jet relation andnplsi scaling of the line luminosities
with the stellar luminosity. Note also that line emissionets depends on shocks being present,
i.e. the jet impinging on an ambient medium or having varyingflow rates and velocities,
causing jet-internal shocks. Thus, a relation betweenuhenosity of line emission from jets
and the accretion rate may be dilluted by temporal variationboth quantities, as well as by
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source to source flerences in the ambient medium.

Eight of the young stars we observed show both the [S 1] 67 731 A lines. The flux
ratio of these lines provides a direct measure of the elealensity. The relative intensities
(67166731) are identical within uncertainties, with a mediamoraf 0.53, suggesting that both
[S 1] lines are saturated with electron densityx10® cm3 (Hamann 1994).

3.3.4 EXxotic objects

A natural consequence of conducting a survey in which largaebers of sources are studied,
is the discovery of objects with extreme properties. We hiiiefly discuss several objects we
considered worth special attention.

(1) Subluminous objects with high emission line equivalentidths

Three stars in L1630 (#33, #90, and #94) and one star in L1883a2) show exceptionally rich
emission line spectra, with the emission lines exhibitiagnhigh equivalent widths. In addition
to the hydrogen balmer series, emission lines of Hel, NI, ®1I, Oll, Call, Fel, Fell, and
Nal are identified. All these stars have strong infrared sges in the IRAC and MIPS bands,
but generally show little or no excess in the near-infrar®tA3S bands. Their optical spectra
and SEDs are shown in Fig. 3.19.

The high equivalent widths of e.g. dHare not due to abnormally high line luminosities, but
instead seem to be caused by reduced photospheric contilesrets, making the lines appear
bright in contrast. We have marked these sources in the Higatia(Fig. 3.6), and they appear
subluminous by a factor10 with respect to the bulk of objects of similar spectraktyp

Comebn et al. (2003) have previously identified sources with sinproperties in the Lupus 3
dark cloud. They investigated 3 possible explanationsth{@&)sources are embedded, strongly
accreting Class | sources seen in scattered light; (2) theegairces with edge-on disks of which
we see the photosphere only in scattered light but the emnidsies (more) directly, making
the latter appear bright in contrast; (3) they are sourceshith strong sustained accretion
alters the pre-main sequence evolution making objectsaapgeluminous for their spectral
type (Hartmann et al. 1997; Siess et al. 1997).

Option (1) is excluded by Coman et al. (2003) since Class | sources seen in scattered light
would have easily been spatially resolved in their obsemat which instead revealed point
sources. In our VIMOS pre-imaging observations, stars #8480 in LL630N appear as single



STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’'S SUBURBS 117

N ) I ] (5)
1O’|D#33,L1630N Ha :25)0#33,L1630N ]
_12_ OOOO 009 © Y _
b o ]
0.1 4 e _;
10-Nokao, L1630N [Ha ~ 8 [TOf50, TT630N _;

1.0 —10F ® :
T/\ _12: 0%e -~ G000 @ ]
%) [ ]
0.1 ' o —14F :

o o

§ 10::I::::I::::I::::I::::I::::I::IE 6 : -
0 “11ID#94, L1630N |Ha o :8;}0#94,L1630N j
= o . ]
x S r 3
L;:) : ass 000 0000 o ;

ID#122, L1641

. ~~ ]
- OO _e000@ e .

ID#105, L1641

'#OOO o000 ()
.‘ —

0.1 1 10 100
A (um) A (um)

Figure 3.19: The optical spectra (left panels) and dereeldlSEDs (right panels) for the four
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points indicate 2ZMASS photometry, and the red points indiSpitzer photometry.
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point sources at the resolution limit of our observationdwhnm~0!7 (315 AU). Our image of
star #94 in L1630N is well reproduced by the sum of two poinirees, suggesting that this star
is a binary at a separation of® (~300 AU). The fainter component (in the R-band) is located
south-east of the brighter component at a position angkel0® E of N. We do not think that
this object is an edge-on disk seen in scattered light, sSmtieat case the individual “blobs” of
scattered light would be expected to be spatially resolgeen their large separation. Star #122
in L1641 appears as a point source, but has a faint, spatigignded “blob” of emission about
0’8 north of the star. This may be shock-induced &mission from a jet emerging from this
object. We conclude that we do not find spatially extendedsiom from the central sources, in
agreement with Comén et al. (2003).

Option (2) was considered to be unlikely by Coeet al. (2003) since there is strong evidence
from the Hx line strengths and line widths that they are formed in mawgpteric accretion
columns very close to the star. Thus, an hypothetical edgeisk would obscure the emission
lines as much as the photospheric continuum and the eqoivwaidths would remain unaltered,
though the apparent under-luminosity can be explained ¢h suscenario. Also in our obser-
vations the balmer lines are clearly spectrally resolvetl ltkely arise close to the central star.
Thus, we agree with Comen et al. (2003) that edge-on disks do not provide a satmfact
explanation of the nature of these objects.

Comebn et al. (2003) consider option (3) the most likely scentoidheir exotic objects. Even
though the magnitude of the “under-luminosity” in their etts is clearly larger than predicted
by theory, the models do provide a good qualitative matclinéoabservations. Coman et al.
(2003) argue, though, that th&ect will be stronger for their sources because of the lowessma
compared to the range studied by Hartmann et al. (1997).

(2) A new FU Orionis object

Star #105 in L1641 shows a clear P-cygni profile in both thed#d H3 lines. Blue-shifted
absorption is observed at a range of velocities up to apprabely -300 km s, the peak of the
Ha emission is redshifted te100 km s (see Fig. 3.15), a typical profile ofdemission line
from FU Orionis type stars (Reipurth et al. 1996; Fedele e2@07). In Fig.3.19, its optical
spectrum and SED are shown. The IR excess of this sourcermoedinarily strong and the
IR luminosity exceeds the estimated stellar luminosity bgcior of >5. Emission in forbidden
transitions of [O 1], [S I1], and [N 11], as well as permittethinsitions of Fe | and Fe Il are detected.
We derived a spectral type of K5.5 for this star, which corepaeasonably well with an earlier
determination of K3 by Allen (1995).

The observed properties of this object provide a perfectimtad those of FUOR stars, a rel-



STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’'S SUBURBS 119

60F 630N (o) L1641 ()] 29 Nonmembers  (c)
3 ] i ] —L1630N

50 150 40F- —[1641

40¢

30
100
S0F

Numbers

20F
S0 ¢

10
0

0 4 8 12
AV (mag)

Figure 3.20: (a)(b): The visual extinction distribution@ir sample observed with VIMOS in
L1630N and L1641. The open histograms show the distributioall the stars with reliable
spectral types. The filled histograms display the YSO dhistion among them. (c): The visual
extinction distribution for non-members in L1630N (solide histogram) and L1641 (dashed-
line histogram).

atively rare class of young stars thought to undergo an coreutburst, and whose system
luminosity is dominated by the release of gravitationalrgnef accreting material rather than
stellar photospheric emission. The IR excess emissiontiaaes an estimated luminosity of
20L,. Given the estimated stellar mass and radius, an accretierf a few times 16 M, yr—!

is implied. The forbidden emission points at strong outfl@inety.

3.3.5 Extinction

Robust extinction estimates were made for each individugablusing the method outlined in
Sect. 3.2.3(2). In Fig. 3.20(a,b) we show the resultingdéstributions, distinguishing between
cloud members (shaded grey) and field stars. In Fig. 3.20é@oem in on the field population.

The YSOs show a similar distribution of extinction valuesbioth clouds: a peak in the dis-
tribution at very low extinction Ay<1 mag) and a gradual decrease in number counts towards
higherAy. The fraction of sources with very high optical extinctidis >5 mag) is somewhat
higher in L1630 than in L1641, the opposite is true for sosraéth Ay<1. The distribution

of extinction values may reflect the distribution of the ygistars within the molecular cloud:
stars located “on the near side” of the cloud will on averageeHow extinction, whereas objects
located “on the far side” have higher extinctions. Howevkcal” density variations within

the cloud may fiect the distribution equally well: some sources will be tecabehind very
dense clumps whereas others are not. Additionally, somectsbmay have a disk inclination
such that our sight line goes through the outer part of thaiedl disks, causing additional local
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“circumstellar” extinction. Remnant envelopes may havesthrae #ect.

The field population shows afiirent distribution of extinctions, best seen in Fig. 3.204dso
here there is a peak &, <1 mag, consisting of foreground objects and backgroundctdpst
relatively “clean” sight lines. In addition, there is a distition between 1 and8 magnitudes of
Ay . This distribution is relatively well defined in LL630N withclear peak arountl,=3-4 mag,
but is somewhat broader in L1641. It reflects the total cola@msity of dust in the entire cloud
in the sight lines towards the respective stars. Note thabth the YSO and field population
there is a biasgainstobjects with very high extinctions, since such objects acefaint for
optical spectroscopy.

3.3.6 Spatial distribution of YSOs in L1630N and L1641

The spatial distributions of young stars in the L1630N an@41l clouds are shown in Fig. 3.2,
overplotted on*CO maps by Bally et al. (1987) and Miesch & Bally (1994). The posi of
(Lada) Class 0 and Class Il sources, identified on the basis of their inftarelors using the
criteria in Gutermuth et al. (2008), have been indicatedhwellow asterisks and redsigns,
respectively. The young stars included in our spectrosc®iMOS) sample have been marked
with blue dots. Note that these include both Class Il and Classurces.

As noted before by numerous authors (e.g. Hartmann 2002eMbget al. 2005a; Evans et al.
2009), the distribution of Clasg/l0sources closely follows the densest parts of the molecular
cloud as traced by th€CO data, and shows a filamentary structure. The Class Il soarees
distributed more evenly, though they also show conceptmatin the densest cloud parts. The
YSOs in L1630N are mainly distributed in two clusters, whate associated with two dense
regions oft3CO molecular clouds. In L1641 the young stars are more disdexsross the whole
region, with several local concentrations. Based on theair-i@rared image survey, Strom et al.
(1993) have identified 8 aggregates in this region. Since timservations do not cover the
entire L1641 region, we applied the nearest neighbor metbdtle spitzer data to find the
new aggregatgausters. With the NNM, we find 9 aggregates in L1641, namexdijgs 1-9.
Among these, group 3 and 4 are newly identified. Groups 1, B, 5, 8 and 9 correspond
to the L1641 south cluster, the CK group, L1641 C, KMS 36, KMS t8&, V380 Ori group,
and L1641N, respectively, as identified by Strom et al. (399& do not recover the aggregate
HH 34/KMS 12 due to the small number of starsh) it possesses.
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3.4 Discussion

A general goal of surveys like ours is to gain insight in thggts of disk evolution by finding
empirical relations between observable properties. Itiquaar, we may seek for correlations
of disk geometry and accretion rate with stellar mass, agd,farmation environment. An
evolution of the disk geometry and the accretion rate with iagcertainly expected, as well as
a dependence of the accretion rate on stellar mass. Disktewois a function of stellar mass
as well, in the sense that disks around high-mass starsoepately B type and earlier on the
main sequence) evolve faster than those around low-masg(stg. Natta et al. 2000a; Alonso-
Albi et al. 2009). Whether the evolution of the disk dependstetiar mass within the low-mass
regime probed here, is not clear. The influence of the foomagnvironmment, i.e. whether a
star formed in a clustered environment or in isolation, isater of debate. One may consider
how the disk evolution isféected by gravitational interactions with other cluster rhemns and
by the strongly enhanced (far-) UV radiation field compareshterstellar space, causing photo-
evaporation of the outer disk regions. When making quargitaeoretical assessments of these
effects, one finds that the disk regions we seg @24um are not noticably ffected, even in
clusters of 100-1000 members (Adams 2008). The number ofbeesrin the aggregates or
clusters that we identify is usually considerably smalf&{00), and thus, from a theoretical
vantage point, we do not expect to see a signific#lieice of the formation environment on the
disk properties.

3.4.1 Disk frequency: trends with stellar mass and age

In Fig. 3.21 we display the fraction of YSOs which show cleatications of circumstellar mate-
rial in the form of infrared excess emission, as a functiosteflar mass For reasons outlined
in Sect. 3.1.3(3), these numbers may somewhat over-estitmatrue disk frequency, but trends
with stellar mass and age remain tieated. In Fig. 3.21 we also show the disk frequencies for
IC 348 as found by Lada et al. (2006) and Chamaeleon | as fourldibgnan et al. (2008a).
For L1630N and L1641D, we find some evidence for a disk frequéimatincreaseswith stellar
mass: the increase betwee®.2M; and~1.5Mg, is ~20- and~3o for these populations, respec-
tively. For the clustered population in L1641, our data amesistent with a disk fraction that is
constant with stellar mass (the highest mass bin contagtSjstars, of which 1 has a disk, and
the apparent decrease is not significant). The trend ofasang disk frequency with increasing
stellar mass that we tentatively identify in L1630N and L1B4is remarkably similar to that
seen by Luhman et al. (2008a) in tk@ Myr old Chamaeleon | cloud. In the somewhat older
IC 348 (Lada et al. 2006) ang Orionis (Herr@dndez et al. 2007b) regions, the disk frequency

5The mass bins used are, in ldg( M), -1 to -0.5, -0.5to 0, and 0 to 0.5.
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Is lower for the stars in the highest mass bin (see Fig. 3.@Xhe behavior of increasing disk
frequency with increasing stellar mass at young ages, aadueed disk frequency for the higher
mass stars at later times is universal, it may be naturafiyeéxed if the higher mass stars form
somewhat later than the low mass stars but subsequentipatissheir disks faster.

L1630N L1641C L1641D
1001 (29/40) (43/52) (9/10) ](20/26) (25/33) (1/3) 1(46/82) (49/61) (8/9) |

S

~ 80

> -

o -

c /%3 -

% 60 [ -

(0] O ER A

L 40t % <>~...

x

.0

o 201 192
0

-0.8 -04 00 04 -08 -04 00 04 -08 -04 00 04
Logo(M/Me)

Figure 3.21: The disk frequency as a function of stellar fias¥SOs in L1630N (filled circles)

and L1641C (filled circles, clusteggregate population), and L1641D (filled circles, distidal

population), IC 348 (open diamonds, Lada et al. 2006), Chheoad (open squares, Luhman

et al. 2008a). Absolute number counts are given at the topaf panel, for each mass bin.

The disk frequency as a function of stellar age is shown in3FRR (top panel). For the dis-
tributed population in L1641 we see a constant disk frequéaicthe first 3-4 Myr, after which
we see a-20 decrease in the last age bin. In the clustered populatio68@M and L1641C we
observe a quantitatively fierent behavior: in the first-22 Myr, the disk frequency is approxi-
mately constant and consistent with that observed in L164ithin uncertainties. In the age
bin 2-3 Myr the disk frequency is reduced by2o in both the L1630N and L1641C popula-
tions. Both the magnitude and the timing of the decrease kfthguency are strikingly similar
in L1630N and L1641C, underlining the significance of the itesthe age bins above 3 Myrs
contain instficient stars in the clustered populations to give meaningjgk frequencies. Our
results strongly support the notion that disk dissipatioocpeds faster in objects that form in
a clustered environments than in objects that form in igmat Qualitatively, this behavior is
expected from theory. However, given the relatively lowlatedensities in the clustered envi-
ronments that we consider here, compared to dense cluatdras the Orion nebula cluster, the
magnitude of the observedfect is higher than expected (Adams 2008).
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Figure 3.22: The disk frequency as a function of age for YS©O&1630N ( open circles)
and L1641 ( open triangles for clust@ggregate population, and open squares for distributed
population).

3.4.2 Accretion rate as a function of stellar mass

How the rate at which material accretes depends on the matbe afentral star has been a
topic of considerable attention. Power law fits of the folig.coc M® have yielded values in
the range 1.82.1 for the exponent (White & Basri 2003; Muzerolle et al. 2003; Calvet et al.
2004; Muzerolle et al. 2005; Mohanty et al. 2005; Natta eR@0D6; Garcia Lopez et al. 2006;
Herczeg & Hillenbrand 2008; Gatti et al. 2008). As shown irttS&.3.3(2) and Fig. 3.16(a-c),
we consistently find a steeper exponentref 2.8-3.4 from each of the three emission lines we
use as a tracer d¥l,. (He, HB, Hel). The sample we investigated contains numerous stars i
the mass range of 0-1L..0M, but only very few stars more massive than the sun.

To investigate this further we gathered a large set of aicecreate estimates from the literature
(Gullbring et al. 1998; White & Basri 2003; Muzerolle et al. Z)MHartigan & Kenyon 2003;
Calvet et al. 2004; Muzerolle et al. 2005; Natta et al. 2006h&tay et al. 2005; Garcia Lopez
et al. 2006; Herczeg & Hillenbrand 2008; Dahm 2008), of staesrange of star forming regions
including Taurus-Aurigae, IC 348,0ph, A Ori, Orion OB and upper Scorpius. We estimate their
masses using their luminosities anteetive temperatures, which were taken directly from the
literature, with the PMS evolutionary tracks from Dotteradt (2008) (forM, >0.1M,), and
Bardte et al. (1998) (foM, <0.1M,). From the stars discussed in Natta et al. (2006) we in-
cluded only those with confirmed spectral types and adopidspectral types and luminosities
from Luhman & Rieke (1999).
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The result is shown in Fig. 3.16(d). The red open circles is filgure represent measurements
of the mass accretion rate derived from emission line sthenghe filled green circles repre-
sent those derived from UV excess emission and veiling atapspectra. The usual picture
emerges: a clear trend of increasing accretion rate witleasing stellar mass, and a large scat-
ter of individual sources around the average relation. Ifraake a power law fit of the form
M _ecoc M¢, and we restrict the fit to the mass range< 1.0M, we find a value ofr ~2.8 for
the exponent. This is very similar to the result we have oleifrom the sample studied in this
work, which covers the same mass range. If we perform the §ameer the whole mass range
plotted in Fig. 3.16(d), which includes a number of HAeBestare find an exponent af ~2.0.
The latter value agrees with that found by previous authOrs. results indicate that the depen-
dence of accretion rate on stellar mass is not uniform oweettiire mass regime, but instead is
considerably steeper belowl M, than at higher masses (see also Hartmann et al. 2006).

Due to the dependence of the mass accretion rate on the sggtent is important to consider
this aspect. If the stars with a mass aboviell would be significantly older than those of lower
mass, the the fierence between thd,.{(R.) in the subsolar and super-solar mass regime as seen
in Fig. 3.16(d) could be an artifact. We therefore checkedtwould happen if we include only
stars from Taurus-Aurigae, IC 348 0ph, anda Ori, i.e. from regions that all have an age of
<3 Myr. This yielded results that are consistent with thosecdbed abovg and thus the mass
dependence of the accretion rate that we derived is robust.

3.4.3 Ages of the dferent populations

In the traditional view of low-mass star formation, CTTSslgeanto WTTSs when their cir-
cumstellar disks dissipate, and WTTSs should therefore erage be older than CTTSs. Ob-
servations of various star-forming regions, however, didally not yield evidence for an age
difference between the CTTS and WTTS population (e.g. Herbig 13&&mann 2001; Herbig
& Dahm 2002; Dahm & Simon 2005), though in some cases the WT@&$deed found to be
older than the CTTSs (Hartigan et al. 1995; Bertout et al. 2007)

The age distribution of both classes of objects is showngn3R3(a). This figure encompasses
our entire sample of YSOs, i.e. the sources in L1630N and L1G#&e been put together. The
median ages of the CTTSs and WTTSs afe8 Myr and~1.2 Myr, respectively. A KS test
reveals a relatively low probability?(~0.03) for the WTTSs and CTTSs to be drawn randomly
from the same age distribution. The WTTSs are further dividenldisk harboring objects with

6In a fit over the whole mass regime in which only stars from i fmentioned star forming regions were
included, we findx =2.27, i.e. only slightly larger than in the fit including abjects in Fig. 3.16(d). This small
difference is due to the fact that the abovementioned star fgrreions contain relatively few, > 1.0M,, stars,
thus biasing the fit towards the slope of the low-mass regime.
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clear IR excess emission, and those who appear disklessprohability that the WTTSs with
and without disks are drawn randomly from the same popudasidow (P ~0.05), whereas the
age distributions of WTTSs with disks and CTTSs are indistisigable P ~0.94).
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Figure 3.23: Left panel: The histograms showing the distiidnm of ages for the WTTSs without
disks, WTTSs with disks, and CTTSs. Right panel: The distrimgiof ages for YSOs with
“normal” optically thick disks and transition disks.

In Fig. 3.23(b) we show the age distributions for YSOs witticgly thick disks and those with
transition disks. The median ages for both populations &8&9r and 1.9 Myr, respectively,
and the transition disks thus are on average clearly old&SAest yields a very low probability
(P ~0.003) for the stars with normal optically thick disks aneé thansition objects to be ran-
domly drawn from the same population. In contrast, the aggilutions of the WTTSs without
disks and the transition objects are indistinguishable@.53 in a KS test).

Transition disk objects are on average older than the nodmsklpopulation. This suggests that
disk-binary interaction and gravitational instabilitiaghe disk are not the dominant mechanisms
causing a transition disk appearance, as these mechaniguid take &ect from the earliest
stages and would not lead to an “old” transition disk poparat

3.4.4 Median SEDs

In Fig. 3.24 we show the median SEDs of the YSOs in our sampleaite surrounded by “nor-
mal” optically thick disks, defined as those having..>-1.8 (Lada et al. 2006). We also show
the SEDs of sources classified as having transition diskkwiag Lada et al. (2006), we divide
the sample in six spectral type bins. We also show the medi@rs®f the~2-3 Myr old cluster
IC 348 from Lada et al. (2006) with dotted curves, of #ie2 Myr old distributed population in
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Taurus (Furlan et al. 2006) with solid curves, and t#&Myr old population in upper Scorpius
(Dahm & Carpenter 2009b) with dashed curves. For the clut&48, Lada et al. (2006) only
presents 'observed’ SEDs. We determine reddening by fitiadel atmospheres of correspond-
ing spectral types to the observations in optical bands.dEnged visual extinctions are around
1-3mag for diferent spectral types. Note that the Taurus median SED cepexdraly types
K4-M2 without distinguishing between various sub types, tipper Scorpius SEDs distinguish
only between spectral types earlier and later than M2.
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Figure 3.24: Median SEDs of the stars with optically thickkdi in L1630N, L1641C and
L1641D. We also plot the median SED of the transition diskswall as those of the IC 348
(dotted line, 2-3 Myr, Lada et al. 2006), Taurus (solid liie2 Myr, Furlan et al. 2006), and
upper Scorpius (dashed line5 Myr, Dahm & Carpenter 2009b) regions. The photospheric
emission level is indicated with a grey curve in each panel.

The median SEDs of the “normal” optically thick disks in LT&8 L1641C and L1641D are
identical within errors at all wavelengths and for all spalktypes, except for a marginalt2 o)
difference at 24m for the K6-MO spectral bin. These SEDs are also indistisigaible from the
population in IC 348 and Taurus. The transition disk SEDscéearly diferent, and closely
resemble the median SED of upper Scorpius.

The excess emission of the optically thick disks in the IRA@dsais a function of spectral type,
with the excess being strongest for the K-type stars andrbecpprogressively weaker towards
later spectral types. This trend is fully consistent withttfound by Lada et al. (2006) in IC 348.
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The transition disk sources show an opposite trend: the IRAEss is lowest at the early spectral
types but becomes noticably stronger at spectral typesttaia M4. The combinedf#ect is that
for spectral types later than M4, the discrimination betwstrs classified as having optically
thick disks and those having transition disks is no longetais. The MIPS 24m excess of the
transition disks is only slightly smaller than that of theaioglly thick disks for the early spectral
types and equal within uncertainties for the later spetyras.

3.4.5 Star formation modes in L1641

With the Spitzer data, we have found 9 aggregatesters in L1641, which include 3B% of
YSOs identified by four IRAC bands. We have classified the Y $@stified by Spitzer into class
0/l or class Il types. Among them, 58% of class @ sources and 6% of class Il sources are
formed in isolation. The high fraction of clas4 8ources in the distributed population suggests
that most stars in L1641 are formed in isolation, since tlesss @I sources are very young
(less than 0.5 Myr, Evans et al. 2009), and cannot leave plaegmtal molecular cloud given the
typical stellar velocity dispersion of in the Orion moleautloud complex of-1 km s (Strom
etal. 1993).

In our sample, YSOs formed in aggregdthssters account for 343% of all YSOs in L1641,
consistent with previous estimates of, e-gB80% (Strom et al. 1993), or 25-50% (Allen 1995).
The median age for YSOs in aggregat@ssters is 1.1 Myr, which is similar to the median
age ¢ 1.2 Myr) for the distributed populations. A Kolmogorov-Smov (KS) test yields no
statistically significant dierence betweeen the age distributions of both populatiBrL (3)
and we thus find no evidence for afférent star formation history between the clustered and
distributed populations.

We divide the ages of our sample into three bins, i.er,<x1Myr, 1 Myr<7<3 Myr, and
3 Myr<t <10 Myr. For each age bin, we compute the fraction of starsrémitles in the dis-
tributed population, and plot these in Fig. 3.25. We obtairadditional point in this diagram
at the youngest ages by including the clgés0urces identified from the Spitzer data and as-
signing an age of less than 0.5 Myr to these (Evans et al. 2009he resulting fractions of
YSOs in the distributed population areS®8% for objects younger than0.5 Myr (the class 0
sources), 688% for stars younger than 1 Myr (class Il sources} 8% in the interval £3 My,
and 7413% in the interval 310 Myr. These fractions are equal within the uncertaintighe
individual points. However, a slight trend of an increasiragtion in the distributed population
with increasing age is seen. This suggests that the oldbgwni aggregateluster population
is slowly spreading into the distributed population. Weendtowever, that thisfiect is too
small to produce significantfiierences in the average age of the aggreédateer and distributed
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Figure 3.25: The fractions of distributed population in B16t diferent age bins.

populations, and that most of the stars that we see in isolatere formed in isolation.

3.4.6 Accretion in transition disks

Najita et al. (2007) have compiled the properties of a dozrsition disks in the Taurus-Aurigae
star foming region from the literature, studying in part&iuhe accretion rate and the disk mass.
They find that, in comparison to other stars of similar aggab harboring transition disks have
a~10 timeslower median accretion rate and-@ timeshighermedian disk mass. These results
suggest an important role for forming jovian planets in tha@ion from optically thick disks to
transition objects: if a planet is massive enough it willlwpegap in the disk, after which the disk
region interior to the planet is quickly drained by viscouslation and the accretion rate onto the
central star drops. Since massive giant planets may forne masily within massive disks, this
scenario would explain both the lower median accretiorsratel the higher median disk masses
of transition objects. Note, though, that based on SMA olagiems of a sample of transition
disks, Cieza et al. (2008) find that the inner disks only stabiet cleared out after the outer disk
has been significantly dissipated. These observationsftrerargue for photo-evaporation to be
the dominant processes driving disk evolution.

In our spectroscopic sample there are 28 transition disislolited over the L1630N and L1641
clouds, of which 23 have estimatedvHequivalent widths. We compare theilwHEWS with
those of the other YSOs in Fig. 3.26. Among the transitioks]i26:11% (6 out of 23) show
“strong” accretion activity, here defined as having anétjuivalent width of more than 2 times
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Figure 3.26: The top panels: ThexHEWSs vs. spectral type for YSOs in the three populations
discussed in this work. The filled circles are for YSOs witticgdly thick disks, open circles for
YSOs with optically thin disks, asterisks for YSOs with tséion disks, and triangles for YSOs
without disks. The solid line is the boundary between WTTS$ @0 TSs (see Appendix (1)).
The bottom panels: the distribution of logarithmic ratidveeen the observedddEW and the
EW threshold, which used to classify the YSOs into CTTSs or W&Tid8 the corresponding
spectral type, for three population: YSOs with opticallyckhdisks (filled histogram), YSOs
with transition disks (solid-line histogram), and YSOshuitit disks (dashed-line histogram).
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the EW threshold used to distinguish between CTTSs and WTTgsAppendix (1)). In the
stars surrounded by optically thick disks this fraction 7$-6%, and thus there are significantly
fewer strong accretors among the transition disks. Howewvmong the transition disks that
do show active accretion (HEW above the WTT&ETTS threshold), the median accretion
rate is 3.107° M, yr~1, which is very similar to the median accretion rate of the C3W#th
optically thick disks in our sample~4.0x10° M, yr-!. Note that Najita et al. (2007) find a
median accretion rate of 3<20° M, yr~! for their transition disks, which is consistent with
the value we find. However, Najita et al. (2007) find a much argmedian accretion rate of
~2.5x10°8 M, yr* for the optically thick disk-harboring CTTSs in the Taurussfyae region
than we find for our Orion sample-4.0x10°° M, yr~1). The latter value is consistent with the
“typical” accretion rate of young T Tauri stars 8x10°° M, yr~! (Gullbring et al. 1998; White
& Basri 2003; Muzerolle et al. 2003), and is also in perfeceagnent with the findings of Sicilia-
Aguilar et al. (2009, in prep.) who find a median accretioe @ft2-3<10-° M, yr—* for both the
young stars with optically thick disks and those with tréiosi disks in Trumpler 37.

In summary, we find that the fequency of accreting stars i®t@mong transition disk objects
than among stars with optically thick accretion disks, Ingt mnedian accretion rate among the
actively accreting stars is similar in both populations.

3.4.7 Clumpiness of the molecular clouds

Our observations of numerous background objects yieldratetipencil-beam” estimates of the
integrated extinction through the whole cloud. The extorctan be converted into estimates of
the dust column density along each sight line. The angukegmrobed by each measurement
is simply the angular diameter of the respective backgratad and will typically be of order
1072 milli-arcseconds. The millimete®CO data yield estimates of the gas surface density at
a spatial resolution of!X (Miesch & Bally 1994). Thus, we get two measures of the serfac
density of the molecular cloul,,,q, at vastly diferent spatial resolutions. The comparison of
both yields information on the clumpiness of the regionprb both column density measures
will correlate well in the case of a homogeneous medium, adethey will correlate poorly if
the medium shows strong substructure on scales below thkities of the millimeter data. A
number of authors have studied similar correlations beatvwescil beam extinction estimates,
usually based on near-infrared photometry, and tracetseofjas density (€0, 3CO, CS, e.g.
Lada et al. 1994; Kramer et al. 1999; Alves et al. 1999), anddoevidence for a clumpy cloud
structure.

"We remind the reader thataHemission with an EW below the CTTWTTS threshold cannot be unambiguously
attributed to accretion, and we therefore exclude the WTT@&n the current comparison.
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Figure 3.27: The correlation betweéfCO intensity and extinction estimated from the non-
members in L1630N and L1641. The dashed line shows the lestrlfit in LL630N, in the
regime A,>2 mag where CO is detectable. In L1641 the scatter in the loligion is much
larger, and we only overplot the relation found in L1630N riefierence.

The direct comparison of both measuresgf,q depends on a number of assumptions: (1) the
dust properties are homogeneous across the molecular, ¢®)utle gas to dust ratio is uniform;
(3) CO freeze-out is not important in the regions probed;t{é)molecular tracer is optically thin
in the regions probed. Since our sample contains only sigés lwith relatively low extinction
(Av<10mag, with only a handful of objects with,>7 mag), the*CO line remains optically
thin, and we do not cover dense cores in which CO freeze-outrecdrather than the dense
regions, which are known to show strong density enhancesr@nsmall scales (e.g. Lombardi
et al. 2006), we trace the low density regions that surrobactores.

In Fig. 3.27 we show the relation between our pencil begnmeasurements and th&CO in-
tensities from Bally et al. (1987); Miesch & Bally (1994) inpetated at the same positions for
L1630N and L1641. Apart from a few obvious outliers, we findialy tight correlation between
both quantities in L1630N. In L1641, the correlation is mwetrse. A linear fit to the3CO
intensity as a function oA, within the range 3 mag Ay <10 mag, yields the following relation
in L1630N:

lisco = (—8.88+ 1.50) + (3.38 + 0.31) x Ay (3.9)
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This fit yields zero'*CO intensity forAy~2 mag, which is expected since at extinctions below
this value CO is dissociated by the interstellar UV radiafietd.

Since the L1630N and L1641 are at approximately the samantist the millimeter data have
the same physical resolution 0.2 pc. Our observations therefore suggest that the lowitgens
medium in L1630 shows relatively little substructure asnscales, whereas the L1641 medium
has a substantial amount of such inhomogeneities.

3.5 Summary

We have performed a large optical spectroscopic and imagyingey of the L1630N and L1641
star-forming clouds in Orion. We combined our data with cgitiand infrared imaging data
from the literature. The optical spectroscopy and photoynatow accurate determination of
the stellar &ective temperature, luminosity, and line of sight extiastthrough model atmo-
sphere fitting. Mass and age estimates of individual objeatse obtained by placement in the
Hertzsprung-Russell diagram. Accretion rates were estidhfitom optical emission lines ¢H
HB, Hel). The infrared photometry provides good measures @flfhexcess emission, from
which the evolutionary state of the disk can be deduced. thl e investigated 132 YSOs in
L1630N and 267 in L1641, of which 65 and 117 were newly idegdifin the respective clouds.

Our survey products are threefold: (1) a list of identifiedO&Swith spectral types, optical and
infrared magnitudes, equivalent widths of a number of eimmsBnes, estimates of the stellar
masgage, an SED based disk classification, estimates of theteecmate, and line of sight
extinction (399 sources); (2) a list of unrelated field oklgemostly background stars, with pho-
tometric magnitudes, spectral types, and line of sighhektn (179 sources); (3) a photometric
catalog with optical and infrared magnitudes of all souidetected in both wavelength regimes
(21694 sources).

The young stars in L1630N predominantly formed in 2 clustetsereas in L1641 some stars
live in clusters (or rather “aggregates”) and some in aithsted population. We distinguished
between these populations using the nearest neighbor thethd identify two previously un-
known aggregates in L1641.

Based on the infrared SEDs we divided the young stars intcctsoyeith still full blown opti-
cally thick disks, optically thin disks, transition objectaind diskless stars. We find that the disk
frequency does not strongly depend on the mass of the starsaine evidence for an increasing
disk frequency with increasing stellar mass. The disk fezmpy decreases with age, and does
so earlier in clustered environments than in the distrithgkgpulation. The latter is not expected
from a theoretical vantage point, given the low densitiebsanall sizes of the clust¢egygregates
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under consideration. Our data yield no evidence for a snbatage diference between the
aggregate and distributed populations, and the possitiereince in disk dissipation time scales
between both populations requires further investigatiorour spectroscopic sample we iden-
tified 28 transition disks, of which 20 were previously unkmo Moreover, we identified 47
additional transition disk candidates based on photometeasurements only.

We estimated accretion rates from the equivalent widthb@r, H3, and He 1 5876A lines.
The mass accretion rate show a clear dependence on stefiaywith individual objects showing
a large scatter around the average relation. When makingrgawdits of the formMaccoc M®

we find values in the range of 2:8.4 for the exponent, which is steeper than the range 4201
found by previous authors. We compiled an independent seast and accretion rate estimates
from the literature. We find that over the whole mass range®05-5.0M, we obtaina~2.0,
consistent with previous work. If we limit the fit to the massigeM. <1.0M,, i.e. the range
occupied by our sample, the literature data yiete2.8, which is consistent with our results.
Thus, we show that the dependence of the accretion rate bar steass is not uniform, but
instead is steeper at subsolar masses than alibWé,. We find a general decrease of accretion
rate with age, which is less evident for the stars in our rsgheass bin1.>1.0M,), possibly
due to low number statistics.

The WTTSs are on average older than the CTTSs in our sample pbupbpulations show a

large intrinsic scatter in their age distributions. The WEWMth IR excess, emission indicative
of a circumstelar disk, have the same average age as the CTi&sag apparently diskless
WTTSs are on average older. The age distributions of tramsitisk objects and WTTSs without
disks are indistinguishable, and they are on average oldarféictor of>2 than the CTTSs.

For L1641 we investigated what fraction of stars exist indistributed and clustered popula-
tions. Our data suggest that the fraction of stars in theiliged population increases with age,
from ~60% at<0.5 Myr to ~80% at>3 Myr, though at our current statistics thiffext is <20
and should be further investigated.

We find that among the stars with transition disks there ayeifstantly fewer strong accretors
(26+£9%) than among stars with optically thick disks 5P6). We find that the median accretion
rate of those transitional objects that are actively acuges similar to that of accreting stars with
normal optically thick disks. This agrees with recent resi Trumpler 37 (Sicilia-Aguilar et
al. 2009, in prep.), but is in contrast to earlier resultstfa Taurus-Aurigae region, in which
transition disks were found to have~d0 times lower accretion rate than objects with normal
optically thick disks (Najita et al. 2007). Note that the rn@@daccretion rate we derived for the
Orion TDs is consistent with that found in the Taurus TDs, that the median accretion rate
derived for stars with normal optically thick disks is muafghrer in Taurus, and that this causes
the aformentioned discrepancy.
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We find one previously unknown object whose characteristmsgly suggests itis an FU Orionis
star. Its bolometric (infrared) luminosity exceeds theéneated stellar luminosity by a factb,
and it shows P-Cygni profiles in bothaHand H3. Furthermore we identified four objects with
apparently under-luminous photospheres for their spiegias which show very rich emission
line spectra with very high equivalent widths. Such objeatse found before (Comen et al.
2003), who suggested that these objects are pre-main ssxjgtars whose evolution has been
altered by strong accretion. Such stars would be less neaasiy less luminous than other stars
of similar age and spectral type. The strong accretion asdcested outflow activity yields the
rich emission line spectrum.

By comparing molecular cloud column density estimates fAghmeasurements of background
stars (spatial resolution0.005 AU) and"3CO intensity maps (spatial resolutie®5000 AU or
0.22 pc) we find that the low density medium in which the stamiog cores are embedded
shows significant substructure on scales0f2 pc in L1641, but little substructure in L1630.
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Appendix

(1) Classifying CTTS and WTTS

In this appendix we present the criteria we apply to sep&kssical T-Tauri Stars (CTTS) from
Weak-Line T-Tauri Stars (WTTS). Our classification scheneernafined version of that of White
& Basri (2003). Our basic method is very simple: we selectgdarumber of young stars from
the literature that show no evidence for a significant neaieied excess, i.e. their (inner) disks
have already dissipated. The vast majority of these motlbe actively accreting, though the
sample will contain some objects that do still accrete. Véatinspect the bl equivalent widths
of all objects and, as a function of spectral type, definedigeon that contains the bulk of objects
as the WTTS domain.

CTTSs are distinguished from WTTSs based on the equivalerthwidthe Hr emission line.
CTTSs show relatively strong, often broad ldmission lines that are attributed to active accre-
tion. WTTSs exhibit weaker and narrowerHines which do not point at active accretion, but
instead appear to have their origin in chromospheric agtiWhite & Basri (2003) use accretion-
induced veiling of optical spectra to distinguish CTTSs and83, and classify a T Tauri star
as a CTTS if EW(H)> 3A for KO-K5 stars, EW(H)> 10A for K7-M2.5 stars, EW(id)> 20A

for M3-M5.5 stars, and EW(kl)> 40A for M6-M7.5 stars. The EW(k) threshold significantly
increases with spectral type due to the substantial dezabe photospheric continuum level
near the K line in cool stars.

We collected PMS stars from the literature and distributedifferent star-formation regions,
i.e. Ophiuchus, Lupus (Cieza et al. 2007), Taurus (Luhmah &086,Gudel et al. 2007),Tr37,
NGC7160 (Sicilia-Aguilar et al. 2005, 2006a), L1630N, L1G#1is chapter), NGC2264 (Dahm
& Simon 2005; Cieza & Baliber 2007), NGC2362 (Dahm 2005; Dahm &drabrand 2007)4
Orionis cluster (Barrado y Navasesiet al. 2007), Orion OB1 association (Bfioeet al. 2005,
2007; Herandez et al. 2007a), Chamaeleon Il (A&t al. 2008; Spezzi et al. 2008y,0Ori
cluster (Bejar et al. 1999; Barrado y Navagsuet al. 2003; Sacco et al. 2008; Handez et al.
2007b), Coronet cluster (Sicilia-Aguilar et al. 2008), I8B34.uhman et al. 2003; Lada et al.
2006), Serpens cloud core, and NGC 1333 (Winston et al. 2Z8009). In Taurus, some PMS
stars have multiple measurements of the EW, in which case we used the average value.

In total, we obtained a sample of 536 stars with no or wealarefit excess by constrainitig.6]-
[4.5]<0.2,and[5.8]-[8.0]|<0.2. The inner disks around these stars have been mosthedlead
the bulk of these objects will no longer be actively accrptiim Fig. 3.28, we show their [5.8]-
[8.0] vs. [3.6]-[4.5] color-color diagram (left panel) atite distribution of Hr equivalent widths
as a function of spectral type. We find that there is a quitarbledefined border between the
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Figure 3.28: Left panel: Spitzer [5.8]-[8.0] vs. [3.6]-[4.5] color-color diagranfier YSOs with
no or little infrared excess in flerent regions, i.e. Ophiuchus, Lupus, Perseus (Cieza €@1)2
Tr37, NGC7160 (Sicilia-Aguilar et al. 2005, 2006a), L163QN641 (this chapter), NGC2264
(Dahm & Simon 2005; Cieza & Baliber 2007), NGC2362 (Dahm 2005hma& Hillenbrand
2007),4 Orionis cluster (Barrado y Navasesiet al. 2007), Orion OB1 association (Bfioeet al.
2005, 2007; Herandez et al. 2007a), Chamaeleon Il (A&t al. 2008; Spezzi et al. 2008),
o Ori cluster (Bejar et al. 1999; Barrado y Navagsuet al. 2003; Sacco et al. 2008; Hamdez
et al. 2007b), Coronet cluster (Sicilia-Aguilar et al. 200&) 348 (Luhman et al. 2003; Lada
et al. 2006), Serpens cloud core, and NGC 1333 (Winston @0al7, 2009)..Right panel:the
relation between spectral types and EWf{Hor stars in the left panel. The dashed lines show
the criteria that White & Basri (2003) used to distinguish CTa8d WTTSs. The grey-shaded
area outlined by the solid line represents our refined aiterclassify CTTSs and WTTSs.

“bulk” of sources and the “outliers” with high EW. We integtithe former sources to be WTTS
where the kK emission arises in an active chromosphere, whereas tlee faitirces are still
actively accreting, despite there weak or absent near-tRssx These sources are rare, and most
or all of them will be transition disk objects.

In the right panel we also plot the commonly used criteriadistinguishing between CTTSs and
WTTSs by White & Basri (2003), with dashed horizontal lines. Vde see that these criteria
are not stringent enough to describe the boundary betweetbthk” and “outlier” objects, in
particular many of the “outlier” objects of late-M specttgbe would be classified as WTTSs
according to these criteria. We propose more stringentditoi separate WTTSs from CTTSs:
we consider a star to be a CTTS if EWg}$ 3A for KO-K3 stars, EW(H)> 5A for K4 stars,
EW(Ha)> 7A for K5-K7 stars, EW(k)> 9A for MO-M1 stars, EW(H)> 11A for M2 stars,
EW(Ha)> 15A for M3-M4 stars, EW(kt)> 18A for M5-M6 stars, and EW(kl)> 20A for M7-
M8 stars. Our newly defined boundary is illustrated in thétiganel of Fig. 3.28 by the solid
line and grey-shaded area.
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(2) Relations between emission line luminosity and accretion lumindy

In this appendix we derive the relations between the luniiyas several optical emission lines
and the total accretion luminosity as measured using dgtgisothat are independent of those
lines. Both the line luminosities and the total accretionihwsities are adopted from the quoted
papers.

2t
/B O,
—
~—
O
O
JO
—2r
(@)
O
—
— 4t
—6 | | [ | | [ ! ! ! !

-8 -6 -4 -2 0-8 -6 —-4-2 0-8-6-4-220
Log Ly, (Lo) Log Ly (Lo) Log Lieiassrs (Lo)

Figure 3.29: The relations between accretion luminosity@mission line luminosity. The solid
lines show the best power law fits to the respective distiobgt

(a) Hydrogen emission lines

We collected YSOs with measuredrHemission line luminosities and accretion luminosities
from the literature (Gullbring et al. 1998; Dahm 2008; Heg& Hillenbrand 2008) and plotted
these in Fig. 3.29. A resulting least squares fit to this ithistion yields the following relation:

10g(Lac/Lo) = (2.27 + 0.23) + (1.25 + 0.07) x 10g(Lia/Lo) (3.10)

Similarly, we collected YSOs with measure@ ldmission line luminosities and accretion lumi-
nosities from the literature (Gullbring et al. 1998; Herg#e Hillenbrand 2008). The best fit
relation in this case becomes:

109(Lace/Lo) = (3.01+ 0.19) + (1.28 + 0.05) x log(Lys/Lo) (3.11)
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(b) Helium emission line

We collected YSOs with measured Hel emission line lumimesiand accretion luminosities
from the literature (Dahm 2008; Herczeg & Hillenbrand 2008)this case, the best fit reads:

IOg(LaCC/ L@) = (520 + 038) + (142 + 008) X Iog(LHe|/15876/ L@) (312)
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Star Formation and disk properties in Pismis 24

M. Fang, R. van Boekel, R. R. King, Th. Henning, J. Bouwman, iy YDK. Okamoto, V.
Roccatagliata, and A. Sicilia-Aguilar
submitted to &A

The influence of nearby massive young stars on the evoluficiraumstellar disks is still not
well understood. Spitzer observations have revealed aafgiacorrelation between the frequen-
cies of circumstellar disks and the presence of massive stahese clusters (e.g., NGC 2244,
NGC 6611 Balog et al. 2007; Guarcello et al. 2009). UV irradiaby hot, massive stars causing
photoevaporation of disks around neighboring lower masmgcstars is a favored mechanism
to explain the observed low disk frequencies near massars.din addition, massive stars pref-
erentially reside in the centers of clusters (Zinnecker &Ke2007) where stellar densities are
extremely high. In such environments stellar encountassing gravitational interaction be-
tween the circumstellar disks and nearby cluster membegspraposed to play a role in disk
dissipation (Pfalzner et al. 2006; Olczak et al. 2010). Tdlative importance of both mecha-
nisms for the dissipation of circumstellar disks is not veslhstrained. Young clusters harboring
very massive stars need to be studied to shed light on thig,igdismis 24 constitutes a well
suited example of such clusters.

Pismis 24 is located in the Sagittarius spiral arm and costdozens of massive OB-type stars,
with two extremely luminous members: Pis24-1 (O31) and RidZ (03.511) (Massey et al.
2001). High-resolution observations have resolved Pi$ 2to a compact hierarchical triple
system consisting of Pis24-1 NE (unresolved spectroschipiary) and Pis24-1 SW (Ma
Apellaniz et al. 2007). Pis 24-1 NE and Pis 24-1 SW have an estinmagésd of around 100,
each. The distance to Pismis 24 has been estimatedfaratit ways. Wilson et al. (1970)
derive a kinematic distance to Pismis 24 of A28 kpc. Neckel (1978) obtain a distance of
1.74+0.31 kpc to Pismis 24 using a color-magnitude diagram. Eympdpthe spectroscopic par-
allax method, Massey et al. (2001) derive a distance of#058 kpc for Pismis24. In the
current work we re-address the distance to Pismis 24 bast#te@uositions of the most massive
members in the Hertzsprung-Russell diagram (see Sect(#)pdhd find that the most likely
distance is 1.7 kpc. We adopt this value throughout the ntioleapter.
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Our inventory of the stellar content of Pismis 24 has longndewited to the massive members
(Wilson et al. 1970; Massey et al. 2001). Observations Wwith@handra X-ray telescope have
dramatically improved this situation and allowed hundrefl®wer mass members to be identi-
fied (Wang et al. 2007). A total of 779 X-ray sources have beend in the Pismis 24 region,

of which 616 sources have associated optical or infraredteoparts. With an estimated age of
~1Myr (Massey et al. 2001) Pismis 24 is an extremely intemgsl@boratory for investigating

the circumstellar disk evolution, with the similarly oldi®n Nebula Cluster as a local reference.

The Pismis 24 cluster resides within NGC 6357, a large coxmiextended nebulosity. Within
NGC 6357 there are three known HIl regions affefient evolutionary stages: G35329,
G353.2-0.7, and G35340.6 (Felli et al. 1990). G353+0.9, located near the Pismis 24 cluster,
is the youngest and brightest region and was further redatve three compact H Il regions
using the high-resolution VLA observations (Felli et al909. Between G353:£0.9 and the
Pismis 24 cluster there is an ionization front shielding ¢foaid material from most of the UV
photons emitted from massive stars in the cluster. It isstioee possible that G353tP.9 is ion-
ized by its own, internal sources (Felli et al. 1990). Indeeftared observations have revealed
several embedded objects in G358020 (Persi et al. 1986; Felli et al. 1990; Wang et al. 2007).
G353.1+0.6 is a more evolved H Il region which is expanding and irdeng with molecular
cloud material on its northern side (Felli et al. 1990; Matsal. 1997). G353£0.7 is the most
evolved and dtuse H Il region and shows no compact components (Haynes £929; Felli

et al. 1990).

A dust continuum emission survey at 1.2 mm has revealed 168edeores in the NGC 6357
region, of which 16 have masses above A0 (Muioz et al. 2007; Russeil et al. 2010). Follow-
up observations searching for molecular line emission ihigA-mass dense coresi00 M)
show that all of them belong to the NGC 6357 complex. Amongéhd5 dense cores were
identified as starless cores (Russeil et al. 2010).

In this chapter we will first investigate the star formatiaidty in the NGC 6357 complex as
a whole, and then focus on the stellar and disk propertieseofrtembers of the central cluster
Pismis 24. We arrange this chapter as follows. In sectiorwé Hescribe the observations and
data reduction. In section 4.2 we present our results whigltheen discussed in section 4.3. We
summarize ourfgort in section 4.4.

4.1 Observations and data reduction

This study is based on a large collection of observationtd.d&Ve use photometric data at
optical, infrared and X-ray wavelengths, as well as spsctpy in the 4800 to 10000 A range.
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Figure 4.1: The FOVs of dlierent observations used in this chapter. The background:
8.0 um(GLIMPSE). The FOVs of our deep IRAC imaging are shown with dash lines ([3.6]
and [5.8] bands) and dash-dotted lines ([4.5] and [8.0] banthe dotted lines present the FOV
of the Chandra X-ray observation. The solid lines show the &@v VIMOS imaging and
spectroscopy. The central grey filled regions show the wavered with HST observations.

The field of view (FOV) for each of the individual datasetshewn in Fig 4.1.

4.1.1 Infrared photometry

Near-infrared photometry in the J, H, and Bands was taken from the Two-Micron All Sky
Survey (2MASS Skrutskie et al. 2006). Mid-infrared phottmyet 3.6, 4.5, 5.8, and 8/m
obtained with the Spitzer Space Telescope IRAC camera (Fazab. 2004) was taken from
the the Galactic Legacy Infrared Mid-Plane Survey Extrawide (GLIMPSE | Benjamin et al.
2003) survey, and supplemented with our own deep obsengfidrogram ID 30726) in the
central cluster regions.
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(1) GLIMPSE survey

The GLIMPSE | survey covers the galactic plane®(&Ql| <65, |b| <1°) with imaging in the
four IRAC bands (3.6, 4.5, 5.8, and 8uin). We adopted the photometry of all the point sources
in NGC 6357 complex as given in the GLIMPSE catalog, with phaogtric uncertainties below
0.2mag in all four IRAC bands.

(2) Deep IRAC imaging of the central Pismis 24 region

We have performed deep observations towards the Pismisi&&eclith the Spitzer IRAC cam-
era. The observations have been done on September 29, 2@loéxposure times of 0.4 s and
10.4 s. We performed PSF photometry using the IDL codes itbestin Chapter 3. We compared
our photometry with the values given in the GLIMPSE catalfpr common sources and found
small systematic dlierences between both data sets of -0.04, -0.007,-0.04&ghitudes in the
[3.6], [4.5], [5.8], and [8.0] bands, respectively. Thesffedtence may be due to the slightly
different psf-fitting models. We applied the correspondingiisgdhctors to our deep imaging
such that it has the same absolute flux levels as the GLIMP&E da

4.1.2 Optical photometry

We have imaged the cluster Pismis 24 in the R and I-band filigirg) the Visible Multi-Object
Spectrograph (VIMOS, LeFevre et al. 2003) at the ESO VLT. Rhkand observations were
performed on 2008 April 1 and 6, and the I-band observatioaewione on 2008 May 1. In
order to increase dynamic range we took the images with figesxes (1, 14, 45, 150, and 300
seconds) for every pointing. We performed standard datactexh for optical imaging consisting
of bias subtraction and flat-fielding. We then performed Pis#tgmetry on the reduced images,
taking into account that the PSF shows substantial vanatio shape over the VIMOS FOV.
Instead of using a single PSF for a given observation, weldd/each image into 16 sub-regions.
In each sub-region we extracted a PSF model from the isosddes, and used it to do PSF fitting
for each star in the sub-region. For every star that was tktéc multiple exposures of filerent
integration time, we adopt the photometry from the long&pbsure in which the peak level of
the star remains in the linear regime of the CCD. We calibratedR-band photometry using
observations of the standard fields SA 110 (for data taken008 2pril 1) and Rubin 149 (for
data taken on 2008 April 6). The I-band photometry was caléu using standard stars observed
in the PG 0918 field (Stetson 2000).
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4.1.3 X-ray source catalogue

Pismis 24 cluster has been observed with the Imaging ArrdyeoAdvanced CCD Imaging Spec-
trometer (ACIS-1) mounted on the Chandra space telescopbisinggion, 779 X-ray sources are
detected (Wang et al. 2007). In this chapter, we match X-oayces to the sources detected in
VIMOS R and | bands based on positional coincidence, usiri® &dlerance. The photometry in
9 bands between 0.55 and®n for counterparts of X-ray sources are listed in Table 4.hcé&
Pismis 24 is located in the direction of the galactic certterdensity of unrelated background
sources is high, which complicates establishing clustenbeship. In this work, we will use
X-ray emission as the identification of the membership ofdluster. With this selection crite-
rion, some intermediate-mass members with spectral typg$no A could be missing in our
sample due the absence of X-ray emission from them (Wang 2068).

Since the central regions of the Pismis 24 cluster have adpgbe density of sources and the
accuracy of the optical and X-ray positions is limited toitglly 0/6 and 10, respectively,
matching the optical and X-ray positions requires care. Gimgpa large matching radius en-
sures that all real optical and X-ray pairs are matched bytaiso result in substantial numbers
of “false positives”, i.e. a match between physically uatetl optical and X-ray sources. Choos-
ing a small matching radius would cause many physically @ated pairs to be lost from the
analysis. We chos€e’h as a compromise. To test for the number of potential falsiipes,
we applied a positional shift of 2& the optical positions and then matched those to the X-ray
catalog. This indeed yields a fair number of false matchasghly /6 of the number of matches
in the original catalog. Thus, strictly speaking, statisily about 16 of our sources could be
false positives. This, however, is a very pessimistic estiém for individual sources it would
mean that there is an optical source near the X-ray postianis unrelated to X-ray source and
that the true X-ray source counterpart is much fainter inojbecal than the “false match”. This
situation will not occur often, though for individual casesannot, of course, be excluded with
certainty.

Table 4.1: Photometric magnitudes for stars with X-ray sroisin PISMIS 24. Column 2: the
identification numbers in Wang et al. (2007). Column 3: theéagises between xray sources and
opticalinfrared counterparts.

©w @ O 4 ©) (6) ) ® ) (10) (11 (12) (13) (14)

11 0.65 172406.81 -341149.2 22.300128 16.530.12 13.830.03 12.380.03 11.050.04 10.6%0.05 10.220.06 9.92:0.09
12 0.46 172407.66 -341752.4 19.84r021 17.5280.006 14.430.04 13.040.04 12.460.03 12.180.05 12.040.08 11.780.25

dis RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]
ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
1 1 0.81 17 2353.93 -340850.5 22.29B080 21.5720.029
2 2 0.48 172358.39 -340802.4 21.952082 19.076€0.022 15.180.05 13.180.04 11.930.03 10.690.04 10.490.06 10.130.13
3 3 0.87 172359.16 -341216.9 15.595001 14.08@0.001 11.930.02 11.180.03 10.620.03
4 6 0.32 172403.22 -341402.2 16.267001 14.9420.001 12.6#0.02 11.680.02 11.3%0.02 11.0%0.05 10.960.07 11.230.23
5 8 0.45 17240546 -3412575 12608 11.760.08 11.230.18
6 9 0.53 1724 05.61 -3407 09.7 0302 8.620.05 8.460.02 8.3%0.06 8.330.12 8.2240.14
7 10 0.50 1724 06.66 -341305.1 14:6D7 13.320.05 12.660.12 12.3%0.21
8
9
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Table 4.1: continued.

[E ) (©)) 4 O] (6) ()] ®) 9 (10) (11) (12) (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

10 13 129 17240891 -341211.0 18.285006 16.9740.004 15.330.05 14.540.02 14.230.06

11 14 1.19 1724 09.25 -340859.4 22.900104 13.580.08 13.480.17

12 15 0.77 172409.22 -341224.1 222362172 15.780.06 12.940.04 11.550.04 10.680.21 9.96:0.08 9.42:0.11

13 16 0.86 17241235 -341459.8 20.160027 18.5450.017 16.660.13
14 17 091 17241314 -341146.8 19.402016 17.0570.004 13.820.02 11.660.02 10.320.02 9.140.05 9.09-0.05 8.630.08 8.29:0.18
15 18 057 172413.60 -340921.3 16.9P001 15.5280.001 13.580.02 12.6#0.02 12.340.03
16 19 029 172413.60 -341656.7 18.890006 14.2680.001 8.330.03 6.320.05 5.330.02 4.5a0.15 4.960.11 4.250.02 4.130.02
17 20 0.80 172413.62 -341451.8 17.368002 15.6320.001 13.190.02 12.180.05 11.7#0.05 11.560.09 11.520.08
18 21 123 17241374 -340657.1 20.46M58 13.760.05 11.330.04 10.240.02 9.530.03 9.540.05 9.130.05 9.210.04

19 22 0.57 17241472 -341043.7 14.886001 14.1060.001 12.820.04 9.160.07 9.16¢:0.05 8.820.07 9.240.55
20 24 0.70  172415.39 -340958.7 14020 13.530.07

21 26 0.92 172415.78 -341459.3 22.60448 15.660.07 14.4%0.11 13.740.10 13.120.10 13.060.16

22 27 0.33 17241594 -341441.1 14684 13.4#0.04 12.460.07 12.290.11

23 28 0.47 172416.08 -341248.6 14086 12.190.05 11.630.07 10.990.12

24 29 051 172416.13 -341526.8 21.191068 18.0570.011 14.030.02 12.3@0.02 11.450.02 10.9%0.08 10.8%0.10
25 30 0.07 172416.18 -341311.4 16.966001 15.7620.001 14.140.03 13.280.02 12.990.02
26 31 122 17241745 -340607.3 24.400137 22.1880.058

27 33 138 172418.16 -341651.2 23.069135

28 34 0.74 172418.75 -340636.6 21.86036 14.0%0.04 12.3%0.06 11.580.04 10.7#0.10 10.8@0.08 11.44.0.28
29 35 035 172418.79 -341204.8 19.98/026 17.8820.009 14.930.03 13.650.02 13.040.03 12.660.12 12.550.12

30 36 0.21 172419.60 -341544.4 18.#88007 16.7280.003 11.240.04 10.750.05 10.7%0.06 10.640.10
31 38 0.21 172420.25 -341310.6 19.#8/019 17.3280.006 14.020.03 12.550.04 11.880.04 11.1%0.05 10.840.08 10.3@0.20
32 40 0.49 172420.82 -341027.8 22.860067 19.5880.042 14.100.14 14.1%0.32

33 41 0.65 172421.30 -341435.7 17.8P1003 16.4080.003

34 43 120 17242179 -340843.1 13.#06001 12.1430.001 10.3%30.02 9.4%0.02 9.0%0.02

35 44 0.30 17242172 -3413254 22.38070 19.66%0.052 12.140.08 11.96:0.09

36 46 0.24 17242182 -341259.2 20.607043 18.11€0.012 15.180.04 13.8%0.03 13.180.05 12.430.08 12.120.11

37 47 0.74 172422.05 -341429.7 16.283001 14.6530.001 12.430.03 11.3%#0.02 10.6#0.03 9.03:0.03 8.5%0.04 8.1@¢0.03 7.3%0.03
38 48 011 17242295 -341222.0 18.#60007 16.9060.003 14.380.03 13.260.03 12.820.03 12.660.08 12.620.10

39 50 0.10 172423.47 -340942.3 18.399005 16.0720.002 13.930.03 13.0#0.04 12.780.04 12.29:0.08 12.29:0.08

40 51 0.46 17242395 -340815.8 18.884004 15.8290.001 13.1@0.02 11.820.03 11.3%0.03 10.950.06 10.880.08 10.480.10

41 52 0.78 17242395 -341011.8 22507169 16.230.13 14.060.06 13.020.05 12.340.07 12.1%0.10

42 53 0.08 17242424 -341509.9 20.390028 17.83@0.011 15.0€0.04 13.650.03 13.150.04 12.350.04 12.130.08 11.930.10 11.4%0.12
43 55 0.76 17242540 -341915.8 19.26014 17.0060.005 14.4@0.04 13.140.05 12.550.06 12.150.11

44 57 0.28 172425.89 -341143.1 21.685092 18.8640.017 13.280.07 12.490.07 11.020.07 10.2%0.06 9.490.11 8.620.55

45 59 0.47 172426.18 -341341.2 23.#21B15 19.6450.058 13.760.13

46 60 0.96 172426.20 -341539.8 19.9P8021 16.8610.003 13.120.03 11.590.05 10.840.03 10.46:0.07 10.450.05 10.290.08 10.2@0.12
47 62 0.81 172426.72 -341150.4 21.281051 14.280.17 13.96.0.31

48 63 0.56 17242729 -340903.2 16.@84001 15.1260.001 13.880.04 12.960.06 12.5%0.06 11.520.07 11.0%0.07 10.930.12

49 64 029 17242730 -340801.0 18.648006 16.5850.002 12.8#0.05 12.4%0.05 12.0%0.04 11.9@¢0.07 12.080.21

50 65 0.37 17242743 -3415545 21.808085 18.9150.022 12.780.09 12.480.12 11.880.18 11.66:0.90
51 66 0.42 17242739 -341649.1 20.886032 18.0920.009 15.5%0.07 13.5¥0.09 13.560.13

52 67 0.24 17242743 -341356.2 21.890068 18.8750.019 15.7@0.08 14.0#0.07 13.2@0.07 12.290.07 11.9%20.10

53 68 0.14 17242753 -341659.7 19.#81016 17.7580.006 13.350.06 12.7@0.09 12.420.11

54 69 1.01 17242781 -3412158 20.822042 19.1150.022 14.960.12 13.790.09 13.180.18 12.89.0.16

55 70 024 172428.09 -341107.5 14.382001 13.7030.001 12.720.03 12.130.02 11.9%0.02 11.420.07 11.130.07 10.5%0.31

56 71 0.16 17242850 -341040.3 22.301129 19.25%0.028 16.420.10 12.480.14 11.990.13

57 72 041 17242852 -341754.7 19.80019 17.68#0.006 15.0#0.04 13.690.04 13.020.04 11.950.06 11.650.07 11.060.08 10.650.05
58 73 042 17242859 -341144.3 22.180101 19.1240.022 16.140.07 13.920.10 13.940.22

59 74 0.16 17242870 -3412115 20.848042 18.5940.014 15.760.06 14.240.05 13.520.08 12.5%0.07 12.2%40.10

60 75 0.24 172428.74 -3412415 23.681163 20.48%0.078 13.120.07 13.06:0.20 11.640.20

61 7 0.74 172428.94 -341450.0 1586001 9.030.03 8.5&0.04 8.3%0.03 8.130.03 8.230.04 8.160.03 8.2%0.03

62 78 0.43 172429.03 -341813.9 17.@94001 15.2720.001 12.080.03 11.1@0.03 10.76:0.02
63 79 022 172429.14 -341214.9 20.307026 17.9820.008 15.4#0.05 13.990.03 13.550.04 13.160.07 13.150.16

64 80 0.34 172429.37 -341055.5 22.#80108 20.5320.091 12.660.06 12.430.12

65 81 0.08 17242956 -341154.0 20.@03025 17.9980.008 15.240.06 13.990.06 13.5@0.07 13.020.07 12.8%0.11

66 82 044  172429.72 -341336.9 22.86893 13.270.10 12.9%0.12

67 83 048 172429.80 -341315.8 21.401070 18.9720.020 12.900.09 12.2#0.12 11.330.12
68 85 0.38 172430.32 -3414295 14.88001 13.3550.001 12.6#0.02 12.250.02 12.230.02 12.080.05 12.150.07 12.090.16
69 88 144 172430.65 -341802.0 19.#84017 17.4380.005 13.280.05 12.880.09

70 89 0.04 172430.77 -341551.5 18.485004 16.53@0.002 13.950.04 12.530.05 11.550.03 10.040.04 9.46:0.03 8.740.083 7.710.02
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Table 4.1: continued.

@ @ 3 4 () (6) ()] ®) 9) (10) (11) (12 (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

71 90 022 172431.01 -341114.4 12987001 12.2430.001 11.5@0.03 11.1@0.03 10.8%0.03 10.6&0.05 10.650.07 10.740.14

72 91 0.35 172431.01 -341522.3 19.663011 17.4220.005 14.590.04 13.220.03 12.680.04 12.1@0.05 12.050.09 11.540.11

73 93 0.15 172431.28 -341107.5 19.80D57

74 94 0.19 172431.35 -341135.2 22.#07136 20.1320.057 16.3%#0.11 14.230.05 13.2#0.05 12.220.07 11.920.08

75 95 0.03 1724 31.38 -340934.4 20.997084 18.4480.015 13.340.06 12.240.04 10.640.06 10.060.06 9.66-0.16

76 96 1.06 17243141 -341518.7 130034 13.7%0.42 11.780.69

7 97 1.41 17243151 -342131.1 22.289110 13.760.11 12.520.06 11.86:0.07 11.480.10

78 98 0.15 172431.66 -341046.7 23.30D6068 19.6920.048 16.330.11 14.830.08 13.4%20.14 13.340.31

79 99 0.10 172431.69 -3411585 20.449029 18.3020.011 14.950.06 13.6%0.03 12.860.04 11.7&0.06 11.240.06 10.620.06 9.84:0.06

80 101 0.10 172432.04 -341305.2 18.882007 16.94%0.003 12.660.12 12.180.06 12.1@0.08

81 103 0.19 17243233 -341538.1 22.60029 18.7480.016 14.260.13 12.780.08 12.140.13 11.7#0.17 10.9%0.11

82 104 038 17243242 -341321.2 1972021 17.5020.005 14.720.05 13.4%0.07 12.940.06 12.5@0.05 12.5%40.09 11.49-0.16

83 105 0.22 17243241 -341011.7 21.%82145 19.2020.030 15.980.08 14.4%0.05 13.520.05 12.130.05 11.8%0.09

84 106 0.25 17243252 -341611.3 19.92M14 17.81#0.007 14.890.16 13.450.16 12.780.13 12.480.10 12.240.11

85 107 037 17243261 -341235.3 23.60393 20.17%0.059 14.520.16 13.730.27

86 108 0.02 1724 32.65 -341345.0 19.96827 17.59#0.005 14.430.06 12.850.05 12.060.03 11.380.05 11.2%0.07 10.960.09 10.360.63

87 109 050 17243270 -341404.0 22.@8%37 19.02@0.021 16.230.11 13.720.08 13.8&0.15

88 110 0.13 17243286 -340902.5 18.693010 16.7660.003 14.250.02 13.140.05 12.6%0.02

89 112 0.30 1724 33.03 -341654.8 19.20809 17.0020.003 14.380.04 12.9%0.07 12.1%#0.06 11.630.08 11.5%0.11 11.550.14 11.0%0.14

90 113 0.16 172433.06 -341127.8 16.16501 14.3130.001 11.920.03 10.990.02 10.6%0.02 10.3%0.04 10.240.06 10.168:0.08

91 114 022 172433.08 -341155.7 20.46829 18.25@0.010 15.450.08 14.130.11 13.6%0.10 13.020.10 12.940.18

92 115 0.13 17243325 -341515.1 20.20907 17.8940.008 15.130.06 13.820.07 13.450.08 12.850.06 12.89:0.12

93 116 0.16 172433.28 -341029.8 19.66026 17.7080.008 16.280.12

94 117 0.41 17243337 -341213.0 20.188026 17.7440.007 14.350.04 12.950.05 12.440.04 11.950.08 12.0%:0.12 11.6%0.21

95 118 0.34 17243342 -341423.7 19.60019 17.3430.004 14.730.05 13.480.05 12.9#0.05 12.550.06 12.560.10

96 119 0.14 17243341 -341402.4 19.96927 17.75@0.006 15.5#0.08 13.990.09 13.2%0.06 12.220.05 11.860.06 11.760.13

97 120 0.37 1724 33.49 -341344.7 16683 9.980.02 9.6%0.02 9.140.04 9.0%0.05 8.880.03 8.820.05

98 122 0.18 17243350 -341322.1 20.08028 17.6030.006 14.750.04 13.430.08 12.980.06 12.640.05 12.620.09

99 123  0.67 17243357 -341333.1 19.68421 17.4530.005 14.530.10 13.250.12 12.740.10 12.250.07 12.3%0.09

100 124 0.53 1724 33.88 -341155.1 23.460187 19.7320.039 15.030.05 12.480.03 11.3%:0.02 10.460.04 10.320.06 10.050.06 9.64-0.08

101 125 0.22 17243399 -340550.3 20.381006 17.6520.006 13.640.12 13.220.08 12.8@-0.08 12.730.07 12.060.27 11.59:0.89

102 126 015 172434.00 -341909.5 20.26925 17.71%0.006 12.160.07 11.740.08 11.5%0.09

103 127 0.35 1724 34.02 -341336.9 17.80%02 15.4330.001 12.620.05 11.090.06 10.120.04 9.080.06 8.6:0.04 8.250.04 7.62:0.04

104 128 019 17243411 -341340.2 20.28M36 17.9570.008 12.900.21 12.360.10

105 129 010 17243420 -341402.2 1890311 16.8170.003 13.9%0.03 12.680.03 12.250.03 11.650.05 11.730.07 11.5%0.10

106 130 0.13 17243418 -340954.7 18.66010 16.4460.002 13.340.05 11.740.05 10.660.04 9.040.06 8.450.06 7.720.10 6.420.11

107 131 0.60 17243431 -340944.4 19.86030 18.0130.010 15.680.12 13.550.09 12.360.05 11.4%0.13

108 133 0.15 1724 34.46 -341246.6 20.86320 17.9420.007 15.060.07 13.740.08 13.1%40.07 12.630.08 12.640.10

109 134 0.14 17243457 -341234.3 22582009 19.8420.043 13.380.09 12.720.10

110 135 0.03 17243463 -340844.5 1820806 16.2830.002 13.840.02 12.5%#0.02 11.820.02 10.7#0.08 10.220.08 9.96:0.12

111 136 0.29 1724 34.68 -341226.0 19.82D17 17.67#0.006 15.180.08 13.030.08 13.1%0.18

112 137 013 17243470 -3412152 20.80326 17.8170.007 14.780.07 13.230.09 12.2%0.06 10.9%40.04 10.550.10 10.280.07 9.650.07

113 138 049 17243474 -341524.7 2120948 18.8630.018 15.840.09 14.460.12 13.72#0.09 12.720.06 12.450.08 11.9%0.21

114 139 0.18 172434.76 -341217.8 21.16D56 18.5430.013 11.840.07 11.790.16 11.0#0.12

115 140 0.5 17243480 -341318.1 13.68901 12.3320.001 10.740.03 10.030.02 9.720.02 9.520.03 9.560.05 9.520.04 9.550.06

116 141 0.25 17243487 -341541.6 16.96801 15.1720.001

117 146 0.27 17243540 -341238.9 19.20918 17.7530.006 15.060.08 13.640.10 12.840.07 11.990.07 11.560.06 11.190.11 11.1@0.30

118 147  0.09 17243550 -341234.7 21.86958 19.1340.023 11.580.09 11.490.08 11.1%0.16

119 148  0.09 17243554 -341423.4 1960021 15.020.05 13.860.08 13.330.05 12.480.10 12.7@0.11

120 149 0.51 172435.92 -341332.7 2110319 18.92%#0.019 15.990.09 12.720.07 12.480.09

121 150 0.26 17243593 -341323.3 22.388.11 19.6370.036

122 151 031 172436.05 -341400.6 96D3 9.020.02 8.7%0.02 8.6%:0.04 8.520.04 8.520.03 8.6@0.03

123 152 0.39 1724 36.08 -341243.5 2236941 19.6420.048 13.370.13 12.940.09

124 153 043 172436.14 -341522.2 19.80M07 17.0950.004 13.8#0.05 12.420.05 11.630.04 10.7@0.06 10.380.06 10.190.05 9.730.03

125 154 0.61 1724 36.24 -341751.8 19.96819 17.8320.007

126 155 0.48 172436.46 -3413427 2118230 18.6810.016 15.680.08 14.240.09 13.490.08 13.5@0.13

127 156  0.32 172436.48 -341236.9 1718802 15.5930.001 13.4@0.04 12.340.06 11.5%#0.05 10.460.04 10.080.04 9.730.04 9.020.05

128 157 0.33 172436.64 -341150.9 20.80898 18.1480.014 15.320.06 13.8@0.09 13.150.07 12.150.07 11.740.12 11.520.17

129 158 0.13 172436.65 -341550.8 18.30M04 16.5750.002 12.720.04 12.2%#0.05 11.860.06 11.850.07 11.6%0.15

130 159 0.67 172436.65 -341959.2 2168075 14.670.16 14.020.19

131 160 0.11 1724 36.71 -341201.9 20.96360 18.6640.023 13.680.10 13.5@0.20
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Table 4.1: continued.

[E ) (©)) 4 O] (6) ()] ®) 9 (10) (11) (12) (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]
ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

132 161 0.07 172436.73 -341228.3 21.802057 18.8390.023 16.020.11 14.640.11

133 162 029 172436.77 -341333.7 1920417 17.2620.004 14.580.05 13.190.09 12.620.07 12.330.09 12.3@0.09 11.830.22

134 163 0.10 172436.76 -3411455 195230 17.2330.007 14.530.06 13.140.07 12.740.06 12.290.05 12.1%#0.09 12.090.22

135 164 0.11 172437.13 -3412259 19.90922 17.5420.007 14.450.06 13.0#0.08 12.380.06 12.160.09 11.740.11

136 165 0.18 172437.18 -341223.6 2110067 18.76%0.021 12.200.12 11.930.11 11.440.14

137 166 0.55 17243754 -341034.1 2180045 15.920.15 14.040.08 13.180.08

138 167 043 17243757 -341447.9 2020835 17.8840.008 15.090.07 13.640.10 12.950.07 12.520.08 12.380.11

139 168 0.24 172437.65 -3411415 1950430 17.1030.005 14.4@0.04 13.160.04 12.650.04 12.2%40.04 12.130.09 11.920.21
140 170 0.34 172437.73 -341524.2 2020920 17.1420.004 14.620.03 13.06:0.02 12.180.02 10.63:0.04 10.120.04 9.680.04 8.750.03
141 171 0.53 17243780 -340807.8 16.4Q1001 14.3920.001 12.280.03 11.520.04 10.9%0.04

142 172 0.27 172437.76 -341214.9 22661186 19.5380.043

143 173 0.22 172437.79 -341202.0 1980314 17.1050.005 14.4@0.03 13.08:0.02 12.420.02 11.840.07 11.850.09

144 174 0.38 172437.83 -341233.4 22561186 19.8280.056 14.3¥0.15
145 175 043 17243792 -341321.8 19.¥61025 17.5580.006 14.920.08 13.450.09 12.930.07 11.920.06 11.7%0.08 11.4@0.12 10.340.10
146 176 0.05 172437.94 -341023.9 21.60626 19.1580.050

147 177 0.46  172438.02 -341752.3 19.96919 17.71%0.006 13.640.12 13.650.25

148 178 055 17243814 -3412421 2040038 18.0820.011 15.060.11 12.590.13 12.730.12

149 179 030 17243819 -341420.5 16.988002 15.2380.001 13.040.03 11.980.04 11.280.03

150 180 0.15 172438.28 -3411224 1901039 17.6080.009 15.060.02 13.580.02 12.850.02 12.1%0.06 11.8%0.11

151 181 0.23 17243838 -3411154 20.80963 18.1550.014 15.250.06 13.950.05 13.430.04 12.860.09 12.880.17

152 182 0.51 172438.57 -340959.6 21504224

153 185 0.31 172438.68 -341043.2 17.40011 15.6330.004 13.130.03 11.720.04 10.7%0.03 9.280.04 8.7%0.06 8.160.07

154 186 021 172438.72 -3412085 19108011 17.0930.005 14.330.08 12.9%0.11

155 187 0.56 172438.76 -341228.9 2040927 18.0020.023 15.290.08 13.86:0.07 13.280.07 13.220.17 12.7@0.12
156 188 0.09 172438.74 -341203.0 16.40301 14.5820.001 12.190.04 11.1@0.05 10.580.04 10.2#0.06 10.060.08 9.750.08 9.63:0.08

157 190 0.65 172438.75 -341709.3 20.60021 17.6330.006 14.530.06 13.230.10 12.280.09 12.280.10 12.560.31

158 191 0.22 172438.80 -341308.6 18.66909 16.7860.004 14.280.02 12.920.02 12.520.02 11.980.04 11.9%0.08 12.080.25

159 192 029 172438.87 -341041.3 200312

160 193 0.39 172438.89 -3414054 20.60M18 18.4920.019
161 194 0.27 172438.92 -341458.9 §086 8.520.04 8.36&0.05 8.3%0.05 8.23:0.04 8.3@:0.03

162 195 021 172438.93 -341203.0 20.80955 18.6620.023

163 196 0.17 172438.99 -341220.8 17.60M03 15.67%#0.001 13.260.04 12.0%0.10 11.5@0.04 11.160.05 11.140.07 11.180.08

164 197 0.11 172439.03 -341007.8 20.20627 17.76#0.024 14.440.04 12.940.02 12.020.02 10.650.05 10.250.06 9.76&0.11

165 198 0.27 172439.08 -341209.0 20.60M46 18.80%0.026 13.640.12 13.880.30

166 199 041 172439.29 -340939.5 19.86387 17.5520.017 14.730.04 13.450.02 12.950.02

167 200 0.32 172439.39 -341129.3 21.60967 18.6440.023 15.6%#0.08 14.320.09 13.7%0.09 13.2%0.11

168 201 029 172439.44 -341201.3 19.80826 17.78%0.011 14.880.07 13.530.07 12.820.07 12.290.06 12.320.16 11.930.21

169 202 0.27 172439.44 -341446.7 2020344 18.29%0.015 14.360.10 13.850.08 13.250.07 13.260.09

170 203 0.18 17243952 -341318.2 17.821004 15.9150.002 13.4%0.04 12.280.04 11.8%0.03 11.380.07 11.5@0.10 11.3@0.11
171 204 0.69 172439.53 -341940.0 17.66002 15.3630.001 12.7#0.03 11.750.04 11.290.02 11.06:0.08 10.830.05 10.790.08 10.860.11
172 205 0.39 172439.62 -341457.3 20.40M35 18.0040.011

173 206 0.36 172439.61 -341633.2 19.266009 17.5180.007

174 207 030 172439.71 -341219.1 19.46818 17.2730.005 14.580.06 13.2#40.08 12.660.05 12.2%0.08 12.220.09

175 208 0.64 172439.68 -341347.9 2220987 19.4980.048 15.760.06 14.140.04 13.320.06 12.120.07 11.9%0.12 11.360.12

176 209 0.22 172439.83 -341337.2 19101014 17.0330.005 14.320.03 13.040.03 12.5#0.04 12.2@0.05 12.1%0.07 11.620.14

177 210 0.09 172439.82 -340906.6 22.60338 19.3330.087 14.750.04 12.660.02 11.260.02 9.430.07 8.96:0.08

178 211 0.41 172439.87 -341309.7 20.10M33 17.7420.010 14.9%0.08 12.450.08 12.430.12

179 212 047 172439.87 -3414115 21.66928 18.4820.019 15.380.04 13.990.04 13.4%0.04 12.940.07 12.8%#0.13

180 213 0.28 172440.07 -341420.5 20.20913 17.8460.011 15.020.04 13.720.04 13.2@0.05 12.66:0.06 12.730.09 12.680.28
181 214 0.54 172440.07 -3417129 20.60921 17.9260.008 14.9%0.06 13.530.07 12.650.05 11.2@0.05 10.720.05 10.4@0.05 9.93:0.04
182 215 0.67 172440.15 -341735.2 22¥Q1065 20.4780.074 13.120.08 12.640.10 12.0#0.17

183 216 021 172440.17 -341441.1 1550301 14.6840.001 13.6:0.04 13.0#0.08 12.830.09 12.3%0.06 12.480.08

184 217 0.11 172440.16 -341649.6 18.80906 16.9920.003 14.540.07 13.3%0.09 12.8@0.07 12.580.06 12.4%0.11

185 218 0.34 172440.21 -341102.9 19.664087 17.5330.011 14.7#0.04 13.430.09 12.830.09 12.3@0.16

186 219 0.18 172440.26 -341210.4 1950819 17.2980.007 14.190.14 12.450.07 11.980.08 11.820.16

187 220 0.27 17244029 -3411259 19.905819 17.5880.012 14.480.04 13.030.09 12.450.05 11.7%0.05 11.340.09 10.8%0.16
188 221 012 172440.32 -341154.9 19.46944 17.3780.010 12.920.08 12.450.07 11.840.06 12.150.22 11.960.17

189 223 0.04 17244045 -341503.3 20.204€53 18.70%0.022

190 224 0.24  172440.47 -3411545 20.666076 17.8050.014
191 225 0.39 17244049 -341206.7 12.86901 11.6830.001 10.0%0.03 9.450.03 9.140.02 9.040.06 8.980.05 8.96:0.04 8.9%0.05
192 226 0.20 17244056 -341335.4 17.404003 15.67%0.002 13.420.04 12.330.06 11.890.05 11.580.06 11.520.08 11.6€&0.10
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Table 4.1: continued.

@ @ 3 4 () (6) ()] ®) 9) (10) (11) (12 (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

193 227 0.28 172440.69 -341404.1 2070®52 18.51%0.020 15.7@0.06 14.5@0.10 13.7%0.09 13.450.13

194 228 0.38 17 24 40.67 -341157.4 22803123 19.2240.053

195 229 011 17244069 -341121.6 2148092 18.7430.034

196 230 049 17244073 -340534.7 18.%#B005 16.8620.003 14.3%#0.05 13.120.07 12.020.10 11.89:0.09

197 231 0.39 1724 40.79 -341518.6 20.20H55 18.70820.021 15.740.08 14.293:0.04 13.380.08 13.240.11

198 232 0.33 17244091 -341500.4 17.80903 16.1820.002 13.7@0.06 12.560.07 11.7@0.05 11.59:0.09

199 233 0.05 17244094 -3411042 205801203 18.5520.029 15.160.31

200 234 0.31 1724 40.98 -341126.3 22.6080147 19.24%0.054

201 235 043 17244099 -341317.6 21.90405 19.2620.042 15.750.08 14.080.07 13.0#0.04 12.020.09 11.960.11 11.2@0.12 10.520.16

202 236 0.25 172441.01 -341221.8 18.48D07 16.40%0.003 13.7@0.06 12.320.10 11.550.05 10.440.09 9.740.08 9.030.05 7.820.04

203 238 0.24 17244112 -341134.9 20.20050 18.1470.020 15.230.08 13.82:0.11 13.020.08 13.26:0.19

204 239 0.22 17244113 -341117.3 2146392 18.7630.034

205 240 0.26 1724 41.13 -341334.8 18.%0310 16.7520.004 13.930.04 12.7@0.05 11.920.05 11.990.08 12.3%0.31

206 241 0.21 17244121 -341111.2 19.866105 17.92%0.016 14.990.05 13.440.02 12.750.04

207 242 017 17244122 -341143.4 2220269 18.9020.039

208 243 0.26 17244125 -341138.8 16.#8004 14.9330.001 12.4%#0.03 11.320.05 10.740.04 10.420.11 10.3&0.17 10.4&0.11

209 244 047 17244129 -340859.0 21.40853 18.72@0.050 16.080.08 14.650.04 14.180.09

210 245 111 17244134 -3411323 18213 12.980.21

211 246 0.95 1724 41.33 -341140.8 1940382

212 247 027 17244132 -341611.9 1856904 16.7120.003

213 248 0.26 17244134 -341216.0 19.66921 17.6920.010 14.640.07 13.250.12 12.760.07 12.2%0.09 12.140.15

214 249 0.30 17244141 -341219.3 19.36816 17.2820.005

215 250 0.15 17244146 -341156.1 19.50M48 17.4880.011 12.380.09 12.2%0.19

216 251 0.19 1724 41.48 -341358.2 19.60019 17.24@0.006 14.180.04 12.720.04 11.8%0.03 10.580.03 10.020.05 9.66:0.04 8.850.03

217 252 0.29 17244151 -341148.3 19.80866 17.5010.011 14.330.05 12.880.04 12.230.03

218 253 0.35 17244154 -341033.3 21.80873 18.6880.057 16.630.16 14.730.06 14.690.23 13.090.13

219 254 0.21 17244153 -341224.3 19.#0M22 17.57%0.009

220 255 1.30 17244150 -341158.8 2096290

221 256 0.11 17244161 -341131.0 22#B8270 19.61%0.077

222 257 0.14 1724 41.62 -341148.2 20.88075 17.7120.013 14.330.06 12.880.04 12.2%0.03 11.260.05 10.760.10 10.430.06

223 258 0.27 17244164 -341250.3 19.20014 17.35@0.007 14.380.02 12.860.02 11.830.02 11.080.05 10.440.03 10.220.06 9.7%0.05

224 259 0.55 17244166 -341457.5 2126974 18.88@0.025 15.820.11 13.370.11 13.2#0.12

225 260 0.34 1724 41.73 -341204.5 22.301190 19.6930.081

226 261 0.28 17244175 -341130.0 18484022 16.2970.004 13.880.03 12.7%0.04 12.260.04 11.7%0.09 11.520.16

227 262 035 17244174 -341157.5 20.8671 18.5120.028

228 263 0.68 17244182 -341118.8 20.405.73 18.3370.023 11.280.07 10.650.23

229 265 0.04 17244184 -341150.3 2230211 19.7280.085

230 266 0.49 17244188 -341141.1 19.90866 17.7940.014 14.760.16 13.240.11 12.5@0.06 11.740.09 11.6%0.15

231 268 1.06 17244182 -341111.3 19¥8®85

232 269 0.99 17244188 -341936.6 1840205 16.5230.002 12.820.09 12.460.06 12.340.05 12.160.06 12.140.28

233 270 0.62 17244195 -341158.5 14#6M01 13.30#0.001 11.220.03 10.4&0.03 10.050.03 9.86:0.05 9.780.07 9.72:0.07

234 271  0.08 17244194 -341552.0 2048219 18.4380.013 13.220.04 11.240.04 10.440.03 9.8@-0.03 9.7&80.05 9.6%0.04 9.510.04

235 272 024 17244195 -341226.7 21.48413 18.7570.026

236 273 0.23 17244195 -341150.2 20.203178 18.7340.033 13.190.09 13.1%0.14

237 274 1.04 17244199 -3411545 24902896 20.15@0.124

238 275 010 17244201 -341105.6 1978381

239 276 0.29 1724 42.03 -341109.7 2040239

240 277 012 17244203 -341118.6 20.96284 18.7060.033

241 278 0.38 17244203 -341504.2 2016826 18.0130.011 15.230.06 13.880.06 13.350.05 12.750.07 12.6%0.09

242 279 0.27 1724 42.07 -341136.9 20.866105 18.1450.020 13.930.14 13.020.12 13.09:0.29

243 280 0.27 17244212 -3414356 20¥0®46 18.2750.015 15.6@0.37 13.830.27 12.730.12 11.340.04 10.960.06 10.3%#0.06 9.580.03

244 281 020 17244212 -341146.8 22.607197 19.66Z0.080

245 282 0.94 1724 42.07 -341134.2 2160093

246 284  0.09 17244215 -3411559 1970260 17.7320.014 12.660.17 12.150.22

247 285 0.21 1724 42.17 -341623.2 19.40007 17.09%20.004 14.580.05 13.3&0.10 12.990.08 12.630.06 12.6@0.10 12.120.20

248 286 0.37 1724 42.20 -341209.7 20.404045 18.10%0.015 16.030.19 14.180.09 13.8%40.17 12.730.08 12.740.17

249 287 0.82 17244224 -341556.7 19.800M14 17.8220.007 14.6%0.06 13.220.10 12.460.05 11.660.05 11.160.06 10.7@¢0.05 9.850.03

250 288 0.37 1724 42.24 -341230.9 20.86990 17.9480.021 14.840.05 13.5%0.06 12.940.06 12.2%0.09 12.260.10

251 290 0.23 17244230 -3411283 17.204009 15.4320.002 13.080.02 12.020.04 11.5%40.06 11.250.06 11.130.08

252 291 011 17244229 -341301.9 20.20037 17.8380.011 14.530.03 13.220.05 12.520.04 11.9%#0.05 12.080.10 11.690.15

253 293 0.76 17244231 -341322.2 14¥6®01 9.290.03 8.720.05 8.4740.02 8.340.15 8.180.05 8.080.03 8.02-0.03
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Table 4.1: continued.

[E ) (©)) 4 O] (6) ()] ®) 9 (10) (11) (12) (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

254 294 021 17244232 -3411234 14.80M01 13.63@0.001 11.380.07 10.3@0.02 10.830.06 10.720.13

255 296 0.37 1724 42.36 -341449.5 21.60822 19.04%0.030 14.490.07 12.840.08 12.080.06 11.2%0.05 10.960.05 10.620.06 10.180.04

256 298 011 17244244 -341131.2 21.¥6411 18.9710.042 12.260.10 11.680.12 10.730.27

257 300 046 17244252 -3417150 18.30904 16.6580.003

258 301 0.30 17244251 -341132.7 2386251 20.0950.118 12.740.12 12.460.18

259 302 0.09 17244252 -341135.8 2250241 19.4280.063

260 303 0.35 17244255 -341113.2 1856232 16.5620.005

261 306 0.20 17244253 -341439.2 17.82003 16.1380.002 13.8%0.07 12.790.12
262 307 0.39 17244251 -3411518 2020935 12.880.13 12.730.23

263 308 0.37 17244258 -341202.8 21168487 18.5080.027 12.680.15 12.560.27

264 309 0.20 17244268 -341102.8 1986860
265 310 0.55 17244274 -341224.7 20.90972 18.2550.016 13.740.09 11.7%0.08 11.490.12 10.8@0.10
266 311 0.31 17244274 -341021.2 1942947

267 312 0.29 17244288 -340911.9 152862001 13.2730.001 10.660.02 9.730.03 9.230.02 8.9%0.05 8.86:0.09

268 313 0.44 17244293 -341152.6 19.¥6859 17.6320.012

269 315 0.21  172443.00 -341154.2 18.98M27 16.7420.005

270 317 0.23  172443.07 -341151.3 20.¥0425 18.8480.038

271 318 0.51 17244311 -341230.4 20.308993 19.0730.034 15.130.15 13.8@0.12 13.350.08 12.780.06 12.7%0.11
272 319 0.23 172443.12 -341216.2 1720002 15.3630.001 13.190.02 12.040.02 11.490.03 11.1&0.07 11.130.08 10.930.11
273 320 0.31 172443.18 -341153.7 19.921067 17.7150.013

274 321 0.63 172443.19 -341642.8 1856805 16.7780.003 14.640.06 13.440.09 13.120.06 12.780.05 12.62:0.09

275 322 025 17244319 -341111.9 1826228 16.3930.004 13.6@0.02 12.280.02 11.5%0.03

276 323 0.36 172443.19 -341203.8 1968978

277 325 0.95 17244329 -341203.2 21.20074 21.56%0.081

278 326 0.07 17244324 -341217.8 19.60912 17.12%0.006 12.540.17

279 328 0.29 17244326 -3412359 16.¥6®903 14.8930.001 12.480.07 11.330.02 10.850.02 10.540.05 10.450.05 10.380.05

280 330 0.37 17244328 -341329.2 21101083 18.6280.023 15.490.07 13.980.07 12.620.08 12.640.10
281 331 0.14 17244329 -3412440 &@n2 8.0&0.06 7.690.02 7.540.07 7.5&0.04 7.5@0.03 7.480.02
282 332 0.31 17244327 -3411421 1296801 11.7020.001 10.080.05 9.3%0.06 8.9%0.05 8.780.05 8.76:0.05 8.66:0.03

283 335 0.18 17244336 -341137.1 18.681D21 16.5920.005 11.840.08 11.9¢0.09 10.930.23

284 337 0.22 17244341 -341202.2 20.20091 18.8020.036
285 339 0.18 17244341 -3408454 2220043 17.8330.007 12.860.02 10.950.02 9.96:0.02 9.160.11 8.86:0.19
286 340 116 17244349 -3411459 2200813 19.3620.060
287 342 0.37 17244350 -341328.7 21.60M76 18.5620.022 15.750.08 14.420.07 13.020.08 12.9%0.15

288 343 0.63 17244351 -3409154 2110470 19.1420.074 16.030.14 14.430.12
289 344 0.18 17244350 -341157.1 603 6.180.04 5.8%0.02 5.6%0.05 6.040.06 5.530.02 5.4%0.02
290 345 0.25 17244351 -341240.3 20.961040 18.2470.028 11.340.08 10.9@0.10

291 348 0.35 17244355 -341227.8 18.60818 16.6020.006 11.480.05 11.430.09 11.0&0.13

292 349 0.64 172443.49 -341204.4 20409870

293 350 0.36 17244357 -341540.4 19.664016 17.4740.007 15.080.04 13.750.05 13.2#0.05 12.920.05 12.950.10

294 351 049 172443.61 -341150.2 1970057 17.5540.014
295 352 0.38 17244359 -3412385 21401066 19.0020.033 11.470.09 11.1%0.08 9.792:0.07 8.6@:0.05
296 353 0.25 172443.61 -340943.0 21400226 18.8940.059 14.730.15 13.360.12 12.2%0.07

297 355 0.35 172443.63 -340902.9 2400861 20.3980.231

298 357 0.05 172443.68 -341149.6 19247136 12.380.16 12.0#0.17

299 358 030 17244371 -3411129 20.80@65 19.29%0.057 14.320.12 13.530.12

300 359 040 172443.73 -341139.3 20.608109 17.5140.011
301 362 101 17244374 -3418125 16.66M01 15.0820.001 13.040.03 12.2%0.03 11.840.02 11.650.04 11.560.06 11.450.08 11.590.11
302 363 0.76  172443.81 -3411537 160/05 9.620.14 8.320.04 5.320.06
303 364 0.25  172443.77 -341154.1 19.40M044 17.6330.012

304 367 0.83 172443.73 -341152.1 2260917 19.4550.065

305 369 0.47 17244388 -341216.2 2180317
306 370 0.17 172443.89 -341310.9 1901023 17.6150.009 14.8%0.05 13.3@0.05 12.530.05 11.530.05 11.180.05 10.780.06 10.3%0.09
307 372 0.22 17244390 -341139.4 17.6Q008 16.4960.004

308 374 0.08 172443.92 -341104.0 1950483

309 376 0.15 17244394 -341229.4 20.66953 18.5260.036 15.630.08 14.1%0.07 13.480.10 12.290.06 11.9¢0.09 11.2@0.27

310 377 026 172443.96 -341216.8 21.26455 18.6620.024 16.080.13 13.460.19 12.4%0.12 11.480.08 11.080.11 10.6€:0.07

311 378 0.29 172443.96 -341132.1 20.601206 18.1920.021 12.740.11 12.640.17

312 379 0.23 17244397 -341145.8 19.66053 17.47@0.011 12.9%0.25 12.3@0.42 11.9%0.06 11.480.11 10.950.09

313 380 0.23 17244401 -340951.0 20.7#0558 18.7780.053 15.280.14
314 381 043 172444.03 -341209.8 21.8684103 19.0620.037 11.5#0.07 11.1%0.11 10.7&0.07 9.16:0.05
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Table 4.1: continued.

@ @ 3 4 () (6) ()] ®) 9) (10) (11) (12 (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

315 382 059 17244405 -341324.4 2288203 13.300.09 13.5%0.32

316 383 0.27 1724 44.04 -341203.2 18.¥0009 16.5920.005 11.600.10 11.450.26

317 384 149 17244420 -341459.8 1@@p2 9.5@:0.02 9.230.02

318 386 0.27 17244411 -341007.6 20.#0207 18.5570.051 14.260.24 13.280.26 12.08:0.16

319 387 0.22 17244415 -341138.0 21.480117 18.9760.042

320 388 095 17244420 -341152.3 2220050 20.1560.299

321 389 011 17244415 -341306.8 20.80061 18.4840.020 15.660.07 13.540.05 12.430.06 11.720.05 11.590.08 11.6%0.17

322 392 1.01 1724 4423 -341155.2 1988094

323 393 041 17244419 -341330.1 19.88824 17.43@0.007 14.620.12 12.470.12 12.3%0.11

324 394 0.16 17244419 -341151.0 18.60021 16.4320.006 12.480.44 11.280.13 11.190.33 10.730.13

325 395 037 17244425 -341156.4 1566001 17.9320.023

326 396 0.24 17244428 -341203.8 18.80910 16.8930.009

327 397 0.14 1724 44.37 -341240.5 17.200€04 15.49%0.002 13.160.04 12.040.05 11.640.04 11.240.04 11.130.05 10.9€0.09

328 399 018 17244439 -341039.9 17.90317 16.0060.005 12.930.14 11.930.13 10.9%0.09

329 400 0.26 17244440 -341150.7 21.80M91 18.4430.036

330 401 1.01 1724 44.38 -341158.5 15.00M01 13.0480.001 8.450.08 7.8&0.07 7.320.03 6.960.07 6.340.06 5.9%:0.03 5.32:0.02

331 402 030 17244443 -341440.5 19.82D19 17.6680.008

332 403  0.58 17244448 -341210.3 2016337 17.8020.015 12.960.10 12.890.24

333 404 0.12 17244445 -341147.2 17.96010 15.9280.004 11.4%0.04 10.280.04 9.480.03

334 405 0.78 17244443 -341201.8 %083 7.3%0.16

335 406  0.35 17244449 -3411484 1538301 13.6820.001 11.430.04 10.280.04 9.460.03 8.220.05 7.7¢0.06 7.280.03 6.8%0.03

336 408 0.78 1724 4443 -341201.8 %083 7.3%0.16

337 409 092 17244452 -341611.9 2280072 19.9980.065 13.480.09 12.090.06 11.680.08 11.2@0.10 10.750.06

338 411 0.29 1724 4457 -341236.4 21.20905 18.80&0.040 13.5#0.10 12.040.08 11.620.11 10.8&0.14

339 412 0.28 17244466 -3412475 19.861028 17.3820.011 14.630.07 13.2680.12 12.640.11 12.080.07 12.0%#0.09 11.650.14

340 414 021 17244465 -341205.1 18.606009 16.3480.005

341 415 0.10 1724 4464 -341100.9 1470001 13.50%0.001 11.7@0.05 11.050.08 10.7%0.08 10.280.10 9.360.15 7.930.12

342 416 0.39 17244468 -341119.5 20.40968 18.0420.026 16.3@80.23 14.290.27 15.4%0.76

343 417 0.55 17244475 -341140.0 21.58357 19.0020.062

344 419 0.14 1724 44.72 -340841.6 20.86D52 17.5940.006 15.0860.02 13.9@0.02 13.340.02 12.830.13 12.2%0.18

345 420 020 17244474 -341202.8 %68D4  7.280.03 6.940.02 7.060.05 6.840.07 6.760.03 6.8@0.02

346 421 0.51 1724 44.77 -340942.7 2060453

347 422 0.36 1724 44.78 -341210.7 21.98889 19.12%0.049

348 423 030 17244480 -341732.2 2040031 18.3720.014

349 425 0.26 17244480 -341636.4 2050247 17.68@0.007 14.730.05 13.120.05 12.240.04 10.850.04 10.260.05 9.5%:0.03 8.5@:0.03

350 428 0.11 17244495 -3411235 1738909 15.6020.003 11.4@0.03 10.7%0.06 10.29:0.04

351 429 017 17244494 -3411449 2146278 14.4@0.17 13.150.10

352 430 0.23 17244495 -341314.0 19.#6M22 17.4120.007 12.880.10 11.160.05 10.6@0.05 10.180.06 9.330.05

353 432 0.20 1724 45.02 -341158.4 19.#06026 17.5680.007

354 433  0.96 17244506 -3411243 1430001 13.1630.001 11.4@0.03 10.7%0.06 10.290.04 10.020.18

355 434 0.29 1724 45.08 -341234.6 18.80820 16.8080.006 14.240.02 12.940.02 12.39:0.04 11.960.08 11.920.09

356 435 0.36 17244511 -341129.3 21564132 19.1880.073

357 436  0.12 17244513 -341007.9 20.8B557 17.5250.017 13.720.02 11.9%#0.02 11.190.02 10.6@0.14

358 437 0.42 1724 45.13 -341401.4 20.801042 18.08%0.012

359 439 0.23 17244520 -341254.6 17.40003 15.5980.001 13.2#0.03 12.060.03 11.460.03 10.750.08 10.8%0.08 10.56:0.09

360 440 030 17244524 -341058.2 19.804098 17.7920.020 14.540.21 13.0%0.16 11.130.14 10.650.25

361 441 0.44 1724 45.23 -341951.8 2156345 13.900.10

362 442 014 17244523 -341050.7 19481050 17.0730.013 13.920.20

363 444  0.28 17244529 -340953.2 19.80075 17.7730.019 15.3@0.07 13.850.05 13.880.25

364 446 0.35 17244532 -341219.2 21702068 18.9860.043 14.930.06 12.890.06 11.530.04 10.490.05 9.880.05 9.320.04 8.730.06

365 447 070 17244535 -341748.6 2456894 20.5520.100 14.440.10 14.09:0.33

366 448  0.27 17244539 -341212.6 18.88011 16.8430.006 14.130.06 13.160.05 12.620.05 12.190.06 11.990.16 11.5%0.27

367 449 045 17244541 -341309.8 20.¥8%56 18.3210.016 15.370.06 13.830.19 13.260.14 12.220.05 11.760.09 11.460.11 10.420.15

368 450 0.38 17244544 -341123.3 19.¥0D90 17.76%0.020

369 451 0.11 17244543 -3414329 18.90D12 16.79&0.003 11.190.07 11.250.08 10.6£0.07 9.84:0.06

370 452 0.33 17244550 -341147.8 20401097 17.8550.022 14.940.08 13.430.09 12.920.14 12.5%0.06 12.230.20

371 453  0.23 17244550 -340938.9 20.825.07 17.87%0.020

372 454 0.25 17244550 -341129.8 20.80249 18.1320.028 15.350.09 12.950.04 11.2#40.07 9.620.11 9.720.14

373 456  0.37 17244556 -341504.1 20.204037 18.0460.011 11.460.05 11.080.06 10.6%0.07 9.96-0.06

374 457 047 17244560 -341400.0 2110074 17.8970.010 14.720.08 13.190.09 12.350.05 11.520.06 11.240.07 10.820.06

375 458 0.10 17 24 45.63 -341134.4 23.88851 19.8410.135 13.000.15
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Table 4.1: continued.

[E ) (©)) 4 O] (6) ()] ®) 9 (10) (11) (12) (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

376 459  0.34 17244569 -3412465 23104075 20.5820.146

377 460 0.16 1724 45.70 -341410.3 21.881053 18.7840.023 15.720.13 13.080.09 12.820.12

378 461 041 17244578 -341107.0 20.40162 19.2970.081 13.36¢0.15 12.290.15 10.880.08

379 462 031 17244579 -341121.7 20.800.11 17.8660.022 12.090.21

380 463 0.38 1724 45.79 -341302.5 21.80047 19.3620.042 16.240.11 12.660.06 12.1#0.12 11.860.13 11.6@0.23

381 464  0.22 17244580 -340939.9 &6D3 8.230.03 7.9%0.03 7.7%0.07 7.76:0.09

382 466  0.14 17244584 -341131.4 2010431 17.78%20.025 13.7%0.02 12.430.02 11.6%0.08 11.680.26

383 467 0.26 17244587 -341124.2 18.86329 16.7410.008 13.960.02 12.5#0.06 11.980.02 11.1&0.11
384 468 0.34 17244585 -341454.8 1816304 16.0620.002 12.420.03 11.290.04 10.820.03 10.440.04 10.440.05 10.350.06 10.280.06
385 469 0.28 172445.93 -341241.2 22662093 19.0620.046 14.380.12 13.290.07 13.330.17
386 470 0.67 172446.01 -341449.7 19.90©22 18.0320.011 13.440.05 12.6#0.09 12.0#0.05 11.320.07 10.990.08 10.530.08 10.050.05
387 471 0.22 172446.02 -341407.6 18.46M05 16.03@0.002 13.130.04 11.480.04 10.64£0.04 10.190.09 10.340.10 9.960.06 10.130.05
388 472 0.26 172446.04 -340942.3 18.601013 15.8980.003

389 473 0.23 172446.04 -341044.8 19.80%61 17.89%0.027

390 474 021 172446.17 -341127.4 21867133 19.6420.115

391 475 0.66 172446.26 -341143.4 2140416 18.3620.036 15.580.06 11.820.14 11.4#0.14 11.260.23

392 476 0.24 172446.24 -341230.8 18.86020 16.73%0.006 13.690.05 12.340.08 11.5%0.07

393 477 050 172446.39 -341416.3 22.86431 19.7940.060 16.560.15 14.890.12 13.240.09 12.730.10

394 479 0.23 17244643 -3412324 2150102
395 480 029 172446.49 -341256.3 19.66020 17.6820.009 14.650.04 13.320.02 12.740.03 12.250.05 12.080.07 11.6%0.09
396 481 045 172446.48 -341158.7 22108214 18.9760.064 13.820.18

397 482 0.35 17244651 -3414420 21462018 20.1420.078 16.020.11 14.480.15 13.520.09 12.1€0.05 11.8a0.07 11.390.08 10.860.18
398 483 040 172446.58 -341201.5 21.10038 18.4280.039

399 484 0.28 172446.57 -341240.8 17.201005 15.4440.002 12.7&0.04 11.4%#0.04 10.8%0.03
400 485 0.26  172446.58 -3412424 1960017 17.1320.009 12.780.04 11.4%40.04 10.8#0.04 10.3&0.09 9.96:0.11 9.4%0.06 9.0%0.05
401 487 043 172446.64 -341335.1 2286922 19.4850.048 16.2#0.10 13.780.08 13.44:0.15

402 488 041 172446.61 -340955.9 2140313

403 489 0.26  172446.61 -340645.2 1250001 12.0680.001 11.220.02 10.840.02 10.7#0.02 10.730.04 10.6#0.06 10.720.06
404 490 0.31 172446.63 -341330.4 20.66D49 17.8940.011 14.8:0.06 13.230.08 12.4%#0.05 11.250.05 10.8@0.06 10.320.06 9.62:0.05

405 491 0.23  172446.68 -341200.5 19.408947 17.3020.016 12.320.04 11.7%0.08 11.560.11
406 493 021 172446.70 -341233.6 18.109D10 16.1060.003 13.260.05 11.9@0.11 10.9€0.06 10.750.09 10.5%0.07
407 494 0.42 172446.75 -3412355 22481133 19.0740.051

408 495 0.32 172446.76 -341240.0 19.66H41 17.59%0.013 12.4%0.11

409 496 023 172446.80 -341519.4 1956815 17.4960.007 14.860.14 13.6%0.11 13.180.05 12.74#0.05 12.840.10 12.320.22

410 497 0.94 172446.93 -341232.7 2190892 17.5580.013

411 498 0.27 17244691 -341106.8 19.908316 17.7760.021
412 499 037 172447.02 -341231.9 18.60909 16.0120.004 13.080.10 10.180.07 9.720.06 9.36:0.04  8.980.05
413 500 0.56  172447.05 -341304.3 21.66863 19.2540.039 13.740.07 11.720.06 11.360.07 10.850.08 10.2@0.05
414 501 0.29  172447.03 -341358.3 235081075 20.6920.040

415 503 021 17244711 -3412234 21102088 18.6980.036 15.690.07 14.120.10 13.420.08 12.730.10 12.6@0.10

416 504 132 172447.13 -341053.1 1946450 14.430.24 13.320.25 11.920.13

417 505 0.23  172447.13 -340825.0 20.20022 17.5880.005 14.840.04 13.530.02 12.830.02 11.980.08 11.540.09
418 506 0.27 17244712 -341541.2 15802001 14.1280.001 12.080.03 11.090.09 10.6@0.06 10.190.08 9.820.06 9.740.05 9.040.03
419 507 020 17244719 -341129.9 20.90978 18.7820.053 16.090.13

420 508 0.21 17244724 -3412334 1810910 16.3120.004 13.260.04 11.290.03

421 509 0.93 17244733 -341101.4 1980959

422 511 021 17244733 -341030.3 186030 17.3520.015
423 512 032 17244736 -341541.8 19.86019 17.6220.007 11.380.12 11.840.22 11.460.11
424 513 0.04 172447.39 -340856.9 130105

425 514 0.20 17244741 -3412414 16161002 14.3380.001 12.040.03 10.930.06 10.460.03 10.160.06 10.1@¢0.05 9.94:0.05 10.0@&0.05
426 515 0.37 17244746 -341200.4 18.60014 16.0320.004 13.240.03 11.820.04 11.230.03
427 516 0.31 17244750 -341354.9 19.46015 17.1350.005 13.880.04 12.560.05 11.920.04 11.450.06 11.2@0.08 10.990.08 10.5%0.14
428 517 0.18 17244755 -341507.2 13.96M01 12.6080.001 10.740.04 9.99:0.06 9.520.10 9.580.08 9.5%0.19
429 518 0.38 17244756 -341516.9 2110970 18.6880.022

430 519 0.13 17244758 -341048.6 17.80®015 15.4860.003 12.340.05 10.8%0.05 10.1%0.04 9.420.07 9.250.14

431 520 0.89 17244756 -341020.9 2260310 19.3920.094

432 522 0.48 17244774 -341816.5 21.20959 18.8080.019 13.540.23 13.430.16

433 523 0.38  172447.77 -341504.1 19.508015 17.2680.005

434 524 0.25 17244782 -341451.0 21.60M55 18.5120.017 15.040.06 13.520.06 12.9¢0.05 11.7%0.07 11.4@0.09 10.680.13

435 525 0.19 172447.83 -341101.8 19.60946 17.7730.016
436 527 0.44 17244791 -341516.9 %6M3 8.7%0.05 8.420.02 8.290.04 8.190.04 8.2¢0.03 8.210.03
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Table 4.1: continued.

@ @ 3 4 () (6) ()] ®) 9) (10) (11) (12 (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

437 528 042 17244794 -341325.2 2106967 18.88%0.026 16.0%0.14 13.830.10 13.560.18

438 529 0.10 17244795 -341045.7 20.861104 17.68%0.019 14.6%0.10 13.230.09 12.6@0.07 12.290.20

439 530 047 17244797 -341735.8 13.96001 12.04@0.001 10.530.03 9.840.03 9.53-0.02 9.5%:0.03 9.450.04 9.320.04 9.3%0.03

440 531 0.37 17244797 -341104.3 19.#0M51 17.59%0.013 14.030.16 12.820.15 11.820.11

441 532 0.24 1724 48.01 -341218.8 21.¥06107 18.74#0.031 15.530.11 13.830.13 12.8@0.09

442 533 035 172448.16 -341053.0 21.20800 18.5420.042 15.360.30 14.350.24

443 534 023 172448.13 -341350.1 2250086 19.2740.035 15.820.08 13.150.09 12.7%0.08

444 535 0.24 1724 48.16 -341300.6 21.28364 18.9620.028 13.420.09 13.520.15

445 536 050 172448.16 -341547.6 19.369D12 17.2880.005 14.4@0.03 13.060.06 12.430.04 11.490.04 11.190.06 11.120.08 10.7%0.07

446 537 0.22 1724 48.37 -341216.8 2240088 18.7180.030 15.520.07 12.8%0.14 12.720.18

447 538 1.17 1724 48.32 -341707.6 1770803 15.9120.001 13.580.06 12.3@0.11 11.180.08 11.180.11 11.1%0.11 10.8%0.12

448 539 053 172448.49 -3417439 &0M3 8.3&:0.07 8.030.02 7.9%:0.04 7.820.04 7.860.03 7.820.02

449 540 1.18 1724 48.47 -3414415 2280071 19.84%0.068

450 541 0.44 1724 48.50 -341053.7 2008867

451 542 056 172448.70 -341239.0 2068276

452 543 0.31 1724 48.74 -341802.3 20.60836 18.68%0.017 13.020.09 12.220.07 11.430.07 11.3%#0.08 11.030.09 10.880.15

453 544 045 172448.85 -340921.9 21.00368 18.7120.037 15.8%0.13

454 546 035 17244895 -341535.9 2260853 20.29%0.072 15.530.05 14.0%0.06 13.22:0.06 12.2%0.08 11.730.09 11.3%0.10 10.660.17

455 547 0.35 17 24 48.96 -340924.9 1986229 16.020.12

456 548  0.34 17244896 -341454.1 20.82D46 18.3180.014 10.940.18

457 549 027 172448.96 -341350.9 19.90D10 16.90%0.004 14.140.06 12.830.08 12.280.06

458 550 0.20 1724 48.95 -341059.3 2080203

459 551 053 172449.00 -341402.3 24782191 20.8940.042 14.560.07 13.3%:0.05 11.330.16

460 552 0.54 1724 49.05 -341520.6 20.80D36 17.9450.010 10.480.06 10.190.07 9.8%0.06 9.140.07

461 553 0.12 1724 49.06 -341232.8 2178955 19.1280.044 15.990.14 13.780.13 13.93%0.32

462 554  0.80 172449.15 -341426.4 13016 12.380.10 11.330.17 11.080.13

463 555 0.06 1724 49.17 -341455.3 20.20831 17.67#0.008 14.320.06 12.680.06 11.730.04 10.420.18

464 556  0.23 17244925 -341125.0 1866819 16.3560.004 13.3:0.02 11.880.04 11.260.03 10.650.05 10.5%0.08 10.340.13

465 557  0.38 172449.26 -341519.2 19.609D18 17.2320.005 10.260.06 9.720.05 9.3%0.04 8.69:0.04

466 558 0.59 1724 49.31 -341320.2 20.66948 18.19%0.013 15.230.08 14.020.06 13.4%0.08 12.860.06 12.9@0.11

467 559  0.62 172449.27 -341648.8 20.86022 17.6640.007 14.820.09 13.3@0.11 12.760.09 12.040.05 11.980.08 11.98-0.16

468 560 0.30 17244946 -341353.0 2170912 19.1620.032 15.460.11 13.640.09 12.5%0.05 11.3#0.11 10.850.10

469 561 0.35 1724 49.46 -341229.1 19.20824 17.2540.008 14.3%0.07 13.040.09 12.4%#0.06 11.9%40.06 11.9%0.10 11.7&0.16

470 562  0.12 17244949 -341521.8 2230846 19.31%0.035 13.860.11 13.140.30

471 563  0.44 17244952 -341201.4 21.90D65 18.8020.041 12.840.11 12.89:0.18

472 564 0.37 1724 49.59 -341232.1 20.88497 18.2980.021 12.340.07 12.5%0.14

473 565 0.39 172449.66 -341527.9 1810008 16.51%0.003 11.640.06 11.2%0.04 11.160.07 11.020.08

474 566 0.54 172449.71 -341114.8 2092376 11.760.09 10.6&0.33 9.750.33

475 567  0.15 172449.79 -341558.9 19.20811 17.0320.004 14.380.07 12.960.08 12.120.05 10.750.04 10.330.04 10.050.05 9.480.04

476 568  0.23 172449.79 -340900.4 19.46D32 17.4620.012 15.650.04 14.5@-0.06

477 569 0.60 1724 49.87 -341455.4 104P9  8.860.23

478 570 0.22 1724 49.85 -341210.9 21.40067 18.5720.026

479 571 075 172449.85 -341136.3 20.600130 18.1530.023 14.840.02 13.430.02 12.880.02 12.2%0.06 12.380.14

480 572 0.20 17 2450.00 -341555.9 20.90D45 18.73%0.019 13.480.08 13.2#0.10

481 573 052 172450.05 -341213.5 1630602 14.8180.001 12.860.05 12.0%40.04 11.730.04 11.450.07 11.38:0.06

482 574  0.84 172450.07 -341514.3 21.08956 18.34@0.017 15.720.07 12.340.06 12.030.10 11.260.08

483 576 0.33 17 2450.09 -341030.0 22.008245 19.0560.059 15.9@0.11 14.490.12

484 577 028 172450.16 -341243.7 1720004 15.2020.001 12.540.04 11.3@0.06 10.72:0.04 10.32:0.03 10.19-0.04 9.980.05 9.6%0.05

485 578  0.42 172450.33 -341246.9 19268925 17.1020.007 14.1%#0.04 12.7@0.05 12.0%0.04 11.1%0.05 10.640.07 10.180.05 9.520.05

486 579 0.25 17245041 -3411125 19.261033 17.3840.011 14.5@0.13 13.360.13 12.740.11

487 580 1.09 17245041 -341654.7 2270852 19.4440.036 16.120.12 14.540.09 12.7@0.05 12.620.15 11.740.23 11.730.13

488 581  0.15 172450.48 -341543.6 222037 19.27@0.032 15.840.08 14.3%0.07 13.5%0.05 12.240.05 11.790.07 11.2%0.08 10.830.07

489 582 052 172450.57 -341255.6 19.30813 16.94@0.004 13.960.05 12.430.05 11.620.03 10.940.08 10.69-0.06 10.190.06 9.880.07

490 583  0.44 172450.73 -341055.1 21.46668 19.2520.063 14.840.09

491 584 0.87 17 2450.73 -341530.1 20.80D45 18.0720.011 15.140.07 13.680.09 13.260.09 12.730.06 12.720.11

492 585 0.17 172450.74 -341307.4 19.608017 17.39%0.006 12.780.07 12.160.11 12.1%0.09

493 588 093 172451.12 -341725.7 2056836 18.2520.012 14.080.05 12.2#0.07 11.860.08 11.450.09 10.66:0.06

494 589 0.11 172451.17 -341201.4 1540001 14.13%0.001 12.130.03 11.480.03 11.150.04 11.020.08 10.980.12 10.5€0.16

495 590  0.47 172451.26 -341059.8 2042243 14.820.11 13.9%0.16

496 591  0.65 172451.35 -341615.0 2290963 19.68+0.045 13.440.08 13.130.10

497 593 0.40 172451.41 -341455.2 20.50M34 18.0410.011 15.080.07 13.680.08 13.06:0.06 12.660.15
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Table 4.1: continued.

[E ) (©)) 4 O] (6) ()] ®) 9 (10) (11) (12) (13) (14)

RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]
ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
498 594 036 17245155 -341324.8 2256684

499 596 0.36 172451.78 -341047.0 1610603 14.4280.001 12.230.03 11.250.04 10.7&0.03
500 597 025 17245183 -341100.1 20.60970 17.7540.016 14.8:30.03 13.250.02 12.620.02 11.280.05 10.6€0.08 9.92:0.09
501 598 026 17245191 -341331.6 23.807140 20.1750.085 15.5#0.06 13.550.03 12.490.03 11.540.11 11.230.09 10.330.19
502 599 0.15 17245196 -341513.2 20.20927 17.97#0.010 15.1%0.06 13.7&0.07 13.2@0.06 12.840.08 12.740.12
503 600 0.62 17245195 -341658.9 15.602001 14.1720.001 13.260.03 12.88:0.05 12.650.05 12.6%0.06 12.540.08 12.540.28
504 601 042 172452.06 -340920.9 2116699 18.6240.035 15.760.06 14.250.05 13.740.06

505 602 0.62 17245217 -3411143 2236835 19.5920.111 15.330.14 14.190.17

506 603 021 17245235 -341023.8 22.86605 19.5280.067

507 604 041 17245244 -341454.2 21608062 18.9340.024 15.880.10 14.5%0.10 13.540.10 13.5@0.15

508 605 0.46 17245244 -341514.0 22802111 19.5480.043 16.280.11 14.730.13 12.440.05 12.180.10 11.720.11 10.840.07
509 606 0.32 17245246 -341307.0 2168090 13.340.20 13.3%0.21
510 607 0.74 17245241 -341727.6 2140048 13.540.05 12.390.06 11.880.05 11.450.10 11.450.08 11.380.07 11.7#0.17

511 608 022 17245258 -341104.0 2110468 18.7670.031 16.240.13 14.830.09

512 610 0.23 172453.06 -341223.0 2216069 19.2850.042
513 611 040 172453.05 -341538.5 20.86M50 18.2460.012 15.1#0.04 13.750.05 13.1@0.05 12.2%0.05 11.9#0.07 11.540.08 11.690.31
514 612 040 17245310 -341526.0 1650801 14.5410.001 11.990.03 10.850.04 10.36&0.03 9.960.05 9.90.05 9.720.05 9.5&0.05
515 613 0.61 17245311 -341609.2 1650001 14.9620.001 13.080.03 12.250.05 11.880.04 11.56:0.04 11.540.06 11.560.09 11.740.85

516 614 0.27 17245315 -341417.3 140821 11.240.07 11.180.71
517 615 111 17245327 -341207.4 1880913 17.0320.005 13.3#0.05 13.0@0.11 13.080.20
518 616 0.53 172453.18 -341336.6 14@33 12.940.05 11.980.07 11.620.07

519 617 0.39 17245325 -341452.8 2140931 18.6930.020 15.1#0.06 13.7&0.07 13.080.06 11.7&0.06 11.0#0.07 10.630.06 10.020.10
520 619 0.31 17245343 -341551.4 2260945 18.9150.023 15.730.07 14.0#0.11 13.440.12 12.960.11 12.860.15 11.980.20

521 620 0.14 172453.49 -341056.2 2020487 18.3460.021 14.760.09 12.960.09 11.850.05 10.680.07 10.6%0.10 10.4%0.11

522 621 0.20 17245355 -341201.6 21.602044 19.0920.041 16.2@0.12

523 622 0.43 17245365 -3412221 21.60085 18.3740.018 14.730.07 13.150.10 12.3@0.08 11.950.13 11.790.16

524 623 0.24 172453.63 -341215.3 19.66M14 16.6170.004 13.620.04 12.230.07 11.8%0.05 11.450.08 11.4%0.10
525 624 1.01 172453.69 -341604.4 2206948 19.9130.014 15.680.08 13.980.05 13.140.05 12.060.05 11.660.07 11.080.07 10.450.07
526 625 0.60 172453.73 -341651.5 17.984003 16.0020.002 13.680.04 12.630.05 12.230.04 11.980.05 11.9¢0.06 11.750.09
527 627 0.40 172453.79 -341439.4 1948911 16.95%0.004 13.680.08 11.6%0.09 10.550.05 9.9%40.06 10.030.05 9.62:0.05 9.92-0.09

528 629 0.74  172453.89 -341355.0 140905 11.020.06 10.320.08 9.730.22
529 630 0.10 172454.01 -341235.1 2246896 19.3380.051 15.380.08 11.4%0.10 11.0%0.10 10.5%0.10

530 631 0.18 17245412 -341036.2 19.60938 17.4480.009 14.7#0.08 13.5%0.06 12.980.05 12.740.10 12.8%0.21

531 632 0.56  172454.27 -341348.4 18062 13.0%0.15

532 633 020 172454.27 -341457.6 20.60M23 17.85%0.009 15.050.07 13.320.09 12.130.05
533 634 0.30 17245433 -341209.6 22.60503 19.2720.042 14.9320.08 13.020.09 12.060.07 10.7%0.06 10.090.06 9.430.08 8.850.66
534 636 0.08 17245456 -340952.2 196934 17.42%#0.008 14.780.02 13.4%0.02 13.020.02 12.06:0.20 11.640.34

535 637 0.39 172454.64 -341246.4 2220074 19.6360.059

536 638 0.16 172454.84 -341258.9 20.20031 17.78%0.009 13.0#0.04 12.4%0.04 11.9%0.05 11.79:0.09

537 639 030 17245491 -341123.9 2196052 19.0440.040 15.530.09 14.36:0.08 13.4#0.06 12.23:0.08 11.720.07

538 640 0.80 172454.97 -341903.8 20.96M47 18.3240.011 15.220.04 13.6%0.04 12.980.04 12.530.04 12.430.08 11.5@0.15
539 642 0.39 17245510 -341625.9 21¥@D28 13.530.04 10.980.03 9.750.02 8.86:0.03 8.960.03 8.66:0.02 8.62:0.02

540 643 0.09 172455.09 -341111.7 14106001 12.3460.001 10.090.02 9.23:0.03 8.8%0.02 8.620.03 8.56:0.04 8.49:0.06
541 644 0.20 172455.13 -341442.2 22.46M82 20.0220.066 13.720.09 13.140.13

542 645 0.73  172455.23 -341526.1 2236976 19.7130.014 13.880.12

543 646 0.11 172455.24 -341010.3 120622
544 647 0.06 17245549 -341521.6 20.2801032 17.5640.007 14.2%0.07 12.680.09 11.980.07 11.5&0.07 11.460.07 11.330.07
545 648 113 17245551 -341450.9 2286095 18.9060.024 15.820.12 14.520.09 13.6@0.09 13.46:0.09

546 649 0.33 17245555 -341631.7 1850405 16.5250.002 13.860.04 12.540.04 12.060.04 11.7@0.05 11.650.07 11.360.09 11.960.18
547 650 0.17 172455.61 -341246.1 21.6808992 18.3030.017 14.980.06 13.440.09 12.8%0.05 12.3%0.07 12.0@&0.20

548 652 035 172455.82 -341239.7 2260394 19.5140.043 14.950.14 13.3#0.14 12.650.10 11.720.08 11.450.10

549 653 0.84 172455.83 -341634.2 2120966 18.8920.022 15.890.08 14.59:0.06 13.720.05 13.950.18 13.730.18
550 654 0.44  172455.87 -341234.4 1526801 13.2720.001 10.640.03 9.340.02 8.3%0.03 6.780.04 6.0%:0.05 5.2%0.02 4.66:0.02
551 655 012 172456.12 -341243.1 23.66M77 20.1680.076

552 657 0.38 172456.42 -341233.2 2350284 21.1720.061 12.760.09 12.050.29

553 658 0.78 172456.48 -340605.6 21.808€53 19.8030.047

554 660 0.58 172456.64 -340959.9 23.687125 20.1420.062
555 661 0.99 172456.74 -341727.6 17.20002 15.41%0.001 12.930.03 11.850.05 11.330.04 10.8&0.04 10.7%0.06 10.48&0.05 10.220.04
556 662 0.17 172456.88 -340723.1 21¥64055 14.220.11 13.3%#0.22

557 663 0.27 172456.91 -341644.9 18.961008 16.9340.004 14.060.04 12.7@0.05 12.130.05 11.780.04 11.680.10 11.8a:0.10

558 664 0.38 172457.01 -341652.0 2180975 18.8320.021
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Table 4.1: continued.

@ @ 3 4 () (6) ()] ®) 9) (10) (11) (12 (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]

ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

559 665 0.22 172457.03 -341144.3 2348818 20.0030.052 16.020.08 14.530.04 13.630.05 12.940.09 12.7%0.12

560 666 0.44 17 2457.04 -341354.2 1560901 14.66%0.001 13.5@0.03 12.720.02 12.590.02 12.5@0.11 12.660.11

561 667 0.65 172457.09 -340917.5 21.86282 18.6780.016 15.620.06 14.240.03 13.890.04 13.220.10 13.340.31

562 668 044 17245737 -341602.1 23.88452 19.5730.043 15.320.08 13.490.08 12.690.06 12.030.08 12.080.12 11.860.13

563 669 0.23 17 2457.51 -341039.8 2146180

564 670 044 172457.81 -341000.8 12033 11.860.08 11.850.09

565 671  0.40 172457.85 -341032.9 24.20309 21.7720.085 11.970.06 11.49:0.10

566 672 0.26 172457.89 -341204.2 18.30805 15.6550.001 12.160.03 10.830.02 10.260.02 9.830.03 9.740.04 9.56:0.05

567 673  0.17 172457.94 -341025.6 2150982 19.3140.029

568 678 0.68 172458.69 -341232.7 2220065 19.58%0.045

569 679 0.96 17245882 -341646.3 2358867 19.8250.052

570 680 0.28 17245884 -341518.8 1970218 17.4230.006 14.030.04 12.5%0.04 11.720.03 10.5@0.04 9.9%0.04 9.430.04 8.56:0.03

571 681 0.31 17 2458.94 -341025.0 2082217 15.8#0.07 13.740.06 12.740.05 11.9%0.07 11.560.06

572 682 0.20 17245894 -3417227 20.60940 18.56@0.016 15.360.06 13.980.08 13.2%0.07 12.5@0.05 12.430.13

573 683 150 17245891 -341704.4 1ean14 13.860.09 14.1@0.25

574 684 1.31 17 2458.96 -341249.9 1214 11.090.09

575 685 0.03 17245898 -341158.1 1850806 16.69Z0.003 14.380.09 13.440.10 12.9%0.10 12.830.06 12.720.18

576 688 147 17245897 -3406282 1956313 18.0280.009 13.480.04 11.850.06 11.480.08

577 689 0.66 172459.13 -341647.5 18.661006 16.9160.004 14.040.03 12.350.04 11.2%0.03 9.950.07 9.520.07 9.280.05 8.96:0.04

578 690 0.35 17245941 -341326.1 142923 13.040.16 12.580.08 12.440.12

579 691 0.68 172459.64 -341716.1 2470487 20.5370.023 15.160.08 13.190.21 12.3%0.14 11.760.04 11.76¢0.06 11.8%0.17

580 692 0.08 172459.75 -340958.8 23.4R4165 20.2340.068

581 693 041 172459.85 -341303.3 2020@56 14.880.04 12.6%0.03 11.620.03 10.820.06 10.7%0.14

582 694 0.08 172459.86 -341611.0 1550901 13.77%0.001 11.090.03 9.440.03 8.140.03 6.840.05 6.250.05 5.560.02 4.81%0.02

583 695 0.61 172500.03 -341132.4 2146867

584 696 1.20 17245999 -341758.0 2246191 14.140.13 13.9%0.27

585 697 0.47 172500.30 -341712.7 21.40D78 18.8520.019 14.320.06 12.830.07 12.450.09 12.440.30 11.830.24

586 698 0.30 17250048 -341411.1 21.20285 19.1720.032 16.480.10 15.280.08 14.340.12 14.160.29

587 699 129 172500.44 -341018.4 23.80453 19.9730.054 15.630.08 13.820.05 12.9%20.04 12.030.06 12.180.12 11.280.20

588 700 0.46 172500.82 -341353.3 23.96B06 19.95@0.064 15.520.07 13.4&0.07 12.39:0.05 11.560.08 11.180.09 10.830.12

589 702 0.20 172501.11 -3414045 120769 12.3@0.12

590 703 051 172501.19 -3417359 2010823 17.8020.008 15.080.04 13.680.06 13.190.03 12.420.06 12.130.07 11.760.10 11.3%0.12

591 705 0.56 17250155 -341119.2 22.601141 19.5920.047 14.220.16 14.280.31

592 707 034 17250169 -341651.6 18.¥8907 16.7860.003 13.9#0.05 12.750.07 12.290.05 12.080.05 11.940.08 11.760.11

593 708 0.93 172501.88 -3413455 2172381 13.380.11 13.480.17

594 709 0.59 172502.14 -341019.8 2170981 16.92#0.18 14.660.05 13.720.05 12.780.15 12.6%0.17

595 711 057 17250232 -340626.5 19.86M09 17.5320.006 15.420.06 14.430.07 13.040.09 12.5%0.11

596 712 0.20 172502.40 -341313.2 21.96868 18.69%0.020 14.6@0.04 12.860.05 12.080.04 10.860.05 10.4@0.06 10.120.11

597 714 046 17250258 -341628.3 21.90M40 18.9530.025 13.000.12 13.0%0.15

598 715 059 172502.64 -341136.6 2440344 20.0940.059 16.3@0.12 14.450.10 13.7%0.08 13.320.10 13.340.29

599 716 0.49 172502.82 -340927.5 2258197 19.6840.011 16.680.13

600 718 0.03 172503.17 -340849.6 1530301 14.5360.001 13.630.02 13.180.02 12.9240.02 12.7%0.05 12.6%0.10

601 719 034 17250322 -341625.1 2350285 20.6260.029 13.780.09 13.550.20

602 721 0.55 172503.33 -341245.0 2340281

603 722 0.22 17250341 -341552.0 1956916 17.4860.007 14.160.04 12.380.03 11.580.02 10.930.07 10.940.07 10.8%0.07 10.920.06

604 723 058 17250357 -341824.4 140889 14.240.29

605 724 0.95 172503.52 -340949.4 23.281180 19.14%0.025 14.930.04 13.320.05 12.560.04 12.060.10 12.020.12

606 725 0.76 172503.87 -341137.9 1920915 17.2530.006 15.020.04 13.860.04 13.4%0.05 13.120.12 13.020.15

607 726  0.88 172504.09 -341147.2 20.6Q955 18.0830.012 14.7#0.05 13.120.07 12.4@0.05 11.840.12 11.960.09

608 727 0.70 172504.65 -340459.3 2240158

609 729 0.28 17250557 -341506.5 20.80057 18.3820.016 15.460.08 14.030.09 13.3%0.07 12.150.07 11.660.07 11.050.07 10.9%0.10

610 730 0.21 17250556 -341919.8 19.20M12 16.9870.003 14.060.04 12.790.06 12.280.04 11.960.05 11.750.06 11.960.13

611 733 0.24 172506.86 -341128.3 2358309 19.7780.044 13.620.10

612 735 059 172507.48 -341420.2 1958322 17.6330.008 12.120.06 11.840.08 11.330.08 11.6%0.33

613 738 0.25 172507.58 -340609.1 18.26305 16.47€0.003 14.460.03 13.4%#0.04 13.040.06 12.740.07 12.6%0.10

614 739 0.27 172507.63 -341219.4 19.#06%24 17.7710.009 15.280.05 14.26:0.05 13.440.12 13.280.25

615 741 073 172507.89 -341314.0 20.30039 18.1950.013 15.4@0.08 13.9%0.07 13.160.07

616 742 0.55 172507.92 -341109.4 2080855

617 745 0.26 17250876 -3411245 13210901 11.9640.001 10.620.03 10.140.03 9.92:0.03 9.8%0.09 9.720.08

618 747 030 17250885 -341112.8 115001 7.040.02 6.520.06 5.880.02 5.4%0.05 4.930.02 4.64:0.02

619 748 0.46 172509.05 -341121.3 140883
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Table 4.1: continued.

[E ) (©)) 4 O] (6) ()] ®) 9 (10) (€] (12) (13) (14)
RA DEC R | J H Ks [3.6] [4.5] [5.8] [8.0]
ID WO07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

620 749 051 172509.20 -341109.2 20.78M57 18.6180.007

621 750 120 172509.84 -340820.8 19.06013 17.2180.005 14.820.04 13.7#0.03 13.280.04 12.6#0.12 12.7%0.16

622 751 131 172509.92 -341051.3 2120087 18.6140.016 15.990.07 14.620.06 14.390.11 13.7#0.14
623 752 041 172509.91 -341551.6 1550001 14.4920.001 13.340.03 12.540.05 12.3@0.05 11.830.06 12.140.13 11.9%0.14
624 754 0.75 17251117 -341111.2 19.90D27 18.0440.009

625 755 041 17251135 -341359.0 18.86810 17.4280.007 15.680.06 14.680.06 13.730.07 13.140.16

626 756 0.69 172511.45 -341213.6 20.50D40 17.9630.008 14.980.05 13.450.11 12.730.12 12.520.10 12.430.14
627 757 128 17251152 -340520.1 2116472 18.9720.007 15.460.06 12.760.08 12.380.14

628 758 0.59 172511.63 -340933.4 13.601001 12.1230.001 11.0%0.03 10.320.02 10.2@0.02 10.130.05 10.1%0.06
629 759 1.07 172511.65 -341256.0 19.#61026 17.3980.007 14.840.06 13.250.04 12.380.04 10.950.05 10.3#0.05 9.740.07 8.4%0.08
630 760 0.21 172511.80 -341836.7 15¥0001 14.6550.001 13.2#0.03 12.520.02 12.280.02 12.0#0.05 12.020.07 11.940.12

631 763 0.65 17251197 -340538.2 21684082 13.390.05 12.290.04 11.620.04 11.440.06 11.350.11

632 764 0.27 172513.03 -341525.0 19.80011 16.9160.004 14.480.07 13.2@0.07 12.620.06 12.140.05 12.1%0.07 12.080.26
633 765 0.27 17251343 -341755.8 13708901 12.8640.001 11.890.03 11.330.02 11.1#0.02 11.1%0.04 11.020.06 10.940.07 10.740.07
634 767 041 172514.28 -341638.8 19.20H009 17.3750.004 14.880.07 13.6%0.03 13.050.04 12.4@0.07 12.080.10 11.720.12 11.06:0.08
635 768 0.26 172515.89 -341207.4 18.90910 16.8120.003 14.090.04 12.730.02 12.140.03 11.6#0.09 11.620.11

636 770 054 172516.80 -341211.7 18.40806 16.8020.003 13.320.07 12.580.05 11.460.10 11.180.08
637 771 0.05 172516.94 -341403.5 20.66875 18.4820.014 15.450.08 13.990.12 13.2#0.06 12.56:0.07 12.390.12 11.580.14 10.430.25
638 772 146 172518.39 -341538.8 2190045 19.32%0.030 13.980.10 13.640.24
639 773 049 172518.81 -341457.3 66952 6.4%0.04 6.320.03 6.680.05 6.4%0.05 6.3%0.02 6.360.02
640 774 0.60 172518.85 -341154.4 20.261032 18.2460.010 14.120.14 12.720.12

641 775 0.80 172519.29 -341357.0 18893 12.6@0.08 11.320.11

642 777 035 17252224 -341618.6 22.901127 19.82%0.042 15.080.17 14.240.25

643 778 0.15 172523.77 -341755.3 16.96001 15.6980.001 14.290.04 13.460.07 13.2@0.07 12.750.10 12.640.14

4.1.4 Optical spectroscopy

Spectroscopic observations of the Pismis 24 cluster wer@mpeed with VIMOS in August
2008. We used a low resolution grism combined with orderirsgriilter GG475 and a slit
width of 1’0, resulting in an fective spectral resolution of/54=580 and a spectral coverage
from 4800A to 10000A. The spectroscopic data were reducéudtive VIMOS pipeline, which
was also used to extract the raw spectra of the individugétar These were then flux-calibrated
using observations of the standard star LTT 6248.

In the following we will describe how we do the spectral clasation of our stars using the
VIMOS spectra. We have adopted a two-step approach. In stepve estimate the spectral
types from our spectra using the IDL package 'Hammer’ (Covesle2007). The Hammer
code was originally designed to classify spectra of statk@rabsence of appreciable extinction.
It uses 29 spectral “features” in the classification procassong which two (“BlueColor” and
“Color-1") are related to the broad-band spectral continuglope. The latter cannot be used
for stars whose spectra are reddened due to absorptiondsyening dust. The remaining 27
diagnostics are “narrow-band” features, and nééaed by extinction. In order to make the
Hammer code suitable for classifying our young stars, tyitally sufer several magnitudes
of optical extinction, we removed the BlueColor and Color-ltdeas from the Hammer code,
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Figure 4.2: Typical spectra (grey thick lines) from our VI@bservations covering the range
of spectral types from K3 to M3. Spectral templates (thie$pwith the same spectral types and
spectral resolution are also shown. The templates haverbddened to fit our VIMOS spectra.
The prominent k& emission line and TiO absorption features are indicate@ Wiggles on the
spectra beyond 7600A are instrumental artifacts due torthgirfig.

keeping the remaining 27 diagnostics. We then ran the codtassify all our spectra, giving
initial estimates of the spectral types. In the second dtdpeaclassification process we tested the
results by fitting spectral templates with spectral typedaas/ed using the Hammer code to the
observed VIMOS spectra. The spectral templates are frormamer’ package. We have two
free parameters in this fit: the V-band extinction by which spectral template is reddened using
a standard ISM extinction law (Cardelli et al. 1989), and tadiag factor calibrating the spectral
template to the observed absolute flux level. The resultge wWen visually inspected for each
star to ensure a satisfactory fit to the data was obtained. \Wigespectral template with initial
spectral type from “Hammer” code could not properly fit the@tvations, the input spectral type
was varied by several subclasses until we obtained a goathrhbatween the observed spectrum
and the spectral template. The spectral type of the beasigfittmplate was finally adopted as
the spectral type of each respective object. In Fig 4.2 wevsh@mples of our VIMOS spectra
with a range of spectral types from early K to early M, repneisg the majority of the young
stars in our sample. In each case, we have overplotted thditheg spectral template. Over this
wavelength range, the changes in the spectral shape arly dlisible, in particular the strength
of the TiO absorption bands is a prominent diagnostic fa Kato M type stars.
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4.1.5 Complementary data sets

A part of the Pismis 24 star cluster has been observed witlHth#ble space telescope in the
F502N, F656N, F673N, and F850LP bahd&Ve have used these HST images to search for
proplyds, i.e. young stars whose circumstellar disks anmeggghotoevaporated by UV photons
from nearby massive stars, resulting in a head-tail shappéaaance (see Sect. 4.2.2(4a)).

The 24um image of the NGC 6357 complex was taken from the Spitzer MGRIS survey
(Carey et al. 2009). Parts of the 24n Spitzer data were saturated, we fill in those regions
using 21.3:m data from the Midcourse Space Experiment (MSX, Price é2Q01) survey. We
tied the flux scale of the MSX image to that of the MIPSGAL olvaéions using the common
unsaturated regions, ignoring the relatively mindtetences in the spectral response between
both images.

Imaging at 1.2 mm was performed with the SEST Imaging Bolomf&tery (Mufoz et al. 2007)
and traces the dust continuum emission in high column dersiions (Aw15mag, Russeil
et al. 2010). These data were used to trace the moleculas toNGC 6357 complex.

4.2 Results

4.2.1 The NGC 6357 complex

In this section, we will present a global view of NGC 6357. Wi# show the dust emission from
mid-infrared to millimeter wavelengths and then invedigéhe star formation activity through-
out the region.

(1) Dust emission in NGC 6357

In Fig. 4.3 we show a three-color composite of the whole NG&7/68omplex (4.5, 8.0, and
24 um in blue, green, and red, respectively), using data from@hBVPSE survey at 4.5 and
8.0 um), and the MIPSGAL surveys at 2dnmwith the saturated regions replaced with the data
from MSX survey at 21.3im. The emission in the 4/m IRAC band traces mainly the stel-
lar young stars that appear as point sources, with soffigssdiemission emitted or scattered by
dust, and B emission. The 8.@&m IRAC band shows mainly spatially extended emission con-
sisting of dust continuum radiation and in particular sgr@mission from Polycyclic Aromatic

We obtained these HST images from hitpa.stsci.ed(nlaview.html.
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Hydrocarbons (PAHSs) (Povich et al. 2007), beautifully tingcthe ionization surfaces where the
energetic radiation from the massive stars “eats” its way the molecular cloud. The 24n
emission is dominated by continuum dust emission.

G353.2+0.9

b (degree)

353.4 353.2 353.0 352.8
| (degree)

Figure 4.3: Spitzer color image of NGC 6357 complex(redu@4green: 8.@m, and blue:
4.5um). The 4.5um and 8.Qum images are from glimpse GLIMIPSE survey. Theu24
image is a combination of the images from MIPSGAL and MSX sysv The three H Il regions
G353.2-0.9, G353.20.7, and G353.40.6 are labeled. The position of the Pismis 24 cluster is
marked. The dashed lines depict the inner rims of the thréblba identified by Churchwell
et al. (2007).

The most striking aspect of Fig. 4.3 is that the whole reg®full of filamentary difuse emis-
sion, with some “bubbles” where 8.n emission is faint or absent and g emission is dom-
inating. In this field Churchwell et al. (2007) identified tarbubbles, named CS59, CS61,
and CS 63, of which CS61 is the biggest. The bright H 1l region &380.9 lies near bubble
CS61 (Felli et al. 1990). The Pismis 24 cluster appears todsdd within CS 61 and the strong
UV field and stellar winds from the massive cluster membegdikely responsible for creating
CS61. The absence of 8.n emission within CS 61 and the “sharp” edges of the bubblest th
wavelength (Fig. 4.3) can be explained by the absence of Réittén the bubble due to their
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destruction by extreme ultraviolet (EUV) photons from masstars (Voit 1992). Surrounding
CS 61 there are high density shells which are traced by thecdnsihuum emissions at 1.2 mm
(see Fig 4.4). Here, the EUV photon fluxes have already beamidhed due to absorption by
gas and dust within the bubble and PAHs can survive. Therst#ireufficient amounts of UV
photons of lower energy to excite the PAH molecules, whi@ntglow brightly and mark the
boundary between the dense cloud material and the cavérgsa by the star clusters.

The bubbles CS59 and CS 63 are much smaller than CS 61. Near thddesthe H Il regions
(G353.2-0.7 and G353.140.6, respectively, are located. Inside bubble CS 63 ther®ar&nown

OB stars (Neckel 1984), which are ionizing the H Il region G350.6 (Felli et al. 1990) and
have likely created this bubble. Inside the bubble CS 59 thexeno known massive stars in the
literature. Further observations are required to undedstiae origin of this bubble. In contrast

to bubble CS 61, there is weak &M emission inside bubbles CS 59 and CS 63, suggesting that
their central stars cannot emitfBaient EUV photons to destroy all the PAHs inside the bubbles.

In Fig. 4.4 we show the 1.3 mm dust continuum emission witht@mars, overplotted on the
5.8 um IRAC image. The millimeter data trace the high density regjd.e. the molecular cores,
which tend to lie in ring-like structures surrounding thébles CS 61, CS 59, and CS 63. Similar
structures of molecular gas have been found around manyninated bubbles (Deharveng et al.
2009; Beaumont & Williams 2010). They are thought to arise tuthe compression of the
molecular clouds by the expanding shock fronts produceddifaswinds or the pressure-driven
expansion of the H 1l regions (Castor et al. 1975; Freyer &G03). Like the 8.Qum image, the
diffuse emission in the 5,8m IRAC data is dominated by PAHs (Povich et al. 2007) and likely
traces the surface of the molecular clouds.

(2) Star formation in NGC 6357

Using the infrared data from the 2ZMASS and GLIMPSE surveysare make an inventory of
the disk-bearing young star population in the whole NGC 68&Tplex, and thus investigate
the global recent star formation activity. The infraredes<emission due to the dusty circum-
stellar disks causes the infrared colors of stars with diskse distinctly diferent from those of
diskless objects. Young cluster members that have alr@atlyHeir disks cannot be robustly dis-
tinguished from unrelated field objects based on infrarédrs@lone. Therefore, contrary to the
central regions where we have independent means of idergitliskless young stars (X-rays),
we cannot study the whole population of young stars in the MG%&7 complex on a global scale.
We thus restrict ourselves to studying only the disk-bepsiars to trace recent star forming ac-
tivity. For the central regions where we have X-ray obséovet and optical spectroscopy we
can do a more comprehensive analysis and derive e.g. absidltfrequencies.
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Figure 4.4: 1.3 mm emission (contours) over-plotted on B%®Q [5.8] image of the NGC 6357
complex. The red filled circles mark the Fldass| objects, and the open triangles mark the
class|l objects. The asterisks indicate known massive.stHne dashed lines depict the inner
rims of the three bubbles identified by Churchwell et al. (2007 regions A and B, the YSO
distribution shows arcs centered on the bubble CS 61.

We use two sets of infrared color-color diagrams to selextickate young disk-bearing stars:
(1) [3.6]-[4.5] vs. [4.5]-[8.0] and [3.6]-[4.5] vs. [5.8B.0] color-color diagrams, and (2) HzK
vs. H-[3.6] and H-K vs. H-[4.5] color-color diagrams. The selection critenia as follows. In
the [3.6]-[4.5] vs. [4.5]-[8.0] color-color diagram, olgjis are marked as YSOs if they meet the
following criteria (following Simon et al. 2007): (1) [3.4#.5]>0.6x([4.5]-[8.0])-1.0, (2) [4.5]-
[8.0]<2.8, (3) [3.6]-[4.5k0.6x([4.5]-[8.0])+0.3, and (4) [3.6]-[4.5}-([4.5]-[8.0])+0.85. On the
[3.6]-[4.5] vs. [5.8]-[8.0] color-color diagram, YSOs musbey the criteria: (1) [3.6]-[4.5}0,
and [5.8]-[8.0]>0.4 (Allen et al. 2004), and (2) [3.6]-[4.5} 0.67-([5.8]-[8.0])x0.67, where
the latter criterion serves to remove the contaminatiosiragifrom uncertainties in the IRAC
photometry. Finally, we clean the thus constructed YSOlogtitom contamination by AGNs
and galaxies using the criteria of Gutermuth et al. (2008)selaon their IRAC spectral index
we divide the YSOs into clasflat, and class |l types (Lada 1987). In Fig. 4.5, we show IRAC
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Figure 4.5: (a) Spitz@RAC [3.6]-[4.5] vs. [5.8]-[8.0] and (b) [3.6]-[4.5] vs. [8]-[8.0] color-
color diagrams. YSO candidates are selected using theiaritescribed in Section 4.2.1(2), and
classified as class|, flat-spectrum, or class Il objects by 8pectral index estimated from four
IRAC bands. The filled circles denote class| and flat-specibpacts, open triangles class i
objects.

color-color diagrams of all detected objects, indicatimg¢olor boundaries used for the selection
of YSOs and showing the clasglat and class Il sources as well as the objects not marked as
disk-bearing YSOs with dlierent colors. In total we identify 64 clagElat sources and 244
class Il sources in the field of Fig. 4.4.

In Fig. 4.4, we show the spatial distribution of the objecsnitified as young stars with disks
in NGC 6357, to which we will in this subsection simply referas “YSOs”, reminding the
reader that the population of young stauiighoutdisks that is almost certainly also present is not
included here. Inside the three bubbles CS 61, CS59, and CS éithieer density of YSOs
is obviously enhanced, suggesting recent star formatidhdse regions. In most star-forming
regions a strong positional coincidence between youngs ¢ftet YSOs and dense molecular
cores is observed (e.g. Chapter 3; Evans et al. 2009). Howevéne NGC 6357 complex
this correlation is less obvious. The reason for this isentty unclear, possibly the parental
molecular clouds of these YSOs have only recently been drbgienearby massive stars, and
star formation is still inactive in the molecular shellsrewnding the bubbles.

A closer inspection of Fig. 4.4 reveals an interesting aspéthe spatial distribution of the
class Iflat sources: in the regions marked “A” and “B” they appear torf@arcs subtending the
bubble CS 61. If we approximate the distribution of the sosiingegions A and B with a circle
we find that the center of the best-fitting circle lies veryseldo the center of bubble CS61. This
is suggestive of some role of the massive stars in CS 61 irgérigg) the presumably recent
formation of the classflat sources in regions A and B. Similar configurations, of ygpstars
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H-[3.6] H-[4.5]

Figure 4.6: (a) H-K vs. H-[3.6] and (b) H-K vs. H-[4.5] color-color diagrams. The solid lines
show the intrinsic colors of diskless stars. The dashed lare arrows present the extinction
laws. The lengths of arrows show a extinction of 2 mag at K barte open diamonds are the
YSO candidates which show excess emission in both [3.6] 4u5q hbands.

forming an arc around an older stellar population, have lbe@md in other star forming regions,
e.g., Tr37, RCW 82, RCW 120 (Sicilia-Aguilar et al. 2005; Poésagt al. 2009; Deharveng et al.
2009).

The aforementioned criteria for YSO selection require thaistars have been detected in all four
IRAC bands. This may cause many low-mass, low luminosity nemto be missed due to the
limited sensitivity and the strong nebular background enllRAC [5.8] and [8.0] bands. To probe
also the low-mass population, we resort to Ks. H-[3.6] vs. and H-Kvs. H-[4.5] color-color
diagrams. In Fig. 4.6, we show two color-color diagrams orictvtihe colors of unobscured
diskless stars are indicated, together with the reddergatpv (Indebetouw et al. 2005). Stars
without a clear infrared excess lie in a narrow band on thddéside of, and roughly parallel
to, the reddening vector. Some of these will be cluster mestiet have already lost their
disks, or at least the hot inner parts thereof, but most willibrelated foreground or background
stars. The stars to the bottom-right side of the reddeniotpvéave too red H-[3.6] and H-[4.5]
colors to be explained by the reddening of diskless stadscating that they have substantial
excess emission above the photospheric level at nearedfi@avelengths. Thus, we identify
these sources as YSOs if they show excess emissions in loliRAC [3.6] and [4.5] bands. In
the following we will refer to them as “lower-luminosity Y30 as opposed the brighter part of
the sample that was detected in all four IRAC bands. Thisrdigtin, however, is set merely by
observational detection limits and the respective stkedyfliform the fainter and brighter part of
the same population.

In Fig. 4.7 we show the distribution of lower-luminosity YS®elected as described in the pre-
vious paragraph and illustrated in Fig. 4.6, together witgtider class/flat and class Il objects
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Figure 4.7: 1.3mm emission map of NGC 6357 complex. Filledles mark the Flatlass|
objects, open triangles mark the class Il objects. The falst@risks show known massive stars
in Pismis 24. The open diamonds show the YSO candidategdesélfom Fig 4.6. The number
density of YSO candidates is denoted with contours. Thresd®nse regions are identified,
corresponding to Pismis 24 and two newly found clusters.

that were detected in all IRAC bands. We plot the position ohes the lower-luminosity YSOs
and also calculate their surface density, which we plot asozos in Fig. 4.7. In the NGC 6357
complex there are three regions where the distribution e@laver-luminosity YSOs shows an
obvious overdensity, which coincide with the concentragiof the higher luminosity YSOs as
selected from Fig. 4.5 and shown also in Fig. 4.4. All threlecde with the bubbles discussed
earlier. The over-density of low-luminosity YSOs assoaiatvith bubble CS 61 is the Pismis 24
cluster, the other two are newly discovered young clustetdre spatially coincident with bub-
bles CS59 and CS63. We will refer to them as the “CS 59 and CS 63dlstereafter. The
spatial association of clusters and bubbles in NGC 6357 eaimberstood since clusters form
in dense parts of molecular clouds, whereafter the high U¥/dhd stellar winds of the massive
cluster members create the bubbles.
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Contrary to the central regions where we have X-ray and dpd&ta in addition to the Spitzer
photometry, the YSO identification in the largest part of GelMPSE field relies solely on
color-color diagram analysis. This makes the sample moseegqiible to contamination by
galactic and extra-galactic sources unrelated to theesludMGC 6357 is located in the galac-
tic plane looking inward through the Milky Way=£353, b=+0.9") and the galactic extinction
in that direction is so high that most extra-galactic sosinaél be dfectively absorbed even
at 4.5um. Galactic contamination may arise from post-main segei@igects, mostly in the
background, and young stars in foreground or backgrournef@taing regions. The number
density of the former sources is expected to be low and thtirilsition uniform, and thus the
post-main sequence population should not substanti&igctaour results in a statistical sense.
The contamination from young stars in the foreground andédpacind is more diicult to eval-
uate. They would mostly be distributed in clusters or loossoaiations, and to remove them
from NGC 6357 would require knowing the distance to each Y&@dwate. This can partly be
solved by estimating the kinematic distance of the gas thabsnds these YSOs in projection,
under the assumption that the YSOs and gas are physicadliedel The latter assumption ap-
pears justified for the vast majority of the field investighteith e.g. many young objects being
spatially coincident with high-density gas, and the youhggters of high-mass stars occupying
holes in the gaseous distribution. Russeil et al. (2010) Bhesvn that the molecular gas spa-
tially associated with cluster CS59 and CS 63 has similar radiacity to that of NGC 6357,
suggesting they are at the same distance. Presently theceiidormation on the kinematics
of the molecular gas in region A, and establishing a physaltion between this region and
NGC 6357 requires further observations.

4.2.2 The Pismis 24 cluster

In this section we will zoom in on the Pismis 24 cluster. Fwst will re-assess the distance to
Pismis 24. Then we will investigate the stellar propertieshe cluster and derive the stellar
masses and ages. Finally we will study the disk propertiddr@guency of the cluster members
and compare them with those of other clusters.

(1) Distance to Pismis 24

There is some discussion in the literature about the distahismis 24, and published estimates
range from 1.0 to 3.0 kpc. The most commonly adopted distah@56 kpc was derived by

Massey et al. (2001) using observations of six massive, stdopting their absolute magnitudes
and intrinsic colors from the observed spectral types uttbeassumption that there is a unique
absolute magnitude corresponding to each spectral typkiamdosity class, and matching these
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Figure 4.8: HR diagrams for six O-type main-sequence massars (Pis 24-2, 13, 16, 3, 15, 10,
filled circles), and two B-type main-sequence stars (Pis24t9, open circles) in Pismis 24. The
massive stars are marked with numbers (See Table 4.2). Bheddnes represent the zero-age
main sequence locus. The thin solid lines show the isocsroh&, 3, 4, 5, 6, 8, and 10 Myr.
The thick solid lines present the best-fitting isochrone$,d.2, and 2.7 Myr in panels(a)(b)(c),
respectively. The evolutionary tracks are from Schallexl e{1992). The fitting gives a distance
of 1.7+0.2 kpc.

to the observed photometry. However, as shown in Fig. 4.&pleetral types of massive stars
do not uniquely constrain their absolute magnitudes withkmowledge of their ages. In this
work, we use the isochrone-fitting method to estimate thidce to Pismis 24 and the age of
the massive stars that are used as distance indicatorsef®terwe need to put these stars on
the HR diagram, which requires knowledge of the total lursities and spectral types. We
adopted the spectral types and optical photometry in the d\abands from Massey et al.
(2001) and complemented the optical data with photometthen], H, and Kbands from the
2MASS catalog. We then performed SED fitting following thethoel described in Chapter 3:
we take a Kurucz model atmosphere spectrum with a fixésteve temperature corresponding
to the observed spectral type, and fit a reddened and scalsidivef this model spectrum to
the observed photometry. In this fit we thus have only two fraeameters: visual extinction
Ay and the stellar angular diameterWe adopt a standard extinction law (Cardelli et al. 1989)
with a total to selective extinction ratio &t=3.1. We used the BVJHK band photometry to
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do the SED fitting. We calculated model fluxes by integratimg intensity of the (reddened)
model atmospheres over the spectral response curve ofgstensyor each filter. The synthetic
photometry was then compared with the observations. By ngityie parameters and minimizing
the resultingy? we obtain the optimum values for extinction and the angulameter of each
star, from which we can derive the luminosities of the stasiaing a distance.

We used the six O-type main-sequence stars (see Fig. 4.8)itwe¢ed the distance of Pismis 24.
By requiring that the six stars are located above the zerovage sequence locus, we estimated
a lower limit on the distance, which isl.4kpc. We performed isochrone fitting to these six
stars, assuming they formed coevally (see Fig. 4.8). UsiAdgdc as the lower limit of the
distance, we varied the distance and age of the objects amd filnat the O-stars can be fitted
by isochrones with ages of1-2.7 Myr and distances of 1+D.2 kpc (see Fig 4.8). This puts
NGC 6357 at the same distance as the NGC 6334 cloud (Persii& Z8f8), its direct neighbor
on the sky, and suggest that both clouds are physicallyeclastead of merely being close in
projection. Additional support for this is given by radiosalovations that show that the average
radial velocity of NGC 6357 is similar to that of NGC 6334 (bot —4 km s!), and that there
are filamentary structures apparently connecting both texap (Russeil et al. 2010) .

(2) The heart of Pismis 24

There are 12 known massive stars in the Pismis 24 clustertmivgpectral type estimates exist.
With the revised distance of 1.7 kpc we estimate their totaihosities, masses, and foreground
extinctions. The results are listed in Table 4.2. The medianal extinction of these stars is

5.8 mag with a standard deviation of 0.5 mag. Since these btare likely already dissipated

all their circumstellar material, the observed extinctstrould be entirely due to absorption by
foreground dust.

In Fig. 4.9 we show an HST F850LP image of the center of Pissidi2these high-resolution
observations Pis 24-18 is resolved into a binary systemaveééparation of'G5, corresponding

to a projected distance o765 AU at 1.7 kpc. Wang et al. (2007) detected X-ray emission
from Pis 24-18. We find that the secondary component of Pis®matches the position of the
detected X-ray source more closely, and therefore is therikely counterpart of the X-ray
source. In the whole field shown in Fig. 4.9 there are 253 Xgayrces (Wang et al. 2007).
Among these, 220 sources have detected optical or infraredterparts. We used all detected
X-ray sourcesvith opticaJIR counterparts to calculate the surface density of the reusnf stars

in the region, and find values &800 pc? within a projected radius of 0.1 pc from Pis 24-1 and
~350 pc? within 0.3 pc from Pis 24-1.
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Figure 4.9: HST F850LP image of the center of Pismis 24. Thenagrcles mark the counter-
parts of X-ray sources previously identified in Wang et @0Q@®2). The open diamonds represent
counterparts of X-ray sources newly identified in the curraork. The massive stars in this field
are marked with numbers (See Table 4.2). The inset shows$1eH350M image of Pis 24-18,
which is resolved into a binary system. The plus sign mar&sptbsition of the X-ray emission
source detected by Wang et al. (2007).

(3) The low- and intermediate-mass population in Pismis 24

In this section we will inventorize the stellar content oétRismis 24 star cluster in the low-
and intermediate mass range. We will estimate the extindatistribution for the spectroscopy
sample, for which we have reliable spectral types from oecspscopic observations. We will
assume that the cluster members without spectroscopyfdiie same extinction distribution,

In a statistical sense, as the “spectroscopic” sample. Wauge an R vs. R-I color-magnitude
diagram, in which we de-redden all detected objects acogrtti the derived extinction distri-

bution, to estimate the mass and age distribution of allteftusiembers by comparison to the
theoretical pre-main sequence tracks of Dotter et al. (R0O08

(a) Spectral Types and the extinction distribution
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Table 4.2: Parameters for massive stars in Pismis 24.

RA DEC LunP A Mas$
Name (J2000) (J2000) Spt (L) (mag) (M)
Pis 24-1INE 17 24 43.497 -341156.86 O3.51#* 589 554 74
Pis 24-1SW 1724 43.481 -341157.21 O41ll 581 552 66
Pis 24-17 17244473 -341202.7 O3.51l 593 634 78
Pis24-2 17244328 -3412440 O055V() 547 583 43
Pis 24-13 17244579 -340939.9 06.5V(() 5.33 6.39 35
Pis 24-16 17244445 -341158.9 O7.5V 550 7.24 38
Pis24-3 17244230 -341321.3 08V 498 582 25
Pis 24-15 17242895 -341450.7 08V 503 547 25
Pis24-10 172436.04 -3414005 09V 477 580 20
Pis 24-18 17244329 -3411419 BO5V 4.47 645 15
Pis24-12 17244227 -3411412 BlV 403 558 11
Pis24-19 172443.69 -341140.7 B1V 406 6.09 11

@Spectral types from Massey et al. (2001) andiMApellaniz et al. (2007)PThe total lumi-
nosities for Pis 24-1NE and Pis 24-1SW are derived with tisokaibe V-band magnitudes using
the bolometric corrections from Vacca et al. (1996), assgnai distance of 1.7 kpc. The total
luminosities for other stars are estimated from SED fitti(sge Sect. 4.2.2J9Besides Pis 24-
1INE and Pis 24-1SW, the visual extinction for other starsemom SED fitting (see 4.2.2). The
visual extinction for Pis 24-1NE and Pis 24-1SW are fromiMapellaniz et al. (2007)@ The
stellar masses are derived using the evolutionary tracks Schaller et al. (1992).

In total we have obtained the spectral types of 306 starsarfitid of Pismis24. We have
identified 151 of these as cluster members based on poditomeidence with a detected X-
ray source. 155 stars in the spectroscopic sample were teetecthe X-ray data, and were
considered to be unrelated field objects. We did not use thelt&v07 absorption line or
Ha emission line or as the indicator of youngth properties @uthé reasons: (1) the spectral
resolution of our spectra is too low to detect the weak 16707 absorption line; (2) the spectra
may sufer from Hx line contamination from the surrounding nebula.

In Fig. 4.10(a) we show the spectral types of all stars in fmecgoscopic sample. For the
nonmembers the distribution is approximately flat betweta K and late M spectral types.
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Figure 4.10: (a): the spectral-type distribution of ourcpescopic sample. The filled histogram
shows the distribution of stars without X-ray emission. Tpen histograms display the dis-
tribution of X-ray emission stars. The dotted line connagtiilled circles show the predicted
distribution of spectral type for a 1 Myr cluster with an IMikd that of the Trapezium cluster.
The distribution is normalized to the number of K4-K6 stdits): the distribution of extinction
for the spectroscopic sample. The filled histogram showslisteibution of stars without X-ray
emission. The open histogram shows the distribution of Kemitting stars. The dash-dotted
lines denote Gaussian fits the open histogram, peakiAg-g6.5 mag with a FWHM of 2.2 mag.

The distribution of the cluster members peaks around K5 awdedises towards later spectral
types. In Fig. 4.10(a) we also show a calculated distriloubibspectral types for a model cluster
with an age of 1 Myr and a mass function as observed in the Zmapecluster (Muench et al.
2002). Assuming that the Pismis 24 cluster and Trapeziusiels have a similar IMF, we use
the model spectral type distribution to evaluate the cotepless level for the range of spectral
types probed. As shown in Fig. 4.10, the model distributioedrts many more M-type stars
than are present in our spectroscopic sample, suggesénththlatter is substantially incomplete
for the late spectral types. Assuming a foreground visuaihetton of 6 mag and a distance of
1.7 kpc, the R-band magnitude for a PMS stars with a specipal & M3 and an age of 1 Myr
Is ~23 mag (Dotter et al. 2008), which is indeed very faint forcpescopic observations even
with the VLT.

We used the observed R-I colors and the intrinsic colors oftidues in the spectroscopic sample to
estimate their extinctions, adopting the extinction laviRggke & Lebofsky (1985). The intrinsic
colors corresponding to each spectral type were taken frossdleet al. (1998). In Fig. 4.10(b)
we show the resulting extinction distributions for the tdwsmembers and the unrelated field
stars. The two populations show veryfdrent extinction distributions. The unrelated field
stars show a relatively flat distribution betweefh and~15 magnitudes, whereas the cluster
members show a strongly peaked distribution centered dréu#hmag. The median extinction
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of the members of Pismis 24 4.3 mag, which is consistent with the extinction estimateb®
known massive stars in the cluster (see Sect. 4.2.2(2)jindrithe observed extinctions with a
Gaussian distribution yields a peak value of 5.5 mag and a FVW#HRI3 mag. In the following
we will use the fitted Gaussian distribution of extinctioagierive the probability distribution of
masses and ages for each cluster member for which we havelooigmetric observations but
Nno spectroscopy.

(b) color-magnitude diagrams

In Fig. 4.11(a) we show the R vs R-I color-magnitude diagramafbstars detected in the Pis-
mis 24 field. For comparison we also plot model isochrones.bf D, 3, and 30 Myr (Dotter
et al. 2008). The isochrones have been reddened by the @stilattion of 5.5 mag, the mode
of the extinction distribution discussed in Sect. 4.2.2(3& can be noted that most of cluster
members fall within the 0.1-3 Myr isochrones. In Fig. 4.0)1{ve show the dereddened R vs.
R-1 color-magnitude diagram for our spectroscopic samptegawith the model isochrones of
0.1, 1, 3, and 30 Myr (Dotter et al. 2008).

We estimated the masses and ages of the spectroscopic nseohtfasmis 24 from the dered-
dened R vs. R-I color-magnitude diagram (see Fig 4.11(b))doyparison with the theoretical
PMS evolutionary tracks (Dotter et al. 2008). There arersdgets of pre-main sequence evolu-
tion tracks presented by various authors (e.g. D’Antona &#itelli 1997; Bar#te et al. 1998;
Palla & Stahler 1999; Siess et al. 2000; Dotter et al. 20G8)hiks work, we will adopt the PMS
evolution tracks from Dotter et al. (2008), as these havd#st resolution in both mass and age.
We stress, however, that there are substantial systemfigcethces between thefidirent sets of
tracks (see Hillenbrand & White 2004; Hillenbrand et al. 200& detailed discussion of the
various sets of PMS evolutionary tracks available in thexditure), and our motives for choosing
those by Dotter et al. (2008) are pragmatic. Qualitativehalyses such as ours do not depend
on the specific set of tracks chosen, as long as the paranoétevery object and every cluster
are determined using the same set of theoretical tracks.

The results are listed in Table 4.3. For the cluster membéhout spectroscopic observations
we cannot accurately estimate the mass and age of any indvidbject since we do not know
the foreground extinction towards individual stars. lastewe derived a mass and age proba-
bility function for each object by drawing 2000 random sagsgdirom the extinction probability
function derived from Fig. 4.10(b). Thus we obtain 2000 twal” positions in the R vs. R-I
color-magnitude diagram for each observed star, eachsmoneling to a specific mass and age,
and as a whole properly sampling the extinction distribuficnction. The ensemble of the mass
and age estimates of the cluster members yields a good egpagion of the actual cluster mass
and age distributions, which are shown in Fig 4.12.
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Figure 4.11: (a): R vs R-I color-magnitude diagram for thessteetected on the VIMOS images.
The dashed lines are PMS isochrones of 0.1, 1, 3, and 30 MyitdDet al. 2008). The solid
line represents the ZAMS (Schaller et al. 1992). The isavbs@re reddened by the mode of the
extinction distribution of the spectroscopic members ahiis 24 cluster. The grey density map
presents the distribution of all detected sources on the®@®Mmages. The filled circles show
the counterparts of X-ray sources. The open diamonds marK4{fay emission stars that have
been observed with VIMOS spectroscopy. The open circlesepitethe stars without detected
X-ray emissions that have been observed with VIMOS spemtyms (b): the dereddened R vs
R-1 color-magnitude diagram for spectroscopic sample. Ktieeion for each star is estimated
by comparing the observed R-I color with the intrinsic R-1 ¢ca@gpected from the spectral type.
The symbols are same as in panel (a).

Table 4.3: Stellar parameters for X-ray emissing stars spéctral types in PISMIS 24. Column
2: the identification numbers in Wang et al. (2007)

RA DEC Ay mass age
ID W07 (J2000) (J2000) Spt (mag) Mg) (Myr)
3 3 172359.16 3412169 G5 4369 2938 1.4
4 6 172403.22 -341402.2 G5 5.508 2.665 1.9
9 12 172407.66 -341752.4 K5 6.440 0.862 0.6
15 18 172413.60 -340921.3 K2 3.661 1540 1.1
16 19 172413.60 -341656.7 M9 7.492
18 21 172413.74 -340657.1 M9 19.531 .. .
19 22 172414.72 -341043.7 F8 1.798 1.664 8.1
25 30 172416.18 -341311.4 K2 2.634 1.475 2.9
29 35 172418.79 -341204.8 K7 4.607 0.666 1.4
30 36 172419.60 -341544.4 K3 5.746 1271 0.9
31 38 172420.25 -341310.6 K5 6.793 0.834 0.3
35 44 172421.72 -341325.4 M2 4.402 0.408 4.7
36 46 172421.82 -341259.2 M1 4919 0.428 0.5




STAR FORMATION AND DISK PROPERTIES IN PISMIS 24

171

Table 4.3: continued.

ID WO07

38

39

40

43

49

74

78

80

88

89

92

100
101
108
110
113
127
129
134
135
142
144
151
154
157
160
164
166
170
171
173
174
175
179
181
186
188
189
196
199
200
201
203
206
208
209
212
213
223
225
235
247
252
264
271
274
278
279

48
50
51
55
64
94
98
101
110
112
115
124
125
133
135
138
156
158
163
164
172
174
181
186
190
193
197
199
203
204
206
207
208
212
214
219
221
223
230
233
234
235
238
241
243
244
247
248
258
260
272
285
201
309
318
321
326
328

RA
(J2000)

17 24 22.95
17 24 23.47
17 24 23.95
17 24 25.40
17 24 27.30
17 24 31.35
17 24 31.66
1724 32.04
17 24 32.86
17 24 33.03
17 24 33.25
17 24 33.88
17 24 33.99
17 24 34.46
17 24 34.63
17 24 34.74
17 24 36.48
17 24 36.65
17 24 36.76
1724 37.13
1724 37.76
17 24 37.83
17 24 38.38
17 24 38.72
17 24 38.75
17 24 38.89
17 24 39.03
17 24 39.29
17 24 39.52
17 24 39.53
17 24 39.61
1724 39.71
17 24 39.68
17 24 39.87
17 24 40.07
17 24 40.26
17 24 40.32
17 24 40.45
17 24 40.73
17 24 40.94
17 24 40.98
17 24 40.99
1724 41.12
1724 41.21
17 24 41.25
17 24 41.29
17 24 41.32
1724 41.34
1724 41.64
1724 41.73
17 24 41.95
17 24 42.17
17 24 42.29
17 24 42.68
1724 43.11
17 24 43.19
17 24 43.24
17 24 43.26

DEC
(J2000)

-34 12 22.
-34 09
-34 08
-34 19
-34 08
-34 11
-34 10
-34 13
-34 09
-34 16
-34 15
-34 11
-34 05
-34 12
-34 08
-34 15
-34 12
-34 15
-34 11
-34 12
-34 12
-34 12
-34 11
-34 12
-34 17
-34 14
-34 10
-34 09
-34 13
-34 19
-34 16
-34 12
-34 13
-34 14
-34 17
-34 12
-34 11
-34 15
-34 05
-34 11
-34 11
-34 13
-34 11
-34 11
-3411
-34 08
-34 16
-34 12
-34 12
-34 12
-34 12
-34 16
-34 13
-34 11
-34 12
-34 16
-34 12
-3412

SN0 OTOINNC

OO PWOREREA
OO ROONNTTWOOODNODWNNWONOUIORNONUIORWITRROOUIDONUTTOWR R 0TTNNNOWO-

WRPRAWOONNOUIRPFRUIWRWERENOWOUIRRPRRPRARPRWRARPRWOOOORWENPAPIIWNDIMOIOTE
ONNONPRPWOROORPOORANORARWRAONREPNOWOOONUUIOOUTIWAOIOIOORMR~OOOIOT

K5
M3
K3
K3
K5
MO
M4
K4
K4
K4
MO
M5
K7
K7
K3
M1
G9
K3
K7
K7
M2
M2
MO
K3
K7
K7
M7
K7
K3
G5
K3
K5
M3
M1
K7
MO
K7
K7
K4
MO
M2
M1
K5
M1
K2
MO
K3
K7
K7
M1
M2
K5
M4
M3
MO
K2
K3
K3

Ay mass age
Spt_(mag)ME) (Myr)

4.635
2.423
6.377
6.579
5.493
5.762
6.930
5.131
5.216
6.238
5.095
6.513
7.002
4.855
5.331
4.467
4.315
4.907
5.515
5.766
6.675
5.238
4.319
5.661
5.864
4.934
1.953
5.629
5.249
5.153
5.140
6.064
4.920
5.166
4.852
4.407
4.759
5.164
5.100
3.737
5.576
5.663
5.718
2.754
4.997
6.250
5.025
4.201
3.876
5.452
4.999
5.275
3.031
0.977
4.850
5.185
5.142

0.890 0.9
0.292 0.1
1.373 0.2
1.268 0.7
0.828 0.3
0.681 14.0
1115 1.2
1.094 0.9
1.081 0.6
0.477 0.5
0.514 0.1
0.655 1.3
1.269 0.6
0.512 2.7
2031 238
1.283 1.2
0.533 0.2
0.547 0.3
0.400 0.8
0.417 3.6
0.548 1.4
1.294 1.5
0.550 0.3
0.554 0.3
1.285 0.4
2225 3.1
1.291 43
0.855 0.5
0.337 1.6
0.450 0.8
0.653 1.2
0.451 0.3
0.581 0.5
0.773 4.0
1.107 1.1
0.638 4.9
0411 1.2
0.500 2.0
1.022 3.1
0.504 2.2
1.760 0.2
0.505 0.7
1.288 1.4
0.667 1.4
0.636 1.0
0.533 4.7
0.402 0.9
0.876 0.7
0.288 0.3
0.530 87.6
1486 2.7
1311 23
1454 0.1
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Table 4.3: continued.

ID WO07

288
306
312
321
323
327
328
339
344
348
349
351
352
359
365
367
370
373
375
376
379
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387
391
393
395
397
401
404
408
414
417
422
433
434
437
444
452
454
456
457
465
466
469
473
475
476
478
487
491
496
502
505
506
513
520
523
524

343
370
379
389
393
397
399
412
419
423
425
429
430
439
447
449
452
456
458
459
462
469
471
475
477
480
482
487
490
495
501
505
511
523
524
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535
543
546
548
549
557
558
561
565
567
568
570
580
584
5901
599
602
603
611
619
622
623

RA
(J2000)

17 24 43,51
17 24 43.89
17 24 43.97
17 24 44.15
1724 44.19
17 24 44.37
17 24 44.39
17 24 44.66
17 24 44,72
17 24 44.80
17 24 44.80
1724 44.94
17 24 44.95
17 24 45.20
17 24 45.35
17 24 45.41
17 24 45.50
17 24 45.56
17 24 45.63
17 24 45.69
17 24 45.79
17 24 45.93
17 24 46.02
17 24 46.26
17 24 46.39
17 24 46.49
17 24 46.51
17 24 46.64
17 24 46.63
17 24 46.76
17 24 47.03
1724 47.13
17 24 47.33
17 24 47.77
17 24 47.82
1724 47.94
17 24 48.16
17 24 48.74
17 24 48.95
17 24 48.96
17 24 48.96
17 24 49.26
17 24 49.31
17 24 49.46
17 24 49.66
17 24 49.79
17 24 49.79
17 24 49.85
17 24 50.41
17 24 50.73
17 24 51.35
17 24 51.96
17 24 52.17
17 24 52.35
17 24 53.05
17 24 53.43
17 24 53.65
17 24 53.63

DEC
(32000)

-34 091
-34 13
-3411
-34 13
-34 13
-34 12
-34 10
-3412
-34 08
-34 17
-34 16
-34 11
-34 13
-34 12
-34 17
-34 13
-34 11
-34 15
-34 11
-34 12
-3411
-34 12
-34 14
-34 11
-34 14
-34 12
-34 14
-34 13
-34 13
-34 12
-34 13
-34 08
-34 10
-34 15
-34 14
-34 13
-34 13
-3418
-34 15
-34 14
-34 13
-34 15
-34 13
-34 12
-34 15
-34 15
-34 09
-34 12
-34 16
-34 15
-34 16
-34 15
-34 11
-34 10
-34 15
-34 15
-34 12
-3412
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K7
K7
K4
M4
K5
K2
K3
MO
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Table 4.3: continued.

RA DEC Ay mass age
ID W07 (J2000)  (J2000) Spt (mag)MG) (Myr)
525 624 17245369 -341604.4 K7 5.048 0.706 38.5
526 625 172453.73 -341651.5 K2 5454 1570 0.6
537 639 17245491 -341123.9 MO 6.930 0.504 0.7
546 649 172455.55 -341631.7 K5 5.177 0.833 0.3
562 668 172457.37 -341602.1 M3 7.465 0.326 0.3
565 671 17245785 -341032.9 M5 3.073 ...
572 682 17245894 -341722.7 K7 4908 0.770 3.9
580 692 172459.75 -340958.8 M1 6.359 0.538 5.5
585 697 172500.30 -341712.7 M2 4.572 ..
595 711 172502.32 -340626.5 M3 0.160 0.318 2.2
597 714 172502.58 -341628.3 M3 5.690 0.335 0.4
600 718 172503.17 -340849.6 G5 1557 1.632 7.2
603 722 172503.41 -341552.0 K4 5.786 1.144 1.8
610 730 172505.56 -341919.8 K5 6.209 0.831 0.3
623 752 17250991 -341551.6 K3 2146 1.279 04
630 760 172511.80 -341836.7 K2 2.314 1.554 0.8
634 767 172514.28 -341638.8 K3 5.076 1.303 3.7
637 771 172516.94 -341403.5 K5 5.927 1.058 4.8
642 777 172522.24 -341618.6 M3 6.163 0.346 1.2
643 778 172523.77 -341755.3 K3 2.863 1.290 1.4
T T T T T T 200 -(b) T T

150 |
100 |

50 |

0.4

0.0 -0.4
log(M/Mo)

Figure 4.12: (a): The mass distribution of all X-ray emigtistars (open histogram), and X-ray
emitting stars with well determined spectral types (fillagtdgram). The filled circles show

the Trapezium IMF, scaled to match the open histogram. Tké fiae shows the complete-
ness limit of the X-ray observations@.4 M;). (b): The age distribution of all X-ray emitting

stars (line-filled histograms) and X-ray sources with wellesimined spectral types (filled his-
tograms). Both distributions yield a similar median age-@fMyr. The solid-line histograms

show the coeval model. The dashed-line histograms repgréggemodel with an age distribution

of 0.9+0.9 Myr

~0.8 3 4 5 6 7
Log(age/yr)

In Fig. 4.12(a) we compare the mass distribution of Pismigl@dgter with the IMF of the Trapez-
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ilum cluster. The Trapezium IMF and the observed mass fumcfithe Pismis 24 cluster are very
similar down to~0.4 M,. At masses below 0.8 ,both distributions are clearly fierent, with

a substantial lack of observed stars in Pismis 24 comparé#tetdrapezium cluster, which we
attribute to incompleteness in the Pismis 24 sample. Tdéaryjuantify this, we estimate the
100 detection limits in the VIMOS imaging data in the R and I-ban@hese limits vary from
region to region due to the highly variable nebular backgddevels, in particular in the R-band.
Here we only give the average &0imits, which are 22.5 and 21.1 mag in the R and | bands,
respectively. From PMS evolutionary tracks we obtain appgbrightnesses of 22.3mag in R-
band and 19.4 I-band, respectively, for a PMS star with a mB8s} My, an age of 1 Myr, and
an extinction ofA,=6 mag (Dotter et al. 2008). This confirms that the relativé laicPismis 24
members with masses below O\, is at least to a large extent an observational bias due to the
limited sensitivity of our VIMOS images.

We also show the mass distribution of the spectroscopic meesrib Fig. 4.12(a). Compared to
the mass function of all known cluster members, the distioibuvithin the spectroscopic sample
is much flatter in the mass range betweein5 M, and~0.4 M, again indicating that a large
fraction of the low mass population has not been includetiérspectroscopic data.

In Fig. 4.12(b), we show the age distribution of the specivpgc members and all known mem-
bers of the Pismis 24 cluster. Both distributions look vemikir, though the former sample
is very incomplete (see Fig. 4.12(a)). From these distioingt we estimate the median age of
Pismis 24. The spectroscopic members give a median age bfyd,&nd all known members
give a median age of 1.0 Myr.

As shown in Fig. 4.12(b), the ages of the known members in iBigmshow large spread. To in-
vestigate the statistical significance of the observedsshireage, we performed a simple Monte
Carlo simulation. We first explored the possibility of coestdr formation in Pismis 24. We
used Monte Carlo techniques to generate a coeval populdtib@ Myr old stars at a distance of
1.7 kpc with a mass function of the Trapezium cluster. Foheaadel star, we obtained the mag-
nitude in R and | bands using the evolutionary tracks fromt&at al. (2008) according to the
assumed mass and age. To mimic the observed photometridaintes, we varied the model
photometry by adding randonfifsets drawn from a Gaussian distribution with a 1-sigma devi-
ation of 0.1 mag. To simulate thdfect of extinction, we reddened the photometry with values
drawn at random from the extinction probability functiom fismis 24 (see Fig. 4.10(b)), and
included only synthetic stars with R-band magnitudes beigtitan 23 mag to well reproduce the
observed color-magnitude diagram shown in Fig 4.11(a) nenimulation, we produced a clus-
ter with 1000 stars. We derived the age distribution fronmiioglel cluster with the same method
that we applied for Pismis 24. We have performed 10 simuiatiand obtained an average age
distribution from them. The resulting age distribution ®&n in Fig 4.12(b). The age spread
inferred from the observations is larger than what can béaéexgd by an intrinsically coeval
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population with the aforementioned observational unaares. Therefore, we explore the pos-
sibility of an intrinsic age spread for the members in Pis2disWe modified the original Monte
Carlo simulation by randomly sampling the ages from a unifdistribution between 0-1.8 My,
and repeating the calculations in an otherwise identicgl Wae resulting simulated age distri-
bution is shown in Fig. 4.12(b). The simulations assumingnémnsic age distribution match
the observations substantially better than those assuantogval population. Still, the modeled
peak in the age distribution arourd. Myr is somewhat higher than the observed distribution,
which may be due to otheffects unconsidered in our simulations, e.g., stellar vaitighunre-
solved binary, accretion activity including accretiontbry and current accretion rates, scattering
effect from circumstellar disks (e.g. Burningham et al. 2005aBaret al. 2009; Guarcello et al.
2010). The stellar variability and unresolved binarity gastuce the scatter of the apparent lumi-
nosity, therefore inducing an apparent spread in ageso#igiaccretion histories has also been
proposed to explain the observed spread in HR diagrams bytBaitaal. (2009). They show that
an evolution including short episodes of vigorous accretalowed by longer quiescent phase
can reproduce the observed luminosity spread in HR diagedmges of a few Myr years in the
very low-mass range. Besides the accretion history, cua@retion activity can produce excess
emission, rendering the colors of young stars bluer anctasing the observed luminosity (Da
Rio et al. 2010). Dferential accretion rates of young stars can thus dispensegystars on HR
diagram. The scattering from circumstellar disks also reake optical colors of young stars
bluer, therefore ffiecting the derivation of physical parameters, e.g., ekting and luminosity
(Guarcello et al. 2010). All thesedfects introduce scatter in the distribution of young popates

on the HR diagram.

(4) Disk properties in Pismis 24

(a) Photoevaporating disks caught in the act

In Fig. 4.13 we show an interesting object found in Pismisiadster & Desch 2005), which
appears as a bright head with a tail and thus shows the chastictshape of proplyds. These
have been found in many star-forming regions harboring ivassars, e.g. the Orion Nebula
(O'dell et al. 1993), NGC 3603 (Brandner et al. 2000), NGC 2@4dlog et al. 2006), etc. The
proplyds are interpreted as the outer disks of young statsatle being photoevaporated by EUV
and FUV radiation from nearby massive stars. The energhttops from neighboring massive
stars heat gas in the outer disks to temperatures such #aotind speed exceeds the local
escape velocity, allowing the gas to flow away (Hollenbachl.€2000). This scenario has been
reproduced by simulations (see e.g. Richling & Yorke 200M)e Tail of proplyd-1 is pointing
away from the most massive stellar system in the Pismis ZtarluPis 24-1, suggesting that the
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Figure 4.13: A photoevaporating disk candidate in Pismis2hels (a)(b)(c)(d) are centered on
RA=17:24:45.26, DEE-34:11:30.5. Panels (a)(b)(c) are HST images in the F50BB6R, and
F673N bands, which cover [O lll], tland [S 1] respectively. Panel (d) shows the HST image in
F850LP band. In each panel, the arrow shows the projectedtitin of Pis 24-1 relative to the
target. The inset in each panel shows a zoom-in of the praplgdch HST band.

latter is responsible for the creation of proplyd-1. Praoplyis located~0!34 from Pis 24-1,
corresponding to a projected distance of 0.28 pc.

In Fig. 4.13(a)(b)(c)(d) we show proplyd-1 in the HST F50EHE56N, F673N and 850LP bands,
respectively. In all four bands proplyd-1 shows a brigh@tedly extended head, but its tail
appears dierent in each band. In the F502N band the tail of proplyd-appmore diuse and
extended than in the F656N and F673N bands. The F502N, F&BEN;-673N bands cover the
[O 11115007, Ha, and [S11] 6717,6731 emission lines, respectively. Théedent appearance of
the tails in the dierent bands can be attributed to the the abundance of thext.abhe Hr and
[S11]6717,6731 lines reach their maximum intensity at tigddogen ionization front (H I-front),
whereas the [O 11115007 line attains its maximum outsidehefit I-front where EUV photons can
still reach the oxygen and ionize Ol (Richling & Yorke 200®).the F850LP band proplyd-1
Is firstly presented with a head-tail shape in high resotugid.1”). The tail shows a clear cone-



STAR FORMATION AND DISK PROPERTIES IN PISMIS 24 177

DEC offset (arcsec)
o
T

DEC offset (arcsec)
o

-1r Proplyd—2 ] ~—'[ Proplyd—3
L 1 L L L L 1 L L L L 1 L L 1 L L L L 1 L L L L 1 L
1 0 —1 1 0 —1
RA offset (arcsec) RA offset (arcsec)
T

() L)
*

_‘.._
|\1

-1r Proplyd—4 ] ~—!'[ Proplyd-5
L 1 L L L L 1 L L L L 1 L L 1 L L L L 1 L L L L 1 L
1 0 -1 1 0 -1
RA offset (arcsec) RA offset (arcsec)

DEC offset (arcsec)
o
T

DEC offset (arcsec)
o

Figure 4.14: Four new photoevaporating disk candidatessmiB24. Panels (a)(b)(c)(d) are
the images from HST in the F850LP band. Panel (a) is centard®Ae=17:24:47.65, DEE-
34:11:25.4; panel (b) is centered on RE/:24:45.88, DEE-34:11:24.7; panel (c) is centered
on RA=17:24:46.27, DE€E-34:11:19.7; and panel (d) centered on RIA:24:47.19, DEE-
34:12:10.8. The numbers 1, and 2 on each panel are corraegdodPis 24-1, and Pis 24-2. The
arrow on each panel shows the direction from Pis 24-1 or RB®4each proplyd.

like peak shape with extendedftise emission, similar to the appearance in NVe estimate
the length from the head to the tail of proplyd-1 in the F85@iad to be-1.”, corresponding
to a projected length of 1700 AU, comparable to the values found in simulations (Rich&
Yorke 2000).

Proplyd-1 was also detected in our VIMOS images, with fluxe80002+0.11 mag in R band,
and 19.1#0.07 mag in | band. Its R-I color of 0.85mag is unusually bluepared to that
expected for young low-mass star in Pismis 24: forlel 1 star with an age of 1 Myr and behind
5.5mag of visual extinction we would expect an R-I color~&mag from PMS evolutionary
models (Dotter et al. 2008). The comparatively blue R-1 coloProplyd-1 could be due to (1)

a dominant contribution of the &ddlemission line from the photoevaporating disk to the R-band
flux; (2)the scattering féect by the evaporation circumstellar disks. Proplyd-1 is present
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in the 2MASS catalog. In the GLIMPSE catalog it is detectedhia [3.6], [4.5], and [5.8]
bands, with fluxes of 11.13).09 mag, 10.540.31 mag, and 9.3@.10 mag, respectively. These
infrared fluxes indicate that proplyd-1 still has an oplicéhick inner disk.

In addition to the previously known proplyd-1, we find founmn@roplyd candidates in the
F850LP image, hereafter named Proplyd-2, Proplyd-3, Rdsp| and Proplyd-5, which are
shown in Fig. 4.14. Proplyd-2, 3, 4 show tails pointing awaynt Pis 24-1, suggesting that the
latter is responsible also for these proplyds. Careful iospe of proplyd-5 reveals two tails, a
long one pointing away from Pis 24-2 and a shorter tail pomaway from Pis 24-1. This sug-
gests that proplyd-5 is being photoevaporated by two neighy massive stars simultaneously,
with Pis 24-2 dominating in this case. In our VIMOS images agehdetected proplyd-2 and
proplyd-5. Similar to proplyd-1, they show unusually blud Bolors (0.51 mag and 0.28 mag,
respectively), confirming their proplyd nature. The prégeldistances from proplyds 2-5 to their
lonizing stars are around 0.3-0.5 pc, suggesting that neassars like Pis 24-1 and Pis 24-2 can
directly photoevaporate disks out to distances of at le&agi@
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Figure 4.15: (a) H-Kvs. [H]-[3.6] and (b) H-K vs. [H]-[4.5] color-color diagrams for X-ray
emitting stars in Pismis 24 cluster. The filled circles repré all the members of Pismis 24
cluster detected in H, X [3.6], and [4.5] bands. The dashed lines and arrows reptréke
extinction laws. The arrow length denotes one magnitudetiri@ion in the K band. The open
diamonds show the cluster members with inner disks whiclvshaess emission in both [3.6]
and [4.5] bands.

(b) The disk frequency in Pismis 24

We will now analyze the “disk frequency” in the Pismis 24 starster, i.e. which fraction of
cluster members (still) show near-infrared excess emmgsidicative of optically thick material
in the inner disk regions. We will use the H-Kvs. H-[3.6] and H-K vs. H-[4.5] color-color
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diagrams to identify stars with inner disks. These coloeswaore suitable than the classical IRAC
[3.6]-[4.5] vs. [5.8]-[8.0] color-color diagram in the ca®f Pismis 24, since requiring objects
to be detected irall IRAC bands causes the sample to be strongly biased towarats/eqf
luminous sources and sources with disks. By including ordydidita from the two most sensitive
IRAC bands we get a much more representative sample. Exolosihe 5.8 and 8.um IRAC
bands does cause potential transition disk objects, that shfrared excess only in the long
wavelength IRAC bands, to be excluded from the disk frequeteatystics. In Fig. 4.15 we show
the colors of all 279 cluster members that are detected imefbe H, K, [3.6], and [4.5] bands.
We identify stars as having inner disks if they show excessson in both the IRAC [3.6] and
[4.5] bands. In total, 83 cluster members harbor inner digletding an inner disk frequency of
30+3% in Pismis 24.
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Figure 4.16: The inner disk frequenciefy) in different star formation regions as a function of
age. The frequencies are estimated from H& [K]-[3.6] and H-K; vs. [K]-[4.5] color-color
diagrams. The frequencies are estimated for stars withesdagger than 0.8, which is the
mass completeness limit for Pismis 24 cluster. The dasheddithe fit to inner disk frequencies
of the four clusters, Pismis 24, NGC 2244, NGC 6611, audl, which givesfiy=e 1%, whereas
the solid line is the fit to all other star formation regionigh is fi; = e/23, Here tis the age in
Myr.

For comparison we estimate the inner-disk frequencies @¥' other star formation regions
(SFRs) using the same diagnostic as employed for the Pisncisi@ter. A detailed description
for each SFR is presented in Appendix 4.4. In order to makeamimgful comparison we should



180 CHAPTER 4

calculate the disk frequency statistics for YSOs in the sarass range in each region since disk
frequencies can depend on stellar mass (e.g. Chapter 3; Latla&2006; Luhman et al. 2008a;
Hernmandez et al. 2007b), especially for YSO populations olden tMyr (Kennedy & Kenyon
2009). The lowest mass that we use for selecting YSOs for oomparative disk frequency
study is set by the mass completeness limit of the Pismis £ dia the latter cluster the mass
completeness is mainly limited by the 2MASS H angilénd data. Given a foreground extinction
of Av~6 mag, the 2MASS H and band magnitude limits o£15 and 14.3mag ( 1), and an
age of 1 Myr for Pismis 24, the mass completeness for detedfidhe photospheric emission
in the 2MASS data is approximatel0.5 M, and we will therefore consider only objects with
masses above this limit in our comparative study. The nesuihner-disk frequenciesfi)

of each SFR as a function of their ages is shown in Fig. 4.16. cBmparison we also plot
the age-dependency of tlecretor frequencywhich is also proxy for the presence of material
in the inner disk, as obtained by Fedele et al. (2010) by @itin exponential profile to the
observed accretor frequencies of a number of star formigigms. In most SFRs the inner disk
frequency that we derive matches the accretor frequenamMomiderived by Fedele et al. (2010)
very well. Four clusters, however, show substantially lowaer disk frequencies: Pismis 24,
NGC 2244, NGC6611 angvel clusters. These four clusters all harbor extremely mastars
(see Table 4.4).

To see whether the inner disk frequency depends on locatitmnvihe Pismis 24 cluster we
calculated it in four projected distance bins from Pis 24tthe (dominant UV-photon emitter):
<0.6 pc, 0.6-1.2 pc, 1.2-1.8pc, and 1.8-2.4 pc. The resultas/a in Fig. 4.17. In the innermost
distance bin the disk frequency 1€19%. In the other three bins it is approximately constant
at a substantially higher value ef36-38%. The decrease of the disk frequency near Pis 24-1
is a~20 effect in our data. Decreased disk frequencies in the immedlieileity of massive
stars have been found in several massive clusters, e.g. 1964 RGC 6611, and the Arches
cluster (Balog et al. 2007; Guarcello et al. 2009; Stolte .€2@10), suggesting rapid destruction
of circumstellar disks in such environments.

In Fig. 4.18, we show the disk frequency as a function of atetiass in the Pismis 24 cluster.
The adopted mass for each star is the median value of its nnabalplity function (see sec-
tion 4.2.2(3b)). As shown in Fig. 4.18, the disk frequenayr@ases with decreasing stellar mass
in Pismis 24. This is dierent from the behavior in some small clusters or isolatelsS# sim-

ilar ages of~1 Myr (e.g. NGC 20682071, L1641, and Taurus, Chapter 3; Luhman et al. 2010),
but similar to the one in some relative older clusters (2348, Tr37, and IC 1795, Kennedy
& Kenyon 2009Roccatagliata et al. 2010, submitted). Withsnis 24 we have compared the
spatial distribution of cluster members of sub-solar masis thhat of members of M, or more.
The two distributions are not significantlyfférent, and therefore we cannot attribute the lower
disk frequency around YSOs with masses abowdlto comparatively close proximity to the
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Figure 4.17: The frequencies of inner disk as a function ofgmted distance from Pismis 24-1,
the most massive stellar system in Pismis 24 cluster. Abseolumber counts for each bin are
given at the top of the panel.
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massive stars. Our observations suggest that the disksda@olar and intermediate mass stars
evolve faster than those around lower mass stars in madssters like Pismis 24, for reasons
that we do not presently understand.

4.3 Discussion

4.3.1 Disk evolution in Pismis 24

As shown in Fig. 4.16 the inner disk frequenciég)(in most SFRs follow the evolutionary func-
tion fqy =€ Y23 to good approximation. Clusters in which extremely massigessare present
(Pismis 24, NGC 244, NGC 6611, and/el), however, show a substantially quicker reduction
of the inner disk frequency. If we fit the disk frequency as laction of age for the latter four
clusters using the same functional shdpe- 7, we find ro~1.0 Myr. Therefore, the aver-
age inner disk lifetime in these massive cluster is only bathat in clusters without extremely
massive stars, for which we fing ~2.3 Myr. The disks in these massive clusters are evidently
rapidly dissipated, but which physical mechanism is dgvihis development? A range of pro-
cesses have been proposed to explain disk dissipationding viscous evolution, gravitational
interactions, and photoevaporation by the central staretghiboring massive stars. The lat-
ter two mechanisms, stellar encounters and photoevaporatie potential explanations for the
comparatively low disk frequency in massive clusters likaris 24.

(1) Stellar encounters

The stellar encounter mechanism involves a circumsteiékrahd a nearby passing star. Mutual
gravitational interaction can induce a significant loss assand angular momentum from the
disk (Pfalzner et al. 2006; Olczak et al. 2006; Pfalzner &zalc 2007; Olczak et al. 2010).
Simulations of stellar encounters in a cluster environntigatthe ONC have shown that stellar
encounters are a potentially very important disk dissgpathechanism in the first several Myrs.
When the stars involved in the encounters have unequal méssetisks are mostfiected.
Therefore, in dense clusters like the ONC, the massive stangn@te the disk-mass loss (Olczak
et al. 2006). The disks around these massive stars are alsipated more quickly than those
around intermediate- and low-mass stars (Pfalzner et 86)20Simulations show that, when
the disk radii are scaled with the stellar mass, the diskueegies decrease with increasing
stellar masses due to stellar encounters in such clusteneaments (Pfalzner et al. 2006). New
calculations simulating a range of cluster environmentsstinat the disk mass loss increases
with the number density of stars in the cluster, but is rteéaed by the total number of cluster
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members (Olczak et al. 2010). In less dense clusters, iw.tifmes sparser than the ONC, the
simulations still show substantial disk dissipation dusttdlar encounters (Olczak et al. 2010).

We estimated the number density of stars in Pismis 24 frormtBenbers selected from the
Chandra observations. The X-ray data are complete dow0.#® M., and the IMF of Pismis 24
closely resembles a standard IMF as that of the Trapeziusteslin the mass range accessible
to observations. In order to calculate the total numberitengstars with masses larger than
0.08 M, (the minimum mass used in the simulations of Olczak et al0p0ge assumed that the
IMF of Pismis 24 follows the standard curve also at masses\b@l4d M, where we do not have
proper observational constraints. We furthermore assuheeduster members to be spherically
distributed. In this way we derived the number density ofssta be approximately 1:8.0* pc3
within 0.1 pc around Pis 24-1, and 210° pc3 within 0.3 pc around Pis 24-1, somewhat lower
than those in ONC, where the number density of stars to be gippately 2.4<10* pc3 within
0.1 pc around the ONC center, and81D° pc2 within 0.3 pc around the ONC center. Simu-
lations predict that the disk frequency is reduced to apprately 85% of the assumed initial
disk frequency of 100% due to the stellar encounters in etaswith such number densities of
stars (Olczak et al. 2010). Even though this decrease isasitiad, it falls short of explaining the
observed inner disk frequency within 0.6 pc around Pis 2d4iich we have shown to be only
19+6%. Therefore, stellar encounters alone can hardly acdouttte quick dissipation of disks
in the Pismis 24 cluster.

(2) Photoevaporation

In a cluster environment like Pismis 24, where dozens of ivastars are present, photoevap-
oration is another mechanism to dissipate the circumsteitks around the intermediate- and
low-mass cluster members. UV photons from massive starbeanthe gas in the disk surface
to temperatures at which the sound speed of the gas excezdslttity needed to escape the
gravitational potential well of the star, inducing a gas flaway from the disk (Johnstone et al.
1998; Hollenbach et al. 2000). In photoevaporation modatewral gas flow from the disk
surface is driven by non-ionizing FUV photons. EUV photoost reach the disk surface be-
cause they are absorbed by the outflowing material. Furtber the disk, where the densities
are lower, EUV photons can penetrate and ionize the outflpgas, forming an ionization front
(Johnstone et al. 1998;@rer & Hollenbach 1999; Richling & Yorke 2000).

The mass-loss rates from photoevaporating disks depenchomber of parameters, in particu-
lar on the intensity of the impinging UV field (especially tREJ)V flux), the disk radii, and the
stellar masses. Model calculations predict the mass ltss fl]mm disks due to photoevaporation
in the Trapezium cluster to be on the order of 18, yr-* up to a projected distance of 0.2 pc
away from the ionizing massive statC Ori, which has a spectral type of O6 (Johnstone et al.
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1998; Sbrzer & Hollenbach 1999; Henney & Arthur 1998). Spectroscabservations have
confirmed these mass-loss rates (Henney & O’Dell 1999). Huotégevaporation procesffec-
tively dissipates circumstellar disks from the outsideansy up to the gravitation radius,j,
where the escape velocity equals the sound speed, whichirstdetermined by the UV heating
(Hollenbach et al. 2000). For a star with a mass of 5the gravitation radius is estimated to
be~60 AU, assuming that the disk surface is heated to 1000 K (Adztral. 2004). Adams et al.
(2004) show that when the disk radius is less thathe mass loss rates are still considerable
downto 0.2,

In the Pismis 24 cluster there are tens of massive stars anottl FUV photons luminosity is
estimated to be 10 times that of Trapezium cluster. Therefore we expectgewaiporation to
be very dfective in dissipating the outer disks, down to several tér&h around young stars
within a distance of 0.6 pc from the center of Pismis 24. Tireeticale for this dissipation could
be less than 0.5 Myr, assuming an initial disk mass of 0WMQ5and mass-loss rates similar to
those observed in the Trapezium cluster.

Adams et al. (2004) predict that the photoevaporationgéedunass-loss rates become very low
at disk radii below 0.2,. It is almost impossible to photoevaporate disks down ta rag0.1r
if the heating of gas in the disk surface is dominated by FUWtphs that heat the gas to
1000K (Hollenbach & Adams 2004). When also EUV photons canhréhe disk surface the
gas temperature can reach0® K. If recombination dominates the opacity to EUV photons the
mass-loss rate is given by the following approximate foamul

()] d _ lq _
1O49§1)1/2(1017cm) l(SOAU)s/2 Moyr™ (4.1)
where® is the EUV photon fluxd is the distance of the circumstellar disk from the ionizing
massive star, ang is the disk radius (Johnstone et al. 1998;In the Pismis 24 cluster the EUV
fluxes are dominated by the triple system Pis 24-1, from wthielEUV photon flux is estimated
to be~10°° photons per second. For a circumstellar disk with an initiass of 0.05M, an outer
radius of 100 AU, and a surface density profile: r=*/2, there will be~3.5x10°3 M, of material
within 1 AU, where the hot dust causing the excess emissidhariRAC [3.6] and [4.5] bands
resides. To photoevaporate this amount of material at Suilbaélii within a time span of 1 Myr
requires a mass-loss rate-8.5x10° M, yr-tinduced by EUV photons, which is available only
very close to Pis 24-1, within 0.02 pc. Thus, the rapid dessgm of inner disks at radii below
~1 AU around Pismis 24-1 cannot be explained by the diréetceof photoevaporation alone,
since most of the cluster members are at distance8.02 pc. Additional physics is required to
explain the low inner disk frequency in the Pismis 24 cluster

M~ 9x 107

Clarke (2007) couples the mass-loss profiles from Adams €@04) with a viscous disk evolu-
tion model. In her model, the inner parts of the circumstalisk are continuously being accreted
onto the central star while the outer part is dissipated bypthotoevaporation due to UV irradi-
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ation from nearby massive stars. Once the outer parts ofrdig& been stripped of their gas in
the photoevaporative flow, the inner disk can no longer b&engghed by material from larger
radii. The inner disk is then quickly drained by viscous ation onto the central star. Adopting
an accretion rate of 28.0% M, yr!, the median accretion rate fersolar mass T-Tauri stars
in the Taurus star-forming region (Najita et al. 2007), vise accretion can drain the inner disk
within a radius of 30 AU within 1 Myr, given an initial circurtedlar disk mass of 0.08M,, a
disk radius of 100 AU, and a surface density profilec r~*2. Therefore, the combination of
viscous accretion and photoevaporation ciieatively dissipate the circumstellar disks of young
stars within a radius 0£0.6 pc from the center of Pismis 24 cluster. The dissipatimescale
can be less than 1 Myr, depending on the initial disk masses.

The mass-loss rates from photoevaporation are less sensitihe intensity of the FUV field
than on the disk radius. When the FUV fluxes decrease by a fatten the mass-loss rates
are reduced only by a factor of 2-3 (Adams et al. 2004). Tloeeethe mass-loss rate from a
circumstellar disk induced by photoevaporation can s#ll35<108 M, yr-! at a distance of
2 pc from the massive stars. This is still a substantial mass late and a disk with a mass of
0.05 M,, can be dissipated on a timescale~dfMyr. For disks that are located at substantially
larger distances from the massive stars, direct photoestpo is likely of minor importance.
Still, the radiation from the massive stars substantiallyréases the local EUV field and can
contribute importantly to the ionization of material in tisk surface layers. This may in turn
strongly increase the viscosity of the disk material thiotige magneto-rotational instability, of
which occurrence and strength depends on the ionizatimtidrainside the disk (Stone et al.
2000), and lead to increased accretion rates and redudedidgpation timescales.

4.3.2 Hotinner disk evolution and transition disks

The inner disk frequenciesfy) in clusters that do not harbor extremely massive stars (see
Sect. 4.2.2(4b) and Fig. 4.16) follow the approximate ageeddencyf,q = e /23, wheret is the
cluster age in Myr. The inner disk frequencies are estimas#og H-K; vs. H-[3.6], and H-K

vs. H-[4.5] color-color diagrams, and thus sources thaivshérared excesenly at wavelengths
longer than~5 micron are considered to be (inner-) “diskless” in thestatistic. This means
that a substantial fraction of the so-called “transitioskdi’ (TD) are not included in the numer-
ator of thefiy statistic as we apply it. If one would include all four IRAC lasnin calculating

the disk frequendy sources without excess emission in the 3.6 andidrBIRAC channels but

2In Pismis 24 this would bias the sample towards compargtluehinous sources or sources with optically thick
disks due to the limited sensitivity in the IRAC 5.8 and gufh bands, and hence we use data from the more sensitive
3.6 and 4.5um bands only. In more nearby clusters the long wavelengthtORBannels are sficiently sensitive
to detect “naked” photospheres down to substantially Isteliar masses, and meaningful disk frequencies can be
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with infrared excess in the 5.8 or 8/m IRAC band would be counted as having a disk. This
approach was chosen by Fedele et al. (2010), who find a det¢hyg disk frequency with cluster
age according tdgsc = €Y2°. Note that here we distinguish between the “inner disk fesqy”

fiq, as traced by the data ats 5 um, and the “disk frequencyfgsk as traced by observations
at 1<9 umd. Thus, the disk frequencyy as traced only by the IRAC [3.6] and [4.5] bands
decreases more quickly thdgsk as calculated including also the [5.8] and [8.0] channelse T
difference can be attributed to the presence of transition,dsid from the above-mentioned
relations we can easily calculate which fraction of the giskulation is made up by the transi-
tion disks: frp = % , Wheret is in units of Myr. In the following we will compare this
function to frp values given in the literature.

Muzerolle et al. (2010) use spectral indices between phetigmn various IRAC and MIPS
bands to select TDs in clusters and aggregates in the NGG L3888, NGC 20682071, IC 348,
Ori OB1g25 Oriand OB1b, ang Cha. They use excess emission in the IRAC/m8and MIPS
24um bands to divide the TDs into three subclasses: classica) WBak excess TDs, and warm
excess TDs. The classical TDs show little or no excess eomi$si[5.8] band and strong excess
emissions in the MIPS [24] band. Weak excess TDs are sinoilelassical TDs in the IRAC [5.8]
band, but are comparatively faint in the MIPS [24] band. Tl excess TDs show obvious
excess emission in the IRAC [5.8] band. When comparing theidrmof the disk population
that is considered to be a transition didky) we only count the classical and weak excess TDs
in the sample of Muzerolle et al. (2010), because warm extBssusually show substantial
excess emission in the short wavelength IRAC bands and asentiticounted as transition disks
in our frp statistic. In Fig. 4.19 we plot our derivefglp and compare it with the TD fractions in
different SFRs from Muzerolle et al. (2010). We find good agreelmetmeenfrp(t) curve that
we derive from the comparison dfi(t) and fys(t) and the more direct determination &6 (t)

by Muzerolle et al. (2010).

Among the whole TD sample of Muzerolle et al. (2010) there4a% classical TDs. By scaling
our frp function by a factor of 0.44, we obtain the fraction of thetalisk population constituted
by classical transition diskdctp = 0.44 frp. In Fig. 4.19 we also shovietp, which well matches
the fcrp observed by Muzerolle et al. (2010).

calculated using data from all four IRAC bands.

3In the current discussion we adopt the latter statistic asatfal disk frequency, thereby ignoring the fact that
some objects exist that have no infrared excesls<é® ym but do show excess emission at e.g..24. Therefore,
the fyisk Statistic gives only a lower limit to the actual frequencycotumstellar disks. This approach is brought
about by practical limitations: the availability and seivi#tly of longer wavelength (MIPS) data is substantiallgse
favorable than for the IRAC data. Also crowdjegnfusion is more problematic at long wavelengths, in patdr
for distant clusters like Pismis 24
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Figure 4.19: The frequencies of TDs (diamonds) and clas$ioa (filled circles) among the
disk population in dterent clusteyaggregates, including NGC 1333, L1688, NGC 22691,

IC 348, OB1b,s Cha, OB1#5 Ori. The observational data are obtained from Muzerdlig.e
(2010), besides the age of NGC 2¢8871 which is from Chapter 3. The left-pointing arrows
indicate that the ages for NGC 1333, and L1688 are up-linfite TD sample include classical
TDs and weak excess TDs from Muzerolle et al. (2010). Theeathshe is the predicted fre-
quency fmp = %) of TDs among all the disk population as a function of age. Jdiel
line is the predicted frequencydrp = 0.44frp) of classical TDs among all the disk population

as a function of age.

4.4 Summary

We have performed a detailed observational study of theimgastar-forming region NGC 6357,
with a special focus on the central cluster Pismis 24. Outystocludes X-ray data from the
literature, optical photometry and spectroscopy perfarmigh VLT/VIMOS, HST archival data,
infrared data from the literature as well as our own Spiteeaging of the central cluster, and
millimeter data.

Using infrared color-color diagrams we have searched fek-tiearing YSOs in the whole
NGC 6357 complex. These are concentrated in three clugtegknown Pismis 24 cluster and
two newly discovered clusters that are associated with tiegvk bubbles CS 59 and CS 63.

We have re-assessed the distance to Pismis 24 by fitting nmsmibdlrones to six O-type stars in
the HR diagram. We find good fits for isochrones of 1 to 2.7 My distances of 14#0.2 kpc.
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This puts the NGC 6357 complex at the same distance as the R&Cdomplex, its close neigh-
bor on the sky, suggesting that both clouds are physicdlyae. Other evidence in the literature
supports this notion.

Using high resolution HST imaging we find that the massive Bta24-18 is a binary system.
Positional information suggests that the secondary coenuda responsible for the X-ray emis-
sion detected from this system.

We have performed an optical imaging and spectroscopieguwffismis 24, the main cluster in
the NGC 6357 region, using X-ray observations to identify¢luster members. Using a combi-
nation of optical photometry and spectroscopy we estintatas masses, ages, and foreground
extinction values of the brighter part of the populatiore(tepectroscopic sample”). Using the
well defined extinction distribution observed in the spestopic sample we have derived the
mass and age probability function of a much larger sampleoahy stars for which we have
good photometry but that were too faint for spectroscopyfiethat the cluster mass function
of Pismis 24 closely resembles the IMF of the Trapezium elusbwn to the completeness limit
of our data 0f~0.4 M. The median age of the cluster members is approximately 1 Myr

We have detected five proplyds in the Pismis 24 cluster, fowhich were previously unknown.
The massive stellar system Pis 24-1 is the main source retgpeifior four of the proplyds. The
fifth proplyd shows two tails: one pointing away from Pis 24+id the other from Pis 24-2, sug-
gesting that this object is being photoevaporated from tisections simultaneously. Adopting
a distance of 1.7 kpc for Pismis 24 cluster we estimate thegied distances of these proplyds
from their ionizing sources to be0.4-0.5 pc.

We employed H-Kvs. H-[3.6] and H-K vs. H-[4.5] color-color diagrams to statistically inves-
tigate the disk frequency in the Pismis 24 cluster. We find thedisk frequency in Pismis 24 is
much lower than that in clusters of similar age but withoutexely massive stars. Three other
clusters harboring extremely massive stars also show catinly low disk frequencies. The
dissipation timescale for the inner disks regions in massiusters like Pismis 24 is only roughly
half of the value observed in the cluststar-forming regions without extremely massive stars.

We also find that the disk frequency depends on the locatioobfcts within the Pismis 24
cluster: within 0.6 pc from the dominant massive stellatesysPis 24-1 the disk frequency is
substantially lower than at larger radii. This providegdirobservational evidence that extremely
massive stars carffact the evolution of disks around intermediate- and lowssars in their
vicinity. The observed disk frequency increases with desirey stellar mass.

The disk frequency as traced by excess emission in the IRAT48d [4.5] bands only decreases
more quickly with cluster age than the disk frequency dermden including also the [5.8] and
[8.0] bands. The dierence is due to the transition disk population that showsfnared ex-
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cess in the short-wavelength IRAC bands but does have excgssien in the long-wavelength
bands. From these observations we derive the occurrencangition disks among the total disk
population, as a function of time, which agrees well withvorasly published statistics.
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Appendix

(1) Disk frequencies in diferent star formation regions

In table 4.4, we list each SFR used in Fig 4.16. In the tabkrgetlare 18 SFRs, of which median
ages range from0.7-11 Myr. To allow a comparative study on disk frequenaéslifferent
SFRs, we only select YSOs with masses5 Min each SFR since the disk frequencies show
dependence on stellar masses. To do this in each SFR, we umacHviagnitudes as a measure of
YSO masses. For each SFR, we estimate the H-band magnitua®M6 star with the median
age of the SFR from the PMS evolutionary tracks from Dotted f2008), and use this H-band
magnitude as lower limit to select YSOs in that SFR. The H-Hamid magnitude for each SFR
Is listed in Table 4.4. We obtain photometry of each YSO in 4, [8.6], and [4.5] bands. The
H and Ks band photometry are from 2MASS survey, and the phetigmn IRAC [3.6] and
[4.5] bands from the literature and our work. The refererfoeshat the IRAC [3.6] and [4.5]
photometry come from are listed in Table 4.4. For the four SER$C, OMC 23, Mon R2, and
NGC 2244, their photometry in IRAC bands come from our work. these SFRs, we download
BCD images from Spitzer archive, mosaiced the images with Macp&ware, and performed
psf-fitting photometry on the mosaiced images with IDL codescribed in Chapter 3. Similar
to what we have done for Pismis 24 cluster, we estimate thefadiguency of each SFR using
H-Ks vs. H-[3.6], and H-Ks vs. H-[4.5] color-color diagramkhe YSO is considered as having
an inner disk if it shows excess emission in [3.6] and [4.5]dsa The resulting disk frequency
of each SFRis listed in table 4.4.
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Table 4.4: the fractions of YSO with [3.6] and [4.5] band es<cemissions in ffierent SFRs.
Column 3: the median age of each SFR. Column 4: the referencéisefonedian age of SFR.
Column 5: the spectral types for the most massive star in efh Solumn 6: the criteria for
YSO selection. X: stars with X-ray emission, IR: stars witlt@ss emission at infrared bands,
Ha: Ha photometry, Sp: members confirmed by spectroscopy, PMophetric members. Col-
umn 7: the references for YSO selections. Column 8: the trastof stars with excess emissions
in [3.6] and [4.5] bands. Column 9: H-band magnitude limit. @oh 10: the references for
Spitzer IRAC data.

1) @ & @ (5) (6) ] ® (9 (10
Dis Age YSO DF  Limit
Name (pc) (Myr) Ref Spt criteria Ref (%) (mag) IRAC
Taurus 140 1.5 (1) X, IR 2) 595 89 (2
1C 348 315 25 3) B5V X, SP 3) 28 11.0 (3)
NGC 206871 450 0.9 (4 B15V SP (5) 824 108 (4,5)
ONC 450 1.0 (6) o6V X (@) 646 11.1 (8)
OoMC 23 450 3.0 9) X (10) 449 114 (8)
Orilb 440 5.0 (11,12) 09.5V SP (13) +8 123 (13)
250ri 330 8.0 (11,12) B1V SP (13) +B 12.0 (13)
AOri 400 50 (14) O8Il OPRIR,SP 14) @ 121 (14)
NGC 7160 900 11.0 (15) B1 -l SP (15) =+ 145 (16)
CepOB3b 725 25 (17) O7V X @7 38 124 (17)
CepB+S155 725 15 (17) O7V X (17) 485 128 (17)
NGC 2264 800 25 (18) O7V X,&IR,Sp (19) 384 13.0 (19)
NGC2362 1480 50 (200 0O91b X, IR,SP (21) +£B 149 (21)
Mon R2 830 2.0 (22 X (23) 3B 129 (8)
NGC?2244 1400 2.0 (24) O5V X (25) 22 140 (8)
NGC6611 2000 1.0 (26) O5V X (26) 33 143 (27)
Chal 165 2.6 (28) SP, IR (29) 485 96 (29)
o Ori 440 3.0 (30) 095V X, IR,SP,PM (30,31) 24 119 (30)
NGC7129 1000 3.0 (31) X (32) 320 13.7 (32)
yvel 350 5.0 (33) wcC X, PM (33) 0£04 118 (33)
Tr37 900 4.0 (15) 06.5V SP, X (15,34) 895 13.5 (16,34)

(1) Bricefio et al. (2002); (2) Luhman et al. (2010); (3) Lada et al. (3008) Chapter 3; (5) Flaherty & Muzerolle (2008); (6) Hillerand
(1997); (7) Getman et al. (2005); (8) this chapter; (9) Pete(2005); (10) Tsujimoto et al. (2002); (11) Brisz et al. (2005); (12) Brideo
et al. (2007); (13) Herandez et al. (2007a); (14) Barrado y Navaset al. (2007); (15) Sicilia-Aguilar et al. (2005); (1&Ba-Aguilar et al.
(2006a); (17) Getman et al. (2009); (18) Sung et al. (20049) Sung et al. (2009); (20) Moitinho et al. (2001); (21) Cerei al. (2009); (22)
Carpenter et al. (1997); (23) Kohno et al. (2002) (24) Parku&a@(2002); (25) Wang et al. (2008); (26) Guarcello et al0@0(27) GLIMPSE
archive data; (28) Luhman (20044a, 2007); (29) Luhman et a0&2} (30) Luhman et al. (2008b); (31) Hamdez et al. (2007b); (32) Stelzer &
Scholz (2009); (33) Helandez et al. (2008). (34) Mercer et al. (2009)






Chapter 5

Summary and Future Works

5.1 Summary

The objective of this work is to investigate the propertieganng stars and their disks in quali-
tatively different environments: the sparse stellar associat@ma, L1630N and L1641 regions
of clustered and distributed star formation in Orion, ar@riassive cluster Pismis 24. The main
achievements of this study are summarized as follows:

e Disk evolution in different environments: We have investigated the disk evolution in
different environments, which include isolated star-formegaons, sparse stellar associ-
ation, medium-size stellar clusters, and massive clus¥s find that the disks are dis-
sipated faster in cluster environments, especially in masdusters with early O-type
massive stars.

e Accretion rates as a function of stellar massWe estimated the accretion rates of a sam-
ple of young stars in L1630N and L1641, fronaeHHB, and He 15876 line luminosities.
By analyzing the relationship between accretion rates aglthsmasses, we found a de-
pendence o] Y/ IS M¢, with @ ~3.1 in the subsolar mass range. An investigation of a
large literature sample of mass accretion rate yields daisliope ofe ~2.8 in the subso-
lar regime, but a shallower slope @f~2.0 if the whole mass range of 0.04,<M.<5M,
is included.

e Accretion activities of transition disks: Studies of the accretion rates of young stars in
L1630N and L1641 suggest that the fraction of stars withsiteon disks with signifi-
cant accretion activity is relatively low compared to statsch still have optically thick
disks (26:11% and 5#6%, respectively). However, those transition disks thashow
significant accretion have the same median accretion raterasal optically thick disks
(3-4x10°° My yr ).

193
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e Age distribution of various populations: In L1630N and L1641, we find that the ages of
CTTSs and WTTSs with disks are statistically indistinguisea/ TTS without disks are
substantially older than the CTTSs, while the ages of thesitian disk systems and the
diskless WTTSs are also impossible to statistically distisig.

e Dust properties of protoplanetary disks surrounding cool $ars: We derived the mass-
averaged sizes of amorphous silicates grains from the &S spectra of members
in eCha. From the combination of data #Cha and in the literature for M-type pre-
main-sequence stars, we find the mass-averaged sizes gffaonersilicate grains increase
with the increasing accretion rates when the accretiors tat®°M, yr-, and become
approximate constant while accretion ratd€9°M, yr?.

5.2 Future projects

In this section, | will describe the projects on which | amrmgpto work in the future. | have
obtained the data for some of these projects. | describea@tct as follows:

5.2.1 Accretion behaviors of young stellar objects

The process of mass accretion onto stars is key to undenstatige evolution and dissipation
of circumstellar disks, as well as the process of planet &ion. Theoretical and observational
investigations of classical T Tauri stars (CTTS) have fasidhe magnetospheric accretion model
for mass transfer from the circumstellar disk onto the yostag In this model, various emission
lines, such as the hydrogen Balmer series, 8876, By, etc., are formed in the infalling
magnetospheric flow. In addition, optigatraviolet excess continuum emission is produced in
the accretion shocks. These emission lines and the excessi@mcan be used to estimate the
accretion rates of YSOs, with the help of models or empiniekdtions between line luminosity
and accretion luminosity.

(1) Accretion variation of young stellar objects

Previous studies have shown that the accretion rates of CWitshe similar masses and ages
commonly scatter by up to 2 orders of magnitude, which canumetd accretion variation or
differential disk properties. We have performed a multi-epoelspectroscopic survey of YSOs
in L1641, including YSOs with “full” or transition disks usy HectochellMMT. In total, we
have obtained high-resolutionaHspectra for~250 targets. Half of them have been observed
at two epochs separated by an interval of one month. Furthegreations are scheduled for
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November 2010. We will estimate the accretion rates of theggets by modeling their ddline
profiles (Muzerolle et al. 2001) or using the empirical nelatbetween accretion rate and full
width of the Hr line at 10% of the peak intensity (Natta et al. 2004). We wislextend this
study by observing more targets in L1641, as well as yourg staother star formation regions
(e.g. L1630N, and IC 348) with HectochegMMT. We have already performed a spectroscopic
survey of L1630N before and compiled a large sample of yotewg svhich can be input catalog
for observations with HectochelMMT. The cluster IC 348, with an age of 2-3 Myr, is at a very
important stage of disk evolution and dissipation. By cormgavariations in accretion rate in
these clusters, we can investigate how these variatiorendiegn stellar age and disk evolution.

(2) Accretion behavior of YSOs with transition disks and “full” disks

Transitional objects (TOs) have disks that are being digegh and may represent the end of
the (giant) planet formation phase. The physical mechanigwing the dissipation process
is unclear, and the roles of viscous accretion, photo-eijom and planet formation are being
intensely debated. An important diagnostics is the corspardf the accretion rate of matter onto
the central star for both transition disks and less evolNaskical T Tauri systems. Recent studies
of the L1630 and L1641 (see Chapter3) and Trumpler 37 (Sidigjailar et al. 2010) star-
forming regions suggest that TOs that are actively acaredm so at roughly the same median
rate as normal CTTSs. This is inconsistent with what Najital.e2007) find in Taurus, namely
that the accretion rates of TOs ar&0 times lower than those of normal accreting TTS at the
same disk mass. Furthermore, they find approximately the saadian accretion rate ef2-
4x10°° M/yr for their TOs as in Chapter 3 and Sicilia-Aguilar et al. (2plbut an accretion
rate approximately 10 times higher for normal CTTSs in Tawarspared to those in the three
aforementioned clusters. To investigate this apparectebsincy, we performed a SQRTT
K-band spectroscopic survey of YSOs with transition digks ‘dull” disks in L1630, L1641 0
Ori, andA Ori. The project was awarded 6 nights, and the observatawisglace in November
2009. The data are currently under reduction. We will detiinedtective temperatures from the
full K-band spectra and estimate the accretion rates fraBtip emission line. With these data
complemented with those from Hectoch@i®T, we will constrain the role of the accretion in
the evolution and dissipation of the disk. In addition, adoag to photoevaporation models, the
disk can be dissipated veryfieiently when the accretion rates are lower than the massrites
due to photoevaporation. Therefore, studies of the aceredites of young stars can also be used
to evaluate the role of photoevaporation in the disk diggpa | will extend these studies by
applying for new observations with appropriate instruraent

(3) The scaling law of the accretion rate with stellar mass

In previous publications (Muzerolle et al. 2003, 2005; Hadt al. 2006; Garcia Lopez et al.
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2006; Herczeg & Hillenbrand 2008; Gatti et al. 2008), an erogi relation has been established
between the average accretion rate and the mass of thelcatnaamelyM . o«M¢, with a ~2.
From our study, we have found that the dependency of the tlmtmate on stellar mass actually
appears to be steepen(~3) in the sub-solar mass regime than that2) in the whole mass
regime (see Chapter 3). Some possible scenarios to explaiardt 1) a lower-mass disk, in
which the entire column is ionized for an active magnetatronal instability (MRI), and which
thus is subject to fully viscous evolution, and gives a deleeice ofe ~2.5; and 2) a higher-
mass disk, in which thermal ionization by irradiation frone tcentral star is dominant, causing
an MRI-active surface layer of column density, which givesepehdence of ~1 (Hartmann
2006). | wish to test this scenario by measuring the aceretites of a large sample of young
stars over a range of stellar masses from brown dwarfs tomagiate-mass stars at similar ages,
since the accretion rates show a decrease trend with theaisiog stellar ages.

5.2.2 Disk evolution in dfferent environments

Circumstellar disks play a key role in the formation of newstnd planetary systems. Through
disks, a significant fraction of the stellar mass is accretdule at the same time the excess
angular momentum is transported outward. After the maimetion phase has ended, gas-rich
circumstellar disks can survive at low accretion rates| timdly are dissipated. The disk dissipa-
tion process has been constrained observationally bytigegisg the fraction of young stars that
have strong excess emission from disk material at infrar@eelengths, in clusters exhibiting a
range of ages. These studies indicate that the lifetimeraridisks is a few Myr. Knowledge
of the evolution of circumstellar accretion disks is pivataour understanding of star and planet
formation; yet, despite intensive theoretical and obdemwal studies, the disk dissipation pro-
cess is not well understood. A range of processes have bepagad to explain disk dissipation,
including viscous evolution, gravitational interactipasd photoevaporation by the central star
or neighboring massive stars. The relative importance efaprocesses is still intensely de-
bated. In some star formation regions, investigations of With ages of 1-2 Myr show that
up to 50% of WTTS no longer possess inner disks. On the othet, lsassical T Tauri stars, at
similar ages and masses to the WTTS, still have inner disligating that at least some young
stars can dissipate their disks at very early ages. Stutlibe celation between disks frequencies
and stellar mass show that it varies from region to regiosome regions (e.g. NGC 20@871,
Chal, and Taurus), the frequencies of disks increase witteasing stellar mass, in other re-
gions (e.g. Pismis 24, IC 348, Tr37, and Orion OB1lbc), the thsuencies show a decrease
trend with increasing stellar mass. The mechanism resplenfar the diterence is not under-
stood. To address these questions, we need to study a langéesaf well-characterized young
stars.
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As the major subject of my PhD study, | investigated the diglpprties in several star-forming
regions, includings Cha association, L1630-North, L1641, and the massive cl&#sgmis 24,
which span a range of stellar environments from isolated fstanation (parts of L1641) to
the massive cluster (Pismis24). Though | have gained muowledge from these studies,
many questions in the fields remain unresolved. Therefongsh to study more star-forming
regions. We plan to combine the infrared data from 2MASS{z8pi and Herschel with the
optical imaging and spectroscopy from e.g. Hectodd&tT. We will use the infrared data to
characterize the disk properties, e.g. disk masses, flargat geometry, the presence of inner
hole, and optical imaging and spectroscopy to derive thpgats of central stars (stellar masses
and ages, accretion rates). Such studies will shed furiplet dn: 1) the main mechanisms
responsible for driving disk evolution and dissipationh®y disk evolution and dissipation are
related to the properties of the central star, and locarenments.

5.2.3 The nature of very low luminosity objects: are they proto-brown
dwarfs?

An interesting population of very low mass protostars ortgitarown dwarfs, called “very low
luminosity objects” (VeLLOs), has been discovered via ostons of star-forming regions
performed within the Spitzer “c2d” legacy program. Some Mk were found in cores that
were previously classified as “starless”, based on IRAS a@dBservations. These VelLLOs
show SEDs typical of protostars. Detailed radiative transfiodels of them indicate that their
“internal luminosities” are less than 0.1, where the internal luminosity is defined as the sum
of the contributions of the central quasi-hydrostatic obgnd the accretion-induced luminosity.
The inferred internal luminosities of these protostarsrateh lower than expected from star
formation models: for a protostar with a mass of OM8 (the stellafsubstellar boundary), a
radius of 3R,, and a mass accretion rate Mf,.~2x10° M, yr! (as predicted by the standard
Shu model), the accretion luminosity alone contributés/ L,. This is much brighter than the
typical internal luminosities of VeLLOs, and in some exteeoases even 100 times brighter.

A possible explanation of the VeLLO objects is that the massadion in the very early phases of
the star formation process is episodic, and that VeLLOsrageequiescent state, i.e. not actively
accreting (Kenyon & Hartmann 1995; Young & Evans 2005). &dveechanisms have been
proposed to explain such episodic accretion, such as gtinal instability (Vorobyov & Basu
2005, 2006) and quasi-periodic magnetically driven outftegulation (Tassis & Mouschovias
2005). Another idea that has been proposed to explain the®glhenomenon is that the masses
of the central sources are very low. VeLLOs with the lowesérninal luminosity could have
masses of only several tens that of Jupiter. Thus, these ®sliay be proto-brown dwarf
candidates forming in isolation, if the mass in their enpel is below that required to form
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a star. Large surveys at (sub-) millimeter wavelengths Hmeen performed towards the star
formation regions in which our VeLLOs are located. From éhebservations the masses of the
envelopes of these VeLLOs can be estimated

We started a project on characterizing the VeLLOs with ISAAT, for VeLLOs selected from
Dunham et al. (2008). All the targets reside in nearby siaming regions that have been
imaged by the Spitzer IRAC and MIPS instruments. The projastdeen awarded 15 hours. The
observations were done during ESO Period 85. We have al@atdined low-resolution H-and
K-band spectra, and medium-resolution/Bine spectra, for ten VeLLOs. We plan to determine
the dfective temperatures and surface gravity from the H- and idispectra, and estimate the
accretion rates from the Bremission line. By obtaining these fundamental parameters;am
clarify the nature of the hitherto mysterious VeLLOs.

5.2.4 The role of magnetic fields in the cloud formation

With the unprecedented sensitivity of the Herschel spdesdepe, the filamentary density struc-
ture of molecular clouds has been revealed. Studies sutigestense cores may originate with
the fragmentation of filaments. Therefore, understandiega@rmation of filaments is a crucial
step to understanding star formation. There are threerlgaglienarios of filament formation:
(1) anisotropic gravitational contractions due to magnigids: the material collapse along the
strong magnetic fields and form high-density thin layergppedicular to fields. Projections of
such layers may appear as filamentary structures perpéadicunagnetic fields; (2) anisotropic
turbulence due to magnetic fields: magnetic tension canrsgppurbulent energy cascade along
magnetic field directions and cause turbulent eddies tayelenalong magnetic field directions.
MHD simulations of molecular clouds show equi-velocityrilants aligned with magnetic fields
when the fields are dynamically important compared to tatheg; (3) turbulent shock: in three-
dimensional simulations of supersonic turbulence, filaa@ne formed at the intersection of
postshock sheets. Since this kind of filaments are postsinatures, they are commonly found
in regions with small flow velocity, at the intersections adlinrvelocity patches. Both filaments
and magnetic fields will be randomly oriented in this scemari

While the the positions of filaments can be traced from dussgionm or extinction maps, the di-
rections of magnetic field lines can be traced by the polaoa®f dust emission and background
star light. We have proposed a K-band polarimetric survayaakground star light towards the
clouds Aquilla, Ophiuchus, Chamaeleon, and Lupus. Extncthaps toward these molecular
clouds all show an intriguing pattern: the filaments with letinction are parallel with each
other, and at the same time perpendicular to filaments with éktinction (Li et al., in prepara-
tion). Therefore, some mechanism must play an importaetiroshaping these filaments. We
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will use the K-band polarization of background star lightreece the directions of magnetic fields
in the region. The orientation correlation between filaragntlouds and magnetic fields can be
used to distinguish the main mechanism responsible for dradnt formation.

5.2.5 IMF of embedded young clusters

The initial mass function (IMF) is important in many astrgpltal studies, and can be used to
model the properties and evolution of stellar systems. Yoembedded clusters are excellent
laboratories for investigations of the IMF, since therattkelor no loss of members due to stellar
or dynamical evolution. The most direct way to constructiME of a young embedded cluster
is to perform a photometric and spectroscopic survey ohallduster members. One can derive
the dfective temperatures for all the members from the specthpatthem on the HR diagram
to estimate stellar masses and ages. Though this methdolistya has the disadvantage that it
requires spectra to be observed for a complete sample déclmembers over the entire range
of stellar masses, and therefore much telescope time. Anatay to derive the IMF of a young
cluster is to transfer its luminosity function to a mass tiort With the development of sensi-
tive and large-format imaging arrays at near-infrared wengths, the near-infrared luminosity
function, which span the entire range of stgabstellar masses, can be readily constructed for
many embedded stellar clusters. However, unlike the caseaof-sequence stars, these lumi-
nosity functions can not be directly converted into massfions, because the mass-luminosity
relation for pre-main sequence stars is a function of tinmeaddition, the duration of star for-
mation for a young cluster can be comparable to its mean agesdgaently, it is necessary
to model the luminosity function with knowledge of both thardormation history (SFH) and
the time-dependent PMS mass-luminosity relation in orderoinstrain the mass function for a
young cluster from its luminosity function.

During my master study, | constructed Monte—Carlo codes tsttain the IMF from the lumi-
nosity functions of embedded young clusters, similar towloek by Muench et al. (2000). |
intend to apply this method to a large sample of embeddedg/olusters, observed by deep
near-infrared imaging surveys (e.g., UKIRT and VISTA). &kt of the SFH of a cluster is basic
input for the Monte Carlo simulation. In order to obtain theHS&f a young cluster, we will
propose a spectroscopic survey of a subsample of clustebersprand derive the SFH from the
subsample. Considering the SFH of the subsample as an ap@atoxn of the cluster SFH, we
can constrain the IMF of the cluster from the Monte—Carlo $aton.
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